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Fan, Molding Die, and Fluid Feeder 5TECHNI CAL FI ELD The present
invention relates to a cross-flow fan, a nolding die, and a fluid
feeder, and particularly to a cross-flow fan for an air conditioner
and an air purifier, a nolding die for use in production of the
cross-flow fan, and a fluid feeder provided with the cross-flow fan.
10BACKGROUND ART As for conventional cross-flow fans, for
exanpl e, Japanese Patent Layi ng-Open No. 2007-21352 discloses an air
purifier which ainms to reduce the installation area while increasing
t he bl owi ng capacity (PTL 1). In tHeESCRIPUION i er disclosed in PTL 1,
a vertically long cross-flow fan driven by a notor is arranged in a
body having an intake 15and an outlet at |left and right ends,
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aerofoi | enployed as 4he-.shape in cross section of a fan blade is
10 BACKGROUND ART
As for conventional cross-flow fans, for example, Japanese Patent Laying-Open
No. 2007-21352 discloses an air purifier which aims to reduce the installation area
while increasing the blowing capacity (PTL 1). In the air purifier disclosed in PTL 1,
a vertically long cross-flow fan driven by a motor is arranged in a body having an intake
15 and an outlet at left and right ends, respectively.
CITATION LIST
PATENT LITERATURE
PTL 1: Japanese Patent Laying-Open No. 2007-21352
SUMMARY OF INVENTION
20 TECHNICAL PROBLEM
In recent years, for conservation of global environment, further energy savings
in home electric equipment are desired. For example, it is known that the efficiency
of electric equipment such as an air conditioner and an air purifier greatly depends on
the efficiency of a blower included therein. It is also known that reducing the weight
25 of a fan blade provided as a rotating body in a blower reduces power consumption of a
motor for rotatably driving the fan blade and improves the efficiency of the blower or a

fluid feeder.

However, an aerofoil employed as the shape in cross section of a fan blade is
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10R00952/VW) 910285W)01 essentially assuned to be applied to the w ng

of an air plane and is mainly found in the field of aeronautical

engi neering. Therefore, an aerofoil fan blade is mainly optimzed in
a high Reynol ds nunber region and is not always appropriate as the
cross section of a fan blade used in a | ow Reynol ds nunber region for
an air conditioner, an air purifier, 5etc. for hone use. When
an aerofoil or double arc is enployed as the cross-sectional shape of
a fan blade, a thick portion exists in a range of 30 to 50% fromthe
front edge of the fan blade. This increases the weight of the fan

bl ade, whi cissdntiebyesumed sulseamgiici hetheasiog of an air pbne hod & rd&inlyrfgund in the

rotation. ver, Si reduci n he .wei ht 0 ade ..
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energy in electfic ‘equi pment such as an air conditioner and an air
purifier fofanhde ussian adowdeEynolds nambebilege for oss: secliticoeg lanshgpeifieas
been s ught for a fan blade to be used in the | ow Reynol ds nunber
regio bHader Bsesecti onal shape with a high lift-drag ratio, a
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sought Fans use in an ai I nclude a cross-
that forns bladguthiek piﬁﬂthWekﬁtstlha rhrgernf i ta s0Vafromltienfroptardgt bethetfan blade.

rotation axis of the fan s of typi.cal appllcatlon of the
cross-fl ow TR INCHAEaE &’ﬁlE’QFPH%Sﬁﬂ blpdnerhiclreasatrng cpRel ncsrrsehiicrion

of an air SRMaNShube HBLOL LGN e Sy SRSV pAY A0 Tech

hone 20el ectric e nment are SIT eman to I ncrease

air flow ramhe stregth bethp furpslsde ofd readici frghpevestheopmuapalitpn of the
air conditioner. The increase of air flow rate can increase the
performance of eNIPBY KAsaRs 2HAE. HbHISHOSEY O NHEY B FREHIC RBPTERR SHCIhRRD
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the increase of air I'ncreases power

Therefore, gHape BaiRkABOREhb firaeln blade td B@Iu@ﬂmmeqbwpmmﬁlds ansbepkon.
in the conpressor and the jincrease of power consunption in the fan

amounts to 4 blagseesseectionabidape W@b r@smgbhft&ﬁag rpHOsa smabthigknesstand weight,
hi eyed b te of the f t b
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maxi n zed. rotation speed is increased with

the same fan, asFasTBans nﬁ@[ﬁalribmg&aﬁm cBIOASH WROhat fehe as blidettflagy
air flowrate of the fan, the noise of the air conditioner is

i ncreased. in the forpyeftaidat pl@narpptaélebﬂo th@)mt@tmtax(iﬂvfdhe fane Exomples Pbiwpicah

is an air uesé d to n rease its
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20 electric equipment are desired. There is a demand to increase air flow rate for the
purpose of reducing power consumption of the air conditioner. The increase of air
flow rate can increase the performance of evaporation and condensation of a heat
exchanger and can reduce power consumption of a compressor, accordingly. However,
the increase of air flow rate increases power consumption of the fan. Therefore, the

25 balance between the reduction of power consumption in the compressor and the
increase of power consumption in the fan amounts to a reduction of power consumption.
Thus, the effect achieved by increasing the air flow rate of the fan cannot be maximized.

On the other hand, if the rotation speed is increased with the same fan, as a means for
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5requests. In order to satisfy these two, it is necessary not

only to reduce noise fromthe intake and the outlet of the air
purifier but also to fundanentally reduce noise of the cross-flow fan
that blows air. In order to increase the air flowrate, it is
necessary to increase the rotation speed of the cross-flow fan. Wen
the rotation speed of the 10cross-flow fan is increased, it is
necessary to reduce input to the fan. It is also necessary to
increase the strength of the fan blade to such an extent as to
overcone the increased centrifugal force caused by the increased
rotation spieesasifg theairdios satd bohe fam the noise ofAhe gibcenditiofer ihecpasdent
invention is therefore to solve the afarenenti oned problens and to .
provide a cross-PRIRFFEATR f@?ﬁ%&oaﬁ?él}&fé%s‘ W%%rgwanglr@aﬁga-ty%n air
15nmol di ng dj,e: ' Fduct | f L Gr = £ f.an,; :
fluid f eedgéﬁbfiegss‘i M Geelcd PRRSURE 1O Busicol BBty B 1 Qi AR i
A cross-f| oflow aate,amdae eidage haisd. heHpreasenhere iy e trhdeafl barebandsseawo
plurality of vane portions provided to be circunferentially spaced
apart ?rom ®ge#tot her. The vane 20portion has an inner edge portion
arranged on a ragl I i t o/ i oo f i d
an outer edge po&t(?%‘%xglrsgg%glgéegtﬁ@éﬁrlgélgéa%% gtgl}togllrl);?i%g&%gf % g#%tm I'ch

air flows iintaketand THesutlanef theait barifidrasit alsbltafendatnchatie rektenslsagf the
bet ween the inner edge gorti on and the quter edge portion. The bl ade
surface i ncfragiedowy fyy Bashipws gy  lcadertedngyesse e air Flowatticolh idiecesarydn

id f the . L f k
S1de o hey grassnl LAWEABNG: e SUSLIRN, BT 1 988, 3RRLAAS AN, AnbC

side of the pressure sur € vane portion has Suc

crossigect i @ogl-fish@aeistihatasad, 408 QaMSsPd tedicd BphiototBelfaal (thealso
pressure surface and the suction surface when the vane portion is cut
al ong a pl apfsewsenHedesease thy sirepgthaf thenfanblagdede sedheancexdrnd a8 toyercame the

plurality of ¢ V iQns_are. f d at at |east ope.of the
Tor00952] Ve BR0SaE B0 e e se Rty i ieal roraf el neRE fr Bctcddiom fan
I n the cross-fl osnfodeceomht ?t@%@ﬂ inventibh & tRBRARE to HNd he af@érBéntdnef
the cross-flow fan, an air tlowthat flows in fromthe outer edge

portion, paBoelsmstang tehrovide anressellaw fangadibiting at pxsebenfldowing sapasdy. a
I nner 15 dge Qx%fcfixi]go e E%’(?rdus%ri]n gric)rclucf:tgc%v%f1 tﬁea;[:rotssl-ﬂ\c’)\ar tjarrll, Jnﬁ%rﬁutié] Feeder provided
with the cross-flow fan.
SOLUTION TO PROBLEM
A cross-flow fan according to the present invention includes a plurality of vane
portions provided to be circumferentially spaced apart from each other. The vane
20 portion has an inner edge portion arranged on a radially inner side to/from which air
flows in/out and an outer edge portion arranged on a radially outer side to/from which
air flows in/out. The vane portion has a blade surface extending between the inner
edge portion and the outer edge portion. The blade surface includes a pressure surface
arranged on a rotation direction side of the cross-flow fan and a suction surface
25 arranged on a back side of the pressure surface. The vane portion has such a blade
cross-sectional shape that a concave portion is formed at the pressure surface and the
suction surface when the vane portion is cut along a plane orthogonal to a rotation axis

of the cross-flow fan. A plurality of concave portions are formed at at Jeast one of the

-3-
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5i nner edge portion, passes through the bl ade surface, and flows out

fromthe outer edge portion are alternately produced in each vane
portion. Here, a vortex of air flow (secondary flow) is generated in
t he concave portion, so that the air flow (nain flow) passing through
t he bl ade surface flows along the outside of the vortex produced in

t he concave portion. Accordingly, the vane portion exhibits a
behavior tike a thick blade 10as if a bl ade cross sectional shape is
i ncreased in thickness by the anbunt of formation of the vortex. As a
result, the blow ng capacity of - the cross-flow fan can be i nproved.
Pref erabl vy, prctahere\sarfecqomdtth@wdtias sarfddeect i on portion forned by flexing
a center line of the bla gross sectloggl sha e extendlnﬁg? t ween

the inner edge pPBrtS GRSl fHEcoatieurddn oﬂum}ﬁr%ﬁﬂﬁ & HYSSpf
poi nts. Theﬂcﬁz@%aéﬁ?alp?l'bw A5 Ay Iarfmﬂteyoaté}eedga;oﬁmﬁ%@a tﬂ@ngﬁ e bldd

the cross-flow fan configured in this manner, a vortex of air flowis
gener at ed isnrfates asdflows eupipem itioninheravegd pbytlctl’lf'EIIdein@ﬂit flon t}xaoﬂbwm m from the

th b t he bl i f t fl
Pr 51[ gr b: %%Vﬁ'éggq B@?lpsmo%mﬁsn?brah&a@'% ¢ e Cré) ﬁéws qu wﬁheo@ut?wge
concave po p&o'n%hé alt%gfe ;srB Eﬂzcgkmé oﬁiont hepey deaa%ggslz L QPngd, at

| east one I nt n the r'oss- fan ure S nmanner, a

vortex of gescohllawiioar) 1b§ex@&1mhattleﬂcdmawlpomoncmwbatpm &ir ﬁnwr(ﬁfam flow)
reliably. Pr ef er abl éié t he concave portion is formed in th

proxi mty dRstingthrepahythed ﬁaf%cpélﬁwméoaaq@e@m%e @@&V%ﬁmﬁ«\wed f the
the cross- féoﬁﬁée\jeng&rt?&pf '@&Bfa%o%gﬁ tﬁ@ {;ﬁ %t?%%ﬁ%oggkégﬂﬁéﬁ @%&e

achi eved by oncave roxi m

of thE)i nness ifslgdpordss grmuemd shdpe 19uiceafasaﬂgﬁhmmé9s<bp thdd]ﬁ(ﬁl&iﬂysfformatlon
generating a high lift. In addition, the formatlon of the flection
portion carPlithpYQiex- t Hes asieph dablerngapacireolibe eiosnilpw fameandiegmpaeeg.

of the inner ed d
at a bl ade centgg.ﬂ%%ﬁiﬁ@%vég meenq%ﬁ fﬁ%ﬁE@§§§§%3Eﬁ&39%9§§9$ﬁ£9ﬁﬁﬁer
edge porti dmeasTdhd blad®tiosy-sertlgital Ptpeie®tendly Bdh@ectrths fmbt @efpaftion and the
configured in this manner, the above-noted effect achieved by the

concave porqqt@rﬁdgg p@lftl@ugzﬁta Iéweh&y qf POt bT}efd@né@\mmmrp@ deimesid bydbe
t hat ié]e V Ctl Olpﬁ'a{ : Oﬁ)f% %Ic oss Rlc%n?g rell n}/th?s mgnn a}ad\?ortefi of air flow

addi t1on, |on p YT o can |rrp’rove
strength Ofls tg&‘ibrélt@(ﬁlﬁl 5@@6%&@9 p@lttlo'h *f@mbéda%eth@%bﬁ@{ pd€bh,i tRdreby improving
the blowing capacity of the cross-flow fan.

Preferably, the flection portion is flexed such that a depth of the concave portion
is larger than a thickness of the vane portion at at least one point. In the cross-flow

20 fan configured in this manner, a vortex of air flow can be generated in the concave
portion more reliably.

Preferably, the concave portion is formed in the proximity of the inner edge
portion and the outer edge portion. In the cross-flow fan configured in this manner,
the above-noted effect achieved by the concave portion is brought about in the

25 proximity of the inner edge portion and the outer edge portion, thereby generating a
high lift. In addition, the formation of the flection portion can improve the strength of

the vane portion in the proximity of the inner edge portion.

Preferably, the concave portion is formed at a blade central portion between the
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Preferably, the concave portion is forned to extend fromone end to

the other end of the hlade surface in a rotation axis direction of
the cross-flow fan. In the cross-flow fan configured in this manner,
a vortex of air flowis generated in the concave portion forned to
extend fromone end to the other end of the blade surface in the
10rotation axis direction of the cross-flow fan, thereby inproving
the bl ow ng capacity of the cross-flow fan nore effectively.
Preferably, the concave portion is formed at the pressure surface and
the suction surface to repeatedly appear in a direction in which the
i nner edge ipmrteidehpmion @mfgﬁ@t@éﬁr\%ﬂgmpmrﬁeno ulnethe expgeflpwrien eonfiguned méhrs
cross-flow fan €Q E ]%yred i.n éhls a vortex 150

gener at ed. TREPRD oG aOEricon R R of U5l GBI OR oA o it e

pressure sliRcRnAchoich, S&'eHak R v%Hé basRn kit B ¥tabEbAivy A8 atbtRle. In
bl owi ng capacity of the cross-flow fan nore effectively.

Pref er abl y,addlienc tmdamentiporof Herfldctpmpdrtan cahémproes sherrepginfoidles Yaoens
a convex por t.

on % %1§ efngr on .surface, and the concave portion
formed at tAPEIQLR PG NAdYPFEREPOTSE or g a convex portion at the
pressure surfac ePrefePaHlyh Qhé:éo‘?l§§vef ﬂo@i%rf AfoRREY ﬂogés{'fe%g fhdin Bﬁ‘é énd%riﬂ@!ithela

bl ade cross-sectional shape having a concave portion at the pressure
surface ancendtoftieeblgdecturiane suLr fosat®neas dectas bf I;he@tusaiﬂwdfan In the cross-
Preferably, in_the hl ade.cross- sectlonaltﬁh t he concaveﬁ$ort|on

is formed HAAHERTRIRYEL BT PEMET BRI ‘YFFegGBFf&EF'é‘ 18 {he caugaverhe
concave po )}Sdgﬁl i ea Bferd VE%6nRRhd tPRE oA h@HIBRE Hi g@ﬁrface in the

al ternat el In a drection In ich the 1 nner ge portion is
connel? ed wotdtioh heisaliteetiorecfgbe post-flow. fah rther’ﬂhry tnpsesing tlembibeing capacity of
configured in thi ner, a _vortex of air flowis generated in the

concave pori'f 619ss- %Pﬁbfn B eiZeetively. convex portions, thereby inproving

the bl ow ng capagickyayiPlife cc;lngﬁgés)%tﬁ ely\g %ﬁé@@éﬁwgésﬁfré &tk cg %ﬁd’ the suction

Preferably, the vane portion Cross sectlona

havi ng a gesuefaad toyrepainsiipaipebhinckdissdobh & whieh thdianemsdge perge 1poasm1eouad
and the outer edge portion. In the cross-flow fan configured in this
mariner, ev eW‘tKhH&P“éCT\PéE“’eP%PN ol thaﬂqsgrﬂ&“%n aa@ﬁw%@tgﬁdﬂwﬁwa vortex

igapelggaw ”&agr ﬁ&'ﬂ?sr nla%te%gﬂﬁlﬁca&tnb ctiﬂ §/Ih 55‘ {b} ?Js%‘(“ct{é%r%ssure
pacity can i np re Y, e bla ros iona
IS appr oxi nadfaky a¥ 131@ ape&ibn shiffatd)ehereby improving the blowing capacity of the cross-
flow fan more effectively.
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
20 forms a convex portion at the pressure surface. In the cross-flow fan configured in
this manner, a blade cross-sectional shape having a concave portion at the pressure
surface and at the suction surface can be easily obtained.
Preferably, in the blade cross-sectional shape, the concave portion is formed
between convex portions appearing at the blade surface. The concave portion and the
25 convex portions are formed to be alternately aligned in a direction in which the inner
edge portion is connected with the outer edge portion. In the cross-flow fan
configured in this manner, a vortex of air flow is generated in the concave portion

formed between the convex portions, thereby improving the blowing capacity more
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cross-flow fan configured in this manner, a vortex of air flowis

generated in the concave portion appearing in the bl ade
cross-sectional shape, thereby inproving the 10bl owi ng capacity of
the cross-flow fan. Preferably, the cross-flow fan is forned
fromresin. In the cross-flow fan configured in this manner, a |ight
and hi gh-strength cross-flow fan nade of resin can be obtained.

A nol ding die according to the present invention is used to nold the
cross-fl ow 15f an as descri bed above. Wth the nolding die configured
in this manner, a light and high-strength cross-flow fan nade of
resin can béﬁnandyactured A fluid feeder according to the

t t bl f dt I f th
Pr oaet 1 ow fan sbrelBRL et s st e ATy St 0re SOtE BYITER ¢ he
o1 055 1 OW {Rrl1g chhath i BB abicb V1R finA BRI BRI theiduldieafd dirfon

feeder configured 20in this manner, power consunptlon of i'vVing
motor can bl thedusefowtin eorftgerds iowhin gnamapacvetnywhl@ Kegre plortgm having a

ADVANTACGE FEECTS OF i bed above,, .t he
presen v TRSSHEERS g hage cpdg araepsrly Fosian ﬁ}l@iﬂﬁ@s 15 yscche st HlQing
bl owi ng capaghiiks cad iRggdie for use in production of the

cross-fl ow %@h IWC ar?gqggf(ﬁgl d feeder provided with the cross-flow
fan. BRI EF DESCHPrIéEIr:(Hw (ke BIRAMNMNESSsectional shipegs afprosinsatdy Fé-shaped, oin the
cross-flow fan |n a flr%t enhodi,ment of the present invention.
10R00952/ V\Grow gured n ﬁilamaénffrsa aO@W@rs%@tfﬂfogﬁé‘Pra&ér@&fct i ve

view of the,g 11:1 VIJ@%an#f‘fﬁetP% agFgﬁﬁ s-kddt8nd SQLI!) 'tt gHme l"ovn@,

iS a cross- sect provi e cr
fan i B0 blowing capacity of the cross-flow fan.

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

A molding die according to the present invention is used to mold the cross-flow

15 fan as described above. With the molding die configured in this manner, a light and
high-strength cross-flow fan made of resin can be manufactured.

A fluid feeder according to the present invention includes a blower configured
to include any of the cross-flow fan as described above and a driving motor coupled to
the cross-flow fan to rotate a plurality of vane portions. In the fluid feeder configured

20 in this manner, power consumption of the driving motor can be reduced while the
blowing capacity is kept high.
ADVANTAGEOUS EFFECTS OF INVENTION
As described above, the present invention provides a cross-flow fan exhibiting
an excellent blowing capacity, a molding die for use in production of the cross-flow fan,
25 and a fluid feeder provided with the cross-flow fan.
BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 1s a side view of a cross-flow fan in a first embodiment of the present

invention.
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Fig. 1. 5Fig. 4 is a cross-sectional view of an air conditioner using

the cross-flow fan shown in Fig. 1. Fig. 5is an enlarged
cross-sectional view show ng the proximty of an outlet port of the
air conditioner in Fig. 4. Fig. 6 is a cross-sectional
view of an air flow produced in the proximty of the 10outlet port of
the air conditioner in Fig. 4. Fig. 7 is a cross-sectional view

representing a phenonenon that occurs on a bl ade surface of the fan
bl ade in an upstreamregion shown in Fig. 5 Fig. 8 is a diagram
schematically representing the fan blade shown in Fig., 7. Fig. 9 is a
cross-sectional NBeisacseesepianabPUsHSREHOHEHH tb%@lpssoﬂ@‘mf@ et Heng a
15bl ade Surlfn%‘i?HOLFﬁ ' fan bl ade in a downstreamregi on shown in Fig.

5. Fig. 107s a am schematically representing the fan bl ade
shown in Fig. 9. F1El Yis alckodsSsedtichabsiBwsH e fad BRIe BiceNdedfin ghef drogtflow fan in
nodi fication of the cross-flow fan in Fig. 1. Fig. 12 is

a cross-sedtigonal view of a second nodification of the cross-flow fan
20in Fig. 1. Fi gEt.gl |s a Cross-secti a .Vi e

modi fitation of ARSI BWTPAH P rf‘l“gm %n‘&{ﬁ%‘;eraush%_hg frpsy-Hoy fan
Cr 0Ss- sect i@hah iY FRY 1_of a nol di ng d| e for use in production of the
cross-flow fan in Fig. 1. 25Fig. 15 is a graph showing the relation
bet ween the air Kigowsraatealasgedtdiessexeismal Ficoishbamgathd ppovwity of an outiet
consunpt i on of 4 dri vi ng. ot of pin,an exanple of the present
Fig. 6 is a cross-sectional view of an air flow produced in the proximity of the
10 outlet port of the air conditioner in Fig. 4.
Fig. 7 1s a cross-sectional view representing a phenomenon that occurs on a
blade surface of the fan blade in an upstream region shown in Fig. 5.
Fig. 8 is a diagram schematically representing the fan blade shown in Fig. 7.
Fig. 9 is a cross-sectional view representing a phenomenon that occurs on the
15 blade surface of the fan blade in a downstream region shown in Fig. 5.
Fig. 10 is a diagram schematically representing the fan blade shown in Fig. 9.
Fig. 11 is a cross-sectional view of a first modification of the cross-flow fan in
Fig. 1.
Fig. 12 is a cross-sectional view of a second modification of the cross-flow fan
20 in Fig. 1.
Fig. 13 is a cross-sectional view of a third modification of the cross-flow fan in
Fig. 1.
Fig. 14 is a cross-sectional view of a molding die for use in production of the
cross-flow fan in Fig. 1.
25 Fig. 15 is a graph showing the relation between the air flow rate of the cross-
flow fan and power consumption of a driving motor in an example of the present

invention.

Fig. 16 is a graph showing the relation between the air flow rate of the cross-
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Fig. 16 is a graph showing the relation between the air flow rate of

the cross- 10R00952/WO 910285W)01 fl ow fan and noi se value in the
exanpl e. Fig. 17 is a graph showi ng pressure-flow rate
characteristics of the cross-flow fan in the exanple. DESCRI PTI ON COF
EMBODI MENTS 5Enbodi ments of the present invention will be described
with reference to the figures. In the follow ng, the same or
correspondi ng nenbers in the figures are denoted with the sane

ref erence nunerals. (First Enbodi nent) Fig. 1 is a side
view of a cross-flow fan in a first enbodi nent of the present

10i nvent i onflowifan ar®l fcdseavatieds sheseetmipbmal per spective view of the
cross-flow fan taken,along.a.line Il1-11 i.n Fig. 1. . ferri to
Floo 1 and Frg. B L BB howiesreiory HopHatsasanmsimsoa oy
a pluralityggfi,hanedhgdes 21. Cross-flow fan 10 has an approxi mately
cylindrical appearancé as a whole. A plurality of fan bl ades 21 are
arranged onDESSERIRTINN OaceMBODIMENTSppr oxi mately cylindrical shape.
Cross-flow fan 1Q is integrally forped fromresin. Cross-flow fan 10
Corates in the dRPbRdRRCRS TERPL VAR ORI BS PG RRS WA rerfargp?ﬁaw%e
center axis S j j : = LS a
fan using aﬁ%ﬁg’%sr'al’lﬁwe% (){r;‘ll;(}itpgz’aEﬂlecﬁk(%ilﬁrl ? 3’?\ CBF%?ggdl%%ﬁngek%atg??g?%s%é

di recti on odérnotgonal tHecame ndfereneextsnckBik. servi ng as the rotation axis.
As viewed 20from the_axial direction of center axis 101, cross-flow
fan 10 takes in €t EFGREEEIHUt si de space on one side with respect to
center axis 101 F%. 28 4 Ol 0RwSHAGEo RN 4 Eard iﬂ!ﬁfﬂ@fjerpéo%\l\?erﬁt%?tﬁ St N
air to the outside space on the other side with respec o center

axi s 101. Cimesstidn. oWig.ans AQrdsesedionsl mirspetliawithalf tiid wvs-fldw fdetaken

direction crossing center axis 101 in a flat plane orthogonal to
center axi salepgaliog Hsd it Fignlfan 10 forns

Referring to Fig. 1 and Fig. 2, a cross-flow fan 10 in the present embodiment

has a plurality of fan blades 21. Cross-flow fan 10 has an approximately cylindrical
appearance as a whole. A plurality of fan blades 21 are arranged on a side surface of
15 the approximately cylindrical shape. Cross-flow fan 10 is integrally formed from resin.
Cross-flow fan 10 rotates in the direction shown by an arrow 103 around an imaginary
center axis 101 shown in the figures.
Cross-flow fan 10 is a fan using a plurality of rotating fan blades 21 to flow air
in a direction orthogonal to center axis 101 serving as the rotation axis. As viewed
20 from the axial direction of center axis 101, cross-flow fan 10 takes in air from an
outside space on one side with respect to center axis 101 to an inside space of the fan
and blows the taken-in air to the outside space on the other side with respect to center
axis 101. Cross-flow fan 10 forms an air flow that flows in the direction crossing
center axis 101 in a flat plane orthogonal to center axis 101. Cross-flow fan 10 forms
25 an outlet flow in the form of a flat plane parallel to center axis 101.
Cross-flow fan 10 is used with the rotation speeds in the low Reynolds number
region applied to a fan for home electric equipment, etc.

Cross-flow fan 10 is configured such that a plurality of impellers 12 aligned in
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25an outlet flowin the formof a flat plane parallel to center axis

101. Cross-flow fan 10 is used with the rotation speeds in the
| ow Reynol ds nunber region applied to a fan for hone electric

equi pnent, etc. Cross-flow fan 10 is configured such that a plurality
of inpellers 12 aligned in 10R00952/WO 910285 W01 t he axi al
direction of center axis 101 are conbined. In each inpeller 12, a
plurality of fan blades 21 are provided to be circunferentially
spaced apart from each other around center axis 101. Cross-flow fan
10 further has a peripheral frane 13 serving as a support.

5Per i pher althé axdnaipdite8titms! entar agisdhdpes combihed.| Vinerttemaballgr b2, @updrality of

center axis. 101.. Peripheral frame.13 has an end surfage 13a and an
end surfacefmi%de%ﬁda PFaged 1935 CF%“TE‘FWEH‘ 5P3Ss @Ph Bog sask s around
al ong the axhalgdikhgetion of center axis 101. End surface 13b is

arranged on the back side of end surface 13a and is fornmed to face
t he ot her directCoss-Bbergn théurtoer bis dpargdeiad fraok |Gesatvéng ad sippod.

10Peri pher fra 13 i rovi ded to be interposed between i |l ers
12 adj icenfﬁ%ﬁ@gﬁﬁ%@ 13 b3 Tipg, Shapg AR IaYlY SEENGRE alfoueé ST s 0101
Wth attenty i [ i i i .

arranged a jeg g%aytﬁ%négéhg%ﬁ%ﬁsugl%% 3%?4%%@%%%@%&?@]?“&&%13a

provi ded i s ferpelitefact 2he directiphalrgeate hoiabdiesvdon bf esmersutisf ide Ezd and
are formed to _extend like a plate along the 15axjal direction of

center axi sutfgee 138 ispirangedion the backsidy eforad synfags b andds fosmediface the
12B i . f dt t end
ke ap ot Gk foPBRs tdx BN e ATEehedbalIfO R ° T 0TS A O X e

pluraloty of farPdipacabfiraehavepavidbapebeiiiidboded RasdEnampelers 1D adljagent
pr esent enbodi nent, a plurality of fan bl ades 21 are arranged
at a randorfPspeteetheminithgeaigdireeiion efrentar arkisdi® ecti on around center

axi s 101. .Wﬁ%ﬂ?o%é&e@é&n%@l]é%a 95N H0n, %@ ARg, A4

out er edge portion portion I's” arranged®on an “%nd
portion at Ajdcesk talehsh dthereh phirdléy of fandbladdsad eyrdvlidedOst igfpeREgE Ap@ret | on
27 is arranged at an end portion at a radially outer side of fan

bl ade 21. REAVigrdHRestamd oseridgunieee 118 49¢ araéarmed do pxerdilike a plate along the

circupgerent)d ldir%!:tﬁoenccgfl el 5}8%‘?8 1. A plurality of fan blades 21 provided in impeller

12B are provided to stand on end surface 13b and are formed to extend like a plate
along the axial direction of center axis 101.
A plurality of fan blades 21 have a shape equal to each other. In the present
embodiment, a plurality of fan blades 21 are arranged at a random pitch in the
20 circumferential direction around center axis 101.
Fan blade 21 has an inner edge portion 26 and an outer edge portion 27. Inner
edge portion 26 is arranged on an end portion at a radially inner side of fan blade 21.
Outer edge portion 27 is arranged af an end portion at a radially outer side of fan blade
21. Fanblade 21 is formed to be inclined in the circumferential direction around
25 center axis 101 from inner edge portion 26 toward outer edge portion 27. Fan blade
21 is formed to be inclined in the rotation direction of cross-flow 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
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25center axis 101 frominner edge portion 26 toward outer edge

portion 27. Fan blade 21 is fornmed to be inclined in the rotation
direction of cross-flow fan 10 frominner edge portion 26 toward
outer edge portion 27. Fan blade 21 has a bl ade surface 23 including
a pressure surface 25 and a 10R00952/ WO 910285W)01 suction surface
24. Pressure surface 25 is arranged on the rotational direction side
of cross-flow fan 10. Suction surface 24 is arranged on the back side
of pressure surface 25. During rotation of cross-flow fan 10, as an
air flowis produced on blade surface 23, a pressure distribution is
gener at ed swichon fafacpPés shregsurs suréica b vedryarigad ge that ropatiesslulieceusiflack

25 and is rel atjvel t su n. surfac 24. Fa e 21 has .a
shape gener@dfty f%’e@me%ﬁ% § r%ﬁ“rg% éﬁ@@aﬂgﬁ opdhe %Eé}dﬂ g@feé?urﬁaﬂféace
portion 27 sp apurh% BaLIGR %@ B8s- QBWtfﬁ'ﬁe? 1 @,ra%scnﬁ‘é‘ill‘e:filcgvb”fs];;ﬁ'iﬁgucéé oRikifled0dakie

convex on the suction surface 24

Cross-secti Zﬂnalpr&ssmwdmmbttt@nﬁagettﬂzactbsmhdkmtqbe@sﬂm it fafhatbnebslapgfe laoprefsune
inFig, 1 Fl ws a . bl ade cross-section fan bl ade 21
when it is G%S%argdp lfésiam%hémaﬁﬁh%ﬁe%ﬁur%e?ém E 9&@3 2} b3 R ng
as the rot

fo Fg. 3, TaaAPtlegbeliasuic ke RRidEo6 pnd ouelBEETONINA 730t bé
Cross- sect | amaivesdiathe prdsane stirfacs 20uideaindasicoplaxcen the stdtnastfate 24 side,
direction of center_axis 101. Fan blade 21 is forned to have a thin

bl ade cross- sectflén%ﬂs asHagreseetianp! pienur! the fandladsy preMided imidig erogs-flow fan in

general 'y Cﬁi Sur 1gce§%'le%§1aéé 0654 &08LAk gﬁiéo‘é’gog?%rf@ﬁ&%f gzggﬁ’ft I{i&ﬁ afohg

15and suctlo tween 1 nner e

edge POrti onplade orthogonalkaretkagids 21 ihaﬁmg d¢s theaotatiafl @xe o sRssaetvifanad.
shape that concave portions 57 are forned at pressure surface 25 of
bl ade surface 23Rgfding t@@#ﬂ)dvté 5o 3y fesrb sl 3 1sis fferimaddo feve thetspp blade

surface 24 n‘ée}é sb%c@‘g&a? %%e%:%t AuPAt%ﬁHatcg in t;he%gﬁgg rgctfc?f%ro Icgrgér a§<1$ 101.

57 are for one ressure surrace 1on

surface 24. Fﬁ%lﬂddh&sﬁéﬁ@dﬁﬂb hané)@mnﬁnaraﬂe csPhebtiahaltshagd. TRARGME 21 is
portions 57 (concave portions 57p, 57q) are forned at pressure
surface 25. foeaﬁd/&haﬁs lﬂt&ef}?féllBQO‘”(SE?@bthl‘gQ‘qSS @zarl)fn@thé»ef\mep IPEGSSHIE SWiBereadS

pressyge surf 52, 1S raotrude .t oward
Phe T H o T eGP rurfet YRR Bk Do Rh AR b SubE b b9 IR
fornmed by a val | By jledd 2 ORashRENE BThdE 8FHEE¥ed¥RNAll DASe Thdt k@ gRtions 57 are
adj acent to each other. For 25exanple, concave portion 57p is formed

by a val | eyfopoed amemtmﬁace:aﬁo‘éklaﬁlﬂmrfam 252pd andnmnvelstlopcﬁﬁtw tmmed at
52q. Concave_porti portlo 52.are for

ol ter nat of y P BIGE A S AR | BTSN PR b s T 0f %6

i's connect eghrivkd Bt zﬁll'éa‘é‘f orﬁ‘a‘iﬁ%r@é@ﬁﬁe' sgﬁ'a(?e725 £RNGBNGh Rfdck 9B, 57 has an
approxi mately U shaped cross-

2 In the present embodiment, a plurality of concave portions 57 (concave portions
57p, 57q) are formed at pressure surface 25. Convex portions 52 (52p, 52q, 52r) are
further formed at pressure surface 25. Convex portion 52 is formed to protrude
toward the rotation direction of cross-flow fan 10. Concave portion 57 is formed by a
valley portion between convex portions 52 arranged adjacent to each other. For

25 example, concave portion 57p is formed by a valley portion between convex portion
52p and convex portion 52q. Concave portions 57 and convex portions 52 are formed

to be alternately aligned in the direction in which inner edge portion 26 is connected

with outer edge portion 27. Concave portion 57 has an approximately U-shaped cross-
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10R00952/ WD 910285WD01 secti onal shape. -~ A plurality of convex

portions 51 (convex portions 51p, 51q) are further fornmed at suction
surface 24. Convex portion 51 is fornmed to protrude toward the
direction opposite to the rotation direction of cross-flow fan 10.
Concave portion 56 is forned 5by a valley portion between convex
portions 51 arranged adjacent to each other. In the present

enbodi nent, concave portion 56 is formed by a valley portion between
convex portion 51p and convex portion 51g. Concave portion 56 and
convex portions 51 are fornmed to be alternately aligned in the

di rection issctiriat bhapaner edge portion 26 is connected with outer edge

ti 27. Co ti 56 h i mat el U-_.10sh
Pr 0ss- sect i onal  AHIBBIY of Envek AR S3aPET R PERI S Bo SO Baes drast
are for med glufidiur@dhbackoriies beaRANI i GrRRalth bR loRaE BRMiRction

surface 25 and suction surface 2 respectively. Convex portion
and concaveonposits BrihShtaticn dimctienobdro$s-How famtl.baCéneewe paspondinfprmed

positions of pressure, surface 25 and suctjon surface 24,

especti vel 5 4 Ve RETidaENE TSR H oA THEN o1 BErtesd BB IupRch pthesy rlaghe
at pressur en3iint BGodimeht thBcatOPYEdn BBNL Fhed %g%tvaﬁb'%?%ér%n BWeRE Bordx
and concave portion 56 forned at suction surfacte 24 rns convex
portion 52 mirtipn &5sandecswes porioR 5 1q.ThEonmive aurioaditt dndrroavek pdnigonsdyivaex

portion forped at the front and the back correspondi ngly at pressure
Surface 26 RAmedints ey algnesin Miaibrestion sLunSE AT ABEe I%Oﬁ'ﬁ‘gbzétfual
to each ot i , i )
or oove ext caneG R R B BRES bafISn 2T ClnAVE pBARA TIRBEH sbipffinfysly U
gr oov0 por tshaped absesbctibna akdpeconcave portion 57, 56 is forned to
continuously extend between one end and the_other end of fan blade 21

inthe axial d r eeRGayR PeRtioper A canyey ppoion frh_éreg’ia@fﬁﬂeatéw wskbackr med
e e T e S

center axi sCdfkx portion 53 ihd ddBcpregRetiin Shriredbmmil at fioheamlisieR co@ésponding

concave portions 57 forned at pressure surface 25 is greater than the
nunber of CcRASEENS o BrasswR SHbace P M segtiog fetipem2 4 qespgetevely . In the present

thi ckidss QTRRteoR (okavepeefiod fomh Moyt SRl 2 Mfpd Bnbebifin

connect ed Wit ki stigGdr Qnfase Dl atd cdfdavepotthe 40 ReAed hoRBHGEGf003 fshape
of fan blade 21. Fan bl ade 21 has flection portions 41 at which

center | i neconyex prtione 2t atrsswe swdacs @t i dhakordaap podionfang thsl cpdeexpnortign
flexed at &, | i %! tihté )ﬁ'O?I{ atdd tihgtogck correspondingly at pressure surface 25 and suction
surface 24 have a cross-sectional shape equal to each other.
20 Concave portions 57, 56 are each shaped like a groove extending along the axial
direction of center axis 101. The groove portion formed of each concave portion 57,
56 is formed to continuously extend between one end and the other end of fan blade 21
in the axial direction of center axis 101. The groove portion formed of each concave
portion 57, 56 1s formed to linearly extend between one end and the other end of fan
25 blade 21 in the axial direction of center axis 101.
In the pfesent embodiment, the number of concave portions 57 formed at

pressure surface 25 is greater than the number of concave portion 56 formed at suction

surface 24.
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5bet ween i nner edge portion 26 and outer edge portion 27. Concave

portions 56, 57 are forned by flection portions 41. In the
present enbodi nent, fan blade 21 has flection portions 41 at three
poi nts between i nner edge portion 26 and outer edge portion 27. Fan
bl ade 21 has flection portions 41A arranged in the proximty of inner
edge portion 26 and outer edge portion 1027, respectively, and a
flection portion 41B arranged at a bl ade central potion between inner
edge portion 26 and outer edge portion 27. Flection portion 41A forns
concave portion 57 at pressure surface 25 and fornms convex portion 51
at suction surf ddg Dshowslagenieohing bpe irothe Ahigafess disectionidg dpeetidron vgrich
at pressure_surface. 25.and for concave pord i 56.,at, ,suction_ .
Surface 24 PRSWATIRECH G COBNAIGUT Tt R on RO/ RO IR e pgtiona
formed in tdngpdsOmh Bddy 20f FANBRICIDBaPEdicAPoRBnIRY aPWhRR B8ELlIne 106
portion 27, and concave portion 56 is forned at the bl ade central
portion betofgenbladneroseskgbond shapsrof 28 blade dliisditexed gea plardlitpaf pyintsFan

bl ade 21 has_an approxi mat el shaped bl ade .cross-sectional. sh )

Pl octibn paREYOHONRT SEEPYTE 20 B0 CHet RS KUHOHRD, raPears BotieRyab. 37 are
portions 56&,5[36@9*%6&{0% gfordsl@an the thickness t of fan blade 21 at

at |l east one point. Flection portions 41 are fornmed such that the

bendi ng directi o ths p@kdre embbdiment dmoblatie 21 hag fiectidh pectione A 1 ianthndw ints
i nner edge portion 26 is connected with outer edge portion 27. X

Fl ection pot\Vesn meredas BPTHER 20875 Q1ISEAEET POTHOR gﬁnd@@ @ﬁﬁep@. has| flectipnn
portion 41 FOR gL ; f q&gﬁ sustd,

of cross-f IISOQ/%VM?%%H £| n Fﬁlqeh @FPE@@%%&I%E% ef t %n %ﬁrggnsenttaf rﬁgr&]}yﬁﬁﬁ
as des@ri bery, abxpeaiviedy, andafiedtivmchoasorf 41 B emsnge@raos blaflk ogntfah potlch batwedre

present enbodi nent includes aﬁgegur ality of fan bl ades 21 as vane
portions pridvsFEige pertiva 25iand ohtes pegR PALHPY 24 pakisetionartion ¢ infermsroncave

26 ar  anged BRL Lo BaT Pt er e lr SRR e AR B

and out er eFlgaideogdriions Y f@frsangesk mitibhe2 aastesdute/suofatels andifvringcbiicant
which air flows in/out. Fan blade 21 has bl ade surface 23 extending
bet ween i nnattigRgl abBictipppuriasedid outer edge portion 27. Bl ade

S“rfaff 23 1 ncl ugdes, ﬁ%ﬁg?ﬁﬁﬁtg%ﬁ%{g%@g@m%§e BBM%B%%I%% e‘?iiﬁn%@éﬂo ity of

5direction side of "cros and®sucti on surface rran

on the backingételgepoRIcRDHWNE chtdr tdgepattion Wheihdehck @ogidn s Blférhted at
orthogonal to center axis 101 serving as the rotation axis of

cross-f | ow thablage,centza pertipaeberyesnanne edie aomiondé and ouisr sdastnostien 27.
Shae el Ealimtes PRES i bl T AP TA L 200 25
are forned at preRstideportions 41 are flexed such that the depth T of concave portions 56, 57
20 is greater than the thickness t of fan blade 21 at at least one point. Flection portions 41
are formed such that the bending direction is alternately opposite in the direction in
which inner edge portion 26 is connected with outer edge portion 27.  Flection portion
41 is formed to be bent in a rounded shape. Flection portion 41 may be formed to be
bent to form a corner.
2b The structure of cross-flow fan 10 in the first embodiment of the present
invention as described above is summarized as follows. Cross-flow fan 10 in the
present embodiment includes a plurality of fan blades 21 as vane portions provided to

be circumferentially spaced apart from each other. Fan blade 21 has inner edge

-12 -



\ 10R00952/W0: 910285WO0O01
10surface 25 as at | east one of pressure surface 25 and suction

surface 24. A structure of an air conditioner using cross-flow
fan 10 in Fig. 1 wll now be descri bed. Fig. 4is a
cross-sectional view of an air conditioner using the cross-flow fan
shown in Fig. |I. Referring to Fig. 4, an air conditioner 110 is

configured with an 15i ndoor unit 120 installed in a room and provided
with an i ndoor heat exchanger 129 and a not-shown outdoor unit
installed in the outside of the roomand provided with an outdoor

heat exchanger and a conpressor. |ndoor unit 120 and the outdoor unit
are connectRatieny 2o ppinggd patheciadielly inen side &3/fiogeviainh aigdlowsdnipueand outer

i ndoor heat_gxchan 129 and the doqr  heat ,exchanger.. 20l ndoaqr
uni t 120" hetd2k PRTESY e bl Fedlll B S B AR T B TR B
flow fan 10plage MOhasPARuLRINI G td Y bdtREed @hatddps pefRn dnaWutéd Rdge
10, and a casing 122 for producing a prescribed a|r1pl ow wth rotation
of cross-f|rutiéma7.10Blade surfac€3s immjudes Presawre surdadsi 29etrran@@omiig ratafioont

| 122B. ..Cabinet 122A j t | ] f in th
Front banci G298 ride pEvainy il ThaRbuhen s 23 Hentmine Rrciblon e

port 125 i sybanredifale 25, 920hBSEWaEThgdht BWRE oRACLIRAT fol RRtePhxik 180 kerving
panel 122B and a | ower end portion of cabinet 122A. Qutlet port 125

is forned ias thnradgpnexinaicedsy-flose faar §ufarbladealichasstena blade cross-ketional
wi dth direction,of indoor unit a is,provided to be directed
o i an TSRS APe s priahs $p 56 At Enob B S HE SUBsoEDe) ion

910285W01 22 [ P i Nt i
position op%g%ig%éif r%r?%ﬁ%la g? CJJ11112‘%68e bgﬁlﬁgﬁpﬁ?f %%i%%fq@gg?g%ﬁe%@f or

col | et®i ng amfice 2iravatiepstorst ofimedsudedriace 2handductidrakeface @4f r om 1 nt ake

port 124. A not- shown air filter cleaner is provided in _a space
formed between fASHECHERE|an pirsgndigigner; ysing qrpgsgliowy fan 10rRdig; & Wil newpe

cl eaner aut Bhagal |y renoves dust accunulated in air filter 128. In
the inside of casing 122, an air flow channel 126 is fornmed, through
which air Fig. 4 is a cross-sectional view of an air conditioner using the cross-flow fan

shown in Fig. 1. Referring to Fig. 4, an air conditioner 110 is configured with an

15 indoor unit 120 installed in a room and provided with an indoor heat exchanger 129 and

- a not-shown outdoor unit installed in the outside of the room and provided with an

outdoor heat exchanger and a compressor. Indoor unit 120 and the outdoor unit are
connected by piping for circulating refrigerant gas between indoor heat exchanger 129
and the outdoor heat exchanger.

20 Indoor unit 120 has a blower 115. Blower 115 is configured to include cross-
flow fan 10, a not-shown driving motor for rotating cross-flow fan 10, and a casing 122
for producing a prescribed airflow with rotation of cross-flow fan 10.

Casing 122 has a cabinet 122A and a front panel 122B. Cabinet 122A is

supported on a wall surface in the room. Front panel 122B is removably attached to

25 cabinet 122A. An outlet port 125 is formed in a gap between a lower end portion of
front panel 122B and a lower end portion of cabinet 122A.  Outlet port 125 is formed
in an approximately rectangular shape extending in the width direction of indoor unit

120 and is provided to be directed forward and downward. On the top surface of front
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is circulated fromintake port 124 toward outlet port 125. Qutl et

portion 125 is provided with a vertical |ouver 132 that can change
the blowng angle in the left and 10right directions and a plurality
of horizontal |ouvers 131 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 i medi ately downward
di rection. I ndoor heat exchanger 129 is arranged between
cross-flow fan 10 and air filter 128 on a path of air flow channel
126. I ndoor heat exchanger 129 has not-shown 15serpentine refrigerant
pi pes arr apged 1232Ble@ did-Bkaimtdke partgRdnafarmgdof | ayers in the up and

d di ti di. | ur al it f in.th . k
i oot i ons. | nader Peen Rty poee Q2o ek Pk T2 SRS BERRECe,

of the out QQl‘Péctngiaﬁd feishvid @t IR idee iiPtHe ARQhkenAR drdnk SrEQTIEESION A Sot-
driven to operate a refrigeration cycle. Thr ou%h the operation of the

refri ger at ishowicyic fiter ¢leahsois fresitledinchemgeformed betveen dtoatipans! 522B and air
20t enperature | ower_than_the anbi ent tenperature durin ool.i. ng.

oper ati on, f§H! 38 ddde e eréi@éﬁ%fr?@‘@rmaiufgﬁy FRse élBé{taﬁcﬁT‘@gﬁBé'} glf i
hi gher than,the anbient tenperature during heating operation.

Fig. 5 is an enlarged cross-sectional view showing the proximty of
the outlet port @fhetihgdaof casmgdi2fj amer flow dargnel 426 Refoened, tigrotgh whigh air
and Fig. 5, casing 122 has a 25front || portiaqn 15 nd .a rowal l
portion 153s cippudaied {ram|intake PP%ﬁz‘lg’l"’a&&ﬂu‘i@é’P% t 29&}1]7??%%13%352153
arranged to_fage 1Sk QBC EhFnb 0 MEASR iR HBle in the left 260 A
pat h of ai rpr?‘flg%l \gﬁgar‘{eﬁttﬁ%rzlgg&eéﬁggsﬂ%l owa? 51% 10 1s g{r%tr a%g;elg to be
posi tigned rhat weestiohs ot a pRkdligpof hdrtrontkb lovams 13édhatwah khange thediowbE,

A protrusion r;%Qrti on 153 is 10R00952/WO. 910285W)01 for d.att ront
wal | porti amgesn thegppandtdonaedirestiansdorHaryadremad gledPnsg el et

cross-flow fan.10 so as.t - : Qusafd QWclign 10
and front Wef’u?ﬂjra t% ?%%rqggwqﬁ%f@%%é&gaﬁg%grl{ﬂ:ﬁ%\rq%%%g?s T gr med Cait

rear wal |l porti qRdddrehixphaiget (E i awangbdt breweandiradst fjovo fitnek0 andrafimitieer
of cross-flow fan 10 so as to decrease the ga betvveerizéhoss- flow

fan 10 and ¥28an awdth opwr flperehamel 126, Indeerdieayexcaongss s 2anaupperoyli de
oL AR, UG PR Salh neanel g o
downst r eam gviedigdetiahd ard 10W gli@MycfeskimidsdwiefortGnd bpgedirgtionde  Indoor
portion 156hei? gx!hgl\{g\i: 1ggiisd§)nggcrtéci t%r%hel ggmgrregso(r:%?%}ienol{l?clljosor furrli? rirlls]’ctarllggtin the
outdoor, and the compressor is driven to operate a refrigeration cycle.  Through the
operation of the refrigeration cycle, indoor heat exchanger 129 is cooledtoa
20 temperature lower than the ambient temperature during cooling operation, and indoor
heat exchanger 129 is heated to a temperature higher than the ambient temperature
during heating operation.
Fig. 5 is an enlarged cross-sectional view showing the proximity of the outlet
port of the air conditioner in Fig. 4. Referring to Fig. 4 and Fig. 5, casing 122 has a
25 front wall portion 151 and a rear wall portion 152,  Front wall portion 151 and rear
wall portion 152 are arranged to face each other at a distance from each other.

On a path of air flow channel 126, cross-flow fan 10 is arranged to be positioned

between front wall portion 151 and rear wall portion 152. A protrusion portion 153 is
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10wal | portion 151 and rear wall portion 152, respectively, and
extend toward outlet port 125. Upper guide portion 156 and | ower

gui de portion 157 are formed to curve the air blown by cross-flow fan
10 such that upper guide portion 156 is the inner circunferenti al
side and | ower guide portion 157 is the outer circunferential side,
and to guide the air forward and downward. Upper guide portion 156
and | ower guide 15portion 157 are formed such that the cross section
of air flow channel 126 increases fromcross-flow fan 10 toward
outlet port 125. In the present enbodinent, front wall| portion
151 and upfremegat fentpwalt p@tioua%gl wrwoirndetpverd hefradiaroviet wrfaedaf cross-
panel 122B,. Rear |1 portion 152 a | ower id ti .

i ntegral | yﬂPB’r%aﬁ%&iM\/\%ﬁ) P%%c%ﬁfeﬁ%ett%iﬁ%g&?ﬁﬁ? 8r.osg'%f)§vef39§p82‘2%&%‘%@2%&““
view of anjgjr AlewnRi@osiresch i 1 & Rermiidoatirddr twalffortidie 1 ol pRbtr@ir thwaid
the air conditioner in Fig. 4. Referring to Fig. 5 and Fig. 6, on the
path on ai thefrhdinlly hatensirfate 6f crass-lipetfae ddso et ©i dberegpribe gambetivser giofed

to be _positioned pséream ﬂf air 113 ow fromcross-flow fan 10, an
i nsi d& spadeviay 1P and grarp@!l g™l 13dsi ti oned i n the inside of
cross-flow fan ¥ ' LIAE bofichel Sefand aNbwEAkiiddpdHiof 857,  Ai
25bl ades 21 ci rgﬁﬁg?g%?gﬂ?ﬁﬁﬁg ?ggggg), and ag gomsrtaér éan%) Olj(t)s_i de "
space 148 iflew chaned 106 ihdefmed by uppe guitbpistioedht afd laiver ghidnpditiom] 57 on
cross-fl ow fan 10. . Durjng.rotation of C{oss-flowfan 10, at an
upst ream ré‘&iwﬁma‘ﬁfﬁd&iqﬁmflﬂ}& oy a0 th respect to
protrusion porti RidH 157 dr@¥orkfrious from front
10R00952/ WO, 91 @%@%@%Wé’%ﬁﬁ%ﬁ“f%‘%ﬁ LG, PO G 15 Arp pormimmous from frons
of fam bl adelZbrfisrohs Upst eeawalbpdrtionl é 52 pasectivdy tandax wnd tevatd ogpetqmrt
147. At a downstreamregion 142 of air flqw chan 126 with respect.
to protrusiléd pYppsranaderstion 56 and IgWEHgR %P9‘:“°§ﬂ%l7faf%€’fr'?%‘%toi %’r‘f‘g&’ﬁé‘&f
to pass thr K LBs] 36 % th4 fafepwar d
downstreamboou Spggmgéspg@ﬁﬁi@?&ﬁﬁ%ﬁ@?ﬁ%&gﬁg&ﬁognggdj tacent to front
wal | porti @rediafereriaV sidt and lowr @fiidaiportidnoli7i is tHeoruterdtircumferentfal gide,7nds
a cross-sectional view representing a phenonenon that_,ccurs on tgﬂe
bl ade sur f de&uige thear foyar| adglommviarh Jégeqr@amerpe&a%l%w&aﬂow Y

5. Fi 8 is a diagr C | ' ahAd) hown
T BT 7. ORI bR Yeds? QRO e 126 3RSRS
directed frreym WRst-Heaa@ubIbWed outlet port 125.

In the present embodiment, front wall portion 151 and upper guide portion 156

are integrally formed with front panel 122B. Rear wall portion 152 and lower guide
portion 157 are integrally formed with cabinet 122A.

20 Fig. 6 is a cross-sectional view of an air flow produced in the proximity of the
outlet port of the air conditioner in Fig. 4. Referring to Fig. 5 and Fig. 6, on the path
on air flow channel 126, an upstream outside space 146 is formed to be positioned
upstream of air flow from cross-flow fan 10, an inside space 147 is formed to be
positioned in the inside of cross-flow fan 10 (the radially inner side of a plurality of fan

25 blades 21 circumferentially arranged), and a downstream outside space 148 is formed to
be positioned downstream of air flow from cross-flow fan 10.

During rotation of cross-flow fan 10, at an upstream region 141 of air flow

channel 126 with respect to protrusion portions 153, 154 as a boundary, an air flow 161
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space 146 toward inside space 147 is fornmed at upstreamregi on 141,

an air flowis produced on bl ade surface 23 of fan blade 21 to flow
in fromouter edge portion 27, pass through on bl ade surface 23, and
flow out frominner edge portion 26. Here, a clockw se vortex 63 of
air flow (secondary flow) is forned in concave portion 57 15formed at
pressure surface 25, and a countercl ockw se vortex 62 of air flowis
generated at concave portion 56 forned at suction surface 24.
Accordingly, an air flow 61 (rmain flow) passing through on bl ade
surface 23 flows along the outside of vortexes 63, 62 produced at
concave pors foomsd &ypassirough on blade suFfage 29 off fansbladeodlstrematpsieea outbidy
representing a phenonenon,t hat urs on the 20bl ade rface of .the
o biade PHEHRCIOTHE R Rte T b vrierp Tegon 474 of § ol opafiel
di agram SChQWitﬁﬁgﬂe}ét foSh6 bAotESF, 254 BE REEuRABMAIrifHWH @ isFormed
Referring to Fig. and 'Fig. 10, when an air flow dirtected from
i nsi de spacde pdssthioogpol bidesetace A foum siside spperc b4 718 aidsddvorstream jontside
downstreamregion 142, an air flow is produced on. bl ade surface 23 .of
fan blPade P24 rox?v)%rﬁiaa?%ﬁ?ﬁltﬂwac@a’g@ f‘f}H}ft‘Nﬁ@rPoé%?“ @52*685%* ?ﬁ%%ﬁah
on bl ade sy fac&heq and flow out fromouter edge portion 27. Here, a
count ercl ockw se vortex 68 of air flow (secondary flow) is forned at
concave portion I8¢ Teratecksatctiimebauweepgesdntiag aphen@anchoa thiteckws se the
vortex 67 of air flowis generated at concave portion 56 farnmed at
suction surblagesuplace oltae fagybiggleyn thepstream regios BIRIPH 18 1D RIVESDISWO
- 910285W01 y| : f f4 ows al ong the
out si de of %%&%)?g@éﬁcggg%g%%%ﬁ?gghg%&gﬂ%%é;%lggv%grrlt| 'r?'s 57, 56. In
ot herionor ds, i n Refosmgfltd Big. 7and Fy. Syvaen fuaair Bloaddire2fedfonte spftream outside
upstream region 141 to downstreamregion 142, .the directjon of
air flow orspPRtealfés tewprdiasidospacs 147 sviergediat upsHeam ecgion kil gn air flow is
directions g r . ' . ar
rever sed adtapirif ot P T AUTEE vl BERERUE BB B e pIRAE.
enbodi ment , pagé iheshhn Evde@irfacd 28, And fladeot fass mpectdgemattigitge Héram
bl ade 21 exhibits a behavior like a thick blade as if the bl ade
cross- sect i Derdwisthegitex| &3 dfmirdlons sgcondaphilewhisdermsd ip ken@apPAtEN X'he
conc portions 57, 1056 at i Vor t.ex ar

aiébe As ftgrr};l%ci %t] Rr(:.".SS{l]ﬁ: esuffg?et i@ aﬁé] a cg%x%tgrtc o%kgﬁs%ﬁrggg}? 5?{[ 0% Lu? \f%leu 1@‘ ggnerated

f or med. i produce an can
si gni fi cant{t\ohddee PBARA- 56! Brmeitatishé@ibn dufficé bect Aemrdihslycinigie ol 61 (main

flow) passing through on blade surface 23 flows along the outside of vortexes 63, 62

produced at concave portions 57, 56.
Fig. 9 is a cross-sectional view representing a phenomenon that occurs on the
20 blade surface of the fan blade in the downstream region shown in Fig. 5. Fig. 10isa
diagram schematically representing the fan blade shown in Fig. 9.
Referring to Fig. 9 and Fig. 10, when an air flow directed from inside space 147
toward downstream outside space 148 is formed in downstream region 142, an air flow
is produced on blade surface 23 of fan blade 21 to flow in from inner edge portion 26,
25 pass through on blade surface 23, and flow out from outer edge portion 27. Here, a
counterclockwise vortex 68 of air flow (secondary flow) is formed at concave portion
57 formed at pressure surface 25, and a clockwise vortex 67 of air flow is generated at

concave portion 56 formed at suction surface 24. Accordingly, an air flow 66 (main
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flection portions 41 can inprove the strength of fan blade 21. As a

result, the reliability in strength of cross-flow fan 10 can be
inproved. In cross-flow fan 10 in the present enbodi nent, concave
portion 56 is formed at 15 the blade central portion between inner
edge portion 26 and outer edge portion 27. Such a configuration
further provides an effect of suppressing separation of airflow
produced at the blade central portion. Accordingly, broadband noise
generated in cross-flow fan 10 can be effectively suppressed. In
cross-flow fan 10 in the first enbodi ment of the present invention
conf i gur ed f120i) passhigshromghen bladesutfadet 2 pfl oduden thetdutsids eftvonigxest 6&, &h
bl ade 21 can pe significant|y ipcreased in the | ow Reynol ds nunber
regi on applPredcs atgoF%?ﬁ’eﬂJBFu%‘éﬁg’ %qe'ectri C equi pment, etc.

Accor di ngly, POWRRcORSHRPI QkstiRiw i 1M, Dhef ERSRadd PMbAs: 0n Gakdad
reduced. In cross-flow fan 10 in the present enbodi nent, while the
strengt h ofrediaml4l dva@sRdan segiorpi 43 gk diyecfibe of aioAopomt bladessudface This

t hi ckness of fan bl ade 21 can be reduced correspondj ngly. .
Accor & ngl JoHEH g TR EURIGTOreaRan Cdhe FRRRICE oG BLobevpPaHons 710
can be achi®y he reasons above, cross-flow fan 10

havi ng a b|5§£éj%e?r§§§f%%§1{dﬁxﬁ%gl shape with a high lift-drag rati o,
with a small thilgkivesfoarfdn Weigthe, prasedt el IAIAST24MOugH hoA8 S Wlltit bldde h
a high strength can be obtai ne ir.condition 110.in élg%

d. |
first embodiosenectionakshare fansklade ?h@’éﬂ?itﬁnng}tﬁH@f Vike 2 hick plada 2% if ol
et | : ' :
2wt ng abEREHontiial] fhO kAR LOBE B AR S H R 87,

possilly e t Geakbdidh orliekeC@fintagTRIws] 3R fohaéd. cans £astit,itheilié pralveadatgy
savi ngs. Al t hough an air conditioner has been described by way
of exanpl e fambled¢ 31 esrplorsigrificantiyiacrerssds - i asiitiom thedflackan giradwiiof

i nvention i | so | jcabl.e t | i ' iC for
exanpl ¢, - aresP BURPR S Sty G ikl SERIRAO, Thsitel e

ventil ati ngel@iigen sttdigBeedrdssHido ¢irENEan be improved. t he present
enbodi nent, a variety of nodifications of cross-flow fan 10 in the

first embodi nentingds-flgsr faad@rin egpresent embqniiga_entl goncave portion 56 is formed at
c oo5ioect A LN hytob AR LA biFo g2 11
cross-sectiQpala ShBPSatifdFurther provides an effect of suppressing separation of airflow
produced at the blade central portion. Accordingly, broadband noise generated in
cross-flow fan 10 can be effectively suppressed.
In cross-flow fan 10 in the first embodiment of the present invention configured
20 in this manner, the lift produced with rotation of fan blade 21 can be significantly
increased in the low Reynolds number region applied to a fan for home electric
equipment, etc.  Accordingly, power consumption for driving cross-flow fan 10 can be
reduced.
In cross-flow fan 10 in the present embodiment, while the strength of fan blade
25 21 is improved by flection portions 41, the thickness of fan blade 21 can be reduced
correspondingly.  Accordingly, weight reduction and cost reduction of cross-flow fan
10 can be achieved. Because of the reasons above, cross-flow fan 10 having a blade

cross-sectional shape with a high lift-drag ratio, with a small thickness and weight, and
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15concave portion 77 is fornmed at pressure surface 25 and concave
portions 76 are formed at suction surface 24. A plurality of
convex portions 72 (72p, 72q) are further formed at pressure surface
25. Concave portion 77 is forned by a valley portion between the

adj acent convex portions 72. In this nodification, a plurality of
concave portions 76 (76p, 76q) 20are formed at suction surface 24. A
plurality of convex portions 71 (71p, 71q, 7lr) are further fornmed at
suction surface 24. Concave portion 76 is forned by a valley portion
bet ween the adj acent convex portions 71. As conpared with fan
bl ade 21 i withiahigiBstrength ¢andgeobtringslas an approxi matel y Wshaped bl ade

cr oss- sect onal  shape ;0 whi ¢4, L0e s60NGAYS DOS L8 AN HERRRVEY use

portion 25are rgb préessure surface

surface 24, tRsd-Nbw AP0 hiviad bOBkcellfif DIMNRE capicitd oh—YEpdadriconisnption
formed at suction surface 24 is greater than the nunber, of concave .

portion 77of edrieigatotpr fos duviegsss-dles 28 10 ¢ Acgordingby it in apssitie thebipar

of the concave @orti (Jiﬁtf r med Iﬁ{ﬁ‘ﬂ%u tiaon ssuu‘ ace 24 10R00952/ WO
910285W001 HrEgngiEongg AP thah Cfh e BI° GRS 'ESicave portions forned

at pressure surfaggudpan air conditiéher bk bednAe§rBRE b§ SRl icTRAmMYESMIN 2
second nodification of the cross-flowfan in Fig. 1. Referring to

Fig. 12, i embbiisnemydhd cross-flow faminghepeként ynighticn iscasceanpbettiotesa figid
(77p, 77q, 77r) are fornmed_at pressure surface,?25. .. lurality of
convex por 55 ‘%’2’108(5’7‘%?53 f‘?cf',xgr'?‘? » Aty 3IL Pur) g’?ﬁ?’%ﬁe‘%l"ﬂ@&flgﬁ/&vwe’ and
pressure S"irJegﬁl%tig dec@ncave portion 77 is formed by a valley portion
bet ween the adjaceht convex portions 72. A plurality of concave
portilins 76 (76@SecoidEndvodithentjred at suction surface 24. A plurality

urf ace: 241 Condade et GROFETEG  SHiGH ob o AT Py GEre IR [t Vi
the adj aceq%le ERNYEX Rk RIfbe/desc s shown in this nodification, a
plurality of concave portions may be forned both at pressure surface
25 and at sucti qig.surif aceos@4ectional view of a first modification of the cross-flow fan in
Fig. 1. Referring to Fig. 11, fan blade 21 has such a blade cross-sectional shape that a
15 concave portion 77 is formed at pressure surface 25 and concave portions 76 are formed
at suction surface 24.

A plurality of convex portions 72 (72p, 72q) are further formed at pressure
surface 25. Concave portion 77 is formed by a valley portion between the adjacent
convex portions 72.  In this modification, a plurality of concave portions 76 (76p, 76q)

20 are formed at suction surface 24. A plurality of convex portions 71 (71p, 71q, 71r) are
further formed at suction surface 24. Concave portion 76 is formed by a valley
portion between the adjacent convex portions 71.

As compared with fan blade 21 in Fig. 3, fan blade 21 has an approximately W-

shaped blade cross-sectional shape in which the concave portion and the convex portion

25 are reversed between pressure surface 25 and suction surface 24.  In this modification,
the number of concave portions 76 formed at suction surface 24 is greater than the
number of concave portion 77 formed at pressure surface 25.

It is noted that the number of the concave portions formed at suction surface 24
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Fig. 13 is a cross-sectional view of a third nodification of the

cross-flow fan in Fig. 1. Referring to Fig. 13, in this nodification,
fan bl ade 21 has such a bl ade cross-sectional shape as a whol e that
the thickness is relatively small at positions adjacent to 15i nner
edge portion 26 and outer edge portion 27 and the thickness gradually
increases as it is closer to the blade central portion between inner
edge portion 26 and outer edge portion 27. Concave portion 77p
and concave portion 77gq are formed to be positioned in the proximty
of inner edge portion 26 and outer edge portion 27, respectively, at
pressure 20say bacpal®. thComobaref plor ¢dnoaveroriiend formedatt pedserepusiate 2ned

at the bl ade cenf.ral. portion between inner edge rtion 26 and quter
edge portion 27%§tbslt§@t°ir9§ﬁ'sg‘i}‘rop\éf‘ée‘2’4’. ac%ﬁ‘t‘%%‘é"‘ﬁﬁl’%t}o&r%f thercrgsigtiow fan
concave porti 76 : :be.: r :

bl ade. surtage 54 oRhairRs Th ba b B oty Meals YEhaRe sPlions 77

and outer gadge Par ¥TrdarcXdrmddoat paassurp antfacess. 7 A phualtp nf eveeppottions 776

are formed such that a 25 tthqI}_ness tl of fan tbl ade 21 at a pasition
havi ng® conddv® 138r {702 5 fugtherPERsbalresutssuriase B adeonsaveaporson 77 1s

it haui % | _ . _ £
D1 at & postTan P ATANS iRk i, 0 aldol RofIATREL 2. SR TRer
this nodi fi@ata@pdborwalp (06p, D6gngk €orniainat Bhéetild Adfats240tA blurhlitgdft o

10R00952/ WO 910285W01 a structure having a thin cross-sectional
shape as a WhSFePYtonsal (Havel dadir) ginbrther fsmed acsucBempurbicggd. Fancave

and concava Bt 11 BEed & £l SRt PraRe e B EPIR RIS RALh T

and concavé’ portion I on I ons own in

Fig. Bobut may bgs sidwiCinihie thdifidatiohad pledtpvLedRitd itidits aadbe ey e
portions 77 are fornmed by 5 artially_recessing bl ade surface 23
ext endi ng ibpthawra@sumpé% 5 and afsuctyepeiage 2dn this nodificati on.

The cross-flow fﬁ-n %ﬁtahc?ogsgieétgon%mgg) cﬁiaghir ]]:mec}(-': g RL8 %?g{[g ir&\é% P in

. . 1g.
configured in thi's ner can achi eve e escr

first enbodFigent , Referfidgab Fyg. 16,TiRithid nFEiAEitTRNEah bldderD 1tHAE sidtesSiake cross-
enbodi nent, a nolding die for use in production of cross-flow fan 10

in Fig. 1 wectionsdshapsastydwle that the thigknessiisirglagvely el gbpasitimaladizceny to
ST 218} Mol S 85 R BOAEAS 001 2 L ERLERHOY Dbl o
and a nmovabji g fdh@r Zlde bRldaickRRA DY ribneeblderdnferBayaPb@iod 08 add utebige
a cavity 15216 which has approximately the sane shape as cross-fl ow
fan 10 and portion @R ch
Concave portion 77p and concave portion 77q are formed to be positioned in the
proximity of inner edge portion 26 and outer edge portion 27, respectively, at pressure
20 surface 25. Concave portion 76 is formed to be positioned at the blade central portion
between inner edge portion 26 and outer edge portion 27, at suction surface 24.
Concave portions 77 and concave portion 76 are formed to be recessed from the surface
of blade surface 23 extending to be curved between inner edge portion 26 and outer
edge portion 27. Concave portions 77 and concave portion 76 are formed such that a
25 thickness t1 of fan blade 21 at a position having concave portion 77p, a thickness t2 of
fan blade 21 at a position having concave portion 76, and a thickness t3 of fan blade 21
at a position having concave portion 77q are equal.

As shown in this modification by way of example, fan blade 21 is not limited to
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flowable resin is injected. Molding die 210 may be provided with a

not - shown heater for increasing the flowability of resin injected
into cavity 216. The installation of such a heater is particularly
effective, for exanple, when synthetic resin with an increased
strength, 20such as glass-fiber-filled AS resin, is used. Wth

nol ding die 210 configured in this manner, a cross-flow fan having a
bl ade cross-sectional shape with a high drag-lift ratio, wwth a small
t hi ckness and wei ght, and with a high strength can be nmanufactured by
resin nolding. (Fourth Enbodi nent) 25In the present enbodi nent, each
of cross-flantruttune Hdyighothin trosFsegtional shapeaascr wisde bhionay bavefapy other cross-

conpari son haying . a fan,blad ithout a concave portion ,and a convex
bortion f orfEiPBrBPEdcr BUTFcl 15801 TG R AT AT “OOHAPCrOR NS
shown in Fig,d.cofasb p%ﬁ%m@ar@ﬁfrﬁfeﬁ% q}gctibﬁv\g&ﬁoﬁg'@f afdHowrAR ;L I30R8T
110 wi Il be described. 10R00952/ WD 510285 01 I'n the exanpl e

descri bed hedobe stoxcossd fuchhdt aonckOe andidntit gdassedvk partfoms 77 are formed by
conparj son each having iameter._of 100 mmand a | ength of 600 pm, .

vere used, RRFEHR rﬁ%éﬂ@&@&geﬁ cs&ﬁﬁétqnﬁ@ggpfgp%ﬁwpspf Y EHERAPE BF 1T i
bl ade 21 vv?ﬁ ﬁhgatgogrre excl udi ng the presence/ absence of the concave

portion an ? e convex portion. 5Fig. 15 is a graph showi ng the

rel ati on bet weerTHewosiiow fanvin ttled thirdfenibveimen o8 thefgressenf @mnemivt dolégured
power consunption of a driving notor_in_the exanple. Referring to

Fig. 15, i rintlhe mapaensae achigye thegeectdsagihegtin 81 5t apeodament SigikBY or

was neasured at i L Low rates, in each of the case using
cross-flow fan 1@%%@%3& using the cross-flow fan for

conpard son. As dnlteSpheten®EmbBEEithe ABNG Iding divds weoif prodediohhdicras-flow
10conpared with the cross-flow fan for conparison, cross-flow fan 10
reduced power 18aomEigaptriBhedescribed.dri ving notor at the same flow rate

r - 1015 a oraph shaWig.LDeidel Akhe a%%l‘ﬁ?%qiée R 8L b 5&@3&{@%@;@{

the cross-flow fan and ‘noise valde Th the ex erti
16, in the g¥anmdw farl REFiNTI SRef@tiug toVBE:, MBASHMbRIEhEdie 220 heuis stafisnaty o

rates, in eZaI%han%fa r;cr)]\?ab(l:eagig 2?? ngtaggr?asrj -d]:el f]vt\l/ and movable die 212 define a cavity
15 216 which has approximately the same shape as cross-flow fan 10 and into which
flowable resin is injected.

Molding die 210 may be provided with a not-shown heater for increasing the
flowability of resin injected into cavity 216. The installation of such a heater is
particularly effective, for example, when synthetic resin with an increased strength,

20 such as glass-fiber-filled AS resin, is used.

With molding die 210 configured in this manner, a cross-flow fan having a
blade cross-sectional shape with a high drag-lift ratio, with a small thickness and weight,
and with a high strength can be manufactured by resin molding.

{Fourth Embodiment)

25 In the present embodiment, each of cross-flow fan 10 shown in Fig. | and a
cross-flow fan for comparison having a fan blade without a concave portion and a

convex portion formed on blade surface 23 is mounted in air conditioner 110 shown in

Fig. 4. Each example carried out using that air conditioner 110 will be described.
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15fan 10 and the case using the cross-flow fan for conparison. As a

result of the neasurenent, it was confirmed that as conpared with the
cross-flow fan for conparison, cross-flow fan 10 reduced the noise
value at the sane flow rate. Fig. 17 is a graph show ng
pressure-flow rate characteristics of the cross-flow fan in the
exanple. Referring to Fig. 17, the figure shows the pressure-flow
rate 20 characteristics (P: static pressure - Q air flowrate) of
cross-flow fan 10 and the cross-flow fan for conparison at a constant
rotation speed. Referring to Fig. 17, cross-flow fan 10 inproved in
t he P-Q char act dnitlst dxampdpdsscfibaldiclow i onosa-frovafdn Hi andftheerosaflewrfegioon,
as conpared with the cross-flow fan fqr conparison. The structures of
the cross- fOCBWAFIEHD 6Reh HARYRE A GEANStS qfﬁﬁoméagﬁﬁa@ pEe0CmE wysdetshd

enbodi nent j ' =Ll ow
Fan. The m BraiearaR R Nthe® SPELPRELkemLA drpTh RS WA BR3at T
third enbodixoriding the preagipbiabainbeot the aomart pdytioafand tikssonivboportians
described in the first and second enbodi ments and to a cross-fl ow fan

formed of a condilgdidiiea granbrshewingthRudaiyy hetyeaiho gu\ipovrate of therergss-
ol con i ¢
o nor LRI SO IR R BE S VAR

present i NVERL 1M he eghiapn, Metoivdr édheuhpti®oef the ddesghibt aas Bidbsurdd at
the clains, and it is intended that all nodifications that come
Wit hin t he asians #igflawdatearigsadr ofdbufara msing srass-lowvefag) 18 ang th ease using the

embraced her e, fgobyﬁa;r{%%g c:;Tg'g‘nlq‘%a['?“ggllt'Tlr Fﬁ‘? Ia Iff':S-lrl% of H}ea url:%%nt? {t%a%.r&n%ﬁ%%%ﬁ%toag

is mainly acﬁ?ﬁsl' ( ectric” equipner aving’an-air

functien, sdéedpadsl With felcrd¥d!fidv fih fanébndfhridbl, eeRA IV aRer) refieERENE
SIGNS LI ST 10 cross-flow fan, 12, 12A, 12B, inpeller, 13 peripheral
frame, 13a,cohSbmpiinh of0buidfivog marar 4t e ahediow pge.bl ade surface, 24
suction surface,..25 pressure.surface, .26 i.nner edge.portion 7 _aquter
cdge portion. 4T LA RRerie iR neat MOgy IR Hi0sr BLeON
portion, 56fow fan 208 nofsé VERRGAYIR: B@FpledN Refdrring o FikB 16 ahfthd &:Qwipl&2heb3
67, 68, 162 vortex, 101 center axis, 106 center line, 110 air

condi t i onernoisknGiusl waseneasued ajt nekdews ainflavy rates iceash g thelgpusiahenes-llow

£228 fyont ganbloitariakeoBants ddocRt shonorty EAsal v
l'ouver, 132neasurement, it was confirmed that as compared with the cross-flow fan for
comparison, cross-flow fan 10 reduced the noise value at the same flow rate.
Fig. 17 is a graph showing pressure-flow rate characteristics of the cross-flow
fan in the example. Referring to Fig. 17, the figure shows the pressure-flow rate
20 characteristics (P: static pressure - Q: air flow rate) of cross-flow fan 10 and the cross-
flow fan for comparison at a constant rotation speed. Referring to Fig. 17, cross-flow
fan 10 improved in the P-Q characteristics specifically in a small air flow rate region, as
compared with the cross-flow fan for comparison.
The structures of the cross-flow fan as described in the foregoing first and
25 second embodiments may be combined as appropriate to form a new cross-flow fan.
The molding die and the fluid feeder described in the first and third embodiments are
applicable to a variety of cross-flow fans described in the first and second embodiments

and to a cross-flow fan formed of a combination thereof.
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vertical |ouver, 141 upstreamregion, 142 downstream regi on, 146

upstream out si de space, 147 inside space, 148 downstream outsi de
space, 151 front wall portion, 152 rear wall portion, 153, 154
protrusion portion, 156 upper guide, 157 |ower guide, 210 nol ding

die, 212 novable die, 214 stationary die, 216 cavity 20 10R00952/ WD
910285W01 CLAI M5 1. Across-flow fan conprising a plurality

of vane portions (21) provided to be circunferentially spaced apart
from each other, each having an inner edge portion (26) 5arranged on
aradially inner side to/fromwhich air flows in/out and an outer
edge portion (27hcamtdigachtdisclosedltirashquldbe endegbtded avbdingiiuginitivg rather
flows in/ou wher ei .. .said van ortio 21) has a bl ad

surt ace (o5 Eh v adReresb T hpSToPe Q0 U enER e Tame vennay
outer edge jpeid fofidofrd Des@lioh ot HAhO61afn BRE SUE SiSitel a8 all 2Rdifications
arranged on a rotation direction side of the cross-flow fan and a
sucti on sunhaceme34ihid tar meagegarsiransgdafodqusiattmcoto thaicthips essumtgraced here.

surface (2 saj tion (21) has such a bl ade
cross-sect %Wswegkﬁg&ggﬁﬁ%ave portion (56, 57, 76, 77) is
fornmed at said 58} '

when sai d vane E%hr%ﬁj? %g%ﬁ% %%%gt%q%%ﬁg}f gﬂglegq%?gﬁg%ﬁ)érc? h&o%igwgﬁ& '? ghﬁﬂé o

rotati on awishblodwirighfanations suchlasan faarpurifiedardban gt coraliidner.of sai d
concave portions are forned at at |east one of said pressure surface

(25) and SW%}%NpgngI@msf]a@g (24). 2. The cross-flow fan

secor o L0, o b he MIEEE T, 13, 120 il SOBRRRG B (30 B0,

bl adel®@r os susfeed, Rofal blabiaEe bhadesnrtharg2d ehardarsusface] 25 prssure dg€agep2d innar

(26) and Saeidge 831%%5, f?dgtﬁerp eodrgteip?)ptio(n,zz ?,’41aAt, 4?B%elé’[iglll i)ct)?tliogg, 5?,0 g2r:t7?,’ 72and
convex portion, 56, 57, 76, 77 concave portion, 61, 66, 161 air flow, 62, 63 67, 68, 162
vortex, 101 center axis, 106 center fine, 110 air conditioner, 115 blower, 120 indoor
unit, 122 casing, 122A cabinet, 122B front panel, 124 intake port, 125 outlet port, 126

15 air flow channel, 128 air filter, 129 indoor heat exchanger, 131 horizontal louver, 132

vertical louver, 141 upstream region, 142 downstream region, 146 upstream outside
space, 147 inside space, 148 downstream outside space, 151 front wall portion, 152 rear
wall portion, 153, 154 protrusion portion, 156 upper guide, 157 lower guide, 210
molding die, 212 movable die, 214 stationary die, 216 cavity

20
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sai d concave portion (56, 57) is forned by said flection portion

(41). 3. The cross-flow fan according to claim 2, wherein
said flection portion (41) 25is flexed such that a depth of said
concave portion (56, 57) is larger than a thickness of said vane
portion (21) at at |east one point. 4. The cross-flow fan according
to claim1, wherein said concave portion (57) 10R00952/ WO
910285W)01 is fornmed in the proximty of said inner edge portion (26)
and said outer edge portion (27). 5. The cross-flow fan
according to claim1, wherein said concave portion (56) 5is fornmed at
a bl ade central portion between sai d Ch#éMSedge portion (26) and said
outer edge portion (27). 6. The cross-flow fan according to
claim1l1, wherein said concave portion (56, 57, 76, 77) is fornmed to

extend from one ﬁ“dAtcbeE-ﬂ%w%H%mgfr?%ggfa ﬁ%%%}\,ﬂf’?ﬁ%% Mi&%?@l%@id%@it@be

a rotation axis direction of the

cross- f | ow dimnmderentadiyrsgaded aphiaifmomileachvoetics] qack aadng am omeeedmerortion (26)
(76, 77) is formed at sajd pressure surface (25) and said suction
surfacd ( 2@%5 @bééﬁdéﬁyy%ﬁ@&rw/ﬁwnw@f% ks IfpURARE A e*atr-aefgqner
edge porti 8 | AN L 8 .
B The. or oaRrf ol ) EnERATE ity BuBlidle Rk HEEBE (8L 18D, (Adken
portion (57, 77)saidvanecposiong@ivhaaradsdsde sarfave 235 extéRdihg berwesn gaid dimee X
portion (51, 71) at said suction surface and said concave

e (24), @ ]
portion (562487 BPrHBrABLENgsadAErSes Porion &2?)3?@6 rPuding B PEsHYE SUEHNLER
portion (5 rrazlééd & a?ﬁhﬁlorf&i?e%ﬁgﬁ gid% Uk \{,%chos(s-zf@w fan and a suctior?surfgag (24)
cross-flow tan®according to claim I, erern
10 arranged on a back side of said pressure surface (25),
said vane portion (21} has such a blade cross-sectional shape that a concave
portion (56, 57, 76, 77) is formed at said pressure surface (25) and said suction surface
{24) when said vane portion (21) is cut along a plane orthogonal to a rotation axis of the
cross-flow fan, and

15 a plurality of said concave portions are formed at at least one of said pressure

surface (25) and said suction surface (24).

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

3. The cross-flow fan according to claim 2, wherein said flection portion (41)
25 is flexed such that a depth of said concave portion (56, 57) is larger than a thickness of

said vane portion (21) at at least one point,

4, The cross-flow fan according to claim 1, wherein said concave portion (57)
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in said blade cross-sectional shape, said concave portion (56, 57,

76, 77) is forned between convex portions (51, 52, 71, 72) appearing
at said blade surface (23), 25and sai d concave portion (56, 57,
76, 77) and said convex portions (51, 52, 71, 72) are formed to be
alternately aligned in a direction in which said inner edge portion
(26) is connected with said outer edge portion (27). 10R00952/ WD
910285W)01 10. The cross-flow fan according to claim1l, wherein
said vane portion (21) has said bl ade cross-sectional shape having a
general ly constant thickness between said i nner edge portion (26) and
sai d out er igfigmepar the proxiRity of aid inner eddelportitie (26D oud s4ifl utef agge portion
accordi ng tg claim1, wherein said blade cross-sectional shape is
approxinaté ;LVVshaped. 12. The cross-flow fan
according to claiml, wherein the cross-flow fan is 10formed from
resin. 13. Anmolding die for use to nold the cross-flow fan of
claim12. 5. Thé4rosaffomufad afewdieng to olaomilsivhgresn saidomcaye n@gjion (56)

confiqured tq include the cropss-.15fl fan ,of claim1., dri vi
ot or BouplibPTEghh Bl G POHOR RH NS SO AN 5181 AT 3P g s her
vane porti aige (3Hon (27)

6. The cross-flow fan according to claim 1, wherein said concave portion (56,
57, 76, 77) is formed to extend from one end to the other end of said blade surface (23)

10 in a rotation axis direction of the cross-flow fan.

7. The cross-flow fan according to claim 1, wherein said concave portion (76,
77) is formed at said pressure surface (25) and said suction surface (24} to repeatedly
appear in a direction in which said inner edge portion (26) is connected with said outer

15 edge portion (27).

8. The cross-flow fan according to claim 1, wherein said concave portion (57,
77) formed at said pressure surface (25) forms a convex portion (51, 71) at said suction
surface (24), and said concave portion (56, 76) formed at said suction surface (24)

20 forms a convex portion (52, 72) at said pressure surface (25).

9. The cross-flow fan according to claim 1, wherein
in said blade cross-sectional shape, said concave portion (56, 57, 76, 77) is
formed between convex portions (51, 52, 71, 72) appearing at said blade surface (23),
25 and
said concave portion (56, 57, 76, 77) and said convex portions (51, 52, 71, 72)
are formed to be alternately aligned in a direction in which said inner edge portion (26)

is connected with said outer edge portion (27).
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10, The cross-flow fan according to claim 1, wherein said vane portion (21)
has said blade cross-sectional shape having a generally constant thickness between said

inner edge portion (26) and said outer edge portion (27).

11. The cross-flow fan according to claim i, wherein said blade cross-

sectional shape is approximately W-shaped.

12. The cross-flow fan according to claim 1, wherein the cross-flow fan is

formed from resin.
13. A molding die for use to mold the cross-flow fan of claim 12.
14. A fluid feeder comprising a blower (115) configured to include the cross-

flow fan of claim 1 and a driving motor coupled to said cross-flow fan to rotate a

plurality of said vane portions (21).

.25 .



