
1 SPECIFICATION CENTRIFUGAL BLOWER AND AIR CONDITIONER WITH THE SAME FIELD
OF THE INVENTION 5 The present invention relates to a centrifugal fan and
an air conditioner provided  therewith, and more particularly relates to a
centrifugal fan that sucks in air from the rotary shaft  direction and
blows out air in a direction that intersects the rotary shaft, and an air
conditioner  provided therewith. 10 RELATED ART Conventionally, centrifugal
fans provided in air conditioners and the like have been  designed to
promote cooling of fan motors in order to prevent overheating of fan motors
during  operation. 15 The following explains a conventional
ceiling-embedded air conditioner provided with a  conventional centrifugal
fan that has a fan motor cooling mechanism to promote cooling of the  fan
motor of the centrifugal fan. The air conditioner includes a casing that
houses various constituent equipment, and a  20 decoration panel arranged
on the lower side of the casing. An air inlet is provided at the
approximate center of the decoration panel. The casing is provided therein
with a centrifugal fan  that sucks in air from the air inlet and blows it
out in the outer peripheral direction, and a heat  exchanger arranged so
that it surrounds the outer periphery of the centrifugal fan. 2 The
centrifugal fan has a fan motor that is fixed at the approximate center of
the top plate  



of the casing, and an impeller that is rotationally driven by the fan
motor. The impeller  principally includes a hub that is coupled to the
shaft of the fan motor, a shroud that is arranged  spaced apart by a
prescribed spacing on the side opposite the fan motor of the hub (namely,
the 5 air inlet side), and a plurality of blades arranged between the hub
and the shroud and arrayed in  the circumferential direction. An opening is
provided at the approximate center of the shroud so  that it opposes the
air inlet. In addition, the hub has a plurality of cooling air holes
positioned on  the outer peripheral side of the shaft and the inner
peripheral side of the plurality of blades. In  addition, the inner
peripheral part of the hub bulges towards the side opposite the fan motor,
and 10 the fan motor is arranged so that it opposes that bulged portion.
Furthermore, a hub cover is  provided on the surface of the hub on the side
opposite the fan motor that covers the cooling air  holes in a state spaced
apart by a prescribed spacing from the hub. The surface of the hub cover
on the hub side has a plurality of guide blades provided so that they
protrude radially. 15 At the centrifugal fan, air is sucked from the rotary
shaft direction into the interior of the  impeller via openings in the air
inlet and the shroud. Further, the orientation of the flow of that  sucked
in air changes to a direction that intersects the rotary shaft, and that
air is blown out  toward the outer peripheral side of the impeller by the
plurality of blades. A portion of the air  blown out toward the outer
peripheral side of the impeller passes through the vicinity of the fan 20
motor and cools the fan motor due to the difference in the static pressure
of the space on the fan  motor side of the hub and the static pressure of
the space on the side of the hub opposite the fan  motor (space inside the
impeller), and is subsequently blown once again into the space inside the
impeller via the cooling air holes of the hub. At this time, the air being
blown out from the cooling air holes is easily guided to the space inside
the impeller by the ventilation action of the  



25 guide blades of the hub cover. Consequently, the quantity of air blown
out from the cooling air 3 holes increases, making it possible to increase
the cooling effect of the motor (e.g., refer to Japanese Patent Application
Kokai No. HEI 11-101194). The abovementioned conventional centrifugal fan
can increase the quantity of air blown  out from the cooling air holes by
radial guide blades provided in the hub cover, but there is a  tendency for
the noise level to increase. DISCLOSURE OF THE INVENTION It is an object of
the present invention to obtain a desired cooling effect of a fan motor in
10 a centrifugal fan that sucks in air from the rotary shaft direction and
blows out air in a direction  that intersects the rotary shaft, and in an
air conditioner provided therewith, as well as to  suppress an increase in
the noise level. The centrifugal fan as recited in Claim 1 is a centrifugal
fan that sucks in air from a rotary  15 shaft direction and blows air out
in a direction that intersects a rotary shaft, including an electric motor,
a main plate, a plurality of blades, and an air guide. The electric motor
has the rotary shaft.  The main plate has a cooling air hole and is coupled
to and rotationally driven by the rotary shaft.  The plurality of blades
are provided on the surface of the main plate on the side opposite the
electric motor and at a position on the outer peripheral side of the radial
position of the cooling 20 air hole. The air guide, after a portion of the
blown out air has been guided to the vicinity of the  electric motor and
has cooled the electric motor, guides the air flow so that the revolving
direction velocity decreases when blown out from the cooling air hole to
the side of the main  plate opposite the electric motor. 



4 In a conventional centrifugal fan, the air guide is a radial guide blade
that is provided in  the hub cover and, consequently the quantity of air
sucked in from the cooling air hole tends to  increase due to the resulting
ventilation action, but the noise level also tends to increase. 5 The
present inventors discovered that this noise is caused by turbulence in the
flow when  the air sucked in from the cooling air hole merges with the air
sucked in from the air inlet side  (the rotary shaft direction).
Specifically, it was due to the following types of causes. The air sucked
in from the rotary shaft direction flows toward the rotary shaft direction
as  10 far as the vicinity of the main plate, and then the direction of the
flow changes to the outer peripheral direction due to the rotation of the
plurality of blades. At this time, the air sucked in  from the rotary shaft
direction flows as far as the vicinity of the front edge part of the blade
with  a revolving direction velocity of nearly zero. However, because the
air blown out from the  cooling air hole is scooped out by the plurality of
blades and blown out toward the outer 15 peripheral side, it has a
revolving direction velocity in the rotational direction. Consequently,
when the air blown out from the cooling air hole to the side of the main
plate opposite the  electric motor merges with the air sucked in from the
rotary shaft direction, the revolving  direction velocity of the air blown
out from the cooling air hole disturbs the flow of the air  sucked in from
the rotary shaft direction, thereby increasing the noise level. 20 To
prevent this disturbance in the flow, it is preferable to reduce the
revolving direction  velocity of the air blown out from the cooling air
hole to the side of the main plate opposite the  electric motor.
Consequently, the present invention provides an air guide that, when the
air that  



passed through the vicinity of the electric motor is blown out from the
cooling air hole to the side 25 of the main plate opposite the electric
motor, guides the air so that the revolving direction 5 velocity decreases.
Thereby, the air used to cool the electric motor can be merged along the
air  flow sucked in from the rotary shaft direction, and the increase in
the noise level can therefore be  suppressed. 5 The centrifugal fan as
recited in Claim 2 is a centrifugal fan that sucks in air from a rotary
shaft direction and blows air out in a direction that intersects a rotary
shaft, including an electric  motor, a main plate, a plurality of blades,
and an air guide. The electric motor has the rotary shaft.  The main plate
has a cooling air hole and is coupled to and rotationally driven by the
rotary shaft.  The plurality of blades are provided on the surface of the
main plate on the side opposite the 10 electric motor and at a position on
the outer peripheral side of the radial position of the cooling  air hole.
The air guide, after a portion of the blown out air has been guided to the
vicinity of the  electric motor and has cooled the electric motor, guides
the air flow so that it is blown out toward  the side of the main plate in
the counter rotational direction when blown out from the cooling air  hole
to the side of the main plate opposite the electric motor. 15 In a
conventional centrifugal fan, the air guide is a radial guide blade that is
provided in  the hub cover and, consequently the quantity of air sucked in
from the cooling air hole increases  due to the resulting ventilation
action, but the noise level also tends to increase. 20 The present
inventors discovered that this noise is caused by turbulence in the flow
when  the air sucked in from the cooling air hole merges with the air
sucked in from the air inlet side  



(the rotary shaft direction). Specifically, it was due to the following
types of causes. The air sucked in from the rotary shaft direction flows
toward the rotary shaft direction as 25 far as the vicinity of the main
plate, and then the direction of the flow changes to the outer 6 peripheral
direction due to the rotation of the plurality of blades. At this time, the
air sucked in  from the rotary shaft direction flows as far as the vicinity
of the front edge part of the blades with  a revolving direction velocity
of nearly zero. However, because the air blown out from the  cooling air
hole is scooped out by the plurality of blades and blown out toward the
outer 5 peripheral side, it has a revolving direction velocity in the
rotational direction. Consequently,  when the air blown out from the
cooling air hole to the side of the main plate opposite the  electric motor
merges with the air sucked in from the rotary shaft direction, the
revolving  direction velocity of the air blown out from the cooling air
hole disturbs the flow of the air  sucked in from the rotary shaft
direction, thereby increasing the noise level. 10 To prevent this
disturbance in the flow, it is preferable to reduce the revolving direction
velocity of the air blown out from the cooling air hole to the side of the
main plate opposite the  electric motor. Consequently, the present
invention provides an air guide that guides the air that  passed through
the vicinity of the electric motor so that it is blown out from the cooling
air hole 15 to the side of the main plate in the counter rotational
direction with respect to the main plate.  Thereby, the air used to cool
the electric motor can be merged along the air flow sucked in from  the
rotary shaft direction, and the increase in the noise level can therefore
be suppressed. The centrifugal fan as recited in Claim 3 is the centrifugal
fan as recited in Claim 1 or  



20 Claim 2, wherein the air guide is formed integrated with the main plate.
Forming the air guide integrally with the main plate in the centrifugal fan
enables a reduction in the number of parts. 7 The centrifugal fan as
recited in Claim 4 is the centrifugal fan as recited in Claim 2,  further
including a cover that covers the cooling air hole from the side opposite
the electric motor,  and that is provided so that it rotates integrally
with the main plate. The air guide is formed  between the cover and the
main plate. 5 The centrifugal fan as recited in Claim 5 is the centrifugal
fan as recited in Claim 4,  wherein the air guide has a blade shape
inclined rearwards in the rotational direction of the cover. The
centrifugal fan as recited in Claim 6 is the centrifugal fan as recited in
Claim 5,  10 wherein the air guide has a volute blade shape. The
centrifugal fan as recited in Claim 7 is the centrifugal fan as recited in
any one claim  of Claim 4 through Claim 6 wherein the air guide is formed
in the cover. 15 Because the air guide in the centrifugal fan is formed in
a cover that is a member separate  from the main plate, an increase in the
noise level can be suppressed without changing the  structure of the
conventional main plate. The air conditioner as recited in Claim 8 includes
the centrifugal fan as recited in any one  20 claim of Claim I through
Claim 7, a heat exchanger arranged on the outer peripheral side of the
centrifugal fan, and a casing that houses the centrifugal fan and the heat
exchanger. Because the present air conditioner is provided with a
centrifugal fan, wherein an air  



guide is provided that, when the air that passed through the vicinity of
the electric motor is blown 25 out from the cooling air hole to the side of
the main plate opposite the electric motor, guides the 8 air so that the
revolving direction velocity decreases, and an increase in the noise level
can therefore be suppressed. BRIEF EXPLANATION OF DRAWINGS 5 FIG. 1 is an
exterior perspective view of the air conditioner according to the first
embodiment of the present invention. FIG. 2 is a schematic side
cross-sectional view of the air conditioner according to the first
embodiment. FIG. 3 is an enlarged view of the centrifugal fan shown in FIG.
2. 10 FIG. 4 is an auxiliary view taken along the arrow A shown in FIG. 3.
FIG. 5 is a cross-sectional view taken along the B-B line shown in FIG. 4.
FIG. 6 depicts a conventional example of a centrifugal fan of an air
conditioner, and  corresponds to FIG. 3. FIG. 7 is an auxiliary view taken
along the arrow A shown in FIG. 6. 15 FIG. 8 depicts the centrifugal fan of
the air conditioner according to the second  embodiment, and corresponds to
FIG. 3. FIG. 9 is an auxiliary view taken along the arrow A shown in FIG.
8. FIG. 10 is a cross-sectional view taken along the B-B line shown in FIG.
9.  FIG. I I depicts the centrifugal fan of the air conditioner according
to the third  20 embodiment, and corresponds to FIG. 3. 



FIG. 12 is an auxiliary view taken along the arrow A shown in FIG. 11. FIG.
13 depicts the centrifugal fan of the air conditioner according to the
fourth  embodiment, and corresponds to FIG. 4. FIG. 14 depicts the
centrifugal fan of the air conditioner according to the fifth  25
embodiment, and corresponds to FIG. 3. 9 FIG. 15 is an auxiliary view taken
along the arrow A shown in FIG. 14. PREFERRED EMBODIMENTS The following
explains the embodiments of the present invention, based on the drawings. 5
[FIRST EMBODIMENT] (1) OVERALL CONFIGURATION OF THE AIR CONDITIONER FIG. I
shows an exterior perspective view (ceiling is omitted) of an air
conditioner I  provided with a centrifugal fan 4 according to the first
embodiment of the present invention. The  10 air conditioner I is a ceiling
embedded type, and includes a casing 2 that houses various constituent
equipment therein, and a decoration panel 3 arranged on the lower side of
the casing  2. Specifically, the casing 2 of the air conditioner 1 is
arranged and inserted in the opening  formed in a ceiling U in the air
conditioned room, as shown in FIG. 2. Furthermore, the  decoration panel 3
is fitted into the ceiling U opening. 15 The casing 2 has a top plate 21,
and a side plate 22 that extends downward from the peripheral edge part of
the top plate 21. 



The centrifugal fan 4 is arranged inside the casing 2. The centrifugal fan
4 is a turbofan,  20 and has a fan motor 41 (electric motor) provided at
the center part of the top plate 21 of the casing 2, and a turbo impeller
42 that is coupled to and rotationally driven by a shaft 41 a (rotary
shaft) of the fan motor 41. The turbo impeller 42 has a disc-shaped hub 43
(main plate) that is  coupled to the shaft 41a of the fan motor 41, a
plurality of blades 44 provided at the outer  peripheral part of the
surface on the lower side of the hub 43 (namely, the surface on the side 25
opposite the fan motor 41), and a disc-shaped shroud 45 that is provided on
the lower side of the 10 blades 44 and has an opening in the center part.
The inner peripheral part of the hub 43 bulges  toward the side opposite
the fan motor, and the fan motor 41 is arranged so that it opposes that
bulged part. The centrifugal fan 4 is constituted so that the rotation of
the plurality of blades 44  sucks in air from the lower side of the turbo
impeller 42 into the air conditioned room through 5 the opening of the
shroud 45, and blows out that sucked-in air to the outer peripheral side of
the  turbo impeller 42. In addition, a fan motor cooling mechanism 51 for
cooling the fan motor 41 is  provided in the hub 43 of the turbo impeller
42, and these details are discussed later. A bell mouth 5 for guiding the
air to the centrifugal fan 4 is arranged on the lower side of 10 the
centrifugal fan 4. A heat exchanger 6 is arranged on the outer peripheral
side of the centrifugal fan 4 so that  it encircles the centrifugal fan 4.
The heat exchanger 6 is connected via a coolant conduit to a  heat source
unit that is installed, for example, outdoors. Thereby, the heat exchanger
6 functions 15 as an evaporator during air conditioning operation, and as a
condenser during heating operation,  and can thereby control the
temperature of the air blown out from the centrifugal fan 4. 



A drain pan 7 is arranged on the lower side of the heat exchanger 6 for
receiving the drain water generated by the condensation of moisture in the
air in the heat exchanger 6. 20 A casing heat insulating material 8 is
arranged so that it is interposed between an upper  end part of the heat
exchanger 6 and the top plate 21 of the casing 2. The casing heat
insulating  material 8 extends from between the upper end part of the heat
exchanger 6 and the top plate 21  of the casing 2 toward the outer side,
and is arranged so that it encircles the entire inner surface 11 of the
side plate 22 of the casing 2. This prevents heat loss to the exterior from
the top plate 21 and the side plate 22 of the casing 2, condensation of the
casing 2, and the like. The decoration panel 3 arranged on the lower side
of the casing 2 has an air inlet 31 5 formed at the center part thereof,
and a plurality (e.g., four) of air outlets 32 formed at the side  edge
part thereof In addition, a filter 33 is provided in the air inlet 31 of
the decoration panel 3  in order to eliminate dust in the air sucked in
from the air inlet 31. Furthermore, a panel heat  insulating material 9 is
provided between the upper end part of the decoration panel 3 and the
lower end part of the casing 2. 10 As described above, a main air
passageway 10 is formed in the air conditioner 1 from the  air inlet 31 of
the decoration panel 3 to the air outlets 32 via the filter 33, the bell
mouth 5, the  centrifugal fan 4, and the heat exchanger 6. 15 (2)
CONSTITUTION OF THE MOTOR COOLING MECHANISM The following explains the
constitution of the motor cooling mechanism 51, referencing  



FIG. 3 through FIG. 5. Herein, FIG. 3 is an enlarged view of the
centrifugal fan 4 in FIG. 2. FIG.  4 is an auxiliary view taken along A in
FIG. 3. FIG. 5 is a cross-sectional view taken along B-B  in FIG. 4.
Furthermore, an arrow R in FIG. 4 depicts the rotational direction of the
turbo impeller  20 42 (i.e., the hub 43) of the centrifugal fan 4. The
motor cooling mechanism 51 has a cooling air hole 43a, and an air guide 52
provided corresponding to the cooling air hole 43a. 12 The cooling air hole
43a is a hole provided in the hub 43 for guiding to the vicinity of the
fan motor 41 a portion of the air blown out toward the outer peripheral
side by the turbo impeller  42. In the present embodiment, the cooling air
hole 43a is a long hole and a plurality thereof (five  holes in the present
embodiment) are formed arrayed concentrically with the hub 43. In addition,
5 the cooling air holes 43a are formed on the inner peripheral side of the
radial position of the  blades 44. The air guide 52 can guide the air that
flows from the upper surface side of the cooling air  holes 43a (fan motor
side) to the lower surface side of the hub 43 so that it blows out in the
10 counter R direction. In the present embodiment, the air guide 52 is a
half-pipe shaped part  provided so that it covers each of the cooling air
holes 43a from the lower surface side of the hub  43 (the air inlet side),
and an opening is formed in the counter R direction side thereof. In
addition, the air guide 52 is formed integrated with the hub 43. 15 (3)
OPERATION OF THE AIR CONDITIONER The following explains the operation of
the air conditioner 1, referencing FIG. 2 through FIG. 5. 



First, when operation starts, the fan motor 41 is driven, and the turbo
impeller 42 of the  20 centrifugal fan 4 rotates. In addition to the
driving of the fan motor 41, refrigerant also circulates in the heat
exchanger 6. Herein, the heat exchanger 6 functions as an evaporator during
cooling  operation, and as a condenser during heating operation. Further,
attendant with the rotation of the  turbo impeller 42, the air inside the
air conditioned room is sucked in from the lower side of the  centrifugal
fan 4 from the air inlet 31 of the decoration panel 3 via the filter 33 and
the bell 25 mouth S. This air is blown out toward the outer periphery side
by the turbo impeller 42, reaches 13 the heat exchanger 6, is cooled or
heated in the heat exchanger 6, and is then blown out toward  the room
interior from each of the air outlets 32, thereby either cooling or heating
the room  interior (refer to the arrow C in FIG. 2 and FIG. 3). 5 During
the abovementioned operation, a portion of the air blown out from the turbo
impeller 42 toward the outer peripheral side, particularly the air flowing
across the upper part of  the main air passageway 10, reaches the inner
surface of the heat exchanger 6, as shown in FIG.  2 and FIG. 3, whereupon
it reverses direction upward and is introduced to a branch air  passageway
11 between the top plate 21 and the hub 43 (refer to the arrow D in FIG. 2
and FIG. 10 3). The air that passes through this branch air passageway I I
reaches the vicinity of the fan  motor 41, and its temperature is raised by
the action of cooling the fan motor 41 (refer to the  arrow E in FIG. 3).
Further, the air used to cool the fan motor 41 returns to the main air
passageway 10 from the cooling air holes 43a and the air guide 52 formed in
the hub 43, and  merges with the air flow (refer to the arrow C in FIG. 3)
that is sucked in from the air inlet 31 15 and flows in the main air
passageway 10 (refer to the arrow F in FIG. 3). 



Herein, the air that blew out toward the outer peripheral side from the
turbo impeller 42  has a revolving direction velocity in the R direction,
as shown in FIG. 4, is consequently  introduced to the branch air
passageway 11, passes through the vicinity of the fan motor 41 and, 20
furthermore, has a revolving direction velocity in the R direction even
when it returns from the  cooling air holes 43a to the main air passageway
10 (refer to the arrows D, E, F in FIG. 4). However, because the air guide
52 is open on the counter R direction side, the air that  passes through
the vicinity of the fan motor 41 is blown out from the cooling air holes
43a to the 25 main air passageway 10 side, at which time it is guided so
that its revolving direction velocity 14 decreases. Specifically, as shown
in FIG. 4, the flow of the air that passes through the cooling air  holes
43a is changed to a flow in the counter R direction with respect to the hub
43 (refer to the  arrow F in FIG. 5) by the air guide 52, and forms a flow
having a velocity vector F1 with respect  to the hub 43. However, the hub
43 rotates in the R direction and, as a result, this air flow forms  5 a
flow having a velocity vector F3 that combines a velocity vector F2 and
velocity vector F1 corresponding to the rotational velocity of the hub 43,
and blows out on the main air passageway  10 side. Thus, the air guide 52
functions so that the air flow (arrow F) that returns from the 10 cooling
air holes 43a to the main air passageway 10 cancels out the revolving
direction velocity  in the R direction that it has when it flows into the
air guide 52. Further, the air flow (arrow F) is  formed so that it
smoothly merges with the air flow (arrow C) that is sucked in from the air
inlet  31 and flows with a nearly zero revolving direction velocity as far
as the vicinity of the front  edge part of the blade 44. 



15 (4) CHARACTERISTICS OF THE AIR CONDITIONER Compared with a fan motor
cooling mechanism 951 of a centrifugal fan 904 built into a  conventional
air conditioner 901, the centrifugal fan 4 of the air conditioner 1
according to the  present embodiment, and more particularly the fan motor
cooling mechanism 51 provided in the 20 centrifugal fan 4, has the
following characteristics. The centrifugal fan 904 of the conventional air
conditioner 901 will first be explained. In  the centrifugal fan 904 of the
conventional air conditioner 901, a hub cover 946 is fixed  unrotatably
relative to a hub 943 so that it covers a cooling air hole 943a of the hub
943 from the 25 lower side as shown in FIG. 6 and FIG. 7. Herein, the hub
943 has a plurality (three in the 15 present embodiment) of positioning
holes 943b formed between cooling air holes 943a and a  rotary shaft 941a
in the radial direction, and screw holes 943c provided between the
positioning  holes 943b in the circumferential direction. However, the hub
cover 946 has a positioning pin  946a that protrudes toward the side of the
fan motor provided opposing the positioning hole 943a, 5 and a screw hole
946b, wherein a screw 953 provided so that it opposes the screw hole 943c
is  inserted. Thereby, the hub cover 946 is fixed so that it rotates
integrated with the hub 943. The hub cover 946 is arranged spaced apart
from the surface formed by the cooling air  holes 943a of the hub 943, and
the outer peripheral part thereof is open toward a main air 10 passageway
910. Furthermore, the hub cover 946 has a plurality of guide blades 952
provided  between the cooling air holes 943a in the circumferential
direction and that are provided so that  they protrude radially. 



The fan motor cooling mechanism 951 of the centrifugal fan 904 includes the
cooling air 15 holes 943a of the hub 943, and guide blades 952 of the hub
cover 946. In the constitution of the fan motor cooling mechanism 951, the
air that is sucked in from  the air inlet along the rotary shaft 941a
direction flows in the arrow C direction shown in FIG. 6,  the same as in
the present embodiment. In addition, it is the same as the present
embodiment 20 even with regard to the point that a portion of the air blown
out toward the outer periphery side  by a turbo impeller 942 passes between
the top plate 21 of the casing 2 and the hub 943, and is  blown out from
the cooling air holes 943a into the turbo impeller 942 interior, (refer to
the  arrows D, E, F in FIG. 6 and FIG. 7). However, because the air flow
(arrow F) that is blown out  from the cooling air holes 943a into the
interior of the turbo impeller 942 is merely blown out 25 nearly radially
with respect to the hub 943 by the guide blades 952, as shown in FIG. 7
(refer to 16 the velocity vector Fl in FIG. 7), the revolving direction
velocity, which has a velocity vector F3  (a velocity vector that combines
the velocity vector F2 and the velocity vector F, corresponding  to the
rotational velocity of the hub 943), unfortunately grows larger than the
revolving direction  velocity having a velocity vector F3 of the air flow
blown out from the cooling air holes 943a in  5 the motor cooling mechanism
951 of the present embodiment. As described above, compared to a
conventional fan motor cooling mechanism 951, the  fan motor cooling
mechanism 51 of the centrifugal fan 4 according to the present embodiment
of  the present invention can guide the flow of air (arrow F) blown out
from the cooling air holes 10 43a to the side of the hub 43 opposite the
fan motor so that the revolving direction velocity of the  flow decreases.
Thereby, any increase in the noise level of the centrifugal fan 4,
generated when  



the flow of air blown out from the cooling air holes 43a to the side of the
hub 43 opposite the fan  motor merges with the flow of air that flows
through the main air passageway 10, is suppressed;  furthermore, any
increase in the noise level of the air conditioner 1 is also suppressed. 15
Specifically, compared with the abovementioned conventional example, the
present invention  can reduce the noise level by approximately 1 dB, while
obtaining a prescribed air volume and  fan motor cooling performance.
Because the air guide 52 is formed integrated with the hub 43 in the
present embodiment,  20 it is possible to reduce the number of parts
constituting the turbo impeller 42. [SECOND EMBODIMENT] Although the air
guide 52 of the motor cooling mechanism 51 in the first embodiment is
provided on the lower surface side of the hub 43, it may also be provided
on the upper surface  25 side. Specifically, a fan motor cooling mechanism
151 of a centrifugal fan 104 built into an air 17 conditioner 101 of the
present embodiment has, as shown in FIG. 8 through FIG. 10, cooling air
holes 143a formed in the hub 143 of the centrifugal fan 104, and an air
guide 152 provided  corresponding to the cooling air holes 143a. 5 The
cooling air hole 143a is a hole provided in the hub 143 for guiding to the
vicinity of  the fan motor a portion of the air blown out toward the outer
peripheral side by the turbo impeller  142, the same as in the first
embodiment. In the present embodiment, the cooling air hole 143a is  a long
hole and a plurality thereof (five holes in the present embodiment) are
formed arrayed  concentrically with the hub 143. 10 



In addition, in the present embodiment, the air guide 152 is a half pipe
shaped part  provided so that it covers each of the cooling air holes 143a
from the upper surface side of the  hub 143 (the fan motor side), and an
opening is formed in the R direction side thereof. Thereby,  the air that
flows from the upper surface side of the cooling air holes 143a (fan motor
side) to the 15 lower surface side of the hub 143 can be guided so that it
blows out toward the counter R  direction (refer to the arrow F in FIG.
10), and any increase in the noise level can be suppressed,  the same as in
the first embodiment. [THIRD EMBODIMENT] 20 In the first and second
embodiments, the air guides 52, 152 of the fan motor cooling  mechanisms
51, 151 were formed integrated with the hub 43, 143; however, they may also
be  provided in the hub cover, the same as the motor cooling mechanism 951
in the conventional  example. Specifically, a fan motor cooling mechanism
251 of a centrifugal fan 204 built into an  air conditioner 201 of the
present embodiment includes, as shown in FIG. I 1 and FIG. 12, 25 cooling
air holes 243a formed in a hub 243, and a volute blade-shaped guide blade
252 (air 18 guide) provided in a hub cover 246. The hub cover 246 is fixed
so that it rotates integrated with  the hub 243 using a screw and a
positioning pin, the same as the hub cover 946 in the  conventional
example. 5 The guide blade 252 is a plurality (two in the present
embodiment) of volute blades that  are inclined rearward with respect to
the rotational direction (R direction) of the hub 243.  Thereby, unlike the
guide blade 952 of the fan motor cooling mechanism 951 in the conventional
example, the present embodiment can guide the air that flows from the upper
surface side of the  



cooling air holes 243a (fan motor side) toward the lower surface side of
the hub 243, so that it 10 blows out toward the counter R direction.
Specifically, when the air that blows out from a turbo impeller 242 toward
the outer  peripheral side flows into the cooling air holes 243a, the same
as in the first and second  embodiments, as shown in FIG. 12, it has a
revolving direction velocity in the R direction; 15 however, because the
guide blade 252 is inclined rearward with respect to the R direction, the
orientation of the flow changes to the counter R direction with respect to
the hub 243 (refer to the  arrow F in FIG. 12), and forms a flow having a
velocity vector F1 with respect to the hub 243.  However, because the hub
243 rotates in the R direction, the air flow consequently forms a flow
having a velocity vector F3 that combines the velocity vector F2 and the
velocity vector F1 that 20 corresponds to the rotational velocity of the
hub 243, and is blown out on the main air  passageway 210 side. Thus, the
same as the first and second embodiments, the guide blade 252 functions to
cancel out the revolving direction velocity in the R direction that the air
flow (arrow F) returning 25 from the cooling air holes 243a to the main air
passageway 210 has when it flows into the guide 19 blade 252, and any
increase in the level of noise is consequently suppressed, the same as in
the first and second embodiments. In addition, the present embodiment
obtains a turbo impeller 242 capable of suppressing  5 any increase in the
noise level by just changing the shape of the guide blade provided in the
hub cover 246 from the conventional guide blade 952 to the guide blade 252,
without changing the  structure of the hub 943 of the turbo impeller 942 in
the conventional example. 



[FOURTH EMBODIMENT] 10 The guide blade 252 in the third embodiment was
volute blade-shaped, but may also be  another shape, such as a turbo blade.
Specifically, a fan motor cooling mechanism 351 of a  centrifugal fan 304
built into an air conditioner 301 of the present embodiment includes, as
shown in FIG. 13, cooling air holes 343a formed in a hub 343, and a turbo
blade-shaped guide  blade 352 (air guide) provided in a hub cover 346. 15
The guide blade 352 is a plurality of turbo blades (five in the present
embodiment) that  are inclined rearward with respect to the rotational
direction (R direction) of the hub 343.  Thereby, the air flowing from the
upper surface side (fan motor side) of the cooling air holes  343a toward
the lower surface side of the hub 343 can be guided so that it blows out
toward the 20 counter R direction, obtaining an effect the same as the
third embodiment. [FIFTH EMBODIMENT] In the third and fourth embodiments,
the air guides 252, 352 were formed in the hub  covers 246, 346; however,
they may also be formed in the hubs 243, 343. Specifically, a fan  25 motor
cooling mechanism 451 of a centrifugal fan 404 built into an air
conditioner 401 of the 20 present embodiment includes, as shown in FIG. 14
and FIG. 15, cooling air holes 443a formed  in a hub 443, and a turbo
blade-shaped guide blade 452 (air guide) provided in a hub cover 446,  the
same as in the fourth embodiment. 5 Even such a constitution can guide the
air that flows from the upper surface side (fan  motor side) of the cooling
air holes 443a toward the lower surface side of the hub 443 so that it  



blows out toward the counter R direction, and consequently can obtain the
effect of suppressing  any increase in the noise level, the same as the
third and fourth embodiments. 10 In addition, the present embodiment
provided an illustrative example for the case in  which a turbo
blade-shaped guide blade 452 (air guide) is provided in the hub 446;
however, the  present embodiment is not limited thereto, and a volute
blade-shaped guide blade may be  provided in the hub, the same as in the
third embodiment. 15 [OTHER EMBODIMENTS] The above embodiments of the
present invention were explained based on the drawings,  but specific
configurations are not limited to these embodiments, and may vary in scope
without  violating the spirit of the present invention. 20 (1) The
aforementioned embodiments were explained as examples of a turbo-type
centrifugal fan; however, the present invention may be applied to various
types of centrifugal  fans, provided that it is a type that uses a portion
of the air once it is blown out from the  centrifugal fan to cool the fan
motor. 21 (2) The aforementioned embodiments provided an explanation of a
ceiling-embedded  type air conditioner as an example; however, the present
embodiment may also be applied to  various types of air conditioners,
provided that they are provided with a centrifugal fan wherein  an impeller
and a fan motor are arranged inside the casing. 5 INDUSTRIAL FIELD OF
APPLICATION The use of the present invention obtains a prescribed cooling
effect in a fan motor and  



enables the suppression of any increase in the noise level in a centrifugal
fan that sucks in air  from the rotary shaft direction and blows out air in
a direction that intersects the rotary shaft, and  10 in an air conditioner
provided therewith. 22 CLAIMS  1. A centrifugal fan (4, 104, 204, 304, 404)
that sucks in air from a rotary shaft direction and blows air out in a
direction that intersects a rotary shaft (41 a), comprising:  an electric
motor (41) having said rotary shaft; 5 a main plate (43, 143, 243, 343,
443) having a cooling air hole (43a, 143a, 243a, 343a,  443a) and being
coupled to and rotationally driven by said rotary shaft; a plurality of
blades (44) provided on the surface of said main plate on the side opposite
an electric motor and at a position on the outer peripheral side of the
radial position of  said cooling air hole; and 10 an air guide (52, 152,
252, 352, 452) that, after a portion of the blown out air has been  guided
to the vicinity of said electric motor and has cooled said electric motor,
guides the  air flow so that the revolving direction velocity decreases
when blown out from said  cooling air hole to the side of said main plate
opposite said electric motor. 15 2. A centrifugal fan (4, 104, 204, 304,
404) that sucks in air from a rotary shaft direction and  blows air out in
a direction that intersects a rotary shaft (41a), comprising: an electric
motor (41) having said rotary shaft; a main plate (43, 143, 243, 343, 443)
having a cooling air hole (43a, 143a, 243a, 343a,  443a) and being coupled
to and rotationally driven by said rotary shaft; 



20 a plurality of blades (44) provided on the surface of said main plate on
the side opposite  an electric motor and at a position on the outer
peripheral side of the radial position of  said cooling air hole; and an
air guide (52, 152, 252, 352, 452) that, after a portion of the blown out
air has been  guided to the vicinity of said electric motor and has cooled
said electric motor, guides the  25 air flow so that it is blown out toward
the side of the main plate in the counter rotational 23 direction when
blown out from said cooling air hole to the side of said main plate
opposite said electric motor. 3. The centrifugal fan (4, 104) as recited in
Claim 1 or Claim 2, wherein 5 said air guide (52, 152) is formed integrated
with said main plate (43, 143). 4. The centrifugal fan (204, 304, 404) as
recited in Claim 2, further comprising: a cover (246, 346, 446) that covers
said cooling air hole (243a, 343a, 443a) from the side  opposite the
electric motor, and that is provided so that it rotates integrally with
said main  10 plate (243, 343, 443); wherein,  said air guide (252, 352,
452) is formed between said cover and said main plate. 5. The centrifugal
fan (204, 304, 404) as recited in Claim 4, wherein 15 said air guide (252,
352, 452) has a blade shape inclined rearwards in the rotational  direction
of said cover (246, 346, 446). 6. The centrifugal fan (204) as recited in
Claim 5, wherein said air guide (252) has a volute blade shape. 



20 7. The centrifugal fan (204, 304) as recited in any one claim of Claim 4
through Claim 6  wherein said air guide (252, 352) is formed in said cover
(246, 346). 25 8. An air conditioner (1, 101, 201, 301, 401), comprising:
24 the centrifugal fan (4, 104, 204, 304, 404) as recited in any one claim
of Claim I through  Claim 7; a heat exchanger (6) arranged on the outer
peripheral side of said centrifugal fan; and  5 a casing (2) that houses
said centrifugal fan and said heat exchanger. 


