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(54) CENTRIFUGAL FAN AND AIR CONDITIONER USING THE SAME

(57) The present invention provides a centrifugal fan
by which air velocity distribution in the height direction of
impellers at a fan blow-out port is made uniform and run-
ning noise is reduced, and an air conditioner whose run-
ning noise is reduced by applying the centrifugal fan
thereto. The centrifugal fan is provided with a hub for

fixing the rotary shaft of a motor, a main plate formed on

the outer circumference of the hub, a shroud disposed
to be opposed to the main plate, which forms an air pas-

Fig.3

sage, a plurality of impellers disposed between the main
plate and the shroud, and a bellmouth disposed at the
suction side of the shroud. Projections or recesses are
formed on the surface of the shroud facing the bellmouth,
which projections or recesses form air streams flowing
from the center of the shroud toward the outer circum-
ference thereof along the surface when running a fan.
The air conditioner has a thus constructed centrifugal fan
mounted therein.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a centrifugal
fan and an air conditioner using the same, in particular
to a technology to reduce noise of the centrifugal fan and
air conditioner using the same.

BACKGROUND ART

[0002] Generally, a centrifugal fan has been frequently
employed for an air conditioner because it is highly effi-
cient and low in noise level. Also, a ceiling built-in type
air conditioner has been frequently utilized in recent
years for commercial use, and a wall type air conditioner
has been frequently utilized in households. In any of
these air conditioners, there are many cases where such
a construction is employed in which a heat exchanger is
disposed at the blow-out side of a centrifugal fan to re-
duce the size.

[0003] Thus, in the construction in which a heat ex-
changer is disposed at the blow-out side of a centrifugal
fan, there are many cases where the length of the impel-
lersinthe axial direction, thatis, the height ofthe impellers
is increased in compliance with the size of a heat ex-
changer in order to make uniform the air velocity distri-
bution of the heat exchanger.

[0004] However, in atypical centrifugal fan, a separat-
ed flow is brought about in the vicinity of the fan blow-out
port on the surface of the shroud facing the main plate.
The separated flow generates noise, and at the same
time, the air velocity distribution of air streams at the fan
blow-out port is biased with respect to the main plate.
Further, in an air conditioner in which a heat exchanger
is disposed at the blow-out side of a centrifugal fan, the
air velocity distribution is made uneven in the heat ex-
changer, resulting from the air velocity distribution of air
streams at the fan blow-out port being biased with respect
to the main plate. This lowers the heat exchange efficien-
cy of the heat exchanger, and increases the airflow re-
sistance of the heat exchanger. As a result, power re-
quired to rotate the fan is accordingly increased, and at
the same time, the energy efficiency is lowered.

[0005] A description is given of the separated flow with
reference to Figs. 10 and 11. Fig. 10 is a perspective
view showing the appearance of impellers of a turbo fan
as a prior art centrifugal fan, and Fig. 11 is a longitudinal
cross-sectional view showing a part of the same turbo
fan. As shown in these drawings, the turbo fan includes
a hub 101 that fixes the rotary shaft of a motor, a main
plate 102 integrally formed on the outer circumference
of the hub 101, a shroud 104 opposed to the main plate
102, which forms an air passage 103, a plurality of im-
pellers 105 disposed between the main plate 102 and
the shroud 104, and a bellmouth 106 disposed at the
suction side of the shroud 104. The hub 101, main plate
102, shroud 104 and impellers 105 compose an impeller
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wheel of the turbo fan. The impeller wheel rotates in the
direction of arrow R shown in Fig. 10. The bellmouth 106
is attached to a member, for example, a casing, which
composes an air conditioner in which the turbo fan is
used. A fan suction port 107 is formed at the central part
of the bellmouth 106, and the portion corresponding to
the outer circumference of the shroud 104 in the air pas-
sage 103 composes a fan blow-out port 108.

[0006] In the turbo fan having such a construction, a
part of air streams blown out from the fan blow-out port
108 is brought in the suction port 104a of the shroud 104
along the surface of the bellmouth 106. The part of the
air streams forms circulation air streams that are drawn
in the impellers of the turbo fan through clearance 109
between the bellmouth 106 and the shroud 104, and are
blown out again through the blow-out port 108 of the fan.
Since achangein shape of the surface 104b of the shroud
104 facing the main plate 102 from the suction port 104a
to the fan blow-out port 108 is radical, a separate flow E
is formed in the vicinity of the fan blow-out port 108.
Therefore, there is a problem that noise occurs due to
the separated flow E as described above, and the air
velocity distribution at the fan blow-out port 108 is biased
with respect to the main plate 102.

[0007] In order to solve such problems, a turbo fan
described in Patent Document 1 has been proposed. The
basic construction of the turbo fan is the same as that of
the turbo fan shown in Figs. 10 and 11. However, the
shape of the impellers is devised as described below.
That is, in the impellers of the turbo fan described in Pat-
ent Document 1, the position of the coupling portion with
the shroud at the rear edge part is offset from the coupling
portion with the main plate by a predetermined amount
in a direction opposite to the rotation direction. The pos-
itive pressure surface of the shroud side blade element
is formed to protrude, and at the same time, the maximum
warping position of the camber line of the shroud side
blade element is located at the front edge part from the
intermediate position of the chord length. Further, the
impeller inlet angle at the shroud side is formed to be at
the same angle as thatin the case where the camber line
of the shroud side blade element is made into a simple
arc camber line. Also, the camber line of the main plate
side blade element has a simple arcuate shape. There-
fore, the impeller outlet angle at the shroud side becomes
large, wherein the impeller outlet angle at the shroud side
is closerto the impeller outlet angle atthe main plate side.
[0008] The turbo fan according to Patent Document 1
is constructed as described above, so that the separated
flow is suppressed by applying a force in the shroud di-
rection to air streams that are flown from the front edge
part of the impellers and flow toward the rear edge part
of the impellers. In addition, the turbo fan is designed to
make uniform the air velocity distribution in the height
direction of impellers at the fan blow-out port by making
the impeller outlet angle at the shroud side closer to the
impeller outlet angle at the main plate side.

Patent Document 1: Japanese Laid-Open Patent Publi-
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cation No. 5-312189
DISCLOSURE OF THE INVENTION

[0009] However, the turbo fan according to Patent
Document 1 cannot sufficiently prevent separated flows
generated in the vicinity of the fan blow-out port on the
surface of the shroud facing the main plate. For this rea-
son, noise resulting from the separated flows cannot be
sufficiently prevented from occurring. Also, the air veloc-
ity distribution in the height direction of the impellers at
the fan blow-out port is biased to the main plate. Further,
in an air conditioner having a turbo fan according to Pat-
ent Document 1 mounted therein, there is still a problem
in that running noise in the air conditioner employing the
turbo fan according to Patent Document 1 is still great.
In an air conditioner in which a turbo fan according to
Patent Document 1 is used and at the same time, a heat
exchanger is disposed at the fan blow-out side, the air
velocity distribution becomes uneven in the heat ex-
changer. For this reason, the airflow resistance of the
heat exchanger is increased, wherein power necessary
to rotate the fan is accordingly increased, and the heat
exchange efficiency of the heat exchanger is lowered.
As aresult, there is stillanother problem in that the energy
efficiency of the air conditioner is lowered. Thus, evenin
the turbo fan according to Patent Document 1, it is nec-
essary to further improve the air velocity distribution in
the height direction of the impellers at the fan blow-out
port. In addition, having a special shape, the impellers of
the turbo fan according to Patent Document 1 are not
applicable to a centrifugal fan of a general air conditioner.
Therefore, an improvement has been desired, by which
the turbo fan is applicable to the centrifugal fan of general
air conditioners.

[0010] Accordingly, itis an objective of the present in-
vention to provide a centrifugal fan having a novel con-
struction applicable to general air conditioners, which
centrifugal fan is capable of making uniform air velocity
distribution in the height direction of the impellers at the
blow-out port of the centrifugal fan by suppressing sep-
arated flows generated in the vicinity of the fan blow-out
port on the surface of a shroud facing the main plate, and
capable of reducing running noise of the centrifugal fan.
Also, it is another objective of the present invention to
provide an air conditioner capable of reducing running
noise by using a thus constructed centrifugal fan, in an
air conditioner having a centrifugal fan mounted therein.
[0011] In accordance with one aspect of the present
invention, a centrifugal fan is provided, which includes a
hub for fixing a rotary shaft of a motor, amain plate formed
at an outer circumference of the hub, a shroud opposed
to the main plate, which forms air passages, a plurality
of impellers disposed between the main plate and the
shroud, and a bellmouth disposed at the suction side of
the shroud. A plurality of projections or recesses, which
form air streams from a center of the shroud toward an
outer circumference of the shroud along the surface of
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the shroud when running the fan, are formed on the sur-
face of the shroud facing the bellmouth.

[0012] According to this construction, air streams flow-
ing from the center of the shroud toward the outer cir-
cumference thereof along the surface are created by the
projections or recesses formed on the surface of the
shroud facing the bellmouth. In a space between the bell-
mouth and the surface of the shroud facing the bellmouth,
the air streams are developed to circulation streams from
outer circumference of the shroud to the center of the
shroud via the surface of the outer circumferential wall
of the bellmouth, and then from the center of the shroud
to the outer circumference of the shroud. Therefore, a
part of air streams blown out from the fan blow-out port
is drawn in and circulated by the circulation streams.
Since a part of the thus circulating air flows from the clear-
ance between the hub and the shroud toward the fan
blow-out port along the surface of the shroud facing the
main plate, air streams along the surface of the shroud
facing the main plate are increased. As a result, sepa-
rated flows brought about in the vicinity of the fan blow-
out port on the surface of the shroud facing the main plate
are prevented from occurring, and running noise of the
centrifugal fan is lowered. At the same time, the air ve-
locity distribution in the height direction of the impellers
at the fan blow-out port are made uniform.

[0013] Itis preferable that a plurality of rib-shaped pro-
jections which form air streams from the center of the
shroud toward the outer circumference of the shroud
along the surface when running the fan are formed on
the surface of the shroud facing the bellmouth. With such
a construction, it is easy to allow the rib-shaped projec-
tions to act just like the impellers, and, in comparison with
a case where a recessed portion having grooves on the
surface of the shroud facing the bellmouth are formed,
circulation air streams from the center of the shroud to-
ward the outer circumference thereof are further easily
generated.

[0014] It is preferable that the rib-shaped projections
on the surface of the shroud facing the bellmouth have
substantially the same inclination as that of the camber
line of the shroud side blade element of the impellers,
and at the same time, the rib-shaped projections are
formed at even intervals on the entire circumference of
the surface of the shroud facing the bellmouth. With such
a construction, the direction of air streams, on the outer
circumferential portion of the shroud, of circulation air
streams formed on the surface of the shroud facing the
bellmouth is the same as with the direction of air streams
blown out from the fan blow-out port. Therefore, the
amount of air that is drawn in from air streams blown out
from the fan blow-out port by circulation air streams on
the surface of the shroud facing the bellmouth is in-
creased. As a result, the air streams from the suction port
of the shroud toward the fan blow-out port along the sur-
face of the shroud facing the main plate are increased,
and separated flows is prevented from occurring in the
vicinity of the fan blow-out port on the surface of the
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shroud facing the main plate.

[0015] Itis preferable that the pitch of rib-shaped pro-
jections on the surface of the shroud facing the bellmouth
is smaller than the pitch of the impellers. With such a
construction, it is possible to efficiently generate circula-
tion streams in the spacing between the surface of the
shroud facing the bellmouth and the bellmouth.

[0016] It is also preferable that the height of the rib-
shaped projections on the surface of the shroud facing
the bellmouth is equivalent to the thickness of a plate that
forms the shroud. According to the construction, when
the shroud is integrally molded of resin, the amount of
fluctuation in the thickness in the entirety of the shroud
is reduced, and molding of the shroud is facilitated. In
addition, the rib-shaped projections of the shroud have
appropriate height with respect to small spacing formed
between the shroud and the bellmouth. As a result, it is
possible to efficiently generate the circulation streams
and to efficiently reduce noise.

[0017] Itis preferable that the rib-shaped projection of
the shroud facing the bellmouth has a front side vertically
extending from the surface of the shroud facing the bell-
mouth and positioned forward in the rotation direction of
the impellers, a rear side vertically extending from the
surface of the shroud facing the bellmouth and at the
same time, positioned rearward in the rotation direction
of the impellers, and a distal end face for connecting both
sides together. In this case, the distal end face is con-
nected to the front side so that they are substantially or-
thogonal to each other, and the rear side is curved to the
front side toward the distal end.

[0018] According to the construction, since the front
side that functions as the positive pressure side vertically
extends to the distal end, it is possible to maintain the
generation capacity of air streams advancing from the
center of the surface of the shroud facing the bellmouth
toward the outer circumference thereof at a high level.
Also, since the rear side that functions as the negative
pressure side is curved to the front side toward the distal
end, air is easily brought in the negative pressure side,
and it is possible to prevent eddies from occurring at the
negative pressure side. Resultantly, air streams from the
center on the surface of the shroud facing the bellmouth
toward the outer circumference are further efficiently gen-
erated, and it is possible to prevent noise from occurring
due to eddies at the negative pressure side.

[0019] Another aspect of the present invention pro-
vides an air conditioner having the above-described cen-
trifugal fan mounted therein. With such a construction,
noise of the air conditioner is reduced since the running
noise of the centrifugal fan is reduced.

[0020] Itis preferable that an air suction port for draw-
ing in indoor air is formed at the front side of the fan
suction port of the centrifugal fan. In this case, a heat
exchanger is disposed at the blow-out side of the cen-
trifugal fan. An air blow-out port for blowing air indoors
is disposed downstream of the heat exchanger. With
such a construction, a preferred construction is provided
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for reducing the size of the air conditioner. In addition,
the air velocity distribution in the height direction of the
impellers at the blow-out port of the centrifugal fan is
made uniform, and the air velocity distribution of the heat
exchanger is improved. As a result, the heat exchange
efficiency of the heat exchanger is improved. At the same
time, resistance in the air conditioner is reduced, and the
energy efficiency of the air conditioner is further im-
proved.

[0021] Itis preferable that the centrifugal fan is a turbo
fan. With such a construction, the fan efficiency is im-
proved. At the same time, the running noise is further
suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

Fig. 1is a perspective view showing the appearance
of an air conditioner according to one embodiment
of the present invention;

Fig. 2 is a plan cross-sectional view showing the air
conditioner;

Fig. 3 is a perspective view showing a state where
the front side of the air conditioner is opened;

Fig. 4 is a perspective view showing an impeller
wheel that composes a turbo fan of the air condition-
er;

Fig. 5is an enlarged perspective view showing a part
of the impeller wheel with a part thereof enlarged;
Fig. 6 is an enlarged longitudinal cross-sectional
view showing a part of a turbo fan;

Fig. 7 is an enlarged cross-sectional view showing
rib-shaped projections at the impeller wheel;

Fig. 8 is a cross-sectional view showing a modifica-
tion of rib-shaped projections;

Fig. 9is a perspective view showing a heat exchang-
er in an air conditioner;

Fig. 10 is a perspective view showing the impeller
wheel in a prior art turbo fan; and

Fig. 11is alongitudinal cross-sectional view showing
a part of the turbo fan.

BEST MODE FOR CARRYING OUT THE INVENTION

[0023] Hereinafter, a description is given of a centrif-
ugal fan and an air conditioner having the centrifugal fan
according to one embodiment of the present invention
with reference to the accompanying drawings.

[0024] An air conditioner according to the present em-
bodiment is an indoor unit for a wall type air conditioner,
and has a laterally long box shape as shown in the per-
spective view of Fig. 1. The indoor unit is formed, as
shown in the plan cross-sectional view of Fig. 2, so that
the thickness direction (the vertical direction in Fig. 2)
becomes smaller. A turbo fan 2 operating as an indoor
fan and heat exchangers 4 for cooling or heating indoor
air are accommodated in a main body casing 1.
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[0025] The main body casing 1 is provided with a front
plate 11 at the front side of the main body casing 1 as
shown in the perspective view of Fig. 1. The front plate
11 is provided with an air suction port 12 for drawing in
air at the middle part thereof, and is provided with air
blow-out ports 13 for blowing out air which has been sub-
jected to heat exchange by the heat exchangers 4. As
shown in the plan cross-sectional view of Fig. 2 and the
perspective view of Fig. 3, a turbo fan 2 is disposed at
the middle part in the interior of the main body casing 1,
and the heat exchangers 4 are disposed at both sides.
The turbo fan 2 is disposed so that air drawn in through
the air suction port 12 is blown out sideways of the turbo
fan 2. Each heat exchanger 4 is disposed at a blow-out
side of the turbo fan 2. An air passage 14 is formed in
the main body casing 1 so that air drawn in by the turbo
fan 2 is blown out indoors through the air blow-out ports
13 after being subjected to heat-exchange by the heat
exchangers 4.

[0026] The turbo fan 2 includes an impeller wheel 21,
a bellmouth 22 for guiding air into the impeller wheel 21,
and a motor 23 for driving the impeller wheel 21 as shown
in Fig. 2. The rotary shaft of the impeller wheel 21, that
is, the rotary shaft 23a of the motor 23 is disposed at the
middle part in the main body casing 1 so as to extend in
the thickness direction of the main body casing 1. The
bellmouth 22 is disposed at the position corresponding
tothe air suction port 12. A low-profile motor, forexample,
a print motor is used as the motor 23, which is fixed at
the position corresponding to the impeller wheel 21 on
the backside of the main body casing 1.

[0027] The impeller wheel 21 is composed, as shown
in Figs. 2 to 6, of a hub 24 for fixing the rotary shaft 23a
of the motor 23, a main plate 25 integrally formed on the
outer circumference of the hub 24, a shroud 27 that is
opposed to the main plate 25 and forms an air passage
26, and six impellers 28 that are disposed between the
main plate 25 and the shroud 27. Fig. 4 is a perspective
view showing the appearance of the impeller wheel 21.
Fig. 5 is a enlarged perspective view showing the ap-
pearance of a part of the impeller wheel, and Fig. 6 is a
longitudinal cross-sectional view showing a part of the
turbo fan 2. Arrows R shown in Figs. 3 to 5, 7 and 8
described below show the rotation direction of the impel-
lerwheel 21. A fan suction port 29 is formed at the middle
part of the bellmouth 22. The bellmouth 22 functions as
a partitioning wall that sections the suction side of the
heat exchanger 4, cooperating with the front plate 11, as
shown in Fig. 2. The part corresponding to the outer cir-
cumference of the shroud 27 in the air passage 26, that
is, the rear edge part of the impellers 28 composes a fan
blow-out port 30.

[0028] The construction of the impellers 28 is similar
to that of the impellers described in Patent Document 1
described above. That is, at the impeller 28, the position
of the coupling portion with the shroud 27 at the rear edge
part thereof is offset by a predetermined amount in a
direction opposite to the rotation direction from the posi-
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tion of the coupling portion with the main plate 25. Also,
the positive pressure side of the shroud side blade ele-
ment is formed to project, and the maximum warping po-
sition of the camber line of the shroud side blade element
is positioned closer to the front edge than an intermediate
position of the chord length. Furthermore, the impeller
inlet angle at the shroud side is formed to be the same
as that in the case where the camber line of the shroud
side blade elementis made into a simple arc camber line.
At the same time, the camber line of the main plate side
blade element has a simple arc shape.

[0029] AsshowninFigs. 31to 6, a plurality of rib-shaped
projections 31 that form air streams from the center of
the shroud 27 toward the outer circumference thereof
along the surface 27a when running the fan are formed
on the surface 27a of the shroud 27 facing the bellmouth
22. These rib-shaped projections 31 are formed so as to
have substantially the same inclination as the camber
line of the shroud side blade element of the impellers 28,
and are formed at even intervals on the entire circumfer-
ence of the surface 27a of the shroud 27. The pitch of
the rib-shaped projections 31 is formed to be small at
approximately one-tenth of the pitch of the respective
impellers 28. The height of the rib-shaped projections 31
is equivalent to the thickness of a plate that forms the
shroud 27, which is formed to be at 1 mm or so. As shown
in Fig. 7, each rib-shaped projection 31 includes a front
side 32 located forward of the rotation direction of the
impellers 21, arear side 33 located rearward thereof, and
a distal end face 34 that connects the front side 32 and
the rear side 33 to each other. The respective sides 32
and 33 vertically extend from the surface 27a of the
shroud 27. The front side 32 and the distal end face 34
are coupled so as to be orthogonal to each other. The
rear side 33 is curved to the front side 32 toward the distal
end.

[0030] The heat exchangers 4 are separated and dis-
posed substantially symmetrically with respect to the tur-
bo fan 2 as shown in Fig. 2. As shown in the perspective
view of Fig. 9, both heat exchangers 4 thus separated
and disposed are connected to each other by refrigerant
pipes 41 disposed in the space at the bottom of the main
body casing 1, and are composed so as to operate inte-
grally with each other. As shown in Fig. 9, in each heat
exchanger 4, six rows of flat tubes 44 are disposed be-
tween the front plate 42 and the rear plate 43 so that they
extend in the thickness direction of the main body casing
1 and are disposed parallel to each other. Corrugated
fins 45 intervene between these flat tubes 44, and be-
tween the flat tubes 44 and the front plate 42 or the rear
plate 43. The flat tubes 44 and corrugated fins 45 are
connected to each other by, for example, brazing.
[0031] The air conditioner constructed as described
above and the turbo fan mounted in the air conditioner
operate as follows. As operation of the air conditioner is
commenced, and the turbo fan 2 is also run, indoor air
is drawn in through the air suction port 12. The indoor air
is taken from the fan suction port 29 and is brought into
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the air passage 26 of the turbo fan 2, and is then blown
out from the fan blow-out port 30 by the pressure thereof
increased by the impellers 28. Air blown out from the fan
blow-out port 30 is subjected to heat exchange by re-
spective heat exchangers 4, and is blown out indoors
through the air blow-out ports 13.

[0032] As shown in Figs. 5 and 6, the rib-shaped pro-
jections 31 formed on the surface 27a of the shroud 27
operate like impellers in the turbo fan 2, and air stream
S1 flowing from the center of the shroud 27 toward the
outer circumference thereof along the surface 27a is cre-
ated. In the space between the surface 27a of the shroud
27 and the bellmouth 22, the air stream S1 is developed
to a circulation air stream S2 from the outer circumfer-
ence of the shroud 27 to the center of the shroud 27 via
the surface of the outer circumferential wall of the bell-
mouth 22, and then from the center of the shroud 27 to
the outer circumference of the shroud 27. Therefore, air
stream S4 that is a part of the air stream S3 blown out
from the fan blow-out port 30 is drawn in and circulated
by the circulation air stream S2. The air stream S4 that
is a part of the thus circulating air flows from the clearance
35 between the hub 24 and the shroud 27 toward the fan
blow-out port 30 along the surface 27b of the shroud 27
facing the main plate 25. Accordingly, an air stream S5
along the surface 27b of the shroud 27 is increased. As
a result, separated flows E are prevented from occurring
in the vicinity of the fan blow-out port 30 on the surface
27b of the shroud 27, running noise of the turbo fan 2 is
reduced, and atthe same time, the air velocity distribution
in the height direction of the impellers at the fan blow-out
port 30 is made even.

[0033] Therib-shaped projections 31 are formed so as
to have substantially the same inclination as that of the
camber line of the shroud side blade element of the im-
pellers 28. Therefore, the air stream direction of air
streams S1 flowing along the surface 27a of the shroud
27 on the outer circumferential portion of the shroud 27
is the same as the direction of the air streams S3 dis-
charged from the fan blow-out port 30. Thus, since the
direction of the air streams S1 is the same as the direction
the air streams S3, the amount of the air streams S4
drawn in from the air streams S3 discharged from the fan
blow-out port 30 by the circulation air streams S2 on the
surface 27a of the shroud 27 is increased. As a result,
the air streams S5 flowing from the suction port of the
shroud 27 toward the fan blow-out port 30 along the sur-
face 27b of the shroud 27 is increased, and the separated
flows E is more reliably prevented from occurring in the
vicinity of the fan blow-out port 30 on the surface 27b of
the shroud 27.

[0034] The rib-shaped projections 31 are formed so
that the pitch thereof is made remarkably smaller than
the pitch of the impellers 28. Accordingly, it is possible
to efficiently generate circulation air streams S2 in small
spacing between the surface 27a of the shroud 27 and
the bellmouth 22.

[0035] The height of the rib-shaped projections 31 is
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made equivalent to the thickness of the plate that forms
the shroud 27. For this reason, when the entirety of the
shroud 27 is integrally made of resin, the fluctuation
amount of the thickness at the entire shroud 27 can be
made low, so that molding of the shroud 27 is facilitated.
In addition, the rib-shaped projection 31 has an appro-
priate height with respect to small spacing formed be-
tween the shroud 27 and the bellmouth 22, so that the
above-described circulation air streams S2 is efficiently
generated, and noise is efficiently reduced.

[0036] Since in the rib-shaped projections 31, as
shown in Fig. 7, the front side 32 located at the positive
pressure side vertically extends to the distal end face 34,
it is possible to maintain a high generation performance
of air streams S1 flowing from the center at the surface
27a of the shroud 27 toward the outer circumference
thereof. Further, the distal end portion of the rear side 33
located at the negative pressure side is formed to be like
a circular arc. Accordingly, air is further easily broughtin
the negative pressure side, so that itis possible to prevent
eddies F from occurring at the negative pressure side.
As a result, air streams flowing from the center on the
surface 27a of the shroud 27 toward the outer circumfer-
ence are further efficiently generated, so that noise due
to eddies occurring at the negative pressure side is sup-
pressed.

[0037] In the turbo fan 2 according to the present em-
bodiment, the position of the coupling portion with the
shroud 27 at the rear edge part of the impellers 28 is
offset by a predetermined amount in the direction oppo-
site to the rotation direction from the position of the cou-
pling portion with the main plate 25 as in the turbo fan
according to Patent document 1 described above. Ac-
cordingly, air streams flowing in from the front edge part
of the impellers 28 and flowing to the rear edge part of
the impellers 28 receive a force in the direction toward
the shroud 27. The separated flows E are thus prevented
based on this point. Also, the positive pressure side of
the shroud side blade element is formed like a projection,
and at the same time, the maximum warping position of
the camber line of the shroud side blade element is lo-
cated closer to the front edge than an intermediate posi-
tion of the chord length. Further, the impeller inlet angle
at the shroud side is formed at the same angle as in the
case where the camber line of the shroud side impeller
element is made into a simple arc camber line, and the
camber line of the main plate side blade element has a
simple arc shape. Therefore, the impeller outlet angle at
the shroud side is increased, and the impeller outletangle
at the shroud side is drawn near the impeller outlet angle
at the main plate side. With such a construction, the air
velocity distribution in the height direction of the impellers
28 at the fan blow-out port 30 is made uniform.

[0038] An air conditioner according to the present em-
bodiment reduces running noise as an air conditioner
since the running noise of the turbo fan 2 is reduced.
[0039] The air conditioner includes an air suction port
12, which draws in indoor air, at the front side of the fan
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suction port 29 of the turbo fan 2. The heat exchangers
4 are disposed at the blow-out sides of the turbo fan 2,
and the air blow-out ports 13 that blow out air into indoors
are disposed downstream of the heat exchanger 4. Ac-
cordingly, since the dimension of each heat exchanger
4 in the thickness direction of the main body casing 1 is
reduced, the outer dimension of the air conditioner in its
thickness direction is reduced. The air velocity distribu-
tion in the height direction of the impellers at the fan blow-
out port 30 of the turbo fan 2 is made uniform, so that the
air velocity distribution of the heat exchangers 4 is im-
proved. As a result, the heat exchange efficiency of the
heat exchangers 4 is improved, and at the same time,
the resistance inside the air conditioner is reduced, so
that the energy efficiency of the air conditioner is im-
proved.

[0040] Inthe air conditioner, the turbo fan 2 is used as
an indoor fan. For this reason, the fan efficiency is further
improved than in cases where other centrifugal fans are
used, and the running noise is further suppressed.
[0041] The present embodiment may be modified as
follows.

(1) In the illustrated embodiment, the impellers 28
have a construction similar to that of the impellers
described in Patent Document 1 described above,
but are not limited thereto. For example, the impel-
lers 28 may have a two-dimensional shape in which
the front edge part of the impellers 28 and the rear
edge part thereof are orthogonal to the main plate
25 and the shroud 27, respectively, as has been in-
troduced as prior art in Patent Document 1. The
present invention may be applicable to this case.

(2) A description has been given of a lowering in
noise of the turbo fan 2 in the present embodiment.
However, a problem similar to the above exists in
other centrifugal fans such as a sirocco fan, a radial
fan, etc. And, the rib-shaped projections 31 may be
provided on the surface 27a of the shroud 27 as in
the illustrated embodiment. In this case, operations
and advantages similar to those of the illustrated em-
bodiment are obtained.

(3) Instead of the rib-shaped projections 31 including
the cases of the present embodiment and the mod-
ifications (1) and (2) described above, impeller-
shaped projections that form air streams S1 or re-
cesses such as grooves may be formed on the sur-
face 27a of the shroud 27. However, although the
recesses may be easily formed by machining, it is
impossible to form deep grooves due to a restriction
regarding the plate thickness of the shroud 27. Also,
changes in the air streams are further increased in
comparison with the case of the rib-shaped projec-
tions 31, so that it is difficult to efficiently generate
air streams S1 from the center of the shroud 27 to
the outer circumference thereof along the surface
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27a of the shroud 27.

(4) As shown in Fig. 8, in the rib-shaped projections
31, the distal end face 34 and the front side (positive
pressure side) 32 may be coupled so as to be sub-
stantially orthogonal to each other, and the distal end
face 34 and the rear side (negative pressure side)
33 may be coupled so as to be substantially orthog-
onal to each other. However, in this case, it becomes
difficult for air to be brought in the rear side (negative
pressure side) 33, so that eddies F are enlarged, and
the effect to reduce noise and the effect to make air
velocity distribution uniform at the fan blow-out port
deteriorate in comparison with the rib-shaped pro-
jection 31 in the present embodiment.

(5) The height of the rib-shaped projection 31 is ap-
proximately 1 mm in the illustrated embodiment, but
it is not limited thereto. The height of the rib-shaped
projection 31 may be appropriately changed in com-
pliance with, for example, the diameter of the impel-
lers of the turbo fan 2 or the size of spacing formed
between the shroud 27 and the bellmouth 22. How-
ever, if the height of the rib-shaped projection 31 is
excessively high with respect to the size of spacing
formed between the shroud 27 and the bellmouth
22, eddies that occur around the rib-shaped projec-
tion 31 are enlarged and spoil the effect to reduce
noise.

(6) A description has been given of a wall-type air
conditioner in the illustrated embodiment. However,
the air conditioner is not limited thereto. The present
invention may be applicable to an air conditioner hav-
ing a type other than the type of the air conditioner
according to the present embodiment. The present
invention is preferable to, for example, a compact
ceiling built-in type air conditioner. Also, a heat ex-
changer having a type other than the type according
to the present embodiment, for example, a cross fin
coil type heat exchanger may be used as the heat
exchanger 4 provided at the blow-out side of the tur-
bo fan 2 functioning as a centrifugal fan. The air con-
ditioner is not limited to a construction in which a
heat exchanger is disposed at the blow-out side of
the turbo fan 2 functioning as a centrifugal fan. That
is, a centrifugal fan according to the present inven-
tion may be applicable to an air conditioner in which
the heat exchanger 4 is disposed at the suction side
of the turbo fan 2.

INDUSTRIAL APPLICABILITY

[0042] A centrifugal fan according to the present in-
vention may be applicable to a general centrifugal fan
such as a turbo fan, a sirocco fan, a radial fan, etc. In
addition, an air conditioner having the centrifugal fan
mounted therein is applicable to various types of air con-
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ditioners for household and commercial use.

Claims

A centrifugal fan including a hub for fixing a rotary
shaft of a motor, a main plate formed on an outer
circumference of the hub, a shroud disposed to be
opposed to the main plate, which shroud forms an
air passage, a plurality of impellers disposed be-
tween the main plate and the shroud, and a bell-
mouth disposed at a suction side of the shroud, the
centrifugal being characterized in that a plurality
of projections or recesses are formed on a surface
of the shroud facing the bellmouth, the projections
orrecesses forming air streams flowing from a center
of the shroud toward an outer circumference of the
shroud along the surface when the fan is operated.

The centrifugal fan according to claim 1, character-
ized in that a plurality of rib-shaped projections are
formed on the surface of the shroud facing the bell-
mouth, which rib-shaped projections form air
streams flowing from the center of the shroud toward
the outer circumference of the shroud along the sur-
face when the fan is operated.

The centrifugal fan according to claim 2, character-
ized in that the rib-shaped projections on the sur-
face of the shroud facing the bellmouth have sub-
stantially the same inclination as that of the camber
line of the shroud side blade element of the impellers,
and are formed at even intervals on the entire cir-
cumference of the surface of the shroud facing the
bellmouth.

The centrifugal fan according to claim 3, character-
ized in that the pitch of the rib-shaped projections
on the surface of the shroud facing the bellmouth is
smaller than the pitch of the impellers.

The centrifugal fan according to claim 4, character-
ized in that the height of the rib-shaped projections
on the surface of the shroud facing the bellmouth is
equivalent to the thickness of a plate that forms the
shroud.

The centrifugal fan according to any one of claims 2
to 5, characterized in that each of the rib-shaped
projections on the surface of the shroud facing the
bellmouth includes a front side, a rear side, and a
distal end face, wherein the front side vertically ex-
tends from the surface of the shroud facing the bell-
mouth and is located forward in the rotation direction
of an impeller wheel, wherein the rear side vertically
extends from the surface of the shroud facing the
bellmouth and is located rearward in the rotation di-
rection of the impeller wheel, wherein the distal end

10

15

20

25

30

35

40

45

50

55

face connects the front side and the rear side with
each other, and wherein the distal end face and the
front side are coupled to each other so as to be sub-
stantially orthogonal to each other, and the rear side
is curved to the front side toward the distal end face.

An air conditioner characterized by the centrifugal
fan according to any one of claims 1 to 6 mounted
therein.

The air conditioner according to claim 7, character-
ized in that an air suction port that draws in indoor
air is formed at the front side of the fan suction port
of the centrifugal fan, a heat exchanger is disposed
at the blow-out side of the centrifugal fan, and an air
blow-out port that blows out air indoors is disposed
downstream of the heat exchanger.

The air conditioner according to claim 7 or 8, char-
acterized in that the centrifugal fan is a turbo fan.
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