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1 SPECI FI CATI ON CENTRI FUGAL FAN, AND Al R CONDI TI ONER PROVI DED THEREW TH
FIELD OF THE I NVENTION 5 The present invention relates to a centrifugal fan
and an air conditioner provided therewith, and nore particularly relates
to a centrifugal fan that sucks in air fromthe rotary shaft direction and
blows out air in a direction that integsects the rotary shaft, and an air
conditioner provided therewith. 10 RELATED ART Conventionally, centrifugal
fans provided in air conditioners and the |ike have been designed to
pronote cooling of fan notorsg over heati ng of fan not or s
during operation. 15 The fol Smimmf@gnventl onal

cei ling-enbedded air conditioner provided with a conventional centrifugal
fan that has a fan notor cooling nmechanismto pronote cooling of the fan
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cotattor panel arranged

on the ﬁm@ﬁme@el R} Ng. An air inlet is provided at the

approxi mate center coration panel. The casing is provided therein
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t he fan notor
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.




principally includes a hub that is coupled to the shaft of the fan notor, a
shroud that is arranged spaced apart by a prescribed spacing on the side
opposite the fan nmotor of the hub (nanely, the 5 air inlet side), and a
plurality of blades arranged between the hub and the shroud and arrayed in
the circunferential direction. An openpng 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
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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




hol es i ncreases, making it possible to increase the cooling effect of the
notor (e.g., refer to Japanese Patent Application Kokai No. HE
11-101194). The abovenentioned conventional centrifugal fan can increase
the quantity of air blown out fromthe cooling air holes by radial guide
bl ades provided in the hub cover, but3there is a tendency for the noise
| evel to increase. DI SCLOSURE OF THE INVENTION It is an object of the
present invention to obtain a desired-cooling effect of a fan notor in a

cent r Pl§g HIcrases, mhking spoksble o micreafd thecoddimgle®barof 18Nabior Eg.%e%}-ér?d‘l and bl ows
out air in a direction that intersects the rotary shaft, ahd in an air

condi ET@R?HWPBF@@VAH@i#aﬁmKeMiM.PMl\mlolu%_ to suppress an increase in the
noi se level. In accordance to a first aspect of the present invention,

there is provided a centrifugal fan that sucks in air froma rotary shaft
direction and blows air out in a direction that intersects a rotary shaft,

the rot ar yThhatfovementioned boryeational eitrifugal TR i indre AR IS (ﬁlagﬁ&of%'r%lléwnal ity of
bl ades, an air guide and a cover, wherein, said air guide-is Formed
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in said cover. The electric notor has the rotary shaft. e main plate has
a cooqepfﬁfgchquthm@edmbltcsincmm ed to and rotationally driven by the rotary
shaft. The plurality of blades are provided on the surface of the nain
plate on the side opposite the electric notor and at a position on the
heral side of the radial position of the cooling air hole. The

out er_ peri
air dlﬁpsgé SHREOB THHE INVENTIOMNe bl own out air has been guided to the
vicinity of the electric notor and has cooled the electric notor, guides

the air  f lidoas objettarf thet presenbineumiontth ob@Red dhstb@oiE) t IR plate in
the counter rotational direction when bl own outcf ro%egg?t %cf%g{nf)tr?gmai r hole

to t A€oTligablun daa duakmimaipliatheRmasishn bhgiish 864 biobsTL AF in JHEeFOY "
or,

covers said cooling air hole fromthe side opposite the el HrS
and thehintersectsrtbe rodarst shaft, ahdin drf air conditioner provided therewith, as well as to

suppress an increase in the noise level.
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In accordance to a first aspect of the present invention, there is provided a centrifugal
fan that sucks in air from a rotary shaft direction and blows air out in a direction that intersects
arotary shaft, the rotary shaft comprising an eleciric motor, 2 main plate, a plurality of blades
an air guide and a cover, wherein, said air guide is formed between said cover and said main,

plate; wherein said air guide is formed in said cover. 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

lalr hole. The air guide, after a portion of the blown out air has been guided to thé 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 said
cooling air hole to the side of said main plate opposite the electric motor. The cover, covers
said cooling air hole from the side opposite the electric motor, and that is provided so that it

rotates integrally with said main plate.




rotates integrally with said main plate. 4 1n 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 fromthe cooling air
hole tends to increase due to the resulting ventilation action, but the

noi se level also tends to increase. 5 Jhe present inventors discovered that
this noise is caused by turbulence in the flow when the air sucked in from
the cooling air hole nerges with the air sucked in fromthe air ihlet side
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of the front edge part of the blade with a revolving direction velocity of
nearly zero. However, because the air blown out fromthe cooling air hole
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of the air sucked in fromthe rotary shaft direction, thereby increasing
the noise level. 20 To prevent this disturbance in the flow, it is
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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  ofthe main plate opposite the electric motor, guides the air so that the revolving direction



“rotati

passed through the vicinity of the electric notor is blown out fromthe
cooling air hole to the side 25 of the main plate opposite the electric
notor, guides the air so that the revolving direction 5 velocity
decreases. Thereby, the air used to cool the electric notor can be nerged
along the air flow sucked in fromthe rotary shaft direction, and the
I ncrease in the noise |level can therefore be suppressed. In accordance to
a second aspect of the present invention, there is provided a centrifugal
fan thadeigekeaded Hefebl RELA uEé?ittarchlscE@%ltectgb hﬁ%rj o b@ﬂfé};élfi%‘ﬁlg%é aifut 1n a
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cover wherein, sald air etween “salrd cover and said main

pl at gy, ﬁ\&gggegj n said air guide has a blade shape inclined rearwards in the
'gnal direction of sdid cover. The electric notor 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
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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
electrié 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. The cover, covers said cooling air

hole from the side opposite the electric motor, and that is provided so that it rotates integrally

with said main plate.

In a conventional centrifugal fan, the air guide is a radial guide blade that is provided in
the bub 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.

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

far as the vicinity of the main plate, and then the direction of the flow changes to the outer

(3




due to the resulting ventilation action, but the noise level also tends to
i ncrease. The present inventors discovered that this noise is caused by
turbulence in the flow when the air sucked in fromthe cooling air hole
merges with the air sucked in fromthe air inlet side (the rotary shaft
direction). Specifically, it was due tg the follow ng types of causes. The
air sucked in fromthe rotary shaft direction flows toward the rotary shaft
direction as far as the vicinity of the main plate; and then the direction
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that it iIs own out cob I'ng” al ‘e side of the main
plgse in the counter rotational direction with respect to the nmain plate.
Thereby, the air used to cool the electric notor can be nmerged al ong the

air flow supkgdvif it @¥turbance 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

2.0 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.




the rotary shaft direction, and the increase in the noise |evel can
therefore be suppressed. The centrifugal fan as recited in CCaim3 is the
centrifugal fan as recited in daiml or 20 Caim2, wherein the air guide
is formed integrated with the main plate. Formng the air guide integrally
with the main plate in the centrifugal7fan enables a reduction in the
nunber of parts. 7 The centrifugal fan as recited in Claim4 is the .
centrifugal fan as recited in daim2, further including a cover that
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has a v Centrifugal fan as recited in daim7 is the
centgrifugal fan as recited in any one claim of Caim4 through Caimbé6
wherein the air guide is forned in the cover. 15 Because the air guide in
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20 claimof Caim1l through Gaim?7, a heat exchanger arranged on the outer
peri pheral side of the centrifugal fan, and a casing that houses the

centrifugal rfalnftledi 26 LG&itedNE PARAY is the centrifugal fan as recited in Claim 5,

10 wherein the air guide has a volute blade shape.

The c_entriﬁlgal 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 1 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




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 notor is blown 25 out fromthe cooling air
hole to the side of the nmain plate opposite the electric notor, guides the
8 air so that the revolving direction ygelocity decreases, and an increase
in the noise |evel can therefore be suppressed. BRI EF EXPLANATI ON OF
DRAWNGS 5 FIG 1 is an exterior perspective view of the air conditioner

accor dig e fi . odi t .of the esent invention. FIG 2 is a
schemtaﬂ%ogﬁ%tg%cl}eg@gﬁl éicl:r? ?qg)rl?avle c\?ﬂ%\q&?‘;ﬂ;‘?asﬁ’n@g‘iiﬂmﬁ‘@f’ﬁfi 1B SGA‘EV(?LF% ng to the
first %@1‘8 n 3 is an enlarged view of the centrifugal fan shown
in Fl Gtﬁ ) %gogm e e|8;'Ls 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 exanple of a centrifugal fan of an
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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. 11 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.




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 enbodiment, and corresponds to FIG 4. FIG 14 depicts the
centrifugal fan of the air conditioner according to the fifth 25

enbodi ment, and corresponds to FIG 3.49 FIG 15 is an auxiliary view
taken along the arrow A shown in FIG 14. PREFERRED EMBODI MENTS The

foll owi ng explains the enbodi nents of the present invention, based on the
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of an air conditioner 1 provided with a centrifugal fan 4 according to the
first errbodi rrent of the present invention. The 10 air conditioner | is a

ceiling Nﬂf@ ﬁﬂi el udes a casing 2 that houses various
constltuent equi pnen P ere , and a decoration panel 3 arranged on the

| ower side i cal | t he casi of, th I r,

condi ti oner q&l F(ts]ﬁ)g(r;i f?%é’g’q%}“%% g‘ﬁ%@ﬂeaﬁ Ofﬁi tgg%segtplgmnﬂngn,zqaa?mﬁ? ﬁfﬁ&"l&’éi l'i ng
Uig the air conditioned room as shown in FIG 2. Furthernore, the
decoration panel 3is fitted into the ceiling U opening. 15 The casing 2

has a top pl %ﬁ& npgﬁ ﬂ?{%ﬁ'b e plate 22 that extends downward fromthe
peripheral g!: ge par ﬁ ﬁop plate 21. The centrifugal fan 4 is arranged
inside the pAGVERALL CONRETRALIGN SRk AIRTOHNDRHGRER

~ FIG. 1 shows an exterior perspective view (ceiling is omitted) of an air conditioner 1

provided with a centrifugal fan 4 according to the first embodiment of the present invention. The
10 air conditioner 1 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 41a (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



20 and has a fan notor 41 (electric notor) provided at the center part of
the top plate 21 of the casing 2, and a turbo inpeller 42 that is coupled
to and rotationally driven by a shaft 4 la (rotary shaft) of the fan notor
41. The turbo inpeller 42 has a disc-shaped hub 43 (main plate) that is
coupled to the shaft 4la of the fan nmofpr 41, a plurality of blades 44
provided at the outer peripheral part of the surface on the | ower side of
the hub 43 (nanmely, the surface on the side 25 opposite the fan notor 41),
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connected via a cool ant condwt to a heat source unit that is install ed,
for exanpl e, outdoors. Thereby, t he heat exchanger 6 functions 15 as an

evapor at or ond nin erati.on d as a ser d ri ng
heat i ng opega{%e;l oqﬂ(ﬁﬁgfg rtn% tﬁl&ag%?a%ocﬁﬂr‘g‘fgat f‘?& ‘@ﬁ‘ﬁ%‘?gﬁ 1‘3""’t°"rﬁ§4

bl gyn t centrlfugal fan 4. A drain pan 7 is arranged on the

| ower % eﬁﬁ?ﬁgahgﬁheat exchanger 6 for receiving the drain water generated

by the condensatl on of noisture in the air in the heat exchanger 6.

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 2
‘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



20 A casing heat insulating material 8 is arranged so that it is interposed
bet ween 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

t he 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 fromthe top plate 21 and the side

| ate 22..0f .t he casi 2, .CO nsation of the casing.2, and the |ike. The
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filter 33 is provided in the air inlet 31 of the decoration panel 3 in

order to elimnate dust in the air sucked in fromthe air inlet 31.
i materjial 9 is provided between the
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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 1o 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.




20 42 (i.e., the hub 43) of the centrifugal fan 4. The notor cooling
mechani sm 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 notor
41 a portion of the air bl own out towgpd the outer peripheral side by the
turbo inpeller 42. In the present enbodinent, the cooling air hole 43a is
a long hole and a plurality thereof (five holes in the present enbodi nent)
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addition

OPERATL (N O THE AI R CONDI TI ONER The foI | ow ng expl ains the operation of
the air condi'tioner 1, referencing FIG 2 through FIG S. First, when
operation starts, the fan notor 41 is driven, and the turbo inpeller 42 of
the 20 centrifugal fan 4 rotates. In addition to the driving of the fan

motor 41, T ShE LRLARGy Bk 8l BEYH T Ronk Rk B ERL sﬁﬁgq%% el ona”

heat exchanger unc as an evapora operati and
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rotation o
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 impelier 42 of the
20  centrifugal fan 4 rotates. In addition to the driving of the fan motor 41, refrigerant also circulates
in the heat'exchénger 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 5. This air is blown out toward the outer periphery side by the turbo impeller 42, reaches



turbo inpeller 42, the air inside the air conditioned roomis sucked in
fromthe |lower side of the centrifugal fan 4 fromthe air inlet 31 of the
decoration panel 3 via the filter 33 and the bell 25 nmouth 5. This air is
bl own out toward the outer periphery side by the turbo inpeller 42, reaches
13 the heat exchanger 6, is cooled orjzheated in the heat exchanger 6, and
is then blown out toward the rooniinterior fromeach of the air outlets
32, thereby either cooling or heating the room interior (refer to the

arrow 2 apd FI 3). 5 n abovenept i on eratio
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IS mt?%t uc (aef?rtoglebeingﬁvc I%i'é&af’\gg%@\t@y 11 between the top plat ep21 and
the hub 43 (refer to the arrowDin FIG 2 and FIG 10 3). The air that

passes through this branch air passageway 11 reaches the vicinity of the
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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 acrows 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




However, because the air guide 52 is open on the counter R direction side,
the air that passes through the vicinity of the fan notor 41 is bl own out
fromthe 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 RyG 4, the flow of the air that
passes through the cooling air holes 43a is changed to a flowin the
counter R direction with respect to the hub 43 (refer to the arrowF in
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Cbnpared wth a fan notor cool i ng mechani sm 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 enbodinent, and nore

par ) 1o O 7 R AR . g el Rl e 2
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




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 wunrotatably relative to a hub
943 so that it covers a cooling air hole 943a of the hub 943 fromthe 25

| oner side as shown in FIG 6 and FIGys7. Herein, the hub 943 has a
plurality (three in the 15 present enbodi nent) of positioning holes 943b
formed between cooling air hol es 943a and a rotary shaft 941 ain the
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mechani sm 951 of the centrifugal fan 904 includes the cooling air 15 holes
943a of the -hub 943, and gui de bl ades 952 of the hub cover 946. In the
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. 2 and B%e'gy&le%égﬁngaanldholgs 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




bl omn out fromthe cooling air holes 943a into the turbo inpeller 942
interior, (refer to the arrows D, E, Fin FIG 6 and FIG 7). However,
because the air flow (arrow F) that is blown out fromthe cooling air

hol es 943a into the interior of the turbo inpeller 942 is nerely bl own out
25 nearly radially with respect to theghub 943 by the guide bl ades 952, as
showmn in FIG 7 (refer to 16 the velocity vector FI in FIG 7), the

revol ving direction velocity, whi ch has a velocity vector F3 (a velocity
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the flow decreases. Thereby, any increase in the noise |evel of the
centrifugal fan 4, generated when the flow of air blown out fromthe
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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  itis 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.



[ SECOND EMBODI MENT] Al t hough the air guide 52 of the notor cooling

mechani sm51 in the first enbodinent is provided on the | ower surface side
of the hub 43, it may al so be provided on the upper surface 25 side.
Specifically, a fan notor cooling nmechanism 151 of a centrifugal fan 104
built into an air 17 conditioner 101 @gf the present enbodi nent 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
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concentrically with the hub 143. 10 In addition, in the present enbodi nent,
the air guide 152 is a half-pi pe shaped part provi ded so that it covers
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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 (tf 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. 11 and FIG. 12,

25 cooling air holes 243a formed in a hub 243, and a volute blade-shaped guide blade 252 (air




mechani snms 51, 151 were forned integrated with the hub 43, 143; however,
they may also be provided in the hub cover, the sane as the notor cooling
mechani sm 951 in the conventional exanple. Specifically, a fan notor
cool i ng nmechani sm 251 of a centrifugal fan 204 built into an air

condi tioner 201 of the present enbodi ngnt includes, as shown in FIG 11 and
FIG 12, 25 cooling air holes 243a forned in a hub 243, and a volute

bl ade- shaped gui de bl ade 252 (air 18 guide) provided in a hub cover 246.

The hu .15 f.ixed at it rotates integrated with the hub 243
usi ng %u g&c%yg[\r/(\)/vél%%maa }b%bsﬂv?’b% n(t;rnf)f‘w cqvﬁ’éi‘%talﬁgixﬁgsq UIh ppetehiplgragaighitth t he
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respec . rotational direction (R direction) of the hub 243. Thereby,
unIikeE?%gmgﬁﬁﬁgg é%e 952 of the fan notor cooling nmechanism 951 in the

conventional exanple, the present enbodi nent can guide the air that flows
fromthe upper surface side of the cooling air holes 243a (fan notor side)
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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
qrientation of the flow changes to the countér R direction with respect to the hub 243 (refer to the
arrow F in FIG. 12), and forms a flow having a velocity vector F; 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 F; that combines the velocity vector F, and the velocity vector Fy 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



20 corresponds to the rotational velocity of the hub 243, and is bl own out
on the main air passageway 210 side. Thus, the sane as the first and
second enbodi nents, the guide blade 252 functions to cancel out the
revolving direction velocity in the Rdirection that the air flow (arrow F)
returning 25 fromthe cooling air holgs 243a to the main air passageway
210 has when it flows into the guide 19 blade 252, and any increase in the
| evel of noise is consequently suppressed, the sanme as in the first and
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j ust changi, f the guide blade provided in the hub cover 246
fromthe coﬁ%%%)ﬁllﬁgﬁlgﬁ@lgﬁﬁta'e bl ade 952 to the guide bl ade 252, without

changing the structure of the hub 943 of the turbo inpeller 942 in the
conventional exanple. [FOURTH EMBCDI MENT] 10 The gui de bl ade 252 in the
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flowing fromthe upper surface side (fan notor side) of the cooling air
hol es 343a toward the | ower surface side of the hub 343 can be gui ded so

that it bl oysopRire RVAODIMENT]

10 : The guide blade 252 in the third embodirﬁent 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 info an air conditioner 401 of the



20 counter R direction, obtaining an effect the sanme as the third

enbodi nent. [FIFTH EMBODI MENT] In the third and fourth enbodi nents, the
air guides 252, 352 were fornmed in the hub covers 246, 346; however, they
may al so be fornmed in the hubs 243, 343. Specifically, a fan 25 notor
cooling nmechani sm 451 of a centrifugalyfan 404 built into an air

condi tioner 401 of the 20 present enbodi nent includes, as shown in FIG 14
and FIG 15, cooling air holes 443a formed in a hub 443, and a turbo
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Gt ot e 4% BT yE RHp SRt e Bedl 4P SR s bRt
bl ows g% at&vgnqﬂtt}g SIOHRE & Cﬁlﬁ%ﬁ}tdl rection, and consequently can obtain the

ef f ect suppressing  any ease in the noise | evel , the sanme as the
third and fourth enbodinents 10 In addition, the present enbodi nment
provided an illustrative exanple for the case in which a turbo

bl age- shape 452 ai.r, gui de ed in th 446
howéver , th%hgygggeﬁ%ﬁgﬁg ﬁé#?d St ﬁﬁﬁ%ﬁ PG S g?%te
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centrifugal fan; however, the present invention may be applied to various
types of centrifugal

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,



fans, provided that it is a type that uses a portion of the air once it is
bl owmn out fromthe centrifugal fan to cool the fan notor. 21 (2) The

af orenenti oned enbodi nents provi ded an expl anation of a ceiling-enbedded
type air conditioner as an exanple; however, the present enbodi nent may

al so be applied to various types of ajr conditioners, provided that they
are provided with a centrifugal fan wherein an inpeller and a fan notor
are arranged inside the casing. 5 I NDUSTRI AL FI ELD OF APPLI CATI ON The use

of the present.inventi on obtajns a prescribed cooljng . effect i fan not or
ond et TN T R bef b B R DAY e 38 Grloion d6h el ppeddd o
centrifugal. fan.that sucks in.air fromthe rotary shaft, directjgn and

T v, GUHE i qonfiondtige AR X lekHoutevery the Pessett emPRdiest may alsh b EEPERc 10 | n
an air _conditioner. provi.ded therewith, 22 CLAI 1. A centrj | fan that
ucks. ARG SR fis B pesSdet el thes v mEICRS Wil G Dl th Sretn

directign that intersects a rotary shaft, conprising: an electric notor
havi ng agéwaquﬁfl‘éc{]@/%%%ﬁ?ﬁmﬁaﬁﬂ}gﬁdésg{gg’%‘%ﬁﬂnﬁg a cooling air hole and being

cougled to and rotationally driven by said rotary shaft; a plurality of
bl ades provided on the surface of said main plate on the side opposite an

_ SLE?E:W%#?@JO??H@BEQBNI he outer peripheral side of the radial

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.



an air guide that, after a portion of the blown out air has been guided to
the vicinity of said electric notor and has cooled said electric notor,
guides the air flowso that it is blow out toward the side of the main
plate in the counter rotational direction when blow out fromsaid cooling
air hole to the side of said main plate opposite said electric notor; and a
cover that covers said cooling air hole fromthe side opposite the electric
notor, and that is provided so that it rotates integrally with said main
plate ; wherein, said air guide is forped between said cover and said nmain
plate; wherein said air guide is formed in said cover. 2. A centrifuga

fan that sucks in air froma rotary _shaft direction and blows air out in a
direction that intersects a rotary gﬁé@?ﬁ;conprising: an electric notor
having said rotary shaft; a main plate having a cooling air hole and being
coupled to and rotationally driven by said rotary shaft; a plurality of

bl ades provided on the surface of said main plate on the side opposite an
el ectric hotorAaedrifaal &rpasi fuckdinQRt ftdAea Qi@ khaBelilcRIMAIA0 bRk 8ir Of ke radi al

position (?;etcﬁoglitgt?n?e(l)‘sleictggroéa?j;{ghlaigocl e; .and 23 an air guide that, after a

portion o own ot s BEBW'%gui ded to the vicinity of said
el ect ri c not orangiedinhastor dotiegsagiabdryehdact ri ¢ notor, guides the air flow so

that it is bl Wi fate\l\%gmrd pe Si of, .t he nmi latfe i.n ahh .coynt er
rotational directl gn en ol %}\E/)\ﬁn U EO?‘? %nr%bgléffg&ou*’iegd{’)iaﬁg’oﬁ?i“?n Bﬁ’é"et“ Ythe side
of said nidiotpiyabadt opposite said el ectric notor; and a cover that covers
sai d cooling ajl.hekerhiq % .si.de opposite.the electric, notor, and that
; : ; a
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opposite an electric motor and at a position on the outer peripheral side of the radial
position of said cooling air hole;
an air guide 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 it is blown out
toward the side of the main plate in the counter rotational direction when blown out from said
cooling air hole to the side of said main plate opposite said electric motor; and
a cover that covers said cooling air hole from the side opposite the electric motor, and
-~ that is provided so that it rotates integrally with said main plate ;

wherein, said air guide is formed between said cover and said main plate;

wherein said air guide is formed in said cover.

2. A centrifugal fan that sucks in air from a rotary shaft direction and blows air out in a
. direction that intersects a rotary shaft, comprising:
an electric motor having said rotary shaft;
_ a main plate having a cooling air hole and being coupled to and rotationally driven by
said rotary shaft;
a plurality of blades 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



wherein, said air guide is formed between said cover and said main plate;
wherein said air guide has a bl ade shape inclined rearwards in the .
rotational direction of said cover. 3. The centrifugal fan as recited in
Claim2, wherein said air guide has a volute blade shape. 4. An air

condi tioner, conprising: the centrifugal fan as recited in any one clai m of
CGaim1l through Caim3; a heat exchanger arranged on the outer peripheral
side of said centrifugal fan; and a casing that houses said centrifugal

fan and said heat exchanger.
23

an air guide 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 it is blown out
toward the side of the main plate in the counter rotational direction when blown out from said
cooling air hole to the side of said main plate opposite said electric motor; and

a cover that covers said cooling air hole from the side opposite the electric motor, and
that is provided so that it rotates integrally with said main plate;

wherein, said air guide is formed between said cover and said main plate;

wherein said air guide has a blade shape inclined rearwards in the rotational direction of

said cover.

3. The centrifugal fan as recited in Claim 2, wherein said air guide has a volute blade

shape.

4. An air conditioner, comprising;

the centrifugal fan as recited in any one claim of Claim 1 through Claim 3;
a heat exchanger arranged on the outer peripheral side of said centrifugal fan; and

~ acasing that houses said centrifugal fan and said heat exchanger.



