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Fan, Molding Die, and Fluid Feeder 5TECHNI CAL FI ELD The present
invention relates to a centrifugal fan, a nolding die, and a fluid
feeder, and particularly to a centrifugal fan for use in an air
conditioner, an air purifier, and the like, a nolding die for use in
production of the centrifugal fan, and a fluid feeder provided with
the centrifugal fan. 10 BACKGROUND ART As for conventi onal
centrifugal fans, for exanple, Japanese Patent Layi ng- Open No.
5-106591 di scloses a sirocco fan for an air blower which ains to

i nprove blow ng efficiency (PTL 1).DEREREFTIQNCO fan for an air bl ower
disclosed in PTL 1 is fornmed such that a plurality of vanes are

di sposed at regular intervals radially in a ring shape. 15Each vane

i s providedrih Hop psyrenBhafle for blowing air introduced froma hollow
portion of the sirocco fan. Japanese Patent Layi ng- Open No.

2009- 28681 di scl Osesfugal Ban; Mulding De¢, andiFouid &Feedert 0 | ncrease the
circulgtion efficien%ﬁ of air flow thereby to significantly increase
t he effect BECHﬁBgé@i ELpndoor air environment wthout increasing air

flow rate (PTL 2’}'1?6 L})d‘é&nﬂh%el?ﬁt{?e@l;é%sft% grceﬂjéi%%??ﬁ%da 'nQ)l(ﬁ;Il-{; d12e ieu?d a flud

configured to inc an inta 0 akin art ina room an alr

filter renoféedwy, ahidgiartiduldrieo aicentridi@i fAnfof t@htzhaid ddhaitRne@dn Bblfter,
blowing the air treated by the air filter to the room and a bl ower

movi ng t he #idrthe Hkenarneldingtdig for uge tHeoduatioaof th esnirdogal faaand s flwidd
o 51, B wgte AT Q) B SLARGATRT b TERATUE PTL L aapaneee
No. 2009- 28RATCKBAMERY ARTI NVENTI ON
As for conventional centrifugal fans, for example, Japanese Patent Laying-Open
No. 5-106591 discloses a sirocco fan for an air blower which aims to improve blowing
efficiency (PTL 1). The sirocco fan for an air blower disclosed in PTL 1 is formed
such that a plurality of vanes are disposed at regular intervals radially in a ring shape.
15 Each vane is provided with a sub-blade for blowing air introduced from a hollow
portion of the sirocco fan.
Japanese Patent Laying-Open No. 2009-28681 discloses an air purifier which
aims to increase the circulation efficiency of air flow thereby to significantly increase
the effect of improving indoor air environment without increasing air flow rate (PTL 2).
20 The air purifier disclosed in PTL 2 is configured to include an intake for taking in air in
a room, an air filter removing dust in the air taken in from the intake, an outlet blowing
the air treated by the air filter to the room, and a blower moving the air from the intake
to the outlet. A sirocco fan is used for the blower.
CITATION LIST
25 PATENT LITERATURE
PTL 1: Japanese Patent Laying-Open No. 5-106591
PTL 2: Japanese Patent Laying-Open No. 2009-28681
'SUMMARY OF INVENTION
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conservation of global environment, further energy savings in hone
el ectric equi pnent are desired. For exanple, it is known that the
efficiency of electric equipnment such as an air conditioner and an
air purifier greatly depends on 5 the efficiency of a bl ower
included therein. It is also known that reducing the weight of a fan
bl ade provided as a rotating body in a bl ower reduces power
consunption of a notor for rotatably driving the fan bl ade and

i nproves the efficiency of the blower or a fluid feeder. However, an
aerof oi | erfHCHYNICAE PR@BHepe i n cross section of a fan blade is 10
essentially assuned to be applied to the wing of an air plane and_is
mai nl'y found i n JBRASER} ¥aags, Hir capsesYAiigRof glovehgwesmenl furthss ersTay savings
aer .Of oil f af hmn@%f'(ec‘frﬁ: E}Hlllé{lt R T &f d Hdp eQarngﬁhit Wb%drﬁa }‘lggﬁ’];ciency
region and 1s not always ‘appropriate as the cross section of a fan

bl ade used dfeiedtrlcyuipysnobalsh Rutadrcondigioasr drdranatir |irtfiet @rdily dopeats oRn
air purifier, etc. for hone use. 15When an aerofoil or double arc is

enpl oyed adhe pldiciengy of s blopepgludsa tiseeins K is algo knewe thagradheiag theoweighin
ists i . % fr. f f f .ade,
e b Ak L G B A e

i ncreased fihbtef foRRoth@SE diihdGe To Bhd©md igpmevarthe STHdRnYy 6EMHH GIdVeErlhe
wei ght of a fan blade may reduce the strength of the fan bl ade and

result in fihaéfesder. or other poor quality. 20For the reasons above, in

order to save ener in electric ui nt,such as an .air .conditi,oner
and an airpur FreTeybroisioh sirRs BUER shB ¢ e Hhuhlor SO bR 2LL

crosstgect i @etiaByaRemdaso begiplied t@ihe Wik oflah ait phinddad tOmRiaIyUREeRAd irlthe
the | ow Reynol ds nunber region. A bl ade cross-sectional shape with a

hi gh i ft - diedgof aarprerutigalemgineening. c Khessomgnah eepigiltfan hlade & haigly optimized
strength has ahlJ o beetil sought . 25Far&s for .use in an.?ir Lgl QWRT  iin of
i nclude a cBACYET AN EIh ey &I PP%%WFK%@%?%{H B PR RICET Seigrota
of the fan e plde usadinal 1owﬁﬁﬁbid@aumgé@@giog$op£n hiY Bérchdi orRP Rin| 83 bur 3y,

of the centrifugal fan include an air conditioner. Reduci ng power

consunpt i oretofforlrenag wsecondi ti oner is a high priority when nore energy

i i h tri i 10R00951/ WO, 910284W01
Goei 88 Thorer i IME b ndn it iRl cndis STmIoTadd, sy e tormad Sepe g6 aden
of reduci ng, RN khHiEI PSHFR KRR ik r?rgg% o130 16 qngﬂ FrbRNRE frodRigk Bgﬂ%afﬁl‘? bRke.

air flowrate can increase the performance of evaporation an
condensat i obhipincacabesabhe exeighanfthe fanblade iwhiddberenps weausead snongrsed friadion

a conpressor, accordingly._ However, the . increase of air.f]ow 5rate
i ncreases oW ur%ﬁ%@ﬁg’ﬂ-i SHOBPVGE itoply Todvan g, weicktd oz éﬁév%nﬁémléﬁ

the the strength of the fan blade and result in fracture or other poor quality.

20 For the reasons above, in order to save energy in electric equipment such as an
air conditioner and an air purifier for home use, an appropriate blade cross-sectional
shape has been sought for a fan blade to be used in the low Reynolds number region.
A blade cross-sectional shape with a high lift-drag ratio, a small thickness and weight,
and a high strength has also been sought.

25 Fans for usé in an air blower include a centrifugal fan blowing air from the
rotation center side of the fan to the radial direction. Examples of typical application
of the centrifugal fan inciude an air conditioner. Reducing power consumption of an

air conditioner is a high priority when more energy savings in home electric equipment



reduction of power consunption in the conpressor é%%OQ%é/WQCPég%Sé%?OI

power consunption in the fan anounts to a reduction of power
consunption. Thus, the effect achieved by increasing the air flow
rate of the fan cannot be maxim zed. On the other hand, if the
rotation speed is increased with the sane fan, as a neans for
10increasing the air flowrate of the fan, the noise of the air

condi tioner is increased. Anot her exanpl e of application of the
centrifugal fan is an air purifier. An air purifier is requested to
increase its dust-collecting capacity, that is, to increase the air

flow rate, @ededieds cltee inolaRandtHoWREise ArMse rdts ft thd ppedef ofRedumpen
these two requests. In response to such a problem in the air

purifier diRvysseesupptioniof theviaditipsene Fhegncnghsead rirdlovofate ¢an inpnease

fromthe o r te at the noise

from the i nrepetfutenalbaPalBERRPiirtiffr pi & dPbetrime Bhrtaye
reduced WhipgverRendlugitroa@f h@einpREsdianreidiNglyS HbBidr $@Mdryast BPAIP YR
by increasing the air flow rate. However, a further increase of

dust - ¢l | ecteferigcicassappwyr cqnh@npﬁl@ ofethe fm‘cr él%kl@eefmfe, i balahewbataren ind a
further n0| sg rtedugtl on_are ts r\c}ih der tg sat i s%%]these
desires, WO 88?55?@?5}’113{3 'Ghi ?80?18%?5%055‘?31 fl?én‘f’rre HREVERt ake
and the OUtdcﬁY%urQ%tlérJ"ﬁ thé fan%duhtﬁb abéﬁu@'oﬁ%fb@wfz%&ﬂﬁ?ﬁ&ﬁ | yrhgduee
noi se of the centrifugal fan that blows air. In order to Increase the

air flow raféect adhigved e cesemimg theair flomeaseoftithe fanaiandtde rmmm:tedf Ohehe
centri fugal herotatlonseed of the centrifugal nls
Cher eased. 98 and e BegREoR 5edan ERRRSLID e el ah o fnqags
necess@ry tﬂcﬂeﬂﬁﬁgfﬁéedut@&w%té sNGE ffarpfthé MSsd @ﬂh@h@%&ﬂo@éﬁy@ eagbd
extent as to overcome the increased centrifugal force cause

i ncreased rot at i snotbpeednple ¢frppleationiof tgad¢entréfogal fan is an/uir mb;f'@ct Af} air
t he present rir:]fyentlon is therefore to saolve the aforenentioned

probl ems anR"HET b GUTEHE O CUREAF {18 GUT-O ﬁc’f%ﬁaﬁéc“é(nthék'ée‘iol iBfreats Binking
o TSI M SRR s 0L B
t he centri fregedsts adn rSEhhdEltOBhchQ@ RBEBhE R the air purifier disclosed in PTL 2 above,
15 the flow direction of the air from the outlet is set at an appropriate angle, so that the
noise from the intake and the outlet of the air purifier is significantly reduced while the
dust-collecting capacity is significantly improved by increasing the air flow rate.
However, a further increase of dust-collecting capacity, that is, an increase of air
flow rate and a further noise reduction are desired. In order to satisfy these desires, it
20 1s necessary not only to reduce noise from the intake and the outlet of the air purifier
but also to fundamentally reduce noise of the centrifugal fan that blows air. In order to
increase the air flow rate, it is necessary to increase the rotation speed of the centrifugal
fan. When the rotation speed of the centrifugal fan is increased, it is necessary to
reduce input to the fan. It is also necessary to increase the strength of the fan blade to
25 such an extent as to overcome the increased centrifugal force caused by the increased
rotation speed of the centrifugal fan.
An object of the present invention is therefore to solve the aforementioned

problems and to provide a centrifugal fan having an excellent biowing capacity, a
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A centrifugal fan according to the present inventﬂ%%oqgé{%ﬁ%éﬂgz&ﬂNOOI
plurality of vane 5portions provided to be circunferentially spaced
apart fromeach other. The vane portion has a front edge portion to
which air flows in and a rear edge portion fromwhich air flows out.
The vane portion has a bl ade surface extending between the front edge
portion and the rear edge portion. The bl ade surface includes a
pressure surface arranged on a rotation direction side of the
centrifugal fan and a suction surface l1l0arranged on a back side of
t he pressure surface. The vane portion has such a bl ade
cross-sect i moRlingdiape ush it p@doaiaafehgesritdRpali fan,famd EALiA feddBeprovided
pressure surface and the suction surface when the vane portion is cut
al ong a pl aweh&aessEEheal faro a rotation axis of the centrifugal fan
In the cent$b£pqﬁb H%?Pﬁfﬂﬁhﬁﬂred in this manner, during rotation of

| ugéw

the 15 cenir fan, an a'r flowis produced to flowin fromthe

front edge portiArentpifissl tAreuetinshe th pdens tivkate indRded 4 PWrall of va
the rear edge portion. Here, a vortex (secondary flow) of air flowis

gener at ed i POItipes evdad o hroritqusreresisalynpacadaparifront bash qtheri n The aaje

Dort ex gencralfda e Pl ah BinBR So MRS GRS P o 488 s fom
portion exhivhichsirdfld¥aaN| OThenekrivont ks @lolRlcaderaaselténdileofiv@dethe front

cross-sectional shape is increaséd in thickness by the anbunt of
f or mati on ofdgelpertiaarandshe mar edgegodian. tThe idewirfgceciaplades a prebsurhisurface

trifugal f be i.mproved. . P Ly, t ]
has o 1 oot momest P poen IR HERFTR) side of MR rObR i 14 s N5ROR AB Tiende
crossigect i anoe8BARBaEXSiBOST thE Ip%&ﬁﬁ@@ﬂrfi&.e frhe %n@%gomést 4R aWsle

t he 25rear edge portion, at a plurality of points. concave
portion is ¢rossmsdtional shepefthas atcooeavpeotticons fomedhae tiegessifeusypafacd and the
configured in .this manr}le?r, a vortex aof aij f f|OV\i i S 1ggnera ed in the .
concave por T4SHAN FUFAREVISY thieh¥rne PORTINGR CPipt PR&hPlaph e ReRPrERSRFIAtign BKis
bl owi ng capagint ¥effitdheragentri fugal fan. 10R00951/ WO 910284W01
Preferably, the flection portion is flexed such that a depth of the
concave portion Imstht agrgefugahfan canfigirek meths énneheluviap eotpton obtheat at

| east _one point. In the centrifugal fan_configured in this manner, a
vortekSof arrga el unE PR FRY BRERVE TR £ PABPE Pads
reliably. 5{?&&10%133@%@ beacE CRGFURY BRI AR thd Barl QigdBEridh. t RRr@ V6 Y

of the front e
(secondary flow) of air flow is generated in the concave portion, so that the air flow

(main flow) passing through the blade surface flows along the outside of the vortex
generated in the concave portion. Accordingly, the vane portion exhibits a behavior
20 like a thick blade as if the blade cross-sectional shape is increased in thickness by the
amount of formation of the vortex. As a result, the blowing capacity of the centrifugal
fan can be improved.
Preferably, the vane portion has a flection portion formed by flexing a center
line of the blade cross-sectional shape extending between the front edge portion and the
25 rear edge portion, at a plurality of points. The concave portion is formed by the
flection portion. In the centrifugal fan configured in this manner, a vortex of air flow
is generated in the concave portion formed by the flection portion, thereby improving

the blowing capacity of the centrifugal fan.



f)orti on. In the centrifugal fan configured in thi %Olﬁr%%gr?elfwot: I%OZMWOO]

above-noted effect achieved by the concave portion is brought about
in the proximty of the front edge portion, thereby generating a high
lift. In addition, the fornmation of the flection portion can inprove
the strength of the vane portion in the proximty of the front edge
10porti on. Preferably, the concave portion is forned at a bl ade
central portion between the front edge portion and the rear edge
portion. In the centrifugal fan configured in this nmanner, the
above-noted effect achi eved by the concave portion is brought about
in the bl ade ceritreferabpgniid fevtiosottitatis flered/are tiaratdepth @xhé firicaveportion
stable ability as a bl ade. In 15addition, the formation of the
flection pdfidrest thairp thwgmevselihivanenoritnat 3 leasiong armtp ok the sentrifugak

ormed Lo ot R e his mangth &V ERERGY i 0T, GRIEURRR I B cooave

in a rot atimitiexmsrekicliglglyi on of the centrifugal fan. In the
centrifugal fan configured in this manner, a vortex of air flowis
generated in t hePTEf%@%bé%ccb’@?‘ﬁ RATtipRiseEmedindhe praximity af hedrashadgeo

the other sndil TELANELSHILRGS A LIR FELALEN R HhsEhen o

the centrifluga an, ere iI'nprovi I'OWi'ng capacity

centrif ugalachfed®y the@bhetipseiioh is brought it 61 MBkYoxitite of GRCBUE edge
portion is forned at the pressure surface and the suction surface to

repeat edl y pegpemthirebysgeaeradag iadwehi iftwhincdditiva, thedammage g f¢ctioni s
connected 25w.th the rear.edge portion. In t.he.centrif.ugal .fa

cont | gur ed THUoRFA i€ SRy b g s Porkig o e e g o pdee
concay® porgdr@én.Whi ch repeatedly appears at the pressure surface and
the suction surface, thereby inproving the bl ow ng capacity of the
centrifugal fan Pugfesatdy.ftheedngaysportion RODEBE] ME bledoxBuarapetion between the
Preferably,.the.concave tion forned at the pressure.surface for

2 convex. poroTiarEapoRHS B0 b <08 PRtisR. e ReTRdit il b RErsn o s
formed at thenfGhe MoVl R dcOhdBedd BYINEX RN pRofls BrBERLESR Y the
surface. In the centrifugal fan configured in thi's manner, a bl ade
cross- sect i badd centralportianvisn ghad thovengpertpoy axhintsat stathealpliyssardade.  In

Ssurf pse angddgtyoen, a'n%cf{’);"xga io%ugfftﬁg flectin p%?tic%lacsainli%plqobx:[e%w gtgéngth of the vane
portion in the blade central portion.

Preferably, the concave portion is formed to extend from one end to the other
end of the blade surface in a rotation axis direction of the centrifugal fan. In the
centrifugal fan configured in this manner, a vortex of air flow is generated in the

20 concave portion formed to extend from one end to the other end of the blade surface in
the rotation axis direction of the centrifugal fan, thereby improving the blowing
capacity of the centrifugal fan more effectively.

Preferably, the concave portion is formed at the pressure surface and the suction
surface to repeatedly appear in a direction in which the front edge portion is connected

25 with the rear edge portion. In the centrifugal fan configured in this manner, a vortex
of air flow is generated in the concave portion which repeatedly appears at the pressure
surface and the suction surface, thereby improving the blowing capacity of the

centrifugal fan more effectively.



Preferably, in the blade cross-sectional shape, t %399?3&Q¥8“8%9%%ﬁ¥¥301

is formed between convex portions appearing at the blade surface. The
concave portion and the convex portions are forned to be alternately
aligned in a direction in which the front edge portion is connected
with the rear edge portion. In the centrifugal fan configured 10in
this manner, a vortex of air flowis generated in the concave portion
formed between the convex portions, thereby inproving the bl ow ng
capacity nore effectively. Preferably, the vane portion has the
bl ade cross-sectional shape having a generally constant thickness

bet ween the frorftrefeeihdy, ploy donoivespttidhdriedat B Peespare sidice fhind HEonvex
centrifugal fan configured in this manner, even when a vane portion
havi ng a 15W9réeatdhesiction sunfasgeandthe prnaguy Pergion fefarrdraithesugbers swface

t hi ckness i fﬁ{rﬁssf? ol % Rl v ?‘% rﬁ%&gﬁ\fcel sh}(fa%eap rlg?hej crg%&r%ﬂgglﬁfm% F%qﬁgured in

Preferably, e centrrrtugal ormne omresin.

cent ri f ugalthisamanee) hittideatods et iting] MRPOBAvinga tb@abve pofioRiad eSréaa@t h
centrifugal fan nmade of resin can be obtai ned. 20A nolding die
accor di ng tsgrfpereansithe syrtionsuepae on be sasibveabtainediol d the centri f ugal

1 S, SRR A4 AL Bl

a light and high-stre cen

manuf act ur egbtween convék portlbsk {pRART; ACROPINGITR: ! MEhPESREN pdr¥ERid B8
includes a bl ower configured to include any of the centrifugal fan

descri bed aloovex portions afe iferimeg torbe elicroaigly Agnedin héirgSoem wibiahghd frban
torotate a plurality of vane.paortions, In the fluid feeder

cont | gur ed 198 Bren i it B BS AL SR s oS ST RY Toceta
be reguced iwhiik gianhe, RheMENSE £PREGIE YerlePatk Rt thO bt av VAT AFRIIIDetween
EFFECTS OF I NVENTI ON' 10R00951/ WO 910284W)01 As” descri bed

above, the the egemer porfient thensby iopriodiag the blemting ¢apgeity hare ditectingy.an

oxcel lent_ bl ow g £20ge it ARl ng 8 6 for Lhe centihugal, Lo

DESCRI PTI O\éeﬁgrawmmickness between the front edge portion and the rear edge portion.
In the centrifugal fan configured in this manner, even when a vane portion having a

15 blade cross-sectional shape having a generally constant thickness is used, the blowing
capacity can be improved.

Preferably, the centrifugal fan is formed from resin. In the centrifugal fan
configured in this manner, a light and high-strength centrifugal fan made of resin can be
obtained.

20 A molding die according to the present invention is used to mold the centrifugal
fan described above, With the molding die configured in this manner, a light and
high-strength centrifugal fan made of resin can be manufactured.

A fluid feeder according to the present invention includes a blower configured
to include any of the centrifugal fan described above and a driving motor coupled to the

25 centrifugal fan to rotate a plurality of vane portions. In the fluid feeder configured in
this manner, power consumption of the driving motor can be reduced while the blowing
capacity 1s kept high.

ADVANTAGEOUS EFFECTS OF INVENTION



5Fi g. 1 is a perspective view of a centrifugal fah0$9109§1prél910284W00]
enbodi nent of the present invention. Fig. 2 is a cross-sectional view

of the centrifugal fan taken along a line Il-11 in Fig. I.
Fig. 3 is a diagram schenmatically showi ng a phenonmenon that occurs on
a bl ade 10surface of a fan blade in Fig. 2. Fig. 4is a

cross-sectional view of a centrifugal fan in a second enbodi nent of
the present invention. Fig. 5 is a cross-sectional view of a first
nodi fication of the centrifugal fan in Fig. 1. 15Fig. 6 is a ‘
cross-sectional view of a second nodification of the centrifugal fan

in Fig. 1. Fig. Asde@fib&habbveRh@predent ir@ntién bﬁ)\@de@,ra%ﬁtrﬁ‘ﬁ‘ﬁ] iEARHving £
of a third nodification of the centrlfugmhfan in Fig. is a
t

cr oss- sect i exgelleny bbwmg capatityuatrholdimdidi¢ ©eentif fugdrlefan,anﬂ rai fiuig ddedemn
in Fig. 9is a.c ﬁtgectlo allfwew of a fifth nodification of the
cent ri f ugal PPEAC H”t ccentigfugal 13y s a cross-sectional view of a

mol di ng di egkmr ugscrIPPREOEtDRAWINGHe centrifugal fan in Fig. 1.
5 Fig. 1 is a perspective view of a centrifugal fan in a first embodiment of the
present invention.
Fig. 2 is a cross-sectional view of the centrifugal fan taken along a line II-II in
Fig. 1.
Fig. 3 is a diagram schematically showing a phenomenon that occurs on a blade
10 surface of a fan blade in Fig. 2.
Fig. 4 1s a cross-sectional view of a centrifugal fan in a second embodiment of
the present invention.

Fig. 5 is a cross-sectional view of a first modification of the centrifugal fan in

Fig. 1.
15 Fig. 6 is a cross-sectional view of a second modification of the centrifugal fan in
Fig. 1.
Fig. 7 is a cross-sectional view of a third modification of the centrifugal fan in
Fig. 1.
Fig. 8 is a cross-sectional view of a fourth modification of the centrifugal fan in
20 Fig. 1.
Fig. 9 is a cross-sectional view of a fifth modification of the centrifugal fan in
Fig. 1.

Fig. 10 is a cross-sectional view of a molding die for use in production of the
centrifugal fan in Fig. 1.
25 Fig. 11 is a cross-sectional view of a blower using the centrifugal fan in Fig, 1.
Fig. 12 is a cross-sectional view of the blower taken along a line XII-X1I in Fig.

11.

Fig. 13 is a cross-sectional view of an air purifier using the centrifugal fan in Fig,



25Fig. 11 is a cross-sectional view of a bl ower uls(l)%oogtsngen%%gﬁt%%l

fan in Fig. 1. Fig. 12 is a cross-sectional view of the blower taken

along aline XII-XIl in Fig. 11. Fig. 13 is a cross-sectional view of
an air purifier using the centrifugal fan in Fig. 10R00951/ WO
910284W01 Fig. 14 is a graph showing the relation between the

air flowrate of the centrifugal fan and power consunption of a
driving notor in an exanple of the present invention. 5Fig. 15 is a
graph showing the relation between the air flow rate of the

centrifugal fan and noi se value in the exanple. Fig. 16 is a
graph showing pressure-flow rate characteristics of the centrifugal
fan in the exanple. Fig. 17 is a graph showng a static

pressure effici @Ey“(@ﬁﬁﬁ}?@ prww}h@rélatsmbthm th@ﬂ@ftf@ﬁ‘i rguefithat each
air flowr aL.e

B boti nant Sefriegd 8 ak o SO PN oFR ARV e BN Rm e xampe o she presims

to the figurestiohn the foI | owi ng, the sanme or correspondi ng nmenbers
in the figures are denoted with the sane reference nunerals. 15(First
Enbodident) FigFiXjs apraph Sézowmgstbemiaw hateeerothe airdlont raitd ofghe f an

icpogsf Is:ait i%ﬁ ﬁg%ﬁqgﬂ’ﬂ frlohsgev g‘}r‘?ﬁfsl%f A ?I;;I ?gkeﬁl gl oﬁgI Z ?l ne Il-11
't ReF:Oges ént Rg:rte)gglg e fg@ oArth shéwﬂgdpr&sgre Aowaate @RArabEHERL of 8l tltiflgal
fan in the example.
Fig. 17 is a graph showing a static pressure efficiency (static pressure x air flow
10 rate/input) at each air flow rate in Fig. 16.
DESCRIPTION OF EMBODIMENTS
Embodiments of the present invention will be described with reference to the
figures. In the following, the same or corresponding members in the figures are
denoted with the same reference numerals.
15 (First Embodiment)
Fig. 1 1s a perspective view of a centrifugal fan in a first embodiment of the
present invention. Fig. 2 is a cross-sectional view of the centrifugal fan taken along a
line II-1T in Fig. 1.
Referring to Fig. 1 and Fig. 2, a centrifugal fan 10 in the present embodiment
20 has a plurality of fan blades 21.  Centrifugal fan 10 has an approximately cylindrical
appearance as a whole. A plurality of fan blades 21 are arranged on a side surface of
the approximately cylindrical shape. Centrifugal fan 10 is integrally formed from
resin. Centrifugal fan 10 rotates in the direction shown by an arrow 103 around an
imaginary center axis 101 shown in Fig. 1.
25 Centrifugal fan 10 1s a fan using a plurality of rotating fan blades 21 to blow air
taken in from the radially inner side to the radially outer side. Centrifugal fan 10 isa
fan using a centrifugal force to blow the air from the rotation center side of the fan to

the radial direction thereof. Centrifugal fan 10 is a sirocco fan. Centrifugal fan 10 is



20has a plurality of fan blades 21. Centrifugal fg%ﬂ¥g5ﬁﬂ¥C%%102&ﬂN001
approximately cylindrical appearance as a whole. A plurality of fan
bl ades 21 are arranged on a side surface of the approxinmtely
cylindrical shape. Centrifugal fan 10 is integrally formed from
resin. Centrifugal fan 10 rotates in the direction showm by an arrow
103 around an imaginary center axis 101 shown in Fig. 1.

25Centrifugal fan 10 is a fan using a plurality of rotating fan

bl ades 21 to blow air taken in fromthe radially inner side to the
radially outer side. Centrifugal fan 10 is a fan using a centrifugal
force to blyawd i ralafioh ERHE hea oot Réyind MsGRAMHRY reziditaplied Bea fADHEndche
radial direction thereof Centrifugal fan 10 is a sirocco fan.

Centri fugal61¢Cémcai©qlilsm€11t0m0951/V\O 910284WD01 used with rotation

d I I
et ri cal “equ prainioeatin 10 Atnd: & Be iRl SRk e ek R g 1

peripheral deran@asla: gms a meipheaefrahes 18N8 al3fot@EY kd1EhrRal 1P BRBSY A®und
Per i pher al frarres 15 13 are forned to annuall y extend around 5center

axis 101. R@ntephe‘sdolfrmhmwl dmhep@rang peripherdlrfzarec 13 amraerangedanded to
be spaced art, fr each. other. i.n the axi.al rectian er axis
01Tt hebare bt in epsll R Rt <H6%F bre aflipi i prefei

centrifugal elﬁ@daléemt Qb@ss%h‘i’dnnﬂs ﬂEPE&Iph'nE cbml%@ga@karm d farar@rsinxg EBor is
peri pheral frane . A plurality of fan bl ades 21 are arranged to be

spaced aparlmefgrab]mwmﬂd withperipheral fQmend. ci rcunf erenti al direction
around center ax of fan, bl ades 21 are.arra

regul ar interval fé pshﬁa'e%@f é%pw@a(fﬁs@ﬁ‘@m aEngge fbs ?I@ﬁe%?%h@owﬁ@wtﬂar ing
101. fgplurgk bﬁ¥urﬂferén%ﬁl éﬁkﬁg&% adlin@ bentSUBROTG1ed /led?ﬁ'ft{y BPealadek Qﬁr%re%

12 and peripheral frame at opposite ends 1n the axial direction
cent er axi sarfnged Ecaagtﬁhlalde:r@]s inghpriosinateckntiel diteatidn arovpécegbrersad 101. A

L5 s 101 RBTIOLTaR PISHET o e RIS BY perDReral AT bt Ay PR ame 13
bl ades 21 hﬁ%@g@s@ga@;me[ﬂg% f&ﬁré%ﬁ%hof’&éh% aan fy1b! ﬁb?ahea@.%sgr %fé@?té"

edge portion a rear ed ge portion ont édge portio
arranged atstanl @npkriphetal framatl 3tané foradilad kytehd along shedexigifdifeatiorbdfadater
21. Rear edge portion 27 is arranqed at an end portion at the

radi al?y ouPdt 8%1 rardprriphgept freme l@an bl ade 21 is 20 formed to be

inclined in the &iggul it maesdz]r@%aeﬂap%r HRoRERM Bhe in DRk 17 Gk

front edge portio oward rear e ortl

formed to befroncddgs edrtion %fhﬁdracréa‘tddgﬁpdltlbﬁ@t?l ORr@ft eG@npartibni@als dramgdd
fromfront edge portion 26 toward rear edt%g portion 27. Fan bl ade 21
has a bl adedts@rend pertps a’tmﬁra@lnaﬂryralepwé%@ﬁ bladerZde e Resr edag pertigps?7 is

sucti on sur I$ n t onal
direction siLTen egatan uga ﬁ;{g‘{l& %H;% e qeﬁlﬁ@%gﬁgcg?24pl sb% al%mged
on t hgo backfesmee tobe ﬁbﬁﬁ@ﬂh@héuf&u@ﬁ&eﬁﬁﬂ At d10aro0h@ELY 2&1s 101 from front
centrifugal fan 10, as an air flowis produced on bl ade surface 23, a

pressure di edgeipsnidnoit lowatbiser edesdoisn? & hdian plaseiIrie formeddd be inglingd in
large at pr fi2 S6tafion direction of centrifugal fan 10 from front edge portion 26 toward rear edge

portion 27.
Fan blade 21 has a blade surface 23 including a pressure surface 25 and a
25 suction surface 24. Pressure surface 25 is arranged on the rotational direction side of
centrifugal fan 10.  Suction surface 24 is arranged on the back side of pressure surface
25. During rotation of centrifugal fan 10, as an air flow is produced on blade surface

23, a pressure distribution is generated such that pressure is relatively large at pressure
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10R00951/ WO 910284001 surface 25 and is relati vl Smil T %4 ?I%ZL?é‘t‘Y%W
surface 24. Fan bl ade 21 has a shape generally curved bet ween front
edge portion 26 and rear edge portion 27 so as to be concave on the
pressure surface 25 side and be convex on the suction surface 24

side. Fig. 2 shows a bl ade cross-sectional view of fan blade 21 cut

al ong the plane 5orthogonal to center axis 101 serving as the
rotation axis of centrifugal fan 10. Fan blade 21 is forned to
have the sane bl ade cross-sectional shape when it is cut at any place
in the axial direction of center axis 101. Fan blade 21 is fornmed to

have a thi nulhadEs 41d0s sciseedy andl atssnagpen suréide DU adBa?Blalis? f Rigeshabe
have a generally constant thickness (the Ien%th bet ween pressure

surface 25 ggneraly erves betuiepa Sentesge Por ket frﬁ@frﬁdgéaglémp@r‘?tsmﬁtczbe

and rear eqdge q%%rtl nplize%S\.ltre surface Eg md% agg%fgl : Sonst suc%o sﬁﬁg ce 24 side.
Cross-secti ape concave portions are OI’ITE pressure

surface 25 of bl}agez SR ade3crafibebORER VR WOOH fah BREle 37 c@fﬁoﬁ@ﬂﬂ‘?_ﬂhr@t
suction surface 24 of blade surface 23. Mre specifically,

pluraldty ml@amwcmmxmw@l%wmg)mveotpmﬁ ronef mﬁlfumff@tqj Oare

f d at 25. A t
(convex port 1 ond B eics ety Batt B il Sjagh RS2 relaBipemion itis
surface 25.c,CMEhlRL H R xRl dﬁr‘éctfd?fd‘f‘%!énfe@aﬂ%@b[ udead W@ g fsH8rmed to

rotation direction of centrifugal fan 10. Concave portion 56 is
formed by &iaveakb ity bissletcrans-sbeltonekshapenviesn lpi@dqibrsiomadafpr’namgegenerally

dj t ot h ot E f
2 Val Loy pdPTHGR SUBELHdER ‘et Bk Eot DEOT S oy 2hd o COn el PO 81,
Concayg porﬁeno&% fpéhtRAge ﬁgﬂ&@&saﬂawape@géama&@ﬁor med to be

alternately aligned in"t direction in which front edge portion 26
i s connected w tFanrldade 2ldiges spolr & blade 2ipss- kamaadeshpm thabronsdvehastians 56 are

appr oxi nat e V-sha ed cro al shape. luralit concave
porti ons 550 CReh eSS T RS ftpbla%wfsaa?g § o HERyAYE porbluet T G omed a
surface 24..,A; Hﬁﬁkbbxo@BMQQQM%%e@grt'0”5 52 (convex portions 52p,
52q, 52r) are further forned at suction surface 24. Convex portion 52

is formed to proMotespetidivally] atlj’hlﬂraﬂwrcéccbnmeq»pnums 56 (tmlcaimepdmmaetjﬁm
tion 57 is formed b

val th ' port 5% PR Sabfe%q She. 45 PR 95 SO PR O] (cotvex
portions 51p, 51q, 51r) are further formed at pressure surface 25. Convex portion 51
is formed to protrude toward the rotation direction of centrifugal fan 10. Concave
portion 56 is formed by a valley portion between convex portions 51 arranged adjacent
to each other. For example, concave portion 56p is formed by a valley portion
20 between convex portion 51p and convex portion 51q. Concave portions 56 and
convex portions 51 are formed to be aliernately aligned in the direction in which front
edge portion 26 is connected with rear edge portion 27. Concave portion 56 has an
approximately V-shaped cross-sectional shape.
A plurality of concave portions 57 (concave portions 57p, 57q) are formed at
25 suction surface 24. A plurality of convex portions 52 (convex portions 52p, 52q, 52r)
are further formed at suction surface 24. Convex portion 52 is formed to protrude
toward the direction opposite to the rotation direction of centrifugal fan 10. Concave

portion 57 is formed by a valley portion between convex portions 52 arranged adjacent

-10 -



| 01200951 /WO 910284W001 to each ot her. For exahPre’>Lohtiyht284Wool
portion 57p is forned by a valley portion between convex portion 52p
and convex portion 52g. Concave portions 57 and convex portions 52
are formed to be alternately aligned in the direction in which front
edge portion 26 is connected with rear edge portion 27. Concave
portion 57 has an 5approxi mately V-shaped cross-sectional shape.
Concave portion 56 and convex portion 52 are formed at front and back
correspondi ng positions of pressure surface 25 and suction surface

24, respectively. Convex portion 51 and concave portion 57 are forned

at front angdehackh&or FespamehiaGopesi hotish Iip PrasRALY Swlikpeertdh and
suction surface 24, respectively. In the present 10enbodi nment,

concave poﬂ@h@WHSGH?@¢mﬁﬁoﬁﬁzm%@%@wW@X§9ﬁﬁaéQQZ5C$@@ﬁ§P@ﬁﬁmé%7ﬁﬁﬁt|on

f
52 S S AR, i A0 USRI e LG gL o

concave poretdg@ﬁo@;@ﬁ 2t6h§>c@r91@mea vaOITthid gt QOFRA 27t tmcaf\reqﬂﬁn@nm h&¥ean
back correspondi ngl ﬁ’at pressure surface 25 and suction surface 24
ay

have & cr osppwedniighyay-sbiregderesguattianel gwph ot her. 151 n the present

enbodi nent, the nunber o ncave portions f.or re

Surface 25  and (HERUHBEHOBAC ARG CUBAE RO EHore T RS R A B e RRRk s on
surface 24 QrRsidiei mo}ﬁbsf We?s’%%@urfd&&@ﬂtah@ﬁudtl%n R@tadd 18, t&@Pectively.
thereto, and thHe nunber of the concave portions fornmed at pressure

surface 25 (atawebqaogiroaaileandtdoawmhvertmmmrec&brmddelt frontandebagb coirespending

formed at suctjon surface 2 e nunber t he concav rtions
Dot or med atPielions EPEsrS g e Shahd B otiaR 1 Aot iR e SR,

concayg POrdiiismER’ ERat! pRli6S 58 TEnRH ek BR8s18e surface 25 FHRIMC@ESex portion
portions 56, 5/ are shapedP 1 ke a groove extendi ng al ong the axial

di recti on of2 atenttem saxiase 24 bnd Thecage poﬂmndﬁrfbrrrmi dtenctpoh ok fae@2sh forms

concave portion 56, 57 is forned é_ % uousl ext.end Eg{meen one
end and t he®OBYREPOTEAR St PLERSUBT SIS 25| © Ppratsparionpd e 9Rves portion

center axi sgplhfdy akhe ﬁ%ﬁp&\ﬂech@%&d &?re&ﬁﬁd&%%l?&t rﬁé’s‘éﬂre%%ﬂﬁ@é’% BRI dcBBn

56, 57 is forned to linearly extend between one end and the ot her end
of fan bl adarf2de Phhivecn awssadectionad chapereqodl toemdlesthaxi s 101. Fig. 2

shows_a center Ijne 106 in the thickness direction (the d|r ction in
whi chl® 10R00951/ Wcthe presers sRpegiment, the number of the concave port10ns ormed at

pressure surface 25 and the number of the concave portions formed at suction surface
24 are the same. The present invention is not limited thereto, and the number of the
concave portions formed at pressure surface 25 may be greater than the number of the
concave portions formed at suction surface 24, or the number of the concave portions
20 formed at suction surface 24 may be greater than the number of the concave portions
formed at pressure surface 25.
Concave portions 56, 57 are shaped like a groove extending along the axial
direction of center axis 101. The groove portion formed of each concave portion 56,
57 is formed to continuously extend between one end and the other end of fan blade 21
25 in the axial direction of center axis 101. The groove portion formed of each concave
portion 56, 57 is formed to linearly extend between one end and the other end of fan
blade 21 in the axial direction of center axis 101.

Fig. 2 shows a center line 106 in the thickness direction (the direction in which
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pressure surface 25 is connected with suction surf3REODA{WE: 9 fe84WO0I1
bl ade cross-sectional shape of fan bl ade 21. Fan bl ade 21 has
flection portions 41 at which center line 106 of the bl ade
cross-sectional shape of fan blade 21 is flexed at a plurality of

poi nts between front edge portion 26 and rear edge portion 27.

Concave portions 56, 57 are 5fornmed by flection portions 41. In the
present enbodi nent, flection portions 41 are arranged in the
proximty of front edge portion 26. As a result, concave portions 56,
57 are fornmed in the proximty of front edge portion 26. Mre

speci fi cal | presoRRMcPS Is BAnSIR With EttmRGusthed 20 1RAU81PQbEL QB AR
concave portion 56p and convexbﬁortl on 52p, convex portion 1051 g and

concave por shapnobiap bladedd avEapblate 3h hasdeciion poninne ¥ | pomthiachrcesRg line 106

conve orti r, and concave. portion 57 and cqnye rtian 52r

e For ou ¢t e Bieke B0 SRDER SufRiared bR p1 oI Sy ke
portion 51pphet&BACAYR BB hérfBs 28%nd Rhr a&ge ptigRd7 onCHRGve 'P,Qﬁioﬁls 9567 &&
front edge portion 26 where the entire Tength of center [ine 106 is

hal vedd bet weemed by fAtctedgeripastdlon 26 and rear edge portion 27.

15Fl ection portipns 41 are flexed such that, the depth T of concave,
bor tions 56, 57 IMIhgPEsiLEmPRIMTHAISEHPR RALSES f1 1 FAess Wdbe proxipitgef
| east one bt o o i p i :

bondi ng. di ¥ ok R I e o el o e POty o e KBled ey o
front edge poximignofXbontsdgropartot 26 wWMiohe speaificellgeoposd paatioR 31 p sadbrmed
bl ade 21 has flecq(li onrgort' ons 41 whose_ bending angle is large at a
regi on 20r eMdqN &18F RATEYL24, GORGAYR PORWGES GPANE i CORVXPoAHEn Ry COTEXROBHON

porti pfs 41: j | e ] ' tdve r
From Foont Sdba aareronooer En oy 2E B on 3k dnd SR rbflH L4 hve?
ext endi ng t portien 6lr arelctohtampoetaon Big endodsriven poRidnt@waredofmedhio edge

portion 26, at a region adjacent to rear edge portion 27. Fig. 3 is.a
di agr am sch@Fagsstvaly] aghgg?f@w thig Oééeﬁrf@r%ﬁ%‘h‘@ﬁ PORN DPe uOnERv e RAstions 16288

surface of ?%@ I ' i i: ' '

when centri %’%g% acﬁ tﬁggidé elroclsi%rg[%) gr?? ,m ggée‘;;%ogf\}\ﬂg %%/R’ggﬂeg?? %nv&h%%‘lg%no%eater
|, an air fliesv06sispriedd bethvetn frbhbadge pofticnd ardntaradge ppaichi2In 26,

pass through on bl ade surface 23, and flow out fromrear edge portion

27. HbPe, a vort Biectzon pasdenstiady fexedgucsrhatithe dapginliof corgase Redignapo, 57
10R00951/ VWG g?éla(?&§€'m9& thickness t of fan blade 21 at at least one point. Flection portions 41

are formed such that the bending direction is alternately opposite in the direction in
which front edge portion 26 is connected with rear edge portion 27.
Fan blade 21 has flection portions 41 whose bending angle is large at a region
20 relatively close to front edge portion 26 and has flection portions 41' whose bending
angle is small at a region relatively far from front edge portion 26. Fan blade 21 has a
curved portion 43 extending to be curved from rear edge portion 27 toward front edge
portion 26, at a region adjacent to rear edge portion 27.
Fig. 3 is a diagram schematically showing a phenomenon that occurs on the
25 blade surface of the fan blade in Fig. 2. Referring to Fig. 1 to Fig. 3, when centrifugal
fan 10 is rotated, as shown by an arrow 102 in Fig. 1, an air flow is produced to flow in
from front edge portion 26, pass through on blade surface 23, and flow out from rear

edge portion 27. Here, a vortex 32 (secondary flow) of air flow is generated at
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concave portions 56,57 fornmed at bl ade surface 23}0%%0915#3’}706121%8%\”001
flow 31 (main flow) passing through on fan bl ade 23 flows al ong the
out side of vortex 32 produced at concave portions 56, 57.

Accordi ngly, although having a thin bl ade cross-sectional shape, fan
bl ade 21 5exhibits a behavior |ike a thick blade as if the bl ade
cross-sectional shape is increased in thickness by the depth of
concave portions 56, 57 at which vortexes 32 are fornmed. As a result,
the lift produced in the proximty of front edge portion 26 having
concave portions 56, 57 can be significantly increased. Furthernore,

the flecti aRnsdveortiting 56f 57 foekd arblR@ $urfias 24 1soGRit An B%e 31 B@ain flow)
strength of fan blade 21. As a result, the 10reliability in the

strengt h ofpassng tirgughain fen hlate 28 dlowselongibe veidide of vortexThprodpeast air e

of centrifu %I Jan 100 i5§ %{;e first enbodi ment of the present
i nvention a8 HESEPTEYS °8bdle is summarized as fol l ows. Centrifugal

fan 10 in the preseplin@ybatiotBNhaviReh A8 Sldardba8eonAkhasy, YAl Elads? P
plurality of vane portions provi ded to be circunferenti al y spaced

apart ¥ r omezhitits atbebaviorgde dhihaderiade dsabtherbbate cidedgeiquel thapnisdBereased in
which air flonws i nd, rear.edge portion 27 fro ich ai, flows out.
Fan bl ade 21ohass By Rl LOB0ss TRGIIG o akOBY "BetHecn 5 BAPtdge
portion 26 angd:BRIhe qg%ﬁ&ﬁfcﬁﬁ Qthe froxBnY e r sdhf fk%‘% PRI IR Eave

surface 25 arranged on the rotation direction s of centrifugal fan
10 and suctpostiorsUitt 8¢ earPlde sigrifingsly ioereaded. bAukheirdee, dfe frceos strecture of

surface 25. When cut along the plane orthogonal o.center axis 101
20ser vi ng a%eqlﬂ’épwalpafﬁﬁﬁgmvgogﬁf ﬁ‘]&éﬁ%@ﬂﬁ%ﬂ%ﬁ? 4o, Pfsaanr_%t)ﬁaélée 21
has spgh a lfiadRyGh ARSareRSGIdreBaAknTARRS fdhah HEORBAKEAPOT Li ONS o6 and
concave portions 57 are fornmed at pressure surface 25 and suction

surface 24, respBotitmetuye of centrifugal fareh® in tha gast cherodibert of tHeerésenst

enbodi ment of the present invention configured in this nner, .t he
lift produd@&ewopﬁsfiﬁﬁcé‘g%ﬁb%e 1§ SHNBRUERE B0 %l‘ﬁS-beé%t@Wgn%ifQ%Prnythe

25 eyl B ey AL oS00 SRR, L o
drivi ng cengrovidad & bd eirﬁuﬂrﬁ‘emﬁﬂalb&pamdlwpadifrom each other. Fan blade 21 has front
15 edge portion 26 to which air flows in and rear edge portion 27 from which air flows out.
Fan blade 21 has blade surface 23 formed to extend between front edge portion 26 and
rear edge portion 27. Blade surface 23 has pressure surface 25 arranged on the
rotation direction side of centrifugal fan 10 and suction surface 24 arranged on the back
side of pressure surface 25. When cut along the plane orthogonal to center axis 101
20 serving as the rotation axis of centrifugal fan 10, fan blade 21 has such a blade cross-
sectional shape that concave portions 56 and concave portions 57 are formed at
pressure surface 25 and suction surface 24, respectively.
In centrifugal fan 10 in the first embodiment of the present invention configured
in this manner, the lift produced with rotation of fan blade 21 can be significantly
25 increased in the low Reynolds number region appiied to a fan for home electric
equipment, etc. Accordingly, power consumption for driving centrifugal fan 10 can be

reduced.

In centrifugal fan 10 in the present embodiment, while the strength of fan blade
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In centrifugal fan 10 in the present enbodi nent, &%ﬁ%@sgﬂgoé }%ﬁ§§%001
of fan blade 10R00951/WO. 910284W01 21 is inproved by flection
portions 41, the thickness of fan blade 21 can be reduced

correspondi ngly. Accordingly, weight reduction and cost reduction of
centrifugal fan 10 can be achi eved. Because of the reasons above,
centrifugal fan 10 having a bl ade cross-sectional shape with a high
lift-drag ratio, wwth a small thickness and weight, and 5with a high
strength can be obtai ned. (Second Enbodi nent) Fig. 4is a
cross-sectional view of a centrifugal fan in a second enbodi nent of

t he present2iiipuapiovedby Begiondoartiord 44| ehgrthickeast be &mangie®) da@ Beirgducddi n
the first enbodinent. In conparison with centrifugal fan 10 in _the
first embodiFrEFondmgdoc eﬁ@%@@bl weight reductiqe apd g€ nedushpwal saagrifugal fan
basical ly il st r I QL ApRin

Sty uct ur b WO EEete A, D AR o b ASRE ble, Dbl TS AR ke

t he presentcredhecdiiciahshapt anth lddieliR dripmtisueitha selaidRickhiads ané eeidh®nd
shape that a concave portion 66 is forned at pressure surface 25 of

bl ade Gur f a€iéh 2Bighrsirengtb sae Ay edbipwedi on 67 is formed at suction

surface 24 of bl ade face 2 15A plurality of convex portions 61
(convex porti ons(%g(ioﬁl,%%gcb me%% further forned at pressure surface

25. Convex portimp. 6ik d drodsodedishal GieRrdTtardelfifhinaiint h@cbt @hb&liment of
direction of the centrifugal fan. Concave portion 66 is fornmed by a

val | ey por tthoprepettweentionnvieig. pisra diegramigergsppndoratexip drinithn il g.
Concave porti,on.66 and convex portions..61. are, for 0 _be..

L er nat oLy GG i SREPE RS sRRTIORA B PR e §ePSmsmtion 26
i's copmect ednthbal FARIN tBE PR:AN ibBMiEAt bAROERRAS RAThil P Rtrb&uRas Aan
approxi mately rectangul ar cross-sectional shape with one side open.
Concave pordeserpt®® dfshd overiappiog studseetvommetbé apeataddelavwpai r of si de

f that define, t i mat el tangul -sect i onal
Shape. and 15 SHAHBRTEIEE L Ra bR et SR etvEB kRS A ik rdre
surfaces gragisadctifon QEHERARES cdRtabd phifioh VBt RImRWAY plb QMR §hR 255t bRk

surface. A plurality of convex portions 62 (convex portions
62p, 62q) anefatei2l et a torcaedpatios 62 is formsdiaf sctoR durfaCo 3¢ eX bjade sudace6.

7, Lol Lo prolrue Loverd e chuolon 0RO L6, L0 TR B
at pressure surface 25. Convex portion 61 is formed to protrude toward the rotation
direction of the centrifugal fan. Concave portion 66 is formed by a valley portion
between convex portion 61p and convex portion 61q. Concave portion 66 and convex
portions 61 are formed to be alternately aligned in the direction in which front edge

20 portion 26 is connected with rear edge portion 27. Concave portion 66 has an
approximately rectangular cross-sectional shape with one side open. Concave portion
66 is formed of a bottom surface and a pair of side surfaces that define the
approximately rectangular cross-sectional shape, and is shaped such that the distance
between the pair of side surfaces gradually increases as it is further away from the

25 bottom surface.

A plurality of convex portions 62 (convex portions 62p, 62q) are further formed

at suction surface 24. Convex portion 62 is formed to protrude toward the direction

opposite to the rotation direction of the centrifugal fan. Concave portion 67 is formed
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62p and convex portion 62q. Concave portion 67 and convex portions 62
are fornmed to be alternately aligned in the direction in which front
edge portion 26 is connected with rear edge portion 27. Concave
portion 67 has an approxi mately V-shaped cross-sectional shape.
5Concave portions 66, 67 are forned by flection portions 41 at which
center line 106 of the bl ade cross-sectional shape of fan blade 21 is
flexed at plurality of points between front edge portion 26 and rear
edge portion 27. In the present enbodi nent, flection portions
41 are arr aygedillay partioh ddeveearbnalx gootién 62p hel weeex powioh 62dgeCpadayve on
26 and rear edge portion 27, and as g result, concave 10Oportions 66,
67 are for rSEI 6% MKl NXerePUERRY & a5 dermsiio bywitemaisbelignedin {he direction

T e e T P

away from front edge n
respect i velportidysdhpraasepida@dattlgrigihaped nréacaiinal shabengt h di recti on
of center line 106. Fan blade 21 has a curved portion 42 extending to

be curfved from feUREVERRIEOBRG Oéarlsrmehay deptay Pastens Porttwiieh senierdine
a region adﬂo%%?‘&‘ida @gdil%&%géé%t&@%g%@%%%bﬁ& 216‘1'65%5%?@51 Olﬁlﬁ%y%fgfv%)rirgs

portion 43 extendi romrear edg

front edge Heewdendror? dgedorfion 2§ hhreatiedreaeidirtiéro2T.€ar edge portion 27.
Concave portion 66 and concave portion 67 are fornmed between curved

portion 42 and doftheRreyat embedinmnt, Beeléen pottipat 41 o8 grransddrs laddrtegentral

pl ace at which th endi irecti 15, .the,sanme..20Lbp successi on in
Phe di rect B OrPEn R RaaEL bEER 28 abl st SeB0RRER L AU FS RN aigtave

edge pprti ghdriZons 6BNE7 hleGBirh&atikY bla@\serdrh] pértibhl SMAIr@§GRCIREIY, COREA¥E
portion 66 haylng an apprOX|nateI¥ rectangul ar  cross-sectional shape.
When concaweripat ¢4 antscopeavegriagredt anerfenmedt attpigsitibhnasascomrfeint pdge pagtion

of fan bla 21, the effect .of suppressing separation of .airf.l ow

ot oduced | P8 Terade REFED 27 BRR A5y Eo RSP Enerdh to pifri e
Accor di ngl ydirebfioRePantk: Mak $66.9PS Bh@MD 1 Rastd@ire@MdriibMgakxEAding abde
effectively suppressed. The centrifugal fan in the second

enmbodi ment avadHeom frestedgeipovieon 3 olewarrhfaayedasdortion 2, ot asegher adjaent to
achi S t hefrc?rftfegget pcgrﬁgr(lz Eg,ba%(a hiagl atcgreveé ip[)xst;tone&b e%?énrﬁ?n%t to be curved from rear
edge portion 27 toward front edge portion 26, at a region adjacent to rear edge portion
27. Concave portion 66 and concave portion 67 are formed between curved portion
42 and curved portion 43.
Flection portions 41 include a place at which the bending direction is the same
20 in succession in the direction in which front edge portion 26 is connected with rear edge
portion 27.  The flection portions 41 at this place form concave portion 66 having an
approximately rectangular cross-sectional shape.
When concave portions 66, 67 are formed at the blade central portion of fan
blade 21, the effect of suppressing separation of airflow produced in the blade central
25 portion is further achieved. Accordingly, broadband noise generated in the centrifugal
fan can be effectively suppressed.
The centrifugal fan in the second embodiment of the present invention

configured in this manner can achieve the effect described in the first embodiment,

-15-



10RO0951/ WO 910284W)01 similarly. (Third Enbodi WIEOHI%SO%I/WO. PIHO?tSﬁgVOOl
present enbodi nent, a variety of nodification of centrifugal fan 10
inthe first enbodinent will be described. 5Fig. 5is a
cross-sectional view of a first nodification of the centrifugal fan
in Fig. 1. Referring to Fig. 5, fan blade 21 has such a bl ade
cross-sectional shape that concave portions 76 are forned at pressure
surface 25 of bl ade surface 23 and concave portions 77 are fornmed at
suction surface 24 of blade surface 23. A plurality of concave
portions 76 are fornmed at pressure surface 25. A plurality of convex
portions 1G#iilatye further fornmed at pressure surface 25. Concave
portion 76 is forned by a val]ley portion between the adjacent convex
portions 71. A 6FUF%EF%VdHFmEbncave portions 77 are fornmed at suction
surface 24. A pl ' . . -

suction surfaceIQ%&“&%%@Q%BB%Q¥§§%%Qgga?gﬁpgﬁﬁggﬁgg%gEggﬁpégf%@ﬁpﬁ%gw
bet ween t heiredinateelithert aviliéx desdribedns 72. 151 n this nodification
concave portion 76 and concave portion 77 each have an approxi mately

r ec]'E arfgu 11 ar cr od8e.selé wicarratsceirnghvigi af adirst mpdidcepave! tp perdniBrgploien ion
76 . i 72.. i
orne eiil%.plr e%&"fér?iné lﬂcgp {S%{: ﬁ)%ﬁ .Pﬁ,a%%% h%g gﬁéct%xa lﬁg{let ér%@s-secpggial %E%e}t@q&m

surface 24, nd concav orne Suctl1 on surtace

convex por tdofgavé bottionp 76 288 foemed bf pessubsurReEan obbladesidiachas aad concave
general ly constant thickness between front edge portion 26 and rear

edge port i gwrtions Ggnc Bveep ot suctas sqface 27 of blade srrfecs By A plralonof
portions 41 at which center.lin 06 of the blade,cross-section shape
bF 1 an bl aderon S Por g TR R o 88 el st S er o e & HOERIRER ik ReilE
portimn 26 Ange fgter RAER lapltsﬂeg@ﬂe Qo facERECt CORcRNOHbitRASIG4E féthedlprared
such that a cycle in which the bending direction is the sane 25tw ce

i n successivahenpertios bopyres itheadisdepecanyes petiessy bn Aglurehyatf edngave e
t han once.

(nan once, e el RARLe Db R R B UETRL T o
not |im t edybRerdorn&AREcHIH subfaYe D CHRGVAPSHLAT7SORRREA by 3RMIIO her
shape. 10R00951/ WO 910284W01
portion between the adjacent convex portions 72,
15 In this modification, concave portion 76 and concave portion 77 each have an
approximately rectangular cross-sectional shape with one side open. Concave portion
76 formed at pressure surface 25 forms convex portion 72 at suction surface 24, and
concave portion 77 formed at suction surface 24 forms convex portion 71 at pressure
surface 25.
20 Fan blade 21 has a generally constant thickness between front edge portion 26
and rear edge portion 27. Concave portions 76, 77 are formed by flection portions 41
at which center line 106 of the blade cross-section shape of fan blade 21 is flexed at a
plurality of points between front edge portion 26 and rear edge portion 27. Flection
portions 41 are formed such that a cycle in which the bending direction is the same
25 twice in succession and 1s opposite twice in succession is repeated more than once,
As shown in this modification by way of example, the cross section of the

concave portion formed at blade surface 23 is not limited to a V shape but may be a

rectangular shape or any other shape.
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Fig. 6 is a cross-sectional view of a second nodi 119%%%5%“/91’ 9%?1%84\}\[001
centrifugal fan in Fig. 1. Referring to Fig. 6, in this nodification
concave portion 76 and concave portion 77 are formed at the front and
back correspondi ng positions of pressure surface 25 and suction
surface 24, respectively. Convex portion 71 and convex portion 72 are
5formed at the front and back correspondi ng positions of pressure
surface 25 and suction surface 24, respectively. Fan blade 21 has a
thickness that is relatively small at a position having concave
portion 76 and concave portion 77 and is relatively large at a

posi ti on havi ng BNy ®a @edstsebtonalvietchfeoRYed POAificaion’ @ thOe4nteRRal fan in
front edge(ﬁp_orti on 26 and rear edge portion 27. 10As shown in the
present nodiigi batReerringae Fig 4de i madjfieatioa, enmcres eaition AP ertewsease

por 1 ons. 76t S ARIai e B8 B0 dbE B4 OB R Pl TP r s

shifted fromadccOSNaf20€ L NaEsHepli@SE Ul Coplékimdefore aiiconvst ifxsaﬂon 72 are
surface 24. Fig. 7 is a cross-sectional view of a third nodification

of t héd centformedyatith¢ Eant and BBFk gorresporRbing pedinenstaf présgure Aurfage 25hand suction
present nodifjicatjaon, concav Lt 76 and. conyex. port.iqgn 72 are
Pormed at (TS ShioRAE BACk LB e O QM ETt Lone gl seaHat 8
surface 25 gnfichtabin@RoftHve doRicAH6 didRaEIIMRIon ANhLIRRISKVEPPTAEOR o
71 and concave portion 77 are formed at the front and back

cor r espondi pgitpodiavingreenedx porbss il endenrfvas poRBnaild bstwetin mnisadgt pogion

24, respecté%eld?/{. Fan bl ade .21 has a thickness that is equal between
20t he posi tTOH 5@5%&68%1@3 “portion 76 and convex portion 72 and

the pgpgi tion havhogh&RMEEKe PREH AbdlcatBe, GABERAYS 1 RRAY 1R dfferent
As shown in the present nodification, the present invention Is not

linmted to thiskhesacshatwetnufrenttedge parting 2% eng orar iedge 7@ tibw2 e dCancave portions
pressure su e 25 forns conyex_portion 72 at suction, surface 24 and
that concavizg’ ggrapéﬁ?\m‘?*f W&F%\é'?a?"pg‘%k’ia g‘i’f“_éegrar’f Aedt ﬁ“ﬂs FRM EBHYERer
portion 71 @y RLESEiR s%‘r'f‘a_f:@ﬁ?alf%psuction surfide®4. 8 1S a cross-sectional

view of a fourth nodification of the centrifugal fan in Fig. I.
Referring to Fi gFig87 is axrbiseseptiasd niewnalth thirdatodificatfoarofitheaabatrfigdidsn m

Chi ckHoss 1Bt he RAFGIOFFE-{his hs GROGES19NERe B IOTEAEDIORIon 7 and Conves
portion 72 are formed at the front and back corresponding positions of pressure surface
25 and suction surface 24, respectively, and convex portion 71 and concave portion 77
are formed at the front and back corresponding positions of pressure surface 25 and
suction surface 24, respectively. Fan blade 21 has a thickness that is equal between
20 the position having concave portion 76 and convex portion 72 and the position having
convex portion 71 and concave portion 77.

As shown in the present modification, the present invention is not limited to
such a structure that concave portion 76 formed at pressure surface 25 forms convex
portion 72 at suction surface 24 and that concave portion 77 formed at suction surface

25 24 forms convex portion 71 at pressure surface 23,

Fig. 8 is a cross-sectional view of a fourth medification of the centrifugal fan in

Fig. 1. Referring to Fig. 8, in the present modification, fan blade 21 has a blade cross-

sectional shape of an aerofoil as a whole such that the thickness is the largest in the
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proximity of front edge portion 26 and the thi ckn]e%%oog(j)rsyd\ﬁgl: I93110284W00]

decreases fromthat position toward rear edge portion 27. Fan bl ade
21 has concave portions 76, 77 that are forned to be recessed from
the surface of blade surface 23 extending in the aerofoil. As shown
in the present nodification by way of exanple, fan blade 21 is not
5limted to a structure having such a cross-sectional shape that is
thin as a whole but nay have an aerofoil or any other cross-sectional
shape. Fan blade 21 is not limted to a structure as shown in Fig. 5

i n which concave portions 76 and concave portions 77 are forned by
flection pagrbtians offrcanddgeportiayves andsthe dleickiieds amdiall deerqasesesnt that
enbodi nent in_which concave portiqns 76 and concave portiqgns 77 _are
formed by pHsttiontpyarddedsdenportiopradelauplode ! has eoncayrpatons/6a 7 [tat
shape or c i i s t4-0 ' .
1Teh modi Aron oA ope fiigssed fhie Sufte R UARRRAD CUE AN R} afforoil
Fig. 9, in the pheserin ifohk picoalt hodificaobs &y evagaifekanipie /fan blade @1 €s not
formed by flectjon portion 41 at which center |ine 106 of the bl ade
cr oss-Bect i {HREEd GrePRICBRe hanhiugha cpassrsgcionak shypa thay iphinyagi4 wholeput may
poi nts bet r . [ 20..: [ear e, partion.27,

Fl ecti on p\(,)k%%?g{l]sa r@img%g&?%%%89%@%%%6330%%%& %i aFa‘r%%%dggzg lé Hg{p}lé@t?daw 2

bl ade 21 hagriafurSasihapedn Fiaden evtdgsconRetd SRabnsSTRRRL coBtadSostidisITare
23 (pressure surface 25 and suction surface 24) extends to be

cont i nuous|fpraed DeHesmnpostiprsid mnd serydhaye asiropfureasan the ragenkerg bodiment
portion 27.. . As sho i.n the present di gi cathon, flection
por i ons. 41nYen pepe EBEAR b sor o R s AT R R0 b8 Pt e
only 1® be Higd¥ surRicé 0F Bx@ndifi® a RittshapsSer du@vdeshagnt in a rounded
shape. The centrifugal fan in the third enbodi ment of the present

i nvention confi guige®is scrpss-ssciienshuiencelrs Ahimodificatien ef the sentiéegat favdd
RRLAGE ST I L (i Tt SN R .
in Fig. 1 aggnad By aueionditftid Phtrwilbl bddiar 1ineSioadbrefnsihdd 48al sebadhal0
in Fig. 1 will be described. Fig. 10 is a cross-sectional view of a
nol di ng di eshiipg olisw bladegd delfiexddan aplurehiyy of POROOBS VEMTIrog EIRBHBIORD 26
15 and rear edge portion 27. Flection portions 41 are formed to be bent in a rounded
shape. Fan blade 21 has an S-shaped blade cross-sectional shape. Blade surface 23
(pressure surface 25 and suction surface 24) extends to be continuously curved between
front edge portion 26 and rear edge portion 27.
As shown in the present modification, flection portions 41 that form concave
20 portions 76, 77 may be formed not only to be bent to form a corner but also to be bent
in a rounded shape.
The centrifugal fan in the third embodiment of the present invention configured
in this manner can achieve the effect described in the first embodiment, similarly.
(Fourth Embodiment)
25 In this embodiment, a molding die for use in production of centrifugal fan 10 in
Fig. 1 and a blower and an air purifier using centrifugal fan 10 in Fig. 1 will be

described.

Fig. 10 is a cross-sectional view of a molding die for use in production of the
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centrifugal fan in Fig. 1. Referring to Fig. 10, }'PROq 31’“’0 91021848\,001

has a stationary die 114 and a novable die 112. Stationary die 114
and novable die 112 define a cavity 116 which has approximately the
sanme shape as centrifugal fan 10 and into which flowable resinis
injected. 5Mblding die 110 may be provided with a not-shown heater
for increasing the flowability of resin injected into cavity 116. The
installation of such a heater is particularly effective, for exanple,
when synthetic resin with an increased strength, such as

gl ass-fiber-filled AS resin, is used. Fig. 11 is a cross-sectional
view of a hiepwdugdl$imig Rifel. c Rufferiihpgakigf a0, 4 mofding did 110 Gk gstafidhars di2
cross-sectional view of the blower taken along a line XII-XI]l in Fig
11. Ref erri¢ and appejvableidig d42.j Jfatiquary éleb‘llé\ﬁég movgblgkie él%dtvfmer?gcawty

not or 128, %ﬁlk]fl ﬁgsa%ppﬁc%&fn%@ Jf tﬂggarﬁe g}%&% & 8 : %%@Pfagei O%nfi?ré%%hl

casing 126. he ou rrving no I's couple Boss
portion 16 ﬂﬁwm\te@inflgg@éctécan 10. Casing 129 has a guide wall 129a.
Guide wall 129a is fornmed by 15 an approximately 3/4 arc arranged on
the pefi phery ofVeking dip g8 may e provided b aal-Fhoveobeas foongEEsing the

de an a ener at ed rotatio f fan bI 2
Potation aiheeiiR BT daB M € H udelif e b Bebtgris e
air flow art1cu1 &asenatild Fohdgniple, WHeakontBetid feeR wWidParpidreatedaittch i,
portion 12 Intake gortlon 130 is formed to be positioned on an

ext ensi on cﬁuchehg}@ss Rersfilieg1AS @;im,@tUSpértl on 127 20is forned to be

t d he t t] d | 9
DTt of qui do wal P 1hg RREERtorBbY ERH A PvptutepE RepribaDran it M. 1
prisnggic CMF wdi%ra o‘?éé?,tééé't‘i’dﬂagvffeﬁv%ﬁﬁ@lﬁlb“@f taﬂlb'ﬂl Q@ng«@hﬂne kaﬂxnt 8 m%eu

side of the tangent direction of guide wal Driven
driving notieferitg, toFentldianddad. 12anblooer bﬁ&hw dirrrwmg]mo@brrlé@t mmlﬁlgdvﬁm

hside-of cubPAba e ZhirskE b ERRCHTRRI B r adi al Iy 1 nsi de space. 131
Lo radi al Ly outs| e B g oty Ty s poagpaclorl o
di recti on stemwifupal fam1@r r CasingD X2 % aigiidd wath 1 2% t Kinidawsil d@94 isrfooggd by
out! ei5 por ténogpp%g)c?lmate y 53%?55 zfiLr{-agged (9)1;.L %e8p4e¥}% ery of centrifugal fan 10. Guide wall
129a 1s formed to guide an airflow generated by rotation of fan blade 21 to the rotation
direction of fan blade 21 while increasing the speed of the air flow.
Casing 129 has an intake portion 130 and an outlet portion 127. Intake portion
130 is formed to be positioned on an extension of center axis 101. Outlet portion 127
20 is formed to be open to one side of the tangent direction of guide wall 129a from part of
guide wall 129a. Outlet portion 127 is shaped like a prismatic cylinder protruding
from part of guide wall 12%a to one side of the tangent direction of guide wall 129%a.
Driven by driving motor 128, centrifugal fan 10 rotates in the direction shown
by an arrow 103. Here, air is taken in from intake portion 130 to the inside of casing
25 129 and is blown from a radially inside space 131 to a radially outside space 132 of
centrifugal fan 10. The air biown to radially outside space 132 circumferentially flows

in the direction shown by an arrow 104 and is blown to the outside through outlet

portion 127.
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Fig. 13 is a cross-sectional view of an air puri f?%Pr‘OOl?ssi”n“g’Ot' 2160284\1\/001

centrifugal fan in Fig. 1. Referring to Fig. 13, an air purifier 140
has a housing 144, a blower 150, a duct 145, and an HEPA (Hi gh
Efficiency Particulate Air Filter) filter 141. Housing 144 has a rear
wal | 144a and a top wall | 44b. Housing 144 has an 5intake port 142
for taking in the air in the roomin which air purifier 140 is
installed. Intake port 142 is formed at rear wall 144a. Housing 144
further has an outlet port 143 discharging the purified air to the
inside of the room Qutlet port 143 is forned at top wall 144b. Ar
purifier 140 isFgensisd éngsi-sstiahdl etbvagRirat pari@ldsingUBd cédtdfughiedh in Fig.
wal | 144a is opposed to a wall in the room 10Filter 141 is arranged
to face intlakdkgierring 1mbig h3.taneiy msife 169 haroukousipei e, a phavesil 50, a duct 145,

| ntroduced éﬁ%?ﬁl{%fﬁ%ﬁﬁ 1cigﬁ(yc arll‘gc%jléitg' Alp%ﬁ%?)galltegflilfe port 142

passes t hr i 0 one e puri rwth foreign

matters renmpved.Housing 148! 4B redkSfhlll B14RMRAY adeflwhD 14ake HBudife140m¥aal I
to the inside of housing 144 and to blow the air purified by filter

141 t & t he inberpetid 62 taung &t thpeirtin the3 ool iowdrich 80 pushers! 40aninsiallagal
fan 10, a i n .and a,drivin or .151. ing 152 has ui de
wal | 1520, TCRSF Ry 182 TR A B BiPTies TAA0 RN 96t PecuBRbTon
154. 14 schdRind Sthe hANHEESr BPOY thsidOyRhe dodh.2Ndufié pBFHAVE dehrASd at
an air channel for guiding the purified air fromcasing 152 to outl et
port 143. Doptwalld34basAa mprifismidl © geyéraly mstadled spaipg anwalhsuch shdt ogee vall

end connect] .to out] et tion 154 and with its upper 20end open.
Duct 145 i sf‘@grﬁ PIP totao‘eaiﬂndtg‘etr?%“'puri fied air blown fromoutl et

portipm 154 to ap@mMNaL afrhQWdtOWRE Bk bt 1991 thd dide of housth® 1841 The
purifier 140 having such a configuration, fan blade 21, driven b

bl ower 150, air nfratesdtto thednside dhiousmgnhddithrough beakeapoeh 1 4 npdssasriionglakiger
port 142 to fhe insi d&}?of _go(gsj r‘}g h144.. Here, an air flow is generated
bet ween i nt HilelOf5Fama Ws PRt air Vath T9rgn BRHAS R or ei gn mat ters
such as dust i nchided 56istReyilad AkEkAin th@fdont &Ry Al ifYad bt hRkink4%4 and
The purified air obtai nelc? ﬂgy Ipassage through ftilter 1141 %)s t all?én i rﬁm
to the insigélol ticast mgifichdy fHeard4] thtepoomfthedgabutldtgpoei43n Boowdrd 50
i nside_of casing 152 forns a . . , )
15 has centrifugal fan 10, a casing 152, and a driving motor 151. Casing 152 has a guide
wall 152a. Casing 152 has an intake portion 153 and an outlet portion 154.

Duct 145 is provided above blower 150 and is provided as an air channel for
guiding the purified air from casing 152 to outlet port 143.  Duct 145 has a prismatic
cylindrical shape with its lower end connecting to outlet portion 154 and with its upper

20 end open. Duct 145 is configured to guide the purified air blown from outlet portion
154 to a laminar flow toward outlet port 143.

In air purifier 140 having such a configuration, fan blade 21, driven by blower
150, rotates to cause the room air to be taken in from intake port 142 to the inside of
housing 144. Here, an air flow is generated between intake port 142 and outlet port

25 143, and foreign matters such as dust included in the intake air are removed by filter
141.
The purified air obtained by passage through filter 141 is taken in to the inside

of casing 152. Here, the purified air taken in to the inside of casing 152 forms a
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10R00951/ WO, 910284W001 | ami nar f1ow t hrough gui dePB3IH 1A P; % LaRiyo0!
fan blade 21. The air in the formof a lamnar flowis guided to
outlet portion 154 along guide wall 152a and bl own from outl et

portion 154 to the inside of duct 145. The air is discharged from
outlet port 143 toward the external space. 5ln air purifier 140 in
the fourth enbodi nent of the present invention configured in this
manner, the use of centrifugal fan 10 having an excellent bl ow ng
capacity reduces power consunption of driving notor 151. Accordingly,
it is possible to obtain air purifier 140 that can contribute to

ener gy savil@@ar AbvRteRiBh aGideival P2k fatind Tas blagen 1 deskd 4iPaohbYorwayr Of
exanple in this l1lOenbodinent, the centrifugal fan in the present

i nvent i on ilamélas §owppEiidabiceoutlst gottionil §4 adiguidedeal] tasmdbiazn frioor
exanple, an_air conditjoner, a. h dg r..a caol.ing device, and a . .
vont 11 at i ngBebpdBo o4 R sl it 1455 n TR o atsbhr @b Rt pch 143
each of cenbwhidugabxkanal fcehown in Fig. 1 and a 15centrifugal fan
for conparison having a fan bl ade wi thout a concave portion and a

convexd portion floamguridier bfhiethe dovrdicenizglimentradting prdsdnt iradentiguednfigered
140 shown i.n Fig. 13. Each exanple carried out usi that .air .

pur i or 148 W Fianfe: (el pERGNSaIEh | hFonBl e tnta ntlBtiaseaasitn ow,
centri fugalre§@Rs JOwandnbRBpE&NS# driwgRinofaN 5T Or ACesRRE S ANs faGHINEYVI Ng
a di aneter rgf 26% nm arllld aphei ghtr of 78 nm wer e used,gYZOV\fﬂgre t{:e
shape i ncl uditnig airlperifier &4 (athdt Gnrcangibuend cobrgiaavibgade 21 was t he sane
excl uding the presence/ absence. of the concav ortign and the convex
porti on. Ao apélr%&@bﬁa%%wdﬁarﬁﬁgb?m{ HATBRIE WY t he
ai 1 T OW T A Rfmbieine QBRI A0 B ih Rk F0ehnt TR RRYE, | i
drivi n(g not or inmtlﬁ’et g;carrpll eéé ggfle?l%ilﬂg tno Fieg. li,a%i%n%tjﬁ%%gegﬂgr?ﬁ%,a

t he power cleadingptviensush asHer eltanvplagnnit @nditese? dimasdifieq aabolney dotic:,
air flowrates, in e_acg of the case using centrifugal fan 10 and the
case usi ng & CBHIANE dgWFefan for conparison. As a result of
measurenent, it (1%%h ﬁfg;, that as conpared with the centrifugal
fan for conpari son, ggﬁ}!ril udal fan 10 reduced power consunption of
the driving not dn tht piekant smiodimeanty eaelt ef centrifugal fan 10 shown in Fig. 1 and a

156 centrifugal fan for comparison having a fan blade without a concave portion and a
convex portion formed on blade surface 23 is mounted in air purifier 140 shown in Fig.
13. Each example carried out using that air purifier 140 will be described.

In the example described below, centrifugal fan 10 and the centrifugal fan for
comparison each having a diameter of 200 mm and a height of 70 mm were used,

20 where the shape including the size and arrangement of fan blade 21 was the same
excluding the presence/absence of the concave portion and the convex portion.

Fig. 14 is a graph showing the relation between the air flow rate of the
centrifugal fan and the power consumption of a driving motor in the example.
Referring to Fig. 14, in the example, the power consumption of the driving motor was

25 measured at various air flow rates, in each of the case using centrifugal fan 10 and the
case using the centrifugal fan for comparison. As a result of measurement, it was
confirmed that as compared with the centrifugal fan for comparison, centrifugal fan 10

reduced power consumption of the driving motor at the same flow rate,
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I OR00951/ WO 910284W001 Fig. 15 is a graph showi AR RG34 WO01
between the air flowrate of the centrifugal fan and noise value in
the exanple. Referring to Fig. 15, in the exanple, the noise val ue
was neasured at various air flowrates, in each of the case using
centrifugal fan 10 and the case using the centrifugal fan for
conparison. As a result of 5the neasurenent, it was confirned that as
conpared with the centrifugal fan for conparison, centrifugal fan 10
reduced the noise value at the sane flowrate. Fig. 16 is a graph
showi ng pressure-flow rate characteristics of the centrifugal fan in
the exanpl e. R.efegrisn e ﬁow%thte?@aﬁb@b’ét@e&h e ﬂ%%@?% e-flow
rate characteri st static essure - Q alr fow rate) o

cent ri f ugal cehatfugdd fa‘nahct tesehtdent rthd ugm’nplé anRéferringaniag.ilSom tat egample,

const ant ro ation speed Fi g 7 10s a h show ng a fgt%ati C pressure
ef fi ci ency HePaiFs ¥a BF@‘?%HF@SL}IG iﬂr"afIPB &P@F?de)ea%h ERA%I Y ow
rate in Fi en I
fan 10 |np%oeet’er§i“(igal fa gﬁgéreg%}trgﬁpés:%: i&}:trslf’l%alaﬁﬂe sa ?18?13 |%§1Hé§gﬁ of

speed,b as cthérnwaademmthlttvhe coefitiddfthigals chapafedrwifibthe epatrifigahfan for
Furthernore, the static pressure efficiency at the same air flow rate
was i npr ove®mmiEsem senwifiegal Bnrli0dedyrey thppoiss YHYS #icBhEame ﬂ%rr@t@ed

INESSERUCEUrES 215 ngbgfﬁ;ae&éﬁﬂ Jh%%eg ;El%gh)u?éﬂ Sale! c%gﬁcéeﬂsﬁ{le A f&%ﬂgal

first to third I ned as appropria

new centri ffagah tHeaskamplee rmlfednﬂgtodm a1dhé Ngurt lshib s ﬂﬁ@iﬂ@s@uﬂ&w rded
in the fourth enbodi nent are applicable to a 2Qvariety of centrifugal
fans descridemctasistipe(Pr sae presswrar Rd s Aevrate ef senritheablen 10eamd the ugal

fan f?é med g centr?fugﬁqgn 90% 'o%%altlgb%ra?g constant rotation speed. Fig. 17 is a graph showing

a static pressure efficiency (static pressure x air flow rate/input) at each air flow rate in
Fig. 16.

Referring to Fig. 16 and Fig. 17, centrifugal fan 10 improved in the P-Q

characteristics at the same rotation speed, as compared with the centrifugal fan for
15 comparison. Furthermore, the static pressure efficiency at the same air flow rate was
improved and the motor efficiency was significantly improved.

The structures of the centrifugal fan as described in the foregoing first to third
embodiments may be combined as appropriate to form a new centrifugal fan. The
molding die and the fluid feeder described in the fourth embodiment are applicable to a

20 variety of centrifugal fans described in the first to third embodiments and to a
centrifugal fan formed of a combination thereof.

The embodiment disclosed here should be understood as being illustrative rather
than being limitative in all respects. The scope of the present invention is shown not
in the foregoing description but in the claims, and it is intended that all modifications

25  that come within the meaning and range of equivalence to the claims are embraced here.
INDUSTRIAL APPLICABILITY
The present invention is mainly applied to home electric equipment having an

air blowing function, such as an air purifier and an air conditioner.
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The enbodi nent di scl osed here shoul d be understooéo%gp%ghwvg 910284WO01

illustrative rather than being [imtative in all respects. The scope
of the present invention is shown not in the foregoing description
but in the clains, and it is intended that all nodifications 25t hat
come within the neaning and range of equivalence to the clains are
enbraced here. | NDUSTRI AL APPLI CABI LI TY The present invention
is mainly applied to honme electric equi pnent having an air bl ow ng
function, such as an air purifier and an air conditioner.
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said vane portion (21) has a bl ade surface (23) e%ﬁgﬁﬁﬁhﬁvgé?%ééﬁVV001

said front edge portion (26) and said rear edge portion (27) and

i ncluding a pressure surface (25) arranged on a rotation direction
side of the centrifugal fan and a suction surface (24) arranged on a
back side of said pressure surface (25), and 10said vane portion (21)
has such a bl ade cross-sectional shape that a concave portion (56,

57, 66, 67, 76, 77) is forned at said pressure surface (25) and said
suction surface (24) when said vane portion (21) is cut along a pl ane
orthogonal to a rotation axis of the centrifugal fan. 152. The
centrifugal fan according to claiml1,cpagus n said vane portion
(21) has a flection portion (41) formed by flexing a center |ine
(106) of said blade cross-sectional shape extendi ng between said

front edge portion (26) .and, sai d rear edge portion (27 a .

bl ural iy of poi it <t St R cBrba0he BorRrRR dale 5lbum By Brovidea to
fornmed by s@i@rcln@&bht@iMyRPAdedABark 4bin cadh other, eacl® _ha\]i-ﬂ%a ¢Rat dgeydaton @8)
according to claim 2, erein said flection portion (41) is flexed
such that atodrdpdhaioﬂowaildaMI@ax/@igp@Dttimwbgpmavbich gir flamgeut, tiznein

t hi ckness of sai d.yvane porti 21). .af at.le one,.point. 254. The
contr1 Tugal 1 an FeoraPRGand 2D i tite ierees oL sRareBRbEvecp it 5
(56, 57) isedoPhBR@ni(P6\HR sQ{fd%érrEd?é’ pOtioR bt QR @HE 8 PP QD fhcdqds)
5. The centrifugal fan according to claim1I, whereln said concave
portion (66rang@ilon a rat@ROOHELiNDside 20 BAMBOITu G fari andfaoyueoh aitrfame K24Ade

central portion petween said. front edge portion (,26) and said rear
edge porti oR4IEY o0 a back side of S@!do H*ﬁ%suEFe?’r‘Elr%F? {?gfg’l

an according to
claimg, wherei b bhe GRRRAVE 1 PRt bRBe cRRL scdBnalBhape fiat  ddnchse
formed to exten aﬁ?%nfghe eA% ?%Ithe ot her “end of g%igmgiaae ne
portion (56, 57, 66, 67, 76, 77) is formed at said pressure surface (25) and said suction
surface (24) when said vane portion (21) s cut along a plane orthogonal to a rotation

axis of the centrifugal fan.

15 2. The centrifugal fan according to claim 1, wherein
said vane portion (21) has a flection portion (41) formed by flexing a center line
(106) of said blade cross-sectional shape extending between said front edge portion (26)
and said rear edge portion (27), at a plurality of points, and
said concave portion (56, 57, 66, 67) is formed by said flection portion (41).

20
3. The centrifugal fan according to claim 2, wherein said flection portion (41)
is flexed such that a depth of said concave portion (56, 57) is larger than a thickness of
said vane portion (21) at at least one point.
25 4. The centrifugal fan according to claim 1, wherein said concave portion (56,

57) is formed in the proximity of said front edge portion (26).

5. The centrifugal fan according to claim 1, wherein said concave portion (66,
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surf ace (23) in a rotation axis direction of the %%590999 Qr }0284“K)01

7. The centrifugal fan according to claim1, wherein said concave
portion (56. 57,76, 77) is formed at said pressure surface (25) and
said suction surface (24) to 1Orepeatedly appear in a direction in
whi ch said front edge portion (26) is connected with said rear edge
portion (27). 8. The centrifugal fan according to claim1
wherein said concave portion (56, 66, 76) forned at said pressure
surface (25) forns a convex portion (52, 62, 72) at said 15suction
surface (24), and said concave portion (57, 67, 77) fornmed at said

suction su rf’f'f;}@sﬁfo(ﬁéd aff Db Ade E&nGraNNENRoPBExeom s4i8 Ironﬁédgebb)’tlcﬁi (26pdnel said
pressure surface (25) 9. The centrifugal fan according to
claim1l, mﬁ@&éﬁgepmﬁon(ZD in said blade cross-sectional shape, said
concave portion (56, 57, 66, 67, 76, 77) 20is formed between convex

portions (51, 52, 61, 62, 71, 72) appearing at said bl ade surface

(23), and @al'ﬂle%ﬁﬁ"ﬂﬂ l@é}fécb@rﬂlrfga@,clﬁﬁml Gbherd@d said Gonchte paftbn (56,
sai d convex,fortlons 51, 5 61, 62, 71, 72) are fornmed to be

al termatel yd 56967@&6; )as Birmed t4 exieridrfrowionh endiaitherodr e@@lg%sapbblaﬂ@n
26) is conne i d reatr. e rtion 10. The
((:en%rl fugal ur &éﬁﬂ?ﬂ %Q(noaxéﬁ eﬁ?‘%‘ ﬁﬁ‘ g?tﬁlfé%ﬁpgm\'/ane portion (21)

has sai d bl ade cross-sectional shape having a generally constant

t hi ckness between said front edge portion (26) and said rear edge
portion (27). 1DRODgGRNNGugd fOP84vEid to claim 1. herdie smér@bnciafvggattlorna(ﬁ&

accor ding 10, 6§ 3ot a ehid pressurt Sirhde (39fand &l bitriod SiEste (B To

10 repeatedly appear in a direction in which said front edge portion (26) is connected with

said rear edge portion (27).

8. The centrifugal fan according to claim 1, wherein said concave portion (56,
66, 76) formed at said pressure surface (25) forms a convex portion (52, 62, 72) at said
15 suction surface (24), and said concave portion (57, 67, 77) formed at said suction

surface (24) forms a convex portion (51, 61, 71) at said pressure surface (25).

9. The centrifugal fan according to claim 1, wherein
in said blade cross-sectional shape, said concave portion (56, 57, 66, 67, 76, 77)
20 is formed between convex portions (51, 52, 61, 62, 71, 72) appearing at said blade
surface (23), and
said concave portion (56, 57, 66, 67, 76, 77} and said convex portions (51, 52,
61, 62, 71, 72) are formed to be alternately aligned in a direction in which said front
edge portion (26) is connected with said rear edge portion (27).
25
10. The centrifugal fan according to claim 1, wherein said vane portion (21}
has said blade cross-sectional shape having a generally constant thickness between said

front edge portion (26) and said rear edge portion (27).
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512. A molding die for use to mold the centrifugal Fan of V&l at sty ool

13. Afluid feeder conprising a blower (120, 150) configured to
include the centrifugal fan of claiml1l and a driving notor (128, 151)
coupled to said centrifugal fan to rotate a plurality of said vane
portions (21). 10

11. The centrifugal fan according to claim 1, wherein the centrifugal fan is

formed from resin.
! 12. A molding die for use to mold the centrifugal fan of claim 11.

13. A fluid feeder comprising a blower {120, 150) configured to include the
centrifugal fan of claim 1 and a driving motor (128, 151) coupled to said centrifugal fan
to rotate a plurality of said vane portions (21).
10
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