; TUVW\3e, 6, d6T6! {1 Al R BLOAER APPARATUS TECHNI CAL FI ELD The present
invention relates to the structure of gn air bl ower apparatus such as a 5
propeller fan and the |ike. BACKGROUND ART Axi al bl ower appaf S
propeller fans and the |ike, generally find application as ammmmm%@mmmmrl
apparatus for use in air conditioning apparatus outdoor units. 3%?56 to
Figures 16-18, there is sho r i, r conditioning ar at us
10 outdoor unit which enpl o%lgﬁtbgitgi‘&%%ﬁgppar at us. own in
each of the figures, the aforenentioned air conditioning apd@@ﬂ@@lﬂ"ﬂ%ﬂmﬂor
unit conprises a main body casing (1) in which an air bl ower nit
(3) is disposed on the air flow downstream side of a heat exchangpew2+(2) on
t he si de TECHNIEAL RIELDnl et (10a). This air blower apparatus unit (3) is
made up of a propeller fan (4) which is an 15 axial blower apparatus, a

bel | - mout h (S)pheSirkddat B eRilor REatsd O EtradtuRU S d??bio%%?pd?itu& bechpssopel | er
fan (4), by which a suction region (X) on the rear side of the propeller

fan (4) and discharge.region (Y) on the front side of the propeller fan
(4) ate p?é?‘fei?lﬁt?ﬂea&gf}?egl %ach other, and a fan guard (6) situated on the

di scharge side of the propeller fan (4) (i. e., on the front side of the
propel | erBAQKQEWNQ@R‘Fﬁe rear air inlet (10a) is forned in a rear surface
of the main body casing (1), and a side air inlet (10b) is fornmed in a side
surface of theAxiali bldyeatyappasitng furh) as Asetiellpodans gnd tthe liker generally phied of
the main body casing (10) is divided, by a partition plate (7), into two
chanber s,apphcatiop 4 diedloveetcippaeuscloanmiselin @B) conditichingpapparetusc atdber urfits) .

Di sposed in the heat exchange chanber (8) are a heat exchanger (2) which is

L- shaped gdfefrin@ O VEESRs 13- F ahdreNs anslva acahuethré A ant fr toswrioMing appirhrul he
rear air inlet (10a) and the side air inlet (10b) 2 and the aforesaid air

bl . j. i LSl f the h h

2 4, AR Wi A HLAED s St spdaet com of he eat exchanger
11 d oth { ts. A far t 1 f. t at abl

Gorbr ssor (L1 300,040 Shor OPRRIRRl I Spo A LAY soUorh bR

bracket (not shown di agranmmatically). 5 di.sposed do tream of the at
exch angegou(t@)o.r unit comprlges a main body c%gmg (1 m%v 1gh an almfower apparatus unit (3) is

disposed on the air flow downstream side of a heat exchanger (2) on the side of a rear air
inlet (10a). This air blower apparatus unit (3) is made up of a propeller fan (4) which is an

15  axial blower apparatus, a bell-mouth (5), situated on the side of an outer periphery of the
propeller fan (4), by which a suction region (X) on the rear side of the propeller fan (4) and
a discharge region (Y) on the front side of the propeller fan (4) are partitioned from each
other, and a fan guard (6) situated on the discharge side of the propeller fan (4) (i.¢., on the
front side of the propeller fan (4)).

20 The rear air inlet (10a) is formed in a rear surface of the main body casing (1), and
a side air inlet (10b) is formed in a side surface of the main body casing (10). Additionally,
the interior space of the main body casing (10) is divided, by a partition plate (7), into two
chambers, namely a heat exchange chamber (8) and a machine chamber (9). Disposed in
the heat exchange chamber (8) are a heat exchanger (2) which is L-shaped in transverse

25  section and located face to face with both the rear air inlet (10a) and the side air inlet (10b)



The propeller fan (4) is, for exanple as shown in Figure 19, |inkup-fixed
to a drive shaft (12a) of the fan notor2 (12), and conprises a hub (14)

whi ch beconmes a center of rotation of the propeller fan (4) and a plurality
of identical blades (13, 13, 13) which are disposed integrally along an
outer peripheral surface of the hub (14). The blade (13, 13, 10 13) is

formed intp a swept.-forward bl ade superiqr ,i.n air supplyin er f or mance,
wher ei n, 34 thecafATestida At QIPWPY FARGTAIGRN (hahich RdopHep fogpsiital N Ba ety 5
13, 13), the position of an outer peripheral end (R of each edge is
si t uat ed es¢laager (2p! &nithe other hawd, dispesedi iorthe magkine chasber (Y are BCOFBEEPT er
fan (4), of the position of a hub side base end (S) (i.e., the inner

peri pher gl 1)emd)othéScomiemnpartst do6in moidr (E2)nfer rotatablgrdriving thequupeler fan
i nconveni ence, i.e., high levels of noise during operation because of the

noi se gegg)l’ ft g@RQﬁfe& Iﬁe({i}go&?hl 8h rh&Br hdhidd 5&&1@&?@@1} shgwrRdiistdnthatidAggpuse

of the noi'se er at on collision of an air ow di scharged fromthe

propeller, fan ( agai nst...a .down tructural nenber such as a fan

guar (6)d15895e8e‘f°§\'}15&eWt°hth§ h\??te%%b%neg;%gmbi ng the total noise of an air

bl ower apparatus (e.g., .a propeller 20 fap) of fhe abovye:-described, type
that is enpl oy@§ Péi%P“glﬁr gﬁ“r(abfsogﬁrexélﬁﬁléraétsgg‘”?éﬂ'{:l%‘ée &1\{‘3](‘!‘1"35 fa? Sﬂﬁ:g
apparatus outdoor units, various neasures and exam nations, such as the
opti mi zatshath (B¥a)tdfehe|fard eosarr (13); eand reapwrises phopdl4)ewhichbeppraelea seter ohs and
the thickening of blades for superior aero-performance, have so far been
made. Unfretation of leypropélis dam (d)serd racplucdlity of idenhfieall dladbo (K3, 113] 13} whichavé de
solutions to the follow ng problens. 3 When the blades (13, 13, 13) of
the propefidsgted dfegtdlly N18ME B8 odted pRAFhcPAIrsupfatl 6f Bk Hobqua)e PRe Bla& (13,aBat i ng,
this produges an air ‘flow (a) on the side of an outer peripheral part (13c)
of a;pla F)lf%,} WD Pdvept iof 5P Bk Sst5H1Pih gl DeRbrfarRE SRAER

sur f é@e Ei?%ﬁ o?le%it;lﬁgtﬁ agérvg?fé Eé})gbag(fglgﬁggﬁle?lg; Elﬁg& E}b@eﬁgg‘iﬁ sructnlleo’n surface
(13e) of |ow.pressure. The air,.flo a).for I i.p vortex £~) as
shown in q?@dgﬁgﬂé&alﬁ‘%ﬁ%dk’@i \gf(ﬁgé\) %{1{1183@83&?’0%238 tﬁ? p?#éorbf’g%% tip
vortex (~) becqones |amnated as the air f|lqw poves downstream and .

gr adual | yutar prEPhgral snd(RYof sach edee 1??‘%%%&&?43“‘?2?%#9Eeﬁl%éﬁéf’tﬁgo‘éi r
flow finally noves away fromthe suction surface (13e) of the blade (13),
and i nt erff ef éke wreprelleh &amp (s ofitke positioe ©f A ekl side3bpse smdt (R (el dhahinngr

bl ades (13, 13), with an inner peripheral 10 surface of the bell-nmouth (5),
and wi t h peripheralcdndd.al nenber di sposed downstream of the air bl ower
apparatus such as the fan guard (6) et cetera, thereby increasing the noise
to hijgher | evedyeh aRasdtdsothaitl donstasctish iy pradidedintenv@Riende, eadieh lepely of t €
(~) at a distance fromthe suction surface (13e) of the blade (13) w |l

under go q{o?s%td'ﬁ?'i{lklbﬁaﬁiéltigﬁ‘ﬁgcaweéﬂf ih@tn%fsé%%h§}9tiegﬁbg nd %l'gpéﬂgr @4y sk 2R sn (13,

13). As a resu ade tip vortex (~ i scharged 15 downstream of
th ir bl : IS i i
extent . dignon BRAREEDEs nbilseh QateATRER LMEh b ah SHHAF ithal bR

the chord length of the blade (13, 13, 13) to, achieve i ght d cost

Savi ng_ ofProPRltkfan @) aekenst adbansteren spisaaShE T rE i HR e B A e

bl ade cascade effect of the blade (13, 13, 13). Mre specifically, as shown
in Figure 23, With ayigwdo reducingrthe jotal-noiseef s arcblpwes apparainss(§di 2opropeller
surface (13e) and interferes early with the adjoining blades (13, 13) in
conpaoi sdianwof the ahevadecelsal pe tiwe is doplopgbasmn 4ir blowenbppesatus For usevreair or s

of the present invention previously disclosed, as a technique for

suppr essi ¢iaditloaly hpparates barddsr asitsli variens afleadiey ant examthitions, esueh sasothenoi se
generated by air bl ower apparatus such as propeller fans, an inproved air

bl ower 25 ﬁ@ﬁ i j i . 7@ F66) shown
in Figur e %’?ﬂuéafn&g %%% gﬁtﬁ gﬁgﬁée}lgp%ﬁﬁgﬂegglr%ﬁ)(g lldgg)se%&q% rﬁ@bl adeCkz3 t%%g 13,
13) of the. air blower apparatus.is proyided wth a canbe art i

becones g‘?faﬁﬁg‘fsl roesR ra?fﬂ'p@af%"}"?’&i & ?%ﬁfv%iea? an%FOmbPﬁoé{‘\?P%nﬁF?eof a
| eadi ng edge toward the vicinity of a trailjng edge thereof. Such

ar r angemeiiseereduetion methpdsalargsiatlitp prayideseduions to thg fjlavdugaraflemiout  changi ng
the entire shape of the 5 blade (13, 13, 13). In other words, the
above-descri bed air bl ower apparatus of the previous invention (which is
made up of a hub (14) which becones a center of rotation as shown in the
figure and a plurality of blades (13, 13, 13) disposed along an outer

peri pheral surface of the hub (14) wherein the blade (13, 13, 13) has a

| eadi ng edge (13a) and a trailing edge (13b), and 10 outer peripheral ends
of these edges are situated ahead relative to the direction of rotation) is
characterized in that the blade (13, 13, 13) is formed such that its outer

o o o I




15 As descri bed above, in the blade (13, 13, 13) of the air bl ower
apparatus (such as a propeller fan et getera) which is a so-called
swept-forward bl ade in which the outer peripheral end is situated ahead,
relative to the direction of rotation, of the inner peripheral end at the
| eading and trailing edges (13a) and (13b) of the blade (13, 13, 13), the

Cesul t"of SuchViee BRouER i3, 5.0 SR EongeTt toh B BEE SReSkRiratRl (n)

of the blade (13, 13, 13), an air flow.is allowed to snmoothly flow around
and ent efFigure 30 stag rotHoathispredisesan aif Sowa)ed thesside ofw aeripseiphqralagrt al ong
the convex circul ar arc-shaped, pressure surface (13d), as shown in Figure
24. Ther gi3v)of athwledii 3y7eTles aipfflowher) Entedefrbmpthe side @f a(pfessmecsorfwe @8d) ofer and
stable, and an air flowflowing in the direction of the blade outer

peripher %1%%5&%#5&9 ndPfntd FR STACSA OB Etﬁf%e %’153& b8 fow Welséur@OThé’Blg@l"ow
interfere b

aetlp vortex (~). the wd of the canber

part of th fcﬁ%h%dqegfégf Tip Yo p@iﬁ; sh Oﬁzurt'(tﬂ'ég?éugr aﬂ%@}%ér %hf?%oebé‘%&%ulfeﬁé;é“ the

V|C|nty e vicrnit trarlin

(13b) as descr.i bed ove, the ve- de cribe ion achieves its effect
Smoot hl y CR¥ESHhByHEe b a.twgvcgtfge(ﬁgg eru@tegoastth%at A TRy e egp)
side according to the dianeter of the 5 blade tip vortex (~) whose di aneter
i ncr easesndigeatughiy groars and| inerieasss &ge Fgusescbhend 23)g drhefdisshangn airl flavdfingedge’ s
(13a) side to the trailing edge's (13b) side of the blade (13, 13, 13) (see
Fi gure 29ovekavagdfrbinothe dutiorgemdicet @deplofidiee blade (33), exd (im)erﬂes:sunith kidy to
depart fromthe blade suction surface (13e). Consequently, even when the

chord | eg@&éau&f suHaees {13de 164y of I adyémldgsmhésr t13nagd), fwith 30 mﬁe wrpaeap of
\Y

wei ght saving as shown in Figure 26, blade tip vortexes (~) will not

I nt elliléot (raggsaﬁgéeugtlt d bg?%ﬂpﬁz hﬁdqugfé it AdRBed &gpgssédgdowmaﬁ'lﬁtﬁ y are

di sc ownstream o al ower apparat us result, the [evel

of noi se .gener at ed fro bI r ef f I
Feduced. Bra ene s B eofhoda seer 6] o BRER Bl bR nb b n@e%ﬁ%gr%ar"
previ ous application provides an_, rove nstructl apahble o i evi ng
bl ade ti de‘(F& t Barticwlatlyt ?%Wo“@n@%g%r%é&tl?%gnwﬁ'a@‘ \?o‘ﬁfté‘%’e ‘t"BrI ®rence

bet ween adj oi ni ng bl ades. However, for the case of the previ ous alr_)fpl i cation
const r uctsuetion purfdea 13eIcefnthe Blaslgr(13) will undergo greater turbulence when interfering

with the adjoining blades (13, 13). As a result, the blade tip vortex (B) is discharged
15  downstream of the air blower apparatus. This increases levels of noise to a further extent.
Such a phenomenon appears significantly, particularly when reducing the chord
length of the blade (13, 13, 13) to achieve weight and cost saving of the air blower
apparatus, because such reduction reduces the blade cascade effect of the blade (13, 13, 13).
More specifically, as shown in Figure 23, the blade tip vortex (B) tends to leave the suction
20  surface (13e) and interferes early with the adjoining blades (13, 13) in comparison with the
aforesaid case.
To cope with the above, the inventors of the present invention previously disclosed,
as a technique for suppressing blade tip vortexes as discussed above to reduce levels of
noise generated by air blower apparatus such as propeller fans, an improved air blower

25  apparatus (Japanese Patent Application No. 2001-388966). As shown in Figures 24-26, an



that there is still roomfor inprovenment with respect to the point that a
generated blade tip 20 vortex grows, ard is discharged downstream of the
air bl ower apparatus. Since such an air blower apparatus is generally
enpl oyed as an air bl ower apparatus for use in air conditioning apparatus
outdoor units as described above, it is natural that there is a grilled

structural uch f |t|o |mred|atel downsiream
of L e armBranBiera s APact AE uaHaITH s, POREHa HEBPHET St § RPYRCh ¢ ne
air conditioning apparatus outdoor unit, discharge vortexes from between
adj oi ni ngvith acdember partiwhieh besasnesi gradually gyeatpr @dras*tamtr@ﬁrcm wihifeam théer eby
generating noise. In order to provide solutions to these problens, the
present iviniging oHa leadimgradde towkrd ohredvicigity of anradimgece dierédfe Spcksgangemenent i on
is to provide an air bl ower apparatus 5 capable of achieving blade tip

vortex redugbd et WiddRos voR&iel hr& BYppréRaD YithBut Enginki the eh{u%dﬁqafb%ﬁﬂhe

capabl e of suppressing the discharging of vortexes to the air ower
appar at USDI] \gﬁtﬁe??j side without fail, and capable of effective reduction
i n noise S’ ‘éven’ when i ncor por ated within an air conditioni ng appar at us

out door unit, by enpl oyin uch rangenent that a_b] ade ou

peri pher al parfl ert"ﬁgg%ug %l gIaggﬁgw?rsapap@wscpégﬂlwgeﬁlofé inyvegtion part
whi ch becones gradually greater in radl al-direction width fromthe vicinity
of a | eadwhg:helelgéldﬁwmfd%hélﬂ whigh bgcagtes qepigr pf rjationgs sbewn imthe figuse cones
a starting point at which an air flow fromthe side of a pressure surface
to the sialé agflualiguefiblades(13, k3¢ 3pdispdsed hleak ianguteDpSipleBUREfare dfNVERTY ON 15
In order to achieve the aforenenti oned object, the present invention

provi des (i pwhéreinane B&d@@i}lwmsmawaneamg,awge (E34)SdndRredifi sgre il (1BBY ahdans

The first problemsolving means is directed to an air blower apparatus. The

air bh O%t(‘ggﬁﬁh‘s RlrHiSerfdf of BResd E&g;e% aPd QRIEID HOA Ve MiVERG IR HRTRGA 5@1%t§clom‘b

(14) whi s 20 a center rotation and a plurality of bl ades 3,

13, 13) di spos al ,on r r I h erein
out er perlfi ﬁﬁ qFrlﬁeﬁdgqggquﬁcﬁa éPf i030 ;lﬁl ‘?0?{!6% gczlstﬂ%t 1% (?Utgun% lﬁgx)a} pX)? each
bl ade (13 13) e Si t ed ahe | ative to the direction of
rotation.( 1"!1’1)else{F‘|’urB‘? WI@E}M‘J&P%S at" Sueh pLEMBPLBITE RF L ORI PRRRbSR! | 5
characterized in that an outer peripheral (gart 13c€ of each bl ade (13, 13,
13) is bemrt (Bghbecames adeallyngrepige s gadial-dirsction yadihniom Seayiciniy ofdhat at
which an air flow starts |eaking, and that the radial-direction

leading edge (13a) toward the vicinity of the trailing edge (13b).

15 As described above, in the blade (13, 13, 13) of the air blower apparatus (such as a
propeller fan et cetera) which is a so-called swept-forward blade in which the outer
peripheral end is situated ahead, relative to the direction of rotation, of the inner peripheral
end at the leading and trailing edges (13a) and (13b) of the blade (13, 13, 13), the outer
peripheral part (13c) is recurved toward the suction side. As a result of such arrangement,

20  on the side of the outer peripheral end (R) of the blade (13, 13, 13), an air flow is allowed
to smoothly flow around and enter into the concave circular arc-shaped, suction surface
(13e) along the convex circular arc-shaped, pressure surface (13d), as shown in Figure 24.
Therefore, the diameter of the blade tip vortex (B) becomes smaller and stable, and an air
flow flowing in the direction of the blade outer periphery on the side of the suction surface

25  (13e) will no longer interfere with the blade tip vortex ().



width, W of the bent part gradually increases fromthe vicinity of the

| eadi ng edge (13a) to the vicinity of tshe trailing edge (13b). As descri bed
above, the outer peripheral part (13c) of each blade (13, 13, 13) is bent
toward the suction side so as to define a starting point at which an air
flowflowng 5 fromthe side of a pressure surface toward the side of a

suction surfa starts_leakin and, in.addi.tion. the radal+dl I

W dth Wof tndfBEA0aart of Hierambacrst BhnE REsh ol nphP sk BB ) BRIbAR G
(13a) to the vicinity of the trailing edge 513b). As a re g{gt QB such

ar r angemanereasgs frony thel viaingh of tthe deadmgosdge a3y tostae vecinity pHENS railing egge ¢ he
bl ade (13, 13, 13) is allowed to snoothly enter around into the tapering
suction ushemalebckde)l abbwe) thet dbevd-dedcaibed actipnmacheses its effact smeothlyIdymdhe t he
side of the blade outer peripheral part, in the same way as the case of the
forgoi ng jcAIRLEIRA (13) 56 @fmé%ailalgbéddgd@ (131) s¥dor dcedrding) to tHe dRhpRe dfthe an

air flowentering around into the side of the suction surface (13e) from

tsE& Efdﬁ bﬁ%%#a%’ﬁ%ﬁ@:@fhﬁ?éfaﬁt%ﬁ%ﬁ%‘%?*s? %ﬁ‘%ﬁ?fﬁ?éﬁﬁﬁlaé’fﬁa‘i?lﬁ"w"%@%‘ Wing in
(13¢) 11 GHAT RGP s AP Hee 19 BRLSTing cger s dob] S7e of PRHRAG P W “F e

bent part of the bl ade outer peripheral part (13c) ?[ad ally i ncregses from
the vi ci nisee/Fighret 2. |Inadiitigncthgeeperaigy bladertipavariex; () isunikebyie qepart (oY edge
(13b) of the blade (13, 13, 13) as described above, the above-described
acti on snhebhdy satiohaudace (13e)ef f ects from the side of the |eading edge
(13a) up to the side of the trailing 20 edge (13b) according to the

di amet er of t heodab@siftly,] dved WHeXhd chordieage ofitBeTBlady (1i3)1¢8,618) dsshohteed for
gradually lam nated to becone |larger fromthe | eading edge's (13a) side to

the tlbai l@hglgpéjg}gtggio? &é%ﬁé S (l&? agfshB%, il ﬁi‘éﬁre( 36, bidde ti§93‘)'orte!x@s Qg}lji\xﬁlil Gipe the

gener at ed tip vortex i's unlikely to depart fromthe ade suction
surface (.13e). uent,l . h o) - t ened
W th o v Bl PR TRE W pYER PRER LS A0 gl e GingR
vortexes (~) will not interfere with each other be en. adj oi ni bl ades
(15, 15 . dcypsiieem of i ainblcrer apmaris A8 sdsSl B 10V SL AME R RaRed Bpm e
previ ous application, in 5 the apove-described arrangenent an edge part of
t he bl adeaivblowier pruaraspeitsell ipgffectiveydpdyeedpent toward the suction side at a
given position Q as a starting point relative to the radial direction. This
det er m neBreblémsaTa@e Sdleed i ng point Q of the air flow (a) fromthe side of
the pressure surface (13d) to the side of the suction surface (13e), and
the amount of Riik thieOthat @Rk apeveainkationet epretiand iappliqatiomtpreyibec amsmproyedt ant ,
t hereby nmaking the blade tip 10 vortex (~) stable. Additionally, at the

sane ti MegoReR@ldnt dapible Wriatheliag WsdeUtip Qorté fedlctiode afd af preventdy bladddip
generates | ongitudinal vortexes (8) on the side of the pressure surface

(13d) of {,&?e)ghépfg{e%égﬁﬁﬁg&ﬁ?@@%ﬁ%@t (13c). A longitudinal vortex (8)

generated in a certaln a blade tip vortex (~) generated in

one of the renginin | ades (1 13) th Iy: ' head
of the certain BVVSYJ%’ ?"Igﬁe ?aé?(’ é’? }l{fepr%gogﬁéppél{%?%%} .é‘%‘%&g%‘ﬁ’gb?g‘?% 8%16%3% r@%aqel air
bl ower appar at us, (4? depart. fromthe r,&srpecti ve bl ade .surfaces %g thg
vicinity Bt thee is shll roorm ferigpsoyemasy with respechioghe poipy that § generajgd, blade ig,
each other. Since these generated vortexes (8) and (~) cancel each other,
t hi s 26 f evoitaxegrowe) andiindisemrgddedatinstream gf Hhg agrblowen appaatysn t he downst r eam
direction (which is the problemw th the previous application). 20
Accordingly, tBacei schadrgialigbloivey capparatiss 1so gtreealjoemployed mss knleaif bowerhe
inpeller of the air blower apparatus (4) is effectively elimnated. This

ef fectively, boi 095 8RO aif QAHERIAMg! dppafi¥@ SutBbor@iiteaaaRribédabdle, it is
i nterference ofl a fan guard et cetera wth discharge vortexes fromthe air

bl ower appara ( when i LRl e air j tii gni o
appar at UShBUEAIGR e 2o eAIR NG, BebEh shotfafid SEP U RO Rsiion,
apparatus_ (4) of the second pr.obl.em sol vi ng means according to. the first
pr obl em SHW‘P%t%Qﬁ‘é’“ﬁEeaEhaEé}lﬁ i Ti 3PPAFIYS ¢ °9f§mg b _vgl?epelgg?rgﬂra\‘,ﬁddt h,
W of the bent part is not nore than 25% of a length La from a hub-side
base end to a radial-direction outer peripheral end (R) of the blade (183,
13, 13). 5 If the radial-direction width Wof the bent part is not nore
than 25% of the length La fromthe hub-side base end (S) to the outer

peri pheral end (R) of the blade (13, 13, 13) at a maximumw dth portion in
the vicinity of the trailing edge, this arrangenent nakes it possible to
achieve, in a nost effective manner, the effect of suppressing blade tip
vortexes and downstream di scharge vortexes as descri bed above wthin the

A~ o Y Y T T e




The air blower apparatus (4) of the third probl em sol ving means accordi ng
to either 25 the first problem sol vingéneans or the second probl em sol ving
nmeans i s characterized as 10 follows. In a chord line Cin a given bl ade
radial r, the length of the chord line Cis Lo, a given point on the chord
line Cis P, and the length fromthe bl ade | eading edge (13a) to the given
point Pis L, whiJe a radial-direction, curved l.ine, whi m a
hub- si de“H#i¥k then air (nditpning Bﬁﬁaé?tuf)é)?’?‘iﬂ%ruéﬂ’et’ e(iﬂstfg%fﬁf ot e? ﬁsg)f{ﬂ%gg%t‘%f , 13,
13) and passes through the 5 given point P so thak tgﬁ rati o of, the length
L and t hedibiming bades wifl interfere wig) the grile sirggieral mgmper, Heteby genefAUP& IO ch i s
formed by the intersection of (a) a straight line QR connecting a point Q
at whi ch the Dubster pepr@fide sdlutmstto (tice )problemb,ethiol prekent MEentic, wagnage.art s
bendi ng toward the suction side and the outer peripheral end (R) of the

bl ade (13, c?taingiy?)aﬂ BbjRctCHf WRAprekdh® ifentiBh G tbSpravidewal e dlepra] gpaiaan of
t he curveé: ing Konto a plane including a 10 rotation central axis D and

(b) tangent |ine.A.A . i : . i e Tl 4.0 t he
Si de ot - AR e) i ftbe P ichigk Bpaskish Yty CHRKGY dnyMRallze B BB RIS | ¢,
bendi ng angl e. 8. The air, bl ower apparat us. (4). of th hi I rab] | vi ng
means | s bHA98shCeFaPRRIG qfﬁﬂ?maiswgﬁggg&ﬁ%‘}fﬁﬂgé)ﬁd Pge@s?%h;a%d%lgwgrrag)%?fsy from
the vicinity of the Iead‘}ﬁgg' edn%e (13a) to the vicinity of thﬁ trai If’lng edge
(13b) of dowestoramesidpenthputdaill andrrapgtiy obeffeqsive pedugtion ignoiseslevals eviepy whep, o
bending angle 8 of the bent part in the configuration according to the
first or ifseeporateprwiiieansair \ondjtiveiag sapipgradisf outdobri wnit, Hey erploaingdeushrimed
above, and varies according to the shape of the vane bl ade (13, 13, 13)

such t hatyiaheGhal With h)blddeSuea SREpRTaldRer fhesirfblemrtdpparatusiinptoyided witte
| eadi ng edge (13a) to the vicinity of the trailing edge 20 (13b) of the

bl adg, out, enﬁg{(& %Rﬁ%ec&ﬂﬁér&ua‘ﬂ?%géatérhﬁ i RAICHRICASN GAtH iffonPR.viciiitysof a

ar rangenen es It poss eto hi eve the effect of suppressing both

olade U Rt EeSiohatd HAiBRT NG 0GaHAE L8EE S, e i Becbhl:S s%mgg?egﬁg at

pr obl em vel y as® possi | n" ot her wor
general, the differenge in pressure betwe the, pressure surfac 3d)
and t he s‘ﬁ@?h%agd{oﬁgen‘(tggé‘)deioiérpé%‘é@ S{:}&a‘éﬁﬁ’l tPg Sﬁ%’ atSH‘étl(?neséj(ri|§1 ﬁ%gg %e
(13a) to the 11
leaking.
DISCLOSURE OF INVENTION
15 In order to achieve the aforementioned object, the present invention provides the

following problem solving means.

First Problem Solving Means

The first problem solving means is directed to an air blower apparatus. The air

blower apparatus of the first problem solving means comprises 2 hub (14) which becomes

20  a center of rotation and a plurality of blades (13, 13, 13) disposed along an outer peripheral
surface of the hub (14), wherein outer peripheral ends of leading and trailing edges (13a)

and (13b) of each blade (13, 13, 13) are situated ahead relative to the direction of rotafion.

The air blower apparatus of the first problem solving means is characterized in that an

outer peripheral part (13¢) of each blade (13, 13, 13) is bent toward the suction side so as

25  to define a starting point at which an air flow starts leaking, and that the radial-direction



trailing edge (13b) of the blade (13, 13, 13), in association wth which
the strength of "entering-around"” (vari7zation in air flow direction) of an
air flow fromthe side of the pressure surface (13d) into to the side of
the suction surface (13e) gradually increases toward the trailing edge. 5
On the contrary, if the bending angle 8 at the outer peripheral part (13c)
of the blade (13, 13, 13) is_ increased gradual]y.framthe, .l eadi ng_edge
(132) "t ovidtb, ¥4 af 1ot Mapieeesrodesly s pesct Ao Horatnivied tip Gramg SgARRhEY | on
of the bent part is made steep) so that blade tip vortexes (~) as descri be
above ar thedeseitppthestadiigedga (139. si de of the suction surface (13e) of the
bent part forned in the outer peripheral part (13c) of the blade (13, 13,
13), 10 this pmaké&schibedpsdvbbihe duterriiphdrilepst @l3e) of ebdteblgdn €r3tidd 18) &de tip
vortexes (~) as small as possible, and the scale of discharge vortexes is

also r edBSﬁﬁow‘&h fhgpsu&ﬁ §ifi?§6‘gs t& 888ded Ma&i‘ﬁgtﬂ?ﬁma&?%ﬁeh bl afr TRWABRIMY

angle A is |essened gradua romthe side of the | eading edge (13a) to

the side.of the.trailing edge.(13h in ot her wor.ds t .

i ncl ihat T0H &‘F 95e° k?e‘?{fagsﬂféer %rfa&e i&‘%ﬂ"gﬁé@n "?ee?f,ra f%ﬁlilgﬁg‘é%gcg%?%gle%n%éﬁg’i ng
angle A to decrease according to t?f ﬁrowth of a blade tip vartex g;—l% t hat
grows gr aadditign,ithe radeal-dineaiiqn Wit #¥ phihebent parhjcreases f(%g‘)e. Vigigjty of the
accordingly ensures that a blade tip vortex (~) is held on the side of the
sucti on d$eadingceddel ) oo theevismity phithe troMimgdedge (13).outiera pesuitpplsach part
(13c) of the blade (13, 13, 13), thereby effectively suppressing

i nter f er gpaRgetenttinGiinilew dal thelside of the ptasurersdriadeadad) bfthe biddex e, 13;7)13) 20 By
gradual |y varying the bending angle 8 at the bl ade outer peripheral part
afl?\t@ecﬁ'tg%nf%tlﬁiﬂeen_{e‘?aﬂbm £R9ehd {ap@ding Quétith &irfiRe Q3é)NBokg Fhd | NY

(13c) fro
edge (13b§n, econes possible to effectively suppress noise due to the

i :nai- 2" B ??]?S%%*gﬁf&%%éé i-}’f??° o Ve BF%*%?”Q%‘T%%‘?%%%%EWZ{?%‘%? Ed
4 . [ '
hi T pr olem Eortions The ItEvee chaPalhely | TREIPIE erodt e uah T REPR

conprises, between the hub-side base end (S) .and the out)%r pq}rei p era{] end
(R), an ibyrearainfow spiering axougdante thesidaofithe suctiop surfenel3g) froni fhesidepf the ne - o
central segnment which is convex toward the 5 suction side, and an outer
per i pher giressegrmnfacevildsh dfsthp bladet(@3ald tHebeconres smadli igediargetgr prd stable,

hook- shaped as a whole. The blade (13, 13, 13) is formed such that the
curved | ithérel§ phRsntingshrape fasv ¢psowingdn alizoblade bbtee psppiirdli disctin osithee t he
i nner peripheral segnment conprises a straight line, an air flow toward the
bl adgsoutgde JTehd RirabRbured ( ,frcﬂﬁﬂﬁérﬁérﬁg vath thb8lagk € vofted @)t he suction
surface (13e) of the blade (13, 13, 13) by centrifugal force during

rotation, mvg?ntﬁ@mm T RS b pakt G 8 B1daB outet _éri%ﬂerﬁpfefr@Qﬁ’gé E3alaty t hout

separating fr e suction surface (13e). Accordingly, the air flow1ls

unlikely.to interfere wih a ' r ~ L (op se of
the arr aﬁagﬁﬁsﬁf %{Qr%tthet TS aoptl(;tlhgﬁ gatdﬁlﬂcgo %eg%t(:lg%) {soe%ghr?e\ﬁgmlti ofgﬁé c%)r%l\i/lggee? gywar d
t he suctign sigde, th |.ow,ve] oci f .an air, flpow which i.ntends to .nove to
the si de @fbX ﬁfgS@LHQq%o&:’s s gi)eas(‘%‘ér)%efiragpﬁ’?’ (the g?i‘?\i\@q‘sc{\??g 36?‘8@%’98“@(" face
(13d) is suppressed beforehand on the side of the pressure surface ,f,13d).
As a resudchieves itpeffeste froppthe sife of therlaafling edgre(13ah B toftheyside 9f dhe trlingr t ex
(~) itself which is fornmed by the air flow Furthernore, in the present
pr oblem salgei(3b)eanmdingt todhe diaeretqref ithhidadd tis @grien(P)i wh@e dzaretertiooraasgs t he
suction side. Because of this, an air flow on the side of the pressure

when gradually laminated to become larger from the leading edge's (13a) side to the

trailing edge's (13b) side of the blade (13, 13, 13). In addition, the generated blade tip

vortex (B) is unlikely to depart from the blade suction surface (13e).



surface (13d) of the blade (13, 13, 13) noves along the tapering pressure
surface (13d) in the bl ade outer periplgeral part (13c), and snoothly enters
around into the tapering suction surface (13e). As a result, the vortex

di aneter of the blade tip vortex ([3) becomes further smaller and stable,
whereby an air flow flowng in the bl ade outer peripheral end (R) on 13

the side of t suct i n surf unl i k 0 |nter

the bl ade ti p%&??@ﬁm SFleF’?’h F‘E)Bt?i] éBR?FH‘S’ lh(g-{ %)(Né 12 BEYWRre (iﬂfb%r at us
(4) of the fourth problem sol ving neans according to the 5 third problem
sol vi ng ieaweight efithe blode(13z 43, 13), blmtln ertexgs (Bavillingeinterfese wighieaesothglet ween
t he hub-side base end (S) and the outer peripheral end (R), an inner

per i pher dktvieg adjoiningblabes @3c1B)cave toward the suction side, a central
segnment which is convex toward the suction side, and an outer peripheral

segment whi ch aepe omwaﬁh hﬂﬁkétﬁ%%&%ﬁh@'@am@é?%ﬁ%fH&%@ﬁb@@%h@a&x@ whol e.
10 The bl ade (13, 13 formed such that the curved line K has a

shapeg as fleser hed. 49 % @nggree { SROGHgE IR die TAE Dl B diBRGR! B (PASTE!

segnent nt £2, 5988 P& , an arr ade
out er peripheral enerated on .the side of the suction surf

(13e) of bFWetOB‘Ia&Hg‘e(S’PSUO‘!L?! © 3i33 gfyen PRFLP L g% S@Bf"t,gep(ﬂﬁtrreﬁ’ﬁ‘v? & gle &‘aFm)ves
stably (adhesi vel K) al ong the suction surface (f13e) wi t hout separating from
15 the sulitection. sT rsai@@rmm@e)a legkage startingl Bointt Qeof 4he aif flow (o fram itheesige 8
interfere with a blade tip vortex (~). Additionally, because of the

arr angenmahé ptessiire tstifaceh@pd) tof the hizleosfithe abctionagmefate (ISe),camdake howmantdoft die
suction side, the flow velocity of an air flow which intends to flow to the

si de of tgy Mﬁ&g&&&&%@%@mﬁ%%w f0 88dnhe SIndRnOithdrély BRRRBEUHE bddel @re
(13d) is 20 suppressed beforehand on the side of the pressure surface

(13d it becones possible to reduce the scale of a blade tip
vortex (A%S(’?te{(gﬁgtl&b\}\%lch is formed by the air flow. Furthernore, in the

present proble ol vi.ng t he outer .peripheral f blade
(13, 13, 13) '@(ﬁ'é%‘lah%%% P Wik PepArad) ﬁ’eWB ec}gausdé%llé11 e‘% %ﬁ}&) thgnsn{a'{ﬁgg
on the side of the ssur . surface d). of. .the bl ade (13, 13 Ioms
al ong t hé’ot“ﬁr%rgeﬁﬁfa F"e"‘gTﬁxF éio(‘f%ﬁ'd? ertthﬁ@‘ﬁF%f éu'if%ﬁee(;w‘be%ﬁ tBher al
part (13c), and snDothI enters around

blade outer peripheral part (13c). A longltudmal vortex (0) generated in a certain blade

(13), and a blade tip vortex (B) generated in one of the remaining blades (13, 13) that is

15  situated next to and ahead of the certain blade (13) relative to the direction of rotation of
the air blower apparatus (4) depart from the respective blade surfaces in the vicinity of the
trailing edges (13b) of the blades (13, 13), and cancel each other. Since these generated
vortexes (8) and (B) cancel each other, this effectively eliminates the discharging of
vortexes in the downstream direction (which is the problem with the previous application).

20 Accordingly, the discharging of vortexes to the downstream side from the impeller
of the air blower apparatus (4) is effectively eliminated. This effectively brings about
reduction in levels of noise generated by interference of a fan guard et cetera with
discharge vortexes from the air blower apparatus (4) when incorporated within the air
conditioning apparatus outdoor unit.

25  Second Problem Solving Means



into the tapering suction surface (13e). As a result, the vortex di anmeter
of the blade tip vortex (~) becones futher smaller and stable, whereby an
air flowflowing in the blade outer peripheral end (R) on the side of the
suction surface (13e) is nade unlikely to interfere with the blade tip
vortex (~). 5 If the wwdth Wof the bent part of the blade outer peripheral

part (13c) gradually increases fromthe vicinity of.the |eading.e (13a)
to the vicinityesr %\56&4?&?{%*%9(4538 e sqoaps pBCrF%l?rﬁéogf%@e?nf?fm(fgfng%g?heas
descri bed above, the above-described action of the bl ade outer peripheral
end part fastrpreblem snlvieg snesos h gharacteriged in |thay theiradiagliteepenwadthy Wimof fee si de
of the | eading edge (13a) up to the side of the trailing edge (13b)

accor di n@ehtopdriie noi morithin 28%ef atiérgtiblafrent 4 ubrside base(endl tavh omsiial diirentedrer

i ncreases when gradually lam nated to becone |larger fromthe | eading edge's

(13a) si ; real |(Ryof @dBde ({3L38) 19i de of the blade (13, 13, 13) (see
Figure 2 F&%ﬁﬁgﬁéélteﬁgrﬁ?yt he gener('at ed) blaade tip vortex (~) is unlikely to

depari fromt bl ade, sucti on .Syr ) : S ihed
aboves cven wHbHR A G Or ot 5t be e R AP HIS R i 257 o £ER et
reduci ng the weight of the blade (13, 13, 13), .bl t] rtexes {~
gener at ed-afrem t%buh'ﬁfi%&’ﬁ-?r%‘dig) P éﬁ@HteBPﬁ'éﬂel%eBaéteﬂggﬁ) Séﬁ‘t‘i:{’(ri)ﬂdﬁg&g’l laiéé)si) (13,
13), and discharge vortexes to downstream of the air bl ower apparatus (4)
are reductd.masmphewidds potionfin theeweinityiof the: trailieg pdgeg thinairggenrent makesribsent
probl em sol vi ng neans, the above-described actions are conbi ned toget her
ef f ect i vglogsiblehenekipve)in #giosgeffdedué mand, thateffeétarftsoppressepidadetip vortdxevel s
of noi se when incorporated in air conditioning apparatus outdoor units.

Si xt h Pr oblieiBuwaRtr¥im AivBAps vohexedids deb@ived aBpRavahissthe Fingef intwisick ithe 4ir
probl em sol ving neans according to any one of the third to fifth problem

bent Bar CupoEp R ERARTIAA bRkt () Hod ot Bl AL ved 17 e &

bent “par par 13c) on the curved line K

and a pl ane orjhogon to the.rotation central i S i NI n 90
degrees. Int a@a%g\lﬁﬁrewgy’taﬁtgo%ha%’g%Fﬁ%?arfl'é%fffg?ve oggéé %ﬁgfeés‘g? °f8¢a§/§r d
tilting is great as descrihed above is, npnuf acture%H%/ | di %of s%/n hetic
resin, tH& ypEREESi B) a9l Hsguras Vertesheis1asy ot ONNbH R &Y PERYTRNGC REcones
difficult to perform thereby nmaking the efficiency of nolding worse.
However , supelysigosie- desordinglyl thetedn gernoint iningreasng thegridtiey of g}en@eﬁ B9t he
intersection of the bent part of the blade outer peripheral part (13c) on

t he cur veslote then Keceasatly.aPpiferably patt Ibastyehthle maximumowith pertionnn the viginity of, i s
not nore than 90 degrees, nmakes it 10 possible to provide an adequate draft
angl a5 t h@kehidga&idei (136), g Widkidiinef wherbenapatt varsovithig at waeiatidd spanesfoyot of

nol di ng. Seventh Probl em Sol ving Means The air bl ower apparatus (4) of the

sevent h prahl G 59VdfiHe [BRBISLAREAHS RGb-tide BB MAGSPio thB@ufer pefipHepal ©hdt h
probl em solving neans is characterized in that a rounded 15 surface is

for med On{lﬁhé’gg{eh@ﬁ 'g%,?{ssfj{:kﬁ, Qéc%ﬁo%%%&@%ﬁy@%néwqfea%n gt 1Rf vlahe Rtepde

outer per arrandenent that a rounded surface is forned

I the, sid bl 13d f .t hl.ad
oor ) phor abersied ayd GRE G E2THE GRS R uhBVals bl PEPGRE & el
edge part, thereby enabling an air_flow to nore snpothly enter fro 0 the
Side of thent ma@sisézven gwxlpag@ﬂm@'dwld& PRTHEN in FefcvigtitE P?Hér‘ifiih’ég a@gep&r”g),( 13c)

around into the suction surface (13e). _ .
20  not more than 25% of the length La from the hub-side bade end (S) to the outer peripheral

end (R) of the blade (13, 13, 13), and varies within a variation span of 0 < W< 0.25La in
the front-to-rear direction of the blade outer peripheral end (R).
Third Problem Solving Means

The air blower apparatus (4) of the third problem solving means according to either

25  the first problem solving means or the second problem solving means is characterized as



Ei ghth Probl em Sol vi ng Means The air bl ower apparatus (4) of the eighth

pr obl em sol vi ng neans according to thejgeventh problem solving neans is
characterized in that the size of the rounded surface 25 forned on the side
of the bl ade pressure surface (13d) of the blade outer peripheral end (R
16 is not less than t nor nore than 3t where t is the thickness of the

bl ade (13, 13, 13) .in the vicinity of the outside dianeter of an.ippeller.
Because &0llawe Ié‘r%‘%@tlfﬁﬁl@/ inHegiverhplads tadialy, {hﬁéer}%}bﬁ @Gcgﬂﬁlggegﬁ%ggﬁj on
the side of the bl ade pressure surface (13d) of the blade outer peripheral
end (R) igivenqiointemsthetchord life @os PrrendetherangtB fronhtheladedeading edgs €13a) ta he

bl ade (13, 13, 13) in the vicinity of the outside dianeter of an inpeller

of the aithe pvenpoinePAS AW @4AdibiSditectibhl eudsd 1ige) wHich BResdyviesrhh Hubodilem
solving neans is nore ef fecti vel y achi eved all over the region fromthe

vicinity ' L&l Aist f i i e
(130) 1 3t HRECS) B L BRCEHAGnErPEIA (1D dr e Mol (15, 1,23 sfEphE tARpTRGT
(13, 13, 13), t 10, cur vat ur adi u ' he .rpunde r.f ace, for. on
Lhe. sf de ety guet be 2 Subffebhye pndhe bent A R L A in Riiast R
descri bed above according to the variation in the direction of an air flow
at the tiand thmansle.uhigh is faregd bythe ntersention oé (&) yetraghtline Ghfecannpetingd  ace
(13d) around into the side of the suction surface (13e), the air flow nore
snoot hl y peirted sit fwhich theeowérdeeripherahparp (B33 wf ¢hesblnda (13, 133d3) stavsibending o t he
side of the suction surface (13e). 15 Consequently, blade tip vortexes (~)

are supprigwaridthefsuesdd vigk Yand tthe beley pafipheeli ¢id @) sftilie thlade (18, 18] $3) ineyel s.
Ni nt h Probl em Sol ving Means The air bl ower apparatus (4) of the ninth

problem Sal-yiNthe AR cRRCOFALR dh%g@n%%@éu&éﬁiﬁék%w Ppehd Mcludfop! em

solving neans Is characterized | the air ower 20 apparatus IS so

¢ 25 t ; SO o L oY
out aopr - uaeon R S LEREB TRl s B poBPORE AU IR PRPET T

bl | vi i gnifj tl ti f. di.sch i
or t exes PribfrRdnet 4t qephe i BB 175 HETFY Mandfipoinhih i = biiting
bl ower apparatus (4) of each problem sol ving neans is nost 25 suitable for
achi evi ngngledic The airiblowenapparapes (hbelstae gpiehproblesy sadyiag aepanp isngharasterized

in that the bending angle 6 is varied gradually from the vicinity of the leading edge (13a) to
the vicinity of the trailing edge (13b) of the outer peripheral end (R) of the blade (13, 13,
15 13).

The bending angle 6 of the bent part in the configuration according to the first or
second problem solving means is defined in the way as described above, and varies
according to the shape of the vane blade (13, 13, 13) such that it gradually increases or
decreases from the vicinity of the leading edge (13a) to the vicinity of the trailing edge

20  (13b) of the blade outer peripheral end (R) under the foregoing conditions. This
arrangement makes it possible to achieve the effect of suppressing both blade tip vortexes
(B) and discharge vortexes in the first or second problem solving means as effectively as
possible.

In other words, in general, the difference in pressure between the pressure surface

25  (13d) and the suction surface (13e) increases gradually from the leading edge (13a) to the



17 conditioning apparatus outdoor unit in which obstacles (e.g., a fan
guard) that may interfere with discharpe vortexes are di sposed downstream
of the discharge outlet. Effects Accordingly, the air blower apparatus (4)
of the present invention provides the 5 follow ng beneficial effects. (i)
Noi se generated by the air bl ower apparatus (4) itself is reduced, and

noi se when.the air ower rat.us, ,( i.S I ncor.porat.ed w.thin an air
condi ti oﬁﬁﬂ@gaﬁ%ﬁrggh%g\gwgﬁg& |’tsl3l’ ig}’éalfé%o&'aélgpe%‘%}f \‘/@I’%’l f j D S in
the case where the | ength of chord of the blade (13, 13 12%1 is, 10

shor t enedenteringseiound] (\@rietien i aiiclowrdirestion) ghan aidflewsiramdhe side of thee (13,
13, 13), the blade tip vortex (~) will not depart fromthe suction surface,
and wi | | pressurersuefate(B3d)iinto tohthe asijeoofh thegsustianl surfadei € 3p) gradudly mweheasesed

noi se reduction effects, and suppresses the drop in air supplying

per f or maRGRardthé irdilikPbddend becomes easy to performand reduction in
manuf acturing costs is 15 achieved, which is achieved just by formng a

(13, 55 13) G R FORRL P T BRC R b EIBUEP obffdink g BE 4, 57

whi ch determ nes_the air supplyin erfor ce there i Addi tional |y,
si nce th(-,b?%’@rﬁl3’ph3f’t13éé§ﬂn€03é§éaagr??i‘%”§ﬁ‘?‘8ﬁggl‘éﬁﬁggie ey g{f?ééo m?etr‘?" g S‘igi)%ey of
the blade (13, 13, 13). As a result, the blade (13, 13, 13) can be thinned,
t her eby Z03Welin nidrer wopstsshe migle pbinclinatioarofitheibens parids mada sisephso thy tlada s of
the blade (13, 13, 13). At the sane tinme, the resistance to vibration of

t he bl adeip(vddtexds(B) a3 )debsibergpoow ad, devbloped ytablg dunctha gideh the mentiehisorface
abnornmal noise due to vibrations. (v) In addition to the above-nentioned

ef fects, (iig SITtRO bet pakt! fosHEP Y il Bubd rfefiph@aCsari 6138) ppitrsisadt @8, p3.eaNt ed.
25 BRI EF DESCRI PTI ON OF DRAW NGS 18 Figure 1 is a perspective view of an

I peld er 1fi8 Hhdk@E itHos@Bledb makk WELca A& bbiferated blade tip vortexes (B) as small as

possible, and the scale of discharge vortexes is also reduced.

On the other hand, contrary to the above, if the bending angle 0 is lessened
gradually from the side of the leading edge (13a) to the side of the trailing edge (13b) (in
other words the angle of inclination of the bent part is made gentle), this causes the

15  bending angle 0 to decrease according to the growth of a blade tip vortex (B) that grows
gradually in the direction of the trailing edge (13b). This accordingly ensures that a blade
tip vortex (B) is held on the side of the suction surface (13e) of the bent part formed at the
outer peripheral part (13¢) of the blade (13, 13, 13), thereby effectively suppressing
interference of adjoining blades (13, 13) and blade tip vortexes (B).

20 By gradually varying the bending angle 0 at the blade outer peripheral part (13c)
from the side of the leading edge (13a) to the side of the trailing edge (13b), it becomes
possible to effectively suppress noise due to the blade tip vortex () and noise due the
discharge vortex when incorporated in air conditioning apparatus.

Fourth Problem Solving Means



according to a first enbodi nent of the present invention; Figure 2 is a
partially broken perspective view of albl ade section of the air bl ower
apparatus; 5 Figure 3 is arear viewdiagramfor illustration of a hub and
a bl ade section of the air blower apparatus; Figure 4 shows, in cross
section relative to the radial direction, three different structures of the

air bl ower appar at bl ade; Figure i cross-sectional view,showing a
basi o shape. oA erdr Dpren et af the fBuh bl cipng pens A OTEREIMIEE g oo
cross-sectional view show ng a shape of a principal part of the air bl ower
appar at ughibl prhblenFiejuing meansis ghara¢tenizadriathat dheiruryedlineg Koopmprises.hestwesny
angle, 8, of the air blower apparatus blade; 15 Figure Sis an illustrative
di agr am shenithsida bdes etidr{S)adndothe anter greripheral dndafR)gen $ireer tperiphepali sepmefit an
air flow of the principal part of the air blower apparatus bl ade; Figure 9

is an il sty & i thedfor@r 8M SHAWhNUnd Dlasital tsePmiRr WEith db SERAXIRWARL HRX

reduci ng action of the principal part of the air bl ower apparatus bl ade;

of faot 1 g S ol B Pk BEPR-AREGRIA Sutrit RO AR e b BRAAS o1 2

Il lustrative devel opnent view show ng a di scharge vortex offsetting action
of the ailookishapsd 253 ‘us blade; Figure 12 is a schematic di agram show ng
an arrangenent of a first nodification exanple of the air bl ower apparatus

bl ade; 19 Filherads (13 bh B iarfguoed strbnthet thedruyedidinefK't has arshapegasrent
of the first nodification exanple of the air bl ower apparatus bl ade; Figure

14 is a skhemRiisboeagMure shesificalyanireer thagangnperiphel segment tmdprfisesat i on
exanple of the air bl ower apparatus blade; S Figure 15 is an enl arged

fﬁgegﬂ i Eslugi\%g? ﬁg%pgg:agﬁﬁu g{vgagg %rﬂmre SkerlpaBpeslend (RYJichéarlicanthexagpt e of
10  the suction surface (13e) of the blade (13, 13, 13) by centrifugal force during rotation,
moves stably (adhesively) along the suction surface (13e) without separating from the
suction surface (13e). Accordingly, the air flow is unlikely to interfere with a blade tip
vortex (P).
Additionally, because of the arrangement that the shape of the central segment is
15  convex toward the suction side, the flow velocity of an air flow which intends to move to
the side of the suction surface (13e) from the side of the pressure surface (13d) is
suppressed beforehand on the side of the pressure surface (13d). As a result, it becomes
possible to reduce the scale of a blade tip vortex (B) itself which is formed by the air flow.
Furthermore, in the present problem solving means, the outer peripheral segment is
20  bent toward the suction side. Because of this, an air flow on the side of the pressure
surface (13d) of the blade (13, 13, 13) moves along the tapering pressure surface (13d) in
the blade outer peripheral part (13¢), and smoothly enters around into the tapering suction

surface (13e). As a result, the vortex diameter of the blade tip vortex () becomes further

smaller and stable, whereby an air flow flowing in the blade outer peripheral end (R) on



Figure 16 is a front view show ng an arrangenent of an air conditioning
apparatus outdoor unit enploying a cony¥®entional air blower apparatus,
Figure 17 is a longitudinal cross-sectional view of the conventional
outdoor unit; 10 Figure 18 is a horizontal cross-sectional view of the
conventional outdoor unit; Figure 19 is a rear view of the conventional air

bl : ' he f f l,. f - |
convent | Biaocth tbshctish et Geb B Be RRRIED s BLrER MR b difvonex,

cross-sectional structure of a blade section of the conventional air bl ower
appar at u¢pland the actions of a principal part thereof; 15 Figure 21 is a
schematic illustrative diagram show ng a problem (bl ade tip vortex

gener at i qEifthPebbleinsSYlving Medmt i on to the structure of an outdoor unit
correspondi ng part of the conventional air blower apparatus; Figure 22 is a

schemati ¢ di agnamy 1N Sprardthdd§ of tHe f60rth probleh Soilmipanems RbeRGNENO the
bet ween adj oi ning bl ades 'o0f the conventional air blower apparatus; 20

Foure 2k B o SR e 9 PRS0 R heikd oo R ESprt RS

pheno I'ng es In the case ere the chord length of

t he conventional air bl ower apparatus hl ade of, BEjgure 22 is shqgrtened:

Fi gure 24hg Bubsside base %‘@c&o"r@l&ﬁioé’wrﬁﬂﬁﬁﬂg %Pds@pén 6?“%@371%%% Séagmgﬁtade of
the previous application as a partial solution to the problem 28 Fi gure
25 i s a sdhiehmistancaieatgmard deowiction idp) s gentral peapeant vhiclb i LONNEX WA ANGF ¢ he
conventional air blower apparatus inpeller section; and Figure 26 is _an

i 11 ust r atsystéondsive| ang raandutel peayiphenabbegnimt iwhpeh bet teward the sugionwsideg and b ade
tip vortex reducing action of the conventional air bl ower apparatus. 5 BEST

MODE FOR HopRRKA NG s WHOMYENTI ON Herei nafter, embodi ments of the present
invention wll 'be described in detail with reference to the draw ng

[l guigs. Firstukrhadl RRtE iy Sooind sSioae alchiend it LA Ofigpots 20

air ower appar atus adcording 10 to a first embodi nent of the present
TS U AR e R pRERRRL Lt e i 21
the suction side, an air flow toward the blade outer peripheral end (R), generated on the
side of the suction surface (13e) of the blade (13, 13, 13) by centrifugal force during
rotation, moves stably (adhesively) along the suction surface (13e) without separating from
15  the suction surface (13e). Accordingly, the air flow is unlikely to interfere with a blade tip
vortex (B).
Additionally, because of the arrangement that the shape of the central segment is
convex toward the suction side, the flow velocity of an air flow which intends to flow to
the side of the suction surface (13e) from the side of the pressure surface (13d) is
20  suppressed beforehand on the side of the pressure surface (13d). Asa result, it becomes
possible to reduce the scale of a blade tip vortex (B) itself which is formed by the air flow.
Furthermore, in the present problem solving means, the outer peripheral part (13¢)
of the blade (13, 13, 13) is bent toward the suction side. Because of this, an air flow on the
side of the pressure surface (13d) of the blade (13, 13, 13) flows along the tapering

25  pressure surface (13d) in the blade outer peripheral part (13¢), and smoothly enters around



More specifically, Figures 1-11 illustrate basic structures and actions of
an i npeller section of the air blower ®pparatus (4), and Figures 12-15
illustrate shapes of a blade (13) of the inpeller section according to
several nodification exanples of the first enbodinment. | S Basic Structure
O Inpeller Section Referring to Figures 1-11, the air bl ower apparatus

(4), which is a propeller fan, s, a hub 4).. of nthetic resi The hub
(14) is #tedhs EﬁpeBFg FRLRN; %%28? Ifﬁﬁb Asa ‘éﬁetpe §8§§’f &’caﬂbe%“('l"g‘f‘e §ngtt'ﬁr ee

i dentical blades (13, 13, 13) are disposed integrally along an oquter

per i pher abrtex(Baleesoues fitrther sallamand stablgwhesebiyan airFlow flowing imthe bladeeadi ng
edge (13a) and a trailing edge (13b), wherein both an outer peripheral end
(R of t ater qreéibheakent (R} 3a) tharsideaof thet suctipersupfaer ¢l3eprisi nfade wilikelyeto
trailing edge (13b) are situated ahead, relative to the direction of

rotati Oni’ﬁg&%ﬂ‘jkﬁ?‘@?%ﬁ‘ﬂeﬁ Zortd3(p)13) . of an inner peripheral end (S) on the

side of t Additionally, as shown in the figure, an outer

LIPS 2t of BT Sl e Y B R,
poi it 1areans G fhearikngy o ¢ o) S Chor P i BE vl sl ¢

surface (13d) to the side of a suction surface (13e), is defined. The

radi al - di(i3)tdfahe biade (13, N3, b3) asdesreribed abrveptherabpye-describerbagkjontof theyblade
projection surface of the bent edge part to the suction side) is gradually
ext ended cater pefipdrsidaiiqyand athdvesamore saothly fte airi fiiw gbidingf effeas framdthengdedge
(13a) to the vicinity of the trailing edge {13b) (W= 0 at the |eading edge
(13a) anqrWeieMaxj CHsR @Ba) Bibtd thekide RO tHRABRiMglear (1315) aeberdlhgite tH dlatheres) -

Preferably, the radial-direction width Wof the bent part is not nore than

25% t i al zdi [ . . (13,
13, 18) " O chEalt otk (B Yy hOR iyt ingi QR HRR SESAIT HinfBuec 15 bR 5
13, 13)) .to the outer peripher en o j ) j of
the trai 18§ E(Bﬁletﬂfi?gfn,g ?%Fséﬁagcsfc%vté@e %%1%? %%é%{;@ﬂ‘é%%&%o%&%ﬁgae tip
vortex (~) without,K causing a.drop jn air s I, N erformance of the bl ade
(13, 13, 1)1"3,)13) SeaFisyreatdt ﬁ%ﬁd‘aﬁ% tiﬂ%ﬂe'@?é?%ﬁag‘l’%/ tip g‘"ﬁ?’%{!’g‘s(‘ﬂﬁ%elryéf’idSPafb. 3;
fan outside dianmeter: 15 400 , the width Wof a nmaxi mumw dth portion on
t he si de fodm theebladeasuctionsuséage (13€3b) in the bent part is preferably not nore
than 35 mm which is the range in which the drop in air supplying

per formance do@snseqiendgcasrdeacrihediahowgj@ven when thieflengith oHehazs essshogpnedwwitic h

wi |l be described |later, are generated sufficiently at the pressure surface
(13d)s Hef Giews @ re@¥an@kie RSighhofuheibladei @By €3, BB)Abldde tip ivortaxesh(@) geterated C i n
a given blade 20 radius R, the length of the chord line Cis Lo, a given

poi nt  on §He 6N aktdrrbleNitle dagh Poth@Betiven |aRakifg fsladest (18, bi3adend @adhdige edge
(13a) to ‘{Vﬂgng{l]ven poi n{ Pis ?_. Addi ti onal | ,ga radigl direction curved

i ne, which exten f - Sl e outer peripheral end
(R) of th‘éori?f‘gsdtg) %{s{rg@? %ﬁ%ggﬁdé&g%‘?ﬁ?“ﬁ?%‘gﬁ "‘%‘%éé‘gi ven point P so that
the ratio of the |ength and t length Lo (L.,e.. Lllo).is constan is K,
and the angl e,Amecrﬁgitlgoé_tg?%ﬁ‘tggheoifm?'ﬁgmbﬂ? étg@c‘??s&ﬂt %‘%’bl(egl) AR Fnéslgfésht
line O-R connecting a point Qat which the outer 22 peripheral part (13c)
of the blthgabpyadestgbed agtions Are sombingd ipeathrraatigctyidy, t&e*tehs riagig a&ﬁat the
outer peripheral end (R of the blade (13, 13, 13) in a curved line K

whi ci20i s satisfaviory eetlupriop écldvels affnaiseewben \nsdrporated o aif tconditiphing @app#atusdi ng
a rotation central axis Oand (b) a tangent line A-A at the point Q of the
curved | i sngddor ualiteser to the side of an inner periphery 5 of the blade (13,
13, 13) than the point Q is a bending angle 8. In this case, in the blade
(13, 13, é-@h ?f'({tﬂpﬁl ddivink M di rent, the bending angle 8 is varied

gradual ly " tTromthe vicinfty of the | eading edge (13a) to the vicinity of

the trailing edge b) of th e erJ . 13,
130 13, Furt noperer oqsrcramdri 1) BF HBLp BEdem 3R g Shefls depiaRiedan
connecting the point 10 on the curved Ijne K at which the oujer

per i pher apngeirthe (}m@clf’%ﬁh pieBlen) sphung f?,a“S.LBS,CEi@?teE‘?%iir 'f‘§ﬁ‘ﬂéf\ﬁi’ éb\ﬁ%{mdt he
suction side and the outer peripheral end (R of the blade (13, 13, 13) and
(b) a plane orthogonal to the rotation central axis O of the blade (13, 13,
13), is AZ. In the blade (13, 13, 13) of the first enbodinent, i.e., in the
swept-forward bl ade in which the angle of forward tilting of the blade (13,
13, 13) is positive on the side of the | eading edge




15 (13a) and, on the other hand, is negative on the side of the trailing
edge (13b), the value of the angle AZ i% constant (see Figure 4).
Additionally, the value of the angle 6z is not nore than 90 degrees for
easy nolding of the blade (13, 13, 13). Additionally, for exanple as shown
in detail in Figure 5, the cross sectional view of the blade (13, 13, 13)

by revol yed oj.ecti of, the curved |ine on pl ane .4 hat, S 20

t hr ough ¥’Héh$g?'htﬂaﬁrp%3§%LP§P OLiEF perp altﬂqgﬁﬂ#@a{’é’ %ﬁf}’wfg,]mf% a@@% ﬁ?nsees,
bet ween the hub side base end (S) and the bl ade outer peripheral end (R),
three regitbpgonst tothe retption centrabads Onismet (oratham AR degtess pher al segment  whi ch
is concave toward the suction side (or which is approximately in the shape
of a straight Ihitledase avheentheddladee(dfeh3, M ivdiosé snglonf forwanlaltidg ihgrestiat i on
side, and an outer peripheral end segnent which is partially bent toward

the 25 sygldiBRd Sb&& is mérhfidthfed &y MbRling 6f s | resifSthé pentiom oFipgaduet 6, i n
the outer peripheral part (13c) of the blade (13, 13, 13), a rounded

surfage (L..€e. . cur . Su i.S. f ' ok ssure
surt ate (e diEutfliyRai g bdRIAN fo Jerkhf, el il RC2CE
(13d). 5 e sig)g. ((gélrvature radius r~ of the rounded surface forned on the
si de of tHEIFPANEMRILGMN U (13d) of the outer peripheral part (13c)
varies within a range between not |ess than t and not nore than 3t ere t,
the reference Hawekneths, abayetdescritiedcairengsment (s the sangle P, formed 1ty the, ¢ pe
vicinity of the outer periphery of the inpeller of the air bl ower apparatus
(4). 10 AdteisedtidaFoBhADEntSETT bf iteAdadbemteri freigherbopart (X3ck omithe Girvedeline K'
apparatus (4) of the first enbodi nent of the present invention is an air

bl over apparafitte brfflogoRtlcld Afotaionl @REAI Ais DA @k nfRt Siad, SOMgedesCoakssiises a
hub (14) which serves as a center of rotation of the air bl ower apparatus
(4) d Ahr.al | a 3 3 ) ke3P0 i n and
peri?)t er§1()|%slﬁlrsa ?4 é}ci)y%‘?&? th%é ﬁ%ugt% ?rfﬁ) a%gﬁg te}gﬁbghg‘%?‘rﬁgt% ?‘lé'g%l?%g‘k gﬂ(]j(ge (13a)
and a trailing edgent13b rnein an outer peripheral end (R) of each of

t he Ieadilﬂlﬁr%\ﬁﬁgﬁlggﬁg‘flﬁrbc)yeoﬁg%&flﬁa) and (13b) lies ahead relative to the
direction_of rotation F. In_the air blower apparatus (4), the blade (13,

13, 13) iSevepth Exoblem Selying,MeMs (he outer peripheral part (13c) thereof is
bent toward the suction side into approximately a V-shape so as tg forma
starting poi ntTh® air bighwesrapparagis (4 Iog\ﬁhe( spventh RIpblpmssoldngk ngns ’H‘Fé’r‘gpﬁd% (13,
13, 13) is further characterized in that it is formed such that the

radi al - di angcérieoof thiedfitst W sixth ipeothemtsopang mpansl isathayadterized 48 ¢hatf 3 spnndad
vicinity of the |eading edge (13a) toward the vicinity of the trailing edge
( 13b)5( serfatd iy @mad Bhly dmtlRCHdy ofthechindet fresshee furfase (E3d)adfithe blade ionter he

bl ade (13, 13, 13) of the air blower apparatus (4) which is a so-called
smept-foaly@?qellgi li)_n whi ch, at each of the |eading and 25 trailing edges
(13a) and (13b) of the blade (13, 13, 13), the outer peripheral end (R) is

Such arrangement that a rounded surface is formed only on the side of the blade
pressure surface (13d) of the blade outer peripheral end (R) prevents the occurrence of air
flow turbulence by the edge part, thereby enabling an air flow to more smoothly enter from

20  the side of the pressure surface (13d) of the blade outer peripheral part (13c) around into
the suction surface (13e).
Eighth Problem Solving Means
The air blower apparatus (4) of the eighth problem solving means according to the

seventh problem solving means is characterized in that the size of the rounded surface

25  formed on the side of the blade pressure surface (13d) of the blade outer peripheral end (R)



24 situated ahead, relative to the direction of rotation F, of the inner
peri pheral end (S), the outer periphergd part (13c) of the blade (13, 13,
13) is bent toward the suction side into approxinately a V-shape so as to
forma starting point Qat which an air flow (a) starts |eaking. As a
result of such arrangenent, for exanple as shown in Figure 9, an air flow

(a) 5 on .the side of the pressyre surface (13d) of. .t | ade 1 13)
flows al SnPtless t %é?‘?frf@(’%rtg%% r whetfy/ 1’%1@‘«5 t%“fgﬁ‘%ss 8}‘1%‘3&3"1‘% @g’ b#’%%én er
peri pheral end (R) and snmoothly enters around into the tapering suction
surface (icduty ofithe gutside diampserss impslless t he case of the canber part of the
af oresai d previous application exanple. As a result, the vortex dianeter of
t he gener at ed Becage of the arcangemert-thathbe sive of Swabbreled andactfathed emtheasideai r
flow (y) 10 flowing in the direction of the bl ade periphery on the side of
the suct igppheShibd@mRssuted Qrfatk |(isd)Q$ftlr1]e|%1%Hé 8hRr PerfiphefN@nB(RY B AdtRest AhdreX (~) .

Furt hernore, the above action snoothly achieves its effects up to

e f nador grs e o Bhese s ikRetssihe ARSI 1, 141 b D MARAFEEMERIENAY
nd, s st ol o mpRlS oW i DUEhIPBIIE ) Fo. 08 ARTE O GAEI)

because the width Wof the bent part of the blade outer peripheral, part
(13c) gr adehi¢mpolving meansds moemeffastively arhieved a ovenghe 1egign Ay methgeiqinignyf t o
the vicinity of the trailing edge (13b) of the blade (13, 13, 13).

Accor di nghg/leading edxe(Iph)rtoabe sicmiuy of theRrglingedge, (18b)e generated bl ade tip
vortex (~) is unlikely to depart fromthe bl ade suction surface (13e). 20

Here, for exanplghdrivédds Easethvhpte geliphahioést (RN of theladeh@3pliagdesy e 13,
13) is shortened for reducing the weight of the blade (13, 13, 13), the

vort C t | & hd ol nner,
{br otgh Baraiurd rafu D OF AR el RyR8 oR g il BPAR TRessh ShIMAIUFTE
ot her hand, for the case, of,the first _enhodi i, | . r..part of
the af or d38Pge [)(P Wﬁ%&?"ﬁﬁgl ‘?tc?ﬁzaf’socﬁl, eiﬁb(g%gagc%?;}ig t813 H‘% k%ﬁgﬁg?e&%u %rc“&?
peripheral_ 25 part (13c). is pent intg approximately.a V:shape toward the
sucti on Sf@e aig flgwatthe, timgqyhgn the air g?\” ‘?rf)rqroﬂb&etsi‘%’no ?‘ﬁsde?fs‘érte BAY
point. This ensures that the starting point Q’ at which an air flow (a)
f1owi ng f(13dn arpendsingethsfsidenef the suesiansusfacs El3e), thaary floy make smeathly entass f ace
(13e) starts leaking, is positively determ ned, for exanple as shown in

Fi gure 8.froks the sidesofl the ptdssuresudave (b3d)arourfd iote the sike g€ thssvommssucfaos (I3e). and
bl ade tip vortexes (~) generated beconmes 5 stable. In addition to that,
sepangt i Qorsédiiendy,pbrde taf vertetdie(Pyt et supgraasddneffétiyelyerthérelsy achievigtaidi nal
vortex (8) on the side of the pressure surface (13d) of the blade outer

peri pher 3bqiR&bh it A5iSd tevERr exanple as shown in Figures 10 and 11, a
| ongi tudi nal vortex (offset vortex) (b) generated in a certain blade (13),

and a bl ' t e~ erated in 10 another blade (13) which is
si t uat edalﬁiz'ﬁ b?%mg{? %‘égélg‘?ﬂt he certain blade (13) relative to the
rotational dirgcti.opn F of the ai wer .a at u 4) depart fromthe

bl ade. sur f acestet Rlevs apeareys b e Finuf PRI S36bEim &Ry 2gorvng Bt
(13, 13) respecti velty. Then, these vortexes (S) and . (~). collide,

count er cumeent thy fipiatoosightbt preblem salviag meang iyjicharactpiecd, g thatibe air bloper
downstream direction, which is the problemw th the previous application,
are 28 efdppetatuseisyscavaistioded As ta beemgbrporated Withian i gonstiiéenieg, appasatus
downstream side of the inpeller of the air blower apparatus (4) is reduced,
and i nt erugdsreaitof a fan guard (6) having a grill structure as shown in
Figure 17 with discharge vortexes fromthe air bl ower apparatus (4) wll
not occur. AccRk gh0@bdh dE¢ARed BhdvRE eahSEr eSSt tEighih! problereioliRpah&nyS (4)
is incorporated 20 wthin the aforenmentioned air conditioning apparatus

out door usrlléﬁ[iﬁgasntﬁhr%\c/i\gcels ngerﬁc'argﬁ'crn? of :cll%charge vortexes from the air blower apparatus (4)

itself Accordingly, the air blower apparatus (4) of each problem solving means is most

25  suitable for achieving reduction in levels of noise when incorporated within an air



18, reduction in noise levels will be achieved with effect. Furthernore, in
the air blower apparatus (4), as descriped above, the radial direction

wi dth Wof the bent part is not nore than 25% of the length La fromthe
hub- si de base end (S) to the outer peripheral end (R of the blade (13, 13,
13). 26 It is arranged such that the radial-direction width Wof the bent
part is, at_the maxi mumw dth portioon jn the vicinity of the trailing edge
(13b), n&PNGFHPRNG APRATALL, B‘Ftdf’q’feu!“éri@t‘ﬁh‘fa ‘FLTSHWICN@HTUB-%PC@ s aéﬁﬁ‘g’( S) to
the outer peripheral end (R) of the blade (13, 13, 13). Such arrangenent
makes it igedeehvith dischgegearoatesesoiré disposed downeiseanefithe fifsekarge/evtlet5 wit hin t he
range in which the air supplying perfornmance of the air bl ower apparatus
(4) does pgrpictsf al | off, according to the hub ratio, and further makes it
possible to effectively achieve the effect of suppressing blade tip
vortexes (~) i: : t h bent
part 1o ef fect e RVIHacY vt dparah @Y IR PRI iRl BiSOlch e

di scharg ]or.t eﬁes i.t1 es not contribute to the performance of 10

suppl Yi ndPlgwing RERTfcia ﬁgﬁ?}s there is no point in increasing the width Wof
t he bent pan nore_than necessary. Preferably, at |east_ at the maxjinmum w dth
portion in thdvi Boietgenerated iy %Fﬁ“l bloyee apRargtus i4) itseHeis fednogdendt nelbe bent
part varies within a variation span of not nore than 25% of the length La

f rom t he whe-the dér blaser apparat8p (Hpis msorporated pathirpheradl candetiqniR)g afpardtes bl ade
(13, 13, 13) according to the front-to-rear |ength of the bl ade outer 15
peri pher utdduhi)s relud effectivelyv <_ 0. 25 La), for naking the nmaintaining of
ai r supplying performance conpatible with the suppressing of discharge

vortexes et Cefipl &ved Mn FhdQhseVMAhESR: ther Rhghal dhord&r\Whethladd/ af3, t13¢ 18gR¢ part
is, even at the” maximumw dth portion in"the vicinity of the trailinhg edge

tno. 40t orrBBRIel oF Afecblifing YRR o A ToREBAIBIAE (P26, 136 45> 1

within a variation span.of 0, < W< 0,.25La.in the front.=to-rear dir i on of
the bl ade el Vet ha pordprer Bom MEJPeinarRce, and il B0k et fare i the
apparatus (4). of the first enbodi nent, the bending angle 8 of the bent part
vari es gradipiaing pladeondhifaroyjdes snhapced npise redugiiet %@éﬂ@f@%ﬁre%sss ﬁﬁedro?
trailing edge (13b) of the outer peripheral end (R) of the blade (13, 13,
13). And,iniafr supplyd peefodhangeangl e 8 of the bent part is varied according to
the shape of the blade (13, 13, 13) so 27 that it increases gradually
from the vici i)y Mbldingebéooars rasyetyperfdrdnind cedubtiort imnlanuafycmege codtshy of
the outer peripheral end (R) of the blade (13, 13, 13), this nakes it
possiihl e fchieded)iveMeh IR heivEE filst B fSiniang @ YehtghrbhtaCodténperiPhéraX&fd forfioRs
effectively as possible. In other words, in general, the difference in
pressure I r : ; j (13e)
S‘P@Emeﬁﬁéer{] pE e BRi (f:ﬁsl%( fi%\?]tﬁo&t Ladddnte Eﬂ%e%ggge' cs(mgébt)%ggelt%he

i ncrease rom-t adi ng edge to the trailing edge (1

bl ade (1 3),..0n a iafi j ' rength of "entering

ar ound” ?(fai?&‘f”fl“&h dle{f?"zral}nr%gﬁ%@% s&?&éﬁ% %ﬁ%?&gﬁﬂ%ﬁé flow fromthe side of
the pressure syurface (.13 into to.the side of the.suction surface (.13e)
gradual ly i ncr‘é‘é)seég‘?‘éﬁ%aﬂei’ Fﬁ‘éett}:‘%iqef‘hﬁa‘écﬁ'j@.ev@watrﬂb agiqfle rthig ingreases t%? i's

constructed such that the bending angle A at the outer 10 peripheral part

(13c) of tigidithphihe blats (13,113, 133)AY sweselagbeblgdeaddal$13) cambe thinned 48pi¢hY edge
(13a) to the trailing edge (13b) for stable generation of blade tip

vort @es makingit pdsaibkei tdcfuhertreducsubd manufactufiag eogtd 88)hei blade(@3old, dd). At

peri pheral part (13c) of the blade (13, 13, 13), this makes it possible to

make the geahle Afmd)|tRél Lesistancy @6 M @sor( of) thettladk @BL18eT8Y idtidgraed StlBleby as
possi ble. 15 As descri bed above, by causing the bending angle 8 at the

bl ade OUt'%ﬁ“a?%E%k%?%iﬁ@%?b&éﬁﬁ? n%ﬁsg‘ﬂ%ﬂo ghpfgal!ly fromthe side of the

| eadi ng edge

(v) In addition to the above-mentioned effects, the drop in air supplying
performance is suppressed or prevented.

25  BRIEF DESCRIPTION OF DRAWINGS



trailing edge (13b), it becones possible to effectively suppress noise due
to the blade tip vortex (~) when incorpdrated in air conditioning
apparatus. Furthernore, in the air blower apparatus (4) of the first

enbodi ment, the angle 6z 20 (see Figure 7) is not nore than 90 degrees. For
exanple, in the case where the blade (13, 13, 13) whose angle of forward

tilting is great is manufactured. b nthetic resin | di t he ration
of product relF&8s AdgS G PLSPECHYS m%é"fé%’va?‘ﬂerﬁs&b%e%% #f irf’g%‘f?f %pgg%gursf orm
t hereby making the efficiency of nolding worse. However, if the angle 02 is
not nor e acérading@o d &gyt eabodimeing ofihik Preseat IPGEEPHl e to 28 provide an
adequate draft angle, thereby facilitating nolding of the air blower

appar at us (4) Fagde 2ripa@aitinglytthekenf ferspeetiveyview ofal tdidegectiar ohdermuridowem t he
air blower apparatus (4) of the first enbodi ment, for exanple as can be
seen froq@g%gﬁﬁe 5, a cross sectional view of the blade (13, 13, 13) by
revol ved projection of the curved |ine K upon a plane which passes
through the rqtatiqn central axis . 3, : HSES,
bet wegn the h ‘{r'ig)'s'&r{aartﬂgw 1%%9553{ lelf}lgtgaetﬁng(ﬂg‘r}g aenrclicji-‘g ?1,39@%% lr%gg?l}lz(gi ons
of different shapes, nanmely an inner peripheral segnment which is concave

t owar d t e HlowenapRa@iWe (or which is approximately in the shape of a
straight line), a central segnent which i s convex toward the suction side,
and an outer pagurphtishdws;dgniess seotiomirelatives the radial yinsetign, (Higs, ¢tfercat
suction side. If the cross sectional shape of the blade (13, 13, 13)

conpri sesstiubtugd of €ig dinblooder abgafatusbladeshapes, nanely an inner peripheral
segnent which is concave toward the suction side (or which is in the shape
of a straight #i%&%)s,isacﬁ%@tsé@ionme@ewrshomgcafbaisﬁ shayRvsPthd sinblosver Bppasatas i on
side, and an outer peripheral end segnent which is partially bent toward

t he 5 s%q%deon side, this arrangenent allows an air flowin the direction
of the blade’outer peripheral end (R), generated on the side of the suction

surface (13e) qf the bl ad 1 13 3)..b y fgr.ce. [

rotation, to n@%re 'ﬁ@“fn?aéé‘?‘iiggf’%ﬁeﬁéo'gll gﬁeﬁp %yd%%gtg’ ﬁdr? ngfr 503{ az ?%@)Of

W t hout separation fromthe suction surface (13e) because the inner

per i pheraqheglé@ffﬁé’}’ﬂfapgaré@ﬁ@ﬁ*@é; toward the suction side or is in the shape of
a straight line. 20 Accordingly, the air flowis unlikely to interfere with
a blade tip vdfigese 7 i9an Alugirativendirgram showing @ bepding angley én@gmﬁrﬁ“g’ T t he
shape of the central segnent is convex toward the suction side, the flow
vel ocity gpameusdiladef | ow whi ch intends to nove to the side of the suction
surface (13e) fromthe side of the pressure surface (13d) is suppressed

bef onghand on tibgress de anfillufirutipe elidprat showirpce defeddinatids aatioresfilat lealiage
becones 25 possible to reduce the scale of a blade tip vortex (~) itself

whi ch is Qx‘tﬁgg ﬂaﬂ}’ of Qﬁﬁir fAbdy Jr |t9é’\f?rincip%§’ PEH of {HRaiflGwer dpphratusibilade!

enbodi nment, escri bed above, the outer peripheral part (13c) is bent

toward the suct.ion gi.de. i i L he
pressure surf%’gu'(elgdg ki 1113A]t% %tgﬂﬁ'?a(gégr%%&%oﬁ?g %39121{1‘1[ g&wﬁ%‘%ﬂ’tﬂh’%@t‘gﬁ% ng
pressure surface (13 in.the bl ade outer, peripheral rt (13c) and
snoot hl y P@P%a%tf%kﬂ%h? H?%C’E%Ba‘éﬁgfheo%’e‘?alo ﬁ"r?pg’éreaﬁ‘t%lbéag“%’m chis also a
tapered surface. As a result, the vortex di angt er of .the bl ade tif?? VOrt ex
(~) becomes f uFighes 1¢ scaiciblystaiivepesspreivaey SHOWms adischergsy I athgting ¢ he
direction of the blade outer peripheral end (R) on the side of the suction
surf @0e (4&®h of sheuait blovleyapmratng adesre with a bl ade tip vortex (-~).

Figure 11 is an illustrative development view showing a discharge vortex offsetting

action of the air blower apparatus blade;

Figure 12 is a schematic diagram showing an arrangement of a first modification

example of the air blower apparatus blade;



This action of the blade outer peripheral part (13c), when the w dth W of
the bent 10 part of the blade outer pet9pheral part (13c) gradually
increases fromthe vicinity of the | eading edge (13a) to the vicinity of
the trailing edge (13b) of the blade (13, 13, 13) as described above,
achieves nore snoothly its air flow guiding effects fromthe side of the

| eadi ng edge (13a) .to the side of the traili edge (13b), agecording to
t he di aneter fg"crﬁeﬁgll%lﬁﬁ ?q??;geagrslcgggm(t@) dipsEAm (ﬁ?%%&n eﬂlgbtegietge ng‘féﬁ
gradual ly lam nated to becone | arger 15 fromthe |eading edge's (13a) side
to the tmeodifiepgiondyemple of ths)aishlgwendpperpustiadee (13, 13, 13) (see Figure
25). In addition, the generated blade tip vortex (~) is unlikely to depart
fromthe bl adFiguretlddsa sahefmatie diagte) shoBong e areatgenentst adescnd medifiabtome,
even when the length of chord is shortened with a view to reducing the

wei ght  Ofext hglelirarieaif iidwed fppatatds bildeade tip vortexes (~) generated 20 will
not interfere wth each other between adjoining blades (13, 13), and

di scharge air . b n v(\ﬁé i i fa b

?Eparét us <(1I 4) }fl_ b\rélgf@ﬂgzste%l. %ﬁé%eﬁesc&]%% aﬁ?dot %’ﬁ%{qe@%ida&aﬁ E:er{)??lr?t {htgh egec‘iylfrrent :
e above- crjbed actians are conbi ne her effectively, er eby

achi evi ndn%delé%tl%feéE‘E‘Bltef??}EﬁEﬁPWﬁr F}?Pafaé%ﬁgf%f noi se when incorporated in

the air conditioning apparatus outdoor unit. 30 Even in_the case where

the inner perigeed6 isadranhvienf shomang prz deangegient of am gy conditioning appsraipe of a

straight line, these operation/working effects are obtained in

appr oxi meduedooruhie employingay/coansettiomataisblowee ngpardtes,i nner peri pheral segnent
is concave. Furthernore, in the air blower apparatus (4) of the first

enbodi nent, a Figm@deds Dlonglth@iBM dr&ssiseEtiong]l wiBlIbfehe édivemiohel aftdddrenfty essure
surface (13d) of the blade outer peripheral end (R). Such arrangenent that

a_roypded Sur{)@gﬁgiﬁ ié%mnﬁi'cvose.l@eéedggal?d&g@ oPfhel BRvAHRAR kP YR Sur face

(13d) of the out er periphera prevents the occurrence of air

fl ow turbul en b he edge .par t her ' 102

snoot hly ent e(r:ﬁgﬁ”)érf\ 10 ' Vég‘ﬁé’tfg?e ?%ngg%¥°€§£%?lgi°s%r? gg%htﬁliélg?‘w%?&{‘ﬂg% ade
outer peri phe{al I,Sart (1%(: around .into the suction surface (13e).

Fur t her mot@pelier fam) gmplayed) ithe conysatipnal QUIAORS UYE  he first enbodi nent, for

exanpl e as shown in Figure 6, the size of the rounded surface on the side

of the bl ade pFiguredleisquerpasciectiam)vigy shoying |ageressotectional shyginerefi a Blade (R)
(i.e., the curvature radius, r', of the 15 rounded surface) varies in a
range fr osectior of the sonveational tip blrover mpparatub and B agtiensofia principakparttheieafss of
the blade (13, 13, 13) in the vicinity of the outer periphery of the
i npeliker of Figure 21 is a schematic illustrative diagram showing a problem (blade tip vortex
generation mechanism) in relation to the structure of an outdoor unit corresponding part of
the conventional air blower apparatus;
Figure 22 is a schematic diagram showing a blade tip vortex interference
phenomenon between adjoining blades of the conventional air blower apparatus;
20 Figure 23 is a schematic diagram showing a blade tip vortex interference
phenomenon between adjoining blades in the case where the chord length of the
conventional air blower apparatus blade of Figure 22 is shortened,

Figure 24 is a cross-sectional view showing a shape of an impeller blade of the

previous application as a partial solution to the problem;



the air blower apparatus (4). Because of the arrangenent that the size of
the rounded surface forned on the side20f the bl ade pressure surface (13d)
of the bl ade outer peripheral end (R) (i.e., the curvature 20 radius, r',
of the rounded surface) is not less than t nor nore than 3t where the

t hi ckness of the blade (13, 13, 13) in the vicinity of the outside dianeter

of an i npell er..of e air, bl r appayatus ( i,s t. the foregqoin i r flow
gui di ng acti orféglﬂfégr’rﬁfiécmaglgt ‘%%)’5 5@%‘8‘8&& bﬁ% Al Ya?qexor\’?g?m?%gc ‘r"é’gﬁ ‘ from
the vicinity of the |eading edge (13a) to the vicinity of the trailing edge
(13b).  comventiopelrpdy blowerrpparatus igpeleisegiangander i pheral end (R) of the

bl ade (13, 13, 13), the curvature radius r' of the rounded surface forned
on the side ofFigire 26riess ilhustrativef develophdok) dingramendéhe onpedlegsectippmhbwing Bt as
descri bed above according to the variation in the direction of an air flow

at the tiymieWjoreh ré‘cihfciri:%' &Woﬁ’Bfﬁfe%ofﬁdhﬁbhahQirﬂil&eerchffgﬁﬂaﬁxspr essure surface 5
(13d) around into the side of the suction surface (13e), the air flow nore

t bl ' f 13d dinto th
ST S OPERAe ARG SOE RSN fos (100 o L

si de Of y, blade tip vortexes (~) are

suppressed effectively, thereb i eving.a reducti.qn jn noise | evels.
First Nodific ?rgwaﬁyﬁﬁgﬁvgﬁmn%ﬁﬁgﬁgﬁgerﬂfm\fe,q 05%{1%& efored i deta i

peri pheral part (13c) of the blade (13, 13, 13) is not limted to the
above- degeferense to thealsawiag figuresFor exanpl e, as shown in Figures 12 and 13,
the shape of the bent part may be a curved surface formed by curling

parti al | yFirst&Embadinieny of a | eading end of the bent part which is
approximately linearly fornmed, i.e., only the vicinity of the outer
peripheral endrigites 1L1BHot §thetgeChidoattidhsl6f ar bir bl@maahipparaaus (#p acvording ow t 0
readily enter fromthe side of the pressure surface (13d) around into the

suctijgn ft)H 4 S CerhBtfhent. SFRhE BieséR Fikkeniion [ TRe Gir BRI G rag)ﬁ(irafdﬂ f4PlsadfopdlRr

vortex ( to a further extent. Second Mdification anpl e For ‘exanpl e, as
shown in Fi gures e At . i out er peri pheral
part (130)an#?§[/%bséﬂt§[ﬁ)lgr@%xlgsr§ré? é‘P%@@‘%"é’P éépaﬁﬂ:t)lrhte&g%éeucri |ﬁcs:'al ly, in this second
20 nodificati exanpl.e,. t entjre.shape,of. the bent part is.forned into
2ppr oxi mt ol y aresteRsaty. die A iBRRG thais sHens endAbinss P p RSk oac
of a part (a) bent linearly toward the suction_side is rebent towar he
side of t¥etion ebthgmay @QIWPra%i@a(ai%S")’t%dde%W%l%ﬂéd]g‘sgﬁEeeﬁ%PﬁrPfﬁﬁl\é\%c&3} b)
and its outer peripheral end (c) is bent toward the suction side, so that
t he bent qfahe impellgr sdstipe dccording tof spverahmodidisatiosf examplespidemfissyembedivant. t he
bl ade tip vortex (-~)

15  Basic Structure Of Impeller Section

Referring to Figures 1-11, the air blower apparatus (4), which is a propeller fan, has
a hub (14) of synthetic resin. The hub (14) is a center of rotation of the air blower
apparatus (14), and three identical blades (13, 13, 13) are disposed integrally along an
outer peripheral surface of the hub (14).

20 The blade (13, 13, 13) has a leading edge (13a) and a trailing edge (13b), wherein
both an outer peripheral end (R) of the leading edge (13a) and an outer peripheral end (R)
of the trailing edge (13b) are situated ahead, relative to the direction of rotation F of the
blade (13, 13, 13), of an inner peripheral end (S) on the side of the hub (14). Additionally,
as shown in the figure, an outer peripheral part (13c) of the blade (13, 13, 13) is bent

25  toward the suction side at a predetermined width from the vicinity of the leading edge



32 is reduced with effect and, in addition, it is possible to elimnate

di scharge vortexes from between adj oi n2hg bl ades. Effects O First

Enbodi ment Accordingly, the air bl ower apparatus (4) of the first

enbodi ment provides the 5 follow ng beneficial effects. (i) Noise generated
by the air blower apparatus (4) itself is reduced, and, in addition, noise

when the ajr bl ower.app tus..(4) js ifngorpor.ated. wthi n_al .
condi t i or{ﬁﬂj tﬁﬁ%aylﬁfnﬁg %{}ﬁﬁg@fl&ﬁnﬁdge i(gﬁ’(riesgﬁgﬁtaa SPFUIB R \'/@@’. at?‘lmll;lfh Vel in
the case where the chord |l ength of the blade (13, 1%, %3) is shortened 10
for accomew spitnigaking from e sids ofi@ingersurs serfacss@ddhio the, gide physudtips surface 13)
the blade tip vortex (~) wll not |eave the suction surface and wll not

i nt erfer ¢13d)} i3 defieechd[The madigi-diteatien vadtl, ¥hef didchbeni pagt Gfe.,\the wedtboffar om
bet ween adj oi ning bl ades is reduced effectively. As a result, interference
of the bligectidnPsurfats OF the-beit édteepaieiontle BGIMEIdEs issprabualy extérmiad givar d,

grill et cetera is reduced, thereby both providi ng enhanced noi se reduction
effects PGS S i i h@iidad ! &5 tRE TRAGE: of kikd )
Vol di by HRLEnPBRERohaH MBRILRRE o f1dadEePRioe (1aPR8 (B FRERS,f e

achi eved, ich i ieved [,ust form a nt, part at. .an, outer

peri pher éTa\{Wé’rgoelaﬁShﬁéRhﬁvﬁ:B@ﬁh}e eaé;?%ﬁa?{éeg}ygﬁé’d%ﬁé—c}\élg tym ﬁtéﬁe E?;ng §#8hout
affecting the entire shape of the blade (13, 13, 13) which determ nes the
ai r suppl(y3bgapshomsrinkiguee Bher eof . 20 (iv) Additionally, since the bent

part achieves a rib action, this increases the rigidity of the blade (13,
13, 13). As a Rreferably, thehmdial-dotectioh3yidth3¥ of Bje beatpastistniot moegithan B&Yoatfyharaki ng
it possible to further reduce the manufacturing costs of the blade (13, 13,
13). At thgiaBdpetibh Nehgth, T2, fioat eHel tase emb b thertialeofl3) b, 18) aneahé side of3he 13)
is inproved, thereby reducing the generation of abnormal noise due to

vi br i ongw (14P8.d Vihe lrBoR8tiel KU @3] WS, 256 1REBhieP PaspIREAl @AHSR)td8hélr 0P
in air supplying 5 performance is suppressed or prevented. O her
Enbodi nenr}lgxi%%png\i;vmh 6‘81%'0'3 o% 'd?ef trg’ﬁﬁg edog%r(bb), for effectively suppressing the forgoing
blade tip vortex (B) without causing a drop in air supplying performance of the blade (13,
13, 13).
Stated another way, for example in a blade (hub ratio: 0.3; fan outside diameter:
15 400 mm), the width /¥ of a maximum-width portion on the side of the trailing edge (13b)
in the bent part is preferably not more than 35 mm, which is the range in which the drop in
air supplying performance does not occur and, in addition, offset vortexes (8), which will
be described later, are generated sufficiently at the pressure surface (13d).
Here, for example as shown in Figures 3 and 7, in a chord line C in a given blade
20  radius R, the length of the chord line C is Lo, a given point on the chord line C is P, and the
length from the blade leading edge (13a) to the given point P is L. Additionally, a radial-
direction curved line, which extends from a hub-side base end (S) to an outer peripheral
end (R) of the blade (13, 13, 13) and passes through the given point P so that the ratio of

the length L and the length Lo (i.e., L/Lo) is constant, is K, and the angle, which is formed

25 by the intersection of (a) a straight line O-R connecting a point O at which the outer



In the bent part of the first enbodi nent, for exanple as shown in Figures
2-4, the radial-direction wwdth Wof tfe bent part increases gradually from
the | eading edge (13a) to the trailing edge (13b) of the blade (13, 13, 13)
and, on the other hand, the bending angle B of the bent part (see Figure 7)
stays unchanged. Cbntrary to the above, it may be arranged such that the

bendi ng angl e ent. 1 | y i ncrea 0 £ep
From { he PeBBERHPAEd3aCt SbIFs (el iay Frm e PRaR s Pio R SBEN e S

13, 13). Al'so in such a case, conpletely the sane operation/workin ({fects
that t he duter periphdsalcinde(R) qf the blades (135 é3obi)amrae@1rvcgt lﬂe«aﬁ WhishHgR rmﬁ e
general, the difference in pressure between the pressure 15 20 surface

(13d) anqms berighuett theRusd flme & 6fide) plane inehritm 4 rottioheertrabdxing) eud)éb)(a3a)
to the tralllng edge (13b) of the blade (13, 13, 13), in association with

whi ch th rigtet
Ic “%axf%te ﬂ?%% n/f% thsgbglggw‘tﬁé QHOEH life/Rr d1e¥el Rthe Rid8ioF ah ket Péripghety on)

of an air the pressure surface (13d) into the side of

thesctlnsrfa (13 r t .
the contr rig’/‘:{SI ﬁ% 'é E%)ntg gntado s%qg q%ﬁ?%gh &%eﬂd%n&glsa%% elh IE.Bl(ﬂ?aﬁag@éﬁe
outer peri heral art (13c) of .the bl ade 3, lncre S gra aI
fromthe (Ilgamanb")g‘lfg@e gflfga%m‘?‘lfi"ﬁ‘ﬁ%’ th g‘?‘]dﬁﬂf @Bé% OB 3gye tgﬁ%ﬁﬁﬁ t%’ Y
inclination of the bent part becones steep) for stabl e generatl on of bl ade
tip vort exsity of thaleatingsidge (b3a)ithehe wicinithok thef tiaiing edee (13%y pEdhe Ruiehe
outer peripheral part (13c) of the blade (13, 13, 13), this makes it

possi bl e gefiphaEeridR) S techlade (1AL 18).p vortexes (~) which are generated as
smal | as p055|ble 34 Furthernore, in the case where the bending angle 8

is varied as Cﬁgﬂfeh{?@rea@@‘é‘ﬁgleoﬂ)rh@@ b$ Q&Y thasitaiight O uhectintethegailit@

angle 8 may be creased gradually fromthe | éading edge (13a) to the
trailjng l 5o) dendBIRde QB! 13,085 HARS
gent Ilte)) dﬁg"%‘@@%‘%g% ‘g@ghﬂl OJUtig)%hF}??%lrﬁeaﬂtc(g f)n pressuer‘lé1 bet\%an t he
pressure surface's

id
Futgr peﬂﬁﬁﬂ@gép“@%ﬁ %§E¥‘fﬁé%: %ngéﬁ%yggr %55?@?0?%%&%%%% B??%?F he
i 13 t th
hsoci at 144 (0 & PlanRCERoEMSl 1 QadotEe (RELRIT O oldhn Hlats ﬁ? 1389

di ameter |ikew se increases. 10 To cope with the above, bendl gngle 8
of the betht blzde(13,d3al3)ofitheifirsy embedimept, enin e nggptrfﬁ’awaffi dSéheNhr‘Fgl fgle A
w || decrease according to the growh of the blade tip vortex (~) which

grows gr aghighd dfyforwavdrtiltingef thie dbéade (13,148, A 8)ispositive dy ehy sidhyf theiading edge
construction accordingly ensures that the blade tip vortex (~) is held on

the gikde ? af BRI, SHERd StRerShinfioie egakRe)onahe sile oPehettrailinrg edge (i), the vialue ofut er
peripheral part (13c) of the blade 15 (13, 13, 13), thereby suppressing

interfer eﬂ&%n%"etd" 1@&1@%@?‘3@?1%&@@}3 A&&ilonﬁ@dkﬂd wdihde bfthe lahglo®¢ il rpGesi bl e

to cause l'ade tip vo h grows gradually to effectively
enter fromt si de of I €14.43¢)) around into the side of
t he SUCtIt(Slﬁ ESFF%%%S ((%iﬁ}éi& o@d e rtt)lfa‘g ‘{@% d% Si13)

Additionally, for example as shown in detail in Figure 5, the cross sectional view of

the blade (13, 13, 13) by revolved projection of the curved line K upon a plane that passes

20  through the rotation central axis O of the blade (13, 13, 13) comprises, between the hub-
side base end (S) and the blade outer peripheral end (R), three regions of different shapes,
namely an inner peripheral segment which is concave toward the suction side (or which is
approximately in the shape of a straight line), a central segment which is convex toward

the suction side, and an outer peripheral end segment which is partially bent toward the

25 suction side.



Type of Blade 20 In each of the foregoing enbodi nents, the description has
been made in terns of blades having a 2hin blade structure. However, there
is no need to say that the present invention is applicable to commonly-used
thi ck bl ades, to various thick blades superior in air supplying
performance, to other types of blades in conpletely the sane way as applied
to bl ades having,a thin blade struycture..25 | ndystrial | icabj|it 35
he hae been dESHPREICABEVETAIASS PR Fiy iniin oy R RaR e PRk ot 2
air blower apparatus for use in air conditionjng_ apparatus outdoor units.
36 CLAI Mthefrlade (13, 830l Hetirquaded surfige 4iq:. HEBVR suafsse) iaforaednnby pa thegside hub
(14) which becones a center of 5 rotation and a plurality of blades (13,

13, 13) afsipoprdsua¢ ondacer(18d) by cpiting phexdge psdrdnathe safe afathe phesbure Istijface
wherein outer peripheral ends of |eading and trailing edges (13a) and (13b)

of each @) blade (13, 13, 13) are situated ahead relative to the
direction of rotation, wherein an. outer peripheral part (13c) of each said

bl ade. (13, 13,1413}, | t t i ' ef:]

ot ar t1hg. poi nitec s ol e AU 1 CISRE ERARE SIS Pnf3 4P RSO R

radi al -direction w d;ih, of sai d .bent. par radual L y.increases fromthe
U i 1y PSS ey L T pey PRt R OPEAES WL FAFEF PRGN Gobage
(13b). 2. The air bl ower apparatus of claim1l1l, wherein the radial-direction
wi dt h, Wilessfthamt andont mezse thans3?ydererprtbe refasnostidmes, isethgtthickaess i rihe
hub- si de base end to a radial direction outer peripheral end (R of each
sai d bl addadel(33,183,13).in 1be Bicinityeofathe obteo\weripleppaf dteuispetlerc bbihmalr, blakver ei n,
inachordline Cin a given blade radial r, the length of said chord line

Cis Lo, @pstadRQ4p0i nt on said chord line Cis P, and the length from said
bl ade | eading edge (13a) to said given point Pis L while on the other hand

a ragal - d-rf6N 6F BIABESECTEONWNI ch extends from a hub-side base end (S)
to an

As described above, the air blower apparatus (4) of the first embodiment of the
present invention is an air blower apparatus (4), such as a propeller fan et cetera, which
comprises a hub (14) which serves as a center of rotation of the air blower apparatus (4)
and a plurality of blades (13, 13, 13) disposed along an outer peripheral surface of the hub

15 (14) and each having a leading edge (13a) and a trailing edge (13b) wherein an outer
peripheral end (R) of each of the leading and trailing edges (13a) and (13b) lies ahead
relative to the direction of rotation F. In the air blower apparatus (4), the blade (13, 13, 13)
is characterized in that the outer peripheral part (13c) thereof is bent toward the suction
side into approximately a V-shape so as to form a starting point Q at which an air flow ()

20 starts leaking. The blade (13, 13, 13) is further characterized in that it is formed such that
the radial-direction width W of the bent part gradually increases from the vicinity of the
leading edge (13a) toward the vicinity of the trailing edge (13b) (see Figures 1-6).

In accordance with the first embodiment, in the blade (13, 13, 13) of the air blower
apparatus (4) which is a so-called swept-forward blade in which, at each of the leading and

25  trailing edges (13a) and (13b) of the blade (13, 13, 13), the outer peripheral end (R) is



outer peripheral end (R) of each said blade (13, 13, 13) and passes through
said given point 20 P so that the ratip4of said length L and said length Lo
(i.e., LILo) is constant, is K, and wherein the angle, which is formed by
the intersection of (a) a straight line QR connecting a point Q at which
said outer peripheral part (13c) of each said blade (13, 13, 13) starts

bendi ng t owar syction side and .out ri pheral ,en each
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of said curved line Konto a plane 25 including a rotation central axis O
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closer to the side of an inner periphery of each said blade (13, 13, 13)
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said bla 3, 13). 4. The air bl ower apparatus of claim3, wherein
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side, and is hook-shaped as a whole. 5. The air bI ower apparatus of claim
3, wher eiamowsl it thevteperingrsuction sufage (130, inadmagtahe samel walissheieasspfdhend
(S) and said outer peripheral end (R), an inner peripheral segnent which is

concave teawbetpirhef theaforesaidsprédpusappdintic exaempieenAs adsclh, the verexdixmétsr
toward the suction side, and an outer peripheral segnent which bent toward
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appar at us of any one of clainms 3- wherein the angle 62, forned by the
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the trailing edge (13b) according to the vortex diameter of the blade tip vortex (B) which is
laminated and increased gradually over all the region from the leading edge (13a) to the
15  trailing edge (13b) and, as a result, is increased in diameter (see for example Figure 10),
because the width W of the bent part of the blade outer peripheral part (13¢) gradually
increases from the vicinity of the leading edge (13a) to the vicinity of the trailing edge
(13b) of the blade (13, 13, 13). Accordingly, for example as shown in Figure 11, the
generated blade tip vortex (B) is unlikely to depart from the blade suction surface (13e).
20 Here, for example in the case where the chord length of the blade (13, 13, 13) is
shortened for reducing the weight of the blade (13, 13, 13), the vortex center of a generated
blade tip vortex (B) passes, in intact manner, through between adjoining blades (13, 13), as
shown in Figure 11. On the other hand, for the case of the first embodiment, unlike the

camber part of the aforesaid previous application, an edge part of the blade outer peripheral

25  part (13¢) is bent into approximately a V-shape toward the suction side at a given radial-



8. The air bl ower apparatus of claim7, wherein the size of said rounded
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bl ade outer 38 peripheral end (R) is not less than t nor nore than 3t
where t is the thickness of said blade (13, 13, 13) in the vicinity of the
outside dianeter of an inpeller. 9. The air blower apparatus of any one of
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achieve the effect of suppressing blade tip vortexes (B) and discharge vortexes.
Stated another way, although the bent part is effective for the suppressing of blade
tip vortexes (B) and discharge vortexes, it does not contribute to the performance of
10  supplying air. Accordingly, there is no point in increasing the width ¥ of the bent part
more than necessary. Preferably, at least at the maximum width portion in the vicinity of
the trailing edge (13b), the width W of the bent part varies within a variation span of not
more than 25% of the length La from the hub-side base end (S) to the outer peripheral end
(R) of the blade (13, 13, 13) according to the front-to-rear length of the blade outer
15  peripheral end (R) (i.e., 0< W< 0.25La), for making the maintaining of air supplying
performance compatible with the suppressing of discharge vortexes et cetera. In other
words, preferably the width # of the bent part is, even at the maximum width portion in
the vicinity of the trailing edge (13b), not more than 25% of the length La from the hub-
side bade end (S) to the outer peripheral end (R) of the blade (13, 13, 13), and varies
20  within a variation span of 0 < W< 0.25La in the front-to-rear direction of the blade outer
peripheral end (R).
Additionally, in the air blower apparatus (4) of the first embodiment, the bending
angle 6 of the bent part varies gradually from the vicinity of the leading edge (13a) to the
trailing edge (13b) of the outer peripheral end (R) of the blade (13, 13, 13). And, if the

25  bending angle 6 of the bent part is varied according to the shape of the blade (13, 13, 13) so
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"109& () -3 F" ¥R%Ber words, in general, the difference in pressure between the pressure surface
5  (13d) and the suction surface (13e) increases from the leading edge (13a) to the trailing
edge (13b) of the blade (13, 13, 13), in association with which the strength of "entering-
around” (variation in air flow direction) of an air flow from the side of the pressure surface
(13d) into to the side of the suction surface (13e) gradually increases toward the trailing
edge. On the other hand, if it is constructed such that the bending angle 6 at the outer

10  peripheral part (13¢c) of the blade (13,13, 13) increases gradually from the leading edge
(13a) to the trailing edge (13b) for stable generation of blade tip vortexes (f) on the side of
the suction surface (13e) in the outer peripheral part (13¢) of the blade (13, 13, 13), this
makes it possible to make the scale of blade tip vortexes (B) which are generated as small
as possible.

15 As described above, by causing the bending angle 6 at the blade outer peripheral
part (13c) to vary gradually from the side of the leading edge (13a) to the side of the
trailing edge (13b), it becomes possible to effectively suppress noise due to the blade tip
vortex (B) when incorporated in air conditioning apparatus.

Furthermore, in the air blower apparatus (4) of the first embodiment, the angle 0,

20  (see Figure 7) is not more than 90 degrees.

For example, in the case where the blade (13, 13, 13) whose angle of forward tilting
is great is manufactured by synthetic resin molding, the operation of product releasing (i.e.,

molding removal) becomes difficult to perform, thereby making the efficiency of molding

worse. However, if the angle 6, is not more than 90 degrees, this makes it possible to
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concave toward the suction side (or which is approximately in the shape of a straight line),
a central segment which is convex toward the suction side, and an outer peripheral segment
10  which is partially bent toward the suction side.
If the cross sectional shape of the blade (13, 13, 13) comprises three regions of
different shapes, namely an inner peripheral segment which is concave toward the suction
side (or which is in the shape of a straight line), a central segment which is convex toward
the suction side, and an outer peripheral end segment which is partially bent toward the
15 suction side, this arrangement allows an air flow in the direction of the blade outer
peripheral end (R), generated on the side of the suction surface (13¢) of the blade (13, 13,
13) by centrifugal force during rotation, to move stably (adhesively) along the suction
surface (13e) without separation from the suction surface (13e) because the inner
peripheral segment is concave toward the suction side or is in the shape of a straight line.
20  Accordingly, the air flow is unlikely to interfere with a blade tip vortex (B).
Additionally, because of the arrangement that the shape of the central segment is
convex toward the suction side, the flow velocity of an air flow which intends to move to
the side of the suction surface (13e) from the side of the pressure surface (13d) is

suppressed beforehand on the side of the pressure surface (13d). As a result, it becomes

25  possible to reduce the scale of a blade tip vortex (B) itself which is caused by that air flow.
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unlikely to interfere with a blade tip vortex (B).
This action of the blade outer peripheral part (13c), when the width W of the bent
10  part of the blade outer peripheral part (13c) gradually increases from the vicinity of the
leading edge (13a) to the vicinity of the trailing edge (13b) of the blade (13, 13, 13) as
described above, achieves more smoothly its air flow guiding effects from the side of the
leading edge (13a) up to the side of the trailing edge (13b) according to the diameter of the
blade tip vortex (B) whose diameter increases when gradually laminated to become larger
15  from the leading edge's (13a) side to the trailing edge's (13b) side of the blade (13, 13, 13)
(see Figure 25). In addition, the generated blade tip vortex (B) is unlikely to depart from
the blade suction surface (13e).
Consequently, as described above, even when the length of chord is shortened with
a view to reducing the weight of the blade (13, 13, 13), blade tip vortexes (B) generated
20  will not interfere with each other between adjoining blades (13, 13), and discharge air flow
turbulence on the downstream side of the air blower apparatus (4) is reduced.
As the result of these, in Ithe first embodiment, the above-described actions are
combined together effectiQely, thereby achieving a satisfactory reduction in levels of noise

when incorporated in the air conditioning apparatus outdoor unit.
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peripheral end (R).

Such arrangement that a rounded surface is formed only on the side of the blade
pressure surface (13d) of the blade outer peripheral end (R) prevents the occurrence of air
flow turbulence by the edge part, thereby enabling an air flow to more smoothly enter from

10  the side of the pressure surface (13d) of the blade outer peripheral part (13¢) around into
the suction surface (13e).

Furthermore, in the air blower apparatus (4) of the first embodiment, for example
as shown in Figure 6, the size of the rounded surface on the side of the blade pressure
surface (13d) of the blade outer peripheral end (R) (i.e., the curvature radius, r’, of the

15  rounded surface) varies in a range from not less than 7 to not more than 3f where ¢ is the
thickness of the blade (13, 13, 13) in the vicinity of the outer periphery of the impeller of
the air blower apparatus (4).
Because of the arrangement that the size of the rounded surface formed on the side
of the blade pressure surface (13d) of the blade outer peripheral end (R) (i.e., the curvature
20  radius, 7', of the rounded surface) is not less than # nor more than 37 where the thickness of
the blade (13, 13, 13) in the vicinity of the outside diameter of an impeller of the air blower
apparatus (4) is #, the foregoing air flow guiding actions are more effectively accomplished
all over the region from the vicinity of the leading edge (13a) to the vicinity of the trailing

edge (13b).
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5  (13d) around into the side of the suction surface (13e), the air flow more smoothly enters
from the side of the pressure surface (13d) around into the side of the suction surface (13e).
Consequently, blade tip vortexes (B) are suppressed effectively, thereby achieving a
reduction in noise levels.

First Modification Example

10 The shape of the bent part of the outer peripheral part (13c) of the blade (13, 13,
13) is not limited to the above-described linear shape. For example, as shown in Figures
12 and 13, the shape of the bent part may be a curved surface formed by curling partially
the vicinity of a leading end of the bent part which is approximately linearly formed, i.e.,
only the vicinity of the outer peripheral end (R), toward the suction side. This enables an

15  air flow to readily enter from the side of the pressure surface (13d) around into the suction
surface (13e), thereby reducing the diameter of the blade tip vortex (B) to a further extent.
Second Modification Example

For example, as shown in Figures 14 and 15, the bent part of the blade outer

peripheral part (13c) may be approximately S-shaped. More specifically, in this second

20  modification example, the entire shape of the bent part is formed into approximately an S-
shape in the following way. A portion positioned ahead of a part (a) bent linearly toward
the suction side is rebent toward the side of the pressure surface (13d) to form a blade
extension surface (b) and its outer peripheral end (c) is bent toward the suction side, so that

the bent part is S-shaped. Also for the case of such a configuration, the blade tip vortex (B)
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addition, noise when the air blower apparatus (4) is incorporated within an air conditioning
apparatus outdoor unit is reduced effectively.

(ii) Even in the case where the chord length of the blade (13, 13, 13) is shortened

10  for accomplishing reduction in weight and costs of the blade (13, 13, 13), the blade tip
vortex (B) will not leave the suction surface and will not interfere with the adjoining blade,
and the discharging of vortexes from between adjoining blades is reduced effectively. Asa
result, interference of the blade tip vortex (B) with external obstacles such as a fan guard,
grill et cetera is reduced, thereby both providing enhanced noise reduction effects and

15  suppressing the drop in air supplying performance.

(iii)) Molding becomes easy to perform and reduction in manufacturing costs is
achieved, which is achieved just by forming a bent part at an outer peripheral end portion
which is a part of the blade (13, 13, 13), without affecting the entire shape of the blade (13,
13, 13) which determines the air supplying performance thereof.

20 (iv) Additionally, since the bent part achieves a rib action, this increases the
rigidity of the blade (13, 13, 13). As a result, the blade (13, 13, 13) can be thinned, thereby
making it possible to further reduce the manufacturing costs of the blade (13, 13, 13). At
the same time, the vibration resistance of the blade (13, 13, 13) is improved, thereby

reducing the generation of abnormal noise due to vibrations.
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5 In the bent part of the first embodiment, for example as shown in Figures 2-4, the
radial-direction width W of the bent part increases gradually from the leading edge (13a) to
the trailing edge (13b) of the blade (13, 13, 13) and, on the other hand, the bending angle 6
of the bent part (see Figure 7) stays unchanged.

Contrary to the above, it may be arranged such that the bending angle 6 of the bent
10  part gradually increases or becomes steep from the leading edge (13a) to the trailing edge
(13b) of the blade (13, 13, 13). Also in such a case, completely the same

operation/working effects that the first embodiment provides are obtained.
Stated another way, in general, the difference in pressure between the pressure
surface (13d) and the suction surface (13e) increases from the leading edge (13a) to the
15  trailing edge (13b) of the blade (13, 13, 13), in association with which the strength of
"entering-around" (variation in air flow direction) of an air flow from the side of the
pressure surface (13d) into the side of the suction surface (13e) gradually increases toward
the trailing edge. On the contrary, if it is constructed such that the bending angle 6 at the
outer peripheral part (13c) of the blade (13, 13, 13) increases gradually from the leading
20  edge (13a) to the trailing edge (13b) (the angle of inclination of the bent part becomes
steep) for stable generation of blade tip vortexes (B) on the side of the suction surface
(13e) formed in the outer peripheral part (13c) of the blade (13, 13, 13), this makes it

possible to make the scale of blade tip vortexes (B) which are generated as small as

possible.
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10, @ 0% 'eflge (13a) to the trailing edge (13b) (the angle of inclination of the bent part becomes
gentle).
5 As previously stated, the difference in pressure between the pressure surface's (13d)
side and the suction surface's (13e) side at the outer peripheral part (13c) of the blade (13,
13, 13) increases from the leading edge's (13a) side toward the trailing edge's (13b) side, in
association with which the blade tip vortex (B) grows and its vortex diameter likewise
increases.

10 To cope with the above, the bending angle 8 of the bent part is also made gradually
gentle, so that the bending angle 6 will decrease according to the growth of the blade tip
vortex (B) which grows gradually toward the side of the trailing edge (13b). This
construction accordingly ensures that the blade tip vortex () is held on the side of the
suction surface (13e) of the bent part formed at the outer peripheral part (13c) of the blade

15 (13, 13, 13), thereby suppressing interference with an adjacent blade (13). Additionally, it
becomes possible to cause the blade tip vortex (B) which grows gradually to effectively
enter from the side of the pressure surface (13d) around into the side of the suction surface
(13e) of the blade (13, 13, 13).

Type of Blade

20 In each of the foregoing embodiments, the description has been made in terms of
blades having a thin blade structure. However, there is no need to say that the present
invention is applicable to commonly-used thick blades, to various thick blades superior in
air supplying performance, to other types of blades in completely the same way as applied

to blades having a thin blade structure.

25  Industrial Applicability



10< 10< 10<, 8Z7"10%& ()- 6Z"10%& ()- 3G 10%& ()-1G' 10%¢& ()- oQydEnbC!
10sy109%& ()- " s109%& ()- 3 109 ()- 109&3§)- 109%& () - Z"10%& () - LI dEnbC!
10F$s109& () - Fmi' 109& () - nF$109& ()- s109& ()-109& ()-Z"109& ()- K?dEmbCl
101Y" 109& ()- Ff/$109& ()- L-109& ()- 3+Y"109& ()-)F"109%& ()- &L0% ()- QC
101 109& ()- ,,109% ()- 10 10 10, 8109 ()-5Y"109% ()- 3Y"10% ()- 7dEbC!

10yZ"109&' ()- sL10%& ()- F.@O% ()-@0%& ().- 10%&R' ()-,s10%& ()-Ev(rdEbC
10FF" 109%& () - ‘% %%ﬁ) “‘8 desﬁ%&%&ﬁ(‘ﬁ(ﬂ e Rress &1‘6%“’0)‘-‘)‘%81@? cﬁtﬁ&‘ S &3 10
10S8: 109&' ()-""109%&' ()-zY/ 10%& ()-Y$10%& ()- 109%&' ()- 10%& ()- RXY:/!

10s Mb10%dl1gvyer appargtys Tor usgin giggonditiorng apprratys outdoor units.



L10%&' ()-, S109& ()- 10k!,dE: /! 10YZ"10%&' ()-nF, $10%&' () -
S109%&' ()-G'10%&' ()- 4"109%& ()- G'10%& Bp- H dE: /!
10Y/ $109&' () --S109&' () - Y+yl1l0%&' ()-) Y"109%& ()- &F"10%& ()- Y$$10%&' () -
3dYNC! 10 10 10 10l : 109&' ()-S8z10%&' ()-6F"10%& ()- 3Y"10%& ()- 1Y"109%& ()-
"mopszbCl 1010%&' ()-S@0% ()- 10g 10g
110910%&' () - sml0%& () - @AL0%& () -z9 ?&%C!
10s10%&' ()-109& ()-G 109 () - SS$1O%&CI‘)6‘- 0% ()-s10%& ()-DI 6 dEbC
10"t 10%&' ()- Z"109%&' ()-s109%& ()- Y109%& ()- F@10%& ()-Z"10%& ()-6  AYdEbC
10F/ $109%&' ()-s-F"10%& ()-F+Y"10%& ()-) Y'109%& ()-'Z"10%& ()- F$$109& () - Yk+, -
.dYNC! 10 10 10
What is claimed is:
1. An air blower apparatus comprising a hub (14) which becomes a center of
5  rotation and a plurality of blades (13, 13, 13) disposed along an outer peripheral surface of
said hub (14), wherein outer peripheral ends of leading and trailing edges (13a) and (13b)
of each said blade (13, 13, 13) are situated ahead relative to the direction of rotation,
wherein an outer peripheral part (13¢) of each said blade (13, 13, 13) is bent toward
the suction side so as to define a starting point at which an air flow starts leaking, and
10  wherein the radial-direction width, W, of said bent part gradually increases from the
vicinity of said leading edge (13a) to the vicinity of said trailing edge (13b).
2. The air blower apparatus of claim 1, wherein the radial-direction width, 7,
of said bent part is not more than 25% of a length La from a hub-side base end to a radial-
direction outer peripheral end (R) of each said blade (13, 13, 13).
15 3. The air blower apparatus of claim 1, wherein, in a chord line C in a given
blade radial r, the length of said chord line C is Lo, a given point on said chord line C is P,
and the length from said blade leading edge (13a) to said given point P is L while on the
other hand a radial-direction curved line, which extends from a hub-side base end (S) to an
outer peripheral end (R) of each said blade (13, 13, 13) and passes through said given point
20 P so that the ratio of said length L and said length Lo (i.e., L/Lo) is constant, is K, and
wherein the angle, which is formed by the intersection of (a) a straight line Q-R connecting
a point Q at which said outer peripheral part (13¢) of each said blade (13, 13, 13) starts
bending toward the suction side and said outer peripheral end (R) of each said blade (13,

13, 13) in a curved line K’ which is a revolved projection of said curved line K onto a plane

25  including a rotation central axis O and (b) a tangent line 4-4" at said point () of said curved
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4. The air blower apparatus of claim 3, wherein said curved line X’ comprises,
between said hub-side base end (S) and said outer peripheral end (R), an inner peripheral
segment which is in the form of a straight line, a central segment which is convex toward

10  the suction side, and an outer peripheral segment which is bent toward the suction side, and
is hook-shaped as a whole.

5. The air blower apparatus of claim 3, wherein said curved line X’ comprises,
between said hub-side base end (S) and said outer peripheral end (R), an inner peripheral
segment which is concave toward the suction side, a cent’ral segment which is convex

15  toward the suction side, and an outer peripheral segment which bent toward the suction
side, and is hook-shaped as a whole.

6. The air :blower apparatus of any one of claims 3-5, wherein the angle 6,,
formed by the said bent part of said blade outer peripheral part (13¢) on said curved line K'
and a plane orthogonal to said rotation central axis O, is not more than 90 degrees.

20 7. The air blower apparatus of any one of claims 1-6, wherein a rounded
surface is formed only on the side of said blade pressure surface (13d) of said blade outer
peripheral end (R).

8. The air blower apparatus of claim 7, wherein the size of said rounded

surface formed on the side of said blade pressure surface (13d) of said blade outer
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peripheral end (R) is not less than # nor more than 37 where 7 is the thickness of said blade
(13, 13, 13) in the vicinity of the outside diameter of an impeller.

9. The air blower apparatus of any one of claims 1-8, wherein said air blower
apparatus is so constructed as to be incorporated within an air conditioning apparatus

5 outdoor unit.



