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(54) CENTRIFUGAL BLOWER AND AIR CONDITIONER WITH CENTRIFUGAL BLOWER

(57) A centrifugal fan includes a main plate 3 that is
fixed to the rotational shaft of a fan motor 26 and driven
by the fan motor 26, a shroud 1 having an air inlet 1 a,
and a plurality of blades 2 disposed between the main
plate 3 and the shroud 1. Each blade 2 includes a main
blade 5 set on its suction surface side and a blade cover
6 set on its pressure surface side. The main blade 5 is
joined to the main plate 3 and the shroud 1. The blade

cover 6 is joined to the main blade 5, and is biased toward
the main blade under the air pressure during rotation.
Thus, the joint force between the main blade 5 and the
blade cover 6 is enhanced, thereby enhancing the
strength of joint of engagement portions of the blade and
reducing abnormal noise generated due to the presence
of one or a plurality of gaps formed between the engage-
ment portions.
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Description

Technical Field

[0001] The present invention relates to a centrifugal
fan that draws a gas by suction in the axis of rotation
direction and blows the gas in the direction in which a
line intersecting with the axis of rotation of a rotational
shaft runs, and an air-conditioning apparatus including
the centrifugal fan.

Background Art

[0002] The mainstream centrifugal fans employ non-
twisted two-dimensional blades provided between a
main plate and a shroud. Thus, the main plate and the
blades are typically integrated. However, to further re-
duce noise and power consumption, twisted three-di-
mensional blades that are provided between the main
plate and the shroud have become necessary.
[0003] A three-dimensional blade can be formed in a
complex shape with an increased flexibility in resin mold-
ing by using a plurality of parts for the blade. In addition,
the blade is formed to have a hollow internal structure so
as to achieve a lightweight configuration (see, for exam-
ple, Patent Literature 1).
[0004] In another example, in an engagement portion
in which a plurality of parts constituting a three-dimen-
sional blade of an axial flow fan engage with each other,
an engagement line formed between these parts by their
engagement bends in a zigzag pattern and bent portions
are joined to each other by local irradiation with an ultra-
sonic wave in order to increase the number of joints, and
thereby enhance the strength of joint (see, for example,
Patent Literature 2).

Citation List

Patent Literature

[0005]

Patent Literature 1: Japanese Patent No. 4432474
(Figs. 5 and 6)
Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 10-122196 (Fig. 1)

Summary of Invention

Technical Problem

[0006] As described above, a fan equipped with three-
dimensional blades employs blades each formed by a
plurality of parts in order to obtain a complex blade shape.
Accordingly, the blade shape becomes less constrained
by the mold structure, and each blade can be formed to
have a hollow internal structure so as to achieve a light-
weight configuration.

[0007] The conventional centrifugal fan includes
blades each having its pressure surface formed by a main
blade fixed to a main plate and a shroud, and its suction
surface formed by a blade cover joined to the main blade.
In the centrifugal fan, an airstream flowing on the blade
surface during rotation generates an air pressure differ-
ence between the pressure surface and the suction sur-
face. In this case, the main blade forming the pressure
surface is biased toward the blade cover under the air
pressure during rotation. However, since, as described
above, the main blade is fixed to the main plate and the
shroud and the blade cover is attached to the main blade,
the biasing force produced by the air pressure does not
enhance the joint force between the main blade and the
blade cover, and consequently is absorbed in the main
plate and the shroud. Thus, the main blade and the blade
cover have a low strength of joint and a low material
strength, and one or a plurality of gaps are easily formed
between engagement portions. As a result, abnormal
noise is likely to be produced disadvantageously.
[0008] The present invention has been made to solve
the aforementioned problem, and has as its object to en-
hance the strength of joint between engagement portions
of blades so as to reduce abnormal noise generated due
to the presence of one or a plurality of gaps formed be-
tween the engagement portions.

Solution to Problem

[0009] A centrifugal fan according to the present inven-
tion includes a main plate that is fixed to a rotational shaft
of a fan motor and driven by the fan motor, a shroud
having an air inlet, and a plurality of blades disposed
between the main plate and the shroud. The centrifugal
fan draws a gas by suction in the axis of rotation direction
and blows the gas in the direction in which a line inter-
secting with the axis of rotation of the rotational shaft
runs. Each of the blades includes a main blade set on its
suction surface side and a blade cover set on its pressure
surface side. The main blade is joined to the main plate
and the shroud. The blade cover is joined to the main
blade.
[0010] An air-conditioning apparatus according to the
present invention includes the centrifugal fan.

Advantageous Effects of Invention

[0011] In the centrifugal fan of the present invention,
an airstream flowing on the blade surface during rotation
generates an air pressure difference between the blade
cover and the main blade. Thus, during rotation, the blade
cover is biased toward the main blade under the air pres-
sure. At this time, since the main blade is joined to the
main plate and the shroud, the biasing force generated
by the air pressure acts to enhance the joint force be-
tween the main blade and the blade cover. Accordingly,
the formation of one or a plurality of gaps between en-
gagement portions of the main blade and the blade cover
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can be prevented, and their strength of joint and material
strength are enhanced. As a result, one or a plurality of
gaps are hardly formed between the engagement por-
tions, so that generation of abnormal noise can be sup-
pressed.
[0012] In addition, an air-conditioning apparatus which
uses the centrifugal fan and shows enhanced strength
and reduced noise and energy consumption can be pro-
vided.

Brief Description of Drawings

[0013]

[Fig. 1] Fig. 1 is a perspective view illustrating an
exemplary configuration of a centrifugal fan accord-
ing to Embodiment 1.
[Fig. 2] Fig. 2 is a cross-sectional view schematically
illustrating the configuration of the centrifugal fan of
Embodiment 1.
[Fig. 3] Fig. 3 is a cross-sectional view illustrating an
exemplary configuration of a blade of the centrifugal
fan of Embodiment 1 when viewed from the side.
[Fig. 4] Fig. 4 is a cross-sectional view illustrating the
configuration of the blade of the centrifugal fan of
Embodiment 1 when viewed from the front.
[Fig. 5] Fig. 5 is a perspective view illustrating an
exemplary configuration of a blade of a centrifugal
fan according to Embodiment 2.
[Fig. 6] Fig. 6 is a perspective view illustrating an
exemplary configuration of a blade of a centrifugal
fan according to Embodiment 3.
[Fig. 7] Fig. 7 is a perspective view illustrating an
exemplary configuration of a blade of a centrifugal
fan according to Embodiment 4.
[Fig. 8] Fig. 8 is a partial cross-sectional view illus-
trating an indoor unit in an example of application to
an air-conditioning apparatus according to Embodi-
ment 5. Description of Embodiments

Embodiment 1

[0014] Fig. 1 is a perspective view illustrating an ex-
emplary configuration of a centrifugal fan according to
Embodiment 1. Fig. 2 is a cross-sectional view schemat-
ically illustrating the configuration of the centrifugal fan
of Embodiment 1.
[0015] As illustrated in Figs. 1 and 2, in the centrifugal
fan 100 of Embodiment 1, a plurality of blades 2 are pro-
vided between a shroud 1 with an air inlet 1 a and a main
plate 3, and a boss 4 serving as a rotational shaft is at-
tached at the center of the main plate 3. To reduce noise
and power consumption, the blades 2 have a twisted
three-dimensional shape at the position between the
shroud 1 and the main plate 3.
[0016] Fig. 3 is a cross-sectional view illustrating an
exemplary configuration of each blade of the centrifugal
fan of Embodiment 1 when viewed from the side. Fig. 4

is a cross-sectional view illustrating the configuration of
the blade of the centrifugal fan of Embodiment 1 when
viewed from the front.
[0017] As illustrated in Figs. 3 and 4, each blade 2 has
a plurality of parts including a main blade 5 forming the
whole of a suction surface 5a and a part of a pressure
surface 6a, and a blade cover 6 forming the remaining
part of the pressure surface 6a. The main blade 5 has a
side surface 8a that is in contact with the shroud 1, and
a side surface 8b that is in contact with the main plate 3.
After the main blade 5 and the blade cover 6 are assem-
bled together, the assembled member is placed between
the shroud 1 and the main plate 3, and the side surfaces
8a and 8b are joined to the shroud 1 and the main plate
3, respectively, by welding. That is, the main blade 5 is
joined to the shroud 1 and the main plate 3 by welding,
and the blade cover 6 is joined to the main blade 5. These
joining processes may be performed by, for example,
welding or screwing. The main blade 5 and the blade
cover 6 are opposed to each other, and a hollow portion
9 is formed between the main blade 5 and the blade cover
6.
[0018] The centrifugal fan 100 of Embodiment 1 is thus
configured to allow an airstream flowing on the surfaces
of the blades 2 during rotation to generate an air pressure
difference between the pressure surface 6a and the suc-
tion surface 5a. Accordingly, during rotation, the blade
cover 6 is biased toward the main blade 5 under the air
pressure. At this time, since the main blade 5 is joined
and fixed to the main plate 3 and the shroud 1, the biasing
force generated by the air pressure acts such that the
blade cover 6 is pressed against the main blade 5, there-
by enhancing the joint force between the main blade 5
and the blade cover 6. This configuration can prevent the
formation of one or a plurality of gaps between engage-
ment portions of the main blade 5 and the blade cover
6, and enhance their strength of joint and material
strength so that one or a plurality of gaps are hardly
formed between the engagement portions. As a result,
generation of abnormal noise can be suppressed.
[0019] In addition, the main blade 5 forming the entire
suction surface 5a and a part of the pressure surface 6a
is fixed to the main plate 3 and the shroud 1, and the
blade cover 6, which is lighter in weight than the main
blade 5, forms the remaining part of the pressure surface
6a so that the air pressure difference generated during
rotation is used to press the lightweight blade cover 6
against the main blade 5. As a result, the strength of joint
between the main blade 5 and the blade cover 6 can
further be increased.
[0020] Furthermore, the main blade 5, which is higher
in mass but has a centrifugal force greater than the blade
cover 6, is located on the side of the center of rotation
(i.e., on the suction surface side), and the blade cover 6,
which is relatively light in weight and has a small centrif-
ugal force, is located on the outer side (i.e., on the pres-
sure surface side). Thus, the difference in centrifugal
force is used to apply an outward force (toward the blade
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cover) to the main blade 5, and an inward biasing force
(toward the main blade) that is generated by the air pres-
sure and acts on the blade cover 6, which is relatively
light in weight and has a small centrifugal force. As a
result, the strength of joint between the main blade 5 and
the blade cover 6 can further be enhanced.
[0021] Accordingly, it is possible to prevent the forma-
tion of one or a plurality of gaps between the engagement
portions of the main blade 5 and the blade cover 6, so
that generation of abnormal noise can further be sup-
pressed.
[0022] Since the main blade 5 and the blade cover 6
are opposed to each other, and the hollow portion 9 is
formed between the main blade 5 and the blade cover
6, the blade 2 has a hollow internal structure so as to
achieve a lightweight configuration.

Embodiment 2

[0023] Fig. 5 is a perspective view illustrating an ex-
emplary configuration of a blade of a centrifugal fan ac-
cording to Embodiment 2. The same reference numerals
denote components having the same functions as those
in Embodiment 1.
[0024] As illustrated in Fig. 5, in the centrifugal fan of
Embodiment 2, a blade 2 and a shroud 1 have a projection
and a groove which fit together and serve as their joint
portion. In Embodiment 2, a stepped projection 8c is
formed on a side surface 8a that is in contact with the
shroud 1 of the blade 2, and a groove (not shown) is
formed in the shroud 1 opposed to the shroud 1 and en-
gages with the projection 8c. Lines 7 formed in the front
and rear portions of the blade 2 indicate the boundaries
between engagement portions of a main blade 5 and a
blade cover 6. Configurations other than the above-men-
tioned configuration are the same as those in Embodi-
ment 1.
[0025] In the centrifugal fan of Embodiment 2, in addi-
tion to advantages similar to those of Embodiment 1 de-
scribed above, the main plate 3, the main blade 5, and
the shroud 1 are easily positioned and assembled with
high accuracy, and the strength of the structure formed
by assembling the main plate 3, the main blade 5, and
the shroud 1 together can be enhanced.

Embodiment 3

[0026] Fig. 6 is a perspective view illustrating an ex-
emplary configuration of a blade of a centrifugal fan ac-
cording to Embodiment 3. In Fig. 6, the same reference
numerals denote components having the same functions
as those in Embodiments 1 and 2.
[0027] As illustrated in Fig. 6, in the centrifugal fan of
Embodiment 3, the main blade 5 and the blade cover 6
share a mortise-tenon engagement portion 10 having a
projection and a groove that fit together so that the main
blade 5 and the blade cover 6 engage with each other.
In Embodiment 3, a crank-shaped portion 10a is provided

at one intermediate position in an engagement line
formed between a main blade 5 and a blade cover 6 by
their engagement in the rear portion of a blade 2. The
mortise-tenon engagement portion 10 may be provided
in the leading edge of the blade 2, or in each of the leading
edge and the rear portion of the blade 2. Configurations
other than the above-mentioned configuration are the
same as those in Embodiments 1 and 2.
[0028] In the centrifugal fan of Embodiment 3, in addi-
tion to advantages similar to those of Embodiments 1
and 2 described above, the mortise-tenon engagement
portion 10 including the crank-shaped portion 10a in-
creases the strength of joint and the resistance to torsion,
thereby advantageously preventing the formation of one
or a plurality of gaps in the joint portion.

Embodiment 4

[0029] Fig. 7 is a perspective view illustrating an ex-
emplary configuration of a blade of a centrifugal fan ac-
cording to Embodiment 4. The same reference numerals
denote components having the same functions as those
in Embodiments 1 to 3.
[0030] As illustrated in Fig. 7, in the centrifugal fan of
Embodiment 4 as well, a main blade 5 and a blade cover
6 share a mortise-tenon engagement portion 10 having
a projection and a groove that fit together so that the main
blade 5 and the blade cover 6 engage with each other.
In Embodiment 4, a projection-and-groove portion 10b
is provided at one intermediate position in an engage-
ment line formed between the main blade 5 and the blade
cover 6 by their engagement in the rear portion of a blade
2. The mortise-tenon engagement portion 10 may be pro-
vided in the leading edge of the blade 2, or in each of the
leading edge and the rear portion of the blade 2. Config-
urations other than the above-mentioned configuration
are the same as those in Embodiments 1 to 3.
[0031] In the centrifugal fan of Embodiment 4, in addi-
tion to advantages similar to those of Embodiments 1 to
3 described above, the mortise-tenon engagement por-
tion 10 including the projection-and-groove portion 10b
further includes the strength of joint and the resistance
to torsion, thereby advantageously preventing the forma-
tion of one or a plurality of gaps in the joint portion.

Embodiment 5

[0032] Fig. 8 is a partial cross-sectional view illustrating
an example of application to an air-conditioning appara-
tus according to Embodiment 5, that is, a ceiling con-
cealed indoor unit. In Fig. 8, the same reference numerals
denote components having the same functions as those
in Embodiment 1. The following description will be given
with reference to Fig. 1.
[0033] Reference numeral 20 denotes a ceiling con-
cealed indoor unit which is embedded in the surface of
a ceiling 30 under the roof. The indoor unit 20 has a body
shell 21 provided with an opening which is defined in its
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lower surface and is open to the room beneath the ceiling
30 through an opening 31 defined in the ceiling 30. A
decorative panel 22 having an air inlet 23 and an air outlet
24 extends across the distance from the opening in the
lower surface of the body shell 21 to the periphery defin-
ing the opening 31 of the ceiling 30. A filter 25 is disposed
downstream of the air inlet 23.
[0034] A fan motor 26 is attached to the top plate of
the body shell 21. A boss 4 of a centrifugal fan 100 having
a shroud 1 with an air inlet 1 a set on the side of the air
inlet 23 of the decorative panel 22 is fixed to the output
shaft of the fan motor 26. A bell mouth 27 is disposed
between the air inlet 23 of the decorative panel 22 and
the air inlet 1 a of the shroud 1 of the centrifugal fan 100.
A heat exchanger 28 is provided downstream of the cen-
trifugal fan 100 in an air passage extending from the air
inlet 23 to the air outlet 24, and surrounds the centrifugal
fan 100.
[0035] In an air-conditioning apparatus including the
above-described ceiling concealed indoor unit 20, when
its operation starts, the fan motor 26 is rotated, and the
centrifugal fan 100 fixed to the fan motor 26 rotates. With
the rotation of the centrifugal fan 100, the indoor air is
drawn by suction from the air inlet 23 and cleaned by the
filter 25. The clean air flows from the bell mouth 27 into
the centrifugal fan 100, and flows out of the centrifugal
fan 100 through the gaps between adjacent blades 2 to
the environment. The air that has flowed out of the cen-
trifugal fan 100 passes through the heat exchanger 28,
turns into cold or hot conditioned air in the heat exchanger
28, and is blown into the room through the air outlet 24.
[0036] In Embodiment 5, the centrifugal fan 100 of one
of Embodiments 1 to 4 is used, and thus, an air-condi-
tioning apparatus showing a high strength, low noise,
and low energy consumption can be obtained.
[0037] In the foregoing description, the centrifugal fan
of the present invention is used for the indoor unit (see
Fig. 8) of the air-conditioning apparatus. Alternatively,
the centrifugal fan may be used for an indoor unit with
another configuration. The centrifugal fan of the present
invention is also applicable to an outdoor unit of an air-
conditioning apparatus or an air cleaner.

Reference Signs List

[0038] 1 shroud 1 a air inlet 2 blade 3 main plate 4 boss
5 main blade 5a suction surface 6 blade cover 6a pres-
sure surface 7 line 8a shroud-side side surface 8b main-
blade-side side surface 8c stepped projection 9 hollow
portion 10 engagement portion 10a crank-shaped portion
10b projection-and-groove portion 20 indoor unit 21 body
shell 22 decorative panel 23 air inlet 24 air outlet 25 filter
26 fan motor 27 bell mouth28 heat exchanger 30 ceiling
31 opening 100 centrifugal fan

Claims

1. A centrifugal fan comprising:

a main plate that is fixed to a rotational shaft of
a fan motor and driven by the fan motor;
a shroud having an air inlet; and
a plurality of blades disposed between the main
plate and the shroud, wherein
the centrifugal fan draws a gas by suction in an
axis of rotation direction and blows the gas in a
direction in which a line intersecting with an axis
of rotation of the rotational shaft runs,
each of the blades includes a main blade set on
a suction surface side thereof and a blade cover
set on a pressure surface side thereof,
the main blade is joined to the main plate and
the shroud, and
the blade cover is joined to the main blade.

2. The centrifugal fan of claim 1, wherein
the main blade and the blade cover are opposed to
each other, and
a hollow portion is provided between the main blade
and the blade cover.

3. The centrifugal fan of claim 1 or 2, wherein
the main blade and the blade cover share a mortise-
tenon engagement portion having a projection and
a groove that fit together so that the main blade and
the blade cover engage with each other.

4. The centrifugal fan of claim 3, wherein
the mortise-tenon engagement portion is provided
in at least one of a leading edge and a rear portion
of each of the blades.

5. The centrifugal fan of claim 3 or 4, wherein
the mortise-tenon engagement portion has a crank-
shaped portion at one intermediate position in an
engagement line formed between the main blade
and the blade cover by engagement of the main
blade and the blade cover.

6. The centrifugal fan of claim 3 or 4, wherein
the mortise-tenon engagement portion has a projec-
tion-and-groove portion at one intermediate position
in an engagement line formed between the main
blade and the blade cover by engagement of the
main blade and the blade cover.

7. The centrifugal fan of any one of claims 1 to 6, where-
in
at least one of a joint portion between the main blade
and the main plate, and a joint portion between the
main blade and the shroud has a projection and a
groove that engage with each other.
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8. The centrifugal fan of any one of claims 1 to 7, where-
in
the blades each including the main blade and the
blade cover have a twisted three-dimensional blade
shape at a position between the main plate and the
shroud.

9. An air-conditioning apparatus comprising the cen-
trifugal fan of any one of claims 1 to 8.

9 10 
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