DESCRI PTI ON TI TLE OF | NVENTI ON Fan, Mol ding Die, and Fluid
Feeder S5TECHNI CAL FI ELD The present invention generally relates
to afan, a nolding die, and a fluid feeder, and nore particularly to
a fan such as a centrifugal fan and a cross-flow fan, a nolding die
for use in production of the fan, and a fluid feeder provided with
the centrifugal fan. 10 BACKGROUND ART As for a conventional
fan, for exanple, Japanese Patent Layi ng-Qpen No. 2008- 241188

di scl oses a cross-fl ow bl ower ained at reduci ng separation of the
flowin air while preventing a surging phenonenon or a reverse intake

phenonenon by making the distributi rate uniformin the
unit even when resistance is adheregﬂgg&t{%ﬁ%upst ream si de of the

bl ower (PTL I). The cross-flow bl ower disclosed in PTL 1 has a
plurality of fi h having an outer peripheral thickness
greater than Ifa{gilﬁtr?nfefr”%ﬁmr al thickness and a plurality of second
bl ades each havi nFaaMolaemDipenht Phed akedehi ckness greater than an

outer periph i ckness. The first blades and the second bl ades
are disp sed%{@@@j@&ﬁ?%e circunferential direction. Wien two

first blades 20ar @ht BreSdit GRSSH | he clr erenti.al .direction,
the second bl ades ar grearrange%?aggr?h%sfg)}(l)gellat%stglggzénsaé'?otl‘ilﬂ%glg’ af"i%rzsfkmg
bl ades. When tefler. subwa toitisdlasly do e fanrsusiuacessirifigal fanta@ a cross-flow fan, a

circunferenti ol .Qn. the first blades are arranged on opposite
si des of thogﬂg}l l%g %ﬁg&lb‘fggi rf)g'ﬂcélﬁﬁﬁ ths T, padig yig Ff‘r‘ilﬁllwlélﬁed\mtﬁfhe
2006- 170043 dérgfugalean.a cross-flow fan 25 ained at reducing NZ

esal iy 1 BARGRAUBRARTAT on (PTL2) I n the croeetlow fan
snapes are o apged - andon i o corel B B e
_ -in air
while preventing a surging phenomenon or a reverse intake phenomenon by making the
distribution of flow rate uniform in the unit even when resistance is adhered on the
15 upstream side of the blower (PTL 1). The cross-flow blower disclosed in PTL 1 has a
plurality of first blades each having an outer peripheral thickness greater than an inner
peripheral thickness and a plurality of second blades each having an inner peripheral
thickness greater than an outer peripheral thickness. The first blades and the second
blades are disposed in order in the circumferential direction. When two first blades
20 are in succession in the circumferential direction, the second blades are arranged on
opposite sides of those first blades. When two second blades are in succession in the
circumferential direction, the first blades are arranged on opposite sides of those second
blades.
Japanese Patent Laying-Open No. 2006-170043 discloses a cross-flow fan
25 aimed at reducing NZ noises while preventing reduction of air-blowing capacity and
noise resulting from fluid oscillation (PTL 2). In the cross-flow fan disclosed in PTL
2, two or more kinds of blades having different shapes are arranged at random with a
constant installation angle and instatlation pitch.
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PATENT LI TERATURE PTL 1: Japanese Patent Layi ng- Open No. 2008-241188
PTL 2: Japanese Patent Layi ng-Open No. 2006-170043 SUMVARY OF

| NVENTI ON 5TECHNI CAL PROBLEM In recent years, for conservation
of global environment, further energy savings in hone electric

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 the efficiency of a blower included therein. It is
al so known that reducing the weight 10 of a fan bl ade provided as a
rotating body in a bl ower reduces power consunption of a notor for

rotatably driPATENT heTERATOREDe and i nproves the efficiency of the
bl ower or a fluid feeder. However, an aerofoil enployed as the
shape in crodd lskctiapaness Pasert hayipg-Atpen No. 200861188 | y assuned to be
applied to theyw.ng Ad AN [ By found in the 15
field of aeronauti CSPJHS%SE neI%g“lQ IS@P%@?‘I& %ng?ﬁglbl%’aer of oil fan bl ade
is mainly optSUNMMERY OFINVENIIR®/ nol ds nunmber region and is not

al ways %prOWé&'ﬁﬁI%E?@Pig s section of a fan blade used in a | ow

Reynol ds” nunber " regi air conditioner, an air purifier, etc.

for home use. \Weih fRoe§eabfot codkerdiohlof sRbEI dnSirGFRPNRFhASndrBe savings
Cross-sectiona shalpe .of a fan 20 bl ade, a thick portion exisfs In a

range of 30 R "¥BISFHHRFIHRTEN G desidge dor expenpiif ipkearen thatthe efficiency
. t h M | ! i . f
i ncreases t heruglEBtq@bmtReuiipR A aﬁ?:%ndlmxil_% %?&1&38}*@?}%1‘ g?e;égg S%Iaeﬁgs Mo

increased friction [ oss during rotation. wever ,

wei ght of a fharihtierty atayplove dsduded éhestin.e nigistelofknpive thaa redotiag eheamelght
result 4 fr ual ity. For the reasons above,

or der ' mpe e itileshi1Ek BAalhiPbodythn e i G BRPE it ePEanetlay
in electric ewrgoemntatzictidsg 4 fai bladondiibones thabficAfcRbf theBldwek 6F a
for honme use, an.appropriate bl ade cross-sectional shape has been
sought for aﬂPgﬂ&%ﬁgde to be used in the | ow Reynol ds nunber region

A bl ade cross- sectoaoadr, shabTolMeiplogedhstie sHabt tmred sE@oh@r a@zﬁ]slﬂgﬁel is
thickness angss\é\ﬁlia%?taésu?nrégl t(‘? beh zl;lpgprl]ieg Etor t%g gvtil?g glfaafl a%:lp?acx)le l?anec? ?s n?aoillilg ft ind in th
y found in the
15 field of aeronautical engineering. Therefore, an aerofoil fan blade is mainly optimized
in a high Reynolds number region and is not always appropriate as the cross section of
a fan blade used in a low Reynolds number region for an air conditioner, an air purifier,
ete. for home use.
When an aerofoil or double arc is employed as the cross-sectional shape of a fan
20 blade, a thick portion exists in a range of 30 to 50% from the front edge of the fan blade.
This increases the weight of the fan blade, which becomes a cause of increased friction
loss during rotation. However, simply reducing the weight of a fan blade may reduce
the strength of the fan blade and result in fracture or other poor quality.
For the reasons above, in order to improve the blowing capacity of the fan and
25 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.




On the other hand, in a case where fan bl ades whose bl ade cross
sections are in a single shape are disposed at regul ar pitches
(intervals), the blade ends of the fan bl ades pass through at a
constant cycle when the fan is rotated. In this case, pressure

vari ations occur in constant cycles at an approach place where the
fan bl ades approach 5 a casing covering them This causes narrow band
noi se call ed a bl ade-passi ng sound (nZ sound: a sound having a
frequency determ ned by a val ue obtained by multiplying a natural
nunber n by the nunber of fan blades Z). In the case where the fan

bl ades whose bl ad@ncthé’@tﬁexslﬁﬁﬁl,i iRQ%aé%r\ﬁ]eir@%F} bﬁd@%ﬁos@%ﬁaﬁ? G%E%SG?&&I‘B%%@%%
at regular pitches, alnost the sane air OW I's generate et ween

adj acent f an asingtieshapd are dispesed asregultupitshésg(ittervals)pite dlade sndstdfnige i om
the air flow [acent fan bl ad bheconmes uni f or m anong a
plurality of b ag%ly\ﬁa[%gg%gd,g%@gﬁ%?%%"h%ﬁfeoﬁeﬂ&ﬁﬁpaﬁéﬁ @ga.ted' In thi§ G35 PERSFUIE o

sol ve this pratidtions occut araasticielbs 41an afpadiepladaitefthe i HMHeS Bopfoach
plurality of fan bl ades are disposed at random  However, when a

random pl t ch *°&H"8 VGHBRLEE; I g CRYER PYERVE bk e salinl stk eder papging sound
bl ades have g hrinded &bl H%?ﬁfr@tﬁiﬁh& éé%rﬁﬁr%@%k%%ide)ébfaﬂﬁh%g% i é@ége

interval and a small interval departi'ng fromthe optinmum val ue
on the requedtddrabnawberg Pethe vmbereé fan blades Z).n Intthescasamwhere dte fan pladese

where the in i fan pblades..is relatively |arge
the it 11 o doYElaReESHasth AEHI oh B PR ARS heddi NaleF mifebeeaiRione
partial |y fothesdmsairtfloat isigheeraed bdtive ddpicewdm biadeac emtthis 2asebluasitst

becone nst abl e | ow f requency noi se (abnornml sound)
Vike a X frs Dl

. As.a resul t, )
bl PRSE ssfRE FEmgReti by bEegr GAGOEIa DIE waemA UhareRmonE
sound. Such abheslRbf Sabided, Saidels afolvBadd abisé, 0w rot ati on speeds of
the fan, but becopes |ouder at higher rotation speeds of the fan, and

finally becomes st 8o salve Bisarpblemea rapdorpirhnanayttisadppipd, ds which a
whol e. On t hengliftebr Ha ; t ' € .
adj acent fangbl ades i.sgggﬁﬁrgﬁseéesﬁg%srna n? t%#@%ﬁhggéf%%é}g@gagffaqlﬁe
air flow pas8iapird hedrigivalsiretiven bdjactet obladeehavt td breddamitzdades to

LTS, P o AL Bl 5 Y

i mproved i n waldebastdoptheneduestedblogyngsayiongsce.n el ectric equi prent

because the eff| Cinetgg%as%f ateal p?gc}ervsifh%re the interval between adjacent fan blades is
relatively large, the air flow against the normal air flow on the blade surface may be
partially formed so that the air flow between adjacent fan blades becomes unstable.

20 As a result, low-frequency noise (abnormal sound) like a bubbling sound is produced to
give users unpleasant harsh sound,  Such abnormal sound is not so loud at low
rotation speeds of the fan, but becomes louder at higher rotation speeds of the fan, and
finally becomes so loud as to vibrate the casing of the fan as a whole.

On the other hand, at a place where the interval between adjacent fan blades is

25 relatively small, the flow resistance of the air flow passing through on the blade surface
of the fan blade increases. As a result, the blowing capacity of the fan may be
deteriorated.

Next, the blowing capacity of the blower has to be improved in order to

promote energy savings in electric equipment because the efficiency of electric
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equi pnment greatly depends on the efficiency of the bl ower included
t her ei n. Exanples of the fan for use in a blower include a
cross-flow fan which forns a flat outlet flow parallel to the
rotation axis of the fan, and a centrifugal fan which blows air
radially fromthe rotational center of the fan. In order to achieve a
sui t abl e 5bl owm ng capacity in the blower using such a fan, a scroll
shape (spiral shape) nolded on the outlet side of the fan casing
shoul d be adapted to the direction of the airflow output fromthe
fan. For exanple, in a case where the scroll shape forned in the fan
casi ng expanqgyinadi i . t I tion of the
airflow, t he%gl??{é%ﬁér%ﬁ%%@%%g‘é&}%%ﬁ%ﬁﬁg%? %hee bg%‘%%ﬁ?&g?g léer%lpi' t he
path in the fan c&sampleantithefan forusdpabhwedirciudoa ches-Sunffacehh féhis a
fan casing f ' |l .shape. On t t her, hand,. in_a case
where the scg%lp? lsekﬂﬁ‘g p?l %‘?@é& ﬂ?enm%ﬁgn MEOQ‘EE?%BW&?%@%E%W@ blows
inward with mespisty fromtierotitioedcbaer offhd 8. aAnrdid@'s adbhSedisiRid On of
| ected by the surface of the fan casin

the airflow is abruptl, .degl )
formed ih a éi%% C%ﬁ‘é}iévemt HPlpHEsEitirueisa fanhe sesplbsiang (seirhl sbre oyplded
15reduced, and thdwutlel Qud HIhCHRAGIAY sHOLIAHRG AL OV R 1 EAFdMbn BEmL TRESY d.

d
On the other hand, electric equi pnent such as an air condrtionéer and
an air purifioéﬁpu?fé@fniﬂii%f@qui etness in operation, and it is therefore

necessary o redugg aghse. [SSULL LAG WAMOLELI B0 of the, Tan, Hovever

in the case where fan ades ose
20si ngl e shapalidiyeutvap estdestctrte giel divectint fhisaiffiod!, Bfewaiioi mijhetbl ade

ends of, 4 he fan bl ades t hroygh in constant cycles as the fan is
r ot at edl.d In f’%‘?r}gm&g’stg? S‘%&ig}?ﬁ an Hag’tlflc‘i}?f‘sfaﬁéﬁsﬁ?g ad maydwrisparied Byl the
in the insi deudce bhhelf@Ncasmgifttehed Thh ScréRYSHS. NBA E&V&lﬁﬂ%cﬂ(ﬁ{ £ EasE AnbRd
a bl ade- passi ng sg%gd (nZ sound: a sound having a frequency

I

det er mi ned bi{PeaciPHIshapedBagdra dhesfn esing narpive gadiallydnward wifunrert tn they
t he nunber ofiréan B ALGS 14N - entri.fu

fan, as the flén b?ade_s aF é,)v’rtgtg g%rgcc??m% Egj%%frbbg\ly%égg‘?tﬁ;%@[e%%# g‘&jsgﬁjﬁcﬁt
fan bl ades aRbithe fangssion formed bt asteold sirapac dn tHdse ased, e Hbowinklefidiagy n

t he bl su . .bet adj acent fan bl ades to be
out put qg)re om %é;%lg&%é%d&ﬂ?l bféwcllne% &ggglpcﬁ{%sbgmﬁerlscﬁﬁoéble BBP¥H ng capacity
in the bl ower usi@g tisudtherdafidrlectriteqaipmehl aith RetBEsbnarfioAGRRY af a7

bl ades has tQ bfe stabilized. . . .
purllier requires quietness in operation, and it is therefore necessary to reduce noise

resulting from rotation of the fan.
However, in the case where fan blades whose blade cross sections are in a
20 single shape are disposed at regular pitches (intervals), the blade ends of the fan blades
pass through in constant cycles as the fan is rotated.  In this case, pressure variations
occur at a constant cycle in the inside of the fan casing.  This causes narrow-band
noise called a blade-passing sound (nZ sound: a sound having a frequency determined
by a value obtained by multiplying a natural number n by the number of fan blades Z).
25 In a cross-flow fan or a centrifugal fan, as the fan blades are rotated, the air
flows in between adjacent fan blades and flows on the blade surface. Then, the air
flowing on the blade surface flows out from between adjacent fan blades to be output
from the fan. In order to achieve a suitable blowing capacity in the blower using such

a fan, the air flow between adjacent fan blades has to be stabilized.
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On the other hand, electric equipnent such as an air conditioner and
an air purifier requires quietness in operation, and it is therefore
necessary to reduce noise resulting fromrotation of the fan.

However, in the case where fan bl ades whose bl ade cross sections are
in a 5single shape are disposed at regular pitches (intervals), the
bl ade ends of the fan bl ades pass through at a constant cycle as the
fan is rotated. In this case, pressure variations occur in constant
cycles in the inside of the fan casing. This causes narrow band noi se
call ed a bl ade-passing sound (nZ sound: a sound having a frequency

determ ned by a v@nuge @i%ﬁl'laﬂ@delwrl%%}lu éﬂnwng agalpgi} ggn%Ltlo?llﬁI{/%ﬁﬁnélH i s

t he nunber of fan bl ades 2) presen
t heref ore t o PREfGECqHEES drisbiessin aboetdorannt it & tbereformcassi@no Yédube noise

excel I ent bl Qu,NGoG reventing noise, a nolding die for
use in productlongoﬁmﬁﬁ%h¥%%@ﬁk%apa fluid feeder provided with the

fan. SOLUTI ON TO PlR@Bi&MnAhé ame amerfm lgdds whake Ba@eFbssQbctif@aliesent
15bl ade, portions arranged spaced

t |
apart f rom oSPHTAR 2t 5ot Hoteamikbe g aDone side ot
portion has aassithoegh 848nAMtlQadhs BRASEhtAN. ar}n 'tfﬂpge{se fh%ssn? arlatlons

side thereof and,an outer edge portion dlsposed
peri pheral sPHI ihemegnt cylse mihe isidp of thedmn exingn d%‘hlb eaummrﬂoh.ebanﬂner

edge portion JThe bl.ade. surface includes, a
pressure surnggmgﬁgagggg a% %0@?5@.onu?iaﬁ?%wi A%ine 3itrpaucy CREripgdn

and a sucti ohY §yplaeblaiied bpw&pﬂmn@a bam}al surAiger fbytthenhiRs SEf28 blades Z)
surfac As t he fg ow i s produced on the bl ade

surfacgl to flow beF l’%‘“ ‘gﬁ@ 1?%’1*?8‘?“?5%‘&8“ e fézrﬁal"?rﬁl@ Rsplele apeiepeand

portion. \Wet motidak fnmg;vm @lcallet Blotvit@aRRAitytvhiR p;}a;eﬁxﬁﬂgq{b@x;i ﬁnoﬁifmgt Qe
fan, the blaﬁg ?Oft'ﬁﬂlhas b ade cross _section having conca
d chey

portions for SR stndrafiud fasdertrmevidedovittothe S f ace. A

plurality ofs@Ladaqunjpnongﬁgnclude a first blade portion and a
second bl ade portiaon having bl ade cross sections of different shapes.

According to suchAéwb%ﬁWﬁgEﬁaﬂm@ﬂm@mfﬂhﬂx&mnmndMMDmgwhﬂmﬁﬁPKHMﬁyOﬂhe
o0 215, DR Ry B LT e S0
surface, andEddhdladg @Dﬁfﬂlﬂdlm alhmnatddgdf partioh tigpds8d 6fi an inner peripheral side
thereof and an outer edge portion disposed on an outer peripheral side thereof. The
blade portion extends between the inner edge portion and the outer edge portion. The
blade surface includes a pressure surface disposed on a rotational direction side of the
20 fan and a suction surface disposed on a back side of the pressure surface.  As the fan is
rotated, a fluid flow is produced on the blade surface to flow between the inner edge
portion and the outer edge portion. When cut along a plane orthogonal to a rotation
axis of the fan, the blade portion has a blade cross section having concave portions
formed at the pressure surface and the suction surface, A plurality of blade portions
25 include a first blade portion and a second blade portion having blade cross sections of
different shapes.
According to such a configuration of the fan, during rotation of the fan, an air
flow is produced to flow in from one of the inner edge portion and the outer edge

portion, pass through on the blade surface, and flow out from the other of the inner
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edge portion and the outer edge portion. Here, a vortex of air flow
(secondary flow) is generated in the concave portion, whereby the air
flow (main flow) passing through on the blade surface flows along the
outsi de of the vortex generated in the concave portion. Accordingly,
the bl ade portion exhibits |ike a thick blade as if the thickness of
the bl ade 5cross section is increased by the anount of formation of
the vortex. As a result, the blow ng capacity of the fan can be

i mproved. In the present invention, a plurality of blade
portions include a first blade portion and a second bl ade portion

havi ng bl ade edgosatiseaid BOsutef cddh bbRHEN HSRAPES tex DRGIr ﬁ%@t(b&of?&a?? ﬁ%ﬁls
di stri bution at the pressure surface and t he suction surface eac

10bl ade por t i8&RFrRtEd aﬂrth%ewavwm% “@H@bﬁeﬂ@fantﬂmw bhaid 8ow) passing dobighnn
Therefore, i mdihi& wpatd Mﬁlb%ﬁﬁ EIP?OF s |v8 LS ? a?evr;:létg ﬂwtcﬁ)g a%%%grnon.

bl ade portions and the air in/ou
adj acent bl adecgrdingho e h}?aiewoetmmghfohehhd athéckpdadeias ifthe dkasdion Helblade

dth
Cocond. o age I5S REG s hGGRERRY i bl o5 gl of WEROTSH pdaimTPeistle
t he concave panmac1Acﬁbh@|faﬁ@aﬁBe§xqﬁ6heab00nfl gugagl OnhOLglt ES Iﬁg
t he shape of the de cross section can be varie y cha
posi t i oﬁs of the B’b‘ﬁ%a{ﬁéefﬁ&}}‘@%apb\fﬁﬂfépfélﬂﬁ@ﬂ portiensfipghade atﬁrafdéade

portion andngbhfﬁoﬁ 86PAkBhABRIOHM, ﬁlbl?ﬁ‘axﬁ{geol%% o &6 %ggtlc){ls of dlff%rent FRMsac h

ot her in nunmper of the concave portions cora
confi gur at i oANDEBkC prEESUTCHistibytongh teeressure e fisk antéthe sosHn Sedide @ff eghn

be vari by ncave por1| o]

Pref er ejllg)?y, yt %g@ rlgl?lsb%ﬁ%gi{ewp ﬁ{e B eaonghetcﬁ% BT @Pad@heﬁ?)ff”fer Bihisr e

different fr gcmﬁgarahom,tthemr flnwdhopen dfe ﬁfaeerﬁ(blﬁda}bertﬂéﬁi 41daRSair AG&ARAI NQ
on of .the, fan he shape of the bl ade cross

e o R S e b bideostamtt on.
Accordingly, noise can be reduced.
Preferably, the first blade portion and the second blade portion are different
15 from each other in positions of the concave portions. According to such a
configuration of the fan, the shape of the blade cross section can be varied by changing:
the positions of the concave portions.

Preferably, the first blade portion and the second blade portion are different
from each other in number of the concave portions. According to such a configuration

20 of the fan, the shape of the blade cross section can be varied by changing the number of
the concave portions.

Preferably, the first blade portion and the second blade portion are different
from each other in shape of the concave portions. According to such a configuration
of the fan, the shape of the blade cross section can be varied by changing the shape of

25 the concave portion.

Preferably, a plurality of blade portions are arranged such that an angle of a line

connecting the rotation axis of the fan with the outer edge portion is equal between the

adjacent blade portjons.

According to such a configuration of the fan, although the outer edge portions
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Preferably, a plurality of blade portions are arranged such that an
angle of a line connecting the rotation axis of the fan wth the
outer edge portion is equal between the adjacent blade portions.
According to such a configuration of the fan, although the outer edge
portions of the blade portions pass through in constant cycles as
the fan is rotated, the air flow that flows in/out between the

adj acent bl ade portions is varied anong bl ade portions, thereby
preventing noise. In addition, because of reduction of noise, the

i nterval between the adjacent blade portions can be set to an optinum

val ue based @ftHehfadebloR¥nSgass %éhtlﬁ é:&gﬁ?agll(tj é}%‘iiesfag :ih(;:t#gr? @&ﬁtgﬁgs the air flow

Accordingly, the air flow between t por
stabi | i zed, tha flewy indeunbetvicen theadjzosnmalads partidns BRarigHCMERE DIdB portions,

ventil ation rgsi . .he air flow between the bl ade portions can
be prevent ed,@%@@%&gflﬁ?(&%&i ﬁ\l a‘%‘{ﬁtéon\%wsﬁdﬁé Sl §f ngjses the infegpal
Preferably, &eiplean theiatljacaift bakagertipy dah ®8Setas n apthRGASHuS bSRI bhdk an
angl e of. a Iibﬁje.wconng,cti ng té,he rotation axis of the fan wth a
centroi @ of OIS IHF SHIACIE; 6aured et the frnot Acprsdipplyathe gisitiomobetweendhrilide
bet ween the agitidaeeHn Yol sadfizBO thdr&RS : ' tq such a.
configuration of the fgn, lgl t hodg{; tr%ﬂegﬂ?ge%@gﬁﬁ%ggﬂ%ba%%lelﬁcr%%?g%e air

fI ow bet ween VEHEAUog TadBRRCe [ the @irplomtticomeenitls: bladef portinnarente grepintadal i ty
of bl ade por ¥epRs ind:did en.the adjacent bl ade portions
i's varied anong ?ﬁ% %‘ég@éﬁeﬁl%‘glﬁ{lg?gﬁa‘éﬁy%%ﬁ% preventing noi se.
Because of reduct Pusferdfly,nqitselitytofielaiepativied arbgicgedsiichehadh REEO5F a line

bl ade tio set. to an ti mum val ue based on the blow ng
capaci ? 3?; r qu(?nrng%ﬂ]ﬁgﬁe 'Eoﬁ%mfléﬁl.s OR%J?IHWH}@P gentoftbotdhe bladesiosssestisarm thee
bl ade porti obladcportibeisshadibkivikes thel=0REGRYIaRE f%EBAJ. NY abnor mal  sound.

An increase in ventilation resistance to the air flow between the
bl ade portions canWEpe BWARE &aonfEpiatier ebihe ifane pldosigh tirbtienchinoiss papsed

capacity of bfiefhaiMow betweddtBE &I | '1{}?1% fmbhe bl a
portions havjng bl adgbr or o?ssn sect]?cglrl\t)s/bl% ﬂéft@%r@en gﬁgﬁggg%\?’f@”ﬁﬁ%ged
to be pl aced®psF Rastionsy g air dlovdretiesen ticaljreditrijadeposionk isaraged g thé | on
of theikan, #h& Hriodd . t he. adj.acent hl ade.portions and the
air flow that fllgjv\éorfshﬁoﬁpfh%?%g "Pie "’8‘65&?? r%l(‘jl& Haptsedhemisayal pe
vari ed nore BBe¢dnaht adjadent Hadenmrionslcar bd det 16 DfopBlradeyvadRl BakQNS: the

Pref erably, %1 med at the pressure surface forns

. concave portion fo
a convex por ?‘glrlll%é:? PAfIE EF?llgoﬁﬂéflf%‘F'ac‘%‘fm%’éle=Hhﬂ dofewbetvsen thedade
formed at t hersastchobe subifi e tHe@bIBredeRRRUSXorRA! Ldul akn er&%aﬁer gSsure
surface. Accor to. such a configuration of the tan, the shape of

djn )
t he bl ade cr‘E?é‘Efagg%fels’éWnFFat\?iﬂi*F’galf Hew belmsey &ie plade portisnatanttegrpreasdur e
20 thereby increasing the blowing capacity of the fan.

Preferably, plural kinds of the blade portions having blade cross sections of
different shapes are arranged to be placed in an irregular order.  According to such a
configuration of the fan, the air flow between the adjacent blade portions and the air
flow that flows in/out between the adjacent blade portions can be varied more

25 effectively among a plurality of blade portions.

Preferably, the concave portion formed at the pressure surface forms a convex
portion at the suction surface, and the concave portion formed at the suction surface
forms a convex portion at the pressure surface. According to such a configuration of

the fan, the shape of the blade cross section having the concave portions at the pressure
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surface and the suction surface can be obtained with a sinple
configuration. Preferably, the blade portion has a bl ade cross
section having a constant thickness between the inner edge portion
and the outer edge portion. According to such a configuration of the
fan, even when the bl ade portion having a bl ade cross 5section of a
constant thickness is used, the blow ng capacity of the fan can be

i nproved. Preferably, the blade portion has flection portions
at which a center line of the blade cross section between the
pressure surface and the suction surface is flexed at different

poi nts. The I k f flectio ortions.
Accor di ng to%guc \égd@%[] F‘gﬁsg?f% (gengagfb g?ﬁtggfgwﬁtahsémclﬁp%&b@ﬁa%ﬂ t he
bl ade portion can Poderablynibe blade gorbiyn harablade drbes stdtiea hbving posistans.

An inside space is fornmed, inside a pluraljty of b|ade portions
arranged in ?W%‘T%%W%&E%Wﬁrl e%é? P‘%&‘f’? ,hlﬁﬁﬁteéﬂlgﬁl??@}o&e Speruding o
formed outsi dect hemeighirafibebemabinycveh Réheh @it KIRRGHRAaMARUDIAGR cfbss
centrifugal fan that outputs fluid fromthe inside space to the

out si de SpacESCLBBEbR PR Hudkness inusedsthe flomdng eanacity afites famman bhienproved.
bl owi ng capacity »pgf.kibey ' f -919@: [ I {: i se
can be prevented effggt_?’veggghébéﬁl&?%ns f?egtsll d rggnascag%%ﬁggcfne%hfengﬁ%%
a plurality bfadpcrdesqstion bewsenathe prespack sunfatdhandcothe suribesefice alflexed at
direction, a {side,space is formed.outsi her eof Preferably,
the fan descrIa ﬁgeg%mg 1(1)1\?/5(3 ﬁrge OGRS @Hn?cﬁgﬁg? éﬁcg’é’nipﬁrtppﬁi dto
the inside spacedingaosidies @ufigiraitorsifakeran the SieenBihte (N Blide/ RSRBCIanhe
the rotation,axis,, as.Vviewd fiqrgo,ma 20direction of the rotation axis

of the fan, éfﬁﬁeaf)?ﬂ}f?'u@gmtnﬁéhet 8ALPHUPTYi d to the outside space on
the other side W WR iAg&PPate its@or&ﬂa@_il{sﬁteaatm&al_n?wf%}ad@ﬁ&%ﬁé é}&n%%l §H§é“ a
I of t ow fan

configuration of the fan, the bl ow ng capacify of € Cross-

can be i npr ovEgipkTental dinesiions and deoutside apatadd fasfricd otlside ithereoTh ePriefemably,
described ab@yeyi §.£AbdBR 9 588l i j ordi ng.to an
25aspect of Pﬁeapreéssent |ﬁvéelr%taiemc§)}rlltgfu ahfsgg% ggtﬁgﬁszluﬁﬁéo?gﬁlgﬁeewace to
nol di ng di e Swrfutsiferspace. n Achdrdingaoneh acanfigurathnod ke faeshablbaing dpacity

frurd fgeder ;AREQLAliRgat fn 3th ARG bl SoRE SHAN prb ity AL L C ! udes
An inside space is formed inside a plurality of blade portions arranged in the
circumferential direction, and an outside space is formed outside thereof. Preferably,
the fan described above is a cross-flow fan that takes in fluid to the inside space from
the outside space on one side with respect to the rotation axis, as viewed from a
20 direction of the rotation axis of the fan, and outputs the taken-in fluid to the outside
space on the other side with respect to the rotation axis. According to such a
- configuration of the fan, the blowing capacity of the cross-flow fan can be improved
while noise can be prevented effectively,
The fan described above is formed of resin. A molding die according to an
25 aspect of the present invention is used to mold the fan. The molding die configured in
this manner can produce a resin fan,
A fluid feeder according to an aspect of the present invention includes a blower

configured with the fan described above and a driving motor coupled to the fan to

rotate a plurality of blade portions. The fluid feeder configured in this manner can
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configured with the fan descri bed above and a driving notor coupled
to the fan to rotate a plurality of blade portions. The fluid feeder
configured in this nmanner can reduce power consunption of the
driving notor while keeping the bl ow ng capacity high. A fan
according to anot her aspect of the present invention includes a
plurality of blade portions arranged spaced apart from each other in
a circunferential direction. 5Each bl ade portion has a bl ade surface
i ncluding a pressure surface disposed on a rotational direction side
of the fan and a suction surface disposed on a back side of the

ressure surf | Lane. ratation
gm s of the fridritlge ??ﬁw&%ﬁ%gnpglg?ta ?g%d SEAN ‘ﬂgﬂch ﬁﬁitq‘rt}ﬂg PG ch

a center Ilnéllghetween the pressure surface and the suction surface
i ntersects an |nn FJé] rﬁa de bl adg , and an 10 outer ed?
portion at which e ce Pe 1% 3% thhtSB?Cé@ the p‘éFﬁe‘Ed!V@Pt“ﬁblPFlﬁﬁ@radﬂUYQ igef

bl ade tip. Aslatlh ﬁoﬂtt&fﬂs arfanped §abedl apart filok] Gefl bOW S, oﬂ%ﬁ’ﬂfk?&ﬂlﬁpdlre% S'n

bl ade surfac ow bet ween the inner edge portion and e ou
edge polgl on% bihdd DREHY WS & basde wardape dncduding @Pmsﬂlrmrfpas@smgedmm)ugh

a rotational r&ﬁ[ﬂn@lrdlféfctlérhﬁdé B hBG s %ﬁrsur%%gﬁl k19N @? §1af'e<af the

tangent of the center line at the outer ort| §nf§’3
an outer per Pish@rasurigead eWbﬁpClan]@Ing aphne anhﬁ@nﬂeb weaatich Sdg ditgan |thee

assing thro cent er nd the inner edge
BOI’tI o% and gﬁ?% &g%lti 9%51‘6351 t e%et%omq Sﬁevhéﬁh atq*?gtefﬁ Probetwergeh T:)Bﬁetﬁu@% is

defined as asurfanﬂeud I}hesmqmbﬁ[saifacblnﬁér@edtdﬂl1ﬂﬁhﬂ|p€r1ptfé9a1%flﬂ|b?adl9% Wafand
chord Ilne in.contact with the inner @?d gheral si de and oufer
ft

peri phelr al - sPUE BELAYHON AsWRIRh thecepiee rSg¢fF pretersiegigheralrgidesblade tip.
strai ght |i ngaspRIet RGodRUM Aamte pfdahé’etd'oﬂrtﬁé blg%?ﬁaceﬁtf olt]\?be 0.3nd

a contact poj nt of t he chord line with the outer peri phera
bl ade tip i s™A¥fS H%HO@Qnan%ths@ﬂepede@woawgr e. In this case,

plurality of bl adg, pans LQRsed o ft lifle éghglﬁ% hbcu%%era @%& @gen%%dﬁé%falg he

second bl ade portion different m ea
out er peri ph¥¥dhe guterdusize Ppmanghcka tngertt héthe nﬂﬂér 1perat o ouRt cdeamdfidniip

| Iy f ded such that 25th
i Sor epanty obbt Bl o B RN R R TR L S ataTs v acipiu Ane ty of

bl ade porti apssing throughlthle sttidng ceqof (bfghltfﬁh'aﬁ’c[\th@finﬁep@dée Jnrh%datangent
direction in tll\ﬂ ?GQFFrbUI d assi ng, through on the bl ade sur%ace

out put from ¥H HE AR DPPITes PAbion ésdefipediasten iarer petippheval hl;qrde tip
direction ofangleli thn dn@ler&hﬁ!e)i a@ﬁ&ﬁrlfﬁ'e n@EjonIPéé ar!;lff tl‘% 1ﬁigerriygﬁglt%¥al grdglareld of

the bl ade portion. Therefore, a plurality o
provi ded suchierRgtpherad-sifiedradsiinn @9 therpyésewe oirfact Isﬂe,binddetrp@ht lire@ssiige

| 3 be, set_such
Chat the bl onub ey oiaiee e b ol o LR DR T B it

di recti on ofoutdr pedphssal-sisle biade vipris édirikdam d’adfrypdﬂgy aiEg 17 th tHsald ty of

bl ade porti iLn th capacity of the fan can be
i npr ng d. M &ialn’?‘%?%faqe pgrtt%hs 1ncl%de a %rst Egde poprt%on and a second blade portion

different from each other in at least one of the outer peripheral blade tip angle and the
inner peripheral blade tip angle. A plurality of blade portions are provided such that
25 the discrepancy angle of each blade portion is equal among a plurality of blade portions,
In such a configuration of the fan, the direction in which fluid passing through
on the blade surface is output from the fan (hereinafter also referred to as a blowing
direction of fluid) is mainly determined by the discrepancy angle of the blade portion.

Therefore, a plurality of blade portions are provided such that the discrepancy angles of
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5A plurality of blade portions include the first blade portion and
the second bl ade portion different fromeach other in at |east one of
the outer peripheral blade tip angle and the inner peripheral blade
tip angle. Accordingly, on at |east one of the inner peripheral side
and the outer peripheral side of the blade portion, the cycle of the
bl ade tip passing through can be actively shifted between the first
bl ade portion and the 10second bl ade portion. Thus, pressure

vari ations caused by passage of the blade tips are brought into
irregul ar cycles, thereby preventing noi se resulting from pressure
vari ations. d
bl ade porti onh%?lgdé:%oﬁg e| gtﬂ%a&%&ﬁ%ﬁr Qh%g@etﬂgg% rggan%%g?%lggm} eersgﬁce
to the chord sh¢hndat the bbmmrmmmﬁﬂm@swumﬁmmm owidg diteetidnagf, fluid

variations i en.t he a ortions du
difference i %@% g{‘? ?&Dﬁ‘fg Vﬁﬁyg@emb ﬁtg égﬁg‘f BWIB%Céfcorﬁlng?y>%e
Theref ore, t hdowing espaaity bﬁh&’@ﬁ&aﬁb@trﬂiﬁbﬁﬁent fan bl ades can be

optim zed. Accordlfblg a| r f] ow between the bl ade portions can
be stabi?ized the 9?'% ﬁ@ﬂ%ﬁwhﬁﬁ thedirpidpladaportionead dhe seepnd blade

circul ation meichldmGentGtont bdth @tlﬁ?h"ﬁ%sticﬁ@ oP llt%%%tepﬁériﬂhgﬂé? b@é‘@np fngle

prevent ed 20t her eby increasing t | om ng capaci
Preferably, t#aéthsiinres pprirherad hlaﬁggp ﬁm@@t i motjbmgly,@msat Btstwhe ofitht reer

center line i [ ner

portion and ?Eegﬂgg%gge%%g’eﬁg%f o 11@%11315 P]krotg %\%ﬁ%&@—pﬁ%rt § ol foghettt@de
second bl adetip@asmltgthmugh dsizﬂfeeemanctlyﬁtttﬁm eaeberohb éfst bladep@€bh oy gl e
at the (gectl on t| on. r di to such a confjguration of the,
Fan, e’ | eXopBlage Bitipte DHPeroisu B IS Prpss a e biss e
i nner perl phefedrolihadeo tridguangfices] theéBy bﬁder@ﬁ%%ﬁ@résﬂﬁné bl pridsade

portion and the second bl ade portlon by changing the el ectlon angl e
at the flect V81985t on. Preferably, plural kinds of the bl ade

portions differ enpreffér% efﬁ&ﬁrs@ﬁl@ﬁep(?rﬂoﬁﬁnd Hi@sde 9&1@?@#0@&&1 %Q%&Jal i

peri pheral bl ade Ii 1'e and nner perlp era I'p an
are arrangedheightnd't lele ortiorawith rqf@glmeam ttmrctiend ImAccAccahrahggtaJsushlah a

confi tio of th adetl rou
can be i 1 eotetin o? e e nimea® s Bt Reher Bpfeee i omicge
Accor di ngly, tmmdtfkranamsﬁmghyofmé atadé)porﬁf)nsidieni)te}ji\ocﬁﬂéﬂ berhstagoreftheant | y
reduced. 5An. |nS| nside a plurality of bl ade
portions arrat%)e%l elt%fjigh chﬂsa(?ﬁ?tfgmglﬁ‘éqséﬁn P%tlft”fzﬁfﬂ Afserdinglin thesaigow
space is for begeonihgiblile hbeloaOEanatBIBRY M‘teretblj)%ré(\f@ﬁhdgsdbﬁorﬁ{é@§oimﬁl OWn

fan that takes in fluid to the inside space fifomthe outside space on
one side wit HlCFeééf‘plélcPEchléﬂQlH@Slﬁféﬁ@tqféhllchbﬁ‘ﬂgeenetbe Yladseitignseam be prevented
di rectigm of yeh® vl ki@ ihepibvief f d outputs the taken-in
fluid to the outgllde sngce on II’%C&%JE roj?l{s?ll ‘with 10respect to the
rotation axis. AcB@fQﬁtlbig th‘t)blsalﬁ:ﬂmraomhmﬁleglum'apammnsat whick tHeadentet hee is

bl owi ng

flexed at different points between the inner edge portion and the outer edge portion.
The first blade portion and the second blade portion are different from each other in
flection angle at the flection portion. According to such a configuration of the fan, at
25 least one of the outer peripheral blade tip angle and the inner peripheral blade tip angle
is varied between the first blade portion and the second blade portion by changing the
flection angle at the flection portion.

Preferably, plural kinds of the blade portions different from each other in at

least one of the outer peripheral blade tip angle and the inner peripheral blade tip angle
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capacity of the cross-flow fan can be inproved whil e noise can be
prevent ed. Preferably, a plurality of blade portions are
arranged at irregular intervals. According to such a configuration of
the fan, the cycle of the blade tip passing through can be shifted
anong a plurality of blade portions nore effectively. Accordingly,
15n0i se caused by rotation of the fan can be significantly reduced.
An inside space is fornmed inside a plurality of blade portions
arranged in the circunferential direction, and an outside space is
formed outside thereof. Preferably, the fan descri bed above is a
centrifugal fagdnd i e i\nsi de ace to the .

out si de space. Acég%%dd@;gg%ggycﬂ{ lgre%lg%r%%r af\lc%)ﬁ%gg afsr]i‘gﬁflﬁ?ﬂﬁgtuﬁ’émn of
bl owi ng capadhe fin.dbeeydhel thebleds Gupabing dnoggurcab e stipsdaashgrpibRlIRIFS €
can be preve . The.fan . descri bed above is formed of resin. A
nol ding di e g?:a?g Frsge fngreae%%fc ﬁ‘ée#y'a ‘:@8{(1%@‘13’4“%6 B‘?‘E%CLW rofatiga of therfan ean
used t o nol dbthkignifeantiyldedudzdl di ng di e configured in this manner can

produce A resin fg,rr]l" A.fluid feeder according to another aspect of
the present i nventPdRSidswRtds ormed susids aghaelity 9 blage pertiond arrenpérbinfilen

descri bed abeiteuna@ftnaaldfiledtidid m@éﬁu&sﬁ%&%ﬁg r(ﬂmteg' ?utéﬁg tﬁcj:?eorf.ot %Itegera%ly,

plurality of bl ade portions. The | contfrgured in
manner can r S¥feRisgoess-iosnin that iakes inffluidie the invida spave from thbbhiside space

keepi ng the ' ' j A fan accordj ta.a further
aspect of t hg#gfé\%&g%ﬂﬁﬁ?ﬁ%kﬁ{ f%ﬂrl\jg ??;[(a:tlmﬁl des: & ‘BF‘ﬁ?da#‘%F ﬁ%HB‘F“OBI of ff rotation
portions arr axigefiths e end apputs thertakenerahidas feroutstiedpsde'daURd Sh&Hdealith

di rectison. Eagh e portion has a_plade surface including a
pressu rngn sur ?eg’éeép k’latg% ’6@@5’“&%‘361 ?‘8?%&11“8 HAfuch acapkiguEiogiod éied'gn,tthmblﬁ‘ahlg

and a suct i otapaciryf Gfake SloSPHGS thriian de RASKV&I WRiIH0ide8n BE ﬁr%%éﬁt@d.
surface. When cut a%ogﬁy%égpl ane arthogonal to a rotation axis of the

fan, the 5bl ade pOFCEF urglityjod hlade porgensyue anrangediet ivkguwir inteselst er
line bet weenAtheding &S$ildh 8 cShEhag { o niAGe, Lntersect
an inner peri pherlaF-si de lgl adée tﬁ’;r)ljwar?dfglgrﬁt?éjo%fé:%@é%&é&%gptRaﬁ)ﬂngﬁ“ougﬁ
whi ch the ceffndie shifise amengp phralily afiblade mrtipeniqbeffakivelyde Abtadaglyi p-
As theilkan i$,; J uj oW | roduc on the bl ade surface
to rov%/5bet mgoé%&({aﬁge&?uﬁﬁgatlélggﬂh%gr y ﬁeglﬁ?i%f’?fgg'dﬁf{]‘@ ‘edge portion.

10An angl e bet weehn sglerspacghid fokedingids & iphgaltth 6OMedE ForticHsakd lin the
center of the far%e aqd t,he outer edgeﬁporti on and a tangent of the
e P eHSHe

center line " {j’tlg}recélaae&lnﬁ jsgace is formed outside thereof. Preferably,

the fan described above is a centrifugal fan that outputs fluid from the inside space to
the outside space. According to such a configuration of the fan, the blowing capacity
20 of the centrifugal fan can be improved while noise can be prevented.

The fan described above is formed of resin. A molding die according to
another aspect of the present invention is used to mold the fan. The molding die
configured in this manner can produce a resin fan,

A fluid feeder according to another aspect of the present invention includes a

25 blower configured with the fan described above and a driving motor coupled to the fan
to rotate a plurality of blade portions. The fluid feeder configured in this manner can
reduce power consumption of the driving motor while keeping the blowing capacity

high.,

A fan according to a further aspect of the present invention includes a plurality
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defined as an outer peripheral blade tip angle. An angle between a
straight line passing through the rotational center of the fan and
the inner edge portion and a tangent of the center line at the inner
edge portion is defined as an inner peripheral blade tip 15angle. In
this case, a plurality of blade portions are provided such that the
outer peripheral blade tip angle and the inner peripheral blade tip
angl e are each equal anong a plurality of blade portions. A plurality
of blade portions include a first blade portion and a second bl ade
portion in which when they are rotated around the rotation axi s of

the fan and %ngah gré c?gg&p%rtl ap Eﬁ’rﬁ% chgtﬂ E)@ﬁnfe?éﬁ%ﬁ fld€on.

portion and t spose € cOol ncCl ent
with each ot lFech bladﬂjpdrhm hﬁshéﬂackafsuﬁm mcrimchng ed@esupa)mlrfaomdmpmed tiea

outer edge portion spgsed.ta be dIS | ace rome ch

Accor di ng tortﬁgﬁmemgﬁﬂ??53?3&#8%m&WdFﬁBtFEﬁug? é10 qﬁﬁE5§8Pflﬁn
and the seconesilraggfqeer t Waen aiteldag v drthBgshdlch a&otﬁﬁé‘rﬂ@ﬁs bihaé fanhee
a pluraljty g&@blade ortions are rotated around the rotation axis of

the fan %and SVASF PAHiSB dati i8R cHEnpREtionHaYRicnhcentas ding hefaeensig pressure
portions or tsﬁ!@ac@%@fhe%qgﬁ)l'lgﬁff‘édeq{?t%rs@&tgaﬁ”r@?@%ﬁﬁh&r& -f% whanha ﬁﬁ"cgarf rom

each other. Accordi ngl Y the cycle of tip passing throu
at the inner oper kqgeporionsit Wéawbrthft ¢eatep lineintquecisph entt psrmlterabmde hb.de t1p

bl ade PO L1 O SANGRG AGH EHiN! LSRRI SEACE IS LESt PHAIGLRALI he"

and the second ressLe
passage of thrmmé@d@ottiqamaﬂedmmuggﬁpdrﬂm i rregul ar cycl es, thereby

reventj noi se resultin fron1 sure yvarj ati.ons Because of
the. confl gur at | on APAIGKIPERIERE STHRENGORTSEIPRIELR Hitesionplpeater pkine fap
the outer peahPieivaler @d@qﬁnidnmnarag&%e@cfof@i@ec&nﬁ} ﬁﬁ’@at@l@hrédt&rbd%é gorﬁa&ﬁ

equal anong the bl ade portions, the direction in which f |l ows in
on the bl ade dgliedae an siar papheal blads rogneiay Vi asletbctwasnpisbwighidine on

t he bl ade su I
uniforn1annnggﬁﬁgtﬁ§g$F$@r&Fﬁﬁﬁpﬁgﬁggg?@gﬁgﬁﬁ%@%%¥§?%5§@?ngft ouglﬁgent
t he i nner edgéthe@enterdinectt thehenco adgerpoetioeis defined@m an sneli mﬂph&eﬂalb@me n
the fir bl n and the. s nd bl ade porti,

direct 1Sh of A qorhS o Res bl PRl s RS B ROl GRCBEEHRP,
reduced, thempetiyhesd aladé tig bigle bftethé hruiedpefrlphWal HIeACodrgl gt Yachteffal among
bl ow ng capaci ef erab

f f b
bl ade portloﬁlﬁé@%Ynggﬁ%ﬁP %%?léﬁgbgB“%H%%ﬂePﬂ@mﬂ%ﬁ¥E@ePfﬁe%kgePOﬂmn

flexed at di bh®s ebndBladd Sorlst e R Hled !h@ﬁﬁre%’tgﬁd BRYuhd BR r@ﬂﬂqoﬁ D8s of
outer edge portlon The first blade portion and the second bl ade

portion are #icffpepdeveriapnedoacne blade portianfane of the inngnedas p@rthnmd the outer
flecti gy por teﬂé)erborﬁﬁﬁgﬁgb%dtt@béwfﬁh@en?%ﬁl %roqltlérpe{}ld%e 3’[9& of% 1n}14}e

edge portion and the outer edge portion is disposed to be displaced from each other.
According to such a configuration of the fan, the first blade portion and the
second blade portion are provided in such a manner that when a plurality of blade
portions are rotated around the rotation axis of the fan and overlapped on one blade
25 portion, the inner edge portions or the outer edge portions are disposed to be displaced
from each other. Accordingly, the cycle of the blade tip passing through at the inner
peripheral side or the outer peripheral side of the blade portion can be actively shifted
between the first blade portion and the second blade portion. Thus, pressure

variations caused by passage of the blade tips are brought into frregular cycles, thereby
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15i nner edge portion or the outer edge position is displaced between
the first blade portion and the second bl ade portion by changing the
flection angle at the flection portion. Preferably, plural

ki nds of the blade portions are arranged to be placed in an irregul ar
order, in which when plural kinds of the blade portions are rotated
around the 20rotation axis of the fan and overl apped on one bl ade
portion, one of the inner edge portion and the outer edge portion is
di sposed to be coincident with each other, and the other of the inner
edge portion and the outer edge portion is disposed to be displaced
from each ot i h_a configuration of the fan, the
cycl e of theQﬁﬁgggﬁﬁﬁgg5§%gﬁggﬁﬁﬁPgﬁEﬁa%%ﬂg%g'shifted anong a
plurality of bl adBegust ofths confiperadbh RCkhiviethe.ind el Ry tip RIS
caused by ro&at%?n of. tQﬁ L@n.can be_significantly reduced. An
i nsi de space M-S PRdRNers blage R apgle pheach plade pestign aresash savaksamangabryed
in the circubfag pertibad, tdl diR6HIAN wHaAR fIOWE § Semhs BREEsUrBicd QM‘EE?
outside thereof Preferably, the fan described above I's a cross-Tl ow
fan that® t ak@gestiqnn whtﬁrhtﬂéudt vy i pa éhedpardssuifrasrbetvien thetedjadent bfzdee on
one side wt - t : ' ' viewed froma ..
direction of B?ﬁlgﬁfégﬁ af ?xﬁaﬁ%@%ﬁé&%@-ﬁ%l—%} ’?g}ﬁ,ﬁtyaon }agﬁpé\ﬁf)g&t KeECOLNEN: | n
fluid to thealthough the isyraedgegrrtidneorshd@rnersiddepmtivmisrdappeed bét@edd e first

rotation axi g cording,to su configuration of the_fan, the
bl owi ng capagllafié;\g %rﬁorf ﬁ%cptg? Bescgl-l‘ﬂ;hé‘% E%O%gﬁﬁwei%mf}@a ofifpidl dlopchetween
can be preveticedjacéPbhiie petibys cad bpkatided, Tthéréb? sRbAERIARY 1@ RwAr €

arrang at irrequl ar ig}er,val S. . According to such a configuration
of the*an, f*ﬁ?é’r%g)%lp’etha vfiae eApacily qfithe i9asan bijimmevsdgh can be shifted

among a pl ural | typreferdhAdR: MR IADNRRAIBEIdY S Mhiglf@%r%%%ﬂ%g%s A

noi se caused_by rotation of the fan can gnitican eéduced.
i nsi de spaceflpsdpbdifferent peintddetwepn thearier ydgefpolticadied ferdute régeaparanged

in the 10 ci i al: di i nd an.outsi.de space i forned
out si de t herg%)éi"lfcﬁflg{retga1 g%ﬁ“’y‘?&{dﬁfé& %egﬁndd@%%rﬁ%%odl %%8@%@5@%@%} ‘?tﬁ?rd@al
fan that outfestionfihgle dt the Gectioheoitivsi dacspding td sich ARoiHSHIA oF BRFEY, the
Accordihpg to, such a canfiguration of the fan, the blow ng capacity of
t he cel%? ri fulé@ﬁ%Ir 8?5?’1}3 o1 Bgt%f’ ARiEneAes p\ﬂﬁf‘?’é”%@ip@ée‘g%wﬁ%‘ the Exsbhlede) .
The fan descpdrtiedaraiaby secbsd bladdRratied by @uhping theTRLGONG: g:iz&’tl%cffegfigr}]ng
to a 15further ,aspect of the present inventron is useg to no the
fan. The m)IEHrH%“'di e configured in this nmanner can produce a resin

fan. Preferably, plural kinds of the blade portions are arranged to be placed in an

irregular order, in which when plura] kinds of the blade portions are rotated around the
20 rotation axis of the fan and overlapped on one blade portion, one of the inner edge
portion and the outer edge portion is disposed to be coincident with each other, and the
other of the inner edge portion and the outer edge portion is disposed to be displaced
from each other. According to such a configuration of the fan, the cycle of the blade
tip passing through can be shifted among a plurality of blade portions more effectively.
25 Accordingly, noise caused by rotation of the fan can be significantly reduced.
An inside space is formed inside a plurality of blade portions arranged in the
circumferential direction, and an outside space is formed outside thereof, Preferably,
the fan described above is a cross-flow fan that takes in fluid to the inside space from

the outside space on one side with respect to the rotation axis, as viewed from a
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A fluid feeder according to a further aspect of the present invention
I ncludes a bl ower configured with the fan descri bed above and a
driving notor coupled to the fan to rotate a plurality of bl ade
portions. The fluid feeder configured in this manner can 20reduce
power consunption of the driving notor while keeping the bl ow ng
capacity hi gh. ADVANTAGEQUS EFFECTS OF | NVENTI ON _

descri bed above, the present invention provides a fan with excellent
bl owi ng capacity while preventing noise, a nmolding die for use in
production of the fan, and a 25fluid feeder provided with the fan.

chow ng & cent TN Ign R akss af g o dids BeRECRPTEN (iahbiee

present i nvenspacern the gher2idesvith respesisto sietrotationbxivi esccfdifihe I:s_uch a 3
centrifugal fan.taken al.o line Il1-11,in_Fig 1. i g. IS a
di agr am scherf8t '%15#109 ozﬂﬁ&ﬁ?lgheablﬁ?@ﬁmﬁﬁ of tha crase-dlapdameancbermggnyed
surface of a vihilg nbisaee begpréngtcgent ri fugal fan in Fig. 1. F! g. 4is a
cross-sectional view of the fan blade for use in the centrifugal fan
in 5Fig.°1. Prefegably, 3 Ruglity i pladeperisanere aoangey af inegwlar mtdrvags. an

o angement afebaneh s, oiskIRAATIAL LASRLpL A0 B o o o
arrangenent ¢#n beashifidzdemgsipdumlity of Blade partiodOhog efféctivelya  Accordingly,
Cross-secti O?lgise }:/ailugggl I%I rofation log {hg%ndci:a% bfe%{gm 1cgnt.iynre ﬁc%g.“Ct on of the
An inside space is formed inside a plurality of blade portions arranged in the
10 circumferential direction, and an outside space is formed outside thereof, Preferably,
the fan described above is a centrifugal fan that outputs fluid from the inside space to
the outside space. ~ According to such a configuration of the fan, the blowing capacity
of the centrifugal fan can be improved while noise can be prevented.

The fan described above is formed of resin. A molding die according to a

15 further aspect of the present invention is used to mold the fan. The molding die
configured in this manner can produce a resin fan.

A fluid feeder according to a further aspect of the present invention includes a
blower configured with the fan described above and a driving motor coupled to the fan
to rotate a plurality of blade portions. The fluid feeder configured in this manner can

20 reduce power consumption of the driving motor while keeping the blowing capacity
high,
ADVANTAGEOUS EFFECTS OF INVENTION

As described above, the present invention provides a fan with excellent blowing

capacity while preventing noise, a molding die for use in production of the fan, and a
25 fluid feeder provided with the fan.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a perspective view showing a centrifugal fan according to a first

embodiment of the present invention.

Fig. 2 is a cross-sectional view of the centrifugal fan taken along a line II-1] in

-14 -



centrifugal fan in Fig. 1. Fig. 8 is a cross-sectional view of a

bl ower using the centrifugal fan in Fig. I. Fig. 9is a
cross-sectional view of the blower taken along a line I X-1X in Fig.
8. Fig. 10 is a cross-sectional view of an air purifier using the
centrifugal fan in 15Fig. I. Fig. 11 is a cross-sectional view
showing a first nodification of plural kinds of fan blades in Fig. 4.
Fig. 12 is a cross-sectional view showi ng a second nodification of
plural kinds of fan blades in Fig. 4. 20Fig. 13 is a side view of a
cross-flow fan according to a third enbodi ment of the present
invention. g Fig. 14 is a cross-sectional perspective view of the
Cross- flom/faﬁgtaken along aline XIV-XIVin Fig. 13.

Fig. 15 is a cros§rgsé¢stadm@a’am\/sbl@amamfcal@r‘Ghaw{nngmﬂh&m@mrthalﬂ%bdﬁgs dheblade
cross-flow fan 2532 in Fi 16 is an enl arged

Fi.g.
cross- sect i oR&IEASGP° W%edﬁ%}eﬁénﬁw fﬁ“t“i/F’ch lan outlet port of the
air conditioner i RighFhgkadbss-sectional VbW of hé fhrSb1ddEfHP R 1ﬁ%tc'e%ﬂ*gayﬁﬁ%

of an air flow produced in the proximty of the outlet port o
air condl ti ok lin Fig. 15. Fig. 18 is a cross-sectional view

illustrating a phe Og‘?g’ao&]a% f scl%?r?alt’i ﬁg?ﬂuét@gné’ rrang%inf %Cﬁga%fbééngs in tﬁe

bl ade in an upstre mregio hown
cross-sect i onaitrifngahvian id EigtT.at i ng a phenonenon that occurs on the

b ade surTace o bes by RAS 8 IR AT SN0 L0 e
enbodi ment obf fan blades shown in Fig. 5.
10 Fig. 7 is a cross-sectional view of a molding die for use in production of the
centrifugal fan in Fig. 1.
Fig. 8 is a cross-sectional view of a blower using the centrifugal fan in Fig. 1.
Fig. 9 is a cross-sectional view of the blower taken along a line IX-IX in Fig. 8.
Fig. 10 is a cross-sectional view of an air purifier using the centrifugal fan in

15 Fig. 1.

Fig. 11 is a cross-sectional view showing a first modification of plural kinds of
fan blades in Fig. 4.

Fig. 12 is a cross-sectional view showing a second modification of plural kinds
of fan blades in Fig. 4.

20 Fig. 13 is a side view of a cross-flow fan according to a third embodiment of the

present invention.

Fig. 14 is a cross-sectional perspective view of the cross-flow fan taken along a
line XIV-XIV in Fig. 13.

Fig. 15 is a cross-sectional view of an air conditioner using the cross-flow fan
25 shown in Fig. 13.

Fig. 16 is an enlarged cross-sectional view showing the proximity of an outlet

port of the air conditioner in Fig. 15.

Fig. 17 is a cross-sectional view of an air flow produced in the proximity of the

outlet port of the air conditioner in Fig. 15.
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the present invention. Fig. 21 is a cross-sectional perspective
view of the cross-flow fan taken along a line XX -XXI in Fig. 20.

Fig. 22 is a diagramshow ng a "discrepancy angle." }OFlg. 23"!5 a

di agram showi ng an "outer peripheral blade tip angle" and an "inner
peri pheral blade tip angle " Fig. 24 is a cross-sectional view
showi ng a shape and arrangenent of fan blades in the cross-flow fan
in Fig. 20. Fig. 25 is an enlarged cross-sectional view
showi ng a bl ade cross section of the 15fan bl ade. _ Fig. 26 is a
di agram showi ng that plural kinds of fan blades in Fig. 24 are

over| apped with edip 18tihecross-sectiondFiigw iBistiatin@a haBhRAVSHRE R 63 ke
| ades in the cross-flow fan in Fig.

i f ( , OV
20, 208 g, 2 TR B R B Bt Svaraen ealomaheve et foner Usi ng

the cross-flow farFighowna Eﬂ@asﬁé&tior?a@view illustraﬁh@a R]?e%o. nﬁf‘thgt'uc@ﬁr?gg I%he
cross-sectional view show ng the proxinmty of” an outlet port of the
air conditi Oﬂﬁqdeierqueg)_f thegfan blade in a downstregm tpei®@Chpwn & Bigols- sect i onal

I T e N L Tty
vi ew of a nolth¢ prgseatt mvémionuse in production of the centrifugal fan in
Fig. 20. Fig. 21 is a cross-sectional perspective view of the cross-flow fan taken along a
line XXI-XXI in Fig. 20.

Fig. 22 is a diagram showing a "discrepancy angle.”
10 Fig. 23 is a diagram showing an "outer peripheral blade tip angle" and an "inner

peripheral blade tip angle.”

Fig. 24 is a cross-sectional view showing a shape and arrangement of fan blades

in the cross-flow fan in Fig. 20.

Fig. 25 is an enlarged cross-sectional view showing a blade cross section of the
15 fan blade.

Fig. 26 is a diagram showing that plural kinds of fan blades in Fig. 24 are
overlapped with each other.

Fig. 27 is a diagram schematically showing an arrangement of fan blades in the

cross-flow fan in Fig. 20.

20 Fig. 28 is a cross-sectional view of an air conditioner using the cross-flow fan

shown in Fig. 20.

Fig. 29 is an enlarged cross-sectional view showing the proximity of an outlet

port of the air conditioner in Fig. 28.

Fig. 30 is a cross-sectional view of an air flow produced in the proximity of the

25 outlet port of the air conditioner in Fig. 28.

Fig. 31 is a cross-sectional view of a molding die for use in production of the

centrifugal fan in Fig. 20.

Fig. 32 is a diagram for explaining the operation and effects achieved by the
cross-flow fan in Fig, 20.
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Fig. 32 is a diagramfor explaining the operation and effects

achieved by the cross-flow fan in Fig. 20. Fig. 33 is another
di agram for explaining the operation and effects achieved by the
cross-flow fan in Fig. 20. Fig. 34 is a cross-sectional view

showing a first nodification of plural kinds of fan blades in Fig.
24. 5Fig. 35 is a diagramshow ng that plural kinds of fan blades in
Fig. 34 are overl apped with each other. Fig. 36 is a
cross-sectional view show ng a second nodification of plural kinds of
fan blades in Fig. 24. Fig. 37 is a perspective view of

a centrifugal f an F@g:ggrsdéri@ﬂle} Biagraf £} &plﬁﬁﬂg%ldﬁ@ﬁhoﬁ)@ nd dHRcRLEFEM b

i nventi on. 38 is a_cross-sectional view of 1 ower s ng the
centri fugal fﬂé%chW vy fandn Figr28. 39 is a cross-secti onal view of the

bl over taken al ongja shine KEXlX004 %c\kr@hf\ing%g}]? t riodihica tmr% %%A‘[“a]f]ﬂﬂdsi(ﬁ

cross-sectional view of an air purifier usi cent
15Fi g. 37. fanbladesdgn Fig124.s a side vi ew of a cross-flow fan according

to a seventh enbo of. the ese i ig. 42 is a
cross- se%tl onal 9‘1 ngglizstaéla Rk ai’%ﬁ“g?ff% @Fagggidﬁ ngﬁnibéﬂ‘ie%léll%& 341P¥ng a
l'ine XLII -XLIok/eﬂapp&i @ith 44dch 021614;1 g. 43 is a diagramshow ng an "outer

peri pheral bl ade }:Ii gn gl e" and, an "inner peripheral blade ti .
angle." Fi gr 8440 {52 cé"%?rsﬁ‘é@ﬂéle‘é?‘f’éb%ln&ﬁéwoéﬁﬁwﬁﬁ@a@nﬂf&?géalms
arrangenent of fahamdel ad|g 440 the cross-flow fan in Fig. 41.

Fig. 37 is a perspective view of a centrifugal fan according to a sixth
10 embodiment of the present invention.
Fig. 38 is a cross-sectional view of a blower using the centrifugal fan in Fig. 37.

Fig. 39 is a cross-sectional view of the blower taken along a line XXXIX-
XXXIX in Fig. 38.

Fig. 40 is a cross-sectional view of an air purifier using the centrifugal fan in
15 Fig. 37.

Fig. 41 is a side view of a cross-flow fan according to a seventh embodiment of

the present invention.

Fig. 42 is a cross-sectional perspective view of the cross-flow fan taken along a
line XLII-XLIT in Fig. 41.

20 Fig. 43 is a diagram showing an "outer peripheral blade tip angle" and an "inner

peripheral blade tip angle."

Fig. 44 is a cross-sectional view showing a shape and arrangement of fan blades

in the cross-flow fan in Fig. 41.

Fig. 45 is an enlarged cross-sectional view showing a blade cross section of the
25 fan blade.

Fig. 46 is a diagram showing that plural kinds of fan blades in Fig. 44 are

overlapped with each other.

Fig. 47 is a diagram schematically shbwing an arrangement of fan blades in the
cross-flow fan in Fig, 41.
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Fig. 45 is an enlarged cross-sectional view showi ng a blade cross
section of the 25fan bl ade. Fig. 46 is a diagram show ng that
plural kinds of fan blades in Fig. 44 are overl apped with each ot her.
Fig. 47 is a diagram schematically showi ng an arrangenent of fan

bl ades in the cross-flow fan in Fig. 41. ~ Fig. 48 is a
cross-sectional view of an air conditioner using the cross-flow fan
shown in Fig. 41. Fig. 49 is an enlarged cross-sectional view

showi ng the proximty of an outlet port of the air conditioner in
Fig. 48. 5Fig. 50 is a cross-sectional view of an air flow produced

inthe proxinmty ofg ube DubiselciRPntvioh o?ﬁ‘?ai?‘i:&r%dﬁfab’ﬁrgrl‘;) S%fé{}gé %ﬂiogéﬁé an

f:
48. Fig. 51 1s a cross-sectional view o for use
in producti of®M HEgAless-flow fan in Fig. 41. Fig. 52

is a diagramfor bJU Al and effects achieved by the
10cr oss- 19 | ow fan ???gﬂn}%}a&& A C&)(%gﬁ?c%lf)g%gl(i“?hé’w&?% & PROAEY, p?‘%n_%‘ﬂ@i/v
showi ng a fi pett ofrthdiafricoaditioner ad Figl 4&.al ki nds of fan blades in Fig.

44. Fig. 54 issém enl arged cross-sectignal view show ng a bl ade

cross settion of f Y St BPSSFECHonalpigy oban ain Bew grodyeed; ig the papghityef the

showi ng t hat opfldshak okiRas: cehditiaferid Bdegg.in Fig. 53 are overl apped
with each other. Fig. 56 is a cross-sectional view show ng a

second nodi fi cat i bi§ oF i ostseqtionalsiary of amolslinatbs farmsingrodittion of the
Fig. 57 is acpe ApetLd hariyisgw of a centrifugal fan according to a
ni nth 20enbodi nent of the present invention.

Fig. 52 is a diagram for explaining the operation and effects achieved by the

10 cross-flow fan in Fig. 41.
Fig. 53 is a cross-sectional view showing a first modification of plural kinds of
fan blades in Fig. 44.
Fig. 54 is an eniarged cross-sectional view showing a blade cross section of the
fan blade in Fig. 53.
15 Fig. 55 is a diagram showing that plural kinds of fan blades in Fig, 53 are
‘ overlapped with each other.
Fig. 56 is a cross-sectional view showing a second modification of plural kinds
of fan blades in Fig, 44.
Fig. 57 is a perspective view of a centrifugal fan according to a ninth
20 embodiment of the present invention,
Fig. 58 is a cross-sectional view of a blower using the centrifugal fan in Fig, 57.
Fig. 59 is a cross-sectional view of the blower taken along a line LIX-LIX in
Fig. 58.
Fig. 60 is a cross-sectional view of an air purifier using the centrifugal fan in
25  TFig 57.
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.
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Fig. 58 is a cross-sectional view of a blower using the centrifugal
fan in Fig. 57. Fig, 59 is a cross-sectional view of the bl ower taken

along a line LIX-LIXin Fig. 58 . Fig. 60 is a .
cross-sectional view of an air purifier using the centrifugal fan in
25Fi g. 57. DESCRI PTI ON OF EMBCODI MENTS Enbodi nents of the

present invention will be described with reference to the figures. In
the follow ng, the sane or corresponding menbers in the figures are
denoted with the sane reference nunerals. [First Enbodinent]

In the present embodinment, first of all, a structure of a centrifugal
fan to which a fa[q:lagt:gg{bg&mngo the present invention is applied wll
be described. Next, a structur]e of a nolding die for use in
production of theIrb@ﬁPrquI@mbOdIawnt &red o841l nctructers ofhy cmthﬁ.ﬂgﬁ\ﬁﬁn BonkiciaR

fugal ..fan w
Cbeser pt i on Hinlcithaliiio BRMLbUAAROER abblied 9 HRETREE Newt. g sructure
perspective f emohﬁn@dieéasmrse im]gadiucha;mOftme aerftlhfug&l f&m&iktﬁ&%e@éf Wiwer
present 4 nve crois_qg secti onal vi ew of

centri f Ugal F%narf%{kgﬁ%éﬁrliﬂag theiceptg fyepl fap wilh be-degeribed. 10Ref er ring to

Fi 1 and Fi 2(DacERIYnIdrSHaalirel @t eA@inidd) £ present enbodi nent has
a gl urality 019 fagn b?alges 21. Cerr?trlfugalgaf a%ﬁlo has an approxi mately

cylindrical appeaF‘&nEéS BRerpedifis| view of qmeurra‘iagatl fangfi gfffm ebibadie®n2df the e
d C e approx
G sPoser on BySIGHRL el LSRRl U6y PRI ke iy pns

resin. Cent rlifeldd] infEig 110 rotates in the di rectlon shown by arrow 103

1 h
Gont 11 Pdoal tan 100 B ) 8N Biec? el Bt o pimesgntembosimses

21 to out uthealarplmrak@rmflfam Bladest heCémafuahll fin | PRATanSbA@xintudP Bylir rical
radi ally guter si de. r] 5|fu gal fan 10is a fan using a ceﬂ% ]fd
rW

force to out PHFAERE &2 om?t laraligt oftfee bladesd rwﬁedlsmsctborod mtdmmi‘éramﬁl )

the radial diurfaed 6fQRe bpy68Rktely SMhblidat Gitbe | a@enjng)fuka £ 70 98 egraﬁ An-
Centri fugal %‘ an 10

ormed from resin. Centrifugal fan 10 rotates in the direction shown by arrow 103
15 around an imaginary center axis 101 shown in Fig. 1.
Centrifugal fan 10 is a fan using a plurality of rotating fan blades 21 to output
air taken in from the radially inner side to the radially outer side. ~Centrifugal fan 10 is
a fan using a centrifugal force to output the air from the rotational center side of the fan
to the radial direction thereof. ~Centrifugal fan 10 is a sirocco fan, Centrifugal fan 10
20 is used with rotatjon speeds in a low Reynolds number region applied to fans for home
electric equipment, etc.
Centrifugal fan 10 further has peripheral frames 13 serving as supports,
Peripheral frames 13 are formed to annually extend around center axis 101.
Peripheral frames 13 are disposed spaced apart from each other in the axial direction of
25 center axis 101. A boss portion 16 for coupling centrifugal fan 10 to a driving motor
is integrally formed with one of peripheral frames 13 with a disk portion 14 interposed
therebetween.
A plurality of fan biades 21 are arranged spaced apart from each other in the

circumferential direction around center axis 101. A plurality of fan biades 21 are
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20i s used with rotation speeds in a | ow Reynol ds nunber region
applied to fans for home electric equipment, etc. Centri fugal
fan 10 further has peripheral franmes 13 serving as supports. .
Peripheral frames 13 are formed to annually extend around center axis
101. Peripheral frames 13 are di sposed spaced apart from each other
in the axial direction of 25center axis 101. A boss portion 16 for
coupling centrifugal fan 10 to a driving motor is integrally forned
wi th one of peripheral franes 13 with a disk portion 14 interposed

t her ebet ween. A plurality of fan bl ades 21 are arranged spaced
apart from eaojpoetiby péﬁphbfh@fr@:hé&l«!fﬁt%%ﬁé’sﬁtb aﬁdscthérs&ﬂlh aR aﬁra@bﬂil&n%ﬁ pEer
axis 101. A plurali of fan bl ades 21 are - upported by

peri pheral f F%fﬁ%rsaxisis%ét Sppblada % ispepyided de and q>moxteh:@nab<qrdlframerléc@don
of center axifsimb@io eiatl zmn%dtﬁe Ldiall BreB ddf@?ﬂert E&lif(ﬁqgw%p ﬂgﬁnoqher

peripheral frame 13 and fornmed to exten e axi rection of
center axis Reripheephdirmetlfe other perlpheral frane 13. 5Fan bl ade 21

d t ortion, 27. r edge
bort ron Do 1 s ar SEAPERAOH 7 o8 Hae Rl i lon 2R AR B b Ol Pornddl Bl
of fan bl adeedgt.poBirels iedggospd bt armmd%?ﬁrtido& oglltﬁ@lﬁzaﬁ@q)glﬁblée@ﬂ gi}‘i&%f Qﬁlﬁlﬁ‘g&

de ade an ade iS
O o, 1k RBECRE PLohe2iuhifarl et bRt ename s o
101 from i nnem WA 1POFL BIRIZH! f FWaled tOb ﬁEhﬁé&% tﬂ%%fcﬁrgfér&&m EFffdtion

10bl ade 21 is forned to be inclined in the rotational Irection o
centrifugal PFRAMAEMH GivsilAh&pmdegs epg rarden Zbtopewkoudercdgeportiolg2?. Fan

porti one27. plade 21 is formed to be inclined in the rotational direction of centrifugal fan 10 from
inner edge portion 26 toward outer edge portion 27.

Fan blade 21 has a blade surface 23 including a pressure surface 25 and a
suction surface 24, Pressure surface 25 is disposed on the rotational direction side of
centrifugal fan 10.  Suction surface 24 is disposed on the back side of pressure surface

15 . 25. During rotation of centrifugal fan 10, as an air flow is produced on blade surface
23, a pressure distribution is generated in such a manner that pressure is relatively large
at pressure surface 25 and is relatively small at suction surface 24. Fan blade 21 has a
shape generally curved between inner edge portion 26 and outer edge portion 27 so as
to be concave on the pressure surface 25 side and be convex on the suction surface 24
20 side.

Fig. 2 shows a blade cross section of fan blade 21 cut along a plane orthogonal
to center axis 101 serving as the rotation axis of centrifugal fan 10,

Fan blade 21 is formed to have a uniform blade cross section when cut
anywhere in the axial direction of center axis 101. Fan blade 21 is formed to have a

25 thin blade cross section between inner edge portion 26 and outer edge portion 27. Fan
blade 21 is formed to have a generally constant thickness (the length between pressure
surface 25 and suction surface 24) between inner edge portion 26 and outer edge
portion 27.

Fan blade 21 has such a blade cross section in that a concave portion 57 is
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Fan bl ade 21 has a bl ade surface 23 including a pressure surface 25
and a suction surface 24. Pressure surface 25 is disposed on the
rotational direction side of centrifugal fan 10. Suction surface 24

i s disposed on the back side of pressure surface 15 25. During
rotation of centrifugal fan 10, as an air flow is produced on bl ade
surface 23, a pressure distribution is generated in such a manner
that pressure is relatively large at pressure surface 25 and is
relatively small at suction surface 24. Fan bl ade 21 has a shape
general ly curved between inner edge portion 26 and outer edge portion

27 so as to Hemnedne pﬁeestﬁéls&ﬁee PS @ﬁﬂwe%uﬁhﬁefﬁ%d 42084298 p&ieh BE iCORN&EYat
on the suction surf ce 24 20s 2 shows a bl ade cross

section of f&RCHNSY 302124(51&]313&? éwéaca 23 aﬁ@llﬁﬁlﬂmgémﬁvqmﬁmﬁéﬁm'a s
101 serving asmidag: 4AtAL b%t’%’f&ﬁur@guﬁa%@bg 'alfn%"gﬁ 10\@.@&%&92 Fan bl ade 21

is formed to have a uniform bl ade cross section cut’ anywhere in
the axial directi étnthefpr@anteerboémwt 2@luralfipof binaghe p’biixdns 57 ¢eomedbetportions

have a th| I ction inhner rtion 26 and
outer edge por? ﬁﬁﬁf% fg Prgasé“%“fita% é%or 5\2’8"‘?@‘1@%%2 (yEF Bprtigns
const ant thi SRpees, 121~hﬁe|ﬁﬁﬂgt forhied WeeEss P 86:TateS. squﬁ@sz%o%n@zqs formed
suction surface 2 %edbet?\%etﬁn i nner_ edge portion 26 and outer edge
portion 27. FuACBPdHEWar the otainual diregtionyef certgibagakn P onConpavspartian 57

concave por t iP@rRdd byba vefllég gaﬁxoﬁtbemeeﬁ S4HRx PHHBACS &?;%o%d é&é Frz ) %%Jhac e

23 and a concave portion formed at sdction surface ade
surface 23. Athsrurker ieicaymmie, ceprryavertion 57p tsifernsg by&ma&csepcfmom’edwam at

| east ofge of C&{‘}g§?9{t§n% @on%tg?x MOE%CL Qﬂm?? vre A 1o§%§% %%ﬂcogv%x

present enbodi men |ty 0 oncave por ns
portions 557porti6ag)2 aﬁéorhwdmceble aterpteinshe direptiod mcxehlélﬁmn@cndgepomon 26 is

bressure sur FANE 5 R GME Rt taRionyTan Coavds Phlian S o S it sl

t he rotati ongllaped tresddeotiorpf centrifugal fan 10. Concave portion 57 is
formed by a vall eéﬂ[iortl on between, convex portions 52 disposed
t

adj acent to each \Rlity [od oRyeX RRTUENS SLFERVEX NI & D, ST dre firtherioomer)
a val | eys por hi QBdEuNBE 4L 0CRINEXp RS 5O fé%féd%"groﬁgﬁl%/ B%aROEE 1034

Concave portions 57 and convex

opposite to the rotational direction of cross-flow fan 100. Concave portion 56 is
formed by a valley portion between convex portions 51 disposed adjacent to each other.
For example, concave portion 56 is formed by a valley portion between convex portion
51p and convex portion 51q.  Concave portion 56 and convex portions 57 are formed

20 to be alternately aligned in the direction in which inner edge portion 26 is connected
with outer edge portion 27. Concave portion 56 has an approximately U-shaped
cross-sectional shape.

Concave portion 57 and convex portion 51 are formed at front and back

corresponding positions of pressure surface 25 and suction surface 24, respectively.

25 Convex portion 52 and concave portion 56 are formed at front and back corresponding
positions of pressure surface 25 and suction surface 24, respectively. In the present
embodiment, concave portion 57 formed at pressure surface 25 forms convex portion

51 at suction surface 24, and concave portion 56 formed at suction surface 24 forms

convex portion 52 at pressure surface 25. The concave portion and the convex portion
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portions 52 are fornmed to be alternate in the direction in which

i nner edge portion 26 is connected with outer edge portion 27.
Concave portion 57 has an approxi mately U shaped cross section. A
plurality of convex portions 51 (convex portions 51p, 51q) are
further fornmed 15at suction surface 24. Convex portion 51 is forned
to protrude toward the direction opposite to the rotational direction
of cross-flow fan 100. Concave portion 56 is fornmed by a valley
portion between convex portions 51 di sposed adjacent to each other.
For exanpl e, concave portion 56 is fornmed by a valley portion between

convex port i domSeHpt grdraometke pasktidoRBspohdinglRPNFiRYArdAFhérS 2E safikhn
convex portiog\ﬁ 574 re formed 20to be alternately aligned in the
direction in SAHFEHYINRR Sheag 80 536MOBE-i s connected with outer edge

portion 27. ConcavRnbfehbRidnd$S7, 58 AhapRRlQY JIBSR ¥ichlinf 2Rt -
cross-secti onal sha|loe. PO Conca{/e Sg@tqi on%@éand ecolngex E)hreﬁxbarll 51

are forned atdiestimolsemicnaxisd 0dor Theponds prytipobimedeisadf cpcessorion 57,

surface 25 angd; j : tively, Conpvex ion.5
and co nc%ve g grlf:fbgiﬁé(g% ca%y{elﬁlﬁjgraxégm%{ ﬁﬁz'gériﬂ 6n§ nd 4 8%%‘2‘6 Sott %nsdgogrrfﬁ‘? ﬁlﬁde 7
posi tions of ipthessiat dirstifi af@nRbadnd0 s ucteqnosdpbaoe f&ed of each concave
respectively. ILn the_present. epbodi nent, concave pqQrtjon 57 forned at
pressure surﬁjg%:neonfg’ ?eglrs 8,5@5%&1 JEEEBHD Te%ﬁf’fge&e?g? the gihengpd offan
and concave phidt 20 6 akial diRdtiéd ofSoeset H0s sor.f ace 24 forms convex
portion 52 at pressure surface 25. The concave portion and the convex
portion formed a n#‘ﬁéreﬁ?rﬁﬁmbaﬁ@eﬂh@ew%@r@é%eﬁmﬂﬁg? §7 trmepd etssur e

surface;®5 apghssHehirpRe 54 fsfg’i‘&‘%erggaénﬁsl\/ﬁmﬂbe? %?9&10@%&@0%%(%18 58, e(atag ?\.Ecﬁlgn

Concave portions 57, 56 are shap e a groove i'ng alon
axi al direct P@fcefl4center axis 101. The groove portion fornmed of each

nd and the. of hor a5 SeRsP R 1650 AR ee b TR o PEISHF A1

center axis p@surdhefage BDiscomuctedovith socti@osupface?d) bf Ge R erda9Edckion of
57, 56 is for i neay|l e bet ween one end. and the other end
of fan bl ade f%’lebq?cf?%tlhelﬁﬁf’lﬁ%{e %ﬁaégfepfeﬁ{l Wl%rﬁléf which generjline| 196 of ghe

pr esentls e nbobiadetioss debtosIREF]a@d 2 100 TS RMEat REFdréR B§in§7befv%eH%e§‘Et%%e

10pressure surface 25 is greater than the nunber of concave portions
56 formed at PeiRiEHAnd outeredge portion 27.  Concave portions 56, 57 are formed by flection

porttons 41,
In the present embodiment, fan blade 21 has flection portions 41 at three points
between inner edge portion 26 and outer edge portion 27. Fan blade 21 has flection
20 portions 41A arranged in the proximity of inner edge portion 26 and outer edge portion
27, respectively, and a flection portion 41B arranged at the blade midpoint between
inner edge portion 26 and outer edge portion 27.  Flection portion 41A forms concave
portion 57 at pressure surface 25 and convex portion 51 at suction surface 24.
Flection portion 41B forms convex portion 52 at pressure surface 25 and concave
25 portion 56 at suction surface 24.
In such a configuration, concave portions 57 are formed in the proximity of
inner edge portion 26 and outer edge portion 27, and concave portion 56 is formed at
the blade midpoint between inner edge portion 26 and outer edge portion 27. Fan

blade 21 has an approximately W-shaped blade cross-sectional shape.
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surface 24. Fig. 2 shows a center line 106 in the thickness
direction (the direction in which pressure surface 25 is connected
with suction surface 24) of the blade cross section of fan bl ade 21.
Fan bl ade 21 has flection portions 41 at which center line 106 of the
15bl ade cross section of fan blade 21 is flexed at different points
bet ween i nner edge portion 26 and outer edge portion 27. Concave
portions 56, 57 are fornmed by flection portions 41. In the
present enbodi nent, fan bl ade 21 has flection portions 41 at three
poi nts between inner edge portion 26 and outer edge portion 27. Fan

bl ade 21 has fl ecFi@o?fiabid ANSe ﬂéx%d@ﬁéhatﬂ&etge fj]éi'ytﬁ SR g&egon)(ongr?g 57

i nner edge portion 26 and outer edge portion respec
flection port§ %’ﬁatﬂfﬂ%ﬁhﬁéﬂé‘@ms&toﬁwlme@@ta’uldq)stimmftpdnﬁt V\/Ekalatlompi‘ceﬁons

edge portion426.206,004 8k G088 er?dfué &rcc%gn gﬁhg%l%%srégpgort L 0%4 A Lorms

concave portion 57 at pressuré sur ptedp pogn in

suction surf a\&@chzzlnerlédm:pammn Xﬁ)nstcomra:ct%dBnn‘tht& e€@poeion t IFRRtSLp&Hion
pressur e surf oncave ort n 56 at suction surface 4.

In such a con |1Sg%m5? 8 EHe &N 10 s Elpctigneroptinn i manbe feamed to be

proxi mty of bernm@foneldgﬁsn&ertl on 26 and outer edge portion 27, and
concave portion 56, |s formed at the bl ade m dpoi nt between i nner edge
portion 26 and outigr3 @&q@agsaﬁtSPhﬂmazvallMQWMgMemmm theam occurs on the

apor o1t el Wl m0ets B SRR BSRLI M AURDE i) o o RS b1

portions 41 are flexed such t
57 is great epenififigalitareld hlr@thﬁcéss Showxli by amatbdvadi@z‘z RTFigtl, ad ail gaatis one

t | ect h that the bendi
BT et 0 s b3 RATELAIR ket fnt PP S B, blYo LhE: 2R oo Afess
edge porti onthzcﬁlghsancbﬁadaemifaeﬂ 2&34 dnid flokt Gt fivdOGutRQk L 9&11&'7: ,|27 F{}?&E I RRexes
ectio

portion 541n% fornHe rﬁé’o bg nt so as to be rounded

portion 41 é(SB%O HY Hlod) o6 aip Boy s eqngrategrincencayst prations 56, 57 foringd at3 i s
a di agr am schiededurfagd 23/ s6 Havegr AoR e ade
surface in the centri f:MuSaI fan fn Fi gm%%@rrlnr%gﬁt%é@mpﬁnfﬁd %

3, when cent YP¥iRjane thguisigeot vortsxas Siproduced froemmcipre rarticas 56V57102 i n

Fig. lisan air f |1Q(‘!¥ol'c§ngly, although having a thin blade cross section, fan blade 21 exhibits a
behavior like a thick blade as if the blade cross section is increased in thickness by the
depth of concave portions 56, 57 at which vortexes 32 are formed. As a result, the lift
produced in the proximity of inner edge portion 26 having concave portions 56, 57 can
be significantly increased.

20 Furthermore, the flection structure of flection portions 41 can improve the
strength of fan blade 21, As a result, the reliability in the strength of the fan can be
improved although centrifugal fan 10 is a resin fan having a thin blade cross section.
The improvement in strength can reduce the thickness of fan blade 21 accor&ingly.
Therefore, the weight of centrifugal fan 10 can be reduced and the cost thereof can be

25 reduced.

For the reasons above, centrifugal fan 10 having a blade cross section with a
high lifi-drag ratio, with a small thickness and weight, and with a high strength can be

implemented,

Fig. 4 is a cross-sectional view of the fan blade for use in the centrifugal fan in
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10pr oduced between adj acent fan blades 21 to flowin frominner edge
portion 26, pass through on blade surface 23, and flow out from outer
edge portion 27. Here, vortexes 32 (secondary flow) of air flow are
generated in concave portions 56, 57 formed at bl ade surface 23, so
that an air flow 31 (nmain flow) passing through on fan bl ade 23 fl ows
al ong the outside of vortexes 32 produced in concave portions 56, 57.
15 Accordingly, although having a thin blade cross section, fan bl ade
21 exhibits a behavior like a thick blade as if the bl ade cross
section is increased in thickness by the depth of concave portions

56, 57 at whigh lVO%@iﬁg&eggo\ﬁJ tﬁef:l%sr@%@tlono@f tAe FaB DYdE shdwieinlFif 2.
produced in the proximt i nner e }%c portion 26 having concave
]

portions 56, RriwHAg t@eFIg%m santreigal Jan Woindzesesentarodirhet.agr ealityig fan
flection str Q%€ S h
of fan' bl ade DTS AL cb B AR PR IR B R S N 2P P
fan can be i fpnblades ZlA fodllGhaveblads drogpafectican ha\Gng d;lfﬁareneshapesf ark planalityg
athin ade ection. t gth can reduce
Che t hi cknes® B Hadk® Fresaevisel e eebl af Kok BUFE [he vl ght of
centrifugal fan 1Qhestpbeofifedblagst 22ncoDNE vaDSE déRAFRON nédd speeific details.
25r educed. For_the reasqns above, .centrifugal fan 10 having a

bl ade cross $éeblagss %Atfﬁ AElgrve pn appa%@atﬁb{t%%ham Blpdegragmgeqtion but are
thi ckness andiel g pospiifls WhEIQ c@n&'\zgpﬁﬁﬁ)? 3a?e REmbdP! & ta?tgntmn

Fig. 4 is a cross- sectlonal View of e for use in
centrifugal fatheipasitigh gherg comaee partom &6 §tfommdt mcmstlcme‘iﬁtls fﬁnm@ﬂ at he

fan bl sh rr| t.0 -Fi ntrlfu f.an

0"t he 1 es 0P tabPafies ifrer BRHNNO 6 o daae b o IEROE Ll portB 58|
of plural ki ndferméd ﬁl&hertﬂvmgiémnﬂimer eZ@Bporﬁfbﬁizs Rﬂdj;loand) Aiddr.edg@portib@des
o &y ool ey S Be SRR a0 Gl SR BB B 5
21E. Thefoshapas p@tsm&aelobé t@d@&r 2dad foRtichll. Widohed¥e pERDE S7hEs | N
nore specific details. Fan bl ades 21A to 21E al | have an

appr oxi mat el FORRAEHBQTEO b Lo elsp Sarmed dwrihisn atsen framdnngr edasmertion; 36 and
posi ti ofs Wh%fo%erctg BERY &R PoidoAnS ipGrdeMfor farPblbdd £ ésma%? QaXés?rﬂB 21C,

attention to the position where concave portion or med, ¢oncave
portion 56 |§lDaﬂNéHEat a 10position close to i nner edge portion 26

in fan bl ade 21A, ofr d furt er, away
frominner edge por?&é%lsg}gtgﬂvegﬁﬁﬁ]?%secf ttl%n er ed"gllégpofﬁismalr'fl 43,
order of fanshitiadesf2tB4' &iGds ancotRlyBronTtheop diftofias ﬁal-t&dleszaaﬁard the top
concave portégn 56 is forgﬁb at a posit.ion CI%§e to_o

portion 27. GHATRGEPHEPEPLAPHRFOUGde BHIEEVE BOPEP BN if‘d&“r %l‘gFospolE are
f or med dauir t hegmawabchf thethd RERLHCIGRHROS T8 7460f3REfan blades have different

profiles between inner edge portion 26 and outer edge portion 27 in the cross sections
shown in Fig. 4.

Fig. 5 is a diagram schematically illustrating an arrangement of fan blades in the
centrifugal fan in Fig. 1. Referring to Fig,. 5, fan blades 21A, 21B, 21C, 21D, and 21E

25 are arranged in an irregular (random) order in the circumferential direction around

center axis 101.  To be more specific, fan blades 21A to 21E are arranged so as not be
repeatedly placed in a regular order (for example, fan blades 21A -+ 21B 5 21C >
21D — 21E — 21A — 21B — 21C — 21D — 21E — 21A - 21B...).

In the example shown in Fig. 5, fan blades 21C, 21E, 214, 21D, 21B, 21A, 21B,
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15cl oser to outer edge portion 27 in order fromfan bl ade 21A to fan
bl ades 21B, 21C, 21D, and 21E. As representatively illustrated
in fan blade 21A in Fig. 4, assumng that a suction surface 24
extends snmoothly fromthe top of convex portion 52 toward the top of
convex portion 51 above concave portion 56, preferably, fan bl ades
21A to 21E are 20fornmed such that the respective suction surfaces 24
of the fan bl ades have different profiles between inner edge portion
26 and outer edge portion 27 in the cross sections shown in Fig. 4.
Fig. 5 is a diagramschematically illustrating an arrangement of fan

bl ades i n t helcepib,fiwgalB,fam, 1A Bilg, 21E aBeiREd 1rn9dér<e1ch\glse§muB@eenter
bl ades 21A, 21B, 21C 21D, and 21E 25are arranged in an irregular

(random or d@ 5Tt he circunferential direction around center aX| S

101. To be nore spegiefeksmplt abova! ﬁl@eelén 5&%1 2%%%?91%9{

not be repeatedly placed |n a regul ar or or exa
21A -> 21B - sifferentssts zﬁfanbiaadzsm&tozmﬁ placeg nedlffenenfzdr@ema@msposemﬁfda

218, 218 21 BT SRR Sh g e BF ko Mgt o

order cl ockwibkelegmayhelpepartdfor axdhsof Hilblades 21A t BIE had BHHReE sARINE,
five kinds of %ﬁa_f%)bl ades 21A to 21E make qne set, and different sets

of fan bl aded'STR™ 85 PPEORRERAY hePlefef fupmff  dsdenesdieblades poAdal 2i
order. 5 Howamafpangdiewkit b ﬁa‘gﬁﬁhtyoﬁ d @hd?é)tfad bR 8a F%Elﬂé{?%mg ?15}1 be

exanple, a plurality of fan bladés may b repared tor e
bl ades 21A t 8!apaHn shpressiei Hhaée@bgre:lf@m fmh@a@rsaémtagllaﬁ:pme@m ate

L houta egu BRRRIEA 10 6% RO BRIATy EyBE At et P i ey
be pl aced |ncgmmﬁeaémmhonmhhmnumhbmmm$aemmhdahqhadﬂbhmd&Smaﬁﬂ1MQmQIE
f in1 1 t I

fan bl ades 2L TOro Al R R kP Totte PRIty e riagah 2B viades 27 are

Cross-secti onsd. shapes different from each other. Preferably, at
| east three kinds Fferably at |east_ four kinds of fan bl ades

21 are used. In c@rﬁefl?‘f ans1Qdn s presenrtranbediscah i phirpldy offantbladgs 21 are
pluralifsy of ar@peldb@HqRat 2t aff1€ 0 of a line connecting center axis 101 with outer edge

portion 27 of each fan blade 21 is equal between adjacent fan blades 21. A plurality
of fan blades 21 may be arranged such that the angle of a line connecting center axis
101 with inner edge portion 26 of each fan blade 21 is equal between adjacent fan
blades 21,

20 Fig. 6 is a diagram schematically illustrating a modification of the arrangement
of the fan blades shown in Fig. 5. The arrangement in Fig. 6 is the same as that in Fig.
5 in that plural kinds of fan blades 21A, 21B, 21C, 21D, and 21E having blade cross
sections of different shapes are placed in an irregular order. In this modification, a
plurality of fan blades 21 are arranged such that an angle B of a line connecting center

25 axis 101 with the centroid of the blade cross section of each fan blade 21 is equal
between adjacent fan blades 21.  The centroid of the blade cross section of fan blade
21 corresponds to the barycenter of the blade cross section and is obtained by dividing
the first moment of area of the blade cross section by the sectional area of the entire

blade cross section.
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15arranged such that an angle a of a |ine connecting center axis 101
wi th outer edge portion 27 of each fan blade 21 is equal between

adj acent fan blades 21. A plurality of fan bl ades 21 nay be arranged
such that the angle of a |ine connecting center axis 101 with inner
edge portion 26 of each fan blade 21 is equal between adjacent fan
bl ades 21. 20Fig. 6 is a diagramschematically illustrating a
nodi fi cation of the arrangenent of the fan bl ades shown in Fig. 5.
The arrangenent in Fig. 6 is the same as that in Fig. 5 in that
plural kinds of fan blades 21A, 21B, 21C, 21D, and 21E havi ng bl ade

cross sections of A %Iﬁfaﬁfy%ﬁfarﬁlﬂ@&@@l%a? H%laﬁﬁﬁééd'sﬂ a@fb Jafi&f§ BHtndhe OF der .
In this nodification, a pluralit bl ades 21 are arranged such

that an angl W%GWHWWESWE ig. ﬁgm@dmaerranmt wani@t shavrhintHig 6.
centroid OT the b %EES tFilgg @ E%fde c?%re]dg. Q’eghgg‘b{‘ﬁﬁéf ]%PEQ,S[EG blade

bet ween adj acent e’ centrord o
section of famsbiseatimsmlffmoag[acmdshty@ffdneblahm yrbetheve fof blabe J1laader,

cross sectio ividing the first ment_ of area of
the bl ade crgé‘gr@gctaf“gz %ﬁ}%ﬁé‘%ﬁéﬂ%ﬂ%‘?f%&f“@ae@P“&OH%E&’R‘% g Pigde
cross sect i 0Since fhefshupierdfiblade @fost atibh ad@s bRde E’Mff&@s tﬁé Et@ﬁaﬁgssﬁfé as to
satisfy both thﬁjélarrangenent manner shown in Fig.

arrangenent EHHYFOR AR RFFSSURe Jrigee 5 and SUCUOHF%@ffé‘?ﬁﬂ“erlrmé r@ta@on of Cﬁiﬁl’lﬁl@l
6, as descri bgd cabRusg. ﬂd@b&@%fddiéé&?'f?ﬁ ﬁg%ﬁ%% 1 gh gmf%qﬂ)%v e out
an

sections differ armn tjtp uralit ecause an ades
21 A, 21B, 52h@wem@,1acan a bEdek F1f thromph owntar e;nlgspbntmn§7 ehd omeacalge portion

portio nce the shape of bl ade cross section
of fan ade§§9m§%91 %m ?atlc pressure distribution on pressure

surface 25 and su@hrtlmﬂatmtmfaﬂcl;en%edmpleghdvﬁilatﬂlg)ﬁ oblueaity bf fat 9Rked AN
10, the air fl ow betwe n ad acent fan bl ades 21 and the air flow that

flows in/out 2SEHREEA 5§ ? angle o i9f Hgdige pannepting aehtepaitie 0 byih outer
portion 27 apdbeifdftfn ﬁqg%a@l%ﬁ bfaae éﬁ%\fbﬁﬂﬁr’b\ét\ﬁgﬂg aéeﬁp aP ?a%?§% 1']:}ve1f'1 i
Fi ra ah

On the other hand, in the exanple s
bl ades 21 ar 311wa§<pc§lsee@r 8o that Aaws tw‘mlt actgAeerl aljarfemtfhmbladenezmmnemhom

caual Botwper it an U pte £AGRRG th o 0 iFRF orcitn M ER SR S o
that flows i n:lggumrtimatﬁﬂeﬁrﬁamlﬁpmrﬁppfoatheb teeckas cadingy apiceG B the timing of
pressure variation when outer edge portion 27 of fan blade 21 passes through the
approach place can be brought out of constant cycles. As a result, the narrow-band
noise resulting from the blade-passing sound (nZ sound) can be reduced to the
20 permissible level.

In the example shown in Fig. 6, a plurality of fan blades 21 are disposed such
that the angle P of the line connecting center axis 101 with the centroid of blade cross
section of each fan blade 21 is equal between adjacent fan blades 21. Even in this
case, the air flow between adjacent fan blades 21 differs among fan blades 21 thereby

25 reducing the narrow-band noise resulting from the air flow between fan blades 21 to the
permissible level.

Because of the reduction of narrow-band noise as described above, in both
examples shown in Fig. 5 and Fig, 6, the interval between adjacent fan blades 21 can be

set to an optimum value based on the blowing capacity required for centrifugal fan 10.
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15fan bl ades 21 to cause a disturbance in the air flowin the
approach place where outer edge portion 27 of fan blade 21 approaches
the fan casing. Accordingly, the timng of pressure variation when
outer edge portion 27 of fan bl ade 21 passes through the approach

pl ace can be brought out of constant cycles. As a result, the
narr ow- band noi se resulting fromthe bl ade-passi ng sound (nZ sound)
can be reduced to the 20perm ssible |evel. In the exanpl e shown
in Fig. 6, a plurality of fan blades 21 are di sposed such that the
angle p of the line connecting center axis 101 with the centroid of

bl ade cross segbidairlot i

fan bl ades 21. Evgﬁfﬁp?%@%ggé@h?ggbgﬁﬂoﬁlow Egrp?ween a thégégﬁfﬁ

bl ades 21 di foF&Yesn adineryt faarblasendiberne prévenietythashedalsiizing their flow
nar rowr band nghaen FAHkdL 89, FACMARE 181 kL O, RELYEER, AN Bl 30es 131

to the permssible [eve Feduct T on
nar r ow- band n?mvsmte@srhde&mrhlduddg edyavigy, isiimcréaedh éh&hﬁh@%,sipﬁmmdﬁoﬂs@h

5 and Fi he i rva .adj acent f des 21 can_be set
to an op |rruri’ﬁS \Blg'lgﬂén %‘5%‘:&338?10{#8?E‘f‘%\hﬁlﬁta&%\"’p@& ¢ gr ﬁ%‘ﬁ&lnro%l% ades 21
centri fugal fcanbel&even&‘d(}ﬂfeﬁﬂb?ﬂ{cyeasﬁ%lﬂﬂﬂﬂ@@ﬁ Beibatigh as a backfl ow
partially produced in the air flow between adjacent fan bl ades 21 can

be prevented, thefepyifugahiniPis sngliedio eqripnienthevingtaleta pfessurploasie’s 21.
As a result, afrﬂc‘!\%/feﬁt%%%qye ﬁﬁ'@l?en(c%n@gﬁm Skq)ﬂo%ﬂnlagscﬁﬁg&/ ated,

whil e the bl ow ng capacity 1S increa urt er nor enomnenon
such 5as a sifgﬁwsﬂ,@dnpkﬂmp%aasf@\‘olﬁetweiMadjaatmcﬁm Irledis &1 asmeretlmelyhebal r

fl ow angn de b rev e i ncrea

bl owi ng capagﬂ)t Bl Erhgl%@e%?l? 5?““ tgfe GSGPEIH?;{EB on&apab %%@ﬂ‘%ﬁﬂtﬂ}ﬁtsmh
having a |ar gcph@roefeaumsahapm rﬁcﬁreaffbcftivew texedttifgalcan 1e fan, V\,hen
conpared with a crpss dlater. In this_ case,

backf | ow of airfl [83? bdé%?ﬁr &Egéﬁ iﬁcwélaééot@i firsd ewbia@menmﬂsc to
be 10pr oducegres&mafveﬁmﬁdesérmdabcwé% anﬁn&fzea H@fo%%er@edt géltfhﬁ)f'o in the
capabl e of preventing such a &Qenonenon is applied nore ef ECtIV61

to centrifugiesqnhpmbediment includesdansplpdps 24 servisg ag eplurility gBbladepordens

acoor S | el sk ot R BBy gk IR FEpgHp0se

above is summari ze
embodi ment i haslioeke sdgaperidmfedis@iedar the mgleapcr@harlahsfldﬂ artd)bu&fr ebeastetion

portions 27 disposed on the outer peripheral side. Fan blade 21 has blade surface 23 extending
between inner edge portion 26 and outer edge portion 27. Blade surface 23 includes
pressure surface 25 disposed on the rotational direction side of the fan and suction
20 surface 24 disposed on the back side of pressure surface 25,  As the fan is rotated, an

airflow is produced on blade surface 23 as a fluid flow flowing between inner edge
portion 26 and outer edge portion 27. When cut along the plane orthogonal to center
axis 101 serving as the rotation axis of the fan, fan blade 21 has a blade cross section
having concave portions 56 and 57 formed at pressure surface 25 and suction surface
25 24, A plurality of fan blades 21 include fan blades 21A to 21E having blade cross

sections of different shapes.

(Description of Structures of Molding Die, Blower, and Air Purifier) -

Fig. 7 is a cross-sectional view of a molding die for use in production of the

centrifugal fan in Fig. 1. Referring to Fig. 7, a molding die 110 has a stationary die
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15 arranged spaced apart fromeach other in the circunferential
direction. Fan blade 21 has inner edge portion 26 disposed on the

i nner peripheral side and outer edge portion 27 di sposed on the outer
peri pheral side. Fan blade 21 has bl ade surface 23 extendi ng between
i nner edge portion 26 and outer edge portion 27. Blade surface 23

i ncludes pressure surface 25 disposed on the rotational direction
side of the fan and suction 20surface 24 di sposed on the back side of
pressure surface 25. As the fan is rotated, an airflow is produced on
bl ade surface 23 as a fluid flow fl ow ng between inner edge portion

26 and outer ddged pardvalin d7.12WhBnaiiensry dieQNg afid@oPdtdngie 211 BagRRLvikP
center axis Jﬁég@iervi n% as the r%tGati on axis of the fan, fan blade 21
has a bl ade c ieh e MpRrOXiEALsY (e Shrae sheps &y enBueds Ganakitpng ntp ovbinhd at
pressure surfieeRbRYednt ifjeeitqon surface 2524. A plurality of fan

bl ades 21 include _fan blades 21A to 21E having bl ade cross sections
of different shap®oldinpdischliOpdydhe ro¢vididrwith anetshofm bedteli foginBieasing the

Bl ower, and Aj o o I cross-sectional  view of a
nol di ng %i e @gﬁw agfsﬁ? ?fn‘%%g‘é%‘:é?‘% lgﬁ) ogyltghfeécgrgf’ %1?5?@5‘3?“ ?flaFH&? Ahestegls 1
Referring t o pRitigulafly effeativediongrattipte, 3h6n bashetic 3ésit WiRak hceliagd strddedh,and

a novabl e di 12. .St ati opar ie 114 and . novabl e di e 112 define a
cavity 116 V\Elll%hnas lasss'z%‘fjrr'@%%géqsy’%ﬁéggm”sgﬁ%fﬁé’oagly@éﬁtltsluﬁfii]gal fan
10 and into whi chCidsevib fan 166 ik thid eMbedits: dMudh Mo di %s%ﬁgdﬁ@){ f
provided with a not-shown heater for increasi n% t he 5fl owa Ity o

A

resin inj ect &PQIHiPG A ing apypilarsfiuctyng g6 miolding & 169 inskigh7.a heater is
particul@rly effeeid Y&, £:06:- SR ' skn wWith an

i ncreased strengt hfgl such as I_ass!?Fggfgp}oﬁ%ghgﬁ%{hﬁéecéﬁﬂ ol oo PiZ. 1.
(acryl oni t ri F& 8152 enes-wopoia) mew)of theslawedaken along aCinedX-1iK iaWig. an 100

inathird e I te: i er 1.5 ,al sa .produce ith | .di hg
di e havi ng aﬁisalfé?rflhlfggﬂra Fsléj %33%? ur%gaégﬁ?‘a%@g}’aa?@“%é H?%O%lee Ce?.mafiﬁifadl.méa
is a cross-sewta casalg W20 éngidefancouldressiig 1%l ng the centrifugal fan in

Fig. 1. Fig. 9is . a cross-sectional view of the blower taken along a
line IX-1Xin Fi gih“s‘?”tl?%&fsg?ffi)ﬁ%“’t"&g EPigr 128 i gerumsdyo bess pertierplfemolded

has a difi vi ninteppallyr witl Gentigfpalrthi ugaICafsﬁin@ha%i@e %ﬂf&g 1&%ideshde
an outer casi .126. The oufput shaft of driving motor 128 i's coupl ed
to boss port ilg??illﬁ_ THSH §% gn approximately 3/4 arc disposed on the periphery of centrifugal

fan 10. Guide wall 129a guides an airflow generated by rotation of fan blades 21 to
the rotational direction of fan blades 21 while increasing the speed of the airflow.
Casing 129 has an intake portion 130 and an outlet portion 127. Intake portion
20 130 is formed to be positioned on an extension of center axis 101. Outlet portion 127
is formed to be open to one side of the tangent direction of guide wall 129a from part of
guide wall 129a.  Qutlet portion 127 is shaped like a prismatic cylinder protruding
from part of guide wall 129a to one side of the tangent direction of guide wall 129a.
Driven by driving motor 128, centrifugal fan 10 rotates in the direction shown
25 by arrow 103, Here, air is taken in from intake portion 130 to the inside of casing 129
and is output from a radially inside space 131 to a radially outside space 132 of
centrifugal fan 10. The air output to radially outside space 132 circumferentially

flows in the direction shown by arrow 104 and is blown to the outside through outlet
portion 127,
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15 integrally with centrifugal fan 10. Casing 129 has a gui de wall
129a. @uide wall 129a is formed by an approximately 3/4 arc di sposed
on the periphery of centrifugal fan 10. Guide wall 129a gui des an
airflow generated by rotation of fan blades 21 to the rotational
direction of fan blades 21 while increasing the speed of the airflow
Casing 129 has an intake portion 130 and an outlet portion 127.

I nt ake portion 20130 is forned to be positioned on an extension of
center axis 101. Qutlet portion 127 is formed to be open to one side
of the tangent direction of guide wall 129a fronrpart of gui de wal |

129a. Qutlet portiFgNi18%/a ¢r§sssﬁé§‘tm?1gl Yk Bf &h BF Hﬁn%ﬁe cﬁﬂ%ﬁuﬁl fan in

pr ot rudi ng from part of guide wall 129a to o e Si
direction of Figild e Refermingltp Gig. IQrmRﬁeIrplblyﬁedHQ/haagthgl@ZBblower150 a

art 5 S Gt D L

Here, air is taken in fromi " of casrng
129 and is out put Honsing b44lwﬂlaabdrwaﬂlrianﬂmcb¢mp®vam314b 0 Housa@i 13k hys an
out si de spac f ntrif.u fan,10. The output to radially
out si de 5::paczn %%gmgtr I gﬁ%ng g ﬂ’ﬁrarfyn fqedﬂg‘nrnhwg’r‘?é ayiprEEes YR ismsaliedoy
arrow 104 andhtale gokrtoMa i§ forhb@atQbdrsiate 4k hr %&J@n@ﬂh%ﬁl&?hﬁé a‘ﬁrbﬁlﬁ@t port
Fig. 10 is aﬁg%&ﬁ% sectional __view of an air purifier usin

centrifugal apging the purliedsair jorfle ingidepithe 1@m. arDuglet pqutr 4% is dormbd @t
has a housi ngsphé 140l QY}EHurnliétol 408s géh%f‘all}%isﬁziﬁg g%aaﬁ]st I&“\ENFa)rff éﬁclhtggt rgar veall,

Efficiency Particulate Air I'ter) usin
wal | 144a andd4sis GIEPC\’AEMO alwalbmthbmgmng 144 has an 5i nt ake port 142

notal hea )t ake et P 8Gh@RNd Redlafe o L tiche e of besserg4 1 e
furt ger Pas h@m indrgtiheett quz)lthr:hns.lcz.fla%fchli)zsf,hli@r4@!:c tﬂ@)ugg eit4keofti1ag nggsgs tBFbugﬁl Blter
i nside of the,ro tlet port is forned at top wafll AT
purifier 140?1“$ wﬁg Yt yra Est‘arkieééfaé@@?ﬁﬁnoé(e%ll such t hat rear

wal | 144a is oppoBledict D5CBis WRlvidel o bl d
to face intake lﬁéﬂt 542 | ?\@he er nsi dgﬂge?gmg&irﬁ%ﬂc 1§1§1de1§15‘hoh§ngi$43an%%

i ntroduced t 8" P¥H&NG HspyiiedibyHBigs 1 Hgto tparopmitoygh owiteapert pé. t Bléhﬂer 150
passes 16hr oug3 ckhttifiRhl o, JORIEA5EI LR a%‘rﬁrﬁﬁot&ﬂ st hng.'SIIII;g ?5r2ehas a gulde

renoved.
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 ta 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 formed 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, blower 150 is driven to rotate
fan blades 21 to cause the room air to be taken in from intake port 142 to the inside of
housing 144. Here, an airflow 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

laminar flow through guide wall 152a around fan blades 21, The air in the form of a
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Bl ower 150 is provided to suck the roomair to the inside of housing
144 and to output the air purified by filter 141 to the roomthrough
outlet port 143. Blower 150 15has centrifugal fan 10, a casing 152,
and a driving notor 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 fromcasing 152 to outlet port 143. Duct 145
has a prismatic cylindrical shape with its |ower end connecting to
outlet portion 154 and with its upper 20end open. Duct 145 is forned

to gui de the lpuinaf fled isguidddl towald berioR US4 SonPeuilié a1 154 4@ vib b Rar

fl ow t oward ou%let ort_143. | In air purrfier 140 having such a

confi gurati of" 15%39\9\‘)89“ Do the ipgidacddueid 4P ot Aheair Erflisshardedsirom ottetpattsld3
t he room air t4Warbehd @halisPackr om i nt ake port 142 to the inside of

housing 144. Here, an airflowis generated between intake port 142
and ou'? | et port 25dUgughrcrif piridieyhasteen dessrilsaddly veay afiesampladd thtked i n

i i Ll ter 141, The purified ajr, obtained
by passage ¢ Fracamert PR el n R e e B oot (P dasticpdas g
152. Here, t fieedngdevicesuchias, fonkempid) ah gir thlitidhet, Awafidifash BsbihRAevice,
fornms a | am nar f%ﬁﬁ%@fg&@“ h guide wall 152a around fan bl ades 21.

The air in tRe #8 Y&mnar flowis guided to outlet portion

154 al ong gui de Wa denfidgal #00) Mc@%infgrt@me%gtleﬁ{boﬁﬂfeﬁ S)fglcl)%?r%ie%gm&gﬁmn

inside of duct 145. The air is discharged from out ) : owar d
the exter nal 2$fRERbedAbPYH hegrusaofsphcaye portivey Sthend Fdemeadds Gmi tiatds BY, the

brsent | nvens i ancr o) SR Bles 24 Mo GO R E PR et ot B,

as, for exanpwabergegion appdiodth fahomdomealdetriv cufpnent. Theed oifhn BRYECHA

and a ventil ﬂ}ilrigha(é'%\éi Biddle cross sections of different shapes can reduce the narrow-band
noise produced by rotation of the fan. Therefore, the blowing capacity of centrifugal
fan 10 can be increased while noise is prevented.

15 In air purifier 140 according to the present embodiment, the use of centrifugal
fan 10 having an excellent blowing capacity reduces power consumption of driving
motor 151 and provides air purifier 140 that can contribute to energy savings. The use
of centrifugal fan 10 with reduced noise also provides a quiet air purifier 140,

[Second Embodiment]

20 In the present embodiment, variations of plural kinds of fan blades shown in Fig.
4 will be described.

Fig. 11 is a cross-sectional view showing a first modification of plural kinds of
fan blades in Fig. 4. Referring to Fig. 11, in this modification, a plurality of fan
blades 21 are comprised of plural kinds of fan blades 21A, 21B, 21C, and 21D having

25 blade cross sections of different shapes.

The shapes of fan blades 21 A to 21D will be described in more specific details.
Fan blades 21 A to 21D are different from each other in number of concave portions 56,
57.  Fanblade 21A has one concave portion 56 and two concave portions 57. Fan

blade 21B has two concave portions 56 and three concave portions 57. Fan blade 21C
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ntrifugal fan 10 according to the first enbodinent of the
LPeggnt invgntion as described above, because of concave portions 56
and 57 formed in fan blades 21, the 10lift caused by rotation of fan
bl ades 21 can be greatly increased in the | ow Reynolds nunber reglonA
applied to fans in honme electric equi pnent. The use of fan bl ades Zﬁ
to 21E having bl ade cross sections of different shapes can reduce the
narrow band noi se produced by rotation of the fan. Therefore, the
bl owi ng capacity of centrifugal fan 10 can be increased while noise
is prevented. 15In air purifier 140 according to t he present

. : i ng
embodi ment ,  tHae thisecantaweqmttides 88 ahd foa coHRattaMish sgr’? eg%edé%agrhgpgﬁ/aggﬁéug

acit reduces ower consunption of driving not
S?P pur|>/f| er Cfaﬁ‘“?ﬁ%loe%ﬁ Y @9neae pertiened gy savi ngs. The use of

Qul des u.et air
a1 11 er 0140, L Second B gt reciftal P ing s S Fuclisial e el inas
variations off b} n hizdes ki Figs4. ofRifazugllgtcaEé‘iigSIShnm mdsﬂlﬁtﬁonlhp&m’ahty@fan
modi 11 cat i on Centl b8 BBHBRSBRE KBOR oee HaeeRiA Mnhc nd 21 hevin
Fig. 11, in thids cmssisefctmﬁafédiffer?xt?gdﬁé%: ;%aglé @Jznltg@da of fan bladépbﬁﬁgé%%m
s 0
o e, COMDL s Rloa HE Bleckl AR S0 o121, Blade pgmween inner edifveposihapé
of fan bl adean@diet @ge phitivh bl b?h%%%g%@n y'R Sl'ﬁﬁcdﬁ% det a' I's.

| ades 21A to 21D are different trom eac othe
E gzc gv e por t PoEersiongha progassiof saeovirgaan h@doabfrommdw for pesirt m@Iﬂuﬁgﬁ and

t ve porti concay. ortions 56

aﬁg fﬁ?gz coﬁcave@ﬁiggﬁﬁks %}95@%21% %gsiﬁ@$0ﬂ3§“ﬁﬁva BRGNS details.

portions 56 &Hwmubladas2léddn @éDequ)dlfﬁﬂeﬂnﬁorﬁ Each'-'calibrbfh p@b@no%l ad B@l%bér%frconcave
oncayve ort|ons

crose: secti Ry MMl SR MR RsapRicanss ol 51 Fm.ﬁme Rlhdies of

fan bl ades i ﬂlréa @ncabe pBefoRs 56 BEH foor @ngaveéa%rtldngl 5t h| 1:1?&# b ofin

plurality of 5b|ades 21 are caonprised of pl ura

bl ades 21A %_V§ WY FeICaNH BT S Srﬁaqpﬂ ¢e concave portions 57. Baswally, concave
15 portions 56 and 57 formed in fan blades 21A to 21D each have a triangular shape, two

sides of which define a concave shape. However, one concave portion 56 formed in
fan blade 21B and one concave portion 57 formed in fan blade 21 C each have a
rectangular shape, three sides of which define a concave shape.

As shown in Fig. 11 and Fig,. 12, the position, number, and shape of concave

20 portions 56 and 57 are varied to readily provide plural kinds of fan blades 21 having
different shapes.

The centrifugal fan in the second embodiment of the present invention
coufigured in this manner achieves the effects as described in the first embodiment
similarly.,

25 {Third Embodiment]

In the present embodiment, a structure of a cross-flow fan to which a fan in the
present invention is applied will be described. Next, a structure of an air conditioner
using the cross-flow fan will be described. The cross-flow fan in the present

embodiment partially has a structure similar to that of centrifugal fan 10 in the first
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bl ade cross sections of different shapes. Each fan bl ade of fan

bl ades 21A to 21D is fornmed to be bent to forma corner at different
poi nts between i nner edge portion 26 and outer edge portion 27. The
corner portion may be slightly rounded in consideration of a process
of renoving fan blade 21 froma die for resin nolding. 10The shapes
of fan blades 21A to 21D will be described in nore specific details.
Fan bl ades 21A to 21D are different fromeach other in position and
nunber of concave portions 56 and 57 and i n shape of concave portions
56 and 57. Fan bl ade 21A has three concave portions 56 and four

concave por t iepdsdinknt. Fan t BHGSIng 13k iptibR o8 B b vAdMBin, WRuGRRGAY S0t be

portions 56 and three concave portions 57. Basically, "concave
15porti ons 56°P%A§957 formed in fan bl ades 21A to 21D each have a

triangul ar shape, S j fd concave shape. However,
(]f)%nﬁﬁd%eo?f i c&*trgﬁawg%g

one concave portion 56 formed in fan and one concave
portion 57 formedFignl} én wdadev 2i Comaeflowdaina thied trabglithatt of Hapeesent

three sigdes 1l ch def.i,ne a concave, shape.. ; As sho in
H 01T Grs vl Bl N6 RoRIERNE BARGGve view ofbe srost BRBATLAKEN
20portions S6loapd ling XdVeXMainife 180 readily provide plural kinds of

fan bl ades 21 hav'n%Pgiff?;ent shapes, The centrifugal fan in
the second enbodi g o Fige 19 PR BIGt 14> pvenssillon Tewmbl uiherresant t hi s

manner achi e¢gsodihrneika | j L en £l St j ment
simlarly. 25[T?1ilrdnErﬁ)ogJiq Ty plf%ﬁq’qa‘ld@’j’leglthrberB%c;gre%‘fsd{a?f‘t?1 198 odig{rrent, a

structure of 2BPre¥igwiely exdindrieah appsamhiccds awlicle i A phibaitpetiebtadesRiearti on

is applied W i . ructure of an air. conditioner
usi ng 1o cr ko ol AR e b TRl U Pl R, (GroFhe
present enbo@pwden 1 @histiitedrhly foasediram resit. Ur@osd-Mdw &n 100 réth@t irothe

centri fugal 10 in the fir enbodi.nent. In the follow ng, a
descri pt igon g?&[t%% Sf&?}g} %?fb‘f%zé%?P FBAGnpLY ST Hds HUpagyvadn the

(Descri pti onfigfreSt ruct ure of Cross-fl ow Fan)

Cross-flow fan 100 is a fan using a plurality of rotating fan blades 21 to output
15 air in a direction orthogonal to center axis 101 serving as the rotation axis. As viewed
from the axial direction of center axis 101, cross-flow fan 100 takes in air from an
outside space on one side with respect to center axis 101 to an inside space of the fan
and outputs the intake air to the outside space on the other side with respect to center
axis 101.  Cross-flow fan 100 forms an air flow that flows in the direction crossing
20 center axis 101 in a flat plane orthogonal to center axis 101. Cross-flow fan 100
forms an outlet flow in the form of a flat plane parallel to center axis 101.
Cross-flow fan 100 is used with rotation speeds in the low Reynolds number
region applied to fans for home electric equipment, etc.
Cross-flow fan 100 is configured such that a plurality of impellers 12 aligned in
25 the axial direction of center axis 101 are combined. In each impeller 12, a plurality of
fan blades 21 are provided to be circumferentially spaced apart from each other around
center axis 101.
Cross-flow fan 100 further has a peripheral frame 13 serving as a support.

Peripheral frame 13 has a ring shape annularly extending around center axis 101.
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Fig. 13 is a side view of a cross-flow fan in a third enbodi nent of
the present 5invention. Fig. 14 is a cross-sectional perspective view
of the cross-flow fan taken along a line XIV-XIV in Fig. 13.
Referring to Fig. 13 and Fig. 14, a cross-flow fan 100 in the present
enbodi mrent has a plurality of fan blades 21. Cross-flow fan 100 has
an approxi mately cylindrical appearance as a whole. A plurality of
fan bl ades 21 are 10di sposed on a circunferential surface of the
approximately cylindrical shape. Cross- flow fan 100 is integrally
formed fromresin. Cross-flow fan 100 rotates in the direction shown
by arrow 103 Reriphdrel feuind 19KHs RAENd ﬁﬁﬁ%@ﬁ%ﬁ%n%{?&sxﬁpﬁwm.” ErldSurface 13a
figures. Cross-flow fan 100 is a fan using a plurality of fotat ng
fan bl ades 215 fasmgditosface amsalirection ajongi theetialsliredidnd gented axisal 0d enEed

axi s 101 ser : | [ rom.t he axi
di rection of cfg%%eg{r%bg%ﬁgﬁo%@ﬂ g‘? gg@si{ﬁqeo@%fl é%ﬁf%gl%%ﬂg 5 Foﬁ'nﬁﬁoaﬁla?%%an
out si de spac@thsn digention iabag Wictdxial ésgmion of ceneenkenoaxi s 101 to an

i nsi de space of t .f.an .and tputs. the intake air to the outside
space onfpt he ot helr?) glgliﬂ}%al l’a{‘ﬁqgégﬁ@&dmﬁ]@ @éﬂ?@os%e&w%impﬁﬁé%gﬂwt
fan 100 for nso exthatlter frl @wakiliedirebdi 6T deftet £§s tH1r €ction crossing

20center axis 101 j.n a flat plane orthogonal to center axis 101.
Cross-flow fan 10&7Y:B§ Aengan suimnsterflRévand impeter 4 2B in big. 13 dibmosedridavent
paral l el to ¢eecBbLHIRKIaSDIdk ffan b ; - xS, 83 ed: it h
rotation speeds in the%l ow é?ynao %ﬂ%\gﬁggﬁl@}g@]{ %ﬁjeg%p 2iAe gPrc()Wfdgﬁiofor
hone el ect ri &2 on pirbswriacel in andarssformédow ekimnd TbOplktss elond ihg ukiabdisdeeibn

that a g ural f i Il er akian in 25 the, axi Lrection of
center axis %gﬁ%ﬁg}(%g@n& n%g.ﬁlr%lﬁy 8%%1& b?a(raﬁseﬁ }g,owf?fmdnw?lhﬁ:j?ﬁtage RPVideth
bl ades 21 ar & yamshinded studaded 3biand axeffemedtts attbnd IsRatae ARprthe bigm each
ot her arounddﬁ.enl er .axi.s 10 Cross-flow fan 100 further has a

peripheral fraﬁ%l()?@fg%ﬁﬂaﬁ’jjlgé' a support. Peripheral frame 13 has a
ring shape annul aNglur@Kt?Qﬂﬂ@dnﬂﬂacﬁéQU H&ivecaedﬂﬁl@ﬁlreaﬁﬂiﬁar]tgggt oﬂéﬁ%b%é‘s‘ Al
. En

frame 13 has . an .end surface 13a and an end surface surface
13a i s for mefe¥Bbepdhctinst anladimens feoaraysgortivas 5& hud STdire Grmedrplatl kinds

cort o %3 400 5af s ot iyt S seal 0P Al g
direction of 2b&# 21E aiagang®d in an irregular order).

Cross-flow fan 100 in the present embodiment, however, differs from
centrifugal fan 10 in the first embodiment in that a plurality of fan blades 21 are
arranged at random pitches. The random pitches are realized by disposing a plurality

20 of fan blades 21 at irregular intervals according to random-number normal distribution.
A plurality of impellers 12 are configured such that the arrangement of fan blades 21 is
the same. In other words, the intervals at which a plurality of fan blades 21 are
arranged and the order in which fan blades 21 are arranged at such intervals in each
impeller 12 are equal among impellers 12.

25 A plurality of impellers 12 are stacked such that a displacement angle 0 is
formed between adjacent impellers 12 as viewed from the axial direction of center axis
101.  For example, attention is given to impeller 12A, impeller 12B, and impeller 12C
in Fig. 13 disposed adjacent to each other in the order of appearance. Impeller 12B is

stacked on impeller 12A so as to be displaced about center axis 101 by displacement
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5Peripheral frame 13 is provided to be interposed between inpellers
12 adjacent to each other in the axial direction of center axis 101.
Gving attention to inpeller 12A and inpeller 12B in Fig. 13 disposed
adj acent to each other, a plurality of fan blades 21 provided in

i npel l er 12A are provided to stand on end surface 13a and are forned
to extend |ike plates along the axial direction 10of center axis 101.
A plurality of fan blades 21 provided in inpeller |12B are provided to
stand on end surface 13b and are forned to extend |ike pl ates al ong
the axial direction of center axis 101. A plurality of fan

bl ades 21 havangk &ﬁomcthwtﬁlt&hnwﬂeaerallﬁﬁﬂl%d@fzlflﬁHn#IIQQQQA%dqgﬁgvkﬁﬁ)d
inthe first e Odlagﬁ (concave portions 56 and are forne

plural ki nds 5823 BTRg&4 contex axis 191 £ Tanellen] 24tie serled ondeptilarigBab

di fferent shafesbe adstadeann r
irregular order). ) Cr%gs- 2 gﬁé %%ﬁ61003’2%%1%?’%%%,?{1%g%ﬁggwﬁ%yxemd from
however, di f figwsilgriady 6‘enﬁtth¢ pasifain wisene dl0of fan blages 1 1ri8 impeTRAM MBI 1R

that a ptural are arr nged at random pitches. The
r andom p}f'tchedsvgé?peﬁlrtié% |wtlz:iéi e‘%ﬁ?”c?% %ﬁaﬁf&j@ pl ur aI ity 20of fan bl ades

21 at irregul ar i MhersabsioapRAIdEIWsIIRHRACLH ma iti
di stribution. AB plurality o? %mers 12 ar con ?5"&@8@ st}(l: ({Shtmflsc’f

the arr anger‘rg ?esf?‘éri“ Bitkeaas meﬂpg Pteee meemtonally dmplraedsd inahdssialtdi@ction
nuervals okl ohwralilon ol lag.Bladse,2bare at anged and Lo

order in which fan bla es 21 are arran
i mpel ler 12 dﬂé’&@mlerm@ citlrep &d lbeewsakﬂzﬂed 25A plurality of i mpel l ers

12 are acked su a is formed between
adj acenlfdi npel | er ?ﬁ“% fg}\%gmf i h@mﬂg‘?%ﬂ direction of center

axi s 101. For exaRfy. &5 isaf dreddise@ibnhiSvigh bEEh 4P Rt D
12B, and | rrDe}él er. C | n Eﬁ%&rﬂ 13 di sposed ad] acent %1%%1?%91’05%2%&?{11

t he order Op“ﬁ%ﬁ nedp Fip iS5 ap aix egnilisignea 10 igrohfigured 24thea
as to be dis Qicﬁﬁﬁﬂnﬁimtihstﬂl%ﬁtlﬁﬁ 6o §nd1;9'3w19¥d s AGSImAL exchanger 229 and

anot-shown outdoor unit installed in the outside of the room and provided with an

15 outdoor heat exchanger and a compressor. Indoor unit 220 and the outdoor unit are
connected by piping for circulating refrigerant gas between indoor heat exchanger 229
and the outdoor heat exchanger.

Indoor unit 220 has a blower 215. Blower 215 is configured to include cross-
flow fan 100, a not-shown driving motor for rotating cross-flow fan 100, and a casing

20 222 for producing a prescribed airflow with rotation of cross-flow fan 100.

Casing 222 has a cabinet 222A and a front panel 222B, Cabinet 222A is
supported on a wall surface in the room. Front panel 222B is removably attached to
cabinet 222A.  An outlet port 225 is formed in a gap between a lower end portion of
front panel 222B and a lower end portion of cabinet 222A.  Qutlet port 225 is formed

25 in an approximately rectangular shape extending in the width direction of indoor unit
220 and is provided to be directed forward and downward. On the top surface of front
panel 222B, a grid-like intake port 224 is formed,

At a position opposing front panel 222B, an air filter 228 is provided for

collecting and removing dust included in the intake ajr from intake port 224. A not-
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angle O fromthe position where all of fan blades 21 in inpellers 12A
and 12B overlap in the axial direction of center axis 101. Inpeller
12C is stacked on inpeller 12B so as to be displaced about center
axis 101 by displacenment angle 0 (20 when viewed frominpeller 12A)
fromthe position where all of fan blades 21 in inpellers 12B and 12C
S5overlap in the axial direction of center axis 101. The reason
for providing displacenent angle 0 is as follows. The positions of
fan blades 21 in different inpellers 12 are intentionally displaced
in the axial direction of center axis 101, so that the blade passing

sounds (nZ schows pirditectlednedisipfovidgach hepfe Eaned ;
other to be V}ﬁfkggéad 1%ﬁscrpi&)pti on o?ﬂS_Structu?gﬁggpﬁlsét%ﬁ?f??iﬁgﬁje?lf
Fig. 15 is a Crb&&s sdtiagiaier gleatyr atomationlly renoniugh tis Aesumudsitesigin mirilter
cross-flow fargshown in Fig. 13. Referring to Fig. 15, an air
conditioner 210 is configured with an indoor unit 220 installed in a
room and provi ded Bhetingide afisavng 229 an aie lotvahger] 229s &ithed, tholgs IR air

outdoor ainit ;i H | ide of the r and provided with
an 15out door lhegcilﬂé%gdﬁ%dﬁgg&;ﬁggaﬁé%w &83@%?9“?2@0 u{shpert 3501s gryidede
out door uni t Vet Cotmatbee 239 ﬂiﬂtpimglaﬁgﬂth%ro%gaénigmn&&ﬁgﬁgﬁ[g%l.;t gas
bet ween indo%_ Cq%%t e&cqa%ger 29 and .t he outdoor heat exchanger.

I ndoor unit 226°1TRE%% HPBREHY Srerizeta) feyversids |ithat sanihangs thel blowingariglede

cross-flow f anthd QP an@d6Vok diS@WRs @ Nal g T84 . rofat .0ss-f | ow
fan 100, and_.a cgﬁ%qng 20222 for praoduci napg prdﬁerg‘g:nroﬁbie@érgarg?r%\r/\?c\/{?rﬂ’ﬁ

rotation of CFEE-4qvGardAiraction, and an impadintely doa@whabdizciabi net 222A
and a fioont panel 123858, ' A orted on,a wall surface
in the room _Front panglalp‘%%}é%%hﬁ%%%%ﬁ?@B%FVF%{%‘HBS&U%” a0Rand aip flter
An outl et pof?8 @pEpath of air frew channal p hetooeheat exchem®r 2B khs PO tHowa Of

front panel : r_end portiop of cabinet 222A. Qutlet port
225 is formed %Elt 1%}9%%3%46%}:%%1 FFT%?ﬁDgﬁd F‘Q‘éB&ﬁ'&arna%plgwaﬁeofé%te@nam@n gad
the width di deet dicwtions anddpapluality oP2MuraRdinits R6RY¥AIBAK G001 'EEi&d
forward and eoa¥<\@ rd. gggihe tO{’)3 surface of front panel 222B, a
grid-like inta e’\‘A%B‘?%er A1sicaniegiehieithe spmaressos pf the auidperomitrigstdllediit the
panel 282B, and&irfankithé &fmpeRor is dRGQMI r L.ne. and_removi ng
nl mp#esior i é?lvtbg?%ﬁfg% prgl?%lsﬂfg%; é)&ge %ouggﬁ&m

dust included in the intake air fromin not -
air filter cPREFOR of thegelpgpighen eyele insloacheaf orchegezieemlédont panel

222B and ai riefy R i -fi r..cl eaner aut.omatically renoves
dust accuwltgﬁggﬁﬁe ai rrEh;gF"tﬂl g?akr{blénltltegnepem%um uring COO{mg operation, and indoor

heat exchanger 229 is heated to a temperature higher than the ambient temperature
during heating operation.

20 Fig. 16 is an enlarged cross-sectional view showing the proximity of the outlet

port of the air conditioner in Fig. 15. Referring to Fig. 15 and Fig. 16, casing 222 has
a front wall portion 251 and a rear wall portion 252.  Front wall portion 251 and rear
wall portion 252 are disposed to face each other at a distance from each other,
On a path of air flow channel 226, cross-flow fan 100 is disposed to be

25 positioned between front wall portion 251 and rear wall portion 252. A protrusion
portion 253 is formed at front wall portion 251 to protrude toward the radiaily outer
surface of cross-flow fan 100 so as to decrease the gap between cross-flow fan 100 and
front wall portion 251. A protrusion portion 254 is formed at rear wall portion 252 to

protrude toward the radially outer surface of cross-flow fan 100 so as to decrease the
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228 In the inside of casing 222, an air flow channel 226 is fornmed,

t hrough which air 5is circulated fromintake port 224 toward outl et
port 225. Qutlet port 225 is provided with a vertical |ouver 232 that
can change the blowing angle in the left and right directions and a
plurality of horizontal |ouvers 231 that can change the bl ow ng angle
in the up and down directions to a forward-upward direction, a

hori zontal direction, a forward-dowward direction, and an

i mredi atel y downward direction. 10l ndoor heat exchanger 229 is
arranged between cross-flow fan 100 and air filter 228 on a path of
air flow chanpelbe®Zén cloBdiow FHERN) B4 cRARARHoARE 28RS not - shown
serpentine refrigerant 8%Ees arranged side t?/ side in a plurality of
layers in the up &rfdng i AePpeichededeetian? 58 apd afever gyidefrodion 2ihs Air
the front andiRagkngir® i %ﬁqg f 9 i nn ed
to the conpr (Cahssor of ltzggwodt%?g%do%ﬁgﬂ)ig{g@%s Oalt—ﬁ%&g mﬁtl?fégrl%%utp%%born%zﬁa
t he conpr essdhe dewvnstream pide of dpBeatienacrmetfidvgnddon cycl e. Through

t he operation of f.rigeration cle, i.ndoor t exchanger, 229
i s cool e%l1 to a te%@?lg’%%ﬁéee&r%%%ﬁtatl?gxo‘fﬂegu%f”g%‘?f‘%Zﬁﬁé’f’%’%ﬂo s Gram; gt
cool i ng oper atallqortiarehliand oo wal dorixCI2NeEctARY, hitd HeHIQH WA dtlet port
t enperat ure g:;%gheﬁ t han, t he anmbi ent tenperature during heating _
operation. 20Fry. “RESTiEUidg RORioN £56 akrl lomgtguidepartiohal7 are Ewmed susurye thpeir
proxi mity of dufiRt BHsoRLAReEh b WilBuRL! o Rt dONR o the [l peli -
Referring to Fitlg._@}?S and_Fi g? i 16,l cgg}s{\gglﬁz 2 %s aofnrtg?\itihgr e%‘ %%'?ltsil%en
251 and a r edPd With/lowesiguidsipontm 257 00 the awtdriperphretsl side 26d tapdide éerainal |
portio 52 { f t her di stance fro ach
ot her . “1&1@ a ggr?vﬁgdo?ﬂgﬁ)r%& I gdv'v gﬁ) ﬁn@]ﬁ gl%%é‘{,?onczr%;a%’af]?%%gfl pfﬁff’nirgé? are
di sposed to Henzgpod thatthedoketewaeroffairdhty skahtel PR6 inc@sed Fbnddidss:-Ran
wal | portion f%jS?OOt?\ryg@g)t ]%&r}zgorti on 253 is forned at front wall

portion 251 t0 pro he radially outer surface of

cross-flow fan 100 $e peBeritemBedinRas GohhRalDpRiNel 1880 ugg&%%icfel Yidn®6
100 and front wal | ortiogwé%l. A protrusion portion 41s fornmed at

rear wal | pofi§BiesE3 frge e Penshvad B t Rear well pettign 89a end lowerf gide

of 1 0S5 11 oo 2890S RephIlf RyfRELAAERAG22 43P between cross- 1 ow
fan 100 and rear wall portion 252.
In the first embodiment, a phenomenon caused by a disturbance in the airflow

in the place where outer edge portion 27 of fan blade 21 approaches the fan casing has
been described. In air conditioner 210, the approach place corresponds to a space
where front wall portion 251 of casing 222 faces fan blade 21.

20 Fig. 17 is a cross-sectional view of an air flow produced in the proximity of the
outlet port of the air conditioner in Fig. 15. Referring to Fig. 15 to Fig. 17, on the path
on air flow channel 226, an upstream outside space 246 is formed to be positioned
upstream of air flow from cross-flow fan 100, an inside space 247 is formed to be
positioned in the inside of cross-flow fan 100 (the inner peripheral side of a plurality of

25 fan blades 21 circumferentially arranged), and a downstream outside space 248 is
formed to be positioned downstream of air flow from cross-flow fan 100.

During rotation of cross-flow fan 100, at an upstream region 241 of air flow
channel 226 with respect to protrusion portions 253, 254 as a boundary, an air flow 261

is formed to pass through on blade surface 23 of fan blade 21 from upstream outside
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Casi ng 222 has an upper guide portion 256 and a | ower gui de portion
257. Air flow channel 226 is defined by upper guide portion 256 and
| ower gui de portion 257 on the downstream side of air flow from
cross-flow fan 100. 5Upper guide portion 256 and | ower gui de portion
257 are continuous fromfront wall portion 251 and rear wall portion
252, respectively, and extend toward outlet port 225. Upper guide
portion 256 and | ower guide portion 257 are fornmed to curve the air
out put by cross-flow fan 100 with upper guide portion 256 on the

i nner peripheral side and with | ower guide portion 257 on the outer
peri pheral sisgge 2a86WwAd Ir !

gui de porti on9256 and | o%{rdégﬁécg?gor??%#%w @r%%gﬁgﬁw #g
the cross seceP snthgespsetito profision astiehs 253625 hasradasedarf, ramilor @SlsrsffduﬁWd

fan 100 towar r esent odi

front wal l pég %&g&]ﬂrgﬁﬁ a%%gl'ef"r‘°eg23| efanp%l?(i r%ln&?%% Hiﬂsaép‘?cﬁ Foé’t’alr
formed with fdpwmtrepmrmitmma:e RR@ar Hesl bt aisition Bdjdéeht ﬁmbdtwéﬁrpoﬁibh%l
15porti 257 fgcedv %;qgﬁt% formagO h cabi net 222A. In the
first enbodi RERC. Or%)eﬁ bHoOWA REIehy a disturbance in the airflow
in the place wher Big0Ug @ra @@lﬁ%e&%hﬂﬁé‘wﬂﬁlsﬁ&tﬁ ’bh@h&g&oﬁ}bﬁg?{%ﬁ’?&ﬂﬁé

the fan casi g% has been described. In air co di'ti oner
approach pla de irface ghthg an Wlade lgmsmﬁgﬁldhowmmgp]@rtl on 251 of

casing 222 faces f{@ﬁnjﬂlgatgﬁ i1s, @]%%ﬁalr%‘?\#%re%te%r ozr%susﬁ‘%ﬂggfa{dﬁ\ébagﬁz%

an air flow produced int prooxi mt e out
condi ti oner [qvaEd ngldQSPaCRéﬂérsrfnmgsdtabuﬁsh@amlégﬂ)mZHI 8. Fid 76, @it fiéw pat h

on air {ff ow I I t.Si 246 is forned to

be posi tdl oneg%gg%%rogﬁgdgﬁm i 03%”1‘%%‘#323 ?QWHP&W%T?@@ PYHOR 35 de

space 247 i spissthregkht o Hﬂedepmﬁfhdel Bned fidw bﬁl@rdrﬂﬁinglee(%g p@,lgllgﬁggf I fzqgi\tef an
an ades

100 (the inner erl of a plurality of 25
ci rcunf er ent Fgf %ﬁ?@&? air flay @%6%%@@5%%@1@@!@0@9%@@@85] s
formed to bEfdi)ﬁAScﬂ bl ﬁé@dre@@t‘ﬁb%t%eﬁm éﬁouﬁ’ﬂefclcfclkwf%fv'éﬁ& 61 855 AW fan

100. During rotation of cross-flow fan 100, at an upstream
regi on 241 ofen4Tarediip sapcanapwEPn 58 Brined at Suetscple&utfate&‘lprdthmgty an air

t 253
Db ough on by e Ship Nyt B b Q¥E0% ] atibe shsiaat
space 246 t ovgtedes @ﬂsﬁaercslpa@ﬁenwﬂcavaﬁporaordmmsmeam region 242 of air
Ions 253, 254 as a

fl ow channel 226 I espect rotr

boundary, air fl 0%2@ i %S%F??éamﬁbﬂeb” t’f’ﬁf’g heWGBPIh@’ét G gaéhe3

of fan bl adeblade furface mmmﬁahwa@@thaﬂawhgmmeg@ﬂ\%(%ﬁmgqtss' de space
portion

248. Here, at a ;Q%ltjon %Ig] ggcent to front

forced vortex 2623GFTREf0 Figoly:vden gn aigfow directed from insige spgct’a247 toward

cross- 86ct i Odtai&nsttbzﬁﬁVohtlsi’db'g[%Jcé‘QM‘ﬁ f&r&ﬁ%ﬁﬁ&@ﬁb‘?ﬂ%m&@%ﬁ Oﬁrqt he;
edi on s

bI ade surfac of the f ade in the upstream r By
& S mieduced Fm éladqg:rfagméhohfan alade £1 olaly n'efcdrﬁdmfef €dPe portion

upst ream OUtﬁ PessIRa6 % (ﬁ'ﬁﬁaé SPEN adﬁ?\g\aﬁc 01121%1Ztell' ésdg]:e?jgrr%%g 2%t Here,

upstream regi on 241 | an Aart
a counterclockwise vortex 68 of air flow (secondary flow) is formed in concave portion

57 formed at pressure surface 25, and a clockwise vortex 67 of air flow is generated in
26 concave portion 56 formed at suction surface 24. Accordingly, an air flow 66 (main
flow) passing through on blade surface 23 flows along the outside of vortexes 68, 67
produced in concave portions 57, 56.
In other words, in cross-flow fan 100, when fan blade 21 moves from upstream

region 241 to downstream region 242, the direction of air flow on blade surface 23 is
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10pr oduced on bl ade surface 23 of fan blade 21 to flow in from outer
edge portion 27, pass through on bl ade surface 23, and flow out from
i nner edge portion 26. Here, a clockw se vortex 63 of air flow
(secondary flow) is fornmed in concave portion 57 forned at pressure
surface 25, and a countercl ockwi se vortex 62 of air flow is generated
in concave portion 56 forned at suction surface 24. Accordingly, an
air 15flow 61 (main flow passing through on bl ade surface 23 fl ows
al ong the outside of vortexes 63, 62 produced in concave portions 57,

56. Fig. 19 is a cross-sectional viewillustrating a phenonenon
t hat occurs cmvetrkad duidatﬁercﬂaﬂofn&hﬁreeﬁoﬂsI@Etl—fea»ﬂrtbie@@ﬁ)dh@ed1h%oﬂ£‘a\0@§6rh@ﬁ’sf@7
regi on shownn%()n ECE ing to Fig. 19, when an air flow

directed from iHsf reé’ﬁ‘é acfﬁ 1’cg'éﬂ(/\/ard 20downst r eam out si de space 248

is fornmed in dOWnEIﬁ bﬁaﬁﬂb@%rpmo%ﬁ%é |ﬂ'e§: thmlﬁlogllnél?lfQﬁ Blafid ?i’veih?blts a

produced on hl ade surface 23 of fan blade 2 ow i n frominner
edge porti on bEBavigdike atfhlfcbbljlﬁe enif ieddasleconst sextioR B, increabed irthickndss becanse

outer edge pq_’fftVBH&engec %fg;teggncé (oo kv\(/)f\:ler% ’P\I/’]gg? %dG% of P%@%@Pé%w

(secondary fl ow) |n c ncave
surface 25, aml:luaectdttdmkwadezNcsmttem@ﬁio@ﬁﬂ;&hbraﬁdaﬂw i's generat ed in 25

concave portion 56 for su 24, Accordingly, an air
flow 66 (main flo Crﬁﬁgg?‘ﬁ an i@o%ﬁé‘ﬁ’%@ﬁs %I‘%gﬁ]?’s%ufrq 228> Q‘?ld?%o%flél“ong
the outside dfiffsrediti®y&stidilof cBrcaRt pekeRsd d?}d%@rk?@lyﬁd POBLd B8 Hs  O6-

In other words, .in cross-flow fan 100, when fan bl ade 21 noves from

upst r eam r egicORiSUAtNNe e SaARY hardmeEFeBntizEAPom blade gassisgtspwrt (0F seind)
fl ow ompl adeng erfrf'éﬁ-ngo%nﬂ Boisé F‘e\éﬁﬁﬁfﬂome}ﬁ'@al} ﬁg\yrbgléageﬁ ?z{ﬂaél?&%%)ﬁfgt | s

of the vortexes produced I n concave” port &Velsed
accor di ngl y. I¢duced oFiechusowt ﬂanecm@ﬁon of rtahewpiraeé eoise enthiddhaieat, thefigarval

o 21, XA BRI g il S R S 3 5™
fl ows) for medapasity mquawcéfopowss-ﬂﬁ@ fary'10056 In dtetwdras Wien atph@ality fof fan
blades 21 are arranged at random pitches, variations of the random pitches can
15 minimized.
As shown in Fig. 13, cross-flow fan 100 is configured to include a plurality of
impellers 12 aligned in the axial direction of center axis 101. Therefore, when
compared with the centrifugal fan previously described, in cross-flow fan 100, a
pressure loss of an air flow applied to the fan of each impeller 12 is reduced, so that a
20 back flow of air flow is hardly produced between adjacent fan blades 21. Therefore,
in the present embodiment, noise (abnormal sound) at low frequencies resulting from a
back flow of air flow can be prevented even in a configuration in which a plurality of
fan blades 21 arc arranged at random pitches.
Cross-flow fan 100 may also be configured such that a plurality of fan blades 21
25 are arranged at regular pitches as shown in Fig. 5 and Fig. 6. Although an air
conditioner has been described by way of example in this embodiment, the cross-flow
fan in the present invention is also applicable to a fluid feeding device such as, for
example, an air purifier, a humidifier, a cooling device, and a ventilating device.

Cross-flow fan 100 and air conditioner 210 in the third embodiment of the
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produced at fan blade 21 can be significantly increased. In
cross-flow fan 100, fan blades 21A, 21B, 21C, 21D, and 21E in Fig. 4
different in position of concave portions 56 and 57 are used. Because
of this configuration, the narrow band noi se resulting from bl ade
passi ng sound (nZ sound) 10and the narrow band noise resulting from
the air flow between fan bl ades 21 can be reduced. Because of the
reduction of narrow band noise in this manner, the interval between
adj acent fan bl ades 21 can be set to an opti mum val ue based on the

bl owi ng capacity required for cross-flow fan 100. In other words,

when a pl ur alpresgnofivémion bbrefihesedda g Madier BRORH: A tﬂe%ﬁgﬁ%&icﬁ Jﬁﬁﬁ the
vari ati ons of the r@ndom R’Et ches can 15m ni m zed own I'n

13, cross- ro tfeéﬁ'Po BerFnt SmilgHy gured to include a plurality of
inpellers 12 aligned strﬁbtﬁr@@oiaﬁié ﬁ!ns QiR Iﬁ%el%r]stctg%lgdr endht &g??l?s as

Therefore, when conpared with the centrifuga
descri bed, i rcesibedabqvgypayde cm@neéammuae tb osﬁignfe mevafan. f Few

appl i ed ot i s reduced,  so that a 20 back
PP of 80, Rabl, Shes Rl TOO I B v cRohoets BELRE ot auae tagn

Ther ef or e, |rbladhedq@c1elmdnnttembmﬂ1ﬂmﬁmdlmﬁt se (abnor mal sound) at |ow
frequenci es resuli ?%dgqqn‘?a back flow of air flow can be prevented
even in a configu at 7 a plurality of fan bl ades 21 are

arranged at randonimbpﬁﬁﬁﬁenﬁ%mﬁﬁn{FHM’fQP o whih
such that a plur ﬁ% y of, fan blade5121025a?é9§¥§gﬁgg %H§W§“1%
pi tches as SE‘BWH erPrP-'ieﬂt ingengiqy 1ﬂ:4PQIIeCBW111Abetd¢@QJgjhdanNatt;st:momlehstolf angF

has begm des @diﬂcii’t%ﬁepﬂsﬂ@%e Qi[osgﬁmé adh (r)]dgllgglbe fggbﬁqaete tgmdgctto(g ofthe i d

cross-flow fan in the present | nvent T on 1e
f eedi ng devi E@ss{lew fﬁBWlllﬂlﬁrdeeWMI e, an air purifier, a hunidifier, a

condi  oner 210 1R FRE S B A R T s o e

Fig. 20 is a side view of a cross-flow fan in a fourth embodiment of the present
inventjon. Fig. 21 is a cross-sectional perspective view of the cross-flow fan taken

15 along a line XXI-XXI in Fig. 20.

Referring to Fig. 20 and Fig. 21, a cross-flow fan 500 in the present
embodiment has a plurality of fan blades 421. Cross-flow fan 500 has an
approximately cylindrical appearance as a whole. A plurality of fan blades 421 are
disposed on a circumferential surface of the approximately cylindrical shape. Cross-

20 flow fan 500 is integraily formed from resin. Cross-flow fan 500 rotates in the
direction shown by arrow 103 around an imaginary center axis 501 shown in the
figures.

Cross-flow fan 500 is a fan using a plurality of rotating fan blades 421 to flow
air in a direction orthogonal to center axis 501 serving as the rotation axis. As viewed

25 from the axial direction of center axis 501, cross-flow fan 500 takes in air from an
outside space on one side with respect to center axis 501 to an inside space of the fan
and outputs the intake air to the outside space on the other side with respect to center
axis 501.  Cross-flow fan 500 forms an air flow that flows in the direction crossing

center axis 501 in a flat plane orthogonal to center axis 501, Cross-flow fan 500
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present invention configured in this manner can achi eve the effects
described in the first embodinent simlarly. The structures of the
fans described in the first to third enbodi nents as descri bed
above may be combined as appropriate to configure a new fan. For
Sexanpl e, cross-flow fan 100 in the third enbodi ment nay be
configured using the fan bl ades described in the second enbodi ment.

[ Fourt h Enbodi nent ] In the present embodinent, first of all, a
structure of a cross-flow fan to which a fan in the present invention
is applied will be described. Next, structures of an air

10condi ti onerforusi an@utibefias bsthe fdroWrhan: FRSk MhedlRl B dfreflbgs 5@r, use in
production of the cross-flow fan will be described. (Description of
Structure of CrosSFPEEIRvERR)00 is used witly rotatipn speess i the law Beyroidsaiumber

cross-flow f agpibhapplit@W hhs RRSE BRALC g%i%‘?&tp&gsent i nvention. Fig.

21 is a cross-sectional perspective vie the'cross-f!OM/fan t aken
15al ong a |ine XXFrosxiflovnfarisgQ iszonfigured sucRétfaea plurdity of ikipgller2 1 2altkned

F0 2lsa CupasaliaPind Al 8RRl 4080 PLESERE, SIPAIIENL AS B0 o
plurality of fan blades a3t RHELs pYLHE Fambis J&acimpsiisr st el y
cylindrical appadyahfe baleaddihat eroviedtdbeadiichinf@intfadd shicad 8 2

di sposed on a,circunferential surface of the approximtely
cyl !Dndri cal Sifgpadu %@?fa’é‘ﬁfspgw fan 500 is integrally forned from

resin. Cross-fl owctas 20tk Sb@fieGedl H’és%%@ﬁﬂ‘ie?a@ﬁﬁin@@.ﬁ Q%g%{a@ﬁﬂpgw. 103
around an imaginary center axis 501 shown int e figures: _
Peripherd] frame 413 has a ring shape annularly extending around center axis 501.

10 Peripheral frame 413 has an end surface 413a and an end surface 413b. End surface
413a is formed to face one direction along the axial direction of center axis 501. End
surface 413b is disposed on the back side of end surface 413a and is formed to face the
other direction along the axial direction of center axis 501.

Peripheral frame 413 is provided to be interposed between impellers 412

15 adjacent to each other in the axial direction of center axis 501.

Giving attention to impeller 412A and impeller 412B in Fig. 20 disposed
adjacent to each other, a plurality of fan blades 421 provided in impeller 412A are
provided to stand on end surface 413a and are formed to extend like plates along the
axial direction of center axis 501. A plurality of fan blades 421 provided in impeller

20 412B are provided to stand on end surface 413b and are formed to extend like plates
along the axial direction of center axis 501.

Fig. 21 shows a blade cross section of fan blade 421 cut along a plane
orthogonal to center axis 501 serving as a rotation axis of cross-flow fan 500.

Fan blade 421 has an inner peripheral blade tip portion 428 and an outer

25 peripheral blade tip portion 429. Inner peripheral blade tip portion 428 is disposed at
an end portion on the inner peripheral side of fan blade 421. Quter peripheral blade
tip portion 429 is disposed at an end portion on the outer peripheral side of fan blade
421. Fan blade 421 is formed to be inclined in the circumferential direction around

center axis 501 from inner peripheral blade tip portion 428 toward outer peripheral
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Cross-flow fan 500 is a fan using a plurality of rotating fan bl ades
421 to flow air in a direction orthogonal to center axis 501 serving
as the rotation axis. As viewed 25fromthe axial direction of center
axis 501, cross-flow fan 500 takes in air froman outside space on
one side with respect to center axis 501 to an inside space of the
fan and outputs the intake air to the outside space on the other side
Wth respect to center axis 501. Cross-flow fan 500 fornms an air flow
that flows in the direction crossing center axis 501 in a flat plane
orthogonal to center axis 501. Cross-flow fan 500 fornms an outl et

flow in the fopde®ipopidnl®d. PkANRaRAA ﬁ)lrm&?togjs%rf{nﬁirnfﬁél t?% %Q%%oynﬁlol ds

Cross-flow fan 500 is used with rotation spee
nunber regi ofisgsnigrasefiperfan 5t frovo imeepepheiatbledpiipprtion 478 ©ward outer

Cross-fl ow fagp, L fi such that a plurality of inpellers
412 al i gned %i %ﬁgg%%gagggppgggﬁég ?'on of center axis 501 are conbi ned.

In each inpeller Fapblade i lureakibiade ofirffcar2blimiigddkeRi sifrpeéisgednd 9
around center axis

be circupfer i al |y spaced apart fromeach, other ] ter ax
501. i Crgg"ts‘fé’llf*‘l‘%%eg’g : S%ESFJEﬁ%uﬁtré?e ds dispRsed pm Eieaptationghdirestign side
serving as aofcppefiéw fAREI00PRRT aktidy frB.4b3 iha ' SN Ly
ext endi ng arourrt]ﬂc} center axips 5_01.] 10 (I:Deri Bhgé%clﬁe{?lggng ?gsq%as gérf%ﬁd
surface 413aSHHEe AR enduisng pitien af gpss-frvd fas 0f s an 4lr3ww is pfaduemichntthe
face one dirgeHt anrRL Q9 ek adi-rection of.center axis 501. End
surface 413b is_di sp%sgga n(%f‘%é d%%trf: klé?%egeg?ratgg\ Ss“ﬁf’?&@é‘“?f@ﬁ*’?ﬁﬂ”‘??
fornmed to fatatively lenghet prdssnectuiface 4U5and istrhatioely athaldht REHdnoRrfade 424.

center is Peripheral frane 413 i s provided to be
Cnter pased o tnblade 421 has p et ShAPE o YOl e R s BEFIRheFR Plagetip prtion

axi al direct #ohamfoutspedphea ibtad®d @3 portion 429 & Wai¥en 812291 RRokhve on the
i npel ler 412A and inpeller 412B in Fig. 20 di sposed adjacent to each

other, a pl uPEFTHS GRS 4 Siderndconver optlssugtion susfarehed dide: 412A are
provi ded to standrarbiandosys fsea Gad 2R @R ulend, T ke
SR |

plates along the axial direction of center axis ural rty of
fan bl ades 4ZVPEERdescrdal dirpgiion|og perr@412B504r eFamridadediad it formedwothaona

Girect ion of eoned ool pRkeh oSt bRt el S oS Beobfn of
fan bl ade 42ueripherabblodetimpetiond29. Fan blade 421 is formed to have an almost constant
thickness (the length between pressure surface 425 and suction surface 424) between
inner peripheral blade tip portion 428 and outer peripheral blade tip portion 429,
In cross-flow fan 500 in the present embodiment, the shape and arrangement of
20 each fan blade 421 is determined so that an "outer peripheral blade tip angle,”" an “inner
peripheral blade tip angle" and a "discrepancy angle" satisfy a predetermined
relationship among a plurality of fan blades 421.  First, the meaning of the terms
“outer peripheral blade tip angle," "inner peripheral blade tip angle" and "discrepancy
angle" used to describe the structure of cross-flow fan 500 will be described.
25 Fig. 22 is a diagram showing the “discrepancy angle." Fig. 22 illustrates a
chord line 633 in contact with inner peripheral blade tip portion 428 and outer
peripheral blade tip portion 429. Chord line 633 is in contact with blade surface 423
from the pressure surface 425 side at inner peripheral blade tip portion 428 and at outer

peripheral blade tip portion 429. Chord line 633 is a straight line. The point at
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orthogonal to center axis 501 serving as a rotation axis of
cross-flow fan 500. Fan bl ade 421 has an inner peripheral blade tip
portion 428 and an outer 25peripheral blade tip portion 429. Inner
peri pheral blade tip portion 428 is disposed at an end portion on the
i nner peripheral side of fan bl ade 421. Quter peripheral blade tip
portion 429 is disposed at an end portion on the outer peripheral
side of fan blade 421. Fan bl ade 421 is forned to be inclined in the
circunferential direction around center axis 501 from i nner

peri pheral blade tip portion 428 toward outer peripheral blade tip
portion 429. vRaeh GloatibnedG88 dnd ofipr periphtmal bledd e piried4Inintehectiotiaiinaral

direction of s-f1 f 500 from.,inner_ peripheral blade tip
portion 428 tcgé\'/:gcr?t Ogﬁt% g/} gg}% s Ao theysa S{rgﬁf“plﬁﬁﬂtégﬁa%%.mpaﬁ’ Hde
421 has a bl adB 58UsERGER 24 2% roREbrid cdilerdf RFRS AU FarS S0 AQ RoMtac pBiifl 681.5
suction surface 424. Pressure surface 425 is di sposed on the

rotational direct ibHissage thfanglegs betieenghoshlisod3 and diraigittline 633 isthace

424 is i spo ac i r rface,.425. ri
fotation of Ry Mgkt S e Bhe PRARNER oRHE oF fPdiRn P iord Fue 32
bl ade sur f acevitsferacpressigheliok 6Xrjakditg throvigh cgeaeixat®d ahd caltLH pint
manner that ssure..is rel ativyel arge at pressure surface 425 and
is relativel @52 ﬁ?e diperenaney W\{es%{q‘%‘égg‘ﬂrfds: smgllerthian 8Pade 421 has a

bent shape as a wpgl e3hef Bl sR&Ring %‘ioﬁﬁ?g@kphﬁllg?gfg%% ﬁ;g?r%gé;ta%g %e.428

and outer peripheral blade tip portron 429 so't IS
concave on t h@nprresigheral Wedertimengle?'s Bigd® illnshratesmwentenkine 106 is thetthiokness

surfacey#t24 gide: b d to have a _uniform bl ade
Crose. oot 1 on e Cac ea nerbelfe pREE RS Ge silob Buiet 8P e
501. Fan bl adtadd2mss scfior oftfdn bladhddle Lehbet Hin30H atmds nis bREECEHEN

bet ween i nner,_peripheral. .bl ade, ti orti.on 428 d outer periphera
bl ade tip pors?clrt)lglr]l SQ%.O Jll:‘ﬁae @F%&‘gegﬁ’ S?eg%l‘?rb‘?fri%’abﬁge faliBtodhe Bieprysg surface
constant thi akhsidsatd fhe sheziog sl fReUpe e P RESYM®R 49U hEAkEnd22d808brtion
suction surfﬁg,g 424)  bet ween i nner eri%her al bl ade ti{)@portl on 428

and outer pef ﬁt(fr siton yeiere Geptep Brg 3 riniepsgcts prteppesipher] Wede timpastion 439,
e P egn spbarhy: phccs 1208 oad o SapesIRgh i pO5aE b 20
"i nner peripheral blade tip portion 428,  Center line 506 continuously extends between outer
edge portion 427 and inner edge portion 426.
The figure also shows a tangent 637 on outer edge portion 427 with respect to
center line 506, and a tangent 639 on inner edge portion 426 with respect to center line
20 506. In the example in the figure, center line 506 is curved at outer edge portion 427
and inner edge portion 426. However, in the case where it extendé. in a straight line,
tangent 637 and tangent 639 overlap with center line 506 at outer edge portion 427 and
inner edge portion 426, respectively.
The figure also shows a straight line 636 passing through center axis 501
25 serving as the rotational center of cross-flow fan 500 and outer edge portion 427, and a
straight line 638 passing through center axis 501 serving as the rotational center of
cross-flow fan 500 and inner edge portion 426.

In this case, the angle B between straight line 636 and tangent 637 is the outer
peripheral blade tip angle, and the angle y between straight line 638 and tangent 639 is
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peri pheral blade tip angle” and a "di screpancy angle" satisfy a
predeterm ned rel ati onship anong a plurality of fan bl ades 421.
First, the nmeaning of the terns "outer peripheral blade tip angle,"”
"inner peripheral blade tip angle" and "di screpancy angle' used to
describe the structure of cross-flow fan 500 will be descri bed.
25Fig. 22 is a diagram show ng the "discrepancy angle" Fig. 22
illustrates a chord line 633 in contact with i nner peripheral bl ade
tip portion 428 and outer peripheral blade tip portion 429. Chord
line 633 is in contact with bl ade surface 423 fromthe pressure

surface 425 shedenatpeiiptieedl bpaleitphesal PhadlBertdeRoiedi bhiQP 1 !
outer peri pheraﬂaa?cl)ade t.ig porl'?i o% 429. Chgrﬁg Pl ne%%a%gtlﬁsaﬁggg%?%l%%t
€

line. The poif¥ UiggReEiRb R eHe tipriertiEaat 28t owet adge pertiop HRT with bdfardece
tip portion 428ridH BhSEFE ndsS o int. 631.. The figure
al so shows a_stl;aaél}%ht [l ne SG%%%%%&%%%@E r%%%haﬁlggﬁieé?dgg?f’gmgg@?' Phe
serving as tHget parwhtighblpdeimangle méans thesmgfel of wineaperhpferaBldd RGN

int 63%L. | is | bet d L] 633 d
St ai gnt i1 nebaa e PR AR Brrairethetaht ity Gl pune eyt
an angl e of bxisb0haid infereligepatioh 421e 163 3uidh bdiph&HEHIENCS, gn%%ezélgﬂltﬁpt
. The

line 632 pasging through center axis 501 and contact point
di screpancy 4WgiRerigheral blpde 4 apgtesy shows imihe diguterramsdler than 90°.Fi g. 23

i s a di agram show; ~outer. peripheral. blgde tip angle and the
"inner peripher aﬁ%%%g%t?%gé%’l"g? 'leg'i' §1.°W 1% aﬁ%f‘rfcgafrﬁg Sneoé At e bladpe
506 in the thitbkeessild@dariadig @0, (Re@mthigneGid. 0N if oRBEALW T 0SS S ©
surfacq 425 arég%guc%i&)n surf@%ﬁh 42&) glf the bl ade cross section o
fan bl ade 428 TR VTENe? BB pidan Bladss 424 arasompaised ofdureldg ndsand faro
as to divi deblads 40 Agde216, @35C,SRCDI SN FOk frat DA AGE |

pressure surfacglaéZS side and the sucti on’sur#zggﬁ %blsaiﬁ%isg‘%ﬁ%:tﬁ%}%de

421 has an oMfv&Pladagreospesctiorsplaiitferent shapssiA ploralifhef fen bladesare pionideb06

intersects off edchREFAPEISdRlk PA 3¢ d p portion 429, 15and an inner
edge portion 426 at a position where center |line 506 intersects inner

peri pheral bl ade Kigp2508en prargad srosentiornl Viewah&H0ihg adhide RERSSchon of the

ext endgsbet t aort;ion 427 and L.pn e portion 426.
The fi ggr e a sglagﬁ'oalrg tggﬁ lﬁg’eanlfla OSBﬁ“%laP@fPaBg’éﬁéeggﬁP R84S t h
respect to cepesmtdtively iBiMratedndFig, 2ERYLIEErAS ShdWing MEFLRAIBE LS thi ON
426 with restgfej%t ‘t19‘ cx{azgter I ilne 0.506. In the exanple in the figure,
center |ine STETIEUr /G OYtr BRECYItR 8’8 9KFt i on 427 and inner edge

PO et O 4 o 0
outer edge pgoftthofisugrangnanglapef casliden Pade 4201is 4RA) amasgac biadal 421. In

20 other words, the angle at which fan blade 421 extending from inner peripheral blade tip
portion 428 to outer peripheral blade tip portion 429 is inclined in the circumferential
direction around center axis 501 is equal among fan blades 421,

As far as the range shown in Fig. 24 is concerned, the discrepancy angles o of
fan blades 421 A to 421G are equal to each other. Therefore, as shown in Fig. 26,

25 when fan blades 421A to 421G are rotated in the circumferential direction around
center axis 501 and overlapped on any one of the fan blades, chord lines 633 of fan
blades 421A to 421G overlie one another.

A plurality of fan blades 421 include fan blades 421A to 421G in which at least

one of the outer peripheral blade tip angle and the inner peripheral blade tip angle of
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The figure also shows a straight |line 636 passing through center axis
501 25serving as the rotational center of cross-flow fan 500 and
outer edge portion 427, and a straight |line 638 passing through
center axis 501 serving as the rotational center of cross-flow fan
500 and inner edge portion 426. In this case, the angle f3

bet ween straight |line 636 and tangent 637 is the outer peripheral

bl ade tip angle, and the angle y between straight |Iine 638 and
tangent 639 is the inner peripheral blade tip angle. The outer

peri pheral blade tip angle neans the angle of outer peripheral blade
tip portion 42h fatbadt ¢21 sdiffergofichoenc athewi tTh theafr@epnmotibneit Mfad ght

line 636 passi r.ou enter axis 501 and outer edge portion 427.
The i nner ppe?”%ﬁ%‘iﬁl‘j‘ tﬁl%ga_ g 130}5’254 %lchél%@ﬁ erter peripherabblaip i pogle f of
peripheral bleagerah bl&d@f%_rdtiﬂf&@ntsdﬁ%ﬁg &n dIARS U2 £AGL A e t 'ﬂ@reﬁ%&gg‘iﬁ%ﬁ%in

reference to_straight |ine 638 paSsing through center axis
i nner edge p&f% L6rvirpdan tiadesaidd Arto ARG pivaptated i the eirturpfermghialifedti@nd

the inn pert,] ' le .y shown ipn. . the figure are.

srml | or Tnan5Bg¢ bébter BB uhE A Realor g e et 15 P Sk aiinhsrl
shape and ar bdgémpations 47%of finl bldés 42DA tth 82 6 66 Sotfdvemiefoad ahdihdri 9. 20.
Referring to Fig. ross-flow fan 500 in the 10 present

24, | . .
embodi ment, a pl ufF4l I?Ifiéﬁn‘b?ﬁ has flegionpegions 14 hatevhighhisnies Ege 896 ¢fithg blpde
ki nds of fanchkagesonr@litn bAddBr1 4 Akad 42l fRreft Bdifts RN iR 42! Q’nio%aA”

bl ades 421A to 421G have bl ade cross sections of different sitapes.
plurality of 4#&frdNuiiedeepation 4. dde theareseatembefinfeah firl bladest 24 2m4\ t o

421G 19 flecti FiShs 42P a4l : -Seet i | Vi ew
showi ng a blagémg 0SS gecf?gﬁog@“@ﬂgﬁ%%ﬁgﬁ%%%%%éiﬁﬁﬁlgﬁgn?Paﬁ?%gea

bl ade cross petiphd47.of Fahdutade 4a tl bastRlddtibm pittign 42 4t s posifioe sdindeat jo\oakay
illustrated. Kj Q. IS .a.di-agr am show a | ural .kinds of fan

bl ades in Fi 8@6%2 “§°?‘e422\? ad 5% & W%\M@gg ﬁE tgf"h © m“ﬁ’omtlb%?feﬁ? HRedes
Fig. 24 to FpgtioR626 anduutsratipd yortibn 42m bltaResordoticH 21 1f @uicdagke SuEh
that the discrepancy angle a of each fan bl ade 421 is equal anong fan
bl ades 421. Pitopadierongselsdd. t e flgefipngpogionddilerrentgnlitg Hds hat by a

ext endiyrg frg@ ri pheral blade tip portion 428 to outer

peri pher al bladgﬁgﬁlegg?tion 429 is inclined in the circunferential

direction around Emrtilades 43145 tG2l G sre fetiall seoiang theafMedibRe@se 821k different
among the fan blades. More specifically, in fan blade 421A, flection portion 441q is
convex on the suction surface 424 side and is concave on the pressure surface 425 side
(8q < 180°).  The flection angle 8q gradually increases in fan blades 421B, 421C,

20 421D, 421E, 421F, and 421G in this order. In fan blade 421G, flection portion 441q
is convex on the pressure surface 425 side and is concave on the suction surface 424
side (6q > 180 °).  The inclination of outer peripheral blade tip portion 429 changes
with changing flection angle 68q at flection portion 441q, so that the outer peripheral
blade tip angle differs among fan blades 421A to 421G.

25 The flection angle Bp also changes with changing flection angle 8. As shown
in Fig, 26, the flection angle 6p changes such that the blade cross sections of fan blades
421A to 421G are kept overlapped on the side of inner peripheral blade tip portion 428.

The flection structure of flection portions 441 can improve the strength of fan

-44 -



As far as the range shown in Fig. 24 is concerned, the discrepancy
angles a of fan bl ades 421A to 421G are equal to each other.
Therefore, as shown in Fig. 26, 25 when fan bl ades 421A to 421G are
rotated in the circunferential direction around center axis 501 and
over | apped on any one of the fan bl ades, chord |ines 633 of fan

bl ades 421A to 421G overlie one another. A plurality of fan

bl ades 421 include fan bl ades 421A to 421G in which at |east one of
the outer peripheral blade tip angle and the inner peripheral blade
tip angle of each fan blade 421 is different fromeach other. In the

present enbodiaiere]. fana bisaldake ABINIGQf ARG AHR oPfhe dﬂ%gbé HaHkol At
the outer pe he de ti_p angle 13 of each

di ff erent am?‘lrl{g 'fgér‘fr(ﬁf“ &’sfaaé%}s\lstadeﬂlﬁa@hamg;aélmg.btade a@ssmm i MhEi g.
26, when fan 1@}3@6}@&@&2&&@@1&%&%%& %@1&% df'hard DGaLAN GAT e ept i al

direction 5.around center axis overTapped on any one 8¢t he
fan bl ades, dipEforpdhe prighit cmsa@emfamswmlb@medué&gaxﬂrthé et erdLdso
421A to §210Cgpb&% Qyerlie one anot her. Fan bl ade 421 has
flection portions 44T at which center line 506 of the blade cross

section of fan bl hube pR%erit smbbéixedt, Atcibnipbaioanii] pOfoRh& BSE MR FRRES
edge portion 426 azg) out eﬁcj % Ftort' on 427. In the present

embodi ment, FaR bl Aty URAON Psfioadt a1y e demsAdo heaenhso asio bp etunted.
bet ween inner edgBigp®T isiallagd#f seiehaBEHIB sh

421 has a flecti g ‘slpizort |aon g?mls at aa %SSI ‘tg}‘?%g aggﬁaﬁcgg{r}llteéttz%fod:@g?e?é@%%

portion 427 &R ik 28or @ﬁm@gﬁlaﬂltfh@bhﬂ@dfélm ireli R nﬂl(helrzm;an
inner adge partd, apiMA8d avt; Qfétﬂange(a%g agporl;e pﬁ?cegl}%}? %rhfa‘n:[gglfal g(cz@&oml\fnrder in

portion 441q, center line 506 1s
f | ection por EheGﬁcmﬂfﬁlpﬁnﬂ@%Ieehon arnmcﬁﬁﬁter sxibBOI. Wora spificany,imnbiang! e

210 a formed such that the flection
angl e 52 H O EiE %gerlr%lé‘g?(ﬁ%o ?SA’H{ gﬁf reReated W?‘é@%béé‘?@-‘la&aﬂeyﬁoﬁ n fan
bl ade 421A Eaapld, Gan fafes MRDA 44 4011 S5 GDIY EX 49D Lh@zﬁa%tdz?? “hlace
424 side and is concave on the pressure surface 425 side 80) .

The flecti on*dAyretdB or&dGatt 421Dhord2dEes 4R24F fan2 B &déElMQi&lBGfZ C

20 421y 421E, 4 0,

flection porti onaﬁgl}e é{%%pﬁ%%g\g)bn%%{ét ?é?%]rd@%%eﬁr‘lz é’%gc@qizggé d&!1Bnd

i's concave o‘i*?lﬂ:h@lﬁ;éﬂl@,r#?QBl; 216 4273, 2i18e411802211302) B, WeDi feld Rafr on

of outer per l.ade ti orti,on 429 changes wth changi ng

flection angle ﬁl}‘(ﬁ AT Q}fﬁg@f? Iﬂ%eﬁé‘i‘ ?rdBrrf’IQé‘Tﬁse agQyindiegmien axés Wt er

peri pheral bl ade it exagpi ad;bfré SEn 1IN Y

25The fl ecti on an al so_ch a gs Wi tffag%gr?%?ﬁﬁﬂil% ?Ggﬁakgéé %ete
é)urglasets%

As shown in % &ary hlades |48 g 1& medhmdéﬁmnswhrstamdlsﬁobai in
onthe" s de Of -1 nher per gher e Bade 1 B At 48 Sl A miRRg
structure offat pladesiresy lzﬂnprppa@mfoaqachmé e mmemeAtth &2 55,1200 §inbl&tes f an
selected therefrom as appropriate may be placed in order. As long as fan blades 421A
to 421G are arranged without a regularity as a whole, fan blades of a particular kind
may be placed in succession. The number of each of fan blades 421 A to 421G for use
25 in cross-flow fan 500 may not be completely equal. All of fan blades 421 for use in
cross-flow fan 500 may have blade cross-sectional shapes different from each other.
Preferably, at least three kinds, more preferably, at least four kinds of fan blades 421

are used.

Referring to Fig. 20 and Fig. 27, a plurality of fan blades 421 are arranged such
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bl ade 421. As a result, the reliability of the strength of the fan
can be inproved although cross-flow fan 500 is a resin fan having a
thin blade cross section. The inprovenent in strength can reduce the
t hi ckness of fan bl ade 421 accordingly. Therefore, the weight of
cross-flow fan 500 can be reduced and the cost thereof also 5can be

reduced. In the present enbodinent, flection portion 441 is
formed to be bent to forma corner. However, flection portion 441 may
be formed to be bent so as to be rounded. Fig. 27 is a diagram

schematically showi ng an arrangenent of fan blades in the cross-flow

fan in Fig. 28attRefivhbbf@ed Sdikied: far bladbodd 1t Agle: 2 sfigiphn li
421D, 10421E, 421F, and 4210 'are arranged goﬂggszt?g%nﬁﬁ%ﬁ& ki line

i rregul ar (r X868 thipgeeentey axlse 0d iand comtast poiti Gl bdiweeo kiljecena fantbiadles 421)
center axi r § L | fan_blad 421A to A21E .ar
"o 2o T RBERA ek oe P ST RRGOA P Gplint pfgades

arranged so as not be repea C
exanpl e, fan ablragelsr Rils aceodi2ibBo randdRh@mber AR disgibdddE - > 421F ->

4210 -+ 4A21A --> 421B -.> 421C -> 421D > 421F 421F -> 421G > 421A ->
421B. .. )é 15 1n CHEUBIE A mEPelai 2 ae ?iifglgmﬁﬁlfu?]héhatﬂh%@gmq@})f fap10,
421E, 421A, 4ZHE 442 the sébB, AMA wotdsl Be 142 i ;

4210, 421B. 421D, 4210, 421F 421A" 4210;6142%%51%?’%?Sﬁﬁgf%%g?zﬁé’}a‘m

cl ockwi se ar dahac@sargsd aggdthe ader in which fan bladdsd2 & aerapiangealnt vech istewvals in

ki nds of fanchliadesnéait.iané a??ﬂ% - ~ and plural sets of fan
bl ades 421A teo 4%%0 pl acgtfqp%g%!?ef ergﬁl?lg‘%%%grls?' are disposed in
20order. However, Atfheraliiyrfifgurladds ¢l sy hetrririged hedgillhepiehes rafhef than at

exanpl e, a pluyrality, of fan bl ades may be prepared for each of fan
bl ade 1A téﬁg%ldj,ﬂx}éeﬁd fan bl ades sel ected therefrom as appropriate

may be placed in argdeslityAs ihpalgros 2fadstivkad amh 4l A displafdbhi 3hde T is
arranged w t hout g regu%fgrlt .as_a whole, fan blades of a particular
kind may be E?la’eé etweCL g pesakingsllers 462 A ivipwed 5om dhecaxiad dirpetioniof senéey
421 A to 42104a£i950US &For Rarhple GiteSiFon ik QW n tely
equal . Al of 1f an bl a?é_es_zlrgi for dlsle%i ?\Ifl%pg@g@?rlrﬁggv}\flar?eggroﬁggg&ﬁave
bl ade cross- §8ealiebhAC afap 8 disppsadradizeertt toeack ather bt the prdeRrfshpeasdicy.,

at |l easjs thr i : ) I t four kinds of fan

bl ades o1 af ap leRAan SRR 61 S8l 2850 s8R e &Mook ME ochler R S0,

fan bl ades 4b1daplecammaagddTstahthe pbiititn where pil bEAnbeidee41 adinpaRm

througn cent 414280l nlfe RO GrsPid 3o TR aipaeBRd IR

bl ades 421) biackednddrpelEhe] ITRMEsIaNt bt HPRScAbBu @atet aﬁsis@bébﬁ&iw&%h@ﬂt a
to

plurality of fan des 421 at irregular _intervals accordi'n
random nunbe@ﬁ%??%fng%YWWB@J@P%?“PSIAW&II epirpmghepositigpethereral of fan ar e

config@ed sprfest42atin iSeIRT ARBENB AL 2@ bvdrBP in the axial direction of center axis 501.
The structure of cross-flow fan 500 as a fan in the fourth embodiment of the
present invention as described above is summarized as follows. Cross-flow fan 500 in
the present embodiment has fan blades 421 as a plurality of blade portions arranged
spaced apart from each other in the circumferential direction. Fan blade 421 has blade
25 surface 423 including pressure surface 425 disposed on the rotational direction side of

the fan and suction surface 424 disposed on the back side of pressure surface 425.
When cut along the plane orthogonal to center axis 501 serving as the rotation axis of
the fan, fan blade 421 has inner edge portion 426 at which center line 506 between

pressure surface 425 and suction surface 424 intersects inner peripheral blade tip
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bl ades 421 is the sane. In other words, the intervals at which a
plurality of fan blades 421 are arranged and the order in which fan
bl ades 421 are arranged at such intervals in each inpeller 412 are

t he sane anong inpellers 412. A plurality of fan bl ades
421 may be arranged at regul ar pitches rather than at 10random
pi t ches. A plurality of inpellers 412 are stacked such that a

di spl acenent angle T is fornmed between adjacent inpellers 412 as
viewed fromthe axial direction of center axis 501. For exanple,
attention is given to inpeller 412A, inpeller 412B, and inpeller 412C

in Fig. 20 dimpiweti8abyjtaceblnds tp eath inichpriphbral §8e, ahdBliteAdge portion 427 at
appear ance. ]\%igpgelnkeeri 4%@ IS stacked on |ﬂg}gl ler 412A so-as to be
di spl aced about ~cén Zing IEFECHS\PUlEF BIRbeBhRlade UmprEom429 thanis Ablade tip
posi ti on wheroa thd butef pekipherhll sidtes A420e faf id | e Browi
overlap in the axial %i ?ecti on of cenﬁag;dlg}%?ég% %Fﬁ%%nése?ﬂglfiﬁ%%mﬁv@g
st acked on iﬁ’ﬁ@’t’elegllmﬁﬁ@esp@ﬁw 426 apéowlersysigapetion¥dUis geperated omksiage 501
by di splgcengpia@mghe T (2T when viewed frominpeller 412A) fromthe
position where all of fan 20bl ades 421 in inpellers 412B and 412C

overlap in the axilh¢ odfer potphen! Whdetiringie ia¥éBnedQ4d the anﬁie breTth’égn straight li]pe
enbodi nent o

structure of ~flow f,an 500 a fan in, the fourt

the present i6(r§1\8/§?1gt§lln§rﬁﬁggg}5cée id Fﬁégog%ﬁﬁrqt%‘l%ﬁt}rﬁ?ﬁﬁ olcihe fy and ppisnedge

Cross-fl ow f @rrtB0@27 rendhagpritei3@ R ceitd Ok BBOL JiRs eﬁgébo@ﬂi&d@_ 4%# ASeR
rom each other I'n

plurality of blade rti.ons arranged spaced apart
the circunf ePERICH Bg’ldf: LR EPgR Is delipedAsd ireanglel batweentsiraight IBAIB passingd 23

[ nol udix_pressuftecadr bagsaSndictaRaad Al MR, FALAL | anala difestion

side of the fan and suction surface I spose EROEPY

pressure sur fREENZENE63%pigenientinaf(fray irmheedek aneion 26,0 gDinalisckaf&tingle is

axi s 501 ser i j s, 0of,th an, fan hl ade 421 has
i nner edge pglﬁfg}fgg%hl{f%% g{e%vﬁrlg égﬁ;@g@eﬁ glrlorflihﬁ‘ég%:{)@ cﬁﬁ%‘é‘ﬁ“ Brageypleral

surface 425 Blade gppeition 438 aridameer4@Apliond] &fae &p SoiDAANS PEFHeRRAERE shirade
tip portion h 1S .a.bl ti. n the i1 nner peripheral side,
and out er eda?asz%%ér’? ?%ﬁtmzl%tg lige g%f’aéﬂg%gﬁ?‘%ﬁh FrigerBDE ] stk ottional senter
peri phéidal bbfeiie fini qad potitattqird 391 bfAbrd 1§ne663b!vﬂﬁleo&érrgeﬁﬂqe}éfﬁﬁlaﬁgﬁﬁIr

ul ow

peri pher al si(gﬁ. the fan is rotated, an air flow as a
fl ow ng bet OR firer edge portion 426 and outer edge portion 427 is

generated on bl ad® thi§ 'éééce%ﬁlluf’a@igy of fan bladégh@il g‘%ﬁf‘{a fo%lié%g%Bgé éc? %@c&aast ai P

angle is defined as the angle between stra i'ne
t hrough cent 85t Bladepaztian ansl g seeonddtladeiportinn vetent ette0feriphé&all tdatieaipthn@let,er

d i . . ,ine 506 at o dge.
Dot b a7 Hh et of BRIGHL plithell nBREHF hnalt HTuRY mirerinbagel decerie

?Eg e ?SE :Ng%jnféec ”’@id%ff&ri"f"“ ﬂtrcﬁn &E&a oﬂ&s; i ?ﬁln“i‘?ﬁ% bt IB%)a??s{%l?aaéé‘%ﬂo%id@c@g‘ucﬁs
t th€ Sﬁscrepancy angefes oafr}analg]ades 42] are qual th)) each other. 1
In the present embodiment, a plurality of fan blades 421 comprised of fan
blades 421A to 421G whose outer peripheral blade tip angles are different from each
other have been described. However, a plurality of fan blades 421 may be comprised
25 of plural kinds of fan blades whose inner peripheral blade tip angles are different from
each other, or may be comprised of plural kinds of fan blades whose outer peripheral
blade tip angles and inner peripheral blade tip angles are both different from each other.
(Description of Structures of Air Conditioner and Molding Die)

Fig. 28 is a cross-sectional view of an air conditioner using the cross-flow fan in
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and tangent 639 of center line 506 at inner edge portion 426. The

di screpancy angle is defined as the angle forned between chord |ine
633 in contact with inner peripheral blade tip portion 428 and outer
peri pheral blade tip portion 429 on the pressure surface 425 side,
and straight line 632 passing through center axis 501 as the
rotational center 15of the fan and contact point 631 of chord |ine
633 with outer peripheral blade tip portion 429. In this case,
a plurality of fan bl ades 421 include fan bl ades 421A to 4210 as a
first blade portion and a second bl ade portion whose outer peripheral

bl ade tip anglig9n. aReﬁhiﬂ%tg?g%.Qgean%r &)Hgaﬁeh@r%f)gseadgggﬂ{a?wtﬁ'aﬁ%o £ Fhit

angl e and the 1 nner perip b ade tip 20ang erent from
each ot her. A2pinstatled ina wonfand fydvdrsisvitivan iadeot peaexdedgeeh anhatott he

di screpancy fan. Iy ual _to each. other.

In the pr ese%?(wéﬁn@'gglé%eu?ilp ,lp%ﬁ%ﬁzl}tg%ijofl §1d§f0 ?fﬂg%o T4 egroﬂifa gbthﬁpf)gtélaorof

fan bl ades 42&# exchad@drGndlacsmpoisicer pdsdrpnirat abd adeuidopr RigdreSonAt&ed

di fferengf from each, ot her have,been descri bed. H(%_vﬁ\)/ever a plurality
ogg; sakexsh

of fan bl adedy #PG{R BelateFirigsrmbess Pesesn md angei? 25| apd g

whose i nner patdophieheéxchhade tip angles are different from each
other, or may be conprised of plural kinds of fan blades whose outer
peripheral biade {Md9onwY! €20 hasa tawrar! perBlpwer 25 iprerfutsdso melyde sroas-e
both differe e L BLLOD. r [ of JAir .
Condi ti oner gltr%l‘ffawlg F%(?,%ﬁb@iﬁ?@&%@@ogfbté'réégtggsqrg%,&fitﬁ%ﬁégﬁﬁ% aél\(/ivac?fl %
ai r condi ti oR@? faprofycinge reesosbed didhawi with fomtioRiofj croROflowRédreFa0i ng t o

ot al KA T n 8 roR B s ARR LR R Lo abR koA o GHARAdDe
and a not - sheupporaed dl@ﬁ)ﬁnallﬁhﬁfaderiﬁttalrb@d. inogmn@ltuzgiader&{ovhm gftmeal and
provi ded with ,an oor heat exchanger a a conpressor. |ndoor unit
220 and the 86‘1%%3?5% pogH et@aﬁﬂggesefg"%{}ﬂﬁigap Retveen 2 i9veg grdpqriign of

refrigerant gasthetveens inddasketea cz)%?éﬁ RenGRlet ggﬁAagq%ﬂé?E?ﬁ Eiﬁj@g(gl%neids

heat exchanger. | ndoor unit as a bl ower ower

confi gured t & FAAPIRFEMRIelSactrIglgr Shave SEending inghe whdihdirentioniofipdawtunit
for rotgding,64 HREi &}rtﬁ%\’lefd% b Bt rihré %‘r?df cfbgavr{/%gagc}if g(glbﬁ-lre?gpu&r A% &¥ front

prescribed airflow rotation of cros
: panel 222B, a grid-like intake port 224 is formed.

At a position opposing front panel 222B, an air filter 228 is provided for
collecting and removing dust included in the air taken in from intake port 224. A not-
shown air filter cleaner is provided in a space formed between front panel 222B and air

20 filter 228. The air filter cleaner automatically removes dust accumulated in air filter
228.

In the inside of casing 222, an air flow channel 226 is formed, through which air
is circulated from intake port 224 toward outlet port 225. Outlet port 225 is provided
with a vertical louver 232 that can change the blowing angle in the left and right

25 directions and a plurality of horizontal louvers 231 that can change the blowing angle
in the up and down directions to a forward-upward direction, a horizontal direction, a
forward-downward direction, and an immediately downward direction.

Indoor heat exchanger 229 is disposed between cross-flow fan 500 and air filter

228 on a path of air flow channel 226, Indoor heat exchanger 229 has not-shown
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10Casi ng 222 has a cabinet 222A and a front panel 222B. Cabinet 222A
is supported on a wall surface in the room Front panel 222Bis
renovably attached to cabi net 222A. An outlet port 225 is fornmed in a
gap between a lower end portion of front panel 222B and a |ower end
portion of cabinet 222A. CQutlet port 225 is formed in an _

approxi mately rectangul ar shape extending in the width direction of

i ndoor unit 15220 and is provided to be directed forward and
downward. On the top surface of front panel 222B, a grid-like intake
port 224 is fornmed. At a position opposing front panel 222B, an air

[ [ ] i 0l | g noyi ust. included in
the air taken P e on o B8 s Bih RS TR eGP ey oS o
cl eaner is prgvndedctions andipegguhbityroddolorinwiete fiooind PasiedirR8aB. atdoor

i i Ih:filter cleaner automatically renpves dust
ccumil at ed eraxstep g0 indaph oo T Eimghissond (s ton Sl meiabaia ten
ai r f1ow channebo22d ihs chapresdr istdien @l opshichrediigerdtdn Ciig Ul %S%h];tﬁ@m
i nt ake ret 224 to E outlet port 225. ‘Qutlet port 225 1s pro ed
with a \%)grti 88‘?“‘11%’:}%& effgrzgem@p C¥EPy Iﬁmﬁb@ﬂtﬁﬁé?m:@ﬁ?%g c?nlgﬁie)an t he
| ef t dri { i : i izont al. | ouyers
231 that can ohaneehe Lrane bl e SR Shirtion 8¢ e
to a forwardlegSREEEngHT 288 is heated &0 monipeontrahighérthat the Ambient temperature
f or war d- downwge o il f; and an i medi ately downward direction.

| ndoor heat exc ange&é:égegﬁiog' di sposed between cross-flow fan 500 and
air filter 228 onFig. Phistanehlagied cfdsovecabai Rithy 3Gingl ASIRBLiIIBAS the outlet

- . ti efrigerant pipes  arrange
oi do bythi debyhoE SRS Gheg i RayE) s Refrihiio Rt A and BlanoRicasos Pows
and in a pl us&bitwalbforaeh Elm'kﬁldiar}eér%llgfo%n 29d Ragkydi g@%gw?ﬁ%nd rear

| ndoor heat exchanger 229 is connected to the conpress . .
out door uni tWFIEE?%l‘PP éd? Pis dispasegiie 5o pachatlebr atvedistongerfess eachioghedr | ven

. Do i f . the
o reLre By OB oY S o L0
positioned between front wall portion 251 and rear wall portion 252. A protrusion
15 portion 253 is formed at front wall portion 251 to protrude toward the radially outer
surface of cross-flow fan 500 so as to decrease the gap between cross-flow fan 500 and
front wall portion 251. A protrusion portion 254 is formed at rear wall portion 252 to
protrude toward the radially outer surface of cross-flow fan 500 so as to decrease the
gap between cross-flow fan 500 and rear wall portion 252,
20 Casing 222 has an upper guide portion 256 and a lower guide portion 257.  Air
flow channel 226 is defined by upper guide portion 256 and lower guide portion 257 on
the downstream side of air flow from cross-flow fan 500.
Upper guide portion 256 and lower guide portion 257 are continuous from front
wall portion 251 and rear wall portion 252, respectively, and extend toward outlet port
25 225.  Upper guide portion 256 and lower guide portion 257 are formed to curve the air
output by cross-flow fan 500 with upper guide portion 256 on the inner peripheral side
and with lower guide portion 257 on the outer circumferential side, and to guide the air
forward and downward. Upper guide portion 256 and lower guide portion 257 are

formed such that the cross section of air flow channel 226 increases from cross-flow
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tenperature | ower than the anbient tenperature during cooling
operation, and indoor heat exchanger 229 is heated to a tenperature
hi gher than the anbient tenperature during heating operation. Fig. 29
is an enlarged cross-sectional view showi ng the proximty of the
outlet 10 port of the air conditioner in Fig. 28. Referring to Fig.
28 and Fig. 29, casing 222 has a front wall portion 251 and a rear
wal | portion 252. Front wall portion 251 and rear wall portion 252
are disposed to face each other at a distance from each other.

On a path of air flow channel 226, cross-flow fan 500 is disposed to
be p05|t|onedﬁb@WMEEﬁﬂimmhtpmmﬂzs portlon 251 and rear wall portion
252. A protrusion l5porti at front wall portion 251

5
to protrude towar &P eéjr?sﬁlaileérf%ﬁ gmbeﬁ?f é’iongﬁ' BEOR £ Lanslappen WWWIWG

so as to decraesamecgtdnl@ fomedbathest paid 921 | OR¢af %@11?»9910?1'2@25 }"?l
portion 251. {)rotrusmn portion 254 is fornmed at rear 10

252 to prot r RN 2k ipteerally dormer ik sebinetd22Pace of cross- flow fan
500 so as to decreasgptde and re

wal | portion 252. %Ca& ncrg%pse ‘é@?ﬁw&?%ﬁirhb& réd’i‘;@ecf%g}ﬁ Q‘%m}aﬁc?féhe
| oner gui de p8Hetiper of 5. allmondlﬂlbuwlmﬁgnh&l Mﬁnng ted&fgl 2‘8316 Ry, 30pfethe path
gui de portio ui.d ortio stream sj de
of air fl ow P%ﬁ?g’?ﬂ%&hﬁ 0%6’%11 JPEgm outside s @bep%'% 1@& %HOSWOQ%
and | ower guuu;imepmrd:f"amﬂoa\sﬂmarca)smwmmaﬁn@mefsp&@tmwé formRQf biven

251 and rear wal. pecti vel and extend toward outlet
port 25225. BB ?‘“’"5 ‘B%‘f%% Q%@Wafﬁ’as@%&kﬁrmﬂ‘ETR?éPWtSId@WfE@MdﬂEOf

fornmed 10 curaseslidee 421 EirqutBiehtay afﬁraﬁgeﬁ),fahegdfo%ﬂﬁé% R i g:Pe%sq 'de

portion 256 83 the |nner peri pheral side an | ower gurde por
257 on the offf@rd s beppsitionahdowumsigim of ainAawtfonyenoskeflow &nai00. f or ward

Formed such that | Pha broan e RoAes e, ke 8RB k! BFaF BdeEe”
from cross-f Fleannelf226 vBO0respeakto grousioapopions 222354 as a bounliftyl €PN @6 28t
it ear al 1y’ £ oS ers Rk Bafiate S50 PRE Hbie £ toranpsimamauiside
| oner duil de pmct RéthtoRbTd mside bficeg4Al 1A afdbﬁaﬁﬁﬁﬂea‘m Ee@;oﬁ@bﬁ Behir ﬁgvgr%hannel
SFig. 30 1is Q%(ﬁ\én ﬁ%es;sagc(%ttol ;?rgt%{lsu\)/rll Ec\%gx{s 26‘15'3? 2aSI4rasfalb(c))\LI1Vn ai' Oggcﬂeogv 2|6ri is formed
proximty of Y

to pass through on blade surface 423 of fan blade 421 from inside space 247 toward

downstream outside space 248. Here, at a position adjacent to front wall portion 251,

a forced vortex 262 of air flow is formed,

20 Although an air conditioner has been described in the present embodiment by
way of example, the cross-flow fan in the present invention is also applicable to a fluid
feeding device such as, for example, an air purifier, a humidifier, a cooling device, and
a ventilating device.

Fig. 31 is a cross-sectional view of a molding die for use in production of the

25 cross-flow fan in Fig. 20. Réferring to Fig. 31, a molding die 110 has a stationary die
114 and a movable die 112.  Stationary die 114 and movable die 112 define a cavity
116 which has approximately the same shape as cross-flow fan 500 and into which

flowable resin is injected.

Molding die 110 may be provided with a not-shown heater for increasing the
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outlet port of the air conditioner in Fig. 28. Referring to Fig. 28
to Fig. 30, on the path on air flow channel 226, an upstream outside
space 246 is fornmed to be positioned upstreamof air flow from
cross-flow fan 500, an inside space 247 is formed to be positioned in
the inside of cross-flow fan 500 (the inner peripheral side of a
plurality of 10fan bl ades 421 circunferentially arranged), and a
downst ream out si de space 248 is forned to be positioned downstream of
air flow fromcross-flow fan 500. During rotation of cross-flow
fan 500, at an upstreamregion 241 of air flow channel 226 with
respect to pflovaikiyeh resor injeoted 6 3aviy346.asThe instaltedion pf such adieaterf is ow
261 is forneg_ft. 0 | ade surface .423.0f .fan blade 421
from upst rea%a%ﬁjflgr?ysd%f G%Eg%g%% X%ﬁgﬁt %g\%lrs n@ﬁtgi rgseméwﬁ%lcaél lﬁcﬂ?seiftreggtﬁ’
downst r eam r aghap gldd2filodr-filed AN (@uybhanketyrdGopbllymer) @D ¢4 uskd,

protrusion portions 253, 4 .a houndary, air flow 261 is forned to
pass through on b&&&&r%ﬁ?fgeéﬁ% %FFtHF O%P‘éﬂb‘{eﬂ%‘ibeflllaé?ﬁw ﬂ%‘? Ef@d%‘:ﬁgce
247 towgrd dewAstMednt elthalEe SRR sitddure HEMBIdial did 1 PPRidig BN, adj acent
to front wall portion 251, a forced vortex 262 of air flow is forned.

20Al t hough an ai r(Detgd Desiption a5EHecésanddansratisad i n t he present

enbodi nent by waypf, exa 4 f }
invention is also apog?l %%ng%“g ff%&gs aﬁﬂg?%r@eceé(‘}lsr%%d%a\eéggﬁstﬁéﬁl%g%? for
exanpl e, an anbodbuentfwiBmpwdehlasurided assnming tico otosfjowldan $08,is agydied to an
ventil ating qegi ﬁ Fig. 31 is a cross-sectional view of a nolding
die for use {h (‘Bﬂ% 0% i on of the 25cross-flow fan in Fi g. 20.
Referrilng to Fi g.Fig132 igamidgeinthr dklaihibg thaspetatioh ahd effatdacHicedlh4hand
a novable die 112. Stationary die 114 and _novable die 112 define a
cavity 116 wHPEH WakdpSitoxPmatiel 32 IR S areVhinapd! Bsdesrried Intenp e
500 and i nt 0 WakCRcdroyr@Rlag ofditibner %01&5&%@[%@0 bging die 110 may be
provided with a not-shown heater for intreasing the flowability of
resin injected i mMyeriagite §ig1d% in Mider torpbtainl 4 sitabla bisfwisgiedpacitshipatrer i s
particularly_ef M, o] ' i it h.
par Lo | R 40, 900 SRTB g St BERELBE Aot
(acryl dai tri theukltberadamed ophé Ylowing diestion ofiakflowvedtpudfromrtksssflogatn §@as
410 in a si xthh enbodi fTBﬂto described later is also produced

shown by arrow 310.

More specifically, in a case, as in a scroll shape 602 shown in the figure, where
the scroll shape formed in casing 222 expands radially outward with respect to the
blowing direction of airflow from cross-flow fan 500, the airflow may not conform to

20 the scroll shape on the path toward outlet port 225 and may separate from the surface of
casing 222 formed in a scroll shape. On the other hand, in a case, as in a scroll shape
603 shown in the figure, where the scroll shape formed in casing 222 narrows radially
inward with respect to the blowing direction of airflow, the direction of airflow toward
outlet port 225 is abruptly deflected by the surface of casing 222 formed in a scroll

25 shape. In these cases, the blowing efficiency is reduced on air flow channel 226 in
casing 222,

On the other hand, the parameter for mainly determining the direction in which
the air flowing on blade surface 423 is output from the fan is the discrepancy angle of

fan blade 421.  In cross-flow fan 500 in the present embodiment, a plurality of fan
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5with a nolding die having a simlar structure as nolding die 110 in

Fig. 31. (Detailed Description of Effects and Operati on) The
operation and effects achieved by cross-flow fan 500 in the present
enbodi ment will now be described assum ng that cross flowfan 500 is

applied to an air conditioner. 10Fig. 32 is a diagramfor explaining
the operation and effects achieved by the cross-flow fan in Fig. 20.
Fig. 32 and Fig. 33, which will be described later, illustrate a
cross section of an air conditioner corresponding to Fig. 28.
Referring to Fig. 32, in order to obtain a suitable blow ng capacity
in air condi tiadaed212are proaided swihl tha tilspdisBendspigiadf cattafar bladon el dha

outl et side i 5shaul.d b apted to.th l.ow n

direction of %Iéllorg ?délqu’q %%% [%%][1 fslﬁj g{ﬁf%rs,gﬁgﬁﬁ? nF%ﬁn%%ﬁfefég ﬂ%%%%laﬂ? S
310. Mbe setspe oaliie addpted,to batold sigpe 601 aScakitg@23Cr AbdorERAPanSA2 flow
shown in the fi Lg.[?e, wher&}éae scrol |l shape formed in casing 222
expands r adi QPF& 0 charee! wfd Recpmes areoth.ghergley inmsavingthabloxving eavacity of
ai rflowd rompiyues3ts baiwid &b cafifkiontheai rfl ow may not conformto 20
the scroll shape on the path toward outl et port 225 and nay separate

fromthe surface B 3hisiangthondiagramferexphuimng the opératreqnd efferts bttdeat] her

hand, in a cas&rodSd - SEil shape 603 shown in the figure, where
t he scroll shape0 or%%ﬂlnﬁﬁg%(%'ng 222 narrows radially inward with

respect to the bl Beferripgdd Féx 83,dirstoé phénofensm thhhectlis ba eid 9de cffoutkr f | ow

595 1 or med | RO SPTEt efe bBoRRRERA] e ERbladS AECut oq drgcriibev g cross-How for
efficidacy is00sdoerd, AflerdifiphdQ LD ADRBHI0ALE29 HF HABIMG 4%§ Pass through On

the other hand, the paranmeter for mainly determning the direction in

whi ch the ai PSP Coie BErgilc RgsstEcEriapmsias anenppeach plagrtddiehdraden s
t he di screpapgye #0094 : | - i .the
present enbodi rr%nt ,_@I&FE{SSIQ?I{?%/%?(#g%G vr)@g%ﬁ%%%%h%ﬁ%%%?g@g%g ch
that the di séflepfzagipg aEZjl e Th¢ peioclie rfressuts| vadatiohR trej sscaespuiat naroynbaddan

bl ades 421. ;mger@df“g&gb}ahgggsg%%géﬁ%?ncy angles of all the fan bl ades

421 can be set to a value o scroll shape 601 of casing 222.
Accor dildgl y, the By rorfttastirostosiftovl faa\§00 frahe @les@id GmbEGRRRS a SARALN of fan
thereby inpr Ql\a/uiie'g;gﬂtl r2111% c%lm%\?fsgcpofc p?l?rglcli(i;[ﬂs o%ffan blades 421A to 421G whose outer
peripheral blade tip angles are different from each other. Accordingly, the inclination
of outer peripheral blade tip portion 429 varies among fan blades 421, so that the
direction of air flow flowing out through outer peripheral blade tip portion 429 from on
20 blade surface 423 of fan blade 421 minutely varies among fan blades 421.
Accordingly, at approach place 606 downstream from outer peripheral blade tip portion
429, the timing of pressure variation is changed. As a result, the cycles of pressure
variations become less uniform, and the narrow-band noise can be reduced accordingly.
Next, a phenomenon that occurs on the side of inner petipheral blade tip portion
25 428 of fan blade 421 will be described.  As described with reference to Fig. 30, on the
side of inner peripheral blade tip portion 428, forced vortex 262 is produced with
rotation of fan blade 421. At a center portion 607 of a region in which forced vortex

262 is produced, when inner peripheral blade tip portions 428 of fan blades 421 pass

through one by one, periodic pressure variations are caused by interference of forced
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5bl ower 215 built in air conditioner 210. Fig. 33 is another
di agram for explaining the operation and effects achi eved by the
cross-flow fan in Fig. 20. Referring to Fig. 33, first, a phenonenon
that occurs on the side of outer peripheral blade tip portion 429 of
fan bl ade 421 will be described. As cross-flow fan 10500 is rotated,
outer peripheral blade tip portions 429 of fan bl ades 421 pass
t hrough one by one to cause periodic pressure variations at an
approach place 606 where fan bl ade 421 approaches casing 222 (a space
where fan bl ade 421 faces front wall portion 251 of casing 222). The
peri odi C presgueer28Bhithid ro oj.se cal l.ed
a bl ade passing sound%tmldél%ilﬁeé%ﬁ?? gkg%%q?pﬁjoféﬁ%ngsq% 1 o%@%ggg’d*aﬁqwﬁ%d
present enbodiowe it gengrapsidias & the gase fwithaine ditergespk2dl bude tip ponions 2b. of
plural kinds of f 1A 1o 421 se. outer ri pheral . b| ade
tip angles are di %?é:r%léﬁ%?’]ﬁ ?ghécé%tecoh%??\Bﬁ”%%&%%fgﬁ%ﬁa?%alt COMmPpr1Se de
i nclination gluraitiets qfémi iixes althold ianke peiiphcpd bidde fip 42Qcy/AE URFri DG
fan bl adfs 421 sg tttglat g.he. direction, %f air flow flow ng out through
outer peti ph&fdlORFrale melipation afinnsr rortpherabbladstimpastionit2 8 ripnensontofan of
fan bl ade 42blagbaitieky/ bt 8Fe@iBR ROt ﬁawl}ioﬁfi'ﬁg; n‘%c?ﬂﬂladﬁﬁﬁ%%ghiﬂ%}’uu i
h ade t1p potg

approach place 606 downstream from outer periphera i on
429, the ti nikyr perinheat bladetivpertian fohof egcke faarbipdd 42 Amimutele surids,antohg fan

cycles of pr var at.i S i for and the .
nar r ow band (rslgd?g%&é an Algg‘gl?g%&é gﬁ@%ﬁ%‘ﬁ?% yP Sﬁ@% from 1pnet ReriRhe blafs
occurs on t hépppdien@P, thatieringef firgdvere abridtlcadechangedp O Mhig theXRAdG-10kd f an

bl ade wi L. be described.. escribed with reference to Fig. 30,
on the41§)|1de G5 | garerﬁ‘iurof’gﬁse’fgﬁe g’f‘%ﬂlgtq%bmﬁf}?‘ﬂ'i on 428, forced vortex

262 is produced Wohlbottothetidebf Qfterl RApkrabeadd 2d poMon@20 8Rd B sRRLE IRk
607 of a region. in i forced vortex 262 is produced, when I nner

i.ch ( _ ed,
peri pheral bPHRICE %\EB‘BP? Pofkien 428 thy naisergeperaismachanismdsthe saroeigithane
by one, peri agis&reRiIRSEH L adr ' er of
forced vortex 2%2 with ?ﬁﬁ%&é gzglra?p e%g%d%?gjagsg%%j%fﬂé%ﬁ ilrpé'nsﬁg\g%{er’ the
Accor di ngl y, oM 06 ferpedpriss 262 1s movgd dlexiktyed same estentietvoas doroéd Yortek €62

case where als el O AR SRR, Therctomtat R Gt Sener

kinds of fanptrtiadé@7 bdvose smaliend fees affieenatovbbadeacised B ebEsQb pproach

different fr Blryce 606 between casing 222 and fan blade 421, the relative position therebetween
does not change. Therefore, the pressure variations at approach place 606 become
large and more affect narrow-band noise.

20 In cross-flow fan 500 in the fourth embodiment of the present invention
configured in this manner, the blowing capacity of blower 215 using cross-flow fan 500
can be improved, while narrow-band noise caused by the rotation of fan blades 421 can
be reduced. The use of cross-flow fan 500 in this manner reduces power consumption
of the driving motor and provides air conditioner 210 that can contribute to enecrgy

25 savings. Furthermore, quiet air conditioner 210 is provided.

[Fifth Embodiment]
In the present embodiment, variations of plural kinds of fan blades 421 shown
in Fig. 24 will be described.

Fig. 34 is a cross-sectional view showing a first modification of plural kinds of
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5each other, the inclination of inner peripheral blade tip portion
428 varies anong fan bl ades 421, so that the direction of air flow
flowi ng onto bl ade surface 423 through inner peripheral blade tip
portion 428 of each fan bl ade 421 m nutely varies anong fan bl ades
421. Accordingly, at center portion 607 upstream frominner

peri pheral blade tip portion 29, the timng of pressure variation is
changed. Thus, the narrow band 10noi se can be reduced as in the

f oregoi ng description. On both the side of outer peripheral

bl ade tip portion 429 and the side of inner peripheral blade tip
portion 428, TembladesiiaEiggéherkisiiSis adiamem showing thitelwaldendsoffirabladmsiis e

results fr0m%.%i%&eﬁ?ﬁéeﬁ%ﬁ%g]{&ﬂ&ed by passage of bl ade tips.
rced vor

However, the center of ex 262 is noved flexibly to sone
extent between foRe8udringiothén 3268d Figabsl a phmelitypé fintetead2 bhadempliged of

ecoms smal | Ph aset brviael sEPR Aol B8 o8, TR PudbTon The >’

appr oacls pl acenfififatoatofiNmedisicatbn32 dn@askolBh oPhR IS ritcmbddtfed &l Aki €
position thergbetween does not change. Therefore, the pressure

vari ati ons atdls_ﬁ’fiﬁ?“?féiéﬁglﬁ Pheashdueblpdscis aendl amges fn dladey 42 il dn that the outer
narrow band RpejiSRral BRKOHE Eu?gﬁ? of éa@H"g{nﬁacféQﬁl 'ié“dih%'%n , %@@ﬁ%&’%‘gﬁ R

of the present ‘i nvention configure thi's manner
capacity of BEHerHowevenshamodifioginfditers fram t66bucthembedittept ipvkestructure

whi | e narrow o] the rotat.ion fan bl ades 421 can
be reduced. T g&ﬂlgg%g‘?ﬁ’%%gg%%?ﬁ%% %Olgﬁd)cflﬂgetrﬂi%iadﬁﬁﬁﬁﬁgleﬁgg‘ﬁﬁrgé‘mong
power ddhsumbildmleoft2tAe 421iGvi ng not or and provides air conditioner
210 that can contyjbute to ener S5gavings. Furthernore, quiet air
condi tioner 210 i _%‘?‘%\9?@8@& ?ﬁﬁ?%?d% %ﬁﬁéﬂﬁ%ﬂ‘ﬁ portions 44134 threrepqintesent
enbodi ment, - yawead infetsedeé pirtibh abe Kidhterliod it ades pdRiiagbhonmdon
Fig. 24 wll _be described. Fig. 34 is a cross-sectional view show ng
a first nodi fFCLNPErioa4ha atranosition adiaent t erteristgeipatiom4d, g fle@ion ffeirgon
35 is a di aghqmp shewing 4:aas; K E an, bl in Fig.. 34
are over| appedmvm' th eac rﬁlg?éﬁgﬁe%@n lﬁe&gg%eﬁofé@ ztzg aﬁ?éste{ﬁiggr? ﬂigp&z?,
35, a phur al mda Bectipapotsiondélr a4 2 positien adhaent ts éthenédgelputin 426nds  of

fan bl ades 421A, . 421D, 1E  421F, and 4210. The 5

configuration of l?'hzdlls?mrlr%%ﬁng% Silgﬁheﬁé“@ ?ﬁl%q(]aa:l:ﬁ’f%’ gﬂ&%gi%gfd'?tlr‘i\etof‘%hgtaﬁ

embodi nment i formbdsuchhieat diestucrpantye GNGLErR! 29 NediRh Ip@{')tﬁqemih? i)
ip

anong fan blades 421 and in that the outer periphera | ade %ﬁgl e
of each fan BPARENassian bladgs; wherehy the instigaticarpfioistiperinherabiblade ti2ad@rion

Stracture of Tl ooty on o ry Dt Bngtk O AR L TR R P 1
bl ade £0p an@l4216ifferent anong
The flection angle 8p (see Fig. 25) of flection portion 441p also changes with
changing flection angle 8q. The flection angle 6p is greater than 180° in all of fan
blades 421A to 421G.  On the other hand, when the flection angle Or of flection
portion 441r is defined in the same way as in p and Oq, the flection angle Or is the
25 same among fan blades 421A to 421G. The flection angle r is smaller than 180°.
In such a configuration, in this modification, fan blades 421A to 421G each

have an approximately W-shaped blade cross-sectional shape. Fan blades 421A to
421G each have such a blade cross section in that a concave portion 457 is formed at

pressure surface 425 of blade surface 423 and a concave portion 456 is formed at
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10f an bl ades 421A to 421G More specifically, fan blade 421 has
flection portions 441 at three points between inner edge portion 426
and outer edge portion 427. Fan blade 421 has a flection portion 441q
at a position adjacent to outer edge portion 427, a flection portion
441p at the bl ade m dpoint between inner edge portion 426 and outer
edge portion 427, 15and a flection portion 441r at a position

adj acent to inner edge portion 426. In a simlar manner as in
the fourth enbodi nent, fan blades 421A to 421G are formed such that
the flection angle Og (see Fig. 25) of flection portion 441q differs

anong those fadtiohlsagas 424088 sf-fAe 43C! 1 nation of outer peripheral
blade tip portion 429 varies. Here, the flection angle Og is smaller

than 1800 in al | Brripaptsicadésraaslipwiet 5004 teGir flow passﬁglélrcﬁdghainl‘tﬂnﬂe
angle Op (se i p,al s an

changing f| egltnjlfdgg 4%%?%9%%&& %r%%ne Ei%ie%tnfg%]ﬁﬁﬁ 48)3 igerﬁr‘éﬁgé?s q ﬁHElOTBO
in all of fa(ﬁemr@lde'sﬂmmmetgnnaﬂﬂeﬁn @m@d’t@:oﬁﬁdﬁ@%@@ﬂﬂ?%ﬁﬁbﬁdﬁ%lade
flection ang f.lection rtion is.defined in the same way
as in qrob andg%&a@‘re 4%6 Vid}eég’ |ﬂbena“§ﬁ W Emp tow PﬁsémES%fSH@ Hnblads ﬂuaﬁﬁlcqo‘??édes
421A to 421Gflowhelohk eﬁtducsmeamieem%xésqn&di@éd ﬁrcoh&%l@g&%gg 456 and 432 .

such a confi uratlon in this nodification, fan bla

each have an”&pBfiggiynalthongh hevingmibin bipdersoss ﬁ@ﬁil@ll,s%cbladnéll sthitps.a Fan
bl ades 421A B&a@%iﬁk@@ﬁ%mﬁ%{o& a2 Yelle Bralil @rg?s sebihnss i Ct Iegrl') BF%%@?}} oia

concave portion 457 is forne pF essur e Suftace
surface 423 eigave ooHORAes put ‘&5701n Mﬁcﬂl vcstekﬂramﬁlmaéd AR fepult, Sherlfface

424 of 1l ade [ of cross-flow fan
500, %t A & rPPHiceRSEo&itnios i copert® bR S ot 57 &on A Goopb ansreeesd.
bet ween adj acent Figm3tikadess-dationdtietsy sh‘éﬁﬁﬁg@(ﬁﬁorwfm@dlﬁczftiloﬁ‘ﬂfplural kinds
(secondary fl é g %enir atﬁd i n concave portions 456 57
formed on b|?§wS efryindE 433, RelRumeo Fign 0.4 pluralitygf (@dﬂ&deﬁ wa:e
passi ng t hr ostaiprized b Foel B Q8n ﬂlaéesfzdz@wsmgaﬂdm% Ol gk’%ﬁﬁeq fludtf3Rs

vortexes produced in concave portions 4 457.7Acco

al t hough havd Hefe & vhich 1) blades 4R bA =424 Beandotz ] Cfaamowlaptmdélzmexmrﬁguﬁaama
behavi gp | i k@ftﬁis hmd%aﬁbﬁﬂ%uﬁ’lﬁr hd b6 Po‘&lﬁﬂ%@%&%aq%ﬁtgg ' tl“lmﬂls&ﬁpancy

i ncreased by the concave portions
vortexes ar eanfgl?er@dCh ﬁ.s bhidc d3Listequal enohg fn Hlddes éﬂlua:ﬂdn tlfat e @xica t y t 0

concaye oor YR Ao 0% 2 e R e B R
ki nds In the present modification, plural kinds of fan blades 421A,421B, and 421C
are provided such that a height H of fan blade 421 with reference to chord line 633 is
20 equal. The height H is the length between chord line 633 and the position of suction
surface 424 most distant from chord line 633.
In such a configuration, variations in interval between adjacent fan blades; 421
due to differences in height among fan blades 421 A to 421C are not produced.
Therefore, the interval between adjacent fan blades 421 can be optimized in accordance
25 with the blowing performance required for the cross-flow fan. Accordingly, the air
flow between fan blades 421 can be stabilized, thereby preventing abnormal sound.
An increase in ventilation resistance to the air flow between fan blades 421 is prevented,
thereby increasing the blowing capacity of the fan.

The cross-flow fan in the fifth embodiment of the present invention configured
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of fan blades in Fig. 24. Referring to Fig. 36, a plurality of fan

bl ades 421 are conprised of plural kinds of fan bl ades 421A, 421B,
and 421C. The figure illustrates a state in which fan bl ades 421A,
421B, and 421C are overl apped. The configuration 150f this
nodification is simlar to that of the fourth enbodinent in that the
di screpancy angle of each fan blade 421 is equal anong fan bl ades 421
and in that the outer peripheral blade tip angle of each fan blade is
di fferent anong fan bl ades 421A to 421C. In the present

nodi fication, plural kinds of fan bl ades 421A, 421B, and 421C are
provi ded suclin thishamcheingithiett Bk effadis Bdsahifed4r Ihevbiudh &R RIRABRQIhiRirly.
chord line 633 is_20 | ... The height His the | ength between chord
line 633 and the 5§§§ﬁﬁﬁ dgpentlicti on surface 424 nost distant from
chord line 633. | m%@%ﬁs&t%ﬁﬂ%aiﬁkhéiﬁks@ef al AstrBln@M% alobhyiki AloST MRko which a
bet ween adj acent fan bl ades 421 due to differences 1 n hel ght anong
fan bl ades 4fayecegdiupicthemsesantinymticy segplictheilldfealessribedhe Newtestrwatures of
bet ween adj a . - be .optim.zed.in . accordance 25w th
Che bl ovi ng. Aonpst B 8L APERIH byRe e BpRlar el S bR ARS8 IR e ng .
the air fl Owchrﬂﬁﬂglelrfalﬁ anthbpreas chBidimant ﬂaﬁieﬂ?lﬁ,'&h_bsi the 2@fle sthit@ireBycross-flow
preventing ahno sound. An increase in _ventilatiaqon resistance to
the air fl ow%’d'e{qr@é et 8‘:‘qu?’€‘6‘5@’"%§1 ndhe, followinge & descHBIQLSE theieyeslarning
the bl owi ng empagt il abt Hohepdatd. The cross-flow fan in the fifth
enbodi nent of the present invention configured in this manner can

achi eve the ef f ectliesgrrtionof Squstprergi €ensifiegahFanbodi nent similarly.

[ Si xt h {gvbodi ment k5 37 t [ [ . I
structure of a cenltgr?fﬁélaﬁe&f) é{%ﬁ? %Eﬁ&(}hceggﬁg%l g;glg%? 5{)('}1%%%&1{1%%& of tHé
present i nveptesant inventigp| iReteraing to Mg 3des cantrifeghl fiekit0, in shier predeut es  of

°a bl ower and, gl alf 1Y by SPRASIABSACT LM £l 370 Whd Ly P
approximately cylindrical appearance as a whole. A plurality of fan blades 421 are

disposed on a circumferential surface of the approximately cylindrical shape.
15 Centrifugal fan 410 is integrally formed from resin. Centrifugal fan 410 rotates in the
direction shown by arrow 103 around an imaginary center axis 501 shown in Fig. 37.
Centrifugal fan 410 is a fan using a plurality of rotating fan blades 421 to output
air taken in from the radially inner side to the radially outer side. Centrifugal fan 410
is a fan using a centrifugal force to output the air from the rotational center side of the
20 fan to the radial direction thereof. Centrifugal fan 410 is a sirocco fan. Centrifugal
fan 410 is used with rotation speeds in a low Reynolds number region applied to fans
for home electric equipment, etc.
Centrifugal fan 410 further has a peripheral frames 413 serving as supports.
Peripheral frames 413 are formed to annually extend around center axis 501.
25 Peripheral frames 413 are disposed spaced apart from each other in the axial direction
of center axis 501. A boss portion 416 for coupling centrifugal fan 410 to a driving
motor is integrally formed with one of peripheral frames 413 with a disk portion 414

interposed therebetween.

A plurality of fan blades 421 are arranged spaced apart from each other in the
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centrifugal fan in the present enbodi ment partially has the sane
structure as cross-flow fan 500 in the fourth enbodinent. In the
follow ng, a description of the overlapping structure will not be
repeated. (Description of Structure of Centrifugal Fan) 10Fig. 37 is
a perspective view of a centrifugal fan in a sixth enbodi ment of the
present invention. Referring to Fig. 37, a centrifugal fan 410 in the
present enbodi nent has a plurality of fan bl ades 421. Centrifugal fan
410 has an approxi mately cylindrical appearance as a whole. A
plurality of fan bl ades 421 are disposed on a circunferential surface
of the approximpahetentiayditdd nt

integrally forned from res?‘?]ﬂ %ﬂﬁ?@ﬁggft% Ah%%g{%fif%gbllﬁ%cst%% are

di recti on sh&WePastyd by periphesd frameuhld adappasityemdsrtherendiin the aabel Sirdfidn of

lural 1y of Sragesioty ,FEOPR LR ol Bld Pt &b 2 aitRierd ome i en
radi al | y i nnéernsiddeextond fﬂengthelmahll directitirest wnﬂmlmttbw&uqm oth@n 410

is a fan: usi trif force to output the air fromthe
rotati OFIBaI ggrtl]%re ag?r 4#9,[ he 20 fan to the radial direction thereof.

Centrifugal fan 4A0liGlig oflfémmsﬁ@ﬂare%ﬂlbﬁ!;é‘dq%lurél%ﬂm%%‘f 3;1%&%??21;\

vmthrotatlon%oeeds|naIOWRe ds nunb region a
for honme el e® 315 SQumIAEIR 24 ard aveasmlla@eﬁuqturrs@ganwfa“mmmsmzﬂther

has a peri phggglibdd 1§Q§§foﬂgt§ emBbM b @PnEHRPOF 5 bl 4 Qg?ﬁé Snlggmeg Seh

413 are forned to annual extengl@ar o?md cggfer axrs
Peri pheral f fhahie dIBEG'PeJFOe' atiglep ofsfeul bspescted aaqnaquhl%remhﬁla&ha pluliity 6fiTan

the axigg di d nt e p ion 416 for

coupt 3 centii £ Y R ES of Bt nds ofdor g LN ARl e vt e
with one of peiphphéblate fxpar@aatﬂé.&ffaehhfr@m@ha%tﬁ&! Anld8n Bikdes 24 R1EISRS
t her ebet ween, ngl urality of fa | ades 421 are arranged spaced apart

from each ot ASATPRESHR a0 BTegplahPFRnti al direction around center axis
501. A plurality Héwkan, déhﬁi@@g%l i’a%lll@'ir?thﬁP%ﬁﬁ{tkﬁgoaﬁegﬁ&ffggﬁoﬁl crggsaftlmw

413 at opposite ends thereof in the axial directron center ax

501. Fan bl afi@ 8910 the fpjrdhanehedineent in thaich Riwabityeof fer blipfee vl alferammgedhﬁ
and formed tRogxt gagvalong the axial direction of center axis 501
toward the ot ﬁer Speripheral frame 413. A plurality of fan bl ades 421
are conprised of @emraitlomot'\asu@mrei affiBlovacesl A2 Péifi®) 421G shown in

Fi 24 dh t t bl ades 421
GeSeribed i n 1t he MBUFLRCRBRHTGH. "t ShARaNFyafhe v BngEd 6 . 27

provi ded sucHigt 3fais atchfssdl:csmhﬂp@dwyf iaegloagr aked Abndd ReesxiEtsarenequal
to each ot hef-: 5 pll%”fgrlnhst; }lo I%g 38 and Fig. 39, a blower 120 has a driving motor 128,
20 centrifugal fan 410, and a casing 129 inside an outer casing 126,

The output shaft of driving motor 128 is coupled to boss portion 416 molded
integrally with centrifugal fan 410. Casing 129 has a guide wall 129a, Guide wall
129a is formed by an approximately 3/4 arc disposed on the periphery of centrifugal
fan410. Guide wall 129a is formed to guide an airflow generated by rotation of fan

25 blade 421 to the rotational direction of fan blade 421 while increasing the speed of the
airflow.

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 501. Outlet portion 127

is formed to be open to one side of the tangent direction of guide wall 129a from part of
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10bl ades 421 are conprised of plural kinds of fan bl ades 421A to 421G
whose outer peripheral blade tip angles are different from each

ot her; and fan bl ades 421A to 421G are arranged in an irregular
order). However, centrifugal fan 410 in the present enbodi nent
differs fromcross-flow fan 500 in the fourth enbodinent in that a
plurality of fan bl ades 421 are arranged at 15regul ar intervals.
(Description of Structures of Blower and Air Purifier) Fig. 38
is a cross-sectional view of a blower using the centrifugal fan in
Fig. 37. Fig. 39 is a cross-sectional view of the bl ower taken al ong

a line XXXI XoXife Xaf 1129a.Fi QutleBBortiBRT €7 fsisReheli kE hgrlslﬁﬁlcaﬁ'ﬂm'fdr%rot?h%mg

bl ower 120 has a driving notor 128, 20centrifugal
casi ng 129 i AiHRareef allcik9p ﬁgome Ofthe tangeheditagtipmef afider walbF29a.

O 0 oo 20PN il HRAPSE RENALA Yo TP AR e
wal | 129a is bfy(arrmydOBy Hareaqnprsdad{errm &bm 1&1114& ;arrﬁommnofslminmge bh&smgé%

i ph f t f 10 Quid ui de
B e 1w geRE Rl B pdeliofiigs Sratn 156 ey g e 1 5T 4 onel
direction of chanfphle@e 4{1(21 ’FH%' aﬁﬁu’tﬂh@f&ﬁ&hﬂﬂoﬁtﬂﬁe M@@?)P&réuﬁﬁe@ﬁﬁaﬁlkrow

Casing 129 has an intake portion 130 and an outlet portion .

I ntake porti Wi gothe dirediomsbowe byarpind P4 prshe glosw taﬁhee@ptt%qlﬁsﬁ]mugbpuﬂet

center axis Q%o @gtl et portion 127 is forned to be open to one side
of the tangent direction of guide wall 129a from part of guide wall
129a. CQutlet port Fignd4diza qr@8§h¢apmdl tigw ef @n qarplsrfm'usngghewnntaﬁlgal fan in

f Il 129 f. the t t
G rect i Sh ot oo Seifrr g E 6 ah ook s M FbPRibor v Y o
centrifugal fdaa:‘t 143 Gand @t 4IRS (High Béfickine e Chitiowlate RawRiltay) fier o4, 103.

T 2 Lol K Tioel OO ROkl o0, 120,16 e Sl o cach o
out si de spacentdid@3off142 for sucking the air in the room in which air purifier 140 is installed.
Intake port 142 is formed at rear wall 144a. Housing 144 further has an outlet port

15 143 discharging the purified air to the inside of the room. Qutlet port 143 is formed at
top wall 144b.  Air purifier 140 is generally installed against a wall such that rear wall
144a is opposed to a wall in the room.

Filter 141 is disposed to face intake port 142 in the inside of housing 144, The
air introduced to the inside of housing 144 through intake port 142 passes through filter

20 141. The foreign matters in the air are thus removed.

Blower 150 is provided to suck the room air to the inside of housing 144 and to
output the air purified by filter 141 to the room through outlet port 143. Blower 150
has centrifugal fan 410, 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.

25 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
end open.  Duct 145 is configured to guide the purified air blown from outlet portion

154 to a laminar flow toward outlet port 143.
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centrifugal fan 410. The air output to radially outside space 132
circunferentially flows in the direction shown by arrow 104 and is
blown to the outside through outlet portion 127. Fig. 40 is a
cross-sectional view of an air purifier using the centrifugal fan in
10Fig. 37. Referring to Fig. 40, an air purifier 140 has a housing
144, a bl ower 150, a duct 145, and an HEPA (Hi gh Efficiency
Particulate Air Filter) filter 141. Housing 144 has a rear wall
144a and a top wall 144b. Housing 144 has an intake port 142 for
sucking the air in the roomin which air purifier 140 is install ed.

| nt ake port 142 i dnfigpnefera0heving wahla chdfgurattipubioner 1sds BHVNE Lothas
an outlet por n%lgdels%@l?i scha{hgi n(ﬁjét.he purified air to the inside o
the room Outhet port IAFUSIF SR AT I be takenig fromy inigke pagt A 4Dierthé inside of
140 is gener dlohying D41 alHeae] a8 @RTIOW s @n¥ftd baREEN Ak Joft8lr YR budd 481 S
opposed to a g/?ll in the room . Filter 141 i's |sposeof t 8
face intake por12°§49eien maliers syeh ercdust inplydesi in ghelintke dihereabmovadthydiie ed
to the imsidg40of housing 144 through intake port 142 passes through

filter 20141. The foreign matters in the air are thus renoved.
Bl ower 150 i s provheperifes anebitaindieyrmemgaihrotgh fllfee141ns kdken of toiRLisking

144 and to o t ai+._purifi.ed b ilter 141 to the roomthrough
outl et port %Sgé&nél lg%'er%?O%ﬁ%"ﬁ%%{“ﬁa{‘ﬂ’gﬁlto fhgdAnsidepf casipg Ky 2nfgrmes |
and a dri vi n¢gniosrdtovi hiougBaside svalliz2hasusl SHibiRe ] ¥52a:, lr@gg&% o2
has an int akworgim?n. 153 gnd an outlet portion 154. 25Duct I'S
provi ded abovE'BITJIRRY is £8Hed ipoytlst partion Hidpleng swideavall Eamnéblofwarfrom
gui di n@a he puildt bb@nais +f hem ' t e 43. Duct

has a prismatic E l'i ndri cal sﬁggz)lf\?\n&it%&%t sﬁe%%ﬁ%%l%?%etgﬁﬁo&wt%p?r&}%s
outl et porti BvarEihe sxigmal sm9ce-t s upper end open. Duct 145 is

configured to gui i £l I I ~from outl.et rtion 154 to
a Iam'gnar flowgt o{/i\lglrl%dégl?? :égtpﬁ%ggﬂﬁ%%&&%mmwgy Iwﬁyé?%?x ‘?‘lnitg‘ls 140

havi ng such embwhtheguthacemrifughl famer thd psdns irtehtiaits tigo ksHlRbGe fADfuid

bl ades 421 t : . omair to be.taken. in fromintake port 142
to the insi d%‘*‘%ﬁgﬁgﬁéﬁhﬁ‘é’ﬁ%ﬁ% “15@’?18?% PALFPEHORET & hyaidifiaataepoling drsies,

i nt ake Iport dmi2: wendlating Heticgport 143, and foreign matters such as dust
included in the i¢)t ak ifr gre renmoved by filter 5141. The
purified air obtal ‘Hﬁfdfusé s by ainusidigh 40 in thersixth empedimaktenf therpresent
the inside ohveadhREnfiRed iHRAS mahil Ipkd | kenoin to the

i nside of casing. 152 forns a 1I glni narc%fdgéévg%}egéggeﬁﬁgﬁ?cg}é’e%ltﬁe %"S‘?Q
around fan bf&epeemert simifgmly. ajr in the fonn of a laninar flowis

gui ded to outlet pRrdi, I uide. wal l. 152a and bl own from
10outl et portion 154 t%ﬂgeégfl}h%sf%ggeo llb%‘ﬁ@t%ﬁ ‘?go’l*’k?efg‘é‘%} 10} S&Xthj schar ged
from odfl et pehadimet@s mewbe corbinedeastapproptiate pAc@figure a new fan. For example,

centrifugal fan 410 in the sixth embodiment may be configured using the fan blades
described in the fifth embodiment.

[Seventh Embodiment]

In the present embodiment, first of all, a structure of a cross-flow fan to which a
25 fan in the present invention is applied will be described. Next, structures of an air

conditioner using the cross-flow fan and a molding die for use in production of the
cross-flow fan will be described.

(Description of Structure of Cross-flow F an)

Fig. 41 is a side view of a cross-flow fan in a seventh embodiment of the
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Al though an air purifier has been described by way of exanple in this
enbodi ment, the centrifugal fan in the present invention is also
applicable to a fluid feeding device such as, for exanple, an air
conditioner, a humdifier, a cooling device, 15and a ventilating

devi ce. Centrifugal fan 410 and air purifier 140 in the sixth
enbodi nent of the present invention configured in this manner can
achieve the effects described in the fourth enbodinent simlarly. The
structures of the fans described in the foregoing fourth to sixth
20enbodi nents may be conbi ned as appropriate to configure a new fan.

For exanpl e, pegatitinvel@a]. R® 4910, &@s@&@tiﬁa}‘%&sﬁ@m‘jﬁi% B{é %]"ggﬁisgr)fgﬁ? fan

configured using the fan bl ades described in the fi
[ Sevent h Enbédeweleng a tine ¥hél-BLBSehig. éhbodi ment, first of all, a

structure of a cr = i 29 of i he, present
invention is appl ?\g%rr\ﬁldgﬁ}‘)"l?iéﬁétgg%mbg&.a%wgtﬂ?%gf?? g%(i Wﬁggprg?en n air
condi ti oner eambodjmehtehas nebsalfty ofifzhdiedanlla obdifgy Bih 06 Biis dwse i n

roduction of the cross-flow fan will be descrjbed. ( cription of
S ruot urb of “RFBSEHIFG PR pFRpatange 158 WITk.qeh pEHlbPE 5 ElBsS LA Bty
fan in a Sevei@%&e@ﬁﬁ@@irﬂﬁﬂfe_ re@l_ﬁaltsﬂﬁ’aceﬂff‘ﬁ&eﬁbrdxm{ﬁ%/'c?ﬁndrﬁbgshaﬁ{ez. IGodd-
Cross-sectiona erspective view of the cross-flow fan taken along a

line XLII-XLApwifpn $90ys intagrally formed fgrn apsin. ndroes- oy fanOaptateringhe 42, a
cross-flow f i £ &{g)agg' f Ly of fan
bl ades 721. %?%@9951?% aﬁog@ﬂ%g an gnggfrﬁo?iqr@}n%te g?)gé %tgﬁhﬁéér{ﬂ c{a}ﬁe
appear ance a$garewhole. A plurality of fan blades 721 are di sposed on

e CLLCHE e et o UL 0GRl S ORI PR SRR B TS g

800 rot at es ainirt Hédirgitive oithaponshe wentdruxRIB00verkhg a8 HRUBEHADaN B NdEVed

center axis ?rglgﬁ t eh a%é’%ﬁ cf-irrécttloqleoffcian grra%?s' 801, cross-flow fan 800 takes in air from an
outside space on one side with respect to center axis 801 to an inside space of the fan
and outputs the intake air to the outside space on the other side with respect to center

15 axis 801.  Cross-flow fan 800 forms an air flow that flows in the direction crossing
center axis 801 in a flat plane orthogonal to center axis 801. Cross-flow fan 800
forms an outlet flow in the form of a flat plane parallel to center axis 801.

Cross-flow fan 800 is used with rotation speeds in the low Reynolds number
region applied to fans for home electric equipment, etc.

20 Cross-flow fan 800 is configured such that a plurality of impellers 712 aligned
in the axial direction of center axis 801 are combined. In each impeller 712, a
plurality of fan blades 721 are provided to be circumferentially spaced apaﬁ from each
other around center axis 801,

Cross-flow fan 800 further has a peripheral frame 713 serving as a support.

25 Peripheral frame 713 has a ring shape annularly extending around center axis 801,
Peripheral frame 713 has an end surface 713a and an end surface 713b.  End surface
713a is formed to face one direction along the axial direction of center axis 801, End
surface 713b is disposed on the back side of end surface 713a and is formed to face the

other direction along the axial direction of center axis 801.
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10Cross-flow fan 800 is a fan using a plurality of rotating fan

bl ades 721 to flow air in a direction orthogonal to center axis 801
serving as the rotation axis. As viewed fromthe axial direction of
center axis 801, cross-flow fan 800 takes in air from an outside
space on one side with respect to center axis 801 to an inside space
of the fan and outputs the intake air to the outside space on the
other side with respect to center 15axis 801. Cross-flow fan 800
forms an air flowthat flows in the direction crossing center axis
801 in a flat plane orthogonal to center axis 801. Cross-flow fan 800

forms an outlet f P@H‘f.)ﬂefh] Trla@lefﬁﬁ Bw@ecf b gnﬁélﬁﬁﬁ%r dRREREL ﬁ'h% [Brs Qt er

axis 801. Cross-flow fan IS use ot at1 on Speeds
the | ow Reyn@ﬁﬂ%enﬁtﬁﬂ?éh othetyindhe @q@qildnre@m@ftm aksr80honme el ectric

oiur a1ty of 1 mper e atrpott Abefitt 8 P Montr FROH e AT Bloint o

axi s 801 ar eadjesdni toeich bmelea@mmmpeffraeroraaa.ﬂzwpr@hwdahhﬁayem 7fB0are
spaced _apart from

bl ad 7 1 erentlall

eaghegt Rer g%gou%gg%%?‘édro%‘?ﬂ sSu ﬂgﬁ%dsarf" I"CQSWe fnexgend kg mlatasralangghey

peripheral f naakdi%t@oBEr¢hiegaass@ . S uppaFdity c&?ﬁ%lh@g@ﬁf‘?rofvgﬁ @j%IF&a
eri p

a ring shape annularly ext endi ng around center axis 80
frame 713 had!4hasmeevédadita siend amendsfaeen’ 13h and aneffomned 10 8itenddii plates

surface 713ajh80 fiRNBH LR tion along the axial
direction ofacegnt er aX|ls 1%@8?@%?2%% gge 713b i s disposed on the

back side of end Eigr4asewshdéadanss secfiar oftfen bladé alewhdnecuotlogy a plane

dlrectl n al tion of nter axi.s 80

Per i phe(rbal f?lgl% %%égfés“?%raél\ﬂsggaer?l&gB’%aFﬁ?‘&“ﬁ’ﬁ?&f e \%]é@rfari Mfel 1 ers

712 adj acent to eBmfblatelarl haﬂadiﬂﬁera}jéhplherﬂllilla;ﬂ@ftlb??rzt%ﬁl m@ﬁ&én @aﬂns 801.
eller in

Gving attentio eller ﬂ'f and i ig.
di sposed adj %%g’ﬁ?mf lbla‘g%é PRIt I‘b‘TeﬁP%‘FRhFS?I Bledg %pmlamélg% 1732115POS€C1 at
provided in am@eldfein Hddyared the Rhaed rﬁlcélcf%t a@gte?P rgﬂlgraﬁylrafi@ﬁ% ¢ 713a

and are formed to_extend |ike plates along the axia rection
center axis Byton l@%lﬁdrsapseﬂw@ferrdaﬁfm Welies’27 20 tlpﬂ@mrd:edphemahsrdpel Far

f
712B ang pr OMEL@EE’@ 1@ fo?‘?ngg' %mnaﬂgfi Sk %ﬁ?unzér%% 1§1Qidre?tée 3 rngE cg;&,tir axig 9.

ext end Ilkebg ates al on e axi al "direction o cen
42 shows a b$Mdeom inyespepbeiabblads tif pxmldirl oWl onee Periperad bRAGHA

| ane 10ort 0 rvi s .a rotation axis of
(F:r oss-f | ow ]fﬁcﬂ{?@ngézgt P% Bage 7% s%o ge 1nc]nrgedé}n the rotational direction of

cross-flow fan 800 from inner peripheral blade tip portion 728 toward outer peripheral
blade tip portion 729.

20 I'an blade 721 has a blade surface 723 including a pressure surface 725 and a
suction surface 724.  Pressure surface 725 is disposed on the rotational direction side
of cross-flow fan 800. Suction surface 724 is disposed on the back side of pressure
surface 725. During rotation of cross-flow fan 800, as an air flow is produced on
blade surface 723, a pressure distribution is generated in such a manner that pressure is

25 relatively large at pressure surface 725 and is relatively small at suction surface 724.
Fan blade 721 has a bent shape as a whole between inner peripheral blade tip portion
728 and outer peripheral blade tip portion 729 so that fan blade 721 is concave on the
pressure surface 725 side and convex on the suction surface 724 side.

Fan blade 721 is formed to have a uniform blade cross section when cut
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Fan bl ade 721 has an inner peripheral blade tip portion 728 and an
outer peripheral blade tip portion 729. Inner peripheral blade tip
portion 728 is disposed at an end of fan blade 721 on the inner

peri pheral side. Quter peripheral blade tip portion 729 is disposed
at an end of fan blade 721 on the outer peripheral side. Fan 15bl ade
721 is formed to be inclined in the circunferential direction around
center axis 801 frominner peripheral blade tip portion 728 toward
outer peripheral blade tip portion 729. Fan blade 721 is forned to be
inclined in the rotational direction of cross-flow fan 800 from i nner
peri pheral blaagehdré i the mtxialairireit?(ﬂn dfeemecouglr  Per blaherAl is jrade tcS hdvea

portion 729. 205?9 bl ade 721 has g bl ade surface 723 including a
pressure sur f4p blads £ross spetion bty reminagy prrRicrap dlade pp perign 428 ard aiter 725

i s di sposed @&1&1{%&1%%@&1b98ﬁ10ndw eCtdnQladei7A¢ 1501forrﬁ5cpt§9ha¢ré M35 c%?sQant
Suction surface 724 is g@ on the back sid pressure sur
yeqn

725. During FIB?@FFW%}FH%}F Besstgruden, 72ésmé nucapn surfage/724) between
produced; on r?rllﬁgﬁer EfaPGEde tﬁ:” orﬁorp ﬁm‘dro% eg‘lp/aglrngﬂef?a'f'gfaf?g tl? pm%é 2%93 A

in such a manner-t t press rela arge
surface 725 and |§1¢re$saﬂqvw‘éin;809nmthb paetserﬁucrﬂabdnmaaultlfeah@daaé arrRgenihoste
721 has a be@g

whol e bet ween | nnet pher al Iade tip
portion 728 ar?dbﬁyaa?%fi qu eBH’éﬁegFoﬁ"F%@e op ebpmﬂhg hladiez@’ a’ﬂa‘l’iner
bl ade 721 i spedpteayelagat |PTRESY aQreldichamed fdRioh
t he suction glu(;:: 7&1412?13% Faﬁybl%gde e721 IS Brﬁﬁaﬁ%ﬁ@y%mﬂ

uni f orm bl ad seust A mreAg efithe tf‘dﬁl;\}'\ﬁé?rd)erlﬁhftrﬁél%ﬂmtmlangler ead i on
of centiey aX'l%ﬂ&%nplFéi‘ﬂ IR ahddr hs%dft&ggﬁgbétﬂc DAY Rur omb%@m&g 800

Cross section between inner perfpheral e tip portion
out er peri phailhpe daserleed; i p port| on 729. Fan blade 721 is forned to

have an al nbst copst At nat res
surface 725 and sp%t?jgltﬁ SCPUEl ace %%H’% i %?16”@? ]Vﬁ ‘%éir% %r ard Peade
tip portion 'ﬁﬁ@er@ndphﬂnaléﬂadpaplapglef‘aIFlglléiadEusilﬂa&s Bﬁéﬁtbﬂﬁheﬂaem the thicknlek
cross-fl ow fgnec? (th S gresent enbodi nent , de iha e and
arr angenent of ?gﬁ%c 0% SqMIECtngRIEsSHe TRaS S 2p Raf SugHoR giffase 724) of the

peri phdBal bbladecrbssueetigl of farcbledaTR 1. | WBgEr BEY §08RRals RkRdfadd Ro@ngl e
satisfy a predeterm ned, rel atjonship anong a plurality of fan bl ades

791, Fl rst, PHTEORELE A &w(bq}e the, blagde¢rass scg:mné}f f@"eblﬁcgﬁh@ﬂ aito hesptesstiepurface
angl e” and 163 aaeindnRs klﬁﬂ@ﬁ ﬁlrfagé 9?fs%é pé’@ﬂ %laﬂg %Fﬁeg a}l%ugggcgéel p??gncgnhe a

structure of cross-flow fan 80
di agr am shomﬁ?gattﬁh@SI'ﬂ@mM@ﬁrewtmplherﬁ’é)b ittbmekes outer (@righaeil biid tltpfmrtxdnrmler

peri pher al Lhd? e trat t ine 806 in
the thi ckness 'rectio on ?6?‘%8 ?%ho%‘gﬁ?{&?ﬁ ?‘fdmﬁgggérﬁ?réecﬁﬁﬁ”f@ce
725 an&0Osuct pasiphsnat bla«’c&aﬂﬂﬂy@mmfz& h&€ehzblinal@0ecdontisucvsl§ ck@AdsHethddh outer
bl ade 721. Oe(pt er i nﬁ extends in 59& bl ade cross
ge portion 727 an inner edge portion 726.
The figure also shows a tangent 937 on outer edge portion 727 with respect to
center line 806, and a tangent 939 on inner edge portion 726 with respect to center line
806. In the example in the figure, center line 806 is curved at outer edge portion 727
25 and inner edge portion 726. However, in the case where it extends in a straight line,
tangent 937 and tangent 939 overlap with center line 806 at outer edge portion 727 and
inner edge portion 726, respectively.

The figure also shows a straight line 936 passing through center axis 801

serving as the rotational center of cross-flow fan 800 and outer edge portion 727, and a
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section so as to divide the blade cross section of fan blade 721 into
the pressure surface 725 side and the suction surface 724 side. Fan
bl ade 721 has an outer edge portion 727 at a position where center
line 806 intersects outer peripheral blade tip portion 729, and an

i nner edge portion 726 at a position where center line 806 intersects
i nner 20peripheral blade tip portion 728. Center |ine 806

conti nuously extends between outer edge portion 727 and inner edge
portion 726. The figure also shows a tangent 937 on outer edge
portion 727 with respect to center line 806, and a tangent 939 on

i nner edge p %frﬁi%ﬂﬂin%% 8‘(@%%]3?15 tﬁﬁ%iﬂﬁg 53@%&2 akSRhE Eerjuiigg b5 8 @%t%t:j &gégegter of

exanple in the tigure, ! I's curved~at ou
portion 727 ZBufrdlomiaeB0Reyenmuedgopori@6726However, in the case where

it tends i Lght Li t t 937 and ngent 93 erla
:Ni t ﬁxcgzt Zr | Ini ﬁesg‘{)@l at o ﬁlllcgaglgl?dgée] eg‘?ntsi%ﬁlrght?lﬁ %ﬁ&gg Fﬁl}&?ﬂé&ﬁ‘é tb‘b‘i’.‘_f%ron
726, respect ip¢gphéral bhde tibanile, ALsR ﬁ%&%eﬁw&h rsﬁ'éigﬂtlinle loR& a&?ﬁn@tgﬁ 5399

through center axis 801 serving as the rotational center o
cross- f [Dw f &t i80@ pariphasal thiade didgaglpor Theoouter Deriptena biede §p maglgteahs the

938 passing . I 1 servi as _the rot.ational_ center
of cross-fl oﬁlgﬁggﬁﬁkﬁﬁ?ﬁﬁgﬁgg’ e “g"é‘ r'{%@%ﬁo@gr()eﬁge b&ii3h ?%PWH’ §§€r§’§‘§,
t he aﬂgl eI 1g Ltd)gtav@ﬂe' ﬁn«sﬁ%:a;bagﬁhg Bﬁrm%h%ﬁelaznﬁlsl S(Hrwﬂﬂﬁteﬁéd%eip%rtiﬁﬂeﬂm.u'f?169e38
peri phera ade tip a ,..and the a e etween strajght |ine
and t ﬁngelnt bggr ?E;p@f‘i"fglj 0 angle fﬁ?@% ‘tS?gaP? émleg bﬂf&h@qabblﬂ%t;fmr}é@n
peri phera & ihhdd cAROp RtIGEATWHNRIGE e o Qfai M iRL 9

tip portion 729 at outer eége portion 727 w tah@r eIf er%ﬁ%agﬁﬁg{hsturggicgﬂ?

line 93¢ pas&¥ing0l mdinne cdenpetonyds She oustpuiphern! Wadpetiparzdd Hand7B7 .

The inner per] i ngl.e neaps 4 he angl e of i r

peri pheral b?dggg&[rlﬂaer%gl?? (l?eotﬁp %’fge &) ??’”Hh%ﬂ“cé't‘&aée aﬁ%g?aﬁlé’ﬁth??@aﬁi th

reference to straFight4 islarwosgs&ti@asl&limsﬁohﬁ@%lﬂﬁhaﬁﬁﬁc%raiagé}ﬁéxﬁ oBRA vARds

i nner edge portion 726. .The quter peripheral bl ade tiﬁ angle 13 and
s

the inner pePi BRECSIBY fkindip 44ngReteingipfie. A in Keoss-flgwien §00in the
smal | er t hanpQ6ks it i - i : Vi i
prefbnt embodlm]léhi?g qungallgyz offafr 'B%ﬁﬁse'ﬁzg%tré rl(‘)s\%\(li %&ﬁ@%@%{)fqpﬂ

shape and arrangenent o es Int ross-
Ref errilfy t oPlpigs. 7244, 721B, dRbss2fl Doz ¥EaA2 Bhend A2 ithe Fandidng 721A to 721G

Einﬁggi g}?n]E énﬁ’avglb‘igdglc-}gﬂ sé?:ftioﬂclsatﬂ' é?flf&gﬁ%hgp%g’ a %lu?acmy E)f iR %Ia(ags :B'!: lf)'lro%{ded
for each of fan blades 721A to 721G.

Fig. 45 is an enlarged cross-sectional view showing a blade cross section of the
fan blade. In the figure, a blade cross section of fan blade 721D in Fig. 44 is

20 representatively illustrated. Fig, 46 is a diagram showing that plural kinds of fan
blades in Fig. 44 are overlapped with each other.

Referring to Fig. 44 to Fig. 46, a plurality of fan blades 721 are provided such
that the outer peripheral blade tip angle B of each fan blade 721 is equal among fan
blades 721 and that the inner peripheral blade tip angle y of each fan blade 721 is equal

25 among fan blades 721.  As far as the range shown in Fig. 44 is concerned, the outer

peripheral blade tip angles B of fan blades 721A to 721G are equal to each other, and
the inner peripheral blade tip angles y of fan blades 721A to 721G are equal to each

other.
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15 bl ades 721A, 721B, 721C, 721D, 721E, 721F, and 721G Fan bl ades
721A to 721G have bl ade cross sections of different shapes. A
plurality of fan bl ades are provided for each of fan bl ades 721A to
721G Fig. 45 is an enlarged cross-sectional view showi ng a bl ade
cross section of the fan blade. In the figure, a blade cross section
of fan blade 721D in Fig. 44 is 20representatively illustrated. Fig.
46 is a diagram show ng that plural kinds of fan blades in Fig. 44
are overl apped with each other. Referring to Fig. 44 to Fig.
46, a plurality of fan bl ades 721 are provided such t hat the out er

peripheral bl ade .08 & thdolfdes92E fhc %{ lﬂ%cﬁag%l]ﬂ te7A }ﬁgﬂ){\}gen

fan bl ades 721 and that "the 1 nner peri p er tip ang
each fan bl adl@}'ﬁzqrome(quaid @5tenmrondp if arthditotadios a¥iz bf thAefaxf:md cazerlaﬁped on

range shown i rned,..t he outer pheral bl ade t
angles 13 of E% ‘%fft Ean's??%ﬁ 9’%‘1@1%?‘3@6@%‘:1.%9“ ‘anﬁbéa?ﬁ‘ OpEhEtes P&Ht?nt%ﬁé
i nner peri pheffakpd%cbﬁde;etcbmcﬁla@vﬁ& aacpfathfelaand){hedﬂﬁr Jﬁhﬁ:rtea ogd rﬁi)l@?%
equal taq. each (g\'é plurality of fa | ades 72% I ncl ude

fan bl adks 73% ‘Et6r eﬂ@i@"mﬁnm”dﬁ digpessd f%‘%‘ydlﬁ?l@eil @Pﬁlteé‘ah aWeund cent er
axis 801 as the rmﬁEb%@erﬁ)éhﬁo&lfneﬁthgs §}ﬁ%%@r§o¥@rvhéﬂg IQ&S@Q%’AQ@%M

the fan bl ades 721, one of inner edge portio 26 and outer e
portion 727 RE Tﬁia@ﬁ@md@@“bfeaxéﬁoﬁ(ﬂcmd@rﬂdgmmmoml% O(Btfalmdﬂadeaﬁam 721 G

ot her of inn t

di sposed to glcra cgl eg@g@{@géﬁg&gﬁ@ Péa%epggg M?ﬁ%%ﬁ%‘?gﬁ im 721G
enbodi nent , agcﬁs%pdnmd {romFeiach othé&, WhBig. #@,mhdiﬂ@dMos?,‘Bdoﬁoh@off?f&%BIaaisﬁné
rotate roun ent xi,s 80 i nne or S 726 0 n ades
To1A 1+ A5 A B BY nec tort &ciwelbe?ﬂe?h Sg#&?@aﬁeéperg@e T Biade ons
727 of fan bbediess 78] &nd @c BRAOcELsediiciRIoReRD{dc0M £AE BisPbd8iobd N Fi 0.
46, the bl ade cross sections of fan blades 721 10are di sposed to be

di spl aced fr BWT&REH Withedch gher prethgisidle ofinngupesipheral bladeetinaportionsd@st i p
portions 729, andridladd A%at iosin 36fIch0 P AlytidibePARP a6k B fade

di sposed to be overlapped with eac er on the sid I nner
peri pheral bF@eescelign gfden bledes72128 bent at dlffeﬁahpdmtaﬂﬂwimmhas‘sdgb PGﬂUbDﬁZG

portio 741, 4 i 0 t a cti of

fan bl arlg’e 72% M%l ? gfrﬂgﬁ?%.}er gﬁ{h% g?s(r%{.‘t enﬂmfi vveeé]giefflhﬂgi 7333'@5 °i on

726 15and Oupmmoedgﬁ Fpor¢ paints BEfkeeh inntheigp hesion 726 atbsliterexd e pcﬁrﬁﬂn 727,
bet ween 1 nner edge

bl ade 721 has_f].ecti ortions 741

portion 726 §a‘af)18§§ J’eﬁq@gag E&WHOHEPW%CI%R&)SHI%@&?% thauteredge E@i“PBn
portion 741q721 al O iflebtah @%@ﬁﬁﬂ}: at G QUL Em@pdﬂﬁ bRk ﬁﬁeigdée aeﬁloﬁas
a flection portion 741p at the bl ade m dpoint 'between inner €ed

portion 726 AHYRWLAWEST cdergorie 137on At Section: portianctdl arcepler ined)67is h@pt by a
center gy ne ﬁQ(ﬁioh%nQQ @E. bX ¢ Aection portion 741p, center line 806 is bent by a flection angle

Op.

Fan blades 721A to 721G are formed such that the flection angle 8q and the
{lection angle Op are different among fan blades.

More specifically, in fan blade 721A, flection portion 741q is formed so as to be

25 convex on the suction surface 724 side and concave on the pressure surface 725 side

(Bq <180°). The flection angle Oq gradually increases in fan blades 721B, 721C,
721D, 721E, 721F, and 721G in this order, and in fan blade 721G, flection portion
741q is formed to be convex on the pressure surface 725 side and concave on the

suction surface 724 side (6q > 180°).  As the flection angle 8q increases in order from
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20fl ection angle 0q. At flection portion 741p, center line 806 is
bent by a flection angle Op. Fan bl ades 721A to 7210 are forned
such that the flection angle Og and the flection angle Op are
different anmong fan bl ades. Mre specifically, in fan blade 721A,
flection portion 741q is formed so as to be 25convex on the suction
surface 724 side and concave on the pressure surface 725 side (0qg <
180"). The flection angle Og gradually increases in fan blades 7218,
721C, 721D, 721E, 721F, and 7210 in this order, and in fan bl ade
7210, flection portion 741q is forned to be convex on the pressure
surface 725 s”ardlda@mnl@ancfavlﬁiam T8, BUC] TR, SO1E,F0¢F, 434 731 dahé ﬁaﬁlon
180). As the er tio i ncreases in order from fan bla

721A to fan BPEER 3%@%?8‘ 9111@1 T ipgpaduplly decrgasey I-ém@l flpotio, portivn 741 p has
el ecti on angl 7 age e

el ection po?tﬂ?zofgl&g%l%{%igﬁ% egitlzlﬁ?)i}\e lf'}tgﬁ&g%l cgs%)&% % g @88?5 Att?\e
bl ade cross é’at(ﬁmri@pocwenappeu|oaaﬁwxcve2cﬂfmmeeparmﬁraabﬁdmpporquﬁmpped

d f bl ortions 728. 5Accordingly,
the. shame of 1 an BraabrayAe siips ot B eF2f Rryarihachiisttthecabeross
section on t betish de tRfsiduireutepséripabar E‘lbd@ﬂl@ﬁ&tl&ﬂ Wﬂ?ﬁ&blﬁ%yﬁ%ﬁ tﬁlckness

dlslacedlnthethlckness direction with osition o
por 'Ito ion 741p B%‘i“ﬁ@ “ﬁihﬁbﬁposwnepfﬂégtmntporqqme?%gﬂagmg pised. p eraadesuit, Me)utarp

among fan bl SO CHDTRIPES HEED g B U8 bbrdadubeelo TR S0 e
di splgaced f r@mm:lg)iaa(btadeat FHEA to 721G, whileodtbreagd partisis 29tk @sficeg et | On

ortio 741 o |rrprove t he strength of fan blade 721. As a result,
Phe reﬁ?%blll 5? ‘the strength of the fan can be inproved alt hough

cross-flow fan 80th feckion ESicfrk aNfIQAYh P6rtidnd fulrbal% Hrﬁﬁ%v@fh?%ﬁer%‘ﬂ%
The |nproven§ strength can reduce the thickness of a
accordi ngly. liéerjll?gr et Bragtsulththeyeliagity of fhé sowigthf 4falhe famparBiBOimpaovele

reduced and &fiRugPsbss HGK 801 808!iS 2 resAFal Bavi P X GG blade cross section. The

improvement in strength can reduce the thickness of fan blade 721 accordingly.

21

15 Therefore, the weight of cross-flow fan 800 can be reduced and the cost thereof also
can be reduced.
In the present embodiment, flection portion 741 is formed to be bent to form a
comer. However, flection portion 741 may be formed to be bent so as to be rounded.
In this case, the blade cross section of fan blade 721 extends in the shape of an S at
20 flection portion 741. Even when flection portion 741 is shaped like a corner, flection
portion 741 may be slightly rounded in consideration of a process of removing fan
blade 721 from a die for resin molding.
Fig. 47 is a diagram schematically showing an arrangement of fan blades in the
cross-flow fan in Fig, 41. Referring to Fig. 47, fan blades 7214, 721B, 721C, 721D,
25 721E, 721F, and 721G are arranged to be placed in an irregular (random) order in the
circumferential direction around center axis 801. More specifically, fan blades 721A
to 721E are arranged so as not be repeatedly placed in a regular order (for example, an
order of fan blades 721A — 721B — 721C — 721D — 721E = 721F — 721G
—721A = 721B —» 721C - 721D — 7T21E = 721F - 721G — 721A — 721B o)
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In the present enbodinent, flection portion 741 is forned to be bent
to forma conmer. However, flection portion 741 may be fornmed to be
bent so as to be rounded. In this case, the bl ade cross section of
fan bl ade 721 extends in the shape of an S at 20el ection portion 741.
Even when flection portion 741 is shaped |like a corner, election
portion 741 may be slightly rounded in consideration of a process of
renovi ng fan bl ade 721 froma die for resin nolding. Fig. 47 is
a diagram schenmatically showi ng an arrangenment of fan blades in the
cross-flow fan in_Fig. 41. Referring to Fig. 47, fan bl ades 721A,
721B, 721C, 721D, 8 zrEmply shqwn iadug. #2160 dladea 160 G215, 1781 Bg723haz2iD,i n

cont or o o GoiT RePLAK S A LA TR SRR HEG, hE T R e,
arranged so d21Aof216e 7 Bpeapmdidinplde etbekwis@ataglbater axidani.(f or

exanpl e, an order.of fan hlades 721A -> 721B --> 721C --> 721D ->
721E -> 721F -> 75‘1%39% %gl?o;feﬁr’@pkm@? Ofé"?@laé%?@i@fo L2 Hpmeke snerpt F

-> 721 G& 72laAd pharal 8Bof fan blades 721 A to 720G bR EHAUTE SRR,k BidhBa 147
fan bl ades 721C, 7210, 721E, 721A 721D, tp721F, 721B, T21A" %%E%dm

721C, 721D, PHFE, Hovgver. theeonfiggratipn i agDimirinthere 1 For ckample, @ Plulity of
721E are pl aggthh i r LS~ 801.. | he
exanpl e above, sed\}ag{ag?%ggépg%h?%%%g?gﬁgggl?g%zh'?ét%?g&rfaanéga%ﬂa‘&eget,
S5and plural $Sdededshercfamizs apepri2d hay be PRAA iploadeed Anlod b BneMdes 721A
orders are di i rder. wever . the confj tion is.not .
limted thergfgg o?h@%gﬁgﬁgﬁoﬁﬁﬁFﬁﬁﬁﬁyﬁ§aS%OQaﬁﬂﬁkaﬁé FRytiqear kind
pL epa][ éd f or megbh plated ?mumea@@sb ﬂlzaﬁﬁu%e_eﬂo%@céa HHgh Afglﬁcilbs bhages f7§ﬁk g5rlusd
t heref rom as. appr.oprii e aced in order. ong as fan

bl ades 721A %‘%ﬁ%&"ﬁ%@%ﬁﬁ%ﬁﬁd’@ﬂ&/ﬁ%ﬁ?lyéq?@guNinfa}l blagles, 7ok ese ihan
bl ades of a pdNowliarsdoirs HITBIIDEoRl @ fsha SheplCAARShGRm ThE pHber

of each of fan _blades 721A'to 7210 for use in Cross- a
not be conpl &te&iiblagl kest taee kiggls, regre brefuetly, AR least fourdsrelsiof fartdates 72 bw
fan 800 may havyge.pl ade cross-sectional shapes different from each
other. Preferably, at |east three kinds, nore preferably, at |east
four kilfds of fanRefermidgdo Fizl4 harel Riget?, a phiRaiteof fan dlades Bilgire ditarabd such

ig. i h
Fig. 47, a p{hlzi{ t%!a 'pltt% I?thge%nad_lbztlcgnC%?aSn b71221c}es %&F(ig rFEga.lgg,etge gnug(l:e 1 of a straight line

passing through center axis 801 and inner edge portion 726 between adjacent fan blades

721} israndom. The random pitches are realized by disposing a plurality of fan
blades 721 at irregular intervals according to random-number normal distribution,
20 | A plurality of impellers 712 are configured such that the arrangement of fan
blades 721 is the same. In other words, the intervals at which a plurality of fan blades
721 are arranged and the order in which fan blades 721 are arranged at such intervals in
cach impeller 712 are the same among impellers 712.
A plurality of fan blades 721 may be arranged at regular pitches rather than at
25 random pitches.
A plurality of impellers 712 are stacked such that a displacement angle T is
formed between adjacent impellers 712 as viewed from the axial direction of center
axis 801. TFor example, attention is given to impeller 712A, impeller 712B, and

impelfler 712C in Fig, 41 disposed adjacent to each other in the order of appearance.
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that the pitch between adjacent fan blades 721 (in Fig. 47, the angle
rl of a straight |ine passing through center axis 801 and i nner edge
portion 726 between adjacent fan blades 721) is random The random
pitches are realized by disposing a plurality of fan blades 721 at
irregular intervals according to random nunber normal distribution.
20A plurality of inpellers 712 are configured such that the
arrangenent of fan blades 721 is the sane. In other words, the
intervals at which a plurality of fan blades 721 are arranged and the
order in which fan blades 721 are arranged at such intervals in each

i npel | er 712 Impellar¥é2B mmmglm;rmeﬂ 11enSso b % beoth%lwealabétx cait Jff}
pi tches rather than at %

bl ades 721 e, arran equl ar
pi t ches. " & Eﬂcfﬂﬂ‘éﬁt%f‘gl %f ‘?‘T"r%@l Hoélilgn wheregileof Eanddadssl 7%huhnmhldﬁrs a
di spl acenent 7amglaﬁd 7121 owraF%ithQ%kMﬁﬁfkcﬁ&i 6’&%% 'Orer 3 )?31#5 72’?0 is

viewed fromthe axial direction of center axis
attention isSGFkEPiBPERgsSilPR SO 751 /Ake dispiretd moui?deat'&r aando] hyt)elk;ﬂalecren?eiaﬁc

appoarance. | Taoantbr v13 g ErE RIS R PR el tmme

di spl aced abdladecBHtierimpailess BQB dnyl 702S pPhahRIR e A Hﬁecho%Peéxﬁé}%m 301,
position where al Il“hOf f n b%, ades,. 721 in i rr&lel lers 71 2A and
overlap in the axial “tHFEE Pt BAsSHOvE ERSBAP imiae sevgpth emhﬁzé@rqnéqoftmx@sm

stacked on i ipehtieras @kaBbs@ave i uREnAizsPh b 01
by di spl acem&*nl’h 5angle T Z?I' \A,ﬁenuw ewézd S?iggng‘?@ QF}F %%ﬂ)%p %%? e

posi ti on whefe ‘éPTes?ﬁt epbpdipienigagludes far Pladasgal her BIUWallaBoﬁJiaﬂebbﬁfbns
overl apd n 1 hgard¥d $laced 5.&&'[&(%1 £h o?l{%ﬁ fhe gl)ﬁj: nhf8 re%% 81 r%wp OFaDt plade 721

structure of cross-flow fan 80 in the séven
present i nvehisitileayriares2d iidelizhpresuesusura®sidigpdsedDniiad fotiBnal

Cross-flow f |n.the prese nbodi. e i ncl udes fan

bl ades 721 agﬁlecﬁQ{P lSJIragPﬁthEﬂ}#dl 3 68&53‘3%% %isﬁ‘&?fjgﬁgl@d’agﬁé}ééafﬁﬁﬁﬂte

L Ir 0 (rjn eac hf ot mfactp R hléWhemﬂmmfoﬁg e;atpl@b o&?dﬁ@ﬁhl‘ ;ggerggxaﬁrshdog‘i@rﬂnt%jas s
ade surfac inc r sur f ace i sposed on the

rot ati onal dll%Fa}acﬁ 25t 05 ﬂ’&étn rgifglﬁ ha nes gdee pertisn g@@é"’mﬂﬂ‘?fﬂﬁ% bosed

on thelback 8lcdetwienpressybatfy "7@95&1 séBon %}@ﬁee %m@lﬁ%&g 1&1@%&?‘@%%1-2&

or t hogonal @ ent er .axis 801 serving as the rotation axis
fan, fan bl atBdeAPPastion YWPtiééIQ@d@prnﬁwlm%patpw gidle, aatbeter tdgee

portion 727 at which center line 806 intersects outer peripheral blade tip portion 729
that is a blade tip on the outer peripheral side. As the fan is rotated, an air flow as a
fluid flow flowing between inner edge portion 726 and outer edge portion 727 is

20 generated on blade surface 723,

The outer peripheral blade tip angle B is defined as the angle between straight
line 936 passing through center axis 801 as the rotational center of the fan and outer
edge portion 727, and tangent 937 of center line 806 at outer edge portion 727. The
inner peripheral blade tip angle y is defined as the angle between straight line 938

25 passing through center axis 801 as the rotational center of the fan and inner edge
portion 726, and tangent 939 of center line 806 at inner edge portion 726. In this case,
a plurality of fan blades 721 are provided such that the outer peripheral blade tip angle
B and the inner peripheral blade tip angle y are each equal among fan blades 721. A
plurality of fan blades 721 include fan blades 721A to 721G as a first blade portion and
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15806 between pressure surface 725 and suction surface 724 intersects
i nner peripheral blade tip portion 728 that is a blade tip on the

i nner peripheral side, and outer edge portion 727 at which center
line 806 intersects outer peripheral blade tip portion 729 that is a
bl ade tip on the outer peripheral side. As the fan is rotated, an air
flowas a fluid flow fl owi ng between inner edge portion 726 and outer
edge portion 727 is 20generated on bl ade surface 723. The outer
peripheral blade tip angle p is defined as the angle between straight
|l i ne 936 passing through center axis 801 as the rotational center of

the fan and Qutemdeute pQRiroB'n‘Pﬂrhx%gzvheﬁ‘ﬂﬁ?ta?cqgﬁfgd a%i%d%fent 8011 ds

806 at outer edge portion 727. The Innef periphera etip angle vy
i s defined agotaten @iﬁﬂﬂféhfbép\ﬁeénV@hplaﬂdgimtonb|farebl@®87225pagmdagpmrhouﬁgh’26

center axis [ n nn edge
portion 726, %Qﬁﬁg@gﬁggﬁggﬁgglt?ﬁéen oﬁ% aPepQg 1n%g§p%ﬁ§é) ortion
726. In this comsﬂantamﬁi aaucabihmy and orftemsdgé p@{aSnsm, & the pthenvdfdetkr sdieh
that the. outer bl ade t.i e, .13 d the jnne perlphera
bl ade t |e% an@P@ 2? ‘i%‘&tﬁr g8t BTy 'ﬁﬁ%‘é %%SPSF%Q‘@@ gﬂia"‘ﬂ 90 eadh qtherof
fan bl ades 721 i ngbésdﬁ A ighasars 620 edihdﬁr%ik& A molﬁing $igp! ade
portion and a second %Iade portion in when they aré rotated

around center axi §iggfd ISe?sCTQSIﬁ@e?tlSJEl&]t‘il@ﬁ 055(4 @r e:fndttmelﬂmgeth@jcrosseﬂmﬁeeea
on one fan bl a1. 72ﬁefefr§ig% F@? Q?, aHQJ}‘t | Qﬂﬁor%egglo %%09@5}1'9& Britﬁ' ¥ fndG
e poFtion 727, are

portion 726 a d outer e I Spose e col ncl
wi th each ot 380 jnstaHed mﬁtlenmemig @roudetlivathsan12dor h&t thehangdn@P9 aid 4 nmer

dge 5 726 and ' d. b
G ol ach 11 on EhaReay Reh SioeEE R BEPYAC of Shrofh Euf B RERT N B Hicoor

Condi ti oner &ad ewadgmgnmaeeompressor Hin@oor48it 230 andthe 86td6@GinitARSEonvE RN
of an air conditioner using the cross-flow fan in Fig. 41. Referring
to Fig. 48, gﬁ PH1E Bﬁla‘f”t"‘?t’&ﬁé? rigqrgnt gs EW?@&?‘%‘H thq’ic%ﬁg‘?rr’?%@ﬁd thei t
220 i nstal | eduidBohehO@hafgr, Provi ded with an indoor heat exchanger
229 and a not- 10shown out'door unit installed in the outside of the
room and provi dedIngoehumi?28tas s blovwseats. et aergd b i%mﬁam@dm)ine]sld@ﬂmss—

| ndoor i t %%Brrfﬁl[f' fod Dol EHO@%Oc{n\)ﬂgnr{m@F for %%ﬂﬂl%tcch?sg fﬁ)y’v ®h @b(ﬂ}%ﬁﬁ %Sn%g] o

C|rculat|ng refrigerant gas ndoor anger
out door heatZé&ﬁh@n@emnghmdmom&ﬂmmﬂoﬁzﬂﬂh@smanbfome;ﬂ&&ﬁunﬁmomer 215
I's configured to bnd ”sz Ias A cabinet 2224 and a front panel 222B. Cabinet 222A is
supported on a wall surface in the room. Front panel 222B is removably attached to
cabinet 222A.  An outlet port 225 is formed in a gap between a lower end portion of
20 front panel 222B and a lower end portion of cabinet 222A.  Outlet port 225 is formed
in an approximately rectangular shape extending in the width direction of indoor unit
220 and is provided to be directed forward and downward. On the top surface of front
panel 222B, a grid-like intake port 224 is formed.
At a position opposing front panel 222B, an air filter 228 is provided for
25 collecting and removing dust included in the air taken in from intake port 224. A not-
shown air filter cleaner is provided in a space formed between front panel 222B and air
filter 228. The air filter cleaner automatically removes dust accumulated in air filter
228.

In the inside of casing 222, an air flow channel 226 is formed, through which air
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15fl ow fan 800, a not-shown driving notor for rotating cross-flow fan
800, and a casing 222 for producing a prescribed airflowwth
rotation of cross-flow fan 800. Casi ng 222 has a cabi net 222A
and a front panel 222B. Cabi net 222A is supported on a wall surface
in the room Front panel 222B is renpovably attached to cabi net 222A
An outlet port 225 is formed in a gap between a | ower end portion of
20 front panel 222B and a | ower end portion of cabinet 222A. Qutl et
port 225 is formed in an approximtely rectangul ar shape extending in
the width direction of indoor unit 220 and is provided to be directed
forward and qomrnveEdd frdhi . .
grid-1like intake po[tf %Hﬁiﬁg p}ogggigg&%@&g pBQ‘???%nR%%%@ﬁ%&‘Fgﬁ{“ded
panel 222B, &ntha vertiqal logrer238 thag coraangiatie blowiranglel ih detiéfngndnight

removi ng dusty:.| i . i I n_in . fromintake r{. 224. A
not - shown ai Ehrlf:(?ﬁj g%ﬁg? Igﬁggﬁ?fgloﬁ%%n@ihE%lﬁlefsrp;(ﬂ?ﬁﬁ%&%gﬁgﬁglﬁg’f%ﬂle
front panel 22®Bupadd down dirdctions B 2A8orHaed-apwarllidirk@lonCd B#¥Bhtal direction, a
aut omat iial I ¥ rer@%%% dugt. accunulated in ajr filter 228. In the

i nsi de of cad{"Rgr oLy vd dirgctiopARd @R Ametiasbglorawegt diggtion: hr ough
which air is ci aubaieatiedchpel Bk erRREL bdaded QUAL ! i

225. CQutl et Eort 225 i s _p? (():vi dwth gf%verti c%l P%u%oﬁﬁ%ggbtaﬁg%&ggﬁ
change the bFeWwhEPHAGE air flawichanneb?36. ahetioor et extihargst 22Phisas antishwwn
plurality of it : an. change. t bl owi.ng angl e
in the up ancszlé}g%v\hggl%f? %fhﬁ%ﬁ%g ?‘rcr)%é%? %’? g/é¥ %agbn\/\gﬁa%gfyr%@ﬁeﬁsﬁfl iy end
hori zont al dilewe direstionsarsio pywhuralitd ofwnkamnk idithieefedritand bahdiragtions. Indoor

i mredi |y rd di.cection. | ndoor heat exchanger 229 .is
arr angzl bet \3\%%? oS 2 ?fgvﬁo%eﬁtegéﬁthgﬁamafeﬁsof Pf}ah@roué%r W 185t in He
ai r flow chaomdbor2afd thé eresressbeia irieCldapeate 244RigbABIoNScis NaMRough the
serpentine refri gkg%d%pes .arranged side by side ina plurality of

layers in t &P _ iggiat g £y n ndaphaahexghpiagr 249 is godded i@l unms i n
the front angnsfkirsidvesilaaise anlxlﬂgﬁ@Jmﬂe%@tduﬁffé:&%ﬂggP]i)eé%%ln'h%}dhigdoor

connected to the conpressor of the outdoor unit”Inst

out door, andh§ehexchanasF 3%isthested Wrd tomperatropghatiendhe afilvien corageranre
cycl e. 1'ghrougl§}intghﬁa ag;é'ﬁgﬂ of the refrigeration cycle, indoor heat
exchanger 229 is cooled to a tenperature |ower than the anbi ent

t enperat ure duri niggctiol angnlagged erpswsectiantlviewdbowingelad prex et 2AS
is heated to rat ure hi r tha he ambi e t enperature
15duri ng hea?oﬁtn‘ggﬁggglf 3?1}%%9““ %tﬁg 4Igi gﬁeitﬁglr}gstggfg' g% F"éf%‘éd@: casing 222 has

cross- sect i onfbntwiMpostisyd 1Gint Aeed aXipdtiion 28D, th%n@%l}:ﬁéni&?ﬁﬁl £ ke
air conditi onﬁ[pi nPIIF:'&g%?%. Referring to Fig. 48 and Fig. 49, casing

222 has a fr¥ft POl 1 idisposed 1o fgeicach oghgr atedistapsg fromoeack ther. Fr ont
wal | paption 251 @Iﬂﬁlyé’cﬁ%ﬁ'awﬁb{wcﬁ%{ei% Ero¢s-AS f: %o@qglﬁgpﬁsgd fage each

other at a distance from each other. 20On a pat oW channel
226, cross- fRositionehbeweer fond wal pegidnt251 bed rear wall portion 252. A protrusion

portion 253 is formed at front wall portion 251 to protrude toward the radially outer

surface of cross-flow fan 800 so as to decrease the gap between cross-flow fan 800 and
front wall portion 251. A protrusion portion 254 is formed at rear wall portion 252 to
25 protrude toward the radially outer surface of cross-flow fan 800 so as to decrease the
gap between cross-flow fan 800 and rear wall portion 252.
Casing 222 has an upper guide portion 256 and a lower guide portion 257.  Air
flow channel 226 is defined by upper guide portion 256 and lower guide portion 257 on

the downstream side of air flow from cross-flow fan 800.
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positi oned between front wall portion 251 and rear wall portion 252.
A protrusion portion 253 is forned at front wall portion 251 to
protrude toward the radially outer surface of cross-flow fan 800 so
as to decrease the gap between cross-flow fan 800 and front wall
portion 251. A protrusion portion 254 is forned at rear wall portion
252 to 25protrude toward the radially outer surface of cross-flow fan
800 so as to decrease the gap between cross-flow fan 800 and rear
wal | portion 252. Casi ng 222 has an upper gui de portion 256 and
a |l ower guide portion 257. Air flow channel 226 is defined by upper
gui de portion 256 Upper hdiesorGet L5 dRQ 14 uide poRidn2BE aRQWASIIBR bR it
of air flow fromcross-flow fan_800. Upper gui de portion 256
and | over gui'tfd! §9&Han x and yeag el pertion AGduEsPRetbIelE prshextens towirdroutleiport
251 and rear | I : j :

port 225. Upng?' gH?%Héth%? lp ?gﬁn%g ang%:el\cl) 1§e %%?%éfﬁaﬁ%‘?ogﬁﬁﬁﬁé\?%ﬁ&%
formed to curoutput bpcrass-flow famR00withauppersguideowrfian? B0 thé tnhengieem feyeritidb

portion 256 t Laner circunter ial, 5side,and.wi t.h Lower quid
Porti on 300 SerfE WS her i it ER R bR g irdRfrels bl oS B Byl
forward and dmmivéedarddppdswauirde Vpsdrigaide 3oBioands heRiveoplidepRabi don
257 are forned f??uch that the cross section of air flow channe? 226

i ncreases fr 8 OFBELSIED gt 155780 BeCtidfwa i da Phannglo2p iggesses from cross-

In the presemfoweaR 90 MR olilePRirt ¥8), | portion 251 and upper guide
portion 256 10are integrally formed with front panel 222B. Rear wall

portion 252 and | &wde pesedembodinicoi iRstwvall portion & aadluppérauidegonian256

roduced | n Famisplly et ditinh BLRPSAECAAD R Kb 050 B B "
in Fig. 48. Reften25ngretioteially fotBied ovithicgbin&®22A4n the path on air flow

channel 226, an upsttgam outside space 246 .i§ fornmed t.0 be pasitiqned
15upst ream of ai r* F& 3w GRTEF ?glf‘fl%%o#z%auégﬁ‘?’p u‘?ﬁits‘fl(‘i}éﬁér B’étyé’gr?}“e

is formed toobgetposiof tenecohditibhe it Figl 48 Qicfé‘d‘iﬁgﬁﬂfi%.% th @z, 8000 th8 ath
i nner peripheral side of a g)l urality of .fan bl ades 721 .
ci rcunf er ent Pﬁla}rﬁéﬁ‘% Piefd 470 28 Hastisalrider Pash 6ts fogaed fodecosifigneds

formed 1 be up@shin AREGACHES FRAALRTLRARG, bh Pl dE PR 64 P RS inh Qo fhan

800. During rotation of cross-flow fan 800, at an upstreamregion 241
of air flow Pootignedimtie ipgd: eficrdss-flewfer B0G (hepinoermesplummal pisketof e phural 88 pf

254 as a boutii{%ﬂ; 1 ; i.s. fornmed to pass through bl ade
surface 723 0o %dr? s 2?52%‘5“}‘?&1%%\{# %&]alr}] ngerdgé % 6 l&l t \swlnﬁreeaglpoé%sé&z%%cetm‘g&d? d
i nsi de space f@digd toAbe positonnd tiowemstreara gf ain fladFrood crobs-f1éw G gooannel 226

wth respect to ot.r usi an rtions 253, 254 as a boundar ir flow
261 is fgrmed top asag fcfli?tboﬁ%g cg)ﬁ&gp\g%%n Q% P%&wagwaﬁ%bpgﬂéﬂ?m

fromirzl de shanel 224 Avitlopgiedt to protrusion portions 253, 254 as a boundary, an air flow 261
is formed to pass through on blade surface 723 of fan blade 721 from upstream outside
space 246 toward inside space 247. At a downstream region 242 of air flow channel
226 with respect to protrusion portions 253, 254 as a boundary, air flow 261 is formed
to pass through on blade surface 723 of fan blade 721 from inside space 247 toward

25 downstream outside space 248. Here, at a position adjacent to front wall portion 251,
a forced vortex 262 of air flow is formed.
Although an air conditioner has been described in the present embodiment by
way of example, the cross-flow fan in the present invention is also applicable to a fluid

feeding device such as, for example, an air purifier, a humidifier, a cooling device, and
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wnstream out si de space 248. Here, at a position adjacent to front
igﬂﬁ portion 251, a foPced vortex 262 of air flowis formed.
Al though an air conditioner has been described in the present
enbodi ment by way of exanple, the cross-flow fan in the present f
invention is also applicable to a fluid feeding device such as, for
exanple, an air purifier, a humdifier, a cooling device, and a
ventil ati ng devi ce. Fig. 51 is a cross-sectional view of a .
nol ding die for use in production of the cross-flowfan in Fig. 4 -d
Referring to Fig. 51, a nolding die 110 has a stationary die 114 an
a novabl e di e ven@latify devienary die 114 and novable die 112 define a

[ whi ch has. approximately the same shape as cross-flow fan
gg\él ;deil ﬁ? 0 vvlhiccrﬁ‘q%l%é\)\g&féssrséﬁﬁlwa wiep gy agalding die for usivixt ptodigptidh ef k0
[ ' i -$o Ieif Qg | kD914 pe . .

(T ouebi |10y of L oot iy oct ed e ab s b rOFEIRE A saiemay de
such a heat er!1ftgn %F’LOW%IJEIPﬂkellﬂef Statieriavedic fl b arekanyibi, dishENdevB L RkC

[ i 4 h | : 10such as gl ass-fjber-filled AS
restn, Wb anisaakeaed AL A e kAR, 2% QA% KOS WA ES A ga
fan 710 i n aflemable resbsdnjeeed. described later is also produced with a

. . . S . . in Fig 51,
d di e havin .siml structure as nmolding die 110 in Fi
Em Dlet :ain?ed Descr i p??‘@‘%}“%medg@w iP5 RTOYipdpithanadshawe hestre fertinweasimgdhe

ef fects achi @uadbiliy dresiinidon ihde:A01 6] TheiREARAH-LAgDAdIIRN
will now be de crl?ed_assunlng that cross flowTtan 800 p i on
an air condi P?%ﬁ‘é‘?r. Y #ifepiive Jor Gample, whemssinthetic esipl witndmigerbived spaizei,
and ef flect s aehiag¥Res-BerlflfRd AS (acrylonitrile-styrene copolymer) resin, is used.

A centrifugal fan 710 in a ninth embodiment desctibed later is also produced
with a molding die having a similar structure as molding die 110 in Fig. 51.

(Detailed Description of Operation and Effects)

The operation and effects achieved by cross-flow fan 800 in the present

15 embodiment will now be described assuming that cross flow-fan 800 is applied to an
air conditioner.

Fig. 52 is a diagram for explaining the operation and effects achieved by the
cross-flow fan in Fig. 41. In the figure, a cross section of an air conditioner
corresponding to Fig. 48 is shown.

20 Referring to Fig. 52, a phenomenon that occurs on the side of outer peripheral
blade tip portion 729 of fan blade 721 will be described. As cross-flow fan 800 is
rotated, outer peripheral blade tip portions 729 of fan blades 721 pass through one by
one to cause periodic pressure variations at an approach place 906 where fan blade 721
approaches casing 222 (a space where fan blade 721 faces front wall portion 251 of

25 casing 222). The periodic pressure variations are a cause for narrow-band noise called
a blade passing sound.

By contrast, in cross-flow fan 800 in the present embodiment, a plurality of fan
blades 721 are comprised of fan blades 721A to 721G in which when a plurality of fan

blades 721 are rotated around center axis 801 and overlapped, outer edge portions 727
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cross-flow fan in Fig. 41. In the figure, a cross section of an air
conditioner corresponding to Fig. 48 is shown. 20Referring to Fig.

52, a phenonenon that occurs on the side of outer peripheral bl ade
tip portion 729 of fan blade 721 will be described. As cross-flow fan
800 is rotated, outer peripheral blade tip portions 729 of fan bl ades
721 pass through one by one to cause periodic pressure variations at
an approach place 906 where fan bl ade 721 approaches casing 222 (a
space where fan bl ade 721 faces front wall portion 251 of 25casing
222). The periodic pressure variations are a cause for narrow band

noi se call ed age dhlslaﬂed m&&&ilsp@csdbﬂﬁd each other. BAcER@InERSthe c?’cﬂe 6f &g f 1 ow
fan 800 in the enbogl ment Iurallt of fan bl ades 721 are

conpri sed of pFH up 5h P‘P"B"‘?ﬂ%" fan Rlafe i Wiprssing thsrugh gen b shifted an
bl ades 721 amgork @ét%gohn@angtfmbﬁ@egt?@maWﬁ@0%«@&1@?19%/% DREgr by

edge portions 727 are di'sposed to be di spl aced Trdme
Accordi ngly, Vﬁ%@‘%‘?EF@WIGS@&mé‘@mpélmrmeﬁ@clﬂglratd'ewthapd edide. port| on 729

of fan bj ade 721 ivel

fan bl ades 721A to gﬂe%s%g%gﬁﬁ?]?@&%:’a%é?Zzlrzg?]&fﬁ’feg iy pogftion A oF otter

\5/?)2 i a}] i onshb@@nﬁméal é\;bﬁe UPlpbmoan e ruedal thwﬁﬂng?getgaﬁaawcbgm PRHSE21
t he ot her _han e n 0 ifferent in

position of ot ‘eesra“B’é’ﬁ 18-?18’[ © E’&g’iadlei‘ zﬁl@o P fihcapodt i duticlidg sckage air

f1 ow bet ween optiinagmeit fldvathabhel Ge6vetn Al MR (e BladtBNY, AdREIFMohlY cOisy Fc’ﬁBn

bl ades 721. Ip this case, it is difficult to set an optimumair F

channel bet weEAT 2PV mayepcrubeyesy @art phlen bladas E2bar at i on or
constrimggion of agf hhew "ﬁ%’ro ageﬁto\ﬁ%?ﬁlg%?ésgnt% bofi‘i ,?Zlﬁ?llzf%éffan

10By contrast, in €ross- flow Int resen
plurality of biades Bladeprovded thﬂmtmammﬂpsm@}hreﬂ bhte tljjlexlgIUB%ﬁd the inner

peri pher al blad |l e £3 and the |nner peripheral blade tip
angle 7 are BY Ei';ﬁ%’i‘ﬁ PERRIE ¥ & eathacmwal among Ty blpdes Jeh aWith sucha

confi gur at i oBenfigheatidh)BE Hir@Roh th Whikk ﬁie alﬂeﬂcﬁays in t)#l Bi¥de Elﬂfagg' 7% %ﬁﬁge

surface 723 and t he direction in which the air flows out
surface 723 BiE¢ahesin whjchshernir flaws ot aul ébdq BRiRe c?&'hbdwemmlﬁcum fioblades

anong f bl di tion of he a

et veer ad) acenr Al anaf Gy Bt Bek 015 IR e Bty sifRglon of e
b ]?]E ween i In netir ddyeepereniadiacch? Gneialen g? lefromdagmgp@ntﬂoaﬂitlyhzlin%efdhﬁﬁ@&ﬁ
effectively in nd canstrjcti air flow as
descri bed abgj\ﬁ}gly C{é% bp ﬁ“’ng?@ %?uq%rrfggﬁl’%ﬂ? 55* Iﬁl@rﬁgﬂy§§*r§°tbvteb'sl§e‘éeé‘€flg on
on the side sfpantivesndesrisplasbf 2f B6le ad BdkcRYA OV, 7 29 HeHrdeRPRFRiment

the blade cross section on the side of outer peripheral blade tip portion 729 is disposed

3

20 to be actively displaced among fan blades 721, while the blade cross section on the side
of inner peripheral blade tip portion 728 is disposed at a fixed position. Therefore, for
example, the angle 1} in Fig. 47 can be set small between adjacent fan blades 721.
Accordingly, the blade interval on the inner edge portion 726 side can be brought closer
to the optimum interval, so that separation or constriction of air flow that may occur

25 between part of fan blades 721 can be effectively prevented. In particular, when the
angle 1) in Fig. 47 is equal among all the fan blades 721 (in other words, inner edge
portions 726 are positioned at regular pitches), the blade interval on the inner edge
portion 726 side can be set to an optimum interval. Accordingly, separation or

constriction of air flow between fan blades 721 on the inner edge portion 726 side can
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20t o be actively displaced anong fan bl ades 721, while the bl ade
cross section on the side of inner peripheral blade tip portion 728
is disposed at a fixed position. Therefore, for exanple, the angle 1
in Fig. 47 can be set small between adjacent fan bl ades 721.
Accordingly, the blade interval on the inner edge portion 726 side
can be brought closer to the optimuminterval, so that separation or
constriction of air flow that may occur 25between part of fan bl ades
721 can be effectively prevented. In particular, when the angle ri in
Fig. 47 is equal anong all the fan blades 721 (in other words, inner
edge porti ongep2lecite® jod i itc )

in?ereal on thg innersggggtpggﬁggﬁhf%ggsi é;%%%ﬁ@ﬁﬁ%g?ﬁ?gwgﬁﬁgg%?ﬁ&%
interval . Acd®P@vedly, separation or constriction of air flow between

fan bl ades 721 on J rtion 726 sid n__be prevented
suitably. As a regﬁ{}t(8 ?g ?ﬂg%ﬁ%é%g%%%ééﬁggﬁ 08@%‘?8’(;@%{68%1 WS can
be inproved. comigraisis ik manfiath8BRwiny dapsciyf efkdiflewarsoveah beimpldted,
pr esent gnventLPn configured in this nann&g bhe bl owi ng capacity of
or oss- 11w 1 AT SGE T RAHAHLIGSSRAPY TRRAP & T Plodes BAiven Horedeccday$he
by rotation afe dfaross!iReemn 84 @R n%néterg&lﬁgggc_}\ﬂg?%oﬁ‘sﬁﬁlﬁﬁgn 6 @5 gril v

fan 800 in this manner reduces power consunption of e driving
and provi des Mier a8 gEAvides g condigonenat0 balrtan oontribwe teeenergysaengy

i . F , i e htioner 210 i rovided. [Eighth
savi ngs ur tl:hﬁﬁém%ﬁ’EiwﬂCﬁH%)g%%ngH&ﬁlde@ i's provi [Eig

Enbodi ment] 10In the present e , variations of plural kinds
of fan bl ades 721[EgumEnibediEeayt] 44 will be descri bed. Fig. 53

i nds. o T an. bl achas Hieft SRR it il et b edss 2o Perpa
fan bl ades 7&iFigr4&t wioltgrdeseibedf plural kinds of fan bl ades 721A,
7218, 721C 721D, Fi?g.zélﬁs a7c%olsls?-’sec%irc])galzge%NGéhowing a first modification of plural kinds of
fan blades in Fig. 44. Referring to Fig, 53, a plurality of fan blades 721 are comprised
of plural kinds of fan blades 7214, 721B, 721C, 721D, 721E, 721F, and 721G.
15 Fig. 54 is an enlarged cross-sectional view showing a blade cross section of the
fan blade in Fig. 53. In the figure, a blade cross section of fan blade 721D in Fig. 53
is representatively illustrated.  Fig. 55 is a diagram showing that plural kinds of fan
blades in Fig. 53 are overlapped with each other.
Referring to Fig. 53 to Fig. 55, also in this modification, a plurality of fan
20 blades 721 are provided such that the outer peripheral blade tip angle 8 of each fan
blade 721 is equal among fan blades 721 and that the inner peripheral blade tip angle y
of each fan blade 721 are equal among fan blades 721.  As far as the range shown in
Fig. 53 is concerned, the outer peripheral blade tip angles B of fan blades 721A to 721G
are equal to each other, and the inner peripheral blade tip angles y of fan blades 721A to
25 721G are equal to each other.
Furthermore, as shown in Fig, 55, when fan blades 721A to 721G are rotated
around center axis 801, outer edge portions 727 of fan blades 721A to 721G are
coincident with each other, and inner edge portions 726 of fan blades 721A to 721G are

displaced from each other. In TFig. 55, the blade cross sections of fan blades 721 on _
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15Fig. 54 is an enlarged cross-sectional view showi ng a bl ade cross
section of the fan blade in Fig. 53. In the figure, a blade cross
section of fan blade 721D in Fig. 53 is representatively illustrated.
Fig. 55 is a diagram show ng that plural kinds of fan blades in Fig.
53 are overl apped with each other. Referring to Fig. 53 to Fig. 55,
also in this nodification, a plurality of fan 20bl ades 721 are

provi ded such that the outer peripheral blade tip angle f3 of each
fan bl ade 721 is equal anong fan blades 721 and that the inner

peri pheral blade tip angle y of each fan blade 721 are equal anong

fan bl ades 72ie sidsoffimmer parihem] badgep shitiohs 728 dré @ispddd ﬂo%eQﬁ’ﬁ%éd‘ﬁ‘Qm
the outer per | ade, t angles f3 of fan blades 721A to 721G

i pher al i
are equal toeg(glcﬁf‘%t‘ﬁ Efr?asé%blg(i%cr $§iestiope Pt {3p dlades Bl gadhe sige efmytass v
of fan bl adepedRibfal bide 57 3dGoas Ay I e, as
shown in Fi 9?65%, phregled b|°ad§2_sge%§if\p(%sgd721@‘@?@%‘5?‘%@%‘3‘?@%@
center axis 801, &uitbladelljcapdeetionmportions 76t atftan phintsdetwer Iet odgt21G

are coi ngi de it iner .edge portj.ons. 7 f

bl adee 101 a forbhBe SRECLAEE oo 7AENGh LR B RRRRSi AR ] TR Bladt Aihas

bl ade cross sdetiionmridn Tdnatd pdien E&jﬁg@m to ﬂhﬂg ea'g@l%r@%n 716{1@16 adﬂefction
eri pheral bl ade ti ti.ons 728, e di sposed to be displ ace rom

gachpot her, Rﬂrgeélf) 82% PQ ﬁgﬁ%?lﬁ%@gpwgg?gﬁﬁq 18R cgge Bostiony280ed opter edgs t he

si de of out epogionhi7eher & ﬂéé{i@{ggorﬁbﬁ)?ﬂ(?! dhR@PBind 8% i?fa&t@kﬁﬁfégﬁ& ot 143%

over |l apped wth each other. n bl ade 721 has flectionh portion
at two poi nt &t feetivaaertionydilp.adoter Bpdtlsiinbert B a dindionuhgle fpdge porti on

727. | he presept i £l ion,. fan bl ade 721has_a flection portion
741r ag Ota posi ti ona“a@?(geétez?lfg%%xmrﬁ%? %ﬁa Sb%‘r‘ﬁ?"cﬂ?? Hestjom prpledr anddhs on
portion 741pfladtichRagleloadersyiagial He tRebMgeN | nner edge portion 726 and
outer edge portion %27 At flection portion 741r, center line 806 is

bent by a flecti OMOW@M#HY: it [k blade VI, flectidngrortiochlfd | r Genhedx dni the

Formed such e Eet 20 BHl s SRt S el refes o e <t

di f fer anmongThéifledtian andladegradually increases in order of fan blades 721B, 721C, 721D,

15 721E, 721F, and 721G. In fan blade 721G, flection portion 741r is convex on the

pressure surface 725 side and is concave on the suction surface 724 side (6r > 180°).
As the flection angle Or increases in order from fan blade 721A to fan blades 7218,
721C, 721D, 721E, 721F, and 721G, the flection angle Bp at flection portion 741p
gradually decreases. Here, flection portion 741p has the flection angle Op changed so

20 that the blade cross sections of fan blades 721A to 721G are kept overlapped on the
side of outer peripheral blade tip portions 729.

Accordingly, the shape of fan blade 721 is varied such that the blade cross
section on the side of inner peripheral blade tip portion 728 is displaced in the thickness
direction with the position of flection portion 741p being fixed. Asa result, the outer

25 peripheral blade tip angle B and the inner peripheral blade tip angle y are each equal

among fan blades 721 A to 721G, while inner edge portions 726 are displaced from
each other.

Also in this modification, as described with reference to Fig. 47, fan blades
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More specifically, in fan blade 721A, flection portion 741r is convex
on the suction surface 724 side and is concave on the pressure
surface 725 side (O < 1800). The flection angle O gradually
increases in order of fan blades 721B, 721C, 721D, 15 721E, 721F,
and 7210. In fan blade 7210, flection portion 741r is convex on the
pressure surface 725 side and is concave on the suction surface 724
side (O > 180). As the flection angle O increases in order fromfan
bl ade 721A to fan bl ades 721B, 721C, 721D, 721E, 721F, and 7210, the
flection angle Op at flection portion 741p gradually decreases. Here,

fllection por tA20A, 7AB 7RES, T2hB, TA1EC V2 M@ Bl 16 £0 a6haReerhe .28l the
I ahdes 721A to 7210 are kept ‘overl apped

bl ade cross sect bﬁggs f faH hl 0 7210
on the side OF°BUFSPPURI BAwHRberingamiersnsialdeciiomarompienter axis 801. A

Accordingly, plibi e j ' d
ccordi ngly, plhgits bﬂﬁ‘ﬂ_b‘éﬁd §;ﬁ1 e %‘i’ﬁg@gﬁdhﬁhéfﬁ{e'dﬁ%gg&?@%& %@%(‘te%lgfﬁan 9%1 &

cross section_on the side of inner peripheral
i s di spl aced /AhisTAedonn; digredke pilchdetviaon adiiatent fohdlades 72l isrepedseftb@by ihan

portion 5741 p At Beink t he out 25peri pheral bl ade
tip angle / 3aa%d the S?ﬁ%%trlégé’%sgﬁzwé’wa%%é_a%‘ﬁs§55ﬁf§f%“‘§7 635@%%727
equal anong befvebh adjemn7@d Alatles 72210, whil e inner edge portions 726
are di spl aced frog] ach o?her Al.'so in this nodification

. . as .
described with referaned {6 Phdt PEpomengs that gecuss onvthe pide phinper peripigral

721D, 721E, BRAEtip pondion 2290k bREE IPORT] §OdRG RN ACRY alsBriRld A fayLAL
(random ord e circunferential direction ar ouncf center axis

rin_t
801. A plur afq Fig. 3 ?ffra‘?? Yort5 82 pprodyeed by fotatign of Bndade At on the spietoch

bet weerioad] ageBt peridRehl BARS v wokid an . -the pitch bet.we

adj acent fan bl a%lel? 921 7s lrpe%%téésrz?t&ed @y tlﬁgﬁgwté’fa@] @f"&?%pﬁlf'%e’%ﬁt
line passi ngotiirblages Bdress theough 089ty emecht owtrter poetiye 001 tHeRegidin which
bet ween adj aggidy + Fi

721, . . Referring to g,, 52, a
phenonenon t hat ocC glgﬁ gé%ﬁ 6%?Iﬁﬂee as‘?e(ﬁlg digresyay arbaélroﬁ?ﬁfé cafsed, Py perfergmce of
portion 728 focelanrtst 26wl ined peripheratastytifiRetiord T 28 SEEORBLIW Haftow-
reference toIi id%‘o'sgos' f%irfcgd yg{ltex 262 is praoduced 'bé rotation o
fan bl ade 721761 PPRE RPHECHRS 1 ﬁ‘i?ﬁ%}”ﬂmﬂi%ﬁé%faptebpm ete} Hlagsdtint pastions
728. \WAén i nfdx peripheral blade tip portions 728 of fan bl ades 721

pass through one one af a center gq%r_ti on 907 in the region in
whi ch forced vor t'ekeO¥ast & thesragsdilow &njin theresertsredificatian, atliraliy cdifen

bl ade. (1 por L ons. o8 Rnce A e P ARG B R PE PR

i s the case Wpdss 72haregp@isdefovndrerterpais §9h endbvdlappial, fnnr AQE bb@ivss 726

15729. are displaced from each other. Accordingly, the cycle of inner peripheral blade tip

20 portion 728 of fan blade 721 passing through can be shifted among fan blades 721 A to
721G more actively. As a result, the cycles of pressure variations become less
uniform, thereby reducing narrow-band noise.

On both the side of outer peripheral blade tip portion 729 and the side of inner

peripheral blade tip portion 728, the noise generation mechanism is the same in that

25 noise results from pressure variations caused by passage of blade tips. However, the
center of forced vortex 262 is moved flexibly to some extent between forced vortex 262
and inner peripheral blade tip portion 728. Therefore, the pressure variations at center
portion 907 become small and less affect narrow-band noise. By contrast, at approach

place 906 between casing 222 and fan blade 721, the relative position therebetween
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By contrast, in the cross-flow fan in the present nodification, a
plurality of fan blades 721 are conprised of fan blades 721A to 7210
in which when a plurality of fan blades 721 are rotated around center
axis 801 and overl apped, inner edge portions 726 are displaced from
each other. Accordingly, the cycle of inner peripheral blade tip
20portion 728 of fan blade 721 passing through can be shifted anong
fan bl ades 721A to 7210 nore actively. As a result, the cycles of
pressure variations beconme | ess uniform thereby reducing narrow band
noi se. On both the side of outer peripheral blade tip portion
729 and the glogen@ichingeer Theefophdregiresbiradaridtiops gabpioach f2&, 906hecaai se
generation i IS the sa in that 25 noise results from
”ﬁ%@é%cﬁ%‘o}e af%eate 4 ogrgl%agg

pressure variati ons cause J858f bl ade tips. However, the
center of forced Vg 56xs 2a@ss-sctionabdcd |sBaih ¥ st@n8 8l RGN RELMERL

forced vortex 262 and.inner, peripheral blade_tip portion 728.
Therefore, t ﬁﬁaﬁ‘rzbé%%ﬁ F‘blg I\ga‘ﬁ' a'ﬁ:ll% m§ camesparisde Figofé Fl‘t)the soenthsotedinent| |

and | essjaffect nRefeMidRNTe 38 $8h; . , el 906
bet ween casi nﬂHZZZeand %)?n %I ade 75%% eﬁérg?atant?%&ee %@@%fﬁ%&nmﬁpéﬁ;%ns

t her ebet ween 7##8eBresppinghatgesn imipe eédeqroetjont 16 apd essuedzepartioat72onsFat
approach pla . re af.fect. narrow band noi se,
] %ﬁdgggl Rfsqaoﬁ'&tlgﬁﬁ%ogaghqg%%maﬁamgo%% A tﬁﬁ&iﬂr F@g&tgogfﬂpnop?, a

Fig. 56 is a cross-sectional “view s
plural ki nds flsfticneportireidp at the Blage midpoirfibgtweBh irheF 62s PORIUS 726 afdl Stert6

in the seventh enbodi t.,5Referrin Fig. 56, inthis,

modi fi cation’® Egeaﬁ?r%?na@?%a ﬁ?ﬁlofl P%’gpg’alrﬁ%?%%@ arjaceniito itmepedggoi nt s
bet weenitl nneporidga2porti on 726 and outer edge portion 727. Fan bl ade
721 has a electiopn partion 741q at a position adjacent to outer edge
portion 727, a el Q*mwablamebﬁsmﬂiqosea@nth pabedinget, fandpoent2 ldeto#2eq are

por 1 on 7411 el e G O BB Bl e B3 o TS

o I nner e

In a sinil ar amamnthe fasblades] WhersMBRe bitelFERpHiraENAde tigﬁdi\ RlpgdRsnd?i4 to
7210 are forned su?Elggihat the flection angl equuan tﬁe flection
iyl

angl e Op (seB%Hngral Rlgsde tp pugle v aresagh eaval among ades 73héteB3] G, hed outer
per | Pherml _bedolids a09hR didpi R0 kAl IBL, PEr I Pheral blade 1ip
an bl'ades

angle y are each equal anong A to 721G and outer
15edge portions 77 moted datghé Hewidn ngiede Scsmalien®an 180° in all tHe fhisbia@ised
that the flegiﬂmpg,@gge O% i@ %maller than 180 in all the fan bl ades
721A to 721G - 'ga S Pherers Be fiechonsnge Spapsteateighant & in plhthe faoblades
all the fan b)edgs;ig A -_han .he fl.ectj.on
angle O of electi ogélporqnﬁlc}%g%%}}aglﬂ’s& eft?%\g%[ﬁoﬁgléggf)%?%l%ﬂ pn 21%“
in O and Ogis defieedihecithitar naengbreas @i Op sncoBy dlle mﬂﬁgaﬁg@dﬂragbc}@ﬂﬁﬁoﬂgzﬁﬁ
to 721%‘0 The lehercﬁi[l%n a}Erg(lé}e ﬁeaés .Smal | er than 180. n such a
confi gdiat i oRadss iQ i f Ge8An aneiOnp swelder ApnAS0L 7210 each
have an appr oxi meg,el,¥h oﬁﬁ%g K ~secki | pe. n

bl ades 721A to 7210 ea_é#] havgﬁgﬁ’éﬁﬁgs @lgggzatioﬁbéaé%gagg%ﬁ;%‘ orf 2?%5?"11
concave por t 138 apspproxinfataly it shapepblodsuns-ssuidiabshagd5 Fah bhkdad® 1A to

surface 723 #\¢ GRAGAVEREL bIaD cro2EselSor i%rﬂgg%go&%ves }lajocr%iénf) 757 is formed at
pressure surface 725 of blade surface 723 and concave portion 756 is formed at suction

25 surface 724 of blade surface 723,

During rotation of cross-flow fan 800, the air flow passing through on blade
surface 723 is produced between adjacent fan blades 721. Here, vortexes of air flow

(secondary flows) are generated in concave portions 756 and 757 formed on blade
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25surface 724 of bl ade surface 723. During rotation of
cross-flow fan 800, the air flow passing through on bl ade surface 723
is produced between adjacent fan bl ades 721. Here, vortexes of air

fl ow (secondary flows) are generated in concave portions 756 and 757
formed on bl ade surface 723, whereby the air flow (main flow)
passi ng through on bl ade surface 723 flows al ong the outside of the
vortexes produced in concave portions 756 and 757. Accordingly,

al t hough having a thin blade cross section, fan blade 721 exhibits a
behavior like a thick blade as if the bl ade cross section is

i ncreased by stfiRe 2Pt ihe2dbyRRORE AYS (ﬂgi'iltﬂ:oW? “Tba;sﬁ‘% t%ggl‘?&? blhdk Qﬁ%ﬁ?& 3

vortexes are forned. As a result, the |ift produced”in proxin y’%o

concave por t 118Ws alpsg theputsigof dhavastexes pyeduced Bimohsav portieas 256, and 757.

The cross-fl i i A pment of.th S invention

configured i %\6’% %@@g%g&@g@%ﬁhﬁ%ﬁ%@@%%%mgﬁ %@Psﬁﬁg[agﬁzgﬁ ?’B“gtﬂtsian t he

sevent h enbod¢hasior like mithicl blyde 256f th blatle &0l timiis Increased bylthe adph of
[ ' fan to

present enbodi nent. f.ir of , a.Structure of a, centrifugal f

whi ch a Tan g"&‘gg‘r’ed?‘)ﬁ%"?%%f?ﬁad gﬂgléﬁvc YRVERES %ﬁ?qrgle%ppﬁ wsw{f fhe e

described. Newiducesitif pedxithip toQonéavd heMBhs PHhndY58icin Mgr{iﬁ&%ﬂ&' HcPdsddne

centrifugal fan V\leyc be described. The centri fug?flg fan" i1 n the present
a

embodi ment parti Crhgiellovh enda the cighifuenindémery of fhspsestitouyentioran 800
b e Seventdnfiadh Mfhanded 20 IOM0: AudaReh Pkl O O L he

overl appi ng structure w t repeate SCription-o ructure
of Centri f ugembedimynt similarlyFj g. 57 is a perspective view of a
centrifiggal fan ig;:a.M .embodi ment of the present invention.
Referring to Fi g.ﬁggt,hrﬁalﬁﬁcogh i ugal fan 710 in the present

20enbodi ment  has Ia tht presdnt entbafiméanfitel erd@isa #RikturEend sdnfrifgad 430 whid a
i ndrical appearance as_a ole. A plurality

has an approxi nmat e{i{.?{ (t:%w:h ( ! who

of fan bl ade$"?7PTHPR I8 BFSTY IHRmiens Apilied avild e describagy 1 Alewt, structures of
appr oxi nat el ybleyki &l dnGad pusifiaPesinGRO Lok tgal el Ntegyal l'y
formed fromresjn. gen_tri}%ulgal flrétggﬁﬁo rlfct)i?gt%ﬁs@l{ur\get]%é&g}le?'ec?%n shown
by arrow 103°BFHHsA faninitherFeal smbadiment pariely Bothetmowrstrictuisiay crdsF-flow

ﬁ?ggg; '1§f2 lllgf‘it)an Egﬂtﬁ iantgiQ sév@nfh hfdditfnl9 1R 1R fgflg\lvf.]]&,ya é)JscrEp Latkpd o]:re?rrl]apping
structure will not be repeated.
(Description of Structure of Centrifugal Fan)
Fig. 57 is a perspective view of a centrifugal fan in 2 ninth embodiment of the
present invention. Referring to Fig. 57, a centrifugal fan 710 in the present
20 embodiment has a plurality of fan blades 721. Centrifugal fan 710 has an
approximately cylindrical appearance as a whole. A plurality of fan blades 721 are
disposed on a circumferential surface of the approximately cylindrical shape.
Centrifugal fan 710 is integrally formed from resin. Centrifugal fan 710 rotates in the
direction shown by arrow 103 around an imaginary center axis 801 shown in Fig. 57.
25 Centrifugal fan 710 is a fan using a plurality of rotating fan blades 721 to output
air taken in from the radially inner side to the radially outer side. ~Centrifugal fan 710
is a fan using a centrifugal force to output the air from the rotational center side of the

fan to the radial direction thereof, Centrifugal fan 710 is a siroceo fan.  Centrifugal

fan 710 is used with rotation speeds in a low Reynolds number region applied to fans
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air taken in fromthe radially inner side to the radially outer side.
Centrifugal fan 710 is a fan using a centrifugal force to output the
air fromthe rotational center side of the fan to the radi al
direction thereof Centrifugal fan 710 is a sirocco fan. Centrifugal
fan 710 is used with rotation speeds in a | ow Reynol ds nunber region
applied to fans for hone electric equipnment, etc. Centrifugal fan
710 further has peripheral frames 713 serving as supports. Peripheral
frames 713 are formed to annually extend around center axis 801.
Peripheral frames 713 are di sposed spaced apart from each other in
the axial di fedichereldattf cquitieas, eaxi s 801. A boss portion 716 for
coupling centrifugal fan 710 to a driving notor is integrally formed
with one of the p&fitpfigabfant/i8 atherhas prripheral foimsr 7pbsarviog agsupports.

i nterposed t }P&gﬂﬁﬁﬂ WRBTRs 713 are forfhel hd’lﬁlﬁllu.hﬁ%/ %één(:clf A4 c@gtglszttx&gm?r €

arranged spaced apart fromeach other in ircunferenti
di recti on ar Sefighcsd fames 2k3 are 8xposed spdced apart fyoro tadharthdolimthe axidPdireation

10suppors ed [ | £ s 713 .at. opposite s,t.h of i.n the
axi al i oot LRl SRAROT, ADSERph R DR BaE e RS v e pvine
stand on onempériiphepedlyffoame WilBorend tfeqfempRerbIot@xds &Ml withQnNBskiddtion
axi al direct ﬂ){]yﬁ)f center ,axis 801 toward the other peripheral frane

713. A plural e6?°SF‘$Hjebqb§H@§n'7:21 are conprised of plural kinds of
fan bl ades 721A 1Aturd@EQf $H0MEHes N2 Fhrd arrglfgoegggacla@}ﬁﬁar@fr&h Tdhther in the

structure as that of fan blades 721 descri In the seventh
embodi nent  ( EERMHeRcatal direstisnaraindiseaterexis 39 1an gl puplipfof dachiadead2 bhmde

721 i s pual 1 oner, peripheral, bl ade tip
angl e y of eggﬁ f%ngb ar%helgrggﬁaﬁzés%el?j%g?ﬁ pgg%en%n%fs i Ei?lfé{ﬁtg‘g 3’9511“%%%0 an
bl ades 721A eanicr2kiG8dle Fatldeded/2aioprodidedtnt stindanione B@tipheiah e e0Pend
b her “and oufer-Aga AT i S0 YT bt o B vt e o

di spl aced frpemphaahfrahb@t3. and fan bl ades 721A to 7210 are arranged
in an irregular ord r% However, centrifugal fan 710 in the

present enbodi nerft PHrEiE 08 fanlades Folsae eompyised of Boml kinds pbfas blades T21A
ermbodi mBnt i 1 2hatshawhlinFRl i4 Mdifave 28l AdRR afe ds @atf‘Bcif?{u{ GRS 2%} i

25regul ar intervals. (Description of Structures o ower an
Purifier) described in the seventh embodiment (the outer peripheral blade {ip angle B of each fan
blade 721 is equal among fan blades 721 and the inner peripheral blade tip angle y of
each fan blade 721 is equal among fan blades 721; when fan blades 721A to 721G are
rotated around center axis 801, inner edge portions 726 of fan blades 721A to 721G are
20 coincident with each other and outer edge portions 727 of fan blades 721A to 721G are
displaced from each other; and fan blades 721A to 721G are arranged in an irregular
order).
However, centrifugal fan 710 in the present embodiment differs from cross-flow
fan 800 in the seventh embodiment in that a plurality of fan blades 721 are arranged at
25 regular intervals.
(Description of Structures of Blower and Air Purifier)
Fig. 58 is a cross-sectional view of a blower using the centrifugal fan in Fig. 57.

Fig. 59 is a cross-sectional view of the blower taken along a line LIX-LIX in Fig. 58.
Referring to Fig. 58 and Fig. 59, a blower 120 has a driving motor 128, centrifugal fan
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Fig. 58 is a cross-sectional view of a blower using the centrifugal
fan in Fig. 57. Fig. 59 is a cross-sectional view of the bl ower taken
along a line LIX-LIX in Fig. 58. Referring to Fig. 58 and Fig. 59, a
bl ower 120 has a driving notor 128, centrifugal fan 710, and a
casing 129 inside an outer casing 126. The out put shaft of
driving notor 128 is coupled to boss portion 716 of centrifugal fan
710. Casing 129 has a guide wall 129a. GQuide wall 129a is forned by
an approximately 3/4 arc di sposed on the periphery of centrifugal fan
710. CGuide 5wall 129a is fornmed to guide an airfl ow generated by

rotation of fran abladesid?lad Rsilbeh 6iRiabiigpeds direction of fan bl ade
721 while increasing the speed of the airflow Casing 129 has

an intake porti onThaoutawcshalh obdrivies mpior {2%is comted toriosmoripor Ti6af 130

is formed to : id d : B nt er . axi 1, tlet

portion 127 icgﬁ?%g%e%h ? g&be@%lﬁ%m?ggsﬁﬁn@@%%ﬁ% th?u%c%r%azln]t% gﬁfsrfgoglﬁdon

of gui de wal by #28pproxiovatghadM aof digdged aetheptipht RO cefifilgel faporo.i CBuid?7
i nder . protrudi from t of guide

is sh ik i smat | {
wal T 158h t o lid28 domedin gvids Ap@ricy esmeraischy toiatigh e flade Tdbigdhe
Driven by dr rstittgaldite@tion 88fan 6RAE 72 If WER in&ﬁﬁbiriglt@e gﬁéeghfi‘ﬁe iaﬂﬂ&\E.e

direction shown bé arrow 103. Here, air_is taken in fromintake _

portion 130 to thE25pgieehasan iakengrtopd 38 9ad pe owlet pertion i 3 dnteketpartioy
i nsi de space 3@ fbigned th 36 hadiliohed h 5 HGeRPRG is dRCePLaLidaal; H3n
710. The air output to ragleéélt?ﬁ; ggfgllél ee spa@g%érz&f(l:sl SEGEU e?éetr?tdlg%nll;ﬁ
fl ows in thelsdpmessttp ba ogtrotrenbyidanf the tapgerk @irectiva of guidk owhi 1298 fréve part of

outsid hro I p ion 127, . 0. 60 is. a .. .

cross- 9t 1 ohafe Jh 2 PR Bork 127 5 et 1 ¢ RertelisErtndspeeding
Fig. 57. Ref &pmipag of guidiegvalldQ9a aronaiside pl theftargentldRcitdsofguiie walingod 44,
a bl ower 150, a ZBductblélS,. and an QEPA')&‘H gh Effici en_c?/ Particul ate
At Filter) filter {9y anving mpjgndp, Genfrimenizian 419 poigtesda e ciusationsshawa
top wall 144y arouis0Ng Hé4, 4385 tken i @K ShtBR Jorddh2l 3698 tlé%e‘lﬁc%é?x%gllgﬁ

in the roomin which air purifier 140 is installed. Intake port

is formed at2sPutphl fromasadialipingiegpace i3 If tenrpdinlhentsidsspec 138tofpor t
143 di sghar gpdaeriiBa sy i | e bR i |

113 1 Jghe AR 0101 Bl RS PO LAY
i nstal | ed ag8pvisin the dia¢dtios sladwit byedn arear 104ednld is blown to the outside through outlet

portion 127.
Fig. 60 is a cross-sectional view of an air purifier using the centrifugal fan in
Fig. 57. Referring to Fig. 60, an air purifier 140 has a housing 144, a blower 150, a
20 duct 145, and an HEPA (High Efficiency Particulate Air Filter) filter 141.
Housing 144 has a rear wall 144a and a top wall 144b. Housing 144 has an
intake port 142 for sucking the air in the room in 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. Outlet port 143 is formed at
25 top wall 144b.  Air purifier 140 is generally installed against a wall such that rear wall
144a is opposed to a wall in the room.
Filter 141 is disposed to face intake port 142 in the inside of housing 144. The
air introduced to the inside of housing 144 through intake port 142 passes through filter

141. The foreign matters in the air are thus removed.

-79.-



144a is opposed to a wall in the room Filter 141 is disposed to
face intake port 142 in the inside of housing 144. The air introduced
to the inside of housing 144 through intake port 142 passes through
filter 141. The foreign matters in the air are thus renoved.

Bl ower 150 is provided to suck the roomair to the inside of housing
144 and to output the air purified by filter 141 to the roomthrough
outlet port 143. Blower 150 has centrifugal fan 710, a casing 152,
and a driving notor 151. Casing 152 has a guide wall 152a. Casing 152
has an intake portion 153 and an outlet portion 154. 5Duct 145 is
provi ded above bl Biewerl50 iaprdvided frsovk the docas aia o thi: instieai Reksifpor44 and to
gui di ng the i fied.air..f asj.n 52 to outlet port 143. Duct 145
has a pri sm'ﬁﬂ@hggﬁ%gﬁ ' lggﬁigghgﬁre 4\}\/?? eirem fEgkgh st Rogdact Blgver 650
outl et porti dmsdendrifapal fim 710, b eEintPIFR! artNCirBR& molW €51, 1491sing 152 has a
configured to guid ]&Jae pq%ri,fied air blowm fromoutlet portion 154 to
a | am nar f|c§b}féf rid“But $ &inglodthas arsintake partignl 5p and 4n entletipdtidaibidng

such a cenfi gurat ipgR: 143 : i i e fan bl ades 721
to cause the roomair iyolg e %%Eglrjldvl%r?%*r]%?ng(l) %?daS§E%%€ a%ﬂ%alfgl%tnﬁgl fof

i nsi de of ho@¥idiig thapurifiesradr frem casing 158vo betlgenerds.edDinet dks a pisalkdc

port 142 and ; d foreiagn tte such, as dust .
included in t ﬂ'ieﬂdlr 1<r?ljtﬂa gﬁe;‘f%ﬁgsr ]é)%iglé%d\?cgan%?ng?q ?%‘étsli on !L%’ﬁﬁ‘g vBtivitsrynegr
ai r obt ai nedehyoprassByet 1sripogtighicd teguiddtheiparitiak@nblotn t@ni &ﬁle;t pstige

of casing 15 re. .th rified air taken in to the inside o

casi ng 152 f(%)ﬁm{geaaﬁm fﬁ‘ag’%i’”ﬁ%%ﬂ*‘r‘t&%ﬁ‘*gni de wall 152a around fan

bl ades T®R1. The alnaif purtfied |AOhDY sudh b BSRMRAFatfoh Moks: 1Y et
portion 154 Ingﬁlagqgggi de wal | 1521(lag and bl oﬂ\/\éﬂ?1 E%‘ero’m %ut I eP 1%%??%8%1%%%

to the insid ¢! tpesusertherogny aif & bgitakehar Few intekrparut42ad tpontidd 483
20t owar d t henhgxt®r 4@l  SRACE, airflow i ' uri.fl er. has been
descri bed by vvayr%(r)f e_xanpl’e ial}‘l %%}Ssgé%éﬁ%%lg%g%& 1%#{11(8%8%&% tRah
in the preseht3pnd Eneicomaiters shehmsalpglindaietén the iatakd aif de f@adica gy diavi ce
such as, forigxanple, an air conditioner, a humdifier, a cooling
device, and a ventilating device. 25Centrifugal fan 710 and air
purifiéd 140 in tTHes prifted agnibedicdbytpaghod heoudh GHENA1 SR 9P the inside
configured in éh]islg?nnﬁr can achieyve the effects described in the
sevent h enbo%’fi RRE 127 mi TISiEd t@@: purified air taken in to the inside of casing 152 forms a
laminar flow through guide wall 152a around fan blades 721. The air in the form of a
laminar flow is guided to outlet portion 154 along guide wall 152a and blown from
outlet portion 154 to the inside of duct 145. The air is discharged from outlet port 143

20 toward the external space.

Although an air purifier has been described by way of example in this
embodiment, the centrifugal fan in the present invention is also applicable to a fluid
feeding device such as, for example, an air conditioner, a humidifier, a cooling device,
and a ventilating device.

25 Centrifugal fan 710 and air purifier 140 in the ninth embodiment of the present

invention configured in this manner can achieve the effects described in the seventh

embodiment similarly.

The structures of the fans described in the foregoing seventh to ninth

embodiments may be combined as appropriate to configure anew fan. For example,
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The structures of the fans described in the foregoing seventh to
ninth enbodi ments may be conbined as appropriate to configure a new
fan. For exanpl e, centrifugal fan 710 in the ninth enbodi ment nay
be configured using the fan bl ades described in the eighth

enbodi nent . The enbodi nent di scl osed here shoul d be understood
as being illustrative rather than being linmtative in all respects.
The scope of the present invention is 5shown not in the foregoing
description but in the clains, and it is intended that al

modi fications that come within the meani ng and range of equival ence
to the clai mseHieelfn 2t theniath auNDUBTRE Aoy APBOrEARKIUSTY the fan blades

The present appl ied to honme electric equi pnent
haV|ﬁg an 1og§¥ﬁg% Bﬂhéé unc&hxmngguch as an air purifier and an air

condi t | oner. DESCRlPEﬁBB\InﬁEnt'EhEIdQE?ERE&HGEId%e@H&erstOOd as He%ﬁﬁﬂ&fa‘h@é’ gal

12A, .12 3 peripheral frame, 13a, 13b
fsﬁpf ace, 14 Eﬁt%%%l?d}]bﬁ“@d‘%%” llfﬁﬁ%gﬁfﬁon’f hexspopoafahe preggnt 121}1@15102133
21E f an sl adshovandbhiadie f&uESIAC Bescrdftion BGE AR SMnTASR it 1%%9@%3 ﬁ%i&u

surface, 26 inner edge portion, 27 15outer edge portion,

flow, 32, 621}108 103*63713 tigg corme within tha meaniyyg anglrBnglel of equivaieno td ihemauﬁslare
51 51q, 52 ﬁ%& convex portion, 56, 57, 57p, 57q concave
poPtlon 1oomg§%§% flow fan, 101 center axis, 106 center axis, 110
mol di ng di e, DﬂlﬂsﬁﬁkﬁbHQPHKéABmlletat|onary die, 116 cavity, 120,

6 t utle ortion, 128, 151
i ea o S B ELS R et Bpallcd o Boime Glee i cqupmentiauing 553

20i nt aké por 4it bllownﬂg’ﬂfhnﬁ&ﬁ[, flchyis bt B P akean A3orialhal | Y outsi de
space, 140 ab H &ﬁ %%ﬁafllter 142 224 intake port, 143, 225
outlet port, Eﬁg hl Q$QBF REFERENGESIONS44b top wal |, 145 duct,
210 air conditi Onﬂfoem%@Q%dl mloq)z 112?1' {28, %%é é?e?%ﬁj’%ﬁgﬂe% f%ﬁ@lﬁ 13b

fl ow channel, 228 air filter, 9 | ndoor t exc
hori zont al | GYhAREE: acezé’zd%p@mm 16| hms/mmomm s 21 BAIG, YD AILE f2d Blade,

downst ream r£gh9f, sui48:, YR §ﬁ<ft1%ﬁ@h}%&ﬂ5dp%essure surface, 26 inner edge portion, 27

15 outer edge portion, 31, 61 air flow, 32, 62, 63, 67, 68 vortex, 41, 41A, 41B flection
portion, 51, 51p, 51q, 52, 52p, 52q convex portion, 56, 57, 57p, 57q concave portion,
100 cross-flow fan, 101 center axis, 106 center axis, 110 molding die, 112 movable die,
114 stationary die, 116 cavity, 120, 150, 215 blower, 126 outer casing, 127, 154 outlet
portion, 128, 151 driving motor, 129, 152, 222 casing, 129a, 152a guide wall, 130, 153

20 intake portion, 131 radially inside space, 132 radially outside space, 140 air purifier,
141 filter, 142, 224 intake port, 143, 225 outlet port, 144 housing, 144a rear wall, 144b
top wall, 145 duet, 210 air conditioner, 220 indoor unit, 222A, 2228 cabinet, 226 air
flow channel, 228 air filter, 229 indoor heat exchanger, 231 horizontal louver, 232
vertical louver, 241 upstream region, 242 downstream region, 246 upstream outside

25 space, 247 inside space, 248 downstream outside space, 251 front wall portion, 252 rear
wall portion, 253, 254 protrusion portion, 256 upper guide portion, 257 lower guide
portion, 262 forced vortex, 410 cenirifugal fan, 412, 4124, 412B, 412C impeller, 413
peripheral frame, 413a, 413bh end surface, 414 disk portion, 416 boss portion, 421,
421A to 421G fan blade, 423 blade surface, 424 suction surface, 425 pressure surface,
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25space, 247 inside space, 248 downstream outsi de space, 251 front
wal | portion, 252 rear wall portion, 253, 254 protrusion portion, 256
upper guide portion, 257 | ower guide portion, 262 forced vortex, 410
centrifugal fan, 412, 412A, 412B, 412C inpeller, 413 peri pheral

frame, 413a, 413b end surface, 414 disk portion, 416 boss portion,
421, 421A to 421G fan bl ade, 423 bl ade surface, 424 suction surface,
425 pressure surface, 426 inner edge portion, 427 outer edge
portion, 428 inner peripheral blade tip portion, 429 outer peripheral
blade tip portion, 441, 441p, 441q, 441r flection portion, 456, 457
concave port*éh inngneHge Peionf 43 putcndgSBttice AL mnaxpesiph&Galeolaienipggortion,

i ne, 601, 6 606 607 m dpo
631 cont act 8%? ﬂ?gﬁ%%ﬁhgjgglgg&gtgﬁp%s? T4 8%4??’| ‘Q&-g ‘%?%@ﬂ?f’ﬂ@f‘ gorip ‘{%6%9577
639 tangent, cdk@veportion, fslogafosmaw il 301 denddh,axibl 208 cehtk2 Gnd, BDE!G08! 603713

peripheral fra 713 713b e rface, 714 di sk portlon 716 boss
portion, 721 Scrng N ?f@roﬁ‘ghlaﬁ?ea 'Y miﬂ?@%l G3d soutastpaim 632.686s61% i on

surface,5 725 spigaIe 6 BWhbAGRe, F206391RS ened;gécaﬁﬁgj Yen, 77%3 ﬂ%re ?éjge
portion, 728 _inner perlgheral bl ade tip tion 5 out er’ era
bl ade tip portilohnpetien, 7 nqraahemh_ﬁ_refne,ﬂztia,msbend mfamﬁ(b# tilsbpprt1?)56716757

[ ne. 506 appr RSN bt e, 24bi TGN LS WG BB 1ol oo Tacss s

939 t angent . pregiupd duBface, 726 inner edg]: pomohammmmreuge mgtiéh, PR &makd ﬁekﬁpﬁéral
bl ade portiops ach other in a

C|rcunferent|aﬂé§$%%% o g%%E% Egﬁg?FPBﬁ“%%ﬁﬂﬁgﬁﬂﬁ=?ﬂﬂé?”éé@@nm

Sporti dm (26ﬁ>01ﬂbﬁ,ﬂ66ﬁli§7®ﬁ>n6ﬁelp6ﬂﬁh mrdrmqro&l fafl $08 bher 58 26616k@R lin
outer edge p86éloni%€géﬁd on an outer peripheral side thereo?

wher ei n P “FQ%G H%%Stémg:ht dfe 9§ﬂr9f38é@8§123)

ext endi ng between sai d |nner edge portion (26) and said outer edge
portion (27) and including a pressure surface (25) disposed on a
rotational direction side of the fan and a suction surface (24)

di sposed on 10a back side of said pressure surface (25), as the
fan is rotated, a fluid flowis produced on said bl ade surface (23)
to fl ow between said i nner edge portion (26) and said outer edge
portion (27),
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when cut along a plane orthogonal to a rotation axis of the fan, said
bl ade portion (21) has a bl ade cross section having concave portions
(56, 57) formed at said 15pressure surface (25) and said suction

surface (24), and a plurality of said blade portions (21)
include a first blade portion and a second bl ade portion having bl ade
cross sections of different shapes. 2. The fan according

to claiml1l, wherein said first blade portion and said 20second bl ade
portion are different fromeach other in positions of said concave
portions (56, 57). 3. The fan according to claim1,
wherein said first blade portion and s@ignﬁgcond bl ade portion are
different fromeach other in nunber of sald concave portions 25(56,
57). 4. The fan according to claiml, wherein said first blade

oot 351 Lochth bhAREL b Al ALy LoDy Lo 8P Ehe0f sk
accor di ng t o folmeéach bthemher @fcanderpitiat dikdotiyn, @hclsilhdb foktdithapRItah Ger bdsk)
are arranged s%ch %ﬂ%é andan%%e of a.Iigf,éo necir&;the rotation
axis of 1he PANCRi(¢H WRPFI AR gErinheral si ?15“(32??%&4 NeERs pdgsaroidem(27)
adj acent sai dispbsad @npakbliedpsrifhdhl sid®BeredNOnkbRN, according to claim1
wherein a plurality of said blade portions (21) are arranged such

that an angle of #4 Plade ByHpR A hes a Madersurfacd (37) extindingfbetviren fzid inmiet h

Saual bet vieer, S aRae) SIGSE SRS Lo BT bt RYFRES bWt fhtecd )
accor di ng t odispesedon a rofdoral dirgstion side kf thel $anofnd saiictionl sadge 4 )t digosed on

(21) haw ng e.cr ..sections .of different shapes are arranged to
be pl agi\eﬁd inglg%q{lsr“%e%ﬁs I PGPy Surface (g)’ 8. The fan according to

claim 1, wherein asthefadneased,adlid Bew (Sprddifcod BR Shidbladdsaiate @B FRSHE
surface (25), . forns a congﬁé portign (g%)_at sai d suction surface
(24), and sap%fw(e,%}hglf‘é%’émﬁ_ PB?I“IPBE%G)F‘ t yediowter edae Bordier 27n surface
(24) forms a conveHePaitkioal aphak ofthogeRhido RIGSSM KiSHEAEE lade
portion (21} has a blade cross section having concave portions (56, 57) formed at said
15 pressure surface (25) and said suction surface (24), and
a plurality of said blade portions (21) include a first blade portion and a second

blade portion having blade cross sections of different shapes.

2. The fan according to claim 1, wherein said first blade portion and said

20 second blade portion are different from each other in positions of said concave portions
(56, 57).

3. The fan according to claim 1, wherein said first blade portion and said

second blade portion are different from each other in number of said concave portions
25 (56, 57).

4. The fan according to claim 1, wherein said first blade portion and said

second blade portion are different from each other in shape of said concave portions
(56, 57).
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9. The fan according to claim11, wherein said blade portion (21) has
a bl ade 20cross section having a constant thicicness between said

i nner edge portion (26) and said outer edge portion (27).

10. The fan according to claim1l1, wherein sai d bl ade portion
(21) has flection portions (41) at which a center line (106) of 25the
bl ade cross section between said pressure surface (25) and said
suction surface (24) is flexed at different points, and said concave
portions (56, 57) are forned of said flection portions (41). 11. The
fan according to claim1, wherein an inside space (131) is

formed inside a pbur@hé fay acdording tb dirdE waefdin ©plrdidlf BdMEEeRrtidhs (116
circunferenti al directioqi and an outside space (132) is forned

out si de t her 8tarraggesl such that an angle ofiading gannesting the Fatation seyisl oftherfay with
that out put s sfill Yiuldr Ed@Pomiind2 7S ElRI BRAES 4d ' jjgle
space (132). f%?bThequg dg%ording t%ég%éﬁgP%agag%@g%ﬁhi

an inside space (247) is fornmed inside a plurality of said bl ade

portionss (21) arrgang i .Clrc renptial direction, d an.
outside%§pace (242} g%%?ﬂfégﬁ%g%%ﬁﬁﬁgbuf@?ﬁﬁl?ﬁ%ﬁ@ V#%QH&%%EPORKPHQH)
fan is a cross-aitaoged sach (R00) arfleadf atlimk esnriedtidd th ebtitneRisd iR ith a
space (247) f side s on one side with respect to

rom sai u ace (2 ] C {
the rotati oncggﬁoéqsgfége gliaéﬂ’/\gassfsfegfﬂ“é’fé?lég@F BAFSE (3 1nés sayeldherwienagdiagens
the fan, andsfébRué goribes @aken-in fluid to said outside space (248)
on the other side wth respect to the rotation axis. 15

10 7. 'The fan according to claim 1, wherein plural kinds of said blade portions

(21} having blade cross sections of different shapes are arranged to be placed in an

irregular order.

8. The fan according to claim 1, wherein said concave portion (57) formed at
15 said pressure surface (25) forms a convex portion (51) at said suction surface (24), and

said concave portion (56) formed at said suction surface (24) forms a convex portion

(52) at said pressure surface (25).

9. The fan according to claim 1, wherein said blade portion (21) has a blade
20 cross section having a constant thickness between said inner edge portion (26) and said

outer edge portion (27).

10. The fan according to claim 1, wherein
said blade portion (21) has flection portions (41) at which a center line (106) of

25 the blade cross section between said pressure surface (25) and said suction surface (24)

is flexed at different points, and

said concave portions (56, 57) are formed of said flection portions (41).

I1. The fan according to claim 1, wherein
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13. Anmolding die for use to nold the fan (10, 100) of claim1, the
fan (10, 100) being fornmed of resin. 14. A fluid feeder
conprising a blower (150, 215) configured with the fan (10, 20100) of
claiml1l and a driving notor coupled to said fan (10, 100) to rotate a
plurality of said blade portions (21). 15. A fan conprising a
plurality of blade portions (421) arranged spaced apart from each
other in a circunferential direction, each bl ade portion having a

bl ade 25 surface (423) including a pressure surface (425) disposed on
a rotational direction side of the fan and a suction surface (424)

di sposed on a baclnns;nsmtb s@ﬁces(mnlpfoﬁﬁéwn&dsﬁﬁahﬁﬂﬁy oftgm) bladdIRh £l éﬁ‘ﬁe”
cut along a pI ane onalf_e]Ii fi@l’ otation axis of the fan, sal

bl ade porti of (4% il)m SR Frgeoph aRd ?Ibﬁu'fﬁlani)ﬁC%lﬂ3Mﬁé¢1md©etshbr
line (506) betieregangai d pressure surface (425) and said suction
surface (424) intersects an inner peripheral-side blade tip (428),

and an outer edgethsdan iscﬁﬁe(lﬂmalﬁtﬂ(mlt outpatsdbid ﬁomlsmﬂensﬁ@l@hce(lﬂ)to
interseqds a@m@%@{deg Ld-RpeHal - si de bl ade tip (429), as the fan is
rotated, a fluid 1l IS pr duced on said bl ade surface (423) to flow
5between sai d inner edge portion (426) and said outer edge portion
(427), Wnen an angl e bet straight line (636) passing

t hrough a rotati onal @leeﬁflfue?m(?f “?aé ki‘e%eéﬁ d outer edge portion

(427) and a tangemi ing@3 Zpacei2 isorﬁﬂatﬁ b L
edge portion (427 H:%Fde%ellcngdﬁgs an oultgelcrié pgrfﬁfaq‘ﬁg@aﬁaﬁ 1§%£9n%&{5§z’1&| e,

an angl e bet &Fﬁfﬁ’f‘fe{ﬁ?l%l dirsgon, %@wldﬂ‘ﬁp@‘w@ﬁ% Rd8Yisfatiednal
center 1of t heuthidd tiapgdrldgai d i nner edge portion (426) and a tangent
(639) of said center line (506) at said inner edge portion (426) is
defined as an i nn@e fxeis pgrass-glowifa @0} ihpt kglie fluidrtd s idRglspacaetavgen

outer peri phara b AT e 38e BB e hun B Topuatine sSvemade
(425) side, fon aadisttiai @ﬂthe taitarion (QR 2Y tHedss iand oﬁt?ﬁt@ u@haiteR8n ﬁﬁfd% sgpal
center of th ,[;lgn andgﬁﬁf act QI nt ﬁ631 5said chord |ine

(633) with t e outier® Fhe side v é?féefttffpthezl%@t)omagmdefl ned as a
di screpancy angl e,

13. A molding die for use to mold the fan (10, 100} of claim 1, the fan (10,
100) being formed of resin.

14. A fluid feeder comprising a blower (150, 215) configured with the fan (10,

20 100) of claim 1 and a driving motor coupled to said fan (10, 100) to rotate a plurality of
said blade portions (21).

I5. A fan comprising a plurality of blade portions (421) arranged spaced apart
from each other in a circumferential direction, each blade portion having a blade
25 surface (423) including a pressure surface (425) disposed on a rotational direction side
of the fan and a suction surface (424) disposed on a back side of said pressure surface
(425), wherein
when cut along a plane orthogonal to a rotation axis of the fan, said blade

portion (421) has an inner edge portion (426) at which a center line (506) between said
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a plurality of said blade portions (421) include a first bl ade
portion and a second bl ade portion different fromeach other in at

| east one of said outer peripheral blade tip angle and said inner
peri pheral blade tip angle, and are provided such that said

20di screpancy angle is equal anong a plurality of said blade portion
(421). 16. The fan according to claim 15, wherein said first
bl ade portion and said second bl ade portion are equal in height of
said blade portion (421) with reference to said chord |line (633). 25
17. The fan according to claim15, wherein said blade portion (421)
has action poresswnsirfa¢d (425pandshaidcfuctal airfeene4) intersect§ a0 et seripheriedde

at different | en sai d,inn ortjan (426) a sai d
out er edge p(l)jf B%‘#};ﬂ" a0 Qs edeg pf’ﬁ}ﬂgti%égﬁ'hﬁ%?}ﬁ “gﬁte%l @gqi)dntersects
second bl adeaﬁ)OﬁtbtlﬁHﬂlpﬁélﬁl duéslaﬂ@m(zifzppm each other in flecti On angl e
at said flection portion The fan accordin

clai m 15, wher ei n®pf6fay s F@tﬁ adfuid oy 1%?86‘@3%9%416%’“1? apfape f3? &féqw
from eagh ot Bevebhlsadd inhSaSiye g&%of? 4% bk Qi &fter%@éé ‘?&861?&1-29 j.ade tip

angl e 5and said inner peripheral blade tip ang are arranded to be
pl aced in an irreyh¢man m&bebetween a straight 111& (63®epaﬁmg thomgh dirotgtidnal eeingerm

é|5ur \Qm ;' 2 ; og ‘%1:3 ganba}n ggld;?gl?e gcgg? S[P % 3@%‘1&&3@{;@%&%% éJ?galg cen‘%er line (506)

ci r cunf er ent adaidbiuteetigoportien2anis @uﬁiﬁddda@ af Bat@ﬁpe(r@)ﬁ@fal RA® tip SgfeQrnred
10out si de ther? ., and ) the fan is é?s flow fan ( 00 t hat
takes in flufeE'sBeregsne stipdght ling é}apa(sgag s tationd) centeieofdhiag and

(246) am onessd d@emdeb phRRAGEIS) Taf?d 5 Hﬁgén@t@:}% Qf'sa?c?(ée%ter fne ?0@}"@%&1&1&% a
direction of the rotation axis of fan, and puts the taken-in

fluid to sai B8sPEERd43PEdelined 8 Wﬂ@mrléh%@rbl%ied@ apgierandespagle t o
e, Lot onsaans oy (gplcoTIe uRraL Al MCAPSRLBMS,
irregul ar i np@rphgnaiimde blade tips (428, 429) on said pressure surface (425) 31de, and a straight
line (632) passing through the rotational center of the fan and a contact point (631) of
15 said chord line (633) with the outer peripheral-side blade tip (429) is defined as a
discrepancy angle,
a plurality of said blade portions (421) include a first blade portion and a second
blade portion different from each other in at least one of said outer peripheral blade tip
angle and said inner peripheral blade tip angle, and are provided such that said

20 discrepancy angle is equal among a plurality of said blade portion (421).

16. The fan according to claim 15, wherein said first blade portion and said
second blade portion are equal in height of said blade portion (421) with reference to
said chord line (633).
25
17. The fan according to claim 15, wherein said blade portion (421) has
flection portions (441) at which said center line (506) is flexed at different points
between said inner edge portion (426) and said outer edge portion (427), and

said first blade portion and said second blade portion are different from each
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21. The fan according to claim 15, wherein 20an inside space (131) is
fornmed inside a plurality of said blade portions (421) arranged in
the circunferential direction, and an outside space (132) is forned

out si de thereof, and the fan is a centrifugal fan (410) that
outputs fluid fromsaid inside space (131) to said outside space
(132). 25 22. A molding die for use to nold the fan (500, 410)
of claim15, the fan (500, 410) being forned of resin. 23. A

fluid feeder conprising a bl ower (150, 215) configured with the fan
(500, 410) of claim15 and a driving notor coupled to said fan (500,

410) to rot abeerindidetiah hidle Afsaiaiettid RAGo @qj ons (421). 24. A fan
conprising a plurality of blade portions ( % arranged spaced apart

5from each other in a circunferential direction, each blade portion
havi ng a bl ade sui§a f a

di sposed on a rot g.%l oﬁ%el(é%?ércggﬁéﬁ%&g b%ﬁ%gﬂ%fh{arﬁﬁg%é g gg%?%ﬂom‘ms
surface (724Y42d) éﬁf@s@m from eaclpatbkr isiatleass bnsaf sdidonrs perighesdl bfade €p 6 5)
wher ei n en rtho naI to a r axi,s of t
fan, salsc/imbl acfiJ éai lgReHBﬁeral;@# t’rﬁ’e@ A *HT?@&ECEHS’@ pﬁ?@?‘fi”&‘i‘ i foé‘iler

whi ch a center line (806) between said pressure surface (725) and
sai d suction surf??c) 24) |ntersects an i nner peripheral -side bl ade
tip (728), and an fayaeeopsting o slpim 227yvheseinwhi ch the center |ine

(806) intersects aNinef an
is rotated, a flui dm ld%)\?v}’S E}CE?MW guce dgﬁggea%)ga%ﬁ%%ﬁg@r gox?i%%?@li
fl ow 15bet méﬁ%&dwﬁhnnéﬁul@@g@u@dﬂmtm, ai2@)oussidt &paced24ﬁ4t2¢8) ie thgmied
por ti on ( 727} niide thereof, and

the fan is a cross-flow fan (500) that takes in fluid to said inside space (247)
from said outside space (246) on one side with respect to the rotation axis, as viewed
from a direction of the rotation axis of the fan, and outputs the taken-in fluid to said
outside space (248} on the other side with respect to the rotation axis.

15

20.  The fan according to claim 19, wherein a plurality of said biade portions

(421) are arranged at irregular intervals,

21.  The fan according to claim 15, wherein
20 an inside space (131) is formed inside a plurality of said blade portions (421)
arranged in the circumferential direction, and an outside space (132) is formed outside

thereof, and

the fan is a centrifugal fan (410) that outputs fluid from said inside space (131)
to said outside space (132).
25

22. A molding die for use to mold the fan (500, 410) of claim 15, the fan (500,
410) being formed of resin.

23. A fluid feeder comprising a blower (150, 215) configured with the fan
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when an angl e between a straight |ine (936) passing through a
rotational center of the fan and said outer edge portion (727) and a
tangent (937) of said center line (806) at said outer edge portion
(727) is defined as an outer peripheral blade tip angle, and an angle
between a straight line (938) passing through the rotational center
of the fan and 20said i nner edge portion (726) and a tangent (939) of
said center line (806) at said inner edge portion (726) is defined as
an inner peripheral blade tip angle, a plurality of said bl ade
portions (721) are provided such that said outer peripheral blade tip
angl e and saii00i AR of pleint phemdd diNimglmotor poupigl 18 said €are@0h, 4 qp@lroRATNg

a plurality g i d. bl ortlo 721), and 25a plurality of said
bl ade porti oﬁémig %9h saf f“if’p r%oqs - bl ade portion and a second bl ade

portion in which when they are rotated around the rotation axis of
the fan and overl afped on one bl ade portion (721), one of said inner
edge portion (726}*anftfsompsisinge phagisy pﬁblﬁﬁl%}wr(lmxﬁl)@rrdn&das@ddtapart

be coi ngj deniyo i dalhy S’tﬁgh nQUdehmf %altcnx%ct%m ?éﬁl%lad%gbl %wn ra%rna %%ga%g e

portion (726) and said outer e ge portion I'spose
di spl aced f r eurfage(i23pinkbiding25nrestiwe studave 7250 dishogd toa acrbtatmsnaIZdlrecWG@E;ﬁian

said bl ade p I 421) has flectiqn.portion 74 ich said

center line %g%%? a&d I}e“f(tlecﬁl Sﬁftja?ﬁ (%#@:}légﬁf’seﬂd)ln ﬁ?glb@%%\ggﬁ ‘ﬁgf'ﬁu’ier?ﬁ%f?ce
edge porti on(7(23269hemhd said outer edge portion (727), and sai d
first blade portion and said second bl ade portion are different from

each other in fletb§grtaqgear eQ’éIilQﬂOFa}lé%?FQiﬁIWﬁ of he fan, 15pid btz
The fargaccopshing(h9) HAS%‘H%I% ed &ﬁinfwﬁ)lé{ %wh'aﬂ:@?fte fineS@bé) C}-}e% v@eg:ﬁ said

portions (721) are arrag | aced i n an |rreg ar- or
whi ch when pPrgFsre wripeps(76%) @dusaldbque Spltfmel(&ﬂé interseqtoaraineet pariphena-sidee

one of ‘sara Tnei? U35k AR @ R0 R0 81l ks

(727) is di sposdd ;tenpl}malesmdaiﬂachbetmt(7m)t h each ot her, and t he ot her of

3?'830'8236: oeggedﬁ-ggﬁ %‘8 g%ﬁég@ﬁ S(Pﬁ%?prg utcee on sa?debl rstulrigge ((7532)7% ﬂow
15 between said inner edge portion (726) and said outer edge portion (727),

when an angle between a straight line (936) passing through a rotational center
of the fan and said outer edge portion (727) and a tangent (937) of said center line (806)
at said outer edge portion (727) is defined as an outer peripheral blade tip angle, and an
angle between a straight line (938) passing through the rotational center of the fan and

20 said inner edge portion (726) and a tangent (939) of said center line (806) at said inner
edge portion (726) is defined as an inner peripheral blade tip angle,

a plurality of said blade portions (721) are provided such that said outer
peripheral blade tip angle and said inner peripheral blade tip angle are cach equal
among a plurality of said blade portions (721), and

25 a plurality of said blade portions (721) include a first blade portion and a second
blade portion in which when they are rotated around the rotation axis of the fan and
overlapped on one blade portion (721), one of said inner edge portion (726) and said
outer edge portion (727) is disposed to be coincident with each other, and the other of
said inner edge portion (726) and said outer edge portion (727) is disposed to be
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27. The fan according to claim 24, wherein an inside space
(247) is fornmed inside a plurality of said blade portions (721)
20arranged in the circunferential direction, and an outsi de space
(246, 248) is formed outside thereof, and the fan is a
cross-flow fan (800) that takes in fluid to said inside space (247)
fromsaid outside space (246) on one side with respect to the
rotation axis, as viewed froma direction of the rotation axis of the
fan, and outputs the taken-in fluid to said 25outside space (248) on
the other side with respect to the rotation axis. 28. The fan
accor di ng t odsplaced fBofy cadhertlirn a plurality of said blade portions
(721) are arranged at irregular intervals. 29. The fan
according to claim 24, wherein an inside space (131) is forned

inside a pluralitys.ofTigghdladebmkig; t@latrh 08Swkef<a) arranged in the
circunferential direction, and an outside space (132) is forned

out si de t hereof , Saifhblageeortion(728) @Sé]éﬁtqmmﬁgw (F4in ay which saideantasdinput s
fluid frsoms

U110 oot <Tmkden SRl Qch i 4 B4, SRRSO R s v,
fan (710, 80€jectveiting (FENnad of resin 31. Afluid feeder

conprising a bl Omﬁdﬁ%?ﬁa?egp}S mnCO %é&’glgwdpgh %?%%ndléjéé)t f{ogr?g of

claim?24 and a driving no cou ate
a plurality othesaifldctidnoahglenmsdid tﬂ@axoﬁbaﬂtibn (741).

10 26.  The fan according to claim 24, wherein plural kinds of said blade portions
(721) are arranged to be placed in an irregular order, in which when plural kinds of said
blade portions are rotated around the rotation axis of the fan and overlapped on one
blade portion (721), one of said inner edge portion (726) and said outer edge portion
(727) 1s disposed to be coincident with each other, and the other of said inner edge

15 portion (726) and said outer edge portion (727) is disposed to be displaced from each

other.

27. The fan according to claim 24, wherein
an inside space (247) is formed inside a plurality of said blade portions (721)
20 arranged in the circumferential direction, and an outside space (246, 248) is formed
outside thereof, and
the fan is a cross-flow fan (800) that takes in fluid to said inside space (247)
from said outside space (246) on one side with respect to the rotation axis, as viewed
from a direction of the rotation axis of the fan, and outputs the taken-in fluid to said

25 outside space (248) on the other side with respect to the rotation axis.

28. The fan according to claim 27, wherein a plurality of said blade portions

(721) are arranged at irregular intervals.
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29. The fan according to claim 24, wherein

an inside space (131) is formed inside a plurality of said blade portions (721)
arranged in the circumferential direction, and an outside space (132) is formed outside
thereof, and

the fan is a centrifugal fan (710) that outputs fluid from said inside space (131)
to said outside space (132).

30. A molding die for use to mold the fan (710, 800) of claim 24, the fan (710,
800) being formed of resin.

31, A fluid feeder comprising a blower (150, 215) configured with the fan

(710, 800) of claim 24 and a driving motor coupled to said fan (710, 800) to rotate a
plurality of said blade portions (721).
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