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Mol ding Die 5 TECHNI CAL FI ELD The present inventlon relates to
.a propeller fan, a fluid feeder and a nolding die, and particularly
to a propeller fan for an air blower, a nolding die for nolding the
propeller fan fromresin and a fluid feeder provided with the
propel l er fan such as an outdoor unit of an air conditioner, an air
purifier, a humdifier, a fan heater, a cooling 10device and a
ventilating device. BACKGROUND ART In connection with
conventional propeller fans, for exanple, Japanese Patent Layi ng-Open
No. 3-88999 has discl osed an axi al PESCRIREIONMt increasing a lifting
power of propeller blades and al so increasing a strength thereof by
supplying, in a separated 15fashion, positive and negative pressures

to positive and suction SLFrB?éH%?FﬁH P%ﬁ&'ire&re%ﬁdﬂ%lﬁdl?%ﬁ%e

respectively (Patent Docunen The axial fan osed in Patent
Docunent 1 has a plurality of propel | er bl ades that are fornmed on an

out er geri pt}gﬁ@ﬁ%ﬁ#{i@nd extend radially outward froman axis of
the hu Jap ayi ng- Open No. 2000-314399 has di scl osed a
propel | er fan 208ieTpidsdh e Rl o NG5Gl Horf 034 EL! LERL B DA 4}%

a boss having a rotation axis aperture npt ov

( Pat ent Docambpm'h@l)larly'ﬁbei mwopglet f&ElI’fOf aﬂaldbmmeq&edoldﬁh B@éﬁﬁ&ndﬂlﬁ fRNt
r a circular-conical formas well as

has the hub of ndr i cal
bl ades for nB’c?PFI?&f%’réé P yeskR & %ﬂ@ Hegster pepied sathrhe érmpequ&mgwm@enn
No. 6-74196,1as0dindCd s &PFEBH&J Lﬁﬁlr%@ﬁf eiqi MR dlsef> an %8)(1]@% rﬁg r‘f88hr|gn

of a hub that iInproves air oW ng, ng a goo

connedfi on dévide andpreutiang deficed or s of bl ades and a head, a rib and
a boss of tﬁm al | ow ng an easy manufacturing operation,

i nproving a rty and an |rrproved strength, and

exhi biting a goog, éo'hﬂ%%ﬁ%{h“&n%ﬁf’o%lt&oﬁﬁ Fans £50 gx%%le Ja}ganese Patent

Laying-Open No. 3-88999 has disclosed an axial fan aimed at increasing a lifting power
of propeller blades and also increasing a strength thereof by supplying, in a separated
15 fashion, positive and negative pressures to positive and suction surfaces of each
propeller blade, respectively (Patent Document 1). The axial fan disclosed in Patent
Document 1 has a plurality of propeller blades that are formed on an outer periphery of
a hub and extend radially outward from an axis of the hub.
Japanese Patent Laying-Open No. 2000-314399 has disclosed a propeller fan
20 aimed at eliminating necessity of after-treatment on a boss having a rotation axis
aperture, and improving gate processing (Patent Document 2). The propeller fan
disclosed in Patent Document 2 has the hub of a cylindrical or a circular-conical form as
well as blades formed integrally with the hub.
Japanese Patent Laying-Open No. 6-74196 has disclosed a propeller fan aimed at
25 providing a form of a hub that improves air flowing, exhibiting a good performance in
connection with improvement of forms of blades and a head, a rib and a boss of the hub,
allowing an easy manufacturing operation,‘ improving a stacking property and an

improved strength, and exhibiting a good transporting property (Patent Document 3).
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"08R01457W0.  908621W001 The propeller fan discl osedosl%lOIé’g%'vgr(?t'g 86c2u1rr‘¥991
3 has a boss arranged at a center of rotation. The boss has an outer
.surface forned of a large round head and a cylindrical portion. In a
manuf act uri ng process of the propeller fan, the round head serves as
a guide so that the manufactured propeller fans can be successively
and deeply stacked on 5each other. Japanese Patent Layi ng- Open
No. 5-133392 has di scl osed an axi al bl ade wheel that is ainmed at

achi eving an i nexpensive and efficient packing w thout inpeding any
bl owi ng performance (Patent Docunent 4). In the axial blade wheel

di scl osed i Rhe propeller fant disalosed GuRmeit Dicumentdihatsa béss arrandedan a@entenbfk e
side is partially reduced, and each_.end 10aof the hub has a round
from Pat enfOt%bog%né[ﬁlF T?Sqﬁaﬁﬁﬁﬁé@ésmé ermeg\af g derep eopnfiheadambaggindrical
Pat ent Docupsfibn?: InARAINESS ing- @1:1%'?' -.314 t ent
Docunent 3: _ﬁ?glpan ese Patent urﬁlggty]?rg g?%gg{nh@%é&g- ’9%1 ¢ &%Q‘g ‘:!fea%%%&%gaﬁ £

4: JapanesegPdt emthat thginregufdpemedoropdiet 83882n BEH§IcSEIOBWRED QBeplyEtacked on
| NVENTLON P LEMS TO BE SCOLVED BY THE | NVENTI ON Conventi onal |y,
propel Per f & 7e been used in air blowers and refrigeration

machi nes. For ex%‘gll, 1 f [.L ifioner. i
provided with a propegf3 Fgﬂr%n?g%ﬁ@gd?p%ﬂgé\j %63%{%26“35 dgsgﬁg%c#anea%ﬂghagwheel
The propel | tat s amddos ashieving® Achaxmnties hsd éfﬁsieﬁthﬁt:k&F@viﬂﬂb@NWding any
capacity near a center of the fan where a peripheral speed is lowils
smal | er t halovHgPepiRrmancs dPaientDesyment & dénﬁﬁqxl?ébhdﬁ“%@ disglosedin

char act eri splies. DN res s obi ect . causing a.l.ar ressur e
| oss such as a heat E%Qc éﬁ%@?& ?ggglﬁbrgﬂngnel taﬁ(ﬁ‘ Sgﬁ lgﬁm?lﬁ’o’%ﬁﬁ%gs%&ac’f‘ fad
air flows fafthaha bay 4 doend &dimal | y outer side of the fan, but a
reverse flow occurs near the center of the fan. This results in a

25pr obl em t%%F“td?%gﬁf”etfjﬁweﬁ%??ée@Myiagt@ein@ﬁ-dsgf(ﬁ%e. ,
characteri ShliGs ﬂ%ug}t?hg?a ﬁan%se%a‘?gnsfﬁié%g#gvg% I\tkl)_%\%%%égg;ggof t he fan

deteriorate I n a C-pressu as di scl osed

in the forepaemPgqatrnt3 di M‘Paﬁentfﬂdﬁﬂﬂ DEhciauiLoaf the propeller
fan has been known that a | arge boss u% i's arranged at the center of
rotation, Tatent Document4: Japanese Patent Laying-Open No. 5-133392

15 DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
Conventionally, propeller fans have been used in air blowers and refrigeration
machines. For example, an outdoor unit of an air conditioner is provided with a
propeller fan for blowing air on a heat exchanger. The propeller fan has such
20 characteristics that the blowing capacity near a center of the fan where a peripheral
speed 1s low is smaller than that on a radially outer side of the fan. Due to such
characteristics, when a resistance object causing a large pressure loss such as a heat
exchanger is arranggd in an air flow passage, the air flows forward on the radially outer
side of the fan, but a reverse flow occurs near the center of the fan. This results in a
25 problem that pressure-flow rate characteristics (i.e., characteristics relating to a pressure
and a flow rate) of the fan deteriorate in a high static-pressure range.
Also, as disclosed in the foregoing patent documents, such a structure of the

propeller fan has been known that a large boss hub is arranged at the center of rotation,
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"08R01457W): 908621W01 and the plurality of bl ades extlg%éw r'(?%s?%lé”om

outer periphery of the boss hub. In these propeller fans, since the
.large boss hub cl oses a reverse flow region near the center of the
fan, it is possible to prevent reverse flow and to suppress
deterioration of the pressure-flow rate characteristics of the fan
near a high static-pressure range. Usually, 5the blade has an attack
angl e. Therefore, base portions of the blades exhibit a tw sted
positional relationship if the base portions of the blades extend as
there are. However, the provision of the |large boss hub facilitates
t he i nt egr aPnd Gemhirlgn Oﬁgiadesaxpﬂnd fizin the coterlplesiplesy bhie bpsy Hubt M kese
air blomﬁng.r 1 . g?mever, t.he above propeller fan with the
| ar ge boss RIApeLgT s, Ungs g argeqss hyg &95%@6@"%% P FesiQfate thseggnter of
bel ow. theah, iif i§ o SO BRIt Aveds@ b QMWd tFtsw&e{é%ﬁehi%!ra‘%io Vf the
suppress the deterioration of the pressure-flowTrate characteristics
in the hi ghpssar¢-fopresshamctessiys of thedfar aedr ai liglesthttnpressan@vgs., Thally,

rotatign cepter rtion cannot be sufficiently and effectively ]

utiliz&d inﬂﬁeql%dﬁéasma%?&aglar e&edf'“ rearhaseapcrré%eeofém blpgesgxhibita, twisted
resulting i ; 3 ] oY ' ow. A second
problemis ggﬁ?(g{alp?v@ %%E@(ﬁ%@%ﬁggggﬁﬁ]éfb'agggéﬁ%%fs% t il alrenc'j-g%\g%vser,

a mass of tte podgeh bethelage baws dub fiellieites theiimesRbfeMatiditof tR@PlubditRof
drive notor resHI ti ng in a_ problemof increased power consunption.
third probl Blarleshatperionm ehe air blawisgi al cost and therefore increase in
manuf acturing co e . t _in remarkabl.e .
di sadvant ages i n%ﬁ“&%ﬁ‘&%‘?‘%@%@%ﬁaﬁ@%ﬁ gl%gérlg%lsogﬁrhgg-%ugﬁégi?inh@plurahty
desi gili n voEpvoblems desnibedidieider ati on of gl obal environnent.

As disclosed in above Patent Docunents 3 and 4, the propeller fan
requires the strOdifgrEoblemis & folows. stiais rossibledrisvrpress thendeteriaration ofjthe
of propelle 5 Al ' jon of \its rotation axis when the
manuf act ur egre%r&g%g{){}er%@? g%%&g[r%etfc &' %‘8 hlsg:hosttaél‘f"%essﬂearﬁg%eotrotae??.”am extent.

Accor di ngl yHoamvapiheebtatibn tdheri pavigsi dafifof e sﬁaﬁi&éfﬁi?%ﬁ&‘@ﬁ‘éd?i%@lﬁ%ﬁed ina
probl ens, and 25 particularly to provide a propeller fan greatly

cont ri but i nEpNE®obhmyPressad ang ae@sainf]ays raie desudisElin e@ratdenn tigat dddowging
Mot her =0bj e f the invention is,to0.0 one the abaue bl ens, and
parti f‘%& ajr I 'g/ﬁif %nc rl%\fjol‘%ev S%C:QBBB%CTSD«IJW fsf\é%]ﬁ%"fﬁgr ‘ HW/“%B?]B#&’ELW&% bogs
ener gy- savi g RERRRE hin®Ss and HEGE, SAY tAG e 8Sin i
stacking for storing, O%mlzg% 908621W)0?L traﬁ'?%%e??%r}g%ﬁ'\g@tdﬁé’e

| i ke. MEANSMPER SeRlRNG aMipblpROBirENMBsed power/conswpgtidner A thirdgeetdediing

PRI SRR IR R TR A )
di rection problems result in remarkable disadvantages in energy-saving properties and resource-
20 saving design in view of recent consideration of global environment.

As disclosed in above Patent Documents 3 and 4, the propeller fan requires the
structure that allows stable stacking of the plurality of propeller fans in the direction of
its rotation axis when the manufactured propeller fans are to be stored or transported.

Accordingly, an object of the invention is to overcome the above problems, and

25 particularly to provide a propeller fan greatly contributing to energy-saving properties
and resource-saving design.  Another object of the invention is to overcome the above
problems, and particularly to provide a propeller fan that greatly contributes to energy-

saving properties and resource-saving design, and allows stacking for storing,
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"5t herebet ween, and a coupl ed region has a forn1foﬁmggg?%pﬁtho§%%\V001
bl ow ng according to rotation. According to the propeller fan
.thus configured, since the region where the plurality of blades are
coupl ed together has the formfor performng the blowing (i.e.,
creating an air flow), the blowing in a forward direction can be
perfornmed even near a 1lOrotation center of the blades so that a

bl owi ng capacity can be inproved. This can inplenent the propeller
fan greatly contributing to energy-saving properties and

resour ce-savi ng design. Preferably, the coupled region has a

bl ade- sur f atansboitipg fand thefliee. per f or mi ng t he bl owi ng according to the

rotation. r.di t ropeller fan thus configured, the

15r egi on c%ﬁﬁ%ggwﬁgﬁg‘gl %&BP‘%&%§ and having the

bl ade-surface-1Ii ' : | . . .
Preferably, the Jé?cr)%)[%:nﬁe%ﬁ %%09@21@ ?ﬁ%g?‘é&ﬁpéﬁ]%ragl\}"?ﬁéel%lg\%ntlﬁ ngcr}%ean%lérramy
for perf or nofigades fattilomal acr ionpled tegaherdvitthespaosi ke dn & egtaddhal diRédsion
configurati negan sinplify the structure of the propeller fan. ]
20Pr efér abl YereppRvesn. ind picoypled regiidieas adpem foreresfouping dhe gwing ageerding to
integrally pelded to formthe propeller fan. This configuration can
sinmplify the structure of the propeller fan. A propeller fan

accordi ng to anoAbwirdiagpethe ppbpelibefah tigriohBgureMGlined 8% @gidhwirkd thg of
bl ades circunferentially spaced fromeach other for pe_r%or mng
bl owi ng ac cRIR@HPides arsicaupleh togsther haciba ferst foo performing thetbdorving (ice.,

o . Sur Sl AL e b BN LA B SRR 0

the rotation connect I ng por (
nei ghb®r i ngrokdiibesnte\6L1BE Blatigs do0thhheblpivinpedabgditycah bt isrovadf I This &

since the bl ade-surface-1ike O08R01457W0O." 908621W01
implement the propeller fan greatly contributing to energy-saving properties and
resource-saving design.

Preferably, the coupled region has a blade-surface-like form for performing the
blowing according to the rotation. According to the propeller fan thus configured, the

15 region coupling the plurality of blades and having the blade-surface-like form can
contribute to the blowing.

Preferably, the propeller fan is integrally provided with a2 member for performing
rotational driving around the coupled region. This configuration can simplify the
structure of the propeller fan.

20 Preferably, the plurality of blades and the coupled region are integrally molded to
form the propeller fan.  This configuration can simplify the structure of the propeller
fan. |

A propeller fan according to another aspect of the invention includes a plurality
of blades circumferentially spaced from each other for performing blowing according to

25 rotation; and a connection portion having a blade-surface-like surface for performing the
blowing according to the rotation, and connecting base portions of the plurality of

neighboring blades.

According to the propeller fan thus configured, since the blade-surface-like
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"surface formed on the connection portion contri but%gqulélS?Weo'b%%%ln‘gpm
the blowng in a forward direction can be perforned even near a
.rotation center of the blades so that a blow ng capacity can be

i nproved. This can inplenment the propeller fan greatly contributing
to energy-saving properties and resource-saving design. 5Preferably,
the connection portion extends radially outward froma rotation shaft
for driving and rotating the propeller fan. In the propeller
fan thus configured, it is possible to increase an area of the bl ade
surfaces contributing to the blowing, to reduce a size of the
rotation shafrfacafigtnted onghieicemactimsmritdn édneritpneneltheblobat, (6@ in kt
is possible.to reduce a power fequired for 10driving the propeller
fan, and t hEr¥prd diregtian Edg"nbed? ned SRR BN enisr §f thedladagso that a

properties ; Fof 2} I i . . Pr r.abl t he
connect i on g@?@“fgﬁ%ﬁ#‘%ﬁ%ﬁ? ﬁgﬂgﬁog’g&é- gf;}?? e dmp] éagiﬁ’f: fpé‘&%gne;r E’B greatly

propel | er f eonitibutmgeorhérgysadnepiopetiey aldressiete-thamddaa- surface-1i ke
surfacg fornmed op the connection portion, and thereby can inprove the
bl owi nS capaci t yFrefespipthe sepngctiqnporipniedendsyadiallynoutwerd fon atthtation shaft

connecti on fb‘?rdfriivfﬁgﬁfl?%’fbﬁh %‘g%?%"féﬁ%rff?‘?e having an integral and

conti nuously snoo orm 0 the propeller fan thus

configured, the hithdpsopaiet fafehus RBAREEDR iPP6SIR ol iREEALNE s he blade
surface having an integral and continuously smooth form and this

bl ade sur f adBfagesraniButiag ta thetbhewibg dwiredycs @ sizealf thehetaslonwhalty andpaedios
can be signjf]j i oved. 20Preferably,, the propeller fan
further i n‘c%1 Bﬂégsgéye{hérlgﬁogglﬁ B, ha _ereé?yrlgﬁdlé’azélﬁéﬁ F%ﬂ[‘)’P?gtPBW&r ’Fe@_t“é?q fon
cent et0of t ikévily ME@somMer RAACIHAUEE ReuchirO A BRakPBAR b o PR E- O ing

toward at |east one of the intake side and the outlet side.
Pr ef er abl y, PiRhenyes #isl fep@pred-bavingf desighs vi ewed in the direction of the

o s L S A I
crossing t hgrogBler Binethli Okl efrebiRRGA s !E@’Bla%e%ﬁ&@eﬂﬁlﬁas;u%ﬂgénfo?ﬁgd on

rotation axis to the outer "periphery of the rotation s
| i ne. Accor e sgnnegtiothportioo,pidl therefiyacantimpsove o blgwirgtsaphdityl s possi bl e

to i nggease an e f the bl ade rfaces contributing to the

bl owi r% to red rg?ega%gy,gﬁe Blflfa?lFVeor det prshthecanrectiny peBiondanie @ bladeras s
of the propgifaes hfdd anli bt ood | 0) 7
908621001 reduce ‘g{gp%nv@%%fégéﬂ? ?‘Se“éﬁlﬁ%‘%gsdsﬁ’?‘ﬂtﬁa&ﬁhe %@%@% g Rrepellery

the struct ufae tommopfigaed, theblatdesiand tie doanedtien Grisaviong the BIBGS furfise Bflhg
resour ce-savi .n% %zs%agn. ) Preferably, the blade has a front edge
| ocat ed on & PEREAAY <PHiBUPsIY Haoqth form, ardihichliadecsurfase eontributesirthedge

por i on of tREUERBAR: iR HbRhd Aphdtf EbeNERIR ikt hking the

plura2@ty of bl aRreferibdy, the propeller fan further includes a rotation shaft arranged coaxially
to a rotation center of the blades and protruding from the connection portion toward at
least one of the intake side and the outlet side. Preferably, when the propeller fan is
viewed in the direction of the rotation axis, a minimum distance from the rotation axis to
an outer periphery of the connection portion on a line perpendicularly crossing the

25 rotation axis is longer than a distance from the rotation axis to the outer periphery of the

rotation shaft on the line. ~According to the propeller fan thus configured, it is possible
to increase an area of the blade surfaces contributing to the blowing, to reduce a size of

the rotation shaft and to reduce a mass of the propeller fan. Thereby, it is possible to
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"connected to a base portion of the rear edge of a BRY A7 B 38621 WO01

nei ghboring to the first blade. Preferably, the connection portion
.extends fromthe intake side toward the outlet side as the position
noves fromthe base portion of the front edge toward the base portion
of the rear edge. Preferably, the connection portion continues to the
bl ade 10surface of the blade and extends in a blow ng direction from
the intake side toward the outlet side as the position noves fromthe
base portion of the front edge toward the base portion of the rear
edge. Preferably, the connection portion is configured to have a

function of reducva power reqiired foediiggiherepdliefanOshdahe s Re RS Licafly f an
fromthe intake side to the outlet side. 15According to the prope¥|er

fan thus coffitBRIieE erergy-sayinsduepastiespadiresneonnmgtdesighe base

portions of the j t f .ngei ghbori | ades taogether,. and such a
fan formis inpl g'lrtragerrﬁ@é% this B ﬁaésgabi%)%{ﬁé’agﬁﬁf%(?g-opi g e &1 15 FBHORh
the connect dipsttipptid ©Feae @ﬂ%]&lﬁaét_éd iR dppobiftSsidd AWhEEbtatlongl BfedRby, Ahe
front edge is provided with a first convex portion protruding

20t owaPd a BasePpuiPnafthefrentsige obs fitshbladt mdded\emonglthegltrality loéblades is
propel ler f configured, e front edge is provided with th
first conve%ﬁ%&? $5°na Eepg%f)lpgbqnn t. ol ﬁfpﬁe aggﬁﬁ‘?‘} a@dﬂ?gg‘émﬁ ‘i?é%l%?““
the blade, biag [ IFrgferabRuXcoBRiioR BoftRBidAdy Rhie intileile/ Qi AP
the bl ade surface along a flow line to prevent separation o e Tlow

" on the bl adeutitsiflagethePosition aroves frbm thebdse portiecfahefredtfddge enveard elie base
the propeller .fan.can be 25i nproved, and noi ses dye to the separation
can be _redu%%{?ff?l_1 Pg%lr?arrr‘?&g?'n?rég’{é’?WW GrnEHIONRARNIFRERUespp Eichlads v,
a couppi ng ppfké 8NthE8IWEGR bXEnds8R L bRAUR: ARGk ro%ﬂ@qﬁttafcé){ld{)%%a'r&) p’}fi:
is provided with a second convex portion-protruding oppositely to e
rotational oWBReddBYINO PSS 2VBOfodithebdse portadn dfhike bbmdege ASLad dhdthse

to the propell.er n thus configured, the portion_provided with the
second convBXUBY P{ﬁ%ﬁﬁeqrﬁ’ g%agge@?eéabgh SRegcanargion pesiamis configaresi teviiamg 2

bet veen ¢ her T aarh IR e fing B L RER e pp IR Rl P Y R e
i s provi dedtovtht butdettstdier d convex portion protrudi ng oppositely to the
15 According to the propeller fan thus configured, the connection portion connects
the base portions of the plurality of neighboring blades together, and such a fan form is
implemented that the blade-surface-like surface formed on the connection portion can
contribute to the blowing.
Preferably, the front edge is provided with a first convex portion protruding
20 toward a suction surface side of the blade. ~According to the propeller fan thus
configured, the front edge is provided with the first convex portion protruding toward
the suction surface side of the blade, the first convex portion forms a vortex, which
flows on the blade surface along a flow line to prevent separation of the flow on the
blade surface. Therefore, the performance and efficiency of the propeller fan can be
25 improved, and noises due to the separation can be reduced, resulting in reduction of the
fan noises.

Preferably, a coupling portion between the rear edge and the connection portion

is provided with a second convex portion protruding oppositely to the rotational
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‘rotational direction of the blade. According to th%SI%)rlgaéwpéPO§g%IWO01

thus configured, the portion provided with the third convex portion
.increases a chord length so that the blowi ng can be perforned by a

| arger force. Preferably, the rear edge is provided with a concave
portion hollowed in the 10rotational direction of the bl ade.
According to the propeller fan thus configured, the provision of the
concave portion reduces an area of the blade to reduce efficiently a
drag. Since the area of the blade decreases, the air flowrate
decreases when the rotation speed is constant, but the drag

ef fici ent| ydidetioeas te Walet haiccordmgnoves propsli Bpt thodlconfipured, the GuaRsh
when the air fl r, t% IS constant. _15F_>referabI%éf a length X of a
i ne bet weeRrlSAST e SRESHOFORYFE DoTIEHIETHS § Foard dineth Soiroihe blowing
tangential L] &gﬁﬁm cl ear opposite ends of the concave
portion is gﬁﬂ%ﬁ to o?fﬁgggﬁ$&?ﬂﬁﬁ 0.33 tinmes an outer dianeter of

the bl ades. A | eBgfférablyfa anplifepdkiog bbwicer ek relteedep BAG bt ButePF&iphtral he
concavg portion or the above tangential line to the deepest position

of t he®concBY&op&F thedrrdeds prpyisted Matha thidepnex portion moveding pppesitelydo the

outer 20 di giygt : Ageordin 0 the.pr | er f.an thus
configured, ow 02%1 (?f)ecglﬁlgoggl'? '(tg ?%8 i%g‘\’/af.?‘é“ 9? H}ee Hr%eé]’gﬁ%%{wrso%n{}ﬁ'érefﬁ’itﬁ%
bet ween t hepeoipipa prdvededndith Of thiRkPcERIBE PYRIoR MdréREs PEhdrd f‘en@ﬁ%}bechat_ the
tangential line to the deepest position of the concave portion is

equal to orblewing @n betpgronnaidy 4 largss farhe out er di aneter of the

bl ades, it is pogsi:bl.g to su ess _nmore effectively the e of.
decrease in air ffeg%)r\}a@%ttge Wgﬁégeﬂép‘fod’f i %b@éﬂ"fiy%orﬂ%ﬁ%‘%‘tm the
Al 50, 10Wi ngrdt@idnabdistibn BOthk BRide! hﬁc&o%aﬁg o theQfrogellet fR tﬂﬂf‘s_té@ﬂﬁgured, the
opposite ends of the concave portion or The above tangential Tine iIs

equal to orPlogisarofitheagproa@Pariioesdutes apurerofdhabledeto refuderfidiémiyesdrag.
it is possigleEoincr S8 e effegtive the rate of decrease in
power consumiBfs B L5 ?ﬁ@e %Sﬂgs)‘ﬁ%?ﬁ?as%ﬁ’ MR A fate decrepsesoyhegipyrotation
908621WD01 speed is dInSthaY BR the dfBQ ARl debaQl HLBHBR I@Q&g %Qnrgsgmption can

connection portion have a t hi n-t hi cknéss form and a
i ntegral | y b reduessicvhenttheair fidwoereds nopstamt.t he propel | er fan thus

configured, the s of the | ler fan can he reduced, and i

rigi di%ly t her eoflg%ieﬁatg% aiiﬁ‘ﬁﬁtgnga linsyhetweenAPpostterRRds Phide canGavs pertignies
surface is } -AC .
According. ooy haen SBENANEwKn FAptdlfo BhAEE bIRGPbe HEBotadE Barigp i

the bl ade agrphat tocorirgeiethsn 0 38 dizadsiak @usat idiaatteraff thidtladeeNNAdEAGR Y from the
portion are.irgeg‘gratﬁd to contribute to the hlowing so that the

bl owi ng capt §e§™eeting aPRasEa Erdsafiibe goricays RaFEen orthepbeverygentialdingde the

surface of ' : ' of S 10 ..bl ade

surf ace of epetaksHpfABIBRGE BERL Y Brlak b & gy BiifG 05 Brmes S

to co®l i nueditmeteaofthebludes. t PAaogding hethblppstRtiatff 66 chhftdhrél Ghaseto the

According to the propeller fan thus configured, the bl ow ntg capacity
1

can be furt¥thng iﬁﬂ‘f}@ﬁberé}e lengihy Y fioamtheyine between the opposite ends of the concave

portion or the above tangential line to the deepest position of the concave portion is
equal to or smaller than 0.068 times the outer diameter of the blades, it is possible to
suppress more effectively the rate of decrease in air flow rate when the rotation speed is
25 constant.  Also, owing to the setting that the length X of a line between opposite ends
of the concave portion or the above tangential line is equal to or larger than 0.33 times
the outer diameter of the blades, it is possible to increase more effectively the rate of

decrease in power consumption at the constant air flow rate.
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"Preferably, the bl ade-surface-1ike surface incl udeSSBOHS7HO 862 HWOO!

continuing froma blade surface of a first blade anong the plurality
,of bl ades, and a second portion 15continuing froma bl ade surface of
a second bl ade neighboring to the first blade. The connection portion
further has a surface of a not-blade-surface formforned between the
first and second portions and arranged coaxially to the rotation
center of the blades. According to the propeller fan thus configured,
even when the connection portion partially has the surface of the

not - bl ade-surface form the blade-surface-|like surface 20forned on

the connection p%éﬂa@ﬂlly,cﬁg Tpid?ﬂ_ft?ﬁ?bl&ﬁ\?s ARl ¥ AFnEARAGoHYon have a thin-
Preferably, the propeller fan is fornmed by tw sting a si ngﬂe
pl ate-1ike fpgess forpcanddirafermed ittegrpltyopith bah dtber. t Mesordingfth ghy gdpeller

the propeller. fan accordi to t i nvention can be obtained by

ef fecting t\(/?\%ns P%&O%Wgoﬁggaﬁ%?gtﬁeﬁf% ertfgn candbgnefecedpans igidiy thereofe
propel I er fagn bSinipréeedof a thin integral member having a curved 25
surface. Since the propeller fan thus configured is nmade of the thin
integr& nenber Rasferablys the blade-sedacstlikb aafacetih forped pehtirbutlfo the blade

according to t.he i.nventjon can be sinply formed. Preferably, the
propel l er &% q#ﬁfegg%#ef r SPRTARIEHO thecRiopellen g thus ernfignisdethedlade surface

i af | Wt i bl. .
08RO1457WDr 09%%%9& t}TeaJI'acfeerﬁagé) ﬁ'lté @ﬁ’faﬁ? 0{/\1%1% 8h€ne§ﬁ(§r§ !go%ll{e)ahloe integrated

i npl ement the propeller fan having a snma
rigidity. Atdteitdbiteedee baowdng sb rhgt the bldvein Q¥RRI 6dh bGbMHES1INBpRLed.
the propeller fatﬂs descri hed above. According to the fluid feeder

thus confi gured, Fraferalyfodladejugface oty figst Bladmamengethe iplirality of Hlades andta

gr eat lyyy coniy i, =-.SAVI N roperti.es and th .
resou rlcx?e- s a&iragg yﬁd%? 1 S’ga $nf Bﬁgg}r{r%é@?orrlﬁl%ég he%irétot?lﬁcf © ?‘Hmteﬁéo continue to
i nvention i sadhssherfibrougithdibhgleaneraed likdwarRe®Ped dBfdih@nsthd §ssieiBeth thus
above. According to the nolding die thus configured, it i$ possible

to manuf act GPHIEUFRE. ledyrving Famasity Renbenyrtaesimprovedeiggificanthd a hi gh
][ : g:/vglblt g' ' églp :ff ?hegg'ggly, th@glagglslgljfar}:%-lﬁi(ie%ulifgc%l ific l?fes% fﬂsattp%rgic?nr c(;snlfli?lgljné ifr%%l
a blade surface of a first blade among the plurality of blades, and a second portion
15 continuing from a blade surface of a second blade neighboring to the first blade. The
connection portion further has a surface of a not-blade-surface form formed between the
first and second portions and arranged coaxially to the rotation center of the blades.
According to the propeller fan thus configured, even when the connection portion
partially has the surface of the not-blade-surface form, the blade-surface-like surface
20 formed on the connection portion can improve the blowing capacity.
Preferably, the propeller fan is formed by twisting a single plate-like member.
According to the propeller fan thus configured, the propeller fan according to the
invention can be obtained by effecting twisting work on a metal plate for example.
Preferably, the propeller fan is made of a thin integral member having a curved
25 surface.  Since the propeller fan thus configured is made of the thin integral member
having the curved surface, the propeller fan according to the invention can be simply

formed.

Preferably, the propeller fan is molded from resin.  According to the propeller
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"blade has a front edge |ocated on a forward side i FPRHES TW OPRGAWOO1

direction and a rear edge |ocated on the opposite side. The gate is
formed in the connection portion or the coupled region, and is

| ocated in a position corresponding to a boundary between the front
edge of the first blade anpong the plurality of blades and the rear
edge of the 15second bl ade nei ghboring to the first blade. According
to the nolding die thus configured, occurrence of a weld line in the
connection portion or the coupled region can be suppressed in a
boundary position between the front edge of the first blade and the
rear edge ofantthes wefigndd it B@essiblh ey Bemd R WRS progelR fénhﬁv#ﬂ%%l&ian%eight
rigidity of the propeller fan can be prevented. 20Preferably, the
mol di ng di e FEH@&Mngate for supplying flowable resin. The bl ade

has a front edge,lqe; forward side in the rotational
direction. The g%tfgl?ﬁeg eg%?r% ding'to ‘B%‘WﬁBBHCBW%B?% ?rgthe pipellsidrngg t o
the base poddstritedabovdie Abaedn®to thbBuiiofded«d ths@ShHRired s Sﬁssktﬁ’@ﬂ)t ed
in a pgsition corresponding to a vicinity of the front edge.

Accor dPng t WRigneentihediuid fasier thafuseatlyrebntyibuted to tle dnsrgyesasingipeoptetties and
suppress ocgur ‘9f. a 25weld line in the front edge portion of the
coupl ed regﬁgﬁésgg&'t%hsgwggﬁﬁsé%qi on portion continuing to the base

portion of the bhaggdindaer £B¥rdidetioithe i ol '
the breaking rigidi tym%f t he rp;ogggltiﬁeelggﬁir?h ‘i“%?é%’é“ﬁ?‘@?‘%@%@@%ﬁﬁaﬁ%"gf

to still an@nahésscrbydebovel Atnerding enthe omlding Hiedss configien lid & PaBsible to
908621W01 1%' u(rgal it hof bl} d%s ci rcunferenti all ﬁ spaced from each
el g

other for pePTHFFRIBPERFTR fhaymgianalovsightand grhighrigidithect i on

porti @@ havi ng apfek S 8 ifig &igﬁgﬁgfei %ﬁﬁeff@{ 5}{8&@{{“ rmg{etrgﬁn. oFhe

bl owi ng according to the rotation, necti ase portions
t he pl ur al i blgdedfas adiaghlbdged lngated ade Sorwandlside inahatétatiorahdifdction had g eshr

coaxially to, a,rotation 5center, of the blades, protruding fromthe

i ntake si de“8f 1?94&%&‘&3%8??%6 8t i EFF; ECETY fl%lWCE’@ thg cmmgCtingr Fagien or the
parallel t i r : J I rotation axi,s
b the bl adsoPRiRaRoRRRBNELEH) e peliinlolGidrihetb gl iFL b

t he rot ati oioredgs oftheifinst iiade dinsh@ thee ity dfibRideOimt the Fead ¥il S $fAh&N

out er . peri pher f the connection portion on a |line perpendicularly
crossiig t hsgc?‘{?’[ @?4%?‘?1%‘%%”8 t the figd PladpanAgeafies smths meldme direthus

10rot ati on @xksutke i he.rotation shaft .on the
above |ine. Thlgu pr’oapcg r@?&]ﬁgﬁgﬁlﬂr ﬁ‘%@“?eﬁ% “Elacgt!s"“ Ofr{'%r{ Ors%?Fg%péecBr Et%%n
arranged orcantbe sopiirbstd & digountiatyh@sition besiden hedPirticae of A 5RY bRe and
outer form|arger than an outer formof the rotation shaft when

proj ect ed (e &ar edgeeRfdhppespad blady. | Thesehyi losvering nf tie brénkineoigidityoof thai s
of the bl agﬁg ell%ﬂﬁn@?{ibgg e%eltltl gt surface parallel to the end surface.
to the [EFPS

15Accordin prope n thus configured, the

bl ade2@ur f ace- | i Beefesdbly, fecembldmFREe RBluHEE SABRSCGHH YN Aok i
contributes to the blowng so that the pr%pel_ | erb}?glr?gcgn agligg{c/\?"tl'heﬂgi r

in the for i hap pdont edgedoeatetherar fariverd sideinitboratatitnet dickctivhe Dhegiesis
e S R e
contri buti ngupled réorgABE Blo&Ad MG JIRRA b8 onding to a vicinity of the front edge.
According to the molding die thus configured, it is possible to suppress occurrence of a
25 weld line in the front edge portion of the coupled region or the connection portion
continuing to the base portion of the blade. Thereby, it is possible to prevent lowering

of the breaking rigidity of the propeller fan.

A propeller fan according to still another aspect of the invention includes a
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"20and the resource-saving design. Si nce the BRPAFTWO: PRREFHFEO0]

the flat surface portion having a larger outer formthan the rotation
,axis and having a flat surface parallel to the end surface, the
plurality of propeller fans can be stacked such that the end surface
of the rotation shaft is in close contact with the flat surface of
the flat surface portion. This allows stable stacking of 25the
plurality of propeller fans in a sinple nmanner for storing or
transporting the propeller fans. Preferably, the propeller fan
further includes an annular protrusion protruding fromthe outl et
si de of theplaeainestilaies RREUM@RENtIA Gk 10N
SBROLAB T GoaCD Ve rs REE I R AR SR TNAR a0l Yot erh’qm g b i
has an i nnefccPBling togiotsiont hegnne¢tnqertaon faying aahﬁlacﬂdqmrfaoé-ake anfrb &bt
when projec irection.of the rotation axis. of the bl ades.
éé?f%mp%‘f%%gf’

Accor di ng t v‘g?g $ERTNG 1O RS FRtAHARM: @ CW‘?@?PQ%JF@S%B%P“%%IWG
| fu d d
e R ARS8 o3RG

shiftifg of cqnh@ qﬁ@i@ hladﬁﬂ,sprstrutﬂlh@fromhhe pitakteadidet of thé cqrmegtdnl @irtidgnRad can
be stacked ropel | er fEllrr\ according to further

Th
anot her asp ﬂngoq:n ?"Héxl_fﬁ‘ff’é}ﬁ?l]&h e@]@?‘?ﬁ“’d@ép@ disuler 4 7 dijesrontof agetation axis of
ci rcunf er enghie 3ldd¥s. SFWﬁ@djthfe g? eB&%Hn RLAGLed B %@&FJC%BH‘OPQ]GQ!)&WOD Oxis, a

according to rotation; ection portion

bl ade- sur f amenmumeilstmt:faefmm ﬂheEotiﬁ@ﬁi;ﬁ@fd’ﬂrf@téﬂ]ﬁbrﬂ@h@?ﬂo!ﬂﬂw&ﬂfaﬁédﬂﬂoﬂ@)ohﬂ)n
the rotation nd conneu(ﬁfgg base portions of the urality of

nei ghbor i ng OTh? Bf‘egefpw &f%msﬁheswsﬁttone@mah@@aerdbma dmaycq Bom the
rotatygn Cel‘%tteﬁfon%nsttg?h@;{)ﬁgﬁinﬁﬁé}gr ?{h%trf)’f’a%o ghaff grm éﬁg nllx L ake gl de of

t he connection portion opel

di recti on ofropelteo fat fuctherdindlsdesa frak mrmatmpdftﬁinadﬂﬁﬂgéd &bk fb@tlétoéi@et 6fQhe
axis to an outer, peri phery of the connection portion on a |line
15per pendi cHAMAPFIPNEOFIN, h@‘”?&l@l Pyeniors hargs thaman pgter fomyent thehzptation shaft

A L o e e

annul ar pr odmdumiving adftat anged panliéihe thedmkarséde of the connection
portig‘%, arranged radl ally outside the rotation shaft and protruding

to a pdsition higperdipg &h%/hreméoneasraf@n drsshafigured théleladti-sueticedike edrfice
Conf i goreq Tofn@ of 1 d3hARSH pERIORESNEbHEs 161t Mo RhERS thef the s1opelet Fan
can blow the air in the forward direction even near the rotation center of the blades.
This reduces the power required for driving the propeller fan. Consequently, it is
possible to achieve the propeller fan greatly contributing to the energy-saving properties
20 and the resource-saving design.

Since the propelier fan has the flat surface portion having a larger outer form
than the rotation axis and having a flat surface parallel to the end surface, the plurality of
propeller fans can be stacked such that the end surface of the rotation shaft is in close
contact with the flat surface of the flat surface portion. This allows stable stacking of

25 the plurality of propeller fans in a simple manner for storing or transporting the propeller
fans.

Preferably, the propeller fan further includes an annular protrusion protruding

from the outlet side of the connection portion, and arranged coaxially to a rotation
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"formed on the connection portion contributes to th@%léw\ﬁ’@:?gs@%ﬂom

the propeller fan can blowthe air in the forward direction even near
‘the rotation center of the blades. This increases the area of the

bl ade surface contributing to the bl owi ng and reduces the size of the
rotation shaft so that the nass of the propeller fan can be snall
This 25 reduces the power required for driving the propeller fan.
Consequently, it is possible to achieve the propeller fan greatly
contributing to the energy-saving properties and the resource-saving
design. Further, the plurality of propeller fans can be stacked

toget her t hegis@toftieolaeul Bhe MrRlar BedtRlifon hhS S i afukdng
of the plurality of 08R014587V\0 a988621v\15101 pr(gplg%lﬂ)\gr% l%%%ls)tlhl%ha% '

si npl e manné&rmf@itherogationghaft whemprypested inghe diescriom pAthe eotafiamsxis of the
Preferably, bl ade surface of a first. blade amgng the plurality of
bl ades cont P%ﬂ%ss %C H?&?Bﬁl&e I?)rloﬁﬂ[?r ga&rtpﬁ%%o@@’ggsﬁ’é%@e HPRgeand lower
nei ghbor i ngpicelldi@artsiafSdtadkeadtdfic bRt Mt el Wi@Ghs |d

surface. Acgltgrﬁgi nga tsg th% pr’opgl I er a?llrr% %@S%ggﬁ%gﬁ‘@ﬁe Edt%tﬁoen St])jfag'de
surfac®é of Thie ehgagdmentrresttitte thiu lentizostal ftaftiag lof ke positibace thht thB@lurality of

connecti on gortﬁo& are 'ntegﬁr ted to contribute to the blow ng, and
t her ef ore cBIYPETGMPiCRARE P J§&tabhe bl owi ng capacity.

Preferably, the I St r resl / l

t hus confi gured Egﬁﬁﬁg%}ggﬁg @“%‘%gﬁ?hgﬁgm&‘eﬁ%ﬁ“ﬁg}? edlg%é;&%h&%ﬁ UJG?Q

fluid feedeplueaiooftlatgs tiocianfotehgallyappadtfrah cadheotherfonpdr@tmidpCliowRg
one of the &roogjel | er fans descriped above. Since the fluid feeder fan
t hus conf i gt HA TPHEOR HRINFEIONRORI Elaying hifadesurfeeikey artacefor i t
i s posgible chi g i g £ibuting.t

et gy savi Py osr S Floki it SAEForBGE o SRRk b e
di e accor di pligrdlity efeighboristledds, £id 4 feeation\sat w@inded cogasllyftera raRltidhng
15 one of the propeller fans described above fromresin. This nolding
di e thus cofffitq@féhe Wadesmnd pretardingfrpmsheintake siderpfibaieonoectiongiontiemd
having a s ' Lagh.rigidity. EFFECTS OF THE | NVENT] ON
no " descri bod e SR ORI finds Mg b SRS of oo, P Aoy hance

greatly confroibhié idigidnixishe a8 et peSFeryof e @BRId:ASS pdfitn LA] line
resour ce-savi ng desi Ign. Al so, the 20i nvention can provide the
&8

pr opew er f gfﬁp@wg{ulag ssipg é]@mrtqtatmtagigs. hetngt lheges ﬂangyiistawderfg).m the rotation

PP 1o SR8 REGk BRI B IR B R B OB
includes an annular protrusion arranged on the intake side of the connection portion,
arranged radially outside the rotation shaft and protruding to a position higher than the
rotation shaft in the direction of the rotation axis of the blades.

20 According to the propeller fan thus configured, the blade-surface-like surface
formed on the connection portion contributes to the blowing so that the propeller fan
can blow the air in the forward direction even near the rotation center of the blades.
This increases the area of the blade surface contributing to the blowing and reduces the
size of the rotation shaft so that the mass of the propeller fan can be small. This

25 reduces the power required for driving the propeller fan. Consequently, it is possible
to achieve the propeller fan greatly contributing to the energy-saving properties and the
resource-saving design.  Further, the plurality of propeller fans can be stacked together

through the annular protrusions. This allows stable stacking of the plurality of
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"Fig. 1 is a side view showing a propeller fan acco?@HHG ¥ HpeZEWO01

enbodi nent of 25the invention. Fig. 2 is a plan show ng the
propeller fan viewed in a direction (froman intake side) of an arrow
Il inFig. 1. Fig. 3 is a plan showing the propeller fan viewed in a
direction (froman outlet 08R01457W): 908621WD01 side) of an arrow
Il in Fig. 1. Fig. 4 is a perspective view of the propeller fan in
Fig. 1 viewed fromthe intake side. Fig. 5 is a plan show ng an
exanpl e of a propeller fan in Fig. 1. 5Fig. 6 is a perspective view
showi ng a sectional formof the propeller fan in Fig. 5 taken in a

posi tion of 16 n disAamé Rlanner for stk ortrdnSp GRS IRARGHAILE KL W
showi ng a sgil?)i%onal formﬁigifﬂ thenpropel I% fzrin Il)n Iggg. &g éa]ker%l I'n a
position of 130 Rraferably abfedesurface of a first blade arkbmg the phugality peblagact i ve

vi ew showi n . sectional rmof _the propel]ler fan in Fig. 105 taken

in a positi g?P%BIPe%? E}ﬁ’ﬁc?'?fI @F‘ Fe O’if’rp'ge.cogl %lgdeanepg@ﬁnz&mhqgﬁra blade
ropel | er f afohdd the BRRBAK] o Fi gy :

Pel gt i onship (t))e V\Eegn a rs%l'?%ftailgcﬁ Slslrg%ceed gﬁg&g#ng?h%%% }ez?@"%{}sg%cﬁmggu red,

propel Per f the adeondacepfithe blade andithel bldersurface-like surface of thd @nndctiohs a
graph show gﬁna relationshi p between i_lhe air flow rate and power

15consunpt i BATGH A HreslAtehis: ntrutsiodng glomang ped Eherrienerran signifcgntly1 2

shows pressygsnid g,\é/bq(ﬁ,yigggglﬁgﬁft eristics of the propeller fan
according to

Preferably, the propeller fan is molded from resin.  The propeller fan thus
configured can have a small weight and a high rigidity.

10 A fluid feeder according to another aspect of the invention includes one of the
propeller fans described above.  Since the fluid feeder fan thus configured has the
propeller.fan according to the invention, it is possible to achieve the fluid feeder greatly
contributing to the energy-saving properties and the resource-saving design.

A molding die according to another aspect of the invention is used for molding

15 one of the propeller fans described above from resin.  This molding die thus configured
can produce the propeller fan made of resin and having a small weight and a high rigidity.
EFFECTS OF THE INVENTION

As described above, the invention can provide the propeller fan greatly
contributing to the energy-saving properties and the resource-saving design.  Also, the

20 invention can provide the propeller fan that greatly contributes to the energy-saving
properties and the resource-saving design, and allows stacking for the storing or
transporting,

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 11is a side view showing a propeller fan according to a first embodiment of

25 the invention.

Fig. 2is a plan showing the propeller fan viewed in a direction (from an intake
side) of an arrow 1T in Fig. 1.

Fig. 3 is a plan showing the propeller fan viewed in a direction (from an outlet
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"the enbodinent in Fig. 5 and the propeller fan for08d4&oWHPP8EH WR01
Fig. 9 Fig. 13 illustrates a nechanism of the propeller fan according
to the enbodinent. Fig. 14 is another view for illustrating a
‘mechani sm of the propeller fan 20according to the enbodi nment .

Fig. 15 is further another view for illustrating the mechani smof the
propel l er fan according to the enbodi nment. Fig. 16 is a plan
showi ng a propeller fan according to a second enbodi nent of the
invention. 25Fig. 17 is a perspective view of the propeller fan in

Fig. 16 viewed fromthe intake side. Fig. 18 is a cross section
showi ng t heggs %h'a%ufﬂﬁintﬁgén along line XVIII - XVIIl in Fig. 17.
08R01457WO 90)8621W)01 'Fig. 19 is a plan showing a central

portion of the pFigpéld eperfmntivi @uedf the froghilleeLinii®Figdl vadtvearfFmhE idtake
Fig. 18. . Fig. 20 is a cross section showing a stacked state of
the pluralifi9®of propeller fans in Fig. 18. 5Fig. 21 is a cross

section showi ng g fi | Ll QE e ur.edor. stacking a
plurality of pro%gl qusf }?lgiﬁg{-ofvhfffaﬂ I 3’&‘3‘%?@5%‘%@ %‘nm;fﬁ%\kl_r ng the
propel ber fan viBigedis nipasgctiectiéwRh@lindd sadtiodw £5%h bof tHe drbgelle?fn in Fig,
Fig. 23 is a cross section show ng the stacked state of the plurality
of propel | ef t2KGR dh& Position @f 295 mm in diamefer.g. 24 is a cross section

; lha‘r""alnlgt ;‘ s ]?Cgpg%ig})f 'gs‘;i §e§§ﬁ§8{i‘ve"éie& b UG Ral Bim S B D% B in Fig,
5 taken in a position of 130 mm in diameter.
Fig. 8 is a perspective view showing a sectional form of the propeller fan in Fig.
10 5 taken in a position of 95 mm in diameter.
Fig. 9 is a plan showing a propeller fan for comparison.
Fig. 10 is a graph showing a relationship between a rotation speed and an air
flow rate of the propeller fan according to the embodiment.
Fig. 11 is a graph showing a relationship between the air flow rate and power
15 consumption of a drive motor according to the embodiment.
Fig. 12 shows pressure-flow rate characteristics of the propeller fan according to
the embodiment in Fig. 5 and the propeller fan for the comparison in Fig. 9.
Fig. 13 illustrates a mechanism of the propeller fan according to the embodiment.
Fig. 14 is another view for illustrating a mechanism of the propeller fan
20 according to the embodiment.
Fig. 15 is further another view for illustrating the mechanism of the propeller fan
according to the embodiment.
Fig. 16 is a plan showing a propeller fan according to a second embodiment of
the invention.
25 Fig. 17 is a perspective view of the propeller fan in Fig. 16 viewed from the
intake side.
Fig. 18 is a cross section showing the propeller fan taken along line XVIII -
XVIII in Fig, 17.
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"Fig. 25 is a plan showing the propeller fan vi ened§R9145G4W0:LPBGH W01
an arrow XXV in Fig. 24. 15Fig. 26 is a cross section show ng the
stacked state of the plurality of propeller fans in Fig. 24.

"Fig. 27 is a side view showing a propeller fan according to a fourth
enbodi nent of the invention. Fig. 28 is a plan show ng
the propeller fan viewed in a direction (fromthe intake 20side) of
an arrow XXVI1l in Fig. 27. Fig. 29 is a plan show ng the
propeller fan viewed in a direction (fromthe outlet side) of an
arrow XXI X in Fig. 27. Fig. 30 is a perspective view show ng

h |1 f afygl [ J he | ' SFi.g. 31
| a si b vi ew ohB g B ROR R Sl P o He bl e e

i nvent i on. direction Bf gn ars@wid@XanFig@ri8showi ng t he propeller fan vi ewed
inadirection of, an arrow XXX|1 in Fig. 31. 08R01457W): 908621W01
Fig. 33 is a pl ahBsHOifiafgoss spesnmssheningchstesked gatepicheplusality efpropeller
Figs. 31 ang, 32 FFigk 34 is a plan showing a propeller fan according
to a sixth eﬁgodqlgtsnf of the invention. Fig. 35 is a graph showing a

rel atiBdnshi p betWgedl B ¥ wostse@ibnSABRthga ErsBModifibatRnl Pvhd @kRnQb fdhe
propel l er fan accordi n_gm to the sixth enbodi nent of the invention.

Fig. 36 is Hagnmprlarmdly eiprapeller fns.onshi p between the air flow rate
accordi hg Lo the 2% B hBuRUHla FEPRIREe A7 xRedir s WrEedR oRn arcow
XXII in Fig. 21.
Fig. 23 is a cross section showing the stacked state of the plurality of propeller
10 fans in Fig. 21.
Fig. 24 is a cross section showing a second modification of the structure for
stacking the plurality of propeller fans.
Fig. 25 is a plan showing the propeller fan viewed in a direction of an arrow
XXV in Fig. 24.
15 Fig. 26 is a cross section showing the stacked state of the plurality of propeller
fans in Fig, 24,
Fig. 27 is a side view showing a propeller fan according to a fourth embodiment
of the invention.
Fig. 28 is a plan showing the propeller fan viewed in a direction (from the intake
20 side) of an arrow XXVIIL in Fig. 27.
Fig. 29 is a plan showing the propeller fan viewed in a direction (from the outlet
side) of an arrow XXIX in Fig. 27.

Fig. 30 is a perspective view showing the propeller fan in Fig. 27 viewed from

the intake side.

25 Fig. 31 is a side view showing a propeller fan of a fifth embodiment of the

invention.

Fig. 32 is a plan showing the propeller fan viewed in a direction of an arrow
XXXII in Fig, 31.
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"Fig. 37 illustrates, for conparison, the air flow PERUISS LW 7108 Ey WOO1

corresponding to 10t he sane rotation speed. Fig. 38 illustrates,
for conparison, the power consunptions of the drive notors exhibited
corresponding to the sane air flow rate. Fig. 39 is a graph

illustrating, for conparison, the power consunption of the drive

not or exhi bited when X/ D changes while YID is constant (= 0.068) and
the air 15flowrate is constant. Fig. 40 is a graph illustrating, for
conparison, an air flow rate exhibited when Y/ D changes while X/Dis
constant (= 0.33) and the rotation speed is constant. Fig. 41 is a

pl an showi ng a nbi. BB et plamstafwitfe rpdiRelibess thabrdpalldrifeh in¥des. Bil Gind 42,
is a plan show ng, aBE[opeI | er fan according to a seventh en%odl ment
e

of 20the inventi is a plarshpwinga peppgllerfas scoveding torp siktbwimby dimpingipfithe
dies used fgqr.pinducing the propeller fanin Fig. 1. Fig. 44 is
a plan show ng an exanpl e of positions where gates are located in the

mol ding die for Pigodfits aigraph sHoMARS b edlatichBhipibbiiveeid rblaBEE SpeRE GRA Bh BY
to the_enbodi nent. 25Fig. 45 is a plan showi ng an exanple of the

posi ti 8ns wHewdaterd thparepeller fanjagecrding th ithe $igtheoibddimgntiofithé arvention.

Crbodi mont - Fi o, T o S inaeith BV P RD ARaIArR B B e R pBIcer
fan having prapafie faﬁﬁﬁo&ﬁﬁi&@onﬁ&%%&\é@%rﬂve%&&daci:&dﬁlgﬁgﬁféé %igﬂrﬂ ot her

t han those shown in Fi Fig. 47 shows an ex

. 44,
conpari son émb@diﬁlﬁ@pﬁltg%iw@ﬁi@nhavi ng gates located in positions other
than those showng.in,Fig. 45. . Fig. .48 is a plan showi ng .
anot her exanpl e o1 ¢ Eggﬁ%éﬁ’ T ROMpaEs . ttl%ea‘bg?‘ﬁéatésr@‘h its6 gPEgsHoRding go
nol di ng di etHeGhmprOEHEH §ed he two- bl ade propeller fan according to
the enbodi nent. _
Fig. 38 illustrates, for comparison, the power consumptions of the drive motors

exhibited corresponding to the same air flow rate.

Fig. 39 is a graph illustrating, for comparison, the power consumption of the
drive motor exhibited when X/D changes while Y/D is constant (= 0.068) and the air

15 flow rate is constant,

Fig. 40 is a graph illustrating, for comparison, an air flow rate exhibited when
Y/D changes while X/D is constant (= 0.33) and the rotation speed is constant.

Fig. 41 is a plan showing a modification of the propeller fan in Fig. 34.

Fig. 42 is a plan showing a propeller fan according to a seventh embodiment of

20 the invention.

Fig. 43 is a cross section showing molding dies used for producing the propeller
fan in Fig, 1.
Fig. 44 is a plan showing an example of positions where gates are located in the
molding die for producing a propeller fan with two blades according to the embodiment.
25 Fig. 45 is a plan showing an example of the positions where the gates are located
in the molding die for producing a propeller fan with three blades according to the

embodiment.

Fig. 46 shows an example for comparison of a propeller fan having a gate
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“Fig. 49 is a plan show ng anot her exanple of the p%qlfl%‘é/%%@lt‘%gm

gates are located in the nolding die for producing the three-bl ade
propeller fan according to the enbodi nent. 10Fi g. 50 shows, as an
exanpl e for conparison, a propeller fan provided with gates in
positions other than those shown in Fig. 48. Fig. 51 shows, as
an exanple for conparison, a propeller fan provided with gates in
positions other than those shown in Fig. 49. Fig. 52 shows an outdoor
unit of an air conditioner with the propeller fan in Fig. 151.
DESCRI PTI ON OF THE REFERENCE S| GNS 10, 48, 49, 50, 52, 53, 56

and 57 propRichted iﬂ‘ﬂﬂosit?ohotB&Aha@t%Bs@dh@w%liﬁF?. ages, 21b front edge,
21c rear edge, 22 concave portion, 26, 36, 36M and 36N bl ade surface,

31 connection poFigi $hshozz asusrhmple fouconimasisomhofy prbpelien darshavinggatesd@ated
flat surfac 0(g{rﬁtoi on, 2044 flat, surf 45 and 46 protrusion, 58, 59

and 60 convex porti gier iWiS’F%F‘W@“HF??g?é‘é- gate, 75 outdoor unit, 101
center axis BESTFRMORES AR %Rlﬂl\g d}i@tl@#‘e'xeﬂag_ﬁe b%g%ki%%wher]g the gates are
I e wthr

Enmbodi ments of the invention w now be describ eference to
t he dr 8w ngocated in the nfoidihg dierfor prededgthie dwp-Hdle wapaienfan aocordiag e ehieng
menbers bear EE%E 25sane reference nunbers. (First Enbodi nent)

Fig. 1is a*BP U lew showi ng a propeller fan according to a first

enbodi nent of thegl (¥ J: i i e
Fan vi oved i o GE SR DANhoRE ardrich ofaE O R B R B e
side) of anlogatedn the mobdifg die fdr prbihgring3thie shreebladls psdpeilerfan bbt@rding to the

propel | er fanbvc{ii%wed inadirection (froman outlet side) of an arrow
111 in Fig. *Po¥Et 4 is a perspective view of the propeller fan in

Fig. ioviewed from sdighowRl A SdaflBle for comparison, a propeller fan provided with
gates in positions other than those shown in Fig. 48.
| Fig. 51 shows, as an example for comparison, a propeller fan provided with
gates in positions other than those shown in Fig. 49. |

Fig. 52 shows an outdoor unit of an air conditioner with the propeller fan in Fig,
15 L.

DESCRIPTION OF THE REFERENCE SIGNS

10, 48, 49, 50, 52, 53, 56 and 57 propeller fan, 21, 21A, 21B and 21C blades,
21b front edge, 21c rear edge, 22 concave portion, 26, 36, 36M and 36N blade surface,
31 connection portion, 37 surface, 41 boss hub, 42 end surface, 43 flat surface portion,

20 44 flat surface, 45 and 46 protrusion, 58, 59 and 60 convex portion, 61 molding die, 66

gate, 75 outdoor unit, 101 center axis
BEST MODES FOR CARRYING OUT THE INVENTION

Embodiments of the invention will now be described with reference to the

drawings. In the following description, the same or corresponding members bear the

25 same reference numbers.
(First Embodiment)
Fig. 1 is a side view showing a propeller fan according to a first embodiment of

the invention.  Fig. 2 is a plan showing the propeller fan viewed in a direction (from an
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“Referring to Figs. 1 to 4, a basic structure of a {PRIPEFTHEP: PEFH21H001

according to the 5enbodi nent is described below - Propeller fan 10 has
a plurality of blades 21A and 21B that are circunferentially spaced
fromeach other for performng air blow ng according to rotation, and
al so has a connection portion 31 that has a bl ade surface 36 as a
surface of a bl ade-surface-like formfor performng the bl ow ng, and
is located between the plurality of blades 21A and 21B nei ghboring to
each other for connecting 10base portions of blades 21A and 21B
together. Propeller fan 10 rotates around a center axis 101 that is

an i magi nar y.a¥istle) 8Nh LW ih gy i 1 5iJ 9 | ' W t
side in Fig. 1. SI ﬁ) the fi gurel, Ijt%mn prg(')pg% ?glﬁhggﬁb@%%gﬂ\?%%bﬁg%ﬂi n ‘%e
di recti on o achrecton gxirs ad Odtla e} ofeyi avarw IIE irr Eigel 10Bigi 4isdrpvdpettive
separate bl ades A an B.from each other, in the circunferenti al

2
direction 138‘1”(96 l_QTQH%l?F agJn £1g) & piewegd e thegptake pideon 31 i s defined
nsi de T gl nar VRGEEkA 1B, 1459 PLAUSRELA APRALBIATE BPLLDSS o e

outside imaginary circle asic s ure of prop

fan 105can debalimentdedetiibeicheiyw. eXPropslfee thnald Ka8lal hivality RF6REE] BIA fan
10 has a formin which the plurali tcf/ of bl ades 21A and 21B for the
bl owi ng ar e?$hHRbaerGIsHEReially srpaced fiomsach ethar fos parformingair blowingnd

are coupl edac%?{]dgl%ﬁﬁtoh%fa’tioﬁ,nﬂldta .Ha?gicoﬁ}eﬁieiof g&glpﬁgm%ellt "9s Q g%ﬂ%ﬂ.{f?ﬁéggé

that perform OW ng according t

structure ofs guuofact b4 bladdsurhcadibo FaHnor perfdene M MtiwARE tanWid lbcdied
descri bed bel ow. Pro&:l |l er fan 10 is prepared by integral nolding of

synchr onousbgtwesnihe phisality ofjblades-X1iAmsd X1iB neighbagng to each other for connecting
(Acrykgnitril e- St e like. 25Propeller fan 10 is of a
00 e SN BENBl ICul f

t wo- blrade type B, which may be collectively

referred to as "Blopeites faill0 hgited HBHMEL center axis B1a08Ss A MAMINZHR 3hE
equal |y spaced fromeach other in the circunferential dirécti’on of

t he rot ati ofowxihe ay frpmaepénthles sideate an@utlet side indbigtler Inthesfigid wiBhades
21A and 08pr %é?ez}%%l ig%gae%w% 11(1) ghe direction of center axis 101 and imaginary circle 102 is
drawn to separate blades 21A and 21B from each other in the circumferential direction
15 around center axis 101, connection portion 31 is defined inside imaginary circle 102, and
blades 21A and 21B are defined outside imaginary circle 102.

The basic structure of propeller fan 10 can be also described or expressed as
follows. Propeller fan 10 has a form in which the plurality of blades 21A and 21B for
the blowing are spaced from each other in the rotational direction and are coupled

20 together, and the region of such coupling has a form that perform the blowing according
- to the rotation.

Then, a structure of propeller fan 10 according to the embodiment will be
described below. Propeller fan 10 is prepared by integral molding of synchronous resin
such as glass-fiber-filled AS (Acrylonitrile-Styrene) or the like.

25 Propeller fan 10 is of a two-blade type, and has blades 21A and 21B, which may
be collectively referred to as "blades 21" hereinafter.

Blades 21A and 21B are equally spaced from each other in the circumferential

direction of the rotation axis of propeller fan 10, i.e., center axis 101. Blades 21A and
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" 21B have the sane formnms, which can match each ot hePP RN 90763 HERP1
rotates around center axis 101 toward the other. Blade 21 has a front
edge 21b located on a forward side in the rotational direction of
propel ler fan 10, a rear edge 21c |located on the opposite side in the
S5rotational direction, an outer edge 2la |ocated on the radially
outernost side with respect to center axis 101, a | eading bl ade edge
21d snmoothly connecting front edge 21b and outer edge 2la together,
and a trailing blade edge 2le snoothly connecting rear edge 21c and
outer edge 2la together. Leading bl ade edge 21d has a crescent- or

scyt he-| i ke2eBasw thekate ARRE adEcRdanNAstcR edhafdBer SAtch 3RE of fhet@tates around
perfornms the blow ng according to the rotation of propeller fan 1%

(i.e., bl owrsdertais 1iltovagithe hdiei.nt ake side to the outlet side).

Bl ade surface 264his_fornmed.on eac t he sides faci to the inlet

side and the out P%ﬂ%egﬁggfaﬁggtp@?&g%@t Ioé‘(fef%é‘ﬁ?rgéhdgq%ﬁ"ei@taltﬁfl din

a region sum&waﬂ@egmpeﬂéﬁmmqqear?eh e 21 ERALRE ol éﬁgfgfsigéﬂnheutef
: a

edge 2la, trailing blade edge 2le and rear edge 1521 e surface
26 i s Por metptatimeldirestion, taneuter edgo?  albeated gi the radinlisooutdeebsbyidé masht

edge 21b, | eading bl ade e 21d,. o r edge 21a, trailing blade edge
21e and r eaFeS%Pd’égO er aﬁﬁgﬁ?o? I%B‘#‘E%igltagﬁ P$§g)t-:1§1 SEOYHY pPrgednpiontsdge I
21B i s for gl QfiePedeir i [ f :

ntake oi dom oo T B toarieh 308 aifing it daB5 21O By bR ree

ci r cunf er entdgel21diand ouicondder Dmtbgeninr. efgaiinyd bladosired1ddas a eagentls.

20Bl ades 21A ng. Zlg are coupl ed together by connection portion 31
arranged r otfHePEESBRPARAE 101. Connection portion 31 has bl ade

sy 30 on (BBt SGA0Ry 10, A BRSO ORI

side, respectively, as a orm ace

formed cont ratatowsdfyproelleatah 101(i.4) Howinguhd sie 69mlhe aftalld sidbas tBd futBidide).
21B. Bl ade 255urf§§es 6 of bl ades 21A and 21B is fornmed continuously
to each other thPBAgEUBIcEFE istormeden gaeh qfiihe vides faginm b the inlet sidepmd the

o 210 ol gHladh s Apoases Kke a6, S804 S0l Bk bl
edge 21b of edgeadd®, Ridngbidde edye 28dgeuted @igeR21h)] a2 AM AR e ONOaSEFat Bdge
each other 08RQ1457WO. 908621W01
15 21c. Blade surface 26 is formed throughout the area of the region surrounded by front
edge 21b, leading blade edge 21d, outer edge 21a, trailing blade edge 21e and rear edge
21c. Each of blade surfaces 26 of blades 21A and 21B is formed of a curved surface
that inclines to move from the intake side toward the outlet side as the position moves in
the circumferential direction from front edge 21b toward rear edge 21c.
20 Blades 21A and 21B are coupled together by connection portion 31 arranged
round center axis 101,

Connection portion 31 has blade surfaces 36 on the sides facing to the intake
side and the outlet side, respectively, and has a blade-like form. Blade surface 36 is
formed continuously to each of blade surfaces 26 of blades 21 A and 21B. Blade

25 surfaces 26 of blades 21A and 21B is formed continuously to each other through blade
surface 36. In this embodiment, front edge 21b of blade 21A is opposed to rear edge
21c of blade 21B in the direction of a line passing through blades 21A and 21B, and

front edge 21b of blade 21B and rear edge 21¢ of blade 21 A are opposed to each other
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“in the same direction. Therefore, the direction of?3REAAQ: GRASAIWEHR]

bl ade surface of blade 21A and the direction of inclination of the

‘bl ade surface of blade 21B exhibit such a positional relationship
that these directions are twisted with respect to each other with
center axis 101 | ocated therebetween. The inclination of the bl ade
surface decreases as the position noves from bl ade surface 26 of each
of bl ades 21A and 21B to bl ade surface 36 of connection portion 31,
and bl ade surface 36 of blade 21A is snoothly connected to bl ade
surface 36 of blade 21B on a |line passing through center axis 101.
Thus, bl adep d fudfdlredhh ASTHRYLrAeCARREGE bORIRALO BFnE hilieMeRleade
surfaces 26 and bl ade surface 36, respectively, I ch exten

cont i nuous| Yado2bhetd teldgection of ibdingint dfahe badashiaos of blade 218 exhibit such
propeller fan 10 accordi to the enbadi nent, the region coupling
bl ades 21 A ARGTSE eREnHER HRADSE FEReRPRTALE iietor HureeRe! B Sieh agher vith

accordi ng t gnidtxIsAbRidARd 1 e{;cgrgéfnf?n ﬁ%g?él@?%ovﬂp%fgﬂg ﬁlagé"saﬁrﬁ%g dg&ngsg%as

t oget her. has a bl ade-surface-1|1 orm € air accor
t o t hedr ot athegosititdTogestiase bixe tsidne 26f offeacindf AnTks ReArang g8 o dlddeand

21c of respﬁg.i ve bhades 21A and 21B are connected tc;get her, and the
base porti off¥1aG¢ 3¢ PheRNNgFIPIRORHOT L @gd blade swrdce 86 ofblade 2pads smeothly

bl ades 21B C nect i rtion 31 S
Such & for ot had e KB ERpREE s S e ey A TR PRSPl oBRh e P8, e
outl et si deThs, blades I drid@1 BEsseell &9 cdfhédidn Pasontrfola bk shirart 26dee
21b of bl ade glA toward the 20 base portion of rear edge 21c of bl ade
21B, and suPlAds vakece He rpwertivelh Wishextand sentinieubly te kechgithier it ewangdntidhe
outlegosi defagig he position noves fromthe base portion of front edge
21b of bl ade q toward the base portion of rear edge 21c of bl ade

21k Connect Ingstojpdiet faan 03tchramgsb ¢he @nbsdidthak régZ}@n BQRdih ORdes 21A
changes fromthe portion continuing to blade surface 26 of blade 21

ext ends fr ofi%3IB togethrichasiaderm thet perdoraBrheiomingiiccerdingme, the mtetiem.  The
tlet sid t bt he b t.ion.of, f d
Db of bl adSeDTROFRREER 2 SRR 21 PRthet e R BB ire e Toph i hin

21B, and thmegﬁratéd}a\ing@@tﬂer}g{a@gnxo bl ade surface 26 of blade 21
extends fromthe intake side, in the bl.owing direction, toward the
out | elSsi de as tHee hnsepeitions abiens and oeartelgestdbanp i ¢ bbrespdctive blades 21A

08R01457WD: 1W)01 frqnt edge 21 f blade 2 toward the base
portion of arngjgﬁ%gﬁ‘ééo%ﬁ egfo %?ftcljleanéiltﬁ‘? gtﬁ?rﬂ?été‘iqs&%gﬁ&‘\l{q\%dﬁa@g%mb and
configured 11 dfavPedivebiies 908 Qhd §ym!ré/bd}ﬁheét9@tcgefhei.' %%Qﬂt?%mo? 3

intake side, in the blowing direction, of propeldler fan
out | et si dehasBheldeformihatdhgp@iltid rachangds| fraas thedntake side rowsnd theosutRl silaye

thin forns, 5respective| ., and are inteqgral with each other. Thus
bropel | er 147 PEORGLESYE Him S ok PesiBO A ARt eacd b REDIede Zbh deeard thach
o onpa0e DRl OTAL LI AT IOk Al YRGB

fromthe center of center "axi are
integral |y ihtakeside awdrd cenmnelet side apthetposifiod indvhefelahavbaa poRicns ffak
fan 10 has %% i n{)e éal farmincluding bl ades 21A and 21B as wel | as
the region ¥86p Hg Infetidd toqand thebnge pemtionsgasaredee 21c of bladedddl. | er
fan 10 has a bo . i t...Bass. .hub, 41 cennects
propel l er fan 1??@%!210 ﬁo\?@o@%&ﬁ%ﬁucﬁgeﬁﬁ 'l,?l?glﬁt %lﬁtpb)ﬁlpog ﬁl?ﬁqge%ﬁogﬁge

el ectric mmjostior cwtingingte bladBessacBal of bldias 1 axehdLfbBihSMtdkBAldeCRlthe
form_and is connected at a position overlapping center axis 101 to
conne®? i on PewBgiredion, tiks ontlet side asithe pesitiommavegifrase thednsoportionéfront

edge 21b of blade 21 A toward the base portion of rear edge 21c of blade 21B, and the
portion continuing to blade surface 26 of blade 21 extends from the intake side, in the

blowing direction, toward the outlet side as the position moves from the base portion of
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“15 axis 101 from bl ade surface 36 on the intake si@ROIFH7HO,588424WO01

fan 10 according to the enbodi nent, boss hub 41 that is a nmenber for
.rotationally driving blades 21A and 21B is forned integrally with
themand is |ocated coaxially to the region coupling blades 21A and
21B together. The form of boss hub 41 is not restricted to the
cylindrical form and can be 20appropriately changed according to the
structure connected to the output shaft of the notor. Boss hub 41 may
extend from bl ade surface 36 on the outlet side, and al so nay extend
from bl ade surfaces 36 on the intake and outlet sides.

bla10%Y AN

Connect i on ﬂamtdd@ezmohaad@zlfmdm%aﬁ%@ &.eﬁbﬁ}éa}'e@%tm
outer peripheral surface of boss . her wor en vi ewed

in the dire6pimsistiof P@Iioeﬂﬂeﬂrccmﬁgsrem(bdhafe epﬁunaa:ld afisuppining the dofieve ditorpon
portion 31 |,s.f h m ni mu tance Li fromcenter axis
101 to the BRibAkEH: ﬁwé&qma&?wewoao? RrgRe Sﬂgafaaﬂoarﬁwawa@p AHS Sidene. 2
perpendi cul arly Blaa8s) N9akEHEhs & E—%ﬁ-{ ance L2
fromcenter axis 1aOl to ?he outserélllége o?ét@oﬁ X qﬁ)(%rtlﬁflg%]géshary

| i ne Z5( seerehpagtivelSRA baSTARral 90816:2aMOfher. 2) Thus, propellen faint 0eacab i tofthe

the preferablge C{orm of ro | ler fan 10, a section of propeller fan
10 taken al SAYPIMEYiNAs iy thiodiastes.rpaeh elowhish has wentesral fumsasEorhelpand

i magi nary | é?&&ld% rhcﬂalﬁr' cgrtw%rdg?%n eséépt%l‘ %P&gﬁér éﬁ[zlsel,()l éibcift{e fz%%g%&ﬁﬁ?e

ratio of b/a is equal ere

in a ci rCuni'neageailylfaﬂme(rﬂlWldctcbrmact(dnq:mgﬁ@x]%Bbheﬁdbétv@eehengid’pelld? fAhe0 Ragl Al
direction (sho;lagtfam S). resPectl vel When the resin nmolding is

per for med sBtaer forphiacihiding flagen2 b%@v&%%'rﬁ as wal aptheapgien apuphing bladesdige

from @g03 tg O S possible to provide the propeller fan that
does not i npai rl%sti?gbﬁle'di ng property and the bl ow ng performance, and

does not have a Propbllezfanl() RassibcRRBEt41 as a rotat¥ieihak NEBHAHS 4/ @nhécts
smal | er than 0.03, connection portion 31 has an excessively small

resin thi ckpegeler faasi) toj ar@mersourcpr it asrpuitprt shafe afarheledttie motar (not shown).
<" eC ey, phgugsk 8 RRolt b1 B PRLR BB LR SR TS
center axis 101 to connection portion 31. Boss hub 41 extends in a direction of center
15 axis 101 from blade surface 36 on the intake side. In propeller fan 10 according to the
embodiment, boss hub 41 that is a member for rotationally driving blades 21A and 21B
is formed integrally with them and is located coaxially to the region coupling blades 21A
and 21B together.
The form of boss hub 41 is not restricted to the cylindrical form, and can be
20 appropriately changed according to the structure connected to the output shaft of the
motor. Boss hub 41 may extend from blade surface 36 on the outlet side, and also may
extend from blade surfaces 36 on the intake and outlet sides.
Connection portion 31 has a form extending radially outward from an outer
peripheral surface of boss hub 41.  In other words, when viewed in the direction of
25 center axis 101 of propeller fan 10, connection portion 31 is formed such that a
minimum distance L1 from center axis 101 to the outer edge of connection portion 31
on an imaginary line Z perpendicularly crossing center axis 101 is larger than a distance

L2 from center axis 101 to the outer edge of boss hub 41 on imaginary line Z (see Fig,
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"15 large thickness so that a problem such as nol di%&oéﬁﬁkwgégﬁﬁi@zlivﬁom

nmol di ng property, and the propeller fan has an excessively |arge
mass, which inpairs the bl ow ng performance. Further preferably, the
ratio b/a is set to or bel ow 0.089. Fig. 5is a plan
showi ng an exanple of the propeller fan in Fig. 1. Referring to Fig.
5, propeller fan 10 has an outer dianeter of 460 mm when viewed in
the direction 20of center axis 101, Fig. 6 is a perspective

vi ew showi ng a sectional formof the propeller fan in Fig. 5 taken in
a position of 295 mmin dianeter. Fig. 7 is a perspective view
showi ng a sBctional formof the propeller fan in Fig. 5 taken in a
position of 130 nmin dianeter. Fig. 8 is a perspective view show ng
a sectional for oM exaEpsrasles mréfera%énforrn of prppelert fak &6, L&ctioraofsptileon

of 95 nm i [ ryFi.g. .6 shows a section of blade 21, Fi.g. 7. .
shows a segﬁaﬁéﬁq%e%ad%l SETRTAR iﬂ_baﬁCB’étfiWé&ﬁ“th%{ﬂ% 1a”éﬁ'aa%‘gﬁﬁi’8'?izdﬂ ‘
portion 31, Fign2lhiy HsubBtabfhONltieR FornDAn@h rS@NBEGH iORuRALIY @R Wiere "a"
Referring to F 6 and 7, blade 21 has the blade-like form and the

i gs.
secti of omibgm@c_at@@smwmcimefmmtm diredtondlongunispareid feagth in the
di rection extendi b en.front .and rear edges 21b and 21c has the
R O

t hi ckness tha ¥ion noves froma position near

the center of thwheh atleelifWoldnd frs%@ltfoﬁﬁj&eso%&gt tgé rdtfod/a 8&%?%%31'14 ?gﬂ%s

particularly has the |argest thickness Int osition shi

t he center Wwithinkegangeddem OdAan @. 5 ant padiple toDrbtide Refpespdlagfah ehdtidges Sot
connection . ortign 3L.has subst%nﬁi 1y the_ sanme bl ade-1ike form as

bl ade 21 de'TPAHRY™] TR fyand %géwfé’rqug’ﬁmi’ﬂﬁeaé%ql% Rt hayerpsoblem
embodigent jhagehdig section of the blade-like formin any section
position between outer edge 2la and center axis 101. The description

has been gi ven oWhpn tpehlie@b/afiasmallr than0.035 comicetdapdriion 1 MedarDéxcdQively
the syntheti Cl esi gh but the material of the propeller fan according
to the i nveiRallgRsD Liickess, sesplting (reaprolephis strength. Fuithas,paefpiiably, the ratio

propel l'er f@pilQ: Y. £SvL goaed by effecting tw st working on a single
netal plate, or may be ?’or'med of an integral thin nenber having a

curved surface. When Heseticbadsiargdeositinlivis04 todreation portidle P ARIAEAcKssively
forrreg may be joined to the rotation center of propeller fan 10.
15Dest?i pt i Brgeiirknesn e tat ypipblenuyich pe meldieg sinks pecuss mevelding ppopstynansl

or offered jpy f o ing to.the enbodi nent..
Propel l er fan p%%g%c%?h?sn%rﬁxé&ts ]ﬁglyg{ﬁg%&%ﬁse N qlslmﬁf‘ﬁ/&‘a g’ﬁf’wg performance.
connect i on Rothet pref@dblgftherdioatersistie dree@wcongect i ng bl ades 21A and
21B together. OMng to )
: Fig.'5 is a plan showing an example of the propeller fan in Fig. 1. Referring to
Fig. 5, propeller fan 10 has an outer diameter of 460 mm when viewed in the direction
20 of center axis 101,
Fig. 6 is a perspective view showing a sectional form of the propeller fan in Fig,
5 taken in a position of 295 mm in diameter. Fig. 7 is a perspective view showing a
sectional form of the propeller fan in Fig. 5 taken in a position of 130 mm in diameter.
Fig. 8 is a perspective view showing a sectional form of the propeller fan in Fig, 5 taken
25 in a position of 95 mm in diameter. Fig. 6 shows a section of blade 21, Fig. 7 shows a
section of a boundary portion between blade 21 and connection portion 31, and Fig, 8

shows a section of connection portion 31,

Referring to Figs. 6 and 7, blade 21 has the blade-like form, and the section
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“this structure, even the rotation center portion tH&0145TGVE®. 36862JaV001
practically and 20 sufficiently used as the boss hub in the
_conventional structure can be effectively used as the blade having a
bl ade-1i ke sectional formand a |large attack angle. This
significantly enhances the bl owi ng performance near the center where
t he peripheral speed is lower than that in the outer peripheral
portion, and the bl ow ng perfornmance of the whole fan can be
significantly inproved. 25By increasing the area of the blade for the
blowing, it is possible to increase the air flow rate at the constant
rotation sp 1 10f; t I boss hub t

i s present ?lﬁ%gg%gaaﬁ% e eﬁg{ﬂgf[irie%g&ncée)%@gg § tﬁ‘%ﬁ%ﬁ%ﬁ%‘ﬁﬁ%ﬁ s 218 nd

structure i 3lalepltachitkness bhat decregses anthe PobitioN ndved@th A okHien Feftthen
of the bl ade-1li ;12 formso that the 08R01457WD: 908621W01 nass of
the propel | &t oh thehladgdopar feemt edgm? b privatedgefie, dndadrtisularlydasithey e

not or, and : Iy ons tdon.at the nst ant
Tt ow r e st BRURRS e 3o80H) nRPAER RESaNOTY FiuRle hESLEE0E Atk
operatbons 2l &dfecihg teBi. Beconsiedtiohpeyion Hi(Hak sShG@ialy e hhe bla@Wiike
rate at the constant rotati on speed can be reduced, tHhe noise can be

reduced. (Iformeasébldeddescribedhaavei s Thug, erefeHeryfan &0 gegording tdheaimbodiment
condi ti oner . ir.flow,rate is increased.for inproving,t
ener gy- savi lhaﬁ'%g?%eﬁégf Pgésh.e bjﬁﬁlfz'i\{k? g%rm P &Y §e4iop PBB‘P%%L?W%?“ PHET Fificsed

i ncrease t oaddgeaier akip@odegree of confort in housing conditions.
Conversely, propeller fan 10 according to the enbodi nent can increase
the 10air flow rihedescrptionthas hesnegizéman piogeltenifmel 0 that is integr)y HBrmekof

the prgssurg-f] rate characteri.sti.cs can be_.i nproved, the fan
per f o?granc et%g & &E,%uﬁ pto 3&?‘3 r(’?tﬁmﬁ & g?ﬁ pr%ed]{%g ,fa“taﬁ%‘?rgm_ﬁéo the 1gpRIgiqR s not
e.g., in thesgicledd@Rtt fekiANeFor &Rkl PR flé’sﬁx‘l‘?@ﬂa. Pe fdr%ﬁ%?%ﬁ@ctﬁ% ke
performance of a heat exchanger is increased for Tnproving’the

ener gy- savi workingoprez singls meSil ptate, toh enaglibe foinmadt ofaih éntbgrakbthis memB&thaeing a
pressure | oss of the heat, exchanger jncreases (i.e., the trade-off
rel ati onshi ‘Bﬁr‘,’ed{ Wéﬁgée-i 3&“‘5? Ghice Oﬁﬁ%}t% ‘%h@%ﬁflmewn@mrmﬁé ey be joiped
per f or manceyGhe ;&ﬁi&ﬁ%ﬁé@g gl cpangiot be sufficiently achieved.
Conversely, propeller fan 10 according to the enbodi nent can i nprove
t he pt@ssure- f| oMescaiptorvill mot be givtia o5 ppantorshat effecte intplemsitppoesSered

the | oweri of the_aiy flow. rate in the heat exchanger causing a
| arge press r%rOP?JEBé fartiﬂ%cga%gf@}&tpﬁé epbedimgntoossi bl e to achi eve
sufficiently t hePl%BElfe@tfalpfO AdA6L o e ERGoREIAOS %%:ﬁad%itl{[ Qenbsath

exchanger.)
portion 31 of a blade-like form connecting blades 21A and 21B together. Owing to

this structure, even the rotation center portion that could not be practically and

20 sufficiently used as the boss hub in the conventional structure can be effectively used as
the blade having a blade-like sectional form and a large attack angle. This significantly
enhances the blowing performance near the center where the peripheral speed is lower
than that in the outer peripheral portion, and the blowing performance of the whole fan
can be significantly improved.

25 By increasing the area of the blade for the blowing, it is possible to increase the
air flow rate at the constant rotation speed. Further, a major portion of the large boss
hub that is present in and near the rotation center in the conventional structure is

replaced with connection portion 31 having the section of the blade-like form so that the
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"(3) The fan efficiency can be inproved and the pom(/)eSrng?l?swo 908621W(%01

be reduced. (In recent years, there is a tendency, e.g., in the air
.conditioner, that the air flowrate is increased for inproving the
energy-saving properties. This results in a 25 problemthat the power
consunption of the notor increases. Conversely, propeller fan 10
according to the enbodi nent can suppress the increase in power
consunption of the notor even when the air flowrate is increased.
When the air flowrate is not increased, the power consunption of the
notor can be reduced owing to the inprovenent of the 08R01457WD:
908621W)01 BRss Qﬁtbﬁ’lwp)aller fan cafibp ribdedt | Biis redupai thihiload an thedieemeator,
material, and, can reduce the wer consunption of the notor.
(Wien the f &1 §d "'ﬁif {f Rledrs ppper %éﬁ&m&ﬂ%é@ Enstantaik Bow saaf t and
the |like increasg |
Conversely, . 5 pr%%%?ﬁél?@?%%é TSRS R B, b (AR e o

si gni fi cant fofloweduce t he wei ght of the fan and t hereby the bearing

| oss of the not 0{11 haft and_t he Ilkglécan be reduced so that the power
consunftion of t 3%6‘?6 g floydate afithe cgnstant rotatipy ppaep san b@é@@nsed the

descri bed aﬁ’&lk’@can@e‘?@tﬁlc'e? an(fllfllaec%gt d@ﬁfso hq}erﬁg attr%d% egnborg ealr congltioner

i npl enment t he propel reat 'y contri 0

ener gy- savi thgt fheapeion mse i Qanechséhfor IRSRMNG @hS @ HIsHRD] pﬁﬂpérﬂes This
connecti on vvlth the %?lobal envi ronnent conservati on.

descri pt i on SRS i gereRlera khas the npisep ingeaase bl impsi e @grqer@ftcowé’m in housing

of Terod by 5 aest For CRePRY: BoasRisig! BRI Do Be BrBRien G5 iGorpace g

pl an §6Bowi ngrﬁo@rratpehﬂﬁnt inareading theaRani son. Referring to Fig. 9, a
15propel ler fan 110 for conparison is provided at its rotation center
with a boss hub @@W&\ﬂﬂf’n@e%ﬁf%ﬂmwat@lp tefistiof car@d® improaddthiedaral so

provi ded wi 121 ).._ext endi.n dially outward

from boss hﬁ%‘c‘%‘?’q a&%éh‘{‘%‘%%g‘hdr@ EEe e g e1nd terdensiipeBart | 12Ty

the same ascdrdnf@eqthddkiadeesdird IBSSEthasés adthe perkSimiafic@o04 AR e§<fh‘3¥‘%e?gs a

rel ati onship between the rotation speed and phe air 20flow rate

the propel | BFrepsed f@‘t‘émf@l?lfl@tm@nﬂﬂgﬁ-semammﬂm Reiher thieny floov Fitglowkes as
at various rotation s eeds, |

oropel Ter 1 TR K55 MR Srlnt BeRiR e nrirgde-BGRaRmbpbthere s
o1 e e s 0 g
enbodi ment s,vﬁ'gcwrﬁlygghleﬁdan Gohaersay, prompgilet faerl Ofaacordlibg tb oiie érhigdiment can
conpari son 1|mrf3rgve th pressure-flow rate characteristics, and therefore can suppress the lowering
of the air flow rate in the heat exchanger causing a large pressure loss. Consequently,
20 it is possible to achieve sufficiently the effect of increasing the performance of the heat
exchanger.)
(3) The fan efficiency can be improved and the power consumption can be
reduced. (In recent years, there is a tendency, e.g., in the air conditioner, that the air
flow rate is increased for improving the energy-saving properties. This results in 2
25 problem that the power consumption of the motor increases. Conversely, propeller fan
10 according to the embodiment can suppress the increase in power consumption of the
motor even when the air flow rate is increased. When the air flow rate is not increased,

the power consumption of the motor can be reduced owing to the improvement of the
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-25rotati on speed range. For exanple, when the rot 8§I|{%1r14557|\%%d90\/§/g%1\36)(91
rpm propeller fan 110 for the conparison exhibited the air flowrate
of 44.49 nB/mn, and propeller fan 10 according to the enbodi nent
‘exhibited the air flowrate of 46.79 nB8/mn (equal to 105.2% of that
of the conparison exanple). O08R01457W): 908621W01 Fig. 11 is
a graph show ng a rel ationship between the air flow rate of the
propeller fan and the power consunption of the drive notor (i.e.,
notor for driving) according to the enbodi nent. Referring to Fig. 11,
propell er fan 10 according to the enbodi nent shown in Fig. 5 and
propel | er fedificidit®)f or conparison in Fig. 9 were used, 5and the power
consunption of i.ve, notor was asured. at variqus air flow

each dr
rates. As can bé&%@ﬂw%m WeghifaR pefives 2 mpderial. igd €an fustheperdupe the power
consunpti o 1@1@&1 j L
smal | er th;br?ﬂé%ngjt’tggsf Eﬁ%éé']%?er anq%gdnp%rs t&? rgggg%%gEWF%S%e$§tor
air flow rahgfeandthe likx arpdage, ant eddifidial powerf domsurmptich wasquied NnBCsaversely,
t he power consunption of propeller fan 110 far the con&gri son was
49.8 W 10aMarieopellPaccarding 1o thecsmhodiment con tigaifieany dedvsp thaweigiel sy
(equal to 89 f. th '
Conf 1 red Trbang e 18 b8liob s SPRHUOGE N FATENe o E TBrsEL 9 e

fan 10 accahépagert@ntlisptmddha®otor eanbé panease the air flow rate at
the constant rotation speed, and can reduce the power consunption of

the drive notor Fr theveasone gnseribert above, rrppeller fanel0 accordingTthéke ertpsliment

description_w.ll, be qgjven o chani sm of ..i npr.oving the perfornmance

of - pr opel | aripiedErhd BbaRs Tt REN SRR B R SthEthd S ek brate

pressup e- f | @i thetSoGbakAaigeddsihiif Sobctidhenith ARaIMRN efvaRdnAehodidtdatiod.

the enbodi nent in Flg. 5 and the propeller fan tfor the conparison in
a5C

Fig. 9. 20Ref er rTheg, dasciitipn will beighsn oo trapriastical ewasnplesdtbatiegrosiraplemented
propel ler f 3 cg'n 1rr%}cng%§g fo%%gir?g operations and effects offered by propeller fan 10
according to the embodiment.
Fig. 9 is a plan showing a propeller fan for comparison. Referring to Fig. 9, a
15 propeller fan 110 for comparison is provided at its rotation center with a boss hub 141
having an outer diameter of 130 mm, and is also provided with blades 121 (121A and
121B) extending radially outward from boss hub 141. The shape and size of blade 121
is substantially the same as those of blade 21 in Fig. 5.
Fig. 10 is a graph showing a relationship between the rotation speed and the air
20 flow rate of the propeller fan according to the embodiment. Referring to Fig. 10, the
air flow rates were measured at various rotation speeds, using propelier fan 10
according to the embodiment in Fig. 5 and propeller fan 110 for the comparison in Fig. 9.
As can be seen from the graph of Fig. 10, the air flow rate of propeller fan 10 according
to the embodiment was larger than that of propeller fan 110 for the comparison in every
25 rotation speed range. For example, when the rotation speed was 900 rpm, propeller
fan 110 for the comparison exhibited the air flow rate of 44,49 m*/min, and propeiler fan

10 according to the embodiment exhibited the air flow rate of 46.79 m’/min (equal to

105.2% of that of the comparison example).
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. _ _ _ 08R0O1457WO: 908621 W001
outer diameter according to the enbodi nent and propeller fan 110 of

460 mmin outer dianeter for the conparison, and particularly was
.made in connection with the pressure-flow rate characteristics (P:
static pressure - Q flowrate) at the rotation speed of 700 rpm
25As can be seen fromthe graph in the figure, propeller fan 10
according to the enbodi nent inproved the P-Q characteristics at the
constant rotation speed, as conpared with propeller fan 110 for the
conparison. Also, the power consunption of the drive notor at the

constant air flow rate was reduced, and the notor efficiency was
08RO1457V0: 9086DEVHbS 2s3raph shopdng 3 (elationship between the aJrFficg’sratqgf the 15
illustrate | | a rein

. 15%2? ﬁ?@ﬁ@dﬁ% E&w&%fglfr?ﬁ%fé%rﬂg%@\/e[% F ?13 Q’n?tOEh ednvmg)

enbodi nent . e rrec

propel | er fmnoaﬁmg)fodhagmb@dmhﬁt erregating s Figl 11, ﬁiﬁns‘ﬂ@ﬁﬁhfwﬁa&drﬂﬁng to the
descri bed bel ow, 5Wien bl ades 21 of the fan are driven to rotate, the
wi nd passesCBRRAimentshewa iy Figce andpropelier fan hloofpép@npwonm@gv@ Mg Useds

fl f.
and 11 owe ot BEpERE RoaPh B Sraseh B el ritedd ALAERL A B Rtes
occurring ngacarebE®vh Bondthe Tgl’lﬁ)h@i@iﬂe%uﬁé th RS Bhsuption %@W&%@llgr fan 10

di scussed. On the propeller fan for the conparison (see F
wi nd flows #seElingis té@lémbafﬂlmmewmmaﬂﬁmhgmﬂfat ofipropeltpe £ bl O(f8F thien Fl g

13) at thegos i tion. whe @ aseprtlonP %ﬁc{%lesm o%act
wi th boss hUBTHEEON i seaaa B e, | Pieanle, /hak fecicip s Hes
centrifugal mbafi€ Qh@go%é}%nﬁmfxﬂt%w JripRspeB&PBRd$0 ?Aﬂtﬂ@&éﬁ:fpa‘?fé Waﬁ 488 W,

indicated by Rl in beyond a concentric circl

porti &® (ar @E‘ pppelies f&d!elﬂ acn@rdmg todimenbgimentrvast46e2 W)(relquajfto 162 8!&3 ofitkat
produci ng Er%fﬁ wi_nd 15Conver1 ely, according to the propeller fan of
the enbodi nB® SBPRYIRNTSXHIPIES extrenely small, and even a portion

thereof near theIt%@ﬁ'B@Eonﬁ@ﬁ{eéfﬁ%%x he RPJ&%?eH'e%Jrﬁ e'd@scﬁ:ﬂ}@& tﬂa‘? ?cgf'eller
propel l er fan for the conpari son. erefore, he vvlnd vvs on

bl ade surf atae 18Gictdndmggh ther gmitodevige c@ilinc(edt® the afrifipw the) atahe conmact i on

portion 31 formn a boundar h respect to the base portion of
bl ade 21. TIRLRORSPesd, apdhgary mﬁwq tﬁ*ﬁeo‘gﬁi PREFPPIVERI AN RV LB ORA! tRe

concenkric gdr{sgahgalggowr}ggecat ed by R2 in Fig. 14. Simlarly to the
propeller fan for the conparison, the hatched portion (area B) inside

the |ine R2 cannGhempéref desenipttioa mkbbkgmfknbhfarbédhmﬁﬁmpfﬁﬁbtovmgtlid‘le W nd.
Fig. 15 shows_an are dlffer nc B) between the regions of them
where the fESEOTRARGER 136%?948’% tlﬁéw%iil@%? therpanbndip@rt. pr oduci ng t he

wind. 2511 is Wekyp KNOW e BREQEYVABI G dlAbieRishdsor theprBpaRPEA O

to an area. The
according to the embodiment in Fig. 5 and the propeller fan for the comparison in Fig. 9.

20 Referring to Fig. 12, the comparison was made between propeller fan 10 of 460 mm in
outer diameter according to the embodiment and propeller fan 110 of 460 mm in outer
diameter for the comparison, and particularly was made in connection with the pressure-
flow rate characteristics (P: static pressure - Q: flow rate) at the rotation speed of 700
rpm.

25 As can be seen from the graph in the figure, propeller fan 10 according to the
embodiment improved the P-Q characteristics at the constant rotation speed, as
compared with propeller fan 110 for the comparison.  Also, the power consumption of

the drive motor at the constant air flow rate was reduced, and the motor efficiency was
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“propeller fan according to the enbodi nent can increase the |I9?t 2by an
amount corresponding to the above area difference (A- B). It is

known that the wind is produced by a reaction force caused by the

~“reaction of the lift, and the | arger lift causes 08R01457WD:

908621W)01 the larger reaction force, and increases the bl ow ng
performance. (Second Enbodi nent) Fig. 16 is a plan show ng the
propeller fan according to a second enbodi nent of the invention. Fig.
16 corresponds to Fig. 3 relating to the first enbodinent. Fig. 17
5is a perspective view of the propeller fan in Fig. 16 viewed from
the intake $guibcanfly gmproged.s a cross section showi ng the propeller fan
t aken al ong IineF. I

XVILL - XVI[l. ip Fig. 17. ferring to Figs.
|, 2, 16, 17 and ‘%%,13&8%;?/%&?‘6’:{{}%’:3&‘%%?%%%6 i oG 1 P o
f I g i i -
Che p o al | raoaingtl, SRERHMNES KIS 1 2% RTARE B Dnier SORE pldbelorttn Sboftite

from each ofortée embodim@pterildespenifidatiy dedcabedibelasecor di ng to t he
rotatipn, and coppectjqn portjon 31 that has bl ade surface 36 as a

bl ade-gur face- | i%"‘%hlﬂg%ﬁ ?%Le B’é‘ralr"oérr‘r’i’er‘i‘gtotrﬂf@t%F IRE PAESEHPYRTIRdEo
the rotatio n ; : ] f 1

nei ghbori ngﬁltr%eéegafcsr?] g?ﬁgféﬁ%}%@?ﬁg&%%% %S&ofg&lt?ggé%%ﬁ&l I 52211’ Elrerr%ed

by coupl i ngfltshealphgibladé tuyfaoé 26 hadiBewRdut tepon@ikls; edplei2ab oferfiozm t he
bl owi ng, to each, other and providing the coupl ed 15region that
assunes the f or nfPOFNIRSIOB ORFHENE RRAT B Sieh §f tie astien pigladss 2Aavill now be

rotation. 4o sséta'.’ O@;thg Fr p@fﬂer]fgn foy rtﬁehggmpgﬁfxﬁgllpﬁgg F%g?%)gghesngn}ﬁ ifﬂ%sao%to

the rotation shaft t fsTarranged coaxi atron center

of bl ddles 2blAdeagnaifa2d B thoowitrfuste edge DIB (F16n Fi akpatghélposifiort@ReQGhd Bie
portion 31 and has, an end surface 42 parallel to the plane

per pendi cul BaTtiew of plads Bk isin epntastivathdiosp hul b4l. 2 TThemsger iBumappad is affected

ropel l er f i } in.t irection,. its rofat.ien . axis
P ot i SoaheSetfingltofud ll oLy ihd SERhAMiBh afive BlipEREI b v
connecti on p®ig.ilGbegdnddcdrvegtivalryle! | Athatche@ poRivei(Sleh A liNsidd 18R Néinnot

the center axis is larger than distance L2 fromthe center axis to
the outer eRRIErBHtheBoK pliibe blowsh produgingdhgwindne z. Propel l er fan 10

B o
25di rect i onex@fenteliesniallt &id &en HostiH thBledflfGr e reARRe 0RdiBies 3D t1RWIATe, fror M
of flat surface portion 43 is |larger than that of boss hub 41.
contrast to the propeller fan for the comparison. Therefore, the wind flows onto blade
surface 36 through front edge 21b (S2 in Fig. 14) of connection portion 31 forming a
boundary with respect to the base portion of blade 21.  Thereafter, the flow line slightly
20 expands beyond the concentric circle as indicated by R2 in Fig. 14,  Similarly to the
propeller fan for the comparison, the hatched portion (area B) inside the line R2 cannot
perform the work of the blower producing the wind. Fig. 15 shows an area difference
(A — B) between the regions of them where the fans cannot perform the work of the
blower producing the wind.
25 It 1s well known in aerodynamics that a lift is proportional to an area. The
propeller fan according to the embodiment can increase the lift by an amount

corresponding to the above area difference (A —B). It is known that the wind is

produced by a reaction force caused by the reaction of the lift, and the larger kift causeé
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"Propel ler fan 10 rotates around center axis 101 tHHSRGI4SENG: 3836214¥401

axis, and thereby perforns the blowng fromthe intake side in Fig. 1
.to the outlet side. In the O08R01457W): 908621W01 figure, when
propeller fan 10 is viewed in the direction of center axis 101 and
imaginary circle 102 is drawn to separate bl ades 21A and 21B from
each other in the circunferential direction around center axis 101,
connection portion 31 is defined inside imaginary circle 102, and

bl ades 21A and 21B are defined outside inmaginary circle 102. 5Then,
description will be given on the structure enployed for stacking the

plurality theﬂ’dfrgﬁé&ironffé‘r@é ahl ifi@Eased @k'bg@wi% 83&’ pofting. Fig. 19
t he propel [er

is a plan show n&ea central portion of an viewed in a
direction of an WMFﬁlnb(odlmeﬂDg 18. Referring to Figs. 18 and
19, boss hub 41 urface 4 portion fotendl ng in the

1

direction of cen 1§r iS?lasp apshopy %E@Fﬂﬂﬁg?r fam agrording ip 33ecgpd ?IP?BOCPWP%FI&@
10si de. Endigyhfeatsh. 4%71§X1t6%‘f|1%6;9cﬁ{d?|t3 Pi% 59‘31%% JB'tf?@ﬁrsP ml#’f?d?ﬁh@”: %‘

the direction of center axis 1

si de ob pr opelpeepedtve viddv bbthe ipesytler fan iBigd] 6 eiewed froff the BRAIRSsidRXi $1g
101, end su %Mce 42 has a circul ar outer shape, and has an outer

di amet er S@EroBSpetan shewpgthepropeli f&@@keﬂl%&]lmwgn X\Ohiad'ig. 17.
{141 surf ace. porgignid BlBAN GG [ 2l BLasRidd.Flak dosurace

portion 43 is | ocat ed: ot de T ot R "'n

boss hub 41sthetae oipgedierifarel0 acord: ébﬁhﬂoﬂﬂfehﬂ OIPrégellenfah e nayiHeet
side. Flat surface 44 is formed as the end surface of flat surface

portion 43, Plardtyestitdasies széraaqi R&B thas agmeiranmigrantially 2paskd frossedshiothet for

Fl at rfac Sj rotrudi ng from bj.ad ur f ace
36 of igonne rfbg‘rﬁln% tL?l on %gl&cgrcﬁrﬁ%toc}hgmt (? %@ﬁ?téqn iqn gbﬁ’a{{i
thi s enbodi biedd surfabers 204 blad@uirkrb-likt derfke f&rlst%lrﬂn th@Blohihd fecHidaiad
in the direction of center axis 101, flat surface 4§ has a circul ar

out er for m thametahenandcapneds tft@l @%P@Tlomofﬂﬁ&@eﬂlﬁhad 268 tneighbiprangetoeach
44 15 for mighadt g EER Ripre iR Lo BSo b srbblite dit iy it
Surf ace 44 have L he c i o Bur ey IS LR &R B AR e el
restrileti veregipndhat nesenardlie fqaamé‘opmﬂrgogmn@ th¢ blomsngpaccetdingptivi the fasatiom,
respectively. Propeller fan 10 further has boss hub 41 serving as the rotation shaft that is
arranged coaxially to the rotation center of blades 21A and 21B, protrudes from the
intake side of connection portion 31 and has an end surface 42 parallel to the plane
perpendicular to the rotation axis of blades 21A and 21B.  When propeller fan 10 is
20 viewed in the direction of its rotation axis, minimum distance L1 from the rotation axis
to the outer edge of connection portion 31 on imaginary line Z perpendicularly crossing
the center axis is larger than distance L2 from the center axis to the outer edge of boss
hub 41 on imaginary line Z. Propeller fan 10 further has a flat surface portion 43
parallel to end surface 42.  When boss hub 41 is projected (i.e., image-projected) in the
25 direction of the rotation axis of blades 21A and 21B, an outer form of flat surface
portion 43 1s larger than that of boss hub 41.
Propeller fan 10 rotates around center axis 101 that is an imaginary axis, and

thereby performs the blowing from the intake side in Fig. 1 to the outlet side. In the
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"Fig. 20 is a cross section showing a stacked st at eO8¢014HEVOL QOZFA1TWOO01
of propeller fans in Fig. 18. Referring to Fig. 20, the plurality of
_propeller fans 10 are stacked in O08R01457W): 908621W01 t he hei ght
direction thereof (i.e., in the direction of center axis 101). In
this case, the plurality of propeller fans 10 are stacked such that
the inlet side and therefore the outlet side of each propeller fan 10
are directed in the vertically sanme directions as those of the

ot hers, respectively. The plurality of propeller fans are stacked
such that flat surface 544 of upper propeller fan 10 is placed on end

surface. 42 er,f.an._10, . . Propeller fan 10 accordin
to the sec oﬁ%"‘%’%@%ﬁ @éﬁ@ﬁtkantll?és Visvedhin e d{rﬁ‘ﬁk"%@g ERLEAEY aar?dd@ﬁgléﬂ"g’
subst anti al tiyclé he2 s arevield RpiratSiddee2{ ALY 2e89RA BRA yther in the

Addi tional ly, propeller fan 10 according to the enbodi ment has boss
hub 41 pf r@fvederestal diregiinmgound centevings b, sbnndegom partien 3 kedefined inside

connecti on rti .31...Since, flat..10 ace rtion. 43 is. configured
such that fﬁgatggdsa Lp}{l?llgéiee“?dfa nglageslzé}‘ga@g% ypd I%feﬁl ‘{UF%CFP IBRgInary, qrgteel O2p
formedson boss hukerd defiplibiewirsiusas ﬁy&@%&&%@ﬁ%ﬁh 'féryst&fkmg the

propeller fans 10 can be stacked stably. t"he propel IFer fan
(i.e., propelhraity éfpropeller faps 1@ Gorpering e tiansgeirgng. 9)Figids i§ Helahah@eingass

hub f whi he .pl it f bl ad t ends, di al | tward, th
vertical Iy SEWal BHiHGs P eh;aéu;ﬂm‘ég%%%@ e (estion 06 an faas Hnnges. 18
conbi ned so t hat REBIR! YR 1 aRf 190088 ﬁa@@ﬁd?@'@a 9%&%@4@%& n

wh e& w th the %

relatively easily. However, en the portion provi 0SS
hub of the @wtepeldiethd directisn pEeanter exiis W01 frobd ext@edtidaeporisinECsn €12 intake

ti 31 f. i i he b i it f the fan, bl ad
Dot udll 36 HH TG0 Srerts aarielis Ahoniass o pradiiiencs the deriias of
causes anot hef.rRLRALEM fm%oe%b%ﬂﬁﬁe}ns ’rwﬁeﬂQﬁe' 9ak%%pg%ﬁ‘ﬁgo%gﬁ%?ﬁaﬁﬁﬁg{iewed

wi thout difficulty. nver se accor ding

flat surface thodirection 48cérser| anzaederdrutface 4hdsel ciUBE oRRPSRbE Binlihiab B
i nt ake side on (L\/ni ch boss hub 41 is | ocated. Thereby, propeller fans
10 can be sPuiEkHametRr oLgHhsewectrinsentar axdl @l at surface portion 43.

Consequently, t j f . s..10.c e stably
st acked t oget he?lfﬂr 6’955& g@s%%ﬁgeﬂ aﬁ%‘%ﬁgé b?@ro Bg?' R ‘Hamg:ﬁa{)sruﬁg%g%‘t i Figt
( Thi r @5 Enboslirfrenpgrtion 43 isTlotsted ob tdi stRnembid froh ehliamet kide dhBR! 38 hitb 41

connection with a npdification of the structure for stacking the
plurality of 2PReSsE} Ler OF onaestion porianm higowthetautlesside: t iFiey saxface 44 is formed

as the end surface of flat surface portion 43, and extends parallel to end surface 42 of
boss hub 41.  Flat surface 44 is formed in a position protruding from blade surface 36
of connection portion 31 in the direction of center axis 101. In this embodiment, when
20 the outlet side of propeller fan 10 is viewed in the direction of center axis 101, flat
surface 44 has a circular outer form, and has an outer diameter d2 larger than outer
diameter d1 with respect to the center defined by center axis 101. Flat surface 44 is
formed coaxially to end surface 42.
The embodiment has been described in connection with the case where end
25 surface 42 and flat surface 44 have the circular outer forms, respectively. This is not
restrictive, and these may have polygonal forms or elliptic forms, respectively.
Fig. 20 is a cross section showing a stacked state of the plurality of propeller

fans in Fig. 18.  Referring to Fig. 20, the plurality of propeller fans 10 are stacked in
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“08RO1457W0: 908621W)01 described in the second entfSGOENWO: 908621 Q01
21 is a cross section showing a first nodification of the structure
for stacking the plurality of propeller fans. Fig. 22 is a plan
"showing the propeller fan viewed in a direction of an arrow XXl in
Fig. 21. S5Referring to Figs. 21 and 22, a propeller fan 48 in this
nodi fication includes a protrusion 45 in addition to the structures
in Fig. 18. Protrusion 45 is arranged on the sane side as flat

surface portion 43, i.e., on connection portion 31 on the outlet

side. Protrusion 45 has an annular formcoaxial to center axis 101,

and protrud f | o
A ek e R S S

viewed in tbleraity @‘inmpﬁhleofansé@\ﬁrarsteakedsswﬁlhatplh@hﬂausﬁeancﬂﬂlemetthaeoutlet
annul ar form,hayi a cjrcular. secti and an_inner diameter d3

t her eof wi t HI f\sl EPF‘-EPS{‘%[C%ﬂ‘ﬁ e daf&?tﬁﬁéuthsyfe%ﬁwa%@gectiw asdhgsgof dhe
t han outer ggh@ge; belPf

protrusion 45 nay %;qaebproprl at e]{@ Ozr% e]ler ag%corg{& {;](r) ?kﬁaghkﬁérﬁn@g

boss hGb 4144 szlepgr p2@elles fan O m$ﬁcsdacm enxhsmfmuma @f ld%eer ptaeladastat e

of the plurality eller fans ipn Fig. 21. According to the
modi fi cati on, P@gg&ﬁg%}ﬂ%e@or% toéh‘?\ﬁﬂcapd srbedimeninf thgingentignsbus

propel | er f@(ﬂxﬁ%ﬁre'd%aﬁ h&l‘?&grsgﬁsg QII)p@%%argggﬂé& a?ftl%é i?r\éfs%nsug'ﬁ ;ler fan

48 when the pldrality o ans are stac hat fl at

surface 44 of up;&ddxtxpﬁaﬂp,eﬂn’oﬁéllefﬁam Wactorditigaoate ombeditiesttial 66 1B 4fpf
| ower propeller fan 48, as is _done_in the form 20shown in Fig. 20.
According t®& duerdl siges qwingrta provigoy pf the hladeikp sernesion partipnd b abinge fat

protrygi on hd f.t 0 Ssitio
b opetfer anzegoRloMiTH cAAELERRI i M shMerla 3 887 P than
stably. Fi gendshrface 42 fr08E of BE4siHAB 43 w\mmaaceﬁem@ dhéTFldkdhtyC@{tﬁrQﬁelEf
the structure for 25 stacking the plurality of propel frans

cor r espondsiang 1¢re bejgackpndiebly t he first embodinent. Fig. 25 is a
pl an show ng thew%lr %I

in Fig. 24. Referring etdrg?—euelaﬁn Zer\gﬁrgpéz@ %aél Lllr'oe tE:IF(?IﬁPg;SQﬁP% g Q)V%axﬁé
accordi ng tRrddticss Hiﬁhjfrémﬁﬂﬁctlﬂlﬂe pRBARALAPHNMs RABELAMRNE outward, the vertically
15 neighboring boss hubs of the propeller fans can be combined so that the plurality of
propelier fans can be stacked relatively easily. However, when the portion provided
with the boés hub of the propeller fan is replaced with blade-like connection portion 31
for improving the blowing capacity of the fan, blade surface 36 of connection portion 31
formed at the rotation center causes another problem that propeller fans 10 cannot be
20 stacked without difficulty.
Conversely, according to the embodiment, flat surface portion 43 is located on
the outlet side opposite to the intake side on which boss hub 41 is located. Thereby,
propeller fans 10 can be stacked through boss hub 41 and flat surface portion 43.
Consequently, the plurality of propeller fans 10 can be stably stacked together by a
25 simple manner for storing or transporting,
(Third Embodiment)

This embodiment will be described below in connection with a modification of

the structure for stacking the plurality of propeller fans for storing or transporting as
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"has a protrusion 46. Protrusion 46 protrudes f r omOBRE1 £AEOs PRRO24WO01
boss hub 41, i.e., fromconnection portion 31 on the intake side.
Protrusion 46 has the annular formand is |ocated on the outer

peri phery of boss hub 41. When the intake side of propeller fan 49 is
viewed in the direction of center axis 101, protrusion 46 is coaxi al
to center axis 5101 and has an annul ar form havi ng an outer dianeter
d4 larger than outer dianeter dl of boss hub 41. Protrusion 46
protrudes in the direction of center axis 101 to a position higher

t han boss hub 41, Fig. 26 is a cross section show ng the

stacked st al@ciedtintheRbstRl dnibdRener opel I er fans shown in Fig. 24.
Referring to Fig. 26, the plurality of propeller fans 49 are

10st acked i n t heFipellght cdioss sedticoshohimgadirst(modification of tie stiuceed foon of

center axis 101). The plurality of propeller fans 49 are stacked such

that the irﬁff’e&“% the PRI Rerepdice ke Bt ot aTiEbsomiade PERRSHEN fper

fan 49 are dbhechatiieisler sekitdeablyymagedi rections as those of the
pro

ot hers, respectively. The plurality o pell er fans 49 are stacked

such that bl ade Refefringeo Bgsohl a2 D atpretellst fie 48fin thpaodificapelheides an
49 is placed on .annéjlar protrusion 46 150f | ower propeller fan 49.
Accordi ng tRFOtH$Ien &4 i addifion to thestpyctiras ndje d8. pPopeisianr4 s aauged oarhe
be stably s %{gg l ar~pr ot rusi . 46, SO, | ance

pi ece can b%ﬁ%{g lﬁfaéca%@ép 0 3%&%3? 48?%?’?%“3(?&3%@%@%&8@% m %@%hg%élﬂet side.

i mbal ance dfropusipehh @ss dreandRr fdPmogakiabio denfes a4S 10NGnd PraeeREdite to
the third enbodi ment of the invention 20having the above structure
can achi evellEgBen ahsenr pyis d Ak frogniat sprfacst4das Ie Hug eobodiments whenihe outlet

enbodjgrent . L . A nropel Ler fan accordin a
Fourt 10 enboit @ firbe e RE ST Okbed n e el sr el AR et
the sane sttheahnile fosn haRes tiedularfsaftiohDamP&0nAkdrtEarh&ert d¥thblebSivith respect

25enbodi ment. Description of the sane structures is not repeated.
Fig. 27 is & asqeﬂ’@fdﬁéwdé)ﬁmtﬁgaﬁlhéob\séﬁém then putar diemoieddhgf bessthh 41.

UL, ST Mool e PR s s 8 R BB RSPl e
arrow XXVI lthe ifdtnfdfbos@iub £44.9. 29 is a plan 08R0O1457WO 908621W01
15 Fig. 23 1s a cross section showing the stacked state of the plurality of propeller
fans in Fig. 21.  According to the modification, as shown in Fig. 23, annular protrusion
45 of upper propeller fan 48 is fitted around boss hub 41 of lower propeller fan 48 when
the plurality of propeller fans 48 are stacked such that flat surface 44 of upper propeller
fan 48 is placed on end surface 42 of lower propeller fan 48, as is done in the form
20 shown in Fig. 20.
According to the structure, the fitting of boss hub 41 into annular protrusion 45
can prevent horizontal shifting of the positions of propeller fans 48 so that propeller fans
48 can be stacked moreé stably.
Fig. 24 is a cross section showing a second modification of the structure for
25 7 stacking the plurality of propeller fans, and corresponds to Fig. 18 showing the first
embodiment. Fig. 25 is a plan showing the propeller fan viewed in a direction of an
arrow XXV in Fig. 24.

Referring to Figs. 24 and 25, a propeller fan 49 according to this modification
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"showi ng the propeller fan viewed in a direction (f3EHEHEVEOLPPER2ZIWOOL

side) of an arrow XXIX in Fig. 27. Fig. 30 is a perspective view
.showing the propeller fan in Fig. 27 viewed fromthe intake side.
Referring to Figs. 27 to 30, description will be given on the basic
structure of a 5 propeller fan 50 according to the enbodi nent.
Propeller fan 50 has the plurality of blades 21 (21k 21B and 21C)
that are circunferentially spaced fromeach other for performng the
bl owi ng according to the rotation, and al so has connection portion 31
that has bl ade surface 36 serving as the bl ade-surface-like surface
for perforng { N ] j : aigq

t he base poraftgigoﬁrﬁgﬁ%%%rgﬁédgerg%gg%?lgg?%mtlnglg%ﬁ%@gﬁ%%d%édp urogflf?@;&%? €
nei ghbor i ngfrtshadesectidn pogien 3éron the intake Ridep e PteerusioantcIis ity ainalar sormumd

o s ng 71 gk e it S e e S
figure, whesy RAARERUIE S BRREH biscie}eﬂ{e%%g 1 g I tr@t%sgc}r{]ﬁ Il BB %glﬂ%ﬁe%c(ijse <

axis 101 and such imaginary circ r awn separat es

21A, 23B anthi2hd Has emueaddy fotnhkaviddinouttradiahéteidd Rign thaal oudérrdhdien 1
around cent efr axj s 101, connection portion 31 is defined inside
i magi nary cPirosehutodl. o FoBpserds pratrudesinghridipertion o€ cerder axisdl Wup @i de
i magi nary CﬁJsﬁioﬁ %&%rﬁgl\g%gssahdmrﬂpel | er fan has four or nore bl ades
[ e I's dr

21, imaginary cir awn simlarly to propeller fan 50.

Propel | er fan 5CFigs26istaiues-sbltfahbainghinyitided saeesf 1Bd kuntdiBy angrogdlfer
Bl ades 2021A, 21B and_ 21C are equally spaced from each other in the

ci r cunf er enengshopmrip£ig. 84- aRefsrinatedis 2atheplurgity oBprapsierfans 49 e and

21C h th 5., . .. Blades 21k 21 d 21C ted
t oget ?gre byﬁ%%%%c{h?% %%Eto?l{eicgﬂn gjf?eé)?flézﬂd%heacﬁlggﬁ%“ géﬁetng‘?rr%éi%ﬁ@ Tﬁglﬁ'el n
propel | er fplorafiy cfgeeyellening 99 hRRatRRODICH®IN thed ARt LiRE 8fd MeAdSeS thd@ltlet

are formed of a single menber and extend radially outward from center
25axi s 101 #¢eeofisaclepionelley firodSrang directbdl idtbe vertically2hBieatitcRdrG aashaselof the

as connecti ortli 1. ropel l er fan 50 has boss b 41 as

the cent erlé{ﬁ% ’tr.eg%gﬁ‘ﬁe ti oI derlﬂF{yéﬁ p@el,l?{tfg ?rﬁ(ffaﬁp?‘is"ﬁggk}%rbé‘d?rom
the outer peiagh%s ah tREURREQIOF ﬂ%‘éﬁpﬁgglé%n 495 D484 on WRRIMndi¥kion 46
908621W01 words, when propeller fan 50 is viewed in the direction of

cent e}d axi soflower wopellse fanct?. portion 31 is forned such that mnimum

| ength Li of conpecti.on rtion 31 sured fromcepter _axis 10

al ong i magi nary T¥RENRSE b(gg"ﬁ %‘CP%%E% u@i‘ﬁ’t rpr%ﬁ“? § 4P sap g"n@}élglythan
l'ength L2 odtadres trbtih hhul® 3fth&/nt BOM SRPI £halshtk DickdLatbO@hached to

i magi nary line Z
annular protrusion 46 to eliminate an imbalance of propeller fan 49.

Propeller fans 48 and 49 according to the third embodiment of the invention

20 having the above structure can achieve substantially the same effect as that of the second

embodiment.
(Fourth Embodiment)
A propeller fan according to a fourth embodiment of the invention basically and
substantially has the same structure as propeller. fan 10 according to the first
25 embodiment. Description of the same structures is not repeated.
Fig. 27 is a side view showing the propeller fan according to the fourth
embodiment of the invention.  Fig. 28 is a plan showing the propeller fan viewed in a

direction (from the intake side) of an arrow XXVIII in Fig. 27. Fig. 29 is a plan
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"5(see Fig. 28). Propeller fan 50 according to the OBBOF437VERHYR6FEWIOO0]
of the invention having the above structure can achieve substantially
the sanme effect as the first enbodinent. The propeller fan according
"to the invention may have four or nore blades. (Fifth Enbodi nent) 10A
propel l er fan according to a fifth enbodi nent of the invention

basi cally and substantially has the same structure as propeller fan
10 according to the first enbodi ment. Description of the sane
structures is not repeated. Fig. 31 is a side view show ng
the propeller fan of the fifth enbodi nent of the invention. Fig. 32

is a plan show ng.the opel l.er fan viewed in di rect.i.on of an
150001 1 EpY nEdsé orRl g e ftp fthRg e hhRE S0 heR FR AR
36 of connasm%?a?pomgt 00 isBlpdrihetiv BRR sh&ink Bk HrépdRe Oindh P 9 vihRd
enbodi nent is Tormed of a blade surface 36Mthat I1s a first portion

cont i nuous| forethean@kegider om bl ade surface 26 of bl ade 21A and a bl ade
surface 36N that,i S a secon ortign continypusl.y extendi ng from

bl ade surf ace 2ERYFTOBY LES 21 30, IchBRy RUCHT aerit FRBRS e g
has a §lat SHpLREANDO dcb&idingSo dhSthlc¥hBeRf Prdl]f_éflé}lfﬁﬁgo ﬁwtilégﬁuéxﬁwf
Flat surface 37 has a formthat does not contribute to the bl ow nhg by

propel | er flAade52] (2l 218 dridak1 () thdt hresciewbdeliemiailly spdded frogucdchothed Tori s

formed betweepn bl ad urfaces 36M and 36N, Flat ,surface 37 is .
arranged coRRCEPING 1hoPIERHECHESREANS to01e ToRsicRga %lgh_fs@ss SPBRACHPT JOTiNidr d

fromboss hyb }fh% blal® s &ie%%_‘fhh)g{g %ftré‘blkhél&rﬁg@-’fﬁ% Eﬁr’?&e i ?%)EM%QH@S

36M and 36N, flat surface 3 arger wdth than bos
Fig. 33 is Howingncsdrdingng the mitudioh) astdoanedd the bhesepostiatsl ofibladdan214 218

Figs. 31 and 32. Fig. 33 corresponds to Fig. 32, Referring to Fig.
33, alﬁir ope#qde?rlcf%fﬁg%eluaaé%%nefﬁgl%%ng blotes A5 P90he008621W001 ¢ hi S

nodi fication ha 7. 0Of j j LN I Wl
the line connectsl:i) r%bél eé'?&mh/regeoﬁl%ﬁaftgs éggﬁwggégé‘%gw&%‘3%‘3“95&5%‘1"%?’9‘;
t han t hat othefeby gerfurns4fe blbwirtghfeor alscinke kide co thrasitlepsdeiarfig s, 31n tas

flat surface 37, connection paortion 31 may. have bl ade surface 36
cont ri but i NgEW® Whea PEPRSNFHGN SReyiewsd trbe direstiont center axis 101 and such

imaginary circle 102 is drawn that separates blades 21A, 21B and 21C from each other
15 in the circumferential direction around center axis 101, connection portion 31 is defined

inside imaginary circle 102 and blades 21A, 21B and 21C are defined outside imaginary

circle 102,  'When a propeller fan has four or more blades 21, imaginary circle 102 is

drawn similarly to propeller fan 50.

Propeller fan 50 is a three-blade fan having blades 21A, 21B and 21C. Blades

20 21A, 21B and 21C are equally spaced from each other in the circumferential direction

around center axis 101. Blades 21A, 21B and 21C have the same forms.

Blades 21A, 21B and 21C are connected together by connection portion 31
arranged around center axis 101.  In propeller fan 50 according to the embodiment, the
three blades that are formed of a single member and extend radially outward from center

25 axis 101 are integrally formed of blades 21A, 21B and 21C as well as connection portion
31.
Propeller fan 50 has boss hub 41 as the center shaft. Connection portion 31

extends radially outward from the outer peripheral surface of boss hub 41. In other
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‘Sperformance can |ikewi se be inproved. As is done G3ROJIAZ7WEICPBEHWOAL
shown in Fig. 33, the width of flat surface 37 can be mnimzed as
far as possible so that the areas of bl ade surfaces 36M and 36N can
"be increased, and the bl owi ng performance can be effectively

i mproved. Propell er fans 52 and 53 according to the fifth
enbodi ment of the invention 10havi ng the above structure can achi eve
substantially the sane effect as the firs enbodi nent. (Sixth

Enbodi nent) A propeller fan of a sixth enbodi ment of the

i nvention basically and substantially has the sane structure as

propel I er fap A0, Accqrding fatno'jotig%ieyeﬁ% th%’ﬁ?@?ﬂé&?%‘fepée?%gﬁ%%tghg%tiﬁé

0
t he sanme structures ‘S)r;gnot repeate

a propel | er péraion 4¢ ¢ofocthedsiich thdeisimabhleagiadi srRBhndefioh PertioRn 38 HhéQhved
Referring t ig. 34, a frope_l | er fan 56 according to the enbodi nent

F
has concav egﬁ%‘rqemﬁ"ﬁ axip 30 gpngtnaginarelie 2 pewsingthrough conterdets 191 A4s longer

21c of bl adte S EE EPA bR ErRE b Bofcehits A | O e R ine O°

opposi 5e to(se&Bigr o8yt onal direction of the blades 21. Concave
portion 22 is formed to have trailing blade edge 2le of a crescent-
or scythe-like fBrapeller fan 50 aq¢ordingstoghd Sutirthesmboditnén of thatimentioh bagbhthe

and. when R SPOETRAT TSR b FaRRlp e Sk Fhe e feSS Skt o
common tangent i aithd el Fh eSB! toltRe Ink)@ntﬁﬂﬁﬂ%j HaSe &M Sr n%ﬁtgragfé; des

Xis equal to or larger than 0.33 tines outer dianeter D of t
(0.33 < X/ D), an@iih Embgdimewt)f rom t he deepest position of the concave

porti to the ahaove ling extendin ween .t he opposite ends, O the
conca\?/Q\ portion, d?ol_?%le'fﬁg a&@é@gg{%ﬁgghﬁr&odme&oﬁge srygaon Rpsglly and
smal | er t hagibGaRfdlyiHaiBR samtk efrudhRARpeEpdlePfan 10G&r&dE 3o F]hgfﬁsf .

0.068). 08R01457W): 908621W01 Fig. 35 is a graph indicating

a rel ati onsémpodimente e Pesdiption péitliesams perectusk id dve r¢gpead] | er fan and

the air flowratg in the.sixth enbodinment he invention. Referring
to Fig. 35, propE’igI E]r isiayidecHey SRAvaRe H?Gal?’@?é[er %gn-_of,i}m)ﬁffhﬁml)gqyngntmfgl?e

and Y/D = O'rno@rﬁ?ona]? e 9 % él?n 5%1@@%%r3§éﬂ%r BAYMY el Eliffectith @M arrow

propel l er fan 110 for conparison in
15 XXX in Fig. 31.

Referring to Figs. 31 and 32, blade surface 36 of connection portion 31 in a
| propeller fan 52 according to the embodiment is formed of a blade surface 36M that is a
first portion continuously extending from blade surface 26 of blade 21A and a blade
surface 36N that is a second portion continuously extending from blade surface ‘26 of
20 blade 21B.

Connection portion 31 further has a flat surface 37 that is a surface of a not-
blade-surface form. Flat surface 37 has a form that does not contribute to the blowing
by prbpeller fan 52, and is flat in this embodiment. Flat surface 37 is formed between
blade surfaces 36M and 36N. Flat surface 37 is arranged coaxially to center axis 101,

25 and extends radially outward from boss hub 41.  In a direction of a line connecting
blade surfaces 36M and 36N, flat surface 37 has a larger width than boss hub 41,

Fig. 33 is a plan showing a modification of the propeller fan in Figs. 31 and 32.

Fig. 33 corresponds to Fig. 32. Referring to Fig. 33, a propeller fan 53 according to

-33 -



“5Fig. 9 were used to measure the air flow rates at'3R14¥O0; BR&HZ1BHO01
speeds. Fig. 36 is a graph showing a rel ationship between the
air flowrate of the propeller fan and the power consunption of the
‘drive notor according to the sixth enbodi nent of the invention.
Referring to Fig. 36, propeller fan 56 (outer dianeter D = 460 nm
XJD = 0.37 and Y/D = 0.068) according to the enbodi mrent shown in Fig.
1034 and propeller fan 110 for conparison in Fig. 9 were used to
nmeasure the power consunption of the drive notor at various rotation
speeds. Referring to Figs. 35 and 36, the provision of concave

portions 22uf iR fadhift fulce MrMRALRid Pl BlHEEEh LR ARL! v 2

drag or resistance. Since the area of ecreases, airr flow

rate at a cosmsitethig beobethibbide spEads 86 £ASEN is Bihlldr Rigindh&hf boss hub 41,
15efficiently decreases so that the power consunption can be reduced

when the air fl ol thagwseivderesipgnegiion portion 3 Irhag flagsurface 3%t oanestionfpertion

i son, ' ibi.t di ng t .
ot att on opbby il U Bl SRkbES, HRMFTRE S B bt e
when the prpgeirineficefcanikéwisd B¢ intiravaat erasky dofth thitholiavitie sHbkvh e Bt

values of X/D and Y/D are 20 used and the rotation speed is 900 rpm
A val ue und&t, thewidtl phifat senfecei3dian &e eunimizedtas faraf possblase thiat thw areas of

i th the ajr fl te (44,49 nB8/n f |ler fan 110
For "compar i OBl mhErGehg an It Ehhtincigiital b hieBend b RFeR oo don

the power cemeuoRy imptevef the drive notors exhibited corresponding to
the sane air flowrate. Fig. 38 shows val ues of the power
25consunpt i ons oProphlker dans\v@ and 63 rcatrdiag ne thevitfdremtbvelimens pé tHednvensins

out et . di angt er =- 460 havi di {fferent val ues of X/ nd Y/ D
re ohQd antiieRazbod Byl Enen s Sp Ay AN e Gy P Abh pover
consunpt i onghpsliigaties a ratio of the power consunption wth respect
to the power consunption (49.8 W exhibited by propeller fan
08R01457WO. 9086 Embblndnty t he conparison in Fig. 9.

RGNS NI N WY AR R
socor donce e SR AASHAG, A 1Y) L0 BB R AR (e
15 Description of the same structures is not repeated.

Fig. 34 is a plan showing a propeller fan according to the sixth embodiment of
the invention. Referring to Fig. 34, 2 propeller fan 56 according to the embodiment
has concave portions 22 formed at rear edges 21c of blades 21A and 21B, respectively.
Each concave portion 22 is hollowed from rear edge 21c of blade 21 toward front edge

20 21b, i.e., in a direction opposite to the rotational direction of the blades 21. Concave
~ portion 22 is formed to have trailing blade edge 21e of a crescent- or scythe-like form.

In this embodiment, X indicates a length of the line extending between the
opposite ends of concave portion 22 and, when the opposite ends are not clear, X
indicates a length of a common tangential line with respect to the opposite ends.

25 Length X is equal to or larger than 0.33 times outer diameter D of the blades (0.33 <
X/D), and a length Y from the deepest position of the concave portion to the above line
extending between the opposite ends of the concave portion, or to the above tangential

line is equal to or smaller than 0.068 times outer diameter D of the blades (Y/D < 0.068).
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"5 enpl oyi ng concave portion 22 satisfying the rel aQﬁwéﬁ?WOdﬁoggalWOOl

S0068), it is possible to reduce nore effectively the decreasing
.ratio of the air flowrate with respect to the air flow rate of
propel l er fan 110 for conparison shown in Fig. 9. As X/ D
changes while Y/Dis substantially constant, the power consunption at
the constant air flow rate decreases according to increase in X/ D. By
enpl oyi ng 10concave portion 22 satisfying the relationship of (0.33 <
XID), it is possible to increase nore effectively the relative
efficiency wwth respect to the power consunption of propeller fan 110

for conparison sHgwss ism graph inicating a reldtioBshipBetwetH@r8Rfon speed of the
illustrating, conpari son, the power consunption of the drive

for . . . .
mot or exhi b W@al?%@mvé/tb% aif dayeste iyt sixh emhediment ¢£the ilye@)jonan Refdneng

fel ative of 1T Een pRARIEAM ss WBAUMAR B e RS Sl if P e
by propel | escchatind the efb@dim3At shotwh i BEPSS ind BropBfd: £af 1 R i%ﬁg(}nh?zﬁist)ﬁﬂq

110 for conparison in Fig. 9 when the air flowrate Is

Fig. 48 is &8gP aske nsef de measirathe airdlove ttgsaat ivaoys rotaeioaispectis.ow r at e
exhi bi ted when YL nges D.is constant. (= 0.33) .and the rotation
speed i s constan I.B' %:% %@%%&f’@?ﬁ?ﬁtﬁég?? Bé}?’v@e@? é’érfj;"ﬁl@t%l?f &
ratio of theropbller FrCud"iAé SokbAonbingtidhrAREie BEGPSLdofind A1thd Sti!
Fig. 34 with respect to that of propeller fan 11 or conparison in

Fig. 9 whenembrdimentaxitleninsgnsion. | BefoOhgrtpFig. 36, propellen fnr Sh@lutes didnasterTH
shown in Fig 22 | s formed at rear edge 21c

Y} Lnce nc portion i
of bl ade 21, 468 iy, SRES 05V $ipBeD his®) sksusine 1o ot IRBedmERL HHOVD TG,
39, 2%pconcawgn i 211 rabl r j h
rel ationship of%&%gp E&)(l/lg%‘gf%&%a%%gl }?g's%w\%\ﬁ% edrgg&ifi[gle%gféutzg ﬁ?&'@/eD
is zero cor¢awspoptis efchpdopenber af eariol® rethtidtheebdy st enbodi nent .

Referring to Fi 40, concav oftion 22 is more preferably formed to
satisfy the rel gli‘?%ﬁg‘ﬁitﬁ - %bg%{ (/] theprgvigienyof conrame parippEy2 reduces the

908621W01 areq of th@@ﬁdmﬂ‘%%@gg%mﬁl %eogﬁ)%éﬁa%a%\i/gﬂﬁcean%i Il &%, BF P'g?e\éﬁ?

by concave portion 22 wll cr en‘aTres

obj ect causdesgeases| thegé flvesseinter domsantsiothicaspeeddRicagsChansedrajzs

rese in .a | ow path, the propeller fan is likely to cause
guc h EE phen%ﬁ'@ﬁ‘al:}’ c{eﬁgﬁas so that the poever%onsumptlon can be reducec?/ when the air flow

rate is constant,

Fig. 37 illustrates, for comparison, the air flow rates exhibited corresponding to
the same rotation speed. Fig. 37 shows values of the air flow rates attained when the
propeller fans (outer diameter D = 460 mm) having different values of X/D and Y/D are

20 used and the rotation speed is 900 rpm. A value under each flow rate indicates a ratio
of the air flow rate with respect to the air flow rate (44.49 m*/min) of propeller fan 110
for comparison in Fig, 9.

Fig. 38 illustrates, for comparison, the power consumptions of the drive motors

exhibited corresponding to the same air flow rate. Fig. 38 shows values of the power
25 consumptions of the drive motor attained when the propeller fans (outer diameter D =

460 mm) having different values of X/D and Y/D are used and the air flow rate is 40

m’/min. A value under each power consumption indicates a ratio of the power

consumption with respect to the power consumption (49.8 W) exhibited by propeller fan
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"5flow froma central portion of the fan, i.e., a pdfRQ14A7HO: 0BRGN WOO1
peri pheral speed separates fromthe bl ade surface. When t he
_pressure loss is extrenely |arge and may exceed the capacity of the
fan, the separation occurs throughout the blade surfaces of the fan.
When the pressure loss is within the capacity of the fan, the
separation occurs on a part (a region near the 10center) of the bl ade
surfaces of the fan. When the conpl ete separation occurs in the
hat ched portion in Fig. 15 (i.e., the region where the propeller fan
according to the enbodinent is superior to the propeller fan for the

conpari son) J]@flﬂtﬂf)&&rﬁ)ﬁmﬁﬂé_ ¢ he propeller fan according to the
enbodi nent lowers simlarly to the propeller fan for the conparison.

Wien there is a Refepitgio Hgs. 87 find 88, \eNy/Dsahppres setile K/DHi SomeR@rtas hefow
the invention ctatg exhibit its ef f@g,ct to the maxi mum extent.

Usual |y, t hE"pP'eds pnstanh Edatien speedigpieases in pecogdance wishydpereasingaefdADhend
portion neafhetdQef 1S a, situation that_the
separation i g I;]Fbi I?eig(glﬁstﬁ glpgé%h{'tﬁe.lmgﬁgagxﬁrdggn%d;s %ﬁ%g syhsi?nt@ c%&é‘?at}?’%n

partiably oewplogingrondage patioh@d sefdyinm theteltiOnshiborql/b Reo 868)Pi ASIskiBle
fan according 50 t he enpodi ment. The followi ng structure is enployed
for conpl et ¥ Fopedneseiseiehahe dpreasinggntio af theeirtflemcratawith respest tatie air

ef fectivel yaggriXisp f e. i nvention.. Thus, a
vortex (bl ade trépov& e%rq{l)%gﬁdrfr‘o?ﬁ%ﬁlgzﬁlﬁogéﬁ?vﬁ@mglflﬁdge edge 21d is
gui ded to this has&ibdhpeies wile 0D iefubbtantidllyWohstalt! 1h8 HoteP BGHsGN tiﬁ%at
form ng conﬁjave portion 22 25at rear edge 2lc, the tip vortex can be

fixed in thihgcppantiagflogpraggdacreanes aceqidmg tofincrense eXdhe Bypemplogingi n

Fi g ) . oo ki net | e N
the siBar at T RrIE 22 il ¥ [t ah (it e iR Hismogogss fngreats
suppr essed, marekffebively fRGtlafe éﬂ%@eﬂc@‘%ﬂ%{e%aﬁﬂﬂh@%o@r&{ édﬂsﬁrﬂgﬂiéﬁ of

ig. plan s

derived. 08R01457W): 908621W01 _ lis'a W ng a
nodi fi cat i offoptller fa Wi0dperoreparisamstiownFingig. 4. I n the enbodi nent shown

cdges 21¢ it h CORciyE aurt Bnegs8 e R isGeltS bebticeaperpion eine2
ropel Ler Tan 56 bavima L he Bru o e R e e AR et o
formed®in tite ipeopsanter Thaordinatd inghd fmure biveea relative efficiency that is a ratio of
the power consumption attained by propeller fan 56 in Fig. 34 with respect to that of
propeller fan 110 for comparison in Fig. 9 when the air flow rate is 40 m*/min.
Fig. 40 is a graph illustrating, for comparison, the air flow rate exhibited when
Y/D changes, X/D is constant (= 0.33) and the rotation speed is constant. The
20 ordinate in the figure gives a relative ratio of the air flow rate that is attained by
propelier fan 56 in Fig. 34 with respect to that of propeller fan 110 for comparison in
Fig. 9 when the rotation speed is 900 rpm.
In propeller fan 56 shown in Fig. 34, since concave portion 22 is formed at rear
edge 21c of blade 21, the value of X/D does not exceed 0.5. Referring to Fig. 39,
25 concave portion 22 is more preferably formed to satisfy the relationship of (0.37 < X/D
<0.5). The case where the value of Y/D is zero corresponds to propeller fan 10 of the
first embodiment. Referring to Fig. 40, concave portion 22 is more preferably formed

to satisfy the relationship of (0 < Y/D < 0.043).
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“blades, it is possible to reduce the power consunp{&ReH4aTWh&08621WO01
constant air flowrate, while reducing the area of the blades to
_reduce efficiently the drag. Propel l er fan 56 thus
structured according to the sixth enbodi nrent of the invention can

achi eve substantially the same effect as that of the first

enbodi ment. 10(Seventh Enbodi ment) The propeller fan according to a
sevent h enbodi nent of the invention basically and substantially has
the sane structure as propeller fan 10 according to the first

enbodi nent. Description of the same structures is not repeated. Fig.

42 is a plan show . r ing.to,the seventh
erbodi ment - 15of ¢ TorieH B RS ke AR R AhidyBa b EodGiEPrden 22,
57 accor di ngili e ddseritedibeidwrent has convex portions 58, i.e., first
convex portions forned at front edges 21b of blades 21A and 21B,

respectivel y. CoMVheR 2peustans ebiset Grasing 2 daga areserrenqss stohudiarhgat ewhanger is

th ti i i nt ' f. Bl ad f 21, W
i owed 1 onPiEh 358 AL A6y bk, BEDSE 68 i BeRE it AE8 = phenamip s
surfach ri stlog ffonoacédial potibaee eifan0ll adRrest émew%feriggaaxvs%ed)sgphéa%

58 is formed near the periphery of connection portion
Accordi ng t Goryibe Bledesurface descri bed above, convex portions 58 forma

vortex 104 accorgj o the rotation of blades 21, and vortex 104

t hus forned mve\gh%%h%,pée&%urgﬁﬂsf b e%{ya{ﬁr@eéé.g iy e3Ceed the PRy of the fan,
prevents t hehesepaitdinl QBuRthReshdt theHladd \Qirfkbds cffltl‘iﬁ"f‘ag.5_tﬁﬁ1ten?}?ﬁcpﬂ%§ufé]o%
region 103 on bl ade surfaces 26 and 36, or in the region of the

hat ched por isivathin theEapacity 8f thedis dhpisepatagipn thairpen & prrdn cagianmkar the

efficigncy of .the.fan gre i.nproved, and the noises due to the

separ Iéltﬁi on gﬁerggfﬁhggﬁggaqrfa?gﬁof\éﬁag@ of suppressing the separation
on bl ade surfacewmh i dmifett BYPNRA olcBEs i @R 4fchs i
08RO1457W0 908621001 Rttt SRR oo B (iR ilofied (??Yo{;ﬁ)%ghlgs (o e

perf or med ctagrassplmethegrepelichian htghdipg ¢s therembodasent Isnsupériiar to the propeller
OO ot 8 o Bt R, 10, SBRS e ek kot
portion in gnE&iiRkitSwie5itiRRy to the propeller fan for the comparison. When there is a
15 method of effectively suppressing this separation, the invention can exhibit its effect to
the maximum extent.

Usually, the pressure loss is present in the air flow path, and the portion near the
center of the blades is in such a situation that the separation is likely to occur. It can be
assumed that the separation partially occurs in the hatched region in Fig. 15 of the

20 propeller fan according to the embodiment. The following structure is employed for
completely preventing the separation in the hatched portion and effectively deriving the
effect of the invention.

Thus, a vortex (blade tip vortex) occurring on leading blade edge 214 is guided
to this hatched portion to refill it with kinetic energy. By forming concave portion 22

25 at rear edge 21c¢, the tip vortex can be fixed in this position so that the region of the
hatched portion in Fig. 15 can always be refilled with the kinetic energy. Consequently,
the separation in the region of the hatched portion in Fig, 15 is suppressed, and the

effect of the invention can be efficiently derived.
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" 5bet ween connection portion 31 and each of rear ed§&9185EWER 908621WO001
respective bl ades 21A and 21B. Convex portion 59 fornmed at rear edge
21c of blade 21A protrudes toward front edge 21b of blade 21B, and
convex portion 59 forned at rear edge 21c of bl ade 2I B pr.otrudes
toward front edge 21b of blade 21A. In this enbodi nent, a convex
portion 60 expandi ng oppositely to the rotational 10direction of

bl ades 21 is forned as a third convex portion in a coupling portion
bet ween the outer peripheral portion (outer edge 2la) of each bl ade
21 and rear edge 21c of each of blades 21A and 21B. Convex portion 60
formed at trailipm “gl.’% f e r,d

| eadi ng bl ade edglg' gilgqg‘lﬁg?gde %L%,Odgir? cognf\]/tﬁéxﬁrpogél!#gﬁﬂgﬁ g\lgrt1 meclin glte
trailing bl emdeoduge shden of Figl 4dehi2é Blages? A48 dnd\BACchre padided abtirtieear
edge 21d 150f bl fde.ﬁlA. . The above structure increases a chord
| ength of tFEHAIT MHR CRRGYP BRTIOH £5 reseidelportansmee Butieme? B and

can bl ow thgyiakidily QHe BncobladBOndaE Stioh B2 4SRN prdpfer 2hiP 86 Bbing the

capacityls sma n a position ere a radlius o ron 1s s

Howeved, thoveblhdst WWheaxbacudepgriidne 22 ey Bribyd Priby pipeifer@in BAMEEKe three
portion 59 can achieve a |arger 20blow ng capacity in spite of the
fact that tPadgsadisposgbletoreduce the poveRgpnsumptien e lsarstant fa flgev rate,

"~ bl owi ng capagi j it ragi us .of, rotation is |arge.
The chor d ol fedlclag uRSee daR MRG0t L ARIP Il U1, ¢

obt ai ned is extePapellsdart Sathut beudifed hkeMing i@ Hefsih embadimeht ke

constant rotation speed can be increased, and the | arger bl ow ng

capaci ty calivVeBiossenpeherye spbstnsiallythsdnme sifettas thae ofithedissiranbodinant.
conneggion W th {geggn%bg{boﬁ n 57 provided with convex portions 58 to

60. HOwever, the‘convex porflllilecl)1 (s) may be forned of one or an

appropri ate conbThepiopslled farCRRY MO A deQétth 88bsAmMBR: offthORCE RN thdBalf 7
t hus structured according to the seventh enbodi nent of the

08R01457W0: arsRgstamiadly himihe same atrecinreas prepeliersfan $© actardihg yo thedirstanme
effect as the fjrst e e structures qf the various

propel I er f SAROREn- bﬁgggiﬁ)&m‘g’ghg@cﬁag‘g S{th‘ét_‘”f$ FS1otfgPeddent h
o the. propel | or ot P Ry TRE 1y R R bt
sevenld enboltiheinventoan RefSrpptoligi 42, @ propdlebfanéd accordimgfto gher emtaodivesmt
propel ler f Bt convex portions 58, i.e., first convex portions formed at front edges 21b of blades
21A and 21B, respectively. Convex portion 58 has a round form protruding toward
the suction surface side (intake side) of blade surface 21.  When viewed from the
suction surface side, convex portion 58 has a curved surface rising from the surface of
20 blade surface 26. Convex portion 58 is formed near the periphery of connection
portion 31.
According to the structure described above, convex portions 58 form a vortex
104 according to the rotation of blades 21, and vortex 104 thus formed moves on blade
surfaces 26 and 36. This vortex 104 prevents the separation or peeling of the air flow
25 that occurs in a region 103 on blade surfaces 26 and 36, or in the region of the hatched
portion in Fig. 15.  Consequently, the performance and efficiency of the fan are

improved, and the noises due to the separation can be reduced. The effect of

suppressing the separation on blade surfaces 26 and 36 improves the pressure-flow rate
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“(Ei ght Enbodi ment) This embodi ment will now be defEROLERYWR: 908621W0O01
connection with a structure of nolding dies for nolding propeller fan
10 according to the first enbodinent fromresin. Fig. 43.is a cross
section show ng the nolding dies used for producing the 10 propeller
fan in Fig. 1. Referring to Fig. 43, nolding dies 61 have a
stationary die 62 and a novable die 63. Stationary and novabl e dies
62 and 63 define a cavity having substantially the sanme shapes as
propeller fan 10 for injecting flowable resin thereinto. Mol di ng
die 61 may be provided with a heater (not shown) for increasing the

f1 owabi | i t ychatactdBtiésadithatithd BF bR da eRrBANS dorreSh&riRy MH@J%%E
of the heater is 15particularly effective when synthetic Tesin having

an i ncreaseRressurelagt h such as glass- filled AS resin is used.

Mol ding die 61 s he assunption
Stationary die o8 FBAHbOd L SRR GTITALe GrPprBRePPOHepeR ‘%mta&waal
movabl e di edif3tib®bMBlades2UGH fPRed i § 8&Bnd EOWRY %Brtlo?ltlﬂﬁ'cgﬁ‘ﬂvné

may formthe suction surface of propeller fan 10, 20and bl e dle

63 mayoaf or nbdtWeerpcrcmseulme psctrq‘na?deand each of relreedgeophd bfesieative lsiadea @@ Acind
met al , and raII draw formng.o ress rk|

thick netal 'fﬁ BRA8 1053% dfyaareag&éae %]rca\ﬁbn@f{ W et gesopatd %nt
and i ncr eas&%e@l%?ﬁla@é 21’@':&9%0%}{%&%0@5@ ﬁ‘)}n?\ 5"5%1%5&1 Y cloPblade 21B
general ly used. In this case, a large propeller fan c not ave a

suf fici ent pbtredeythward fgmrdletlgezw ofitdade diAL.fi cul ty. AI so 25a part

t hat |sformed oi?atgne pl ate thicker than the bla portion and i
cal | ed "spider" Wefsisa gdistet greopyey RAgtiehed efp&aémg@pm%tﬁlyea thayeotational

rotatijgn axj cupgwselies zltmg ﬁ:rﬁfe’é% ?ruljdr!;o‘ﬁvg{l%}k gmr}?géqphggg{;@%g Sbg@veen

| arge, a fa n

for it is tﬂhel@u&!ﬂ@eﬂmﬂ&rzﬁpﬁﬂﬁom(amﬂer Edge(ﬁﬂaﬁsﬁeach\lbladhﬂ afditdas edde Hlc of each
probl em that the bl ade Q08R01457W): 908621W01 portion cannot have

bl ade- | i ke fetadesrRaf angedP. Convexgijen Gfoymed pbtraibies blade elsieerts o Blade
b oo 5L L OO k5L L A2 0 o OB BRL bl 1
| ocat ed i n foaed at trailing blade edge 21e of blade 21B protrudes toward leading blade edge 21d
15 ofblade 21A. |
The above structure increases a chord length of the portion provided with
convex portions 59 and 60, and can blow the air flow by a larger force. In general, the
blowing capacity is small in a position where a radius of rotation is short. However,
the effect of extending the chord by provision of convex portion 59 can achieve a larger
20 blowing capacity in spite of the fact that the radius of rotation is small. The fan has a
large blowing capacity in a position where the radius of rotation is large. The chord of
the region where the largest blowing capacity is obtained is extended so that the air flow
rate of the fan at the constant rotation speed can be increased, and the larger blowing
capacity can be obtained.
25 The embodiment has been described in connection with propeller fan 57
provided with convex portions 58 to 60. However, the convex portion(s) may be

formed of one or an appropriate combination of convex portions 58 to 60.

Propeller fan 57 thus structured according to the seventh embodiment of the
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"5 nolding die for producing a propeller fan with tARR OB APD: P8 VOOL
enbodi nent. Fig. 45 is a plan show ng an exanple of the positions

_Where the gates are located in the nolding die for producing a
propeller fan with three bl ades according to the enbodi nent.
Referring to Figs. 44 and 45, nolding dies 61 have gates 66 for
supplying or injecting the resin into the cavity defined by
stationary and novable dies 62 and 63 in 10Fi g. 43. Preferably, gates
66 are formed in connection portion 31 and are |located in positions
correspondi ng to boundari es each defined between front and rear edge
21 b and 21lcingéntidicah ReHidvaGubdiAfliaRy thtsaiB ohB& o6 WREref eritRirhip- b! ade
fan, these are forned in the boundaries between front edge 21b of

bl ade 21A and r e#he gdgeurgslef thé visicad réeBer fanghiyve tbasedestiteadtas eligirsf b

of blade 211B and rear edge 21c of Dbl ade 21A respectively. In 15the
case of t hesetvﬁ'%g &%Pgwnﬁanﬁow&?e ﬂ&?*‘earfed’toﬁéﬁtricﬁwg 7ad B'&ﬁﬁﬂlémr%%o“}"e

bet ween fro ] &4n C,
bet ween f ro%}?pg%?%%gscg{beﬂngﬁgnﬂc ﬁgl tglgg?m g‘%g@‘*ﬁ%@@@@ﬁ%@%&

and bebweenafpropriatey gemBihed wf cobfigde a2k pogdellee&in. edge 21c of bl ade

21A, respectively, Figs. 46 and 47 show conpari son exanp] es of the
propeller fans t@%htrﬁv@dem@%zwat es in positions other than those

and 47, “when gat o ae PAAmShETATEN Uedotoriood ip o Rb A A S et C7

47 ot her t hawldinpediéofoe gnidigy popéller GmsL0 accorlith o the sy efibbdimnent fiem resin.
flows of flowable resin joined t(;get her in the dies so that a crack

is liable to occlig Hub agos spinnsnpwingtthy meldingdietivser for predemngdhgr v
betwegy {1 Oplopefignyaivieh SHCRAAongliaNhisal 2RPig 268l S o

nei ghbori ng he "pro an acc 0

enbodi ment, aikl4 @esattodie 6Bt r StatioRarPasdfidvhble Hite chanddnayfideat MRRH hhvignt
edge 21b of each blade 21 and rear edge 21c of nei ghboring rear edge

21c so t hat substeptidly thesqmesshprestap peenelier fan dA doninjeeting fawable resin dharpisto.

breaki ng strengt . the fan i.s remarka | ow, RO1457WW);
908621001 1%24‘%% i DRELE 4""%% hyaict m?_géa?}ﬁé’fﬂﬁgfalpgga%%g Hre
formed in cosnaslity & thRaedih Afectl iA0the 34 ilyC UISAEL Hrréx%e Rt ¢TARd hdaR61Ss
that correspond to the resgectl ve boundaries each defined between

front 1and rpatticdaryeelTeztive when syntheti¢ resin hptvingrandgerbisad etsgngtiosuchas glass-d
line 67 can 1?33‘% oduced in the position that does not significantly
| ower the 5%6 'ﬁegfmsltgfléeﬁigth of the fan as shown in the figures.

Thus, the | oweringidhg §8%1 shown in Fig. 43 is employed on the assumption that stationary
die 62 forms a pressure surface of propeller fan 10, and movable die 63 forms a suction
surface. However, stationary die 62 may form the suction surface of propeller fan 10,

20 and movable die 63 may form the pressure surface.

The propeller fan is made of metal, and is integrally formed by draw forming of
press working. A thick mefal plate cannot be used for such drawing without difficulty,
and increases a mass or weight so that a thin metal plate is generally used. In this case,
a large propeller fan cannot have a sufficient strength (rigidity) without difficulty. Also,

25 a part that is formed of a metal plate thicker than the blade portion and is called "spider"
may be used for fixing the blade portion to the rotation axis. However, this results in a
problem that the mass is large, a fan balance is impaired. In general, the metal plate

used for it is thin and has a constant thickness, which results in a problem that the blade
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“breaking strength of the fan can be prevented. OSRO#‘?QJWQS%%QAWOOI
pl an show ng anot her exanple of the positions where the gates are
located in the nolding die for producing the two-blade propeller fan
according to the enbodinent. Fig. 49 is a plan show ng anot her
exanpl e of the positions where the 10gates are | ocated in the nolding
die for producing the three-blade propeller fan according to the
enbodi nent . Referring to Figs. 48 and 49, gates 66 are
preferably | ocated in connection portion 31 continuing to the base
portions of blades 21, and particularly in the positions

cor r espondi ibR cAriBt Hd%'a@lédeﬂﬁce%ctioﬂ@l forant edges 21b, i.e., in the
positions that are 15circunferentially closer to front edges 21b of

bl ades 21 than reanvestyethezbovaproblems sambe bblkdiesly oesqent byediyg the resin
Figs. 50 an | es for conparison, propeller fans

1 show, / aI gqa]]rap
provi ded wi toh %{H‘L‘r&p ioﬁef‘?é %4Uns other than those shown in Figs. 48
and 49. Referringgt g fiaG8an hBwizth n%kam‘ﬁféﬁfg%@i#ﬁﬁs v@l@eg@%?teé 2GabEMed in the

e.g., in the |IIustrate 20posi tlons s rom-t or egol ng
posi tidns, meldhg dm&)r@?’odm;ngcaq:[rupellenfahhat}pmm blades f chie entbudandnt onFig. 45

portion 31 con |n ing to the ba e portjon of blades 21, and
particul arl ’5§ SWHBAN xamBlend she nasgions hogaies a1g lqqateddp Shremplding
fan accor d' rB&If'cu%@@%b%?tfan Wit GFed ltl?de%%%o%ﬁmg??&%%Hbaotdlr%}&t.he

occurs in t I tl connection

base porti ons of Réfeathgso Fgs. 4hehds, tmawihgﬂiey 61 MatdEatdd0sH fot aNfHIHRALT
front 25edge. 21b, the crack is liabhle to occur along weld line 67,

and the br eBIECHRE Beresiinte Be cavly defined bhﬂﬂkwanddw‘able dies 62 and 63 in
ros 11009 L ReTDS PRy ol 6O UM fHed HALRRMS BMoR I IRASH Pkl

posi tions on~connec he base
bl ades 21, mndlqmabbﬂré&pbﬁdlhg td HoundSR3 kably Wﬁne@@&ﬁ%@h"ﬂ@ﬁt and rear edge 21b and
21c of neighboring blades 21. In the case of the two-blade fan, these are formed in the
boundaries between front edge 21b of blade 21A and rear edge 21¢ of blade 21B, and
between front edge 21b of blade 21B and rear edge 21¢ of blade 21A, respectively. In
15 the case of the three-blade fan, these are formed in the boundaries between front edge
21b of blade 21A and rear edge 21c of blade 21C, between front edge 21b of blade 21C
and rear edge 21c of blade 21B, and between front edge 21b of blade 21B and rear edge
21c of blade 21 A, respectively.
Figs. 46 and 47 show comparison examples of the propeller fans that have the
20 gates in positions other than those shown in Figs. 44 and 45, respectively.
Referring to Figs. 46 and 47, when gate 66 is located in the position shown in
Fig. 46 or 47 other than the foregoing positions, a weld line 67 (where the flows of
flowable resin joined together in the dies so that a crack is liable to occur due to a low
strength) may occur in the boundary between front edge 21b of each blade 21 and rear
25 edge 21c of the neighboring blade 21.  In the propeller fan according to the
embodiment, stress concentration occurs in the boundary between front edge 21b of

each blade 21 and rear edge 21c of neighboring rear edge 21¢ so that a crack is liable to

occur along weld line 67, and the breaking strength of the fan is remarkably low.
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“the positions near front edge 21b, and this structROIGAAVCH PRBEEWO0]

line 67 in the illustrated position that does not significantly | ower
.the breaking strength of the fan. Consequently, the |owering of the
breaki ng strength of the fan can be prevented. Then, description wll
be given on an outdoor unit of an air conditioner as an 5exanple of a
fluid feeder having propeller fan 10 according to the first

enbodi nent . Fig. 52 shows an outdoor unit of an air conditioner
with the propeller fan in Fig. 1. Referring to Fig. 52, an outdoor
unit 75 of the air conditioner includes a blower 73 having propeller

fan 10 accordi ngrERrdpaoFHigSha ﬁﬁﬁ)@ﬂihm%ra%iq%]%@&ievfgm% iR lcorfifor G OVer

73 feeds a fluid. Qutdoor unit 75 has an ottdoor heat exchanger 74,
and 10per f opemioe Bl iaod particiledy inethe hasitims thiticogespondes theFesgBovEtioufidaries

arrangedino&gor unit 75 by not or angl e 76. ) In this
structure, 8?# g?edLhﬁ‘Fee? %éﬂ%f%@f&e&?l apd 3¢ of neighbgrinebladeshethrin
connect i on WeldNinkR§ chh b8 rﬁ@%h%osit%ﬂqhét%gﬂl&r szglﬁ%‘gﬁﬁj Rﬁ\[e? o

generati on of noises to attaln perati on nol Ses er,

propel ber f breakifg smptivefthe fim aishovwh twwhe fibines € MTMusS thellbabridd 6 tRoI€r gy
consunption, of .outdoor unit 75 can be low. Simlar effect can be

achi eved by &king srengtiheighe fansen ba prexeateddy described in connection

ith f th t f j | t.hi i t,
the outdoor uni 5 7 fod Hare SEEALa I S RIE Bl ol BB Bigare
exanpl e of loseted inthd nfoditie die fbloyodRding e R&bIMdePrbpelleNfin 2860 dRE t6 He

can be achieved by applying the propeller fan of the invention'to
vari ous devfBeedimgrt. f Eigdfhés a plen showiee anather sxample aif theppositiong wher the

hum difi er, [ . f . | i [ d
vent i 19t noERey e gbeateltn bt hofind B 7Rl Bling yEBres e b e Per ran

accor di ng t accohiing leMBOEmbEdigam. be 25summari zed as fol | ows. The
invention is a propeller fan that has a plurality of blades for
bl owi ng air by rBesiringrio Figsd4$ and-4fagates 66 iapeptefenabihmcatod srecqnoedtionns

of the plur I%HUBX 3?fcor11)t%n%gn%sto%ee be?sg%h%%‘s’ of llalgdecscﬁli%r?tp p&rggﬁér?yei%'the positions
corresponding to the vicinities of the front edges 21b, i.e., in the positions that are
15 circumferentially closer to front edges 21b of blades 21 than rear edges 21¢ of the same
blades, respectively,
Figs. 50 and 51 show, as examples for comparison, propeller fans provided with
gates in positions other than those shown in Figs. 48 and 49.
Referring to Figs. 50 and 51, when gates 66 are located, e.g., in the illustrated
20 positions shifted from the foregoing positions, weld line 67 may occur in the positions
on connection portion 31 continuing to the base portion of blades 21, and particularly in
the positions near front edges 21b.  In the propeller fan according to the embodiment,
since the stress concentration occurs in the positions on connection portion 31
continuing to the base portions of blades 21, and particularly in the positions near front
25 edge 21b, the crack is liable to occur along weld line 67, and the breaking strength of
the fan remarkably lowers.
Referring to Figs. 48 and 49, however, gates 66 are arranged in the positions on

connection portion 31 continuing to the base portions of blades 21, and particularly in
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“08RO1457WD: 908621W001 Al'so, the invention iSRS OEE: P8F6FIFKO0!
that has a plurality of blades for blowing air by rotation, and is
.Characterized in that the propeller fan has a convex portion
including a rotation shaft |ocated coaxially to a rotation center of

t he bl ades and protruding toward an inlet side and/or an outlet side,
and at least a part of the base portions of the 5blades is not
continuously connected to the convex portion. Further, the
invention is a propeller fan that has a plurality of blades for
blowing air by rotation, and is characterized in that the m ni num

| engt h of tthe posifivexndae FohO&gk0B) dnll@hik Qfradth RNk S PR eldding B0kl 8 than
the m ninmum | ength of the base portions of the blades fromthe

rotation cetipgiFatedpesitian thet dass npi sgnificanty lovesr theheregiomy sirengtir dfitbmfans

10smal | so b hav | ar,ge area_.and, the propeller fan
has a snal I&tr}rggs?gﬁé}@? h%lgqﬁﬁeemﬁl °§&@%brﬁ%l€‘ég t F\eé’g]:ha‘:’%ge g’l“éﬁ" 8?11&6"5%%5 ,
can be ef fecti vefljied)gedrigdnwillbd diferf & Af bRAoGAMI FHan Fﬁﬁ%h&ﬂoﬁe{g%& ahS
conventionally a dead angle region, and the air flow rate can be

i ncrea8ed weamplel # Buid feedar myeebropellenfistlfriccor8ingde thefrspenipeitheart.
fan has a smal | SE% this reduces a l.oad. on {he not and can

;
reduce the power® SonsHBYS BrPUFO ratt of AR iz gpnditoner “Fq?‘dw prgpeller fan in Fig.

Furt her, accor@dilg tepe shn ' - '
above is character imtzggg FFgﬁ 5It2 hgfaétﬁg&pﬁngggl (ﬁgfrw%gh&?dﬁ% uaglgﬁlgggf ?@ﬁ?er 73

edge | ocat ebpving propdlendandl Osicderding tbhie fiat ahbali@bnidind @clrive moter TR ar
edge | ocat ed, on pasite side in _the rotational direction and a
- peri pheral %l@ﬁelr .2%@?&%@?‘{19 (?_Lﬁg%ord‘i”ﬁ(?érﬁaéﬁ%ﬁﬂdﬁpr beat exehepger Jat diden a
tip 20gnd pgdstd fcid LoOL Rp & oy he .rear
cdge. Tand | P pag eMlicht e SR Map S B b 12" PR i} SRyl l G

t he base poutii dhbpé ntoher angker7éedge of t he nei ghboring bl ade nmatch with -
each ot her and a.fe conti nuously coupl ed together. Furt her,

according to thelli HFSHUFYFE otiiooppishét harpropslieadactl ahsadadrsoibadgn
o atec! L 2Bl HeleOBbORAR o 2GS o DB Sieste

bl ades i s couple romthe I ntake
si de to theattaalovedgreatadn ridises.nei ghbori ng bl ade. Furt her,
accorg%ng to the_invention, the propeller fan descri bed above is

charadferized i nFYHhgr. RrARellen fan 10dmwravas the adiraelicisoey scoihat the cesrged
gﬁ{jgi 8][‘) . ﬁé&oglg%%gig%ﬁ %(V)@:{ttlﬁjoookfﬁ%g];fsgc% bERSS dibdig: a%c%ﬁnbetarg:gieggdol?yslilstfg
the propeller fan already described in connection with one of the second to seventh
embodiments.
In this embodiment, the outdoor unit of the air conditioner has been described as
20 an example of the fluid feeder. However, substantially the same effect can be achieved
by applying the propeller fan of the invention to various devices for feeding the fluid
such as an air purifier, a humidifier, an electric fan, a fan heater, a cooling device and a
ventilating device.
Technical ideas of the propeller fan according to the invention can be
25 summarized as follows.
The invention is a propeller fan that has a plurality of blades for blowing air by
rotation, and is characterized in that base portions of the plurality of blades are

continuously coupled together.
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"08R01457W): 908621W01 comon tangential 1ine Wthog}{gslgse%\%]()t:(%O%%zelWOOl

opposite ends that are nor clear has a |length equal to or larger than
0.33 tines the outer dianeter of the fan, and a length fromthe line
bet ween the opposite ends of the concave portion or fromthe above
tangential line to the deepest position of the concave portion is
equal to or smaller than 0.068 tinmes the 5Souter dianmeter of the fan.
This structure reduces the area of the blades to reduce effectively a
drag. Since the area of the bl ades decreases, the air flowrate
decreases when the rotation speed is constant, but the drag

ef fectivel y decr Absethesoventiat istalpeopetieetan clen S plugilitg afblides Tedb6Rths air
when the aiy flowrate is constant. It is assuned that X (the wdth
of the concé*‘(/"é)tﬁm Pl&ﬁ%ﬁ chafacteneddn thab thegngpallenfanthpea conuex pertigndncludiag
opposite 10 . t f.the ahbov
Congent | ai | a0t yo GRATRARPL A ARl SR SRR g ofiEE

| engt h fronowheed bi inbet bizlewaé/or aMeuttepids] 4ndl @St Dart HthE BARPORLRRIILIRN
or frog t he above tangential line to the deepest position of the
concave por PiRdRs is pecenymegysiy seansstad te the sanvepertiant i al | y const ant ,

the ratio of th gyt WMth r o a consta rotati,on .
speed decr easesjal:lgjrt]lli r’ttll%'gﬁﬂr‘{%?éogl Bf pf?ﬁ?ﬁ?[p%‘ h‘?tt E%srae@%aﬁy ‘{’}tdjl?i{%égq{sb?%‘ﬁlf‘g
air flow rajieby sotstidis kadsichhrayteBL4USH Yt theTARIARER1@gtH &f thé SRk haRi®
to reduce Y. When X changes while Y is substantial 'y constant, "t he

rati o of thiomithe fatepipn center i smellercthpethe mivimung engthaoftthe kasapodions pthe
decr eases, ﬁ%‘e EatipatiOf inut vm'th.respgct to a gonstant ai.r flow

T IS gFasion centirs - espiding O3S SEP a4 TR SRAYR RATHOR S

the
S
rate decreases. Theref

flow Late whdll Janpept bIa@:esﬁhaQ@Qiférg@Ereé%@Eﬂe%ol%%)eﬁnihﬁs b SmBP®mass.  Since
i ncreased, and 20to increase X whén the air- flow rate wth respect to

a constant thetiadephavegbeldrgesres thecbladed garble effectively Bsadtdven in the cotatiomy
to the inventio .he_propel |l er. fan descgri hed above i,s characterized
in that it FuRDporbet bR cPmuon gl angl coelors & B SRV (116 OB e
por ti on havinB@agdSitdn RO rd¥tich PbaOR chhdishtf 05k &efF?gﬁeﬁlééﬁn% s b BRaf ARG,
where it is nmade of 25netal. Further, this structure can reduce a
mass of t hethgrrepedes edoddaom the notwry endianesducsithe powdr conatniptiinut ¢heC@imstant

provi gg t he .bl.ade tgortion having a section of a blade-like formin
contradt tof h&Yd&Se where it is made of metal, the bl ow ng

of 1 he propel | or 1o bl o OURERGECR, S R B R ST
908621W)01 characterized in that the propeller fan includes a front edge located on a forward side in
the rotational direbtion, a rear edge located on the opposite side in the rotational
direction and a peripheral portion extending in a circumferential direction between a tip
20 end portion of the front edge and a tip end portion of the rear edge, and the base portion
of the front edge of each of blades and the base portion of the rear edge of the
neighboring blade match with each other and are continuously coupled together.
Further, according to the invention, the propeller fan described above is
characterized in that the front edge of each of the plurality of blades is coupled in a
25 direction from the intake side to the outlet side to the rear edge of the neighboring blade.
Further, according to the invention, the propeller fan described above is

characterized in that the rear edge has a concave portion (recessed portion) extending

toward the front edge, line between the opposite ends of the concave portion, or a
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"notor can be reduced, and the power consunption céﬁRQé4?QHE%38$62nNOOI
Further, the invention is a fluid feeder provided with the propeller
.fan described above. Further, the invention is a nol ding
die for nolding the propeller fan described 5above fromresin.

The present invention is a propeller fan that has a plurality of

bl ades for blowing air by rotation, and has a connection portion

conti nuously coupling base portions of the plurality of blades, and
is characterized in that the propeller fan has a convex portion
including a rotation shaft |ocated coaxially to a rotation center of

the bl ades esmind®pmgémiatinegwitionmpett attetIppbsitel ci@s MAARMoR Ble@Uids Allength
side, a circunferential wdth of the base portion of the blade is

smal | er t haffudl @ rdugerchamd Batimgs ghaower dipmetenpltbs fasoand olengtirfiora the

rotation cegf t on..t he, oytl et side i royvid ith.a flat..
surface por llegt%enp‘ge;ngt}éér)gg%ogﬁé ggdcs iokf&%%o&pgﬁqogﬁm&)ﬁﬂmgge% eé%@@ line
portion on tode dedpakieositidd of the concave pofitinSis S§UA €S & EndlidNtHaARI(BE QintddGhe
bl owi ng performance of the pr(’)[p(b’_[esl | er fan, and 15all ows axial stacking

(i.e.,dstacRitadipmetenel ¥e fanct iTdis souctuse taduyesche wiee oftheiiddesto fednee by
a very sinp ner, for storjing or.tr orting them. Further,, the
pr esent invéeiﬁetcﬁgegy ?éra& prUlEtheFeq 8#}?%2@%1%%” g?ﬂ &Eﬁﬁ tf‘i)” Gite greenses
for bl owi ngwhéd theYota@bégeedis AASaMtaBudhE ARReHEERRPAIH h

conti nuousl‘; coupl,ci)ng be?s?e |losort [ gns of the%pl ur al iyfdfcofagﬁlsgc}e%,th%%%wer
i s char act e¢dnsemption ¢ande redvsep mbpeiteair flam rdias can@atonviex agmited dhat X
including a, rotatiopn,.shaft |ocated cgoaxially to rotation center of
the bl ades G W@ﬁ%{’f‘iﬁ‘&Fﬂ&%%ﬁ&?@ﬂbwﬁlcﬁﬁeét%esl?%h ahedine begst the onpogfts
a cirggnf er gnfsioatheWotltdVe phriidiCorRRS Rn PRI It i | !
than a circunf grer?tial \?\n%d{th ofr then%gn%/fé%q%bg&ﬂ%g?&g?%gtﬁ? gnn@%%tﬁtogr
portion on thheomuave portenpiadicstep theienphl front the ine betnetmthepppbsitesindsm of the
and a circunferential width of an inner aii de of the annu] ar

prot rusi on FYCRGRATMIELIYR thesshpdp tangantial lies focttipfesneftnositioniche wmcave
the outer spifoRl When YURUSEsRMikHOR sBRsthRBI) BERKS: Sh¥fitio of the air flow

rate with respect to a constant rotation speed decreases, and the ratio of input with

15 respect to a constant air flow rate is substantially constant.  Therefore, it is desirable to
reduce Y. When X changes while Y is substantially constant, the ratio of the air flow
rate with respect to a constant rotation speed decreases, and the ratio of input with
respect to a constant air flow rate decreases. Therefore, it is desired to decrease X
when the air flow rate with respect to a constant rotation speed is to be increased, and

20 to increase X when the air flow rate with respect to a constant rotation speed is to be
reduced.

Further, according to the invention, the propeller fan described above is
characterized in that it is molded from resin,  This structure can provide the blade
portion having a section of a blade-like form in contrast to the case where it is made of

25 metal.  Further, this structure can reduce a mass of the propeller fan of large sizes.
Since this structure can provide the blade portion having a section of a blade-like form in
contrast to the case where it is made of metal, the blowing performance can be improved.

Since this structure can reduce a mass of the propeller fan of large sizes, the load on the
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"This structure can inprove the bl ow ng perfor mncéjsgPl?WéfVBf%f‘eﬁzﬂg‘%OOl
fan. Al so, horizontal shifting or deviation can be prevented so that

.this structure allows axial and O08R01457W): 908621W01 st abl e
stacking (i.e., stable stacking in the direction of height) of the
propeller fans for storing or transporting them Further, a bal ance
pi ece may be attached to the annular protrusion for elimnating

i nhal ance of the propeller fan. Further, the present invention is a
propeller fan that has a plurality of blades for 5blowing air by
rotation, and has a connection portion continuously coupling base

portions of mbive o b eeldinéed, dd 1k pdess coRmpBotOANRAGE@Idkded in that the
propeller fan has a convex portion including a rotation shaft |ocated

coatal ly to a rotwthepriheianemionds a flhid fegderprovided withothe prtipeliertfandesdribed
inlet side ﬁ%géor an outlet side, a circunferential width of the base
portion of e blade is smaller than a circunferential wdth of the

convex 10porti onFureief] tAdindeitinds a RoRfifig! G ¥6r hEldHotROPRPRR f5h dQiRdl ¥
outer side of the convex portion on the intake side. When the

annul a? pr odhovsfiem esint he i nt ake side has an axi al height |arger than
a height of the gonvex portion, the above structure |.npr S th .
bl owi ng per f or na eepr8§enFW§eIB¥°8d%F PEpellerfa &ﬁtihl%?lal@H@J‘@tqg’xq%ﬁﬁ%o(&%‘?g
stacki ng | et BErcliioChdchs dfcoiciBh bortfon! R RRNIRBLYIRE thal ok
storing or tlrﬂsal'ﬁfsportl’ ng tﬁenﬁo Furth}e)(r), Oahenltheggﬁgliﬁgl%b&o rlﬁglirlso%ftg%

t he int ake Pidbtyreddlagns, ani & chhsictphizedsimehitehe piopalla firchaghtconfex pretion
convex port.ian, a bal anc i.ece be attached to the annu] ar
protrusion T@Pd@ﬁfﬁ?ﬁqﬁ?‘? ﬁ@‘%l lﬂ?fé?‘l;a‘f‘%é‘aﬁi' g ﬁéOtﬁﬁ‘%%ane_éP?F}&H’.la Euﬁ’_?cher ,
accor gang t@otdi@ink BwpdHt af et st REARGh bGllet| AR g%ﬁ%ﬁi@%ﬂtiﬁ%&ﬁl df¥he base
20characterized ih that 1t 1s nolded fromresin. I's structure can
provi de t hepdstiawef theblade s snallenthama skeaimferendél width eftie torkex bortion] ad a
contrast to the case where it is gﬂd& of nmetal.. Further, this
structure cFFUOBEERIET BOTHAR &N bie Quilet Ho Sarewded with adlat wyrfyee ppieg larger

Since thi s (St HEFUITeARRIAN dnd 0Bk BORKhoR A0 @ section

of a blade-li ke formin contrast to the case \/\/neret made of
metal , the bl ow Hgs steudhae wam ingproanthe dldwipg pudskmaabSbfthe ptdpeBer fan, and

structure can reduce a nmass of the propeller fan of |arge sizes, the
| oad i# t hetllows axial stacking (1.e., stacking in the direction of height) of the propeller fans by a
very simple manner for storing or transporting them.
Further, the present invention is a propeller fan that has a plurality of blades for
blowing air by rotation, and has a connection portion continuously coupling base
portions of the plurality of blades, and is characterized in that the propeller fan has a
20 convex portion including a rotation shaft located coaxially to a rotation center of the
blades and protruding toward an inlet side and/or an outlet side, a circumferential width
of the base portion of the blade is smaller than a circumferential width of the convex
portion, a rotation center portion on the outlet side is provided with an annular
protrusion, and a circumferential width of an inner side of the annular protrusion is equal
25 to or larger than a circumferential width of the outer side of the convex portion on the
intake side.
This structure can improve the blowing performance of the propelier fan.  Also,

horizontal shifting or deviation can be prevented so that this structure allows axial and
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“motor can be reduced, and the power consunption calfR0d 43 B 808621W001
Further, the invention is a fluid feeder provided with the propeller
fan descri bed above. 08R01457W): 908621W01 Further, the
‘invention is a molding die for nolding the propeller fan described
above fromresin. Al t hough the present invention has been
described and illustrated in detail, it is clearly understood that

the sanme is by way of illustration and exanple only and is not to 5be
taken by way of limtation, the scope of the present invention being
interpreted by the terns of the appended cl ai nms. | NDUSTRI AL

APPL| CABI LI dble stacking (i.e., BubleptakRitin {HVEREIGHof eidit] SBthé bbpaiig!fhfdhot O
a fluid feeder such as an outdoor unit of an air conditioner, an air
purifier, aStAURS e ransportiag sy nitirthee e balin¢apietramarbs attachatiowahe agnular

e ce, 20 GURTEA Y R A S0P MO0, CLAE T
are coupl ed t ogeFieter Whé Bredert BACRHERE prébeller fan that has a plurality of blades for
5 blowing air by rotation, and has a connection portion continuously coupling base
portions of the plurality of blades, and is characterized in that the propeller fan has a
convex portion including a rotation shaft located coaxially to a rotation center of the
blades and protruding toward an inlet side and/or an outlet side, a circumferential width
of the base portion of the blade is smaller than a circumferential width of the convex
10 portion, and an annular protrusion is arranged on a radially outer side of the convex
portion on the intake side.

When the annular protrusion on the intake éide has an axial height larger than a
height of the convex portion, the above structure improves the blowing pe’rformanée of
the propeller fan, and allows stacking (i.e., stacking in the direction of Height) of the

15 propeller fans for storing or transporting them. Further, when the annular protrusion
on the intake side has an axial height smaller than a height of the convex portion, a
balance piece may be attached to the annular protrusion for eliminating imbalance of the
propeller fan,

Further, according to the invention, the propeller fan described above is

20 characterized in that it is molded from resin.  This structure can provide the blade
portion having a section of a blade-like form in contrast to the case where it is made of
metal. Further, this structure can reduce a mass of the propeller fan of large sizes.
Since this structure can provide the blade portion having a section of a blade-like form in
contrast to the case where it is made of metal, the blowing performance can be improved.

25 Since this structure can reduce a mass of the propeller fan of large sizes, the load on the
motor can be reduced, and the power consumption can be reduced.

Further, the invention is a fluid feeder provided with the propeller fan described

above.
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5rotational direction therebetween, and a coupled region has a form

for performng the blow ng according to rotation. 2. The propeller
fan according to claim1l, wherein sai d coupl ed region
has a bl ade-surface-like formfor perform ng the bl ow ng 10accordi ng
to the rotation. 3. The propeller fan according to claim1l or 2,
wherein a nenber for performng rotational driving around said
coupled region is integrally arranged. 15 4. The propeller fan
according to one of clainms Ito 3, wherein said plurality- of blades
and the coupled region are integrally nolded. 5. A propeller fan
conprising: 20a Punthea) the ynveritidl iad emlding dierfbemehlingaht yrapeherdan desoribed
each ot her Eerform ng bl ow ng according to rotation; and a
connecti on ?)bé’rf’ 'SP KIS ng a bl ade-surface-1ike surface for perforning
the bl owi ng accopghfighlife bfeSert HvRhli@ hasHegh & e&@@t G
of said plurality Oa%I’IEI %hbo?l ng bIl adeals %‘5 & dnlar O&gﬁﬁg%péth@ﬂ&s
accor di ng tdealyaindestoodttbatehaisame is by saiydf dhrstretidn ad qumpllecmly@nﬂend@t to
radi al %y oulté [(d lf)rom a lr.oIatl or?1 shaft for driving and rotating the
propel Per f thtaken by way of limitation, the scope of the present invention being interpreted by the

terms of the appended claims.

INDUSTRIAL APPLICABILITY

The present invention is primarily applied to a fluid feeder such as an outdoor
unit of an air conditioner, an air purifier, a humidifier, a dehumidifier, a fan heater, a

10 cooling device and a ventilating device.
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"08R01457WD: 908621W01 7. The propeller fan accor &8%‘81?%7‘2’931?9%@513{001
6, wherein said connection portion forns said bl ade-surface-Iike
surface. 58. The propeller fan according to one of clains 5 to 7,
wherein said plurality of blades and said connection portion
forma bl ade surface having an integral and continuously snooth form
9. The propeller fan according to one of clainms 5 to 8, further
conprising: 10a rotation shaft arranged coaxially to a rotation
center of said blades and protruding fromsaid connection portion
toward at | east one of the intake side and the outlet side. 10. The
propeller fan according to claim9, wieadas 15when the propeller fan
is viewed in the direction of the rotation axis, a m ninum di stance
fromthe rotation axis to an outer periphery of said connection
portion on a |ing pgrpendicul aflyeGr0ssing the rotation axis is

| onger than a diStané% romthe rotation axis to the outer periphery
of said rotationa gledity ofblads dor blowing 28:ldouplEd@ogitieRelitied sfad@kept in a
according to one of clains 5 to 10, wherein sai d bl ade has a
front edge TotEignalflitsation thereReteeeniasd in the rotational direction and
a rear edge |loc t osite.side in the rotational. djrectiaon,
nd 5 baser Gobeh kG RBER B biinbeTrbia 8 plifk pBeimeld hisho
anong said plurality of blades is connected to a base portion of said
rear edge of a second bl ade nei ghboring to 25said first blade. 12.
The propeller fah aEkoprapellgr fan ascendingte claighdr wheremai d connecti on

portion extends gaﬁcf)([,guﬁape% I‘IEQE)I?' & & f)lg&e-guor}qaactra- xké[: Poermot%} {)grtfor%iggeth%%lowing

10 according to the rotation.

3. The propeller fan according to claim 1 or 2, wherein

a member for performing rotational driving around said coupled region is

integrally arranged.
15
4. The propeller fan according to one of claims I to 3, wherein
said plurality of blades and the coupled region are integrally molded.
5. A propeller fan comprising;
20 a plurality of blades circumferentially spaced from each other for performing
blowing according to rotation; and
a connection portion having a blade-surface-like surface for performing the
blowing according to the rotation, and connecting base portions of said plurality of
neighboring blades.
25

6. The propeller fan according to claim 5, wherein
said connection portion extends radially outward from a rotation shaft for

driving and rotating the propeller fan.
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said front edge toward the base portion of said rear edge. 13.
.The propeller fan according to claim 11, wherein 5said connection
portion continues to the blade surface of said blade and extends in a
bl owi ng direction fromthe intake side toward the outlet side as the
position noves fromthe base portion of said front edge toward the
base portion of said rear edge. 14. The propeller fan according to
claim11l, wherein 10said connection portion is configured to have a
function of blowing air in the blowng direction of the propeller fan
fromthe intake side to the outlet side. 15. The propeller fan
according to one_of _clains 11 to 14, wherein said front edge is
provided with a fir§ke propelsx fanoiccodinggpstaimdi o, whesil a 15sucti on

f ide of tkF . : 16. . | | f di
one of ci ai me. 1110 Te8 G aorion S id PRGCHERGeORsbfiatn cai o rear

edge and sai d connection portion is provided with a second
convex _portion protruding oppositely to the rotational direction 20of
sai d bPade. 17.3ThEhgprepelier &n fcaprdingdoroge w§clammsonte dfwhereinms 11 to

16, wherein a co i.ng.portion between said rear. edge d,an outer,
peri pheral porti %‘ﬁ‘i g 9‘%@1 %‘Ib&?@a&“ﬁs VIGFUPCHLRY RATHAR g)qf‘]lﬁ%]ﬁdec%‘ﬁfg%%(haV‘ng
portion pr ok inecond) a0@ B&RInLBhy §Bodth€orkPt at i onal 25direction of said
bl ade. 18. The propeller fan according to one of clainms 11 to 17,

wherein said rear edge is provided with a concave portion hollowed in
t he rotati onal . . ..
9. The propeller fan according to one of claims 5 to 8, further comprising;
10 a rotation shaft arranged coaxially to a rotation center of said blades and

protruding from said connection portion toward at least one of the intake side and the

outlet side.

10. The propeller fan according to claim 9, wherein
15 when the propeller fan is viewed in the direction of the rotation axis, a minimum
distance from the rotation axis to an outer periphery of said connection portion on a line
perpendicularly crossing the rotation axis is longer than a distance from the rotation axis

to the outer periphery of said rotation shaft on said line.

20 11.  The propeller fan according to one of claims 5 to 10, wherein
said blade has a front edge located on a forward side in the rotational direction
and a rear edge located on the opposite side in the rotational direction, and
a base portion of said front edge of a first blade included among said plurality of

blades is connected to a base portion of said rear edge of a second blade neighboring to
25 said first blade.

12.  The propeller fan according to claim 11, wherein

said connection portion extends from the intake side toward the outlet side as
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according to claim18, wherein a length X of a Iine between
opposite ends of said concave portion or a commpon 5tangential |ine
with respect to unclear opposite ends of said concave portion is

equal to or larger than 0.33 tinmes an outer dianeter of said bl ades,
and a length Y fromthe |ine between the opposite ends of said
concave portion or said tangential line to the deepest position of
sai d concave portion is equal to or smaller than 0.068 tines the

outer diameter of said blades. 10 20. The propeller fan according to

one of cl ai tie fosition hiyvenfremeth@ibase portichodftaidl i lelige/toWardihd B8 FHHton of
sai d connecti&n portion have a thin-thickness form and are forned

integral |y 4 ¢ FPa888%F ot her. 1521. The propel | er fan according to one
of claimse 5 to 20, wherein said bl ade-surface-like surface is forned
continuously to the bl ade surface of said blade. 22. The propeller

fan according tol&l aThe prbpelwh &neicBordBa tBlchaa 13utvhaem of a first bl ade
anong %aid plurality of blades and a bl ade surtace of a second bl ade
nei ghb8ring to s&i¢cprnestionpartien sersintesy toethe blede surfice nbsaidblede mdotxterds

i - [ : : | | f
;E(r:glrjgihn;a![ g1 %ﬁ@&gi#%c@in?ﬁ%éﬁ%ﬁﬁk%%ﬁg tox%grd t-Ill-Q Guthot $TAE as the po%fgion moves

from the base portion of said front edge toward the base portion of said rear edge.

14, The propeller fan according to claim 11, wherein
10 said connection portion is configured to have a function of blowing air in the

blowing direction of the propeller fan from the intake side to the outlet side.

15.  The propeller fan according to one of claims 11 to 14, wherein
said front edge is provided with a first convex portion protruding toward a

15 suction surface side of the blade.

16.  The propeller fan according to one of claims 11 to 15, wherein
a coupling portion between said rear edge and said connection portion is

provided with a second convex portion protruding oppositely to the rotational direction
20 of said blade.

17. The propeller fan according to one of claims 11 to 16, wherein
a coupling portion between said rear edge and an outer peripheral portion of said

blade is provided with a third convex portion protruding oppositely to the rotational
25 direction of said blade.

18.  The propeller fan according to one of claims 11 to 17, wherein

said rear edge is provided with a concave portion hollowed in the rotational
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"25sai d bl ade-surface-like surface includes a first 0%%9%58}{"%:0?&%%&"@1

froma blade surface of a first blade anong said plurality of bl ades,
.and a second portion continuing froma bl ade surface of a second

bl ade nei ghboring to said first blade, and said connection portion
further has a surface of a not-blade-surface formfornmed O08R01457WD.
908621W)01 between said first and second portions and arranged
coaxially to the rotation center of said bl ades. 24. The
propel l er fan according to one of clains 1 to 23, wherein 5said
propeller fan is fornmed by twisting a single plate-like nenber. 25.
The propel | diretion dcaidmtideg to one of clainms Ito 23, wherein said
propeller fan is made of a thin integral nenber having a curved
surface. 1026. The propeller fan according to one of clains 1 to 23,

wherein said propgl | n.4s.nolded.fromresin. .27, A fluid feeder
conprising the pﬁgpeﬁ‘eep slkeraﬁ%‘c%‘;?aﬁ TIOOCI%Wzlsof”hE'ieHﬁ ms Ito

28. A nol di ng di @ legpedXidn m@bsr.ivsrwnbﬁ&ﬂ@%ﬁ@éﬁﬁ%@{@ﬁ%ﬁ%h@dm&49011%&1

of claims 1 to 23 fromresin. ing die

accor disng t &Angerfiaklingwith orspedt 46 nucleaz @apgsiteeentof mithaingavegp drliovistigeal to
resin, wherej | d blade has a fropt. edge | ocated on a forward
side int hg%F ga{%?rit%ar?a(f%dg?lg%ﬂ Y era‘ﬁﬁim‘?ﬂtef Bg '%@@@34 Wat ed on the

opposi te side, aRder®i ¢ fEah hellte bOfRA thdborikitk GRT %?ga&a 08ndA0& bbdn
said coupled region,” and is | ocated 1 n a position

cor r espondi syd tangantizd linei@rthe Hedpagienositiah df f1id néncadgportibn iseubl toSdr smaller

i ' [ d f th
2o b o Uk Bl blde GmBleRSFSGpRa™ ¢ rear edoe of the

second bl ad
10
20. The propeller fan according to one of claims 5 to 19, wherein

said plurality of blades and said connection portion have a thin-thickness form,

and are formed integrally with each other.

15 21. The propeller fan according to one of claims 5 to 20, wherein

said blade-surface-like surface is formed continuously to the blade surface of said
blade.

22, The propeller fan according to claim 21, wherein
20 a blade surface of a first blade among said plurality of blades and a blade surface
of a second blade neighboring to said first blade are formed to continue to each other

through said blade-surface-like surface.

23.  The propeller fan according to one claim 21, wﬁerein
25 said blade-surface-like surface includes a first portion continuing from a blade
surface of a first blade among said plurality of blades, and a second portion continuing
from a blade surface of a second blade neighboring to said first blade, and

said connection portion further has a surface of a not-blade-surface form formed
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“to said first blade. 30. The nol ding die according to claim
28, conprising: 08R0O1457WD: 908621W01 a gate for supplying flowable
-resin, wherein said blade has a front edge located on a forward side
in the rotational direction, and said gate is forned in said
connection portion continuing to the base portion of 5said blade or
said coupled region, and is located in a position corresponding to a
vicinity of said front edge. 31. A propeller fan conprising:

a plurality of blades circunferentially spaced from each other for

i W i Lot ati on; . opnectj.on
DortLon havinacSt{aREaAE ol S0t bAybH RS assd sousialy B i rotelifacenter of

bl owi ng accenridibiadest 0 t he rotati on, and connecting base portions of
the plurality of neighboring bl ades; ~a rotation shaft
arranged coaxially to a rotation center of said blades, protruding

15from t he intak§4sigﬁyﬁéﬂag¥%n%%apﬁ§%h§%ngggQgﬁ%qdﬁggog’v%ﬂg an end

surface parallel to € per pendi r
rotatidn axis of saidpbpbllead@sis formed by twisting a single plate-like member.

25.  The propeller fan according to one of claims 1 to 23, wherein

said propeller fan is made of a thin integral member having a curved surface.

10 26. The propeller fan according to one of claims 1 to 23, wherein

said propeller fan is molded from resin.

27. - A fluid feeder comprising the propeller fan according to one of claims 1 to

26.
15
28. A molding die used for molding the propeller fan according to one of
claims 1 to 23 from resin.
29. The molding die according to claim 28, comprising;
20 a gate for supplying flowable resin, wherein

said blade has a front edge located on a forward side in the rotational direction
and a rear edge located on the opposite side, and _

said gate is formed in said connection portion or said coupled region, and is
located in a position corresponding to a boundary between said front edge of the first

25 blade among said plurality of blades and said rear edge of the second blade neighboring
to said first blade.

30.  The molding die according to claim 28, comprising;

-53.



.. . ) ) 08RO1457WO; 908621W001
‘a minimumdi stance fromthe rotation axis to an outer periphery of

sai d connection portion on a line perpendicularly crossing the
rotation axis being | onger than a distance fromthe rotation axis to
the outer periphery of said rotation shaft on said |line, 20when the
propeller fan is viewed in the direction of the rotation axis; and

a flat surface portion arranged on the outlet side of said connection
portion, having an outer formlarger than an outer form of said
rotation shaft when projected in a direction of the rotation axis of
sai d bl ades, and having a f|lat surface parallel to said end surface.
25 32. The propet Bdf fraurplyes flgmiableresing vdleraiB 1, further conpri sing:

an annul ar protrusi ”diqh fir e qut|et .side, of said .. .
connecti on porti%ﬁd, lﬁg% agrar anggggeclg‘g%%ﬁ ﬁ??rgvaé& 'g? gltetp%ﬁ)t?:técﬂ]tab?lr%fmn’
sai d bl adesagndwherein 08R01457W): 908621W01 said annul ar protrusion
has an inner form]arger than the outer formof said rotation shaft

when proj ected i34 & Hifpered ip said cormsstipmpertion sontkiuinggd thabase pprhasf
33. A ising: 5a plurality of bl ad .
2 oo ekl 6 SO BYREA Bl sl sy vy

accordi ng terfsaidtfadnt edge. a connection portion having a

bl ade-surface-1i ke surface for performng the blow ng according to
the rotation, and connecting base portions of the plurality of

nei ghbori ng bl adas;éOa rﬁtgli on_shaft arranged coaxially to a .
rotati on center of <APHPPSI4dESCOBHY6r ot ruding fromthe intake side

of said connectippuRBiy bfHlades _circumferen%iallyas_pgééai e SUhS RN G6r %Eér%mée

rotation axis to an outer periphery of $ald connection portion on-a
| i ne p@r perndpwingactordingdssotagor,he rotati on axi s being |onger than a

i f h ion axis to the, outer ri phery of said-
(rjlots ;? :1 gﬁ s[}g;nt t Oq?cc%a%}:%&cini H?étl())(rll aving abqade-suurglce-ﬁl%els rface ¥or pe ornlﬁng the

blowing according to the rotation, and connecting base portions of the plurality of
neighboring blades;
a rotation shaft arranged coaxially to a rotation center of said blades, protruding
15 from the intake side of said connection portion, and having an end surface parallel to a
plane perpendicular to a direction of a rotation axis of said blades,
a minimum distance from the rotation axis to an outer periphery of said
connection portion on a line perpendicularly crossing the rotation axis being longer than
a distance from the rotation axis to the outer periphery of said rotation shaft on said line,
20 when the propeller fan is viewed in the direction of the rotation axis; and
a flat surface portion arranged on the outlet side of said connection portion,
having an outer form larger than an-outer form of said rotation shaft when projected in a
direction of the rotation axis of said blades, and having a flat surface parallel to said end
surface,
25
32. The propeller fan according to claim 31, further comprising;
an annular protrusion protruding from the outlet side of said connection portion,

and arranged coaxially to a rotation center of said blades, wherein
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“15when the propeller fan is viewed in the direction of the rotation
.axis; and an annul ar protrusion arranged on the intake side of
.said connection portion, arranged radially outside said rotation .
shaft and protruding to a position higher than said rotation shaft in
the direction of the rotation axis of said blades. 2034. The
propel [ er fan according to one of clainms 31 to 33, wherein a
bl ade surface of a first blade ampng said plurality of blades
continues to a second bl ade surface of a second bl adfe nei gggggl n_glg_ht o]
said first blade_t-hrough said. bl,ade-surface-|ike surface. .. The
propel ler fan ac éé‘o@é‘?“r%’g” tPB&B'WéOHJFS ér Q%P%T{I?rée@??n \téh‘i’é?‘-'é?rrfo%ioﬁsmd o
propel | er f ajtatich sHaf@aen hfQEBtEERithe dirBtiof of tél HitiER ! &g the
propel I er fan according Ipod?one of clainms 31 - gga - ggﬁg%ﬁ@[}%
908621W)01 to 35. 37. A nolding die used for nolding the
' ' fromresin.

propel l'er fan acggr dkggoﬁeﬁerofgr?cgglpgslir?gl: ms 31 to 35

5 a plurality of blades circumferentially spaced from each other for performing

blowing according to rotation;

a connection portion having a blade-surface-like surface for performing the
blowing according to the rotation, and connecting base portions of the plurality of
neighboring blades;

10 a rotation shaft arranged coaxially to a rotation center of said blades, and
protruding from the intake side of said connection portion,
a minimum distance from the rotation axis to an outer periphery of said
connection portion on a line perpendicularly crossing the rotation axis being longer than
a distance from the rotation axis to the outer periphery of said rotation shaft on said line,
15 when the propeller fan is viewed in the direction of the rotation axis: and

an annular protrusion arranged on the intake side of said connection portion,

arranged radially outside said rotation shaft and protruding to a position higher than said

rotation shaft in the direction of the rotation axis of said blades.

20 34. The propeller fan according to one of claims 31 to 33, wherein
a blade surface of a first blade among said plurality of blades continues to a
second blade surface of a second blade neighboring to said first blade through said

blade-surface-like surface.

25 35. The propeller fan according to one of claims 31 to 34, wherein

said propeller fan is molded from resin.

36.  Afluid feeder comprising the propeller fan according to one of claims 31
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to 35.

37. A molding die used for molding the propeller fan according to one of

claims 31 to 35 from resin.
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