| Al R BLONER APPARATUS 23 Sept enber 2004 TECHNI CAL FI ELD The present
invention relates to the structure of am air bl ower apgaSepiembenéfOhs a 5
propel ler fan and the |ike. BACKGROUND ART Axi al bl ower apparatus, such as
propel ler fans and the like, generally find application as air bl ower
apparatus for use in air conditioning apparatus outdoor units. Referring
to Figures 16-18, there is shown a structure of an air conditioning
apparatus 10 outdoor unit whi’dR BROIVBER ABRARATGSr bl ower apparatus. As
shown in each of the figures, the aforenentioned air conditioning apparatus
outdoor unit conprises a main body casing (1) in which an air bl ower
apparatus unit (3) is disposed on the air flow downstream side of a heat

exchanger TROHAMCAIeFsEOD of a rear air inlet (10a). This air bl ower
apparatus unit (3) is made up of a propeller fan (4) which is an 15 axial
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rear side of the.propeller fan (4) and a discharge region (Y) on the front
side o uﬁ’é"%ﬁ‘%@ﬁa&&ﬁ}e&ﬁ‘%4) are partitioned fromeach other, and a fan

guard (6) _situated on the discharge side of the propeller fan (4) (i.e., on
the fronBAYKERPUNIRARDpel ler fan (4)). 20 The rear air inlet (10a) is
formed in a rear surface of the nain body casing (1), and a side air inlet
(10b) is fornedusial blosiedeapparatuac esuch dshpropeiler BoQyamRshd ikl Qknerally find
Additionally, the interior space of the main body casing (1 I s divided,
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10 outdoor unit which employs such an air blower apparatus.

As shown in each of the figures, the aforementioned air conditioning apparatus
outdoor unit comprises a main body casing (1) in which an air blower 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 propelier 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.e., onthe
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)



25 section and | ocated face to face with both the rear air inlet (10a) and
the side air inlet (10b) 2 23 Septenber .,2004 and the af3dBeptemipen@0bl oner
apparatus unit (3) which is |ocated dowr%stream of the heat exchanger (2).
On the other hand, disposed in the machi ne chanber (9) are a conpressor
(11) and ot her conponent parts. A fan notor (12) for rotatably driving the
propeller fan (4) is supported fixedly on a fan notor hol ding bracket (not
shown di agndthesdfbreakilly pir Wowlérsqppaacisdmings) rvedch Bflothed Heahstexahan@erhehi?) .
The propeller fan (4) is, for exanple as shown in Figure 19, |inkup-fixed
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whi ch becones a center of rotation of the propell
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bl ade (13, 13, 13), the position of an outer peripheral end (R) of each

edge i% sflispesed dowmstnerm phthatheatexelmngpre(2)i recti on of rotation F of the
propeller fan (4), of the position of a hub side base end (S) (i.e., the

i nner  peri pheTaé peapd)ler fab (Hlie o bxaniild adEhavti in Figmt 19U ihk@Rfixaytold @gkce
i nconveni ence, i.e., high levels of noise during operation because of the
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of the noise generated upon collision of an air | schar ge romthe
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apparat us_qutdoor units, varjious mnmeasures _and exam nations, such as the
opt | n‘n%_z at Fﬁdsg?mefﬁiembcr adweplgtonyud bateswperionin Aetupplyingperfiravece etherdns and
the thi Ckgtnlleg(ﬂng and trailing edges (13a) and (13b) of the blade (13, 13, 13), the position of an

outer peripheral end (R) of each edge is situated ahead, relative to the direction of rotation

F of the propeller fan (4), of the position of a hub side base end (S) (i.e., the inner

peripheral end).

15 Such an outdoor unit construction may produce inconvenience, i.e., high levels of
noise during operation because of the noise generated by the propeller fan (4) itself and, in
addition, because of the noise generated upon collision of an air flow discharged from the
propeller fan {4} against a downstréam structural member such as a fan guard (6) et cetera.

With a view to reducing the total noise of an air blower apparatus (e.g., a propeller

20  fan) of the above-described type that is employed as an air blower apparatus for use in air
conditioning apparatus outdoor units, various measures and examinations, such as the
optimization of the blade-surface shape of propelier fan blade sections and the thickening

of blades for superior aero-performance, have so far been made. Unfortunately, these

noise-reduction methods alone fail to provide solutions to the following problems.



of bl ades for superior aero-performance, have so far been nade.
Unfortunately, these noise-reduction ngthods al one fa?$ Septepibeyrers
solutions to the foll ow ng problens. 3 23 Septenber 2004 When the bl ades
(13, 13, 13) of the propeller fan (4) having a blade structure of Figure
20 start rotating, this produces an air flow (a) on the side of an outer
peripheral part (13c) of a blade (13). This air flow (a) enters fromthe

side of a presdViea thadfades (13%3P) 18j of HTengoprl@szm ed)dravngck blate strhdumiafe of

a suction surface (13e) of | ow pressure. The air flow 5 (a) forns a bl ade

tip vorteFigudy 2@ stashotating, nhis peoducepureair Towqhpogtheaide dflagwutet paiipipngart
caused by the blade tip vortex (p) becones lamnated as the air flow noves
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di scharge air flow finally noves away fromthe sucti on sur ace (‘13
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t he noi se to higher levels. Particularly, as shown in Figure 22, a bl ade
tip vortesaysed py dhe bladé §p aieciex (B)omcomes laninatedas ther finflow(mees dmhmtsﬂneardnl ade
(13) will undergo greater turbulence when interfering wth the adjoining

bl ades (13pd gdjlualdsgraws and lincredsée(sbd BigardsiZl andr22dx Thoistlsargh sie ML
downstream of the air bl ower apparatus. This increases |levels of noise to a

further exioRBd awapUfdin 3h® REGRAEARRCERRSS! & GleUbladd thlyd drk€ Widl fpg when
reduci ng the chorg | ength of the t():l gdgé)( 13, 13, 1gﬁ?to aI ?rrgvre vt‘{J/ellﬁlg t and

e o S BT A S B
o 0 S o b By O B e S
conpari SogloweE Qplga?aetus glIC ra%.st e gncg?ﬁrd (6) et cetera, thereby increasing the noise to higher
levels. Particularly, as shown in Figure 22, a blade tip vortex (B) at a distance from the
suction surface (13e) of the blade (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



To cope with the above, the inventors of the present invention previously
disclosed, as a technique for suppressing blade tip vé?Berenbas2escussed
above to reduce | evels of noise generated by air bl ower apparatus such as
propel l er fans, an inproved air bl ower 25 apparatus (Japanese Patent
Application No. 2001-388966). As shown in Figures 24-26, an 4 23 Septenber
2004 outer peripheral part (13c) of the blade (13, 13, 13) of the air
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greater in radial-direction width fromthe vicinity of a | eading edge
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that blade tip vortexes are suppressed w thout changing the entire shape of
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apparatus of t'he previous™invention up o i ch
becones a e rot.ati on as shown in fhe figyre . and a plurality of

bl ades (1§fﬁ\&?§f, {hfg‘&’laglgs‘%%%’geng Shy B dte}mB%‘ﬂti %leagqg‘hﬁ‘@r@e‘ghﬁ?eto &henup
(14) er il& the hlade (13, 13, 13) has a leading edge (13a) and a trailing
edge ( 3b§,a 5415 18> er peripheral ends of these edges are situated ahead
relative to the direction of rotation) is characterized in that the bl ade
(13, 13, 13) i dnpthenmdrdaithe ablost-descsibed vieblqeariaphamatis of dhret pre¢ibBs Jnviestion
recurved toward the suction side and such a canber part of the outer
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the air blower apparatus (such as 'a “propell@er t cetera
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suction Sisd(ﬁiarﬁergegl ?r? glla% tlgaf blzstéljff PlS?rIE’:? ;l eig%gttxﬁed such that its outer peripheral part
(13¢) is recurved toward the suction side and such a camber part of the outer peripheral
i)art (13c) becomes gradually greater in radial-direction width from the vicinity of the
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 (132) 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  onthe 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 (B).



20 on the side of the outer peripheral end (R) of the blade (13, 13, 13),

an air flowis allowed to snoothly flow around and en23®episinbef R0&oncave
circular arc-shaped, suction surface (13e) along the convex circular
arc-shaped, pressure surface (13d), as shown in Figure 24. Therefore, the
di aneter of the blade tip vortex (1) becones snaller and stable, and an air
flowflowng in the direction of the bl ade outer perlghery on the side of

the suction sufftheavidihs I, oBeie camber prst oighebleds peter pasipheral part (13e) priaderdlyt i p
vortex (0). 5 23 Septenber 2004 If the wwdth, W of the canmber part of the
bl ade out édcrgaes fiber te yenity ©I3hg legdmduaieb )(l3d)rt0rtba$ii‘$nifyl’ ofheheniligceddet y of
the | eading edge (13a) to the vicinity of the trailing edge (13b) as
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even when fionethetiending edagis13) sidectosheiailipg sdgelsx13hkyde o tbhblatdelﬂbﬂ 1f5013) 10
t he purpose of weight saving as shown in Figure 26, blade tip vortexes (P)
w [l not (seetlgdrer2d).mii additiyn, ihé wernated bladel tipi vorteg (B) B dedik€lF 3o dégart &3, and
they are discharged downstream of the air blower apparatus. As a result,

the |evel ol sRtiSLNREREGBH Om the air bl ower apparatus itself is
effectively reduced. Problens To Be Solved 15 It is true that the
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tip (O t %ﬁ(e I;)Ql:[p%gg S %]e(%g tbs%thr\{eger sﬁ%\gn {l rﬁguqleaﬁ?%iade tip vortexes (B) will not
interfere mutually between the adjoining blades (13, 13, 13), and they are discharged
downstream of the air blower apparatus. As a result, the level of noise generated from the
air blower apparatus itself is effectively reduced.
Problems To Be Solved
15 It is true that the above-mentioned previous application provides an improved
constriuction capable of achieving blade tip vortex reduction, and of preventing blade tip
vortex interference between adjoining blades.
However, for the case of the previous application construction, it has become clear
that there is still room for improvement with respect to the point that a generated blade tip
20  vortex grows, and is discharged downstream of the air blower apparatus.
Since such an air blower apparatus is generally employed as an air blower
apparatus for use in air conditioning apparatus outdoor units as described above, it is

natural that there is a grilled structural member such as a fan guard at a position

immediately downstream of the air blower apparatus. Accordingly, when incorporated



However, for the case of the previous application construction, it has
become clear that there is still roomfor inprovenent23Septep¥spdd4 to t he
point that a generated blade tip 20 voftex grows, and is discharged
downstream of the air bl ower apparatus. Since such an air bl ower apparatus
I's generally enployed as an air blower apparatus for use in air
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that there is a grilled structural nmenber such as a fan guard at a position
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order to provide solutions to these problens, the present jinvention was
made.  AcCstuiinglyy angbienbjod dhe grosereyPRidQNS i PrIdeorn g RleWSE gopd@van air
bl ower apparatus 5 capable of achieving blade tip vortex reduction w thout
maki nd ansapelaneachigvingtdaderin vosteh raldeti@haitimut vajiaglary diange ppthe sstima gladbe

di schargi ng of vortexes to the air bl ower apparatus downstream side
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I ncorporated within an air conditioning apparatus outdoor unit, by
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I nvention provides an air blower apparatus conprising a hub 15 which
becon¥s bk e whish pesomes gredaally arepien inradia)-disectign agdth Gempbe edrinityopiya an
outer peripheral surface of said hub, wherein outer peripheral ends of

| eadi ng aleeding eddeitorgarddigeviciaity 0bé trediop edgd wb that it becomes a starting point at which

an air flow from the side of a pressure surface to the side of a suction surface starts leaking,
SUMMARY
In one aspect, the present invention provides an air blower apparatus comprising a hub
15 which becomes a center of rotation and a plurality of blades disposed along an outer peripheral
surface of said hub, wherein outer peripheral ends of leading and trailing edges and of each said
blade are situated ahead relative to the direction of rotation, wherein an outer peripheral part of
each said blade is bent toward the suction side so as to define a starting point at which an air flow
starts leaking, and wherein the radial-direction width, W, of said bent part gradually increases from
20  the vicinity of said leading edge to the vicinity of said trailing edge.
DISCLOSURE OF INVENTION
In order to achieve the aforementioned object, the present invention provides the
following problem solving means.
First Problem Solving Means

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



bl ade are situated ahead relative to the direction of rotation, wherein an
outer peripheral part of each said blade is bent towa?3Seplembge20®h side
so as to define a starting point at whi%h an air flow starts |eaking, and
wherein the radial-direction wwdth, W of said bent part gradually
increases from 20 the vicinity of said | eading edge to the vicinity of
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conpri ses® aﬁﬁﬂpéé‘fﬁeg&%?t‘ﬁheﬂ%‘&? gpgp 456(% aﬁ ﬁgrﬁx{ %dﬁesgﬁ]%):ﬁ’ﬂty of
bl ades (13, 13 L i sposed al ong an outer peri pheral  surface of the hub
(14), tlébhotﬁ% lagde (i3phbrld) aréﬁg%at%st aheatherlatiye hide diregtionof refefipesTha 8i)  and
(13b) of each bl ade (13, 13, 13) are situated ahead relative to the

di r ectd onblofver @ppariton.of the fastr pHbleEnowelvingppmazs iss cleradtdrized i insthatp ao lputem
solving neans is characterized in that an outer peripheral part (13c) of

each bl adperiphgral gt (183) of cactbblatie {18\3,d 3) ibeatieivatiths bttios Gidaso hotodRiinee a
starting point at which an air flow starts | eaking, and that the

radi al - di 5%&1@@0&@%&%%@%@10#&% ehidhd ’anx\tha@the ABal0GRlcipRr t gradually
increases fromthe vicinity of the | eading edge (13a) to the vicinity of
the trailing edge (13b). As described 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 flowflowing 5 fromthe side of a
pressure surface toward the side of a suction surface starts |eaking, and,



in addition, "the radial-direction wwdth Wof the bent part increases from
the vicinity of the Ieading edge (13a)4to the vicinity3&epterder 2894 i ng
edge (13b). As a result of such arrangenent, an air flow on the side of
the pressure surface (13d) of the blade (13, 13, 13) is allowed to

snmoot hly enter around into the tapering suction surface (13e) along the 10
tapering pressure surface (13d) on the side of the bl ade outer peripheral
part, in whéhshpef thadgntamrt graduslly énastasehBomdhewicingtyod theleagiag edgeTtidnkfoor e,
a blade tip vortex (P), developed by an air flow entering around into the
si de of t te Weiaity ofiths traflmgeeded 8E9b)f rom t he side of the pressure surface
(13d) of the blade (13, 13, 13), becones small in dianeter and stable,
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direction on the 15 side of the su rominterferin
with the Lp.vartex (P). 1f the width Wof.th ent part, of .t he bl ade
out er perB%)rﬁgg‘g%lldgtgﬁtlsu?tﬁé’g%?oaaﬁg’l11 1neiah§§?rgggé3§1nﬁtag|;ﬁ%cﬂ-near&n& W Jowing he

| eadi % e%ge '%13%1)6 to the vicipnity of the trailing edge (13b) of the bl ade
(13, P3, 1M the sylsfpimsewursswviace toyard s vsileqeacicher sidace startsdenbing, ynd,
achieves its effects fromthe side of the | eading edge (13a) up to the side
of the tr&i4ddifiprR Cheeddiel-(iratsionawidtr B ofthe bert martdnaneetes fronf thehdcibitadBttei p
vortex (P) whose dianeter increases when gradually |am nated to becone
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side of the blade (13, 13, 13). In addition, the generated blade tip

vortex (Plrhfpeiahi kglay 4 i ' ) ej3y 8 23
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the bl adew%rl tase Ehept%rsé gp ?hreafgrg%?rg ca(rr%b%(; )pali't.S Therefore, a blade tip vortex (B), developed

by an air flow entering around into the side of the suction surface (13¢) from the side of the

pressure surface (13d) of the blade (13, 13, 13), becomes small in diameter and stable,

thereby preventing an air flow (y) flowing in the blade outer peripheral direction on the

15 side of the suction surface (13e) from interfering with the blade tip vortex (§).

If the width ¥ 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) as described above, the above-described action smoothly

achieves its effects from the side of the leading edge (13a) up to the side of the trailing

20 edge (13b) according to the diameter of the blade tip vortex (P) whose diameter increases

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) 1s unlikely to depart from the blade suction surface (13e).



bent toward the suction side at a given position Q as a starting point
relative to the radial direction. Thisgdeterm nes a | 83Rapembear®dhg poi nt
Qof the air flow (a) fromthe side of the pressure surface (13d) to the
side of the suction surface (13e), and the anmount of air flow | eakage
after the starting point Q becomes constant, thereby making the blade tip
10 vortex (J) stable. Additiopally, at the sane tinme, separation, which has
occurred af t er COREUEEH % BHR When Hie lengtly ehehold as shasisgrd wéfbrayiewdp redusing S)
on the side of the pressure surface (13d) of the blade outer peripheral
part (13c}he weigigrdithelndea(l3y 53,118}, Y&le tipevrereace(f) will aotiatd frawith agieh othd3)
and a blade tip vortex (fi) generated in one of the remaining bl ades (13,
13) that be&wkbn adjbliaigsladeX(i3,113)and ahead of the certain blade (13)
relative to the cfirection of rotation of the air blower apparatus (4)
depart fromthg,.r ' ' LE{AI . i 1ing
cdges. (130) of LS BitaHRR, yfyF iR aileh Bt bFIchabicll doBoarshl
generated,, vortexes (S) and (E), cancel eac ther, this effective .
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is the problemw th the previous application). 20 Accordingly, the

di schar gi heptdewaigrthe sedionside i@ PR & ¢hea SAGINE tNeintirpiBEYe t the gadiakhe
air blower apparatus (4) is effectively elimnated. This effectively brings
about r eduedtioon This Hetomhisend laabagestating paine @ bf thertiefloer(ah @ fheasideant
guard et cetera with discharge vortexes fromthe air blower apparatus (4)

when i ncotheograssate sirfabé 13d)ao ahe side oNdhd $uRAbAGudRRAN b an® W DQbul Hftair 25
Second Probl em Sol ving Means 9 23 Septenber 2004 The air bl ower apparatus
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solving neans is characterized in that the radial-direcCtion
the fent | t nore than 25% of a length La froma hub-si de base end
to a 1r adi gﬁﬁ%{ gﬁzgttaﬁlgh '

Additionally, at the same time, separation, which has occurred after the starting
point (, generates longitudinal vortexes (8) on .the side of the pressure surface (13d) of the
blade outer peripheral part (13¢). A longitudinal vortex () generated in a certain blade
(13), and a blade tip vortex () 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 vortexés 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



outer peripheral end (R) of the blade (13, 13, 13). 5 If the

radi al -direction width Wof the bent pard is not nore Eh&epEsdkes0@he
length La fromthe hub-side base end (S) to the outer peripheral end (R
of the blade (13, 13, 13) at a maximumw dth portion in the vicinity of
the trailing edge, this arrangenent nmakes it possible to achieve, in a
nost effective manner, the effect of suppressing blade tip vortexes and
downst r eam di sciigraifeblowen appartus( 4l ebhe ispradd pvohlemsplviignmedns aceergingito thvhi ch
the air 10 supplying performance of the air blower apparatus (4) does not
fall off. fisstaprebleanativieg menys iathdinugiret e tharhe patidl-diecedd e4dthy B, foBrthd he
suppressing of blade tip vortexes (P) and di scharge vortexes, it does not
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to the’ outer p ﬁ‘ﬁﬁé ig}-digsetion wisltho¥ of flae hent part(ig got mare thay 25%cefghelength o
the front-to-rear length of the blade outer peripheral end (R (i.e., 0 <
W < 0. 25L&y fram tha idrsidebass eng (8X rthdbytet heriphedd knd\(RY of the blader(13,pkd t13) s,
even at the maximumw dth portion in the vicinity of the trailing edge

(13b), 20 anatmaximemtwidth p&tionin theevidising bhtHeardiligneddeettiursigdReadskeand (S)
to the outer peripheral end (R) of the blade (13, 13, 13), and varies
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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
supplying air. Accordingly, there is no point in increasing the width W of the bent part
more than necessary. Preferably, at least at the maximum width portion in the vicinity of
15  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 (8) to the outer peripheral end
(R) of the blade (13, 13, 13), according to the front-to-rear length of the blade outer
peripheral end (R) (i.e., 0< W< 025La). In other words, preferably the width W of the
bent part is, even at the maximum width portion in the vicinity of the trailing edge (13b),
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<0.25Lain

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



given point on the chord line Cis P, and the length fromthe bl ade | eadi ng
edge (13a) to the given point Pis L, yhile a radial- 85 Septeimber 2004/ ed

| ine, which extends froma hub-side base end (S) to an outer peripheral
end (R) of the blade (13, 13, 13) and passes through the 5 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 fornmed by the intersection of (a) a strai ght
line Q - Rfelywecini anghaad lipoiChin agiaen blaile mdidie, tetlengtipef ihphhoal lipactis £a3¢) of
the blade (13, 13, 13) starts bending toward the suction side and the

out er per igharmlintesidihe hoef lineh€ ibPagied {hkJengt® frohdihel Hlad leEd-ifl%’ edgd | 1'3‘?1
which is a revol ved projection of the curved line K onto a ane |nc udi ng
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the bending angle O is varied gradually fromthe vicinity of the |eading
edge (L3apies Pomd’ s tantihe jatisrolthrelengthil) andghe legath by, 67La) iecanstant, is X,
peri pheral end (R) of the blade (13, 13, 15 13). The bendi ng angle 0 of

t he bent pod the mmgldyeviudnis fgomed by meam(msmttmg of (a)tahgraight $ine @-R cormofthg a
probl em sol ving neans is defined in the way as descri bed above, and varies

accor di ngpbiat tthet shivhetheloutdd perpieralop20e13c) 3f thkblade3)135 48N li)hﬁﬁrté bendi Jlgg
e

gradual Iy increases or decreases fromthe vicinity of the T'eading e

(13a) to tdigardithd @uétssno&dé hed ?Heabﬁtbp %Qd ((ﬁtb)ffﬁé blad8 (%a Lar

peri pheral end (R) und er the oregm g con ary angene tMrfakes
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angle 6. The air blower apparatus (4) of the third problem solving means is characterized
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 t'he 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



23 Septenber 2004 trailing edge (13b) of the blade (13, 13, 13), in

associ ation with which the strength of ;{enteri ng- ar ouRd'Septeattieaddh in air
flow direction) of an air flow fromthe side of the pressure surface (13d)
into to the side of the suction surface (13c) gradually increases toward
the trailing edge. 5 On the contrary, if the bending angle 0 at the outer
peri pheral part (13c) of the blade (13, 13, 13) is increased gradually
from the Fadmgmnsizeddab) a3t dlade (3, t18ailB), rig sesbgation ¥BH) which theseengtbrafs t he
angle of inclination of the bent part is made steep) so that blade tip
vortexes (djterasg-areand"i pariatiay én aireflgieVditcoi@d ot ablay Dw tihen shdidef oft 11
suction surface (13e) of the bent part forned in the outer peripheral part
(13c) of , ) t b ' Y
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t he scal e Lischarge vortexes is also reduced. On the other hand,
contrary fc’g{’%rﬁgﬁeatg%@% eq/gtg‘ the bending angle 0 is | essened gradually from
the side of the | eading edge (13a). to the side of the trailing edge (13b)
(in Other wor f?lﬁecoa 6‘[3’9%0 cjhsafingangind ¢f theneutpeperiphsral pag (aeleofytnt | e)
this causes the 15 bending angle 0 to decrease according to the growh of a
bl ade ti pblade (13 13313} Isancrgrssdegradyatly dednk yhe leadihg edger @8a) antheftrailing ¢dpai | i ng
edge (13b). This accordingly ensures that a blade tip vortex (f) is held
on the si (IBbyf(intdtherswierds che @igld eltiaclirkdion oBthd e bemis Padd stbqy)¥Bdhatblddee
outer peripheral part (13c) of the blade (13, 13, 13), thereby effectively
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vortexes (3). 20S y' gradual 'y varying tl ng angle 0 at t
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Probl em S[?J)S\sl:{b?e? arl\l/ée %rtlasscale of discharge vortexes is also reduced.

On the other hand, contrary to the above, if the bending angle 8 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 O 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 (13€) 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 6 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 (B) and noise due the

discharge vortex when incorporated in air conditioning apparatus.

Fourth Problem Solving Means



12 23 Septenber 2004 The air bl ower apparatus (4) of the fourth problem .
sol ving neans according to the third pgebl em sol ving B2 8apiemben20@tt eri zed -
in that the curved line K conprises, between the hub-side base end (S)
and the outer peripheral end (R), an inner peripheral segnent which is in
the formof a straight line, a central segnent which is convex toward the 5
suction side, and an outer peripheral segnent which is bent toward the
suction side, &g aisbloweokpparedpet) 2 the fahdh eroblue stivimgenéahd acdRding3) thes
formed such that the curved line K has a shape as described above. Mre
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line, an air flow toward the bl ade outer peripheral end (R), generated on
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centrifugal force during rotation, esi v

suction synfac 1 1t hout . separ.ating fromthe suction surface (13e).
Accor di ng:‘l{/t{l&[ Se‘"alt?hr%) ff‘olrm%lm?l%l) g SHﬁ'IgﬁEé{'gl *{gef}tﬁlﬁ)é%l@?f@ SRR, 15, CBW“éF&etoﬁ"fa]BA %l?Fortex
(). dditional.q&y, (gecause of the arrangenent that the shape of the
central s&QTHORSIqes and 8n oRisy RRORISTH seR e Vaueh is denisoward thpsugtianside it y of
an air flow which intends to nove to the side of the suction surface (13e)
fromthe d$pdk-sapedheaprhobsure surface (13d) is suppressed beforehand on
the side of the pressure surface (13d). As a result, it beconmes possible

to reduce the Staltdadd (E8,0133068) ik Hormadt srch(iRht tHeS@lrfedrihé K s PKRBR By the
air flow Furthernore, in the present problem solving neans, the outer
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moves stably (adhesively) along the suction surface (13€) without separating from 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
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 (13c), and smoothly enters around into the tapering suction

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

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



smal | er and stabl e, whereby an air flow flowing in the bl ade outer
peripheral end (R) on 13 23 Septenber 2004 the side of 23 Repiember 8é0%urface
(13e) is nade unlikely to interfere with the blade tip vortex (li) Fifth
Probl em Sol ving Means The air bl ower apparatus (4) of the fourth problem
sol ving neans according to the 5 third problen1so|ving mean i s
characterizzed in that the curved line K conprises, between_ . the hub-side
base end {1S)sidgmef tbﬁéuqmwwfﬁ%efﬁlaﬁ)eﬁsavadémllkﬂy to FHerfyiR Stithiae bide tip vastsgnent
which is concave toward the suction side, a central segment which is convex
toward thé). suction side, and an outer peripheral segnment which bent toward
the suction side, and is hook-shaped as a whole. 10 The bl ade (13, 13, 13)
i s fornmedrsde Rréblah sdmnng line K has a shape as described above.
More specifically, since the inner peripheral segnent is concave tomard

t he suction si ' : |
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(13e). Accordingly, the air flowis unlikel to |nterfere w,th a blade tip
vortex Wt h&dwbﬁl%haqefndd&aaééh%puqeh@elwhea{@eﬁém ¥hignet periplsEb segmenthe
central mm&nt is convex toward the suction side, the flow velocity of an
ai r fl ow whichhisicobearvdsowardf thewutton sidee as¢edtrab§egnhet whivhi io wosvexf taward tee)
fromthe side of the pressure surface (13d) is 20 suppressed beforehand on

the side afctibhaide! asd ui @utd (pefplerillsgmentA®hizh beaticward thdRreas® sidepassisbl e
to reduce the scale of a blade tip vortex (fl) itself which is fornmed by
the air fhook shabbd bEGHBEE, I n the present problem solving neans, the outer
peri pheral part (13c)

10 The blade (13, 13, 13) is formed such that the curved hne X' has a shape as
described above. More specifically, since the inner peripheral segment is concave toward
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 (P).

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). As a result, it becomes
possible to reduce the scale of a blade tip vortex () 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



of the blade (13, 13, 13) is bent toward the suction side. Because of this,
an air flow on the side of the pressurgssurface (13d)23Sepieabsr 28e4 (13,
13, 13) flows along the tapering 25 pressure surface (13d) in the blade
outer peripheral part (13c), and snoothly enters around 14 23 Septenber
2004 into the tapering suction surface (13e). As a result, the vortex

di aneter of the blade tip vortex (P) becomes further smaller and stable,
wher eby aitaithe tapsung isestioncpurface fideb| Ader result,ethe yertepdameterafdh¢ Rladenipt he
side of the suction surface (13e) is made unlikely to interfere with the

bl ade ti pvenet ¢ feepmed firther Bmallerdird e, wieelbemi apaidw dbwidpeisbihadgadeut er
peri pheral part (13c) gradually increases fromthe vicinity of the |eading

edge (13ahuled geRpherhiChid () @h thb&idd af kﬂengmﬁelg%urfaéég)nsegps t geg{ngggy%&

13, 13) as descri bed above, the above-described acti out er

peri phera t eV snoothly its air flow guiding effects
fromthe gr}tgrg&eg\?}{l}tﬁgﬁpggéﬁraﬁg%@;. (13a) up to the side of the trailing

d 3b ing. t he di t 0] t he bl ade ti t f') wh
i ameter | nor odsis VHih 7 PRAGAIRY bbb Bace QU CORRIeT G SPk SRS
| eadi ng edge's (13a) side to the trailing edge's (13b) side of the blade
(13, 13, inkpgasess GemRhguvieinie of thenleadiaz teadge (134 do gha eicatitydobihedeiliigoedger t ex
(E) is unlikely to depart fromthe blade suction surface (13e).

Consequen{(13h) ofishedidade (13¢83,a18) ve deeyvibed sdues, theabbenddstriledd wkies df ite blade
shortened with 15 a view to reducing the weight of the blade (13, 13, 13),

bl ade ti pouRF peristierdl lehd peRQALAERD movelshobMly itdhie oS Stttk Rereaie i Isi
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condi ti On&a?gerafpgn? rt}?é Haaslding 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
15  a view to reducing the weight of the blade (13, 13, 13), blade tip vortexes (B) generated
will not interfere with each other between adjoining blades (13, 13), and discharge
vortexes to downstream of the air blower apparatus (4) are reduced.
As the result of these, with the configuration of the present problem solving means,
the above-described actions are combined together effectively, thereby bringing about a
20  satisfactory reduction in levels of noise when incorporated in air conditioning apparatus
outdoor units.
Sixth Problem Solving Means

The air blower apparatus (4) of the sixth problem solving means according to any

one of the third to fifth problem solving means is characterized in that the angle 8,, formed



outdoor units. Sixth Problem Sol ving Means The air bl ower apparatus (4) of
the sixth probl em sol ving neans according to any one Bﬁslehgimbﬁrﬁoéo fifth
probl em sol ving neans is characterized in that the angle 02, forned 15 23
Sept enber 2004 by the bent part of the blade outer peripheral part (13c) on
the curved line K and a plane orthogonal to the rotation central axis O,

I S not nor, han 90 d ees., I n the.case whe t he bl ade (;13, 13, 13) whose
angl e of fb rtﬁv}%r%anttﬁalrtt(?fg%e ;%Eadarogée[r pggpﬁqgg[é@ﬁ @29 AL tgeuned Hg R 700 i Rlangy
nol di ng of synt h?ti@ér esi.n, the operation of product 5 releasing (i.e.,

nol di ng r@r?%‘&%q")a feidgretation semtiabais Polsgiet moFsihan AR degrgesraki ng t he
efficiency of nolding worse. However, the above-described arrangenent that
the angle 02, flothedisbyvitehethei blader @8¢13,008) ofhoséendlent fqanatd tftingHe ghlaade
outer peripheral part (13c) on the curved line K and a plane orthogonal
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possi ble to provide an adequate draft angle, thereby facilitating noldlng

work aad  Liapsavidg A&k b y | ghi v Probl.em Sol vi
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accordi ng Jtyo.. any %go?d'Of the first to sixth problem solving neans is
char act er P84T o (IdiRe "9isfded 15 surface is formed only on the side of

the bl ade pressure surface (13d) of the blade outer peripheral end (R).
Such arrangenmertovayss they shaygalesaribed atreangemendy thadl the apglen 01, hioreied ebyofthe he
bl ade pressure surface (13d) of the blade outer peripheral end (R)
prevent s titersedtionrofghe bewfpaai of the Ibiadetamtdr pecpbaralopart (18cpogchepaited kdeKeby
enabling an air flow to nore snoothly enter from
and a plane orthogonal to a rotation central axis O, is not more than 90 degrees, makes it
10 possible to provide an adequate draft angle, thereby facilitating molding work and
improving the efficiency of molding.
Seventh Problem Solving Means
~ The air blower apparatus (4) of the seventh problem solving means according to
any one of the first to sixth problem solving means is characterized in that a rounded
15 surface is formed only on the side of the blade pressure surface (13d) of the blade outer
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

20 the side of the pressure surface (13d) of the blade outer peripheral part (13¢) 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)



20 the side of the pressure surface (13d) of the bl ade §uter peri pher al

part (13c) around into the suction surfg@ce (13e). Ei ghsRepiesiessv®bl vi ng
Means The air bl ower apparatus (4) of the eighth problem solving neans
according to the seventh problem solving nmeans is characterized in that
the size of the rounded surface 25 formed on the side of the blade
pressure surface g13d) of the bl ade outer peripheral end (R) 16 29

Sept enber 1Aidessdhipt neranerettham 34 whese £ apthe thigkness of Wiedriadel (18513,H8) timitteknes s
of the blade (13, 13, 13) inthe vicinity of the outside dianeter of an

i npel | er . vBeugusfehobutside danresergdap impéllent t he si ze of the rounded surface
formed on the side of the blade pressure surface (13d) of the blade outer

peri pheral endB(eEi%us'b%fﬂ&tar}aﬂ%&n&MQﬁht&he Sz 6f tHERhEnded At Rl MARLELL IR side
t hi ckness of the blade (13, 13, 13) in the vicinity of the outside Jlaneter

of an inp r ' I | th tion,of the
sevent h gﬂj Ibé%{esé)l?gsflﬁégguﬁég‘%g@ %?nol?l?é(’agltea#? 8‘((':@ éri%h%glé ﬁf“z\()g 1S9t l%?\%lila"t "he
region fromthe yicini f . the |eadi d 13a) .tq the vicinity of the
rai g BOOEE] T vhire ik n e the Blads G3na3of an citiphbebine sttty o
the blade (13, 13, 13), the 10 curvature radius r of the rounded surface
formed ondtapetesi efearpimpelier wf dtbe wireblower appargtusdy) is & thedetiom of sreysevientam t
to 3t as described above according to the variation in the direction of an

air flow ptobldwesdlvimg mézas isthereaiffeclivabyvaehitwrdsallf svermtetregisn flemdthe Wivtnipr B sur e
surface (13d) around into the side of the suction surface (13e), the air

f1 ow nor etretidg ¥dgR{134)S0 tHe A8t 6f Hedfiilig éd%e (p3ssure surface (13d)
around into the side of the suction surface (1I3c). 15 Consequently, bl ade

i, vortexes (Bl o HBRTESI O BLEERLAMRY kBB RS 19TEC o1
10 curvature radius 7 of the rounded surface formed on the side of the pressure surface (13d)
is made to range from 7 to 37 as described above according to the variation in the direction
of an air flow at the time when the air flow enters from the side of the pressure surface
(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).
15  Consequently, blade tip vortexes (B) are suppressed effectively, thereby achieving a
reduction in noise levels,
Ninth Problem Solving Means
The air blower apparatus {4} of the ninth problem solving means according to any
one of the first to eighth problem solving means is characterized in that the air blower
20  apparatus is so constructed as to be incorporated within an air conditioning apparatus
outdoor unit.
As has been described above, each of the first to eighth problem solving means
significantly reduces generation of discharge 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



The air blower apparatus (4) of the ninth problem sol vi n% nmeans accordi ng -
to any one of the first to eighth probhem sol vi ng meaR2 Septestbsr 4e@%ri zed
in that the air blower 20 apparatus is so constructed as to be

i ncorporated within an air conditioning apparatus outdoor unit. As has
been descri bed above, each of the first to eighth probl em sol ving neans
significant|y .reduces generation of discharge vortexes fromthe air blower

appar at us “PX ‘tlo?‘ﬂge"rpﬂ’?‘%ﬂﬁcﬁ‘l’@i)?fgf’?‘]? iphwhigh roustaglgsr (egppar fan uanard)) thef resych
probl em sol ving means is nost 25 suitable for achieving reduction in |evels
of noi se ikerere ot iosharasdyonfexts are dispased doWn@BaBephthariseha2fddutondi ti oni ng
appar atus outdoor unit in which obstacles (e.g., a fan guard) that may

i nterfereBffeets di scharge vortexes are di sposed downstream of the discharge
outlet. Effects Accordingly, the air blower apparatus (4) of the present

i nvention provigdesrdiigy Bef b \oqe?ggpﬁg&fsl(g%gk & Bpegé 'in@érﬁigwoégﬁg’lﬂgfﬁﬁer ated

by the air bl ower apparatus (4 I's Teduced, and nois air

bl ower. ap .U 4). 1 $ khcorporated within an air conditioning apparatus
out doosr uﬁ@[owlggpéﬁ&azeg#%ctiveI y. (ii) Even in the case where the |ength

of chord of t\k/\\gil)bl ade (13, 13, 13) is 10 shortened for acconplishing
reduction in ghtoism gepgsated byrthe pir Ypwaeagpemtus 1) itsglf is reducedy| and encisep
vortex (E) will not depart fromthe suction surface, and will not interfere
with the whandhaiairgbloivaieppatitiis ($r Byindepormtddanithioh a10bB econditioingoappafaect s,
and suppresses the drop in air supplying performance. (iii) Mlding
beconmes eastdobiourpeifredutedefedtiedlyct i on i n manufacturing costs is 15

achi eved, which is achieved just by form ng a bent part at an outer

peripheral end@OrEvéiin the case where the length of chord of the blade (13, 13, 13) is
10 shortened for accomplishing reduction in weight and costs of the blade (13, 13, 13}, the
blade tip vortex () will not depart from the suction surface, and will not interfere with the
adjoining blade. This provides enhanced noise reduction effects, and suppresses the drop
in air supplying performance.
(iti) Molding becomes easy to perform and reduction in manufacturing costs is
15 achieved, which is achieved just by fo;mi_ng 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.
(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
20  making it possiblé to further reduce the manufacturing costs of the blade (13, 13, 13). At
the same time, the resistance to vibration of the blade (13, 13, 13) is improved, thereby
reducing the generation of abnormal noise due to vibrations.
(v) In addition to the above-mentioned effects, the drop in air supplying

performance is suppressed or prevented.

25  BRIEF DESCRIPTION OF DRAWINGS



which is'a part of the blade (13, 13, 13) without affecting the entire
shape of the blade (13, 13, 13) which ggtermines the &BrocRtgmeyi2AGA
performance thereof. (iv) Additionally, since the bent part achieves arib
action, this increases the rigidity of the blade (13, 13, 13). As a
result, the blade (13, 13, 13) can be thinned, thereby 20 making it

possi ble to further reduce the manufacturing, costs of the blade (13, 13,
13). At the safe8¥frdels & REspesEys vighe el ep lmpg}e&t%wno@f Ahair hllewer {pparatus3,
13) is inmproved, thereby reducing the generation of abnormal noise due to
vi br at i ongecqrding ltea figstieibodinent ofithe phesert-imemtipaned effects, the drop in air
supplying performance is suppressed or prevented. 25 BRI EF DESCRI PTI ON OF

DRAW NGS 18 23 Ffapé aribarpaaifid bl RrspettivedyiBR of Ratide\Bctidredf B agblbwael | er
section of an air blower apparatus according to a first enbodi nent of the

pr esent i%}ﬂﬁzﬂ&&: n, Figure 2 is a partially broken perspective view of a
bl ade section of’ the air blower apparatus; 5 Figure 3 is a rear view
di agr for il strgt.i on_of | ade sgt%ti

.a _hub angla,b n qf the ai.r bl qwer
appar At us. | Fi gl 3dhae Yid &iestn StV PR PRI Y0 A0 % el seifiap of he
direction, three different structures of the air bl ower apparatus bl ade;
Figure 5 PRYDIOWETSPRAaWSt i onal view showi ng a basic shape of the air bl ower
apparatus 10 bl ade; Figure 6 is an enlarged cross-sectional view show ng a
shape of a pri Hegupald pleoves, o crashesedlion bdlawer toathp arditLidirbdtrade thiee glifferert i s
an illustrative diagram showi ng a bending angle, 0, of the air bl ower

structures of the air blower apparatus blade; \
Figure 5 is a cross-sectional view showing a basic shape of the air blower apparatus
10 blade;
Figure 6 is an enlarged cross-sectional view showing a shape of a principal part of
the air blower apparatus blade;
Figure 7 is an illustrative diagram showing a bending angle, 8, of the air blower
apparatus blade;
15 Figure 8 is an illustrative diagram showing a determination action of a leakage
starting point of an air flow of the principal part of the air blower apparatus blade;
Figure 9 is an illustrative diagram showing a blade tip vortex/discharge vortex
reducing action of the principal part of the air blower apparatus blade;
Figure 10 is an illustrative perspective view showing a discharge vortex offsetting
20 action of the air blower apparatus blade;
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;



apparatus blade; 15 Figure 8 is an illustrative diagramshow ng a

determ nation action of a | eakage startgng point of af3&8eptembenr2ed4 t he
princi pal part of the air bl ower apparatus blade; Figure 9 is an
illustrative diagram showing a blade tip vortex/discharge vortex reducing
action of the principal part of the air bl ower apparatus blade; Figure 10

Is an illustrative perspectiye vjew show ng a discharge vortex offsetting
20 action of tHh&EYF rl%blsoﬁ}érenif"é%%dr é\é\{?E“%WCaﬁ@gram gy the 1arrangement; pf gk digst ve
devel opnment view showi ng a discharge vortex offsetting action of the air
bl ower appwdificationexadeple pf therir biowerapparstisdladej ¢ di agr am showi ng an
arrangenent of a first nodification exanple of the air bl ower apparatus

bl ade; 19 23 SFpivesrbeis a2é&ﬂélmﬁi<ngagﬁ&hb@i@%ﬂﬂf@?@ﬂ&nsdm%ﬁ&ﬁd%ﬁdiﬁ@z{t@m of
the arrangenment of the first nodification exanple of the air bl ower

appar at us e A6l8 of fHe3 towét 4 ?aﬁttﬁ‘ﬂ?ﬂﬁj’éﬁt i ¢ di agram show ng an arrangenent of
a second nodification examg e of the air blower apparatus blade; 5 Figure

Todi 1 i%0at o eSEHt dScF herishepdisPRtidsic, fRePit O WY Bacdimaph ot 16 Srond
ni T ermpl BYRHIPSHOR SHTEE PO P8l BB Seat us, Fi gur o 17 15 8
| ongi tudi nal cross-sectional view of the conventional outdoor unit; 10
Figure 18 is aFimwe 1ok afronriew-shewingommadrrangemegfoftah eircamdeiohingreppamatitsdoor
unit; Figure 19 is a rear view of the conventional air blower apparatus
(in the foutdoof urdt gnsipgihp @cofivmliordipirdyeded dppadacasconvent i onal out door unit;
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 blower apparatus (in the form of a
propeller fan) employed in the conventional outdoor unit;
Figure 20 is a cross-sectional view showing a cross-sectional structure of a blade
section of the conventional air blower apparatus and the actions of a principal part thereof:
15 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;



Figure 20 is a cross-sectional view show ng a cross-sectional structure of
a bl ade section of the conventional aipgobl ower appar ataseriRereV8tt i ons
of a principal part thereof; 15 Figure 21 is a schematic illustrative
di agram showi ng a problem (bl ade tip vortex generation nmechanisn) in
relation to the structure of an outdoor unit corresponding part of the

g

conventional ait. bl r apparatus; Figure 22 is a.,schematic _di agram show n
a blade tip voré‘% e%ﬁﬁ%?ﬁ@%%é%?ﬁaéﬂgﬁ%‘w&ﬁ aRldedinvortRrdieAiging prtoaes the t he
conventional air blower apparatus; 20 Figure 23 is a schematic di agram
showi ng a BRENkonglRin e wenappatagisiimpelirs sectismemshenon bet ween adj oi ni ng

bl ades in the case where the chord length of the conventional air bl ower

appar at us bl ad&igire B6guareil Ratrativesdeoelbpment; dikgramirof tRedinigeller §9ca6s -sheGidgonal
vi ew showi ng a shape of an inpeller blade of the previous application as a

partial soladeithivdrex rbficRizARliSNbe B8 caverfbiE M Blowvd Afpdigir e 25 is a

schemati ¢ di agram show ng a blade tip vortex reducing action of the
conventio ' Wﬁ !?ﬁﬁ? ' kﬁ{ ion; and Figure 26 is an
i1 lustrat {%S%%%popmﬁté‘gg%ra Q‘E‘fﬁlg ' @I%ﬁir section, showing a blade
tip vortex redycing actio f the conventional _air bl ower apparatus. 5 BEST
MODE FOR CARRYHES BEer; RpRAHTERS g s PRgPere nvetign wilthbadgscabed e dptaid gsieh
invention will be described in detail with reference to the draw ng
figures. FefesnceEintbaidrmwing figweses 1- 15 show structures and actions of an
air bl ower apparatus (4) according 10 to a first enbodi nent of the present
i nvent i on FiishEnshodilmeotver apparatus (4) is a propeller fan that is
suitable for use in air conditioning apparatus outdoor units.
Figures 1-15 show structures and actions of an air blower apparatus (4) according
10 to a first embodiment of the present invention. The air blower apparatus (4) is a propeller
fan that is suitable for use in air conditioning apparatus outdoor units.
More specifically, Figures 1-11 illustrate basic structures and actions of an impeller
section of the air blower apparatus (4), and Figures 12-15 illustrate shapes of a blade (13)
of the impeller section according to several modification examples of the first embodiment.
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



" More specifically, Figures 1-11 illustrate basic structures and actions of
an inpeller section of the air blower apparatus (4), &A®epianhesg0ds. 15
illustrate shapes of a blade (13) of the inpeller section according to
several nodification exanples of the first enbodiment. 15 Basic Structure
O Inpeller Section Referring to Figures 1-11, the air bl ower apparatus

(4), which . js a prapeller. fan, has K a hu 14) of synthetic resin. The hub
(14) is a?kjeﬁt‘%ﬁﬁeo‘rmﬁ“&éfa&fit  UIGHINg ﬁég%lﬂi"b&%v%%f a siapmg oI é=1@¥)","h‘8}|‘16“ @Hr ee

i dentical blades (13, 13, 13) are disposed integral lK al ong an outer

per i pher afflosigidtsdeakatg fram thebide ofix praourg Nerfiseddad) to3he $de oflBjudtias sarficeadi ng
edge (13a) and a trailing edge (13b), wherein both an outer peripheral end

(R of th¢idepaididefinalig®hd iidigl-darectictnwitlth el pEEudNebadt RAd(eRkhe Gidth b€ a
trailing edge (13b) are situated ahead, relative to the direction of
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the side of "the hub (14). Addition as s ure, an outer

peri pher al c),.of. the bl ade, (1 13, ,13) s t .25 toward t
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21 23 Septenber 2004 to . the vicinity of the trailing edge (13b) so
that a stgﬁg%')‘ﬁg?d%%aﬁps { -_)a9 at fhe loding eqgs UY:’F‘I) 6!}\?5 gf aMaximyigiat beg lﬁlé@ﬂ ?J% si de
of a pressure surfac_erdlg_13d) to the side of a suction surface (13e), is
defined. (Wd)radhawniniigeetI)on width, W of such a bent part (i.e., the
width of a projection surface of the bent edge part to the suction side)
s gradual | y eRteferdeld, it radifi-direetlen eidth Wedf thabem garosmbi@one thar2 3% offhet he

| eadi ng edge (13a) to the vicinity of the trailing edge (13b) (W= 0 at

the | eadi pglifdRotickSRhgtA o Wrom VB bidénentoftthe blauai(13,ne, ngsn thelsifld of AR
shown in Figure 3). Preferably, the radial-direction wdth Wof the bent
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maximum-width portion of the trailing edge (13b), for effectively suppressing the forgoing
blade tip vortex () 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 W 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
alr 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 £ 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



10 hub (14) (i.e., the root of the blade (13, 13, 13)) .to the outer
peripheral end (R) at the maxi mum wi dt h2portion of the288PISMRETHEE (13b),
for effectively suppressing the forgoing blade tip vortex (P) wthout
causing a drop in air supplying performance of the blade (13, 13, 13).
Stated another way, for exanple in a blade (hub ratio: fan outside

di ter: 15 400 t dt h t th

of the. tr &eTPHEA TPt birde s Lt A B rﬁ@mr@%&@ﬁ%@p"s“m Bghan 35
mm which is the range in which the drop in air supplyi ngm?lerforrrance does
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| ater, are generated sufficiently at the pressure surface (13d). Here, for
exarrpl e ayprgjboiom ofithEicgved $in8 Knnto7s plane mchidinigla IrdtagorCedntrabags \(eand(Hde 20
radius R, the length of the chord line Cis Lo, a given point on the chord
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point Pis L Additionally, a radial- direction curved |ine, which ext’ends
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connecting a point -0 at which the outer 22 23 Septenber 2004 perlpheral
part (13c)icitt abthsi lsading edge (Ba) 18 yhesviginity ofethdi trailingoadged(18h) of dest pwer si de

and the outer peripheral end (R) of the blade (13, 13, 13) in a curved
i ne K whpeaphera ead (BY of thehladp(t3d,d8 13n of the curved line K onto a plane
including a rotation central axis 0 and (b) a tangent line A A at the

poi nt Q of the Farhy@fbre,ithe akgle off@T b G)thestpdigia 1Rfe ECHREEtinRaht PBRE Y 5 of
the blade (13, 13, 13) thanlh%t he poi nt)t 8) s a %&ndl n%mangl e Odgql n@thlls‘,Q
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O is varied gradually fromthe wvicihity of th ading e ge( 13a)"to the

vicinity ggn&utﬂgtcwﬁa @RI Gidb Jal?fg) }h éut&ﬂ?erﬁ)ﬂ&%[ 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 6;. In
the blade (13, 13, 13) of the first embodiment, i.e., in the swept-forward blade in which the
angle of forward tilting of the blade (13, 13, 13) is positive on the side of the leading edge
15  (13a) and, on the othér hand, is negative on the side of the trailing edge (13b), the value of
the angle 6, is constant (see Figure 4). Additionally, the value of the angle 8, is not more

than 90 degrees for easy molding of the blade (13, 13, 13).
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 (8) 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.



peri pheral end (R) of the blade (13, 13, 13). Further , fhe angle,
formed by (a) the straight line QR conpgcting the porﬁég@tefg’%ﬁquﬁe
curved line K at which the outer peripheral part (13c) of the blade (183,
13, 13) starts bending toward the 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 02._gn t he bl ade
(13, 13, 13) o Ut RETIRG BT SRR A wiin Kigure §, ipihe Quigrperiphesghpart Gidshel i n
which the angle of forward tilting of the bl ade éﬂlB,_ 13, 13) is positive
on the si e Wde@dd, 1dad)rryranaded aq?a@g@ag, afvedosuriahe) isfdrared miydon the side
negative on the side of the trailing edge (13b), the value of the angle 02
i s const anf thespressigsuréacd J(13dYdbly tittinglahyedgt pertwal the sk dffthe prghige Qdrfée NOt
nore than 90 degrees for easy nolding of the blade (13, 13, 13).

Addi tiona(i3g). for exanple as shown in detail in Figure 5 the cross
sectional view of the blade (13, 13, 13) by revolved projection of the
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suction side (or which is approximately in the shape of a straight line),

a centr al lese#isrit anghaoirmpre thamie wherwhitke referenceubickoesssisdbe thikhean o theer
peri pheral end segnent which is partially bent toward the 25 suction side.
23 23 Sepbledb€l3, 20043 ur theevicmity of fti oetenpiaiphensofsihevimpeilerifghé @irthlower t he
outer peripheral part (13c) of the blade (13, 13, 13), a rounded surface
(i.e., a eppavsids @rface) is fornmed only on the side of the pressure
surface (13d) by cutting an edge part on the side of the pressure surface

(13d)10 5 ARIONOX B AR ey us r) of the rounded surface formed on the
side of the

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
periphe;al 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 (13¢) 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



ressure surface (13d) of the outer peripheral part (1 ries hin a
Pange between not less than t and not P#re than 3t whé?éeP?nﬁﬁez terence
t hi ckness, is the thickness of the blade (13, 13, 13) in the vicinity of
the outer periphery of the inpeller of the air blower apparatus (4). 10
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characterized in that the outer peri pheral part (13c) thereof is bent
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the blade (13, 13, 13) of the air blower apparatus (4) which is a
so-cal | edCMtpaf@fm afofsisaid prévioustspplicatian egaopleofAstaresili st vigteanithm@&r
trailing edges (13a) and (13b) of the blade (13, 13, 13), the outer

peri pher abf ¢hel géridrated tlae2flp SepeePpbecitd shillentad addadnd rl &t ifky (p the
direction of rotation F, of the inner peripheral end (S), the outer
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side into approximtely a V-shape so as to forma starting poin

which an gifinfer @Y% &N aRitHideXip vortex ().

Furthermore, the above action smoothly achieves its effects up to downstream of
the trailing edge (13b) according to the vortex diameter of the blade tip vortex () 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
shortene& 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-
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exanpl £ Figgyie 10), because the width Wof the bent part of the bl ade
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(13, 13, 13). i‘&@éf‘{ﬁ’f’ﬁg}??ha‘f SyPaLaf HﬁP‘é‘“%&‘%"ﬁ&ﬁﬁf?‘?g? ftp BePOifit tgfgerates a
generated bl ads {p vortex (0) is unllkely to depart fromthe blade suction
surface (longtudipal mertex (Phonethsngide of rthe msessuisesuface d13de of ke dlddengitar of
the blade (13, 13, 13) is shortened for reducing the weight of the blade
(13, 13, psl)lphen’ﬁ@avtoﬂﬂe)( Eene:ampld asshpenmeinaliigares B0 adé 11 p lorgitudinal ontex
passes, in intact manner, through between adjoining blades (13, 13), as

shown in Foffiet eortdx) (@géﬂ&ﬁit@i inet cdmanthladeo(13),had aatRieqlp ddixf(B) g&nerated in
enbodi nent, unlike the canber part of the aforesaid pr evi ous” appl i cati on,
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. the vicinity of the trailing edges (13b) of the blades (13, 13) respectively. Then, these
vortexes (3) and (P) collide countercurrently and offset each other, and discharge vortexes
in the downstream direction, which is the problem with the previous application, are
15  effectively avoided.

As a result, air flow turbulence on the downstream side of the impeller of the air
blower apparatus (4) is reduced, and interference of a fan guard (6) having a grill structure
as shown in Figure 17 with discharge vortexes from the air blower apparatus (4) will not
occur. Accordingly, even in the case where the air blower apparatus (4) is incorporated

20 within the aforementioned air conditioning apparatus outdoor unit as shown in Figures 16-
18, reduction in noise levels will be achieved with effect.
Furthermore, in the air blower apparatus (4), as described above, the radial-

direction width W of the bent part is not more than 25% of the length Lo from the hub-side

base end (S) to the outer peripheral end (R) of the blade (13, 13, 13).
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shown in Figure 17 with discharge vortexes fromthe air bl ower apparatus
(4) will adduevedbeeifect AE supptissigl Pladevigrvortaxds(B) ambsdisahrmeerottegesai r bl ower
apparatus (4) is incorporated 20 within the aforenentioned air conditioning
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levels will be achieved with effect. Furthernore, in the air bl ower
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bent part 1s not nore than 25% of the length La fromthe hu ase end
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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.v, 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 0 of the bent part is varied according to the shape of the blade (13, 13, 13) so
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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 8 at the blade outer peripheral
part (13¢) 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 airrblower apparatus (4) of the first embodiment, the angle 8,

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 8; is not more than 90 degrees, this makes it possible to
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(R of the blade (13, 13, 13), this makes it possible to achieve the
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trailing eath€R]),kBie} regibndof diffsserpahspds) parhely anfigndr pegiptierall pipneis whitlsg due
to the blade tip vortex (P) when incorporated in air conditioning
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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 (§).

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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end segneHP variegHB) bepranasi Aurthgr rsnced andhsigblehawhemby tant dinflogi dewinghinsthe
arrangenent allows an air flowin the direction of the blade outer

per i pher atirenibn(d¥)the yide patee pedphdriieersli (@) oaf the BRlesafahé arctisnrshidsr (138e) of
the blade (13, 13, 13) by centrifugal force during rotation, to nove

stably (adhgelye) Mﬂerﬂl—@@%ﬁmg‘d%lﬁfotdo@g@x (p)urface (13e) wi thout separation
fromthe suction surface (13e) because the inner peripheral segnment is
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flow whi C[éajiirﬁléee%gg (i.’?a)qg\{ﬁe Enocinity 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 (f) 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 () 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 _the first embodiment, the above-described actions are

combined together effectively, thereby achieving a satisfactory reduction in levels of noise

when incorporated in the air conditioning apparatus outdoor unit.
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(13d) is suppressed beforehand on the ghde of the preg JF¥§9% (13d).
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vortex (JI) itself which is caused by that air flow 29 23 Septenber 2004
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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, ', of the

15 rounded surface) varies in a range from not less than f to not more than 37 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, ¥, of the rounded surface) is not less than f 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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the case where th |nne peri pheral seg of the blade (13 3, 13) is in
the shape of al ”39&57 W é‘t the, guter Bﬂé‘ﬁgﬁ SR (B I@Ifﬁge blade (13, h}’elﬂbghél ned

in approximately the sane way as the case where the inner peripheral
segnent i euEgneaiadius Fuefi the rennded sinfacefernaddrorbthewisle of plaprasauese futface{13d)e
first enbodi mnent, a rounded 5 surface is fornmed only on the side of the

pressure Bunddeae rédgddyomt 16 Beaddactbedubeve aqordifh ey tk vengidnRh thSdketion
arrangenment that a rounded surface is formed only on the side of the bl ade

pressure gusd af fdwl 36theOfimb Qﬁlelﬂl 08¢ ?lH\tNeéntB‘@ b eAlide rdf’ tHrebdi G el N€

occurrence of air flow turbul ence by the ed ge part t hereb enaab/ I ng an
air fl.ow I r from 10 th ressure surface
(15a) Sor URaTBloRad TR g8 PF Bie v Aplop T3 e Gir e mtes ShHRRLT e,
surface (13c) rt hernore, |n he air blomer apparatus (4). of the first
embodi menfomithe S‘g egpressuresEare (1Adrrgundingo theysideqf the fictiom surfasa (3.
surface on the S|de of the blade pressure surface (13d) of the blade outer
per i pher aCousegugnrly, blade. tip t vastexes (B) aree suppdésser] effectively,t thereb$ achieviter a
surface) varies in a range fromnot less than t to not nore than 31 where f
I's the thdadtiomds nofsedvelsbl ade (13, 13, 13) in the vicinity of the outer
peri phery of the inpeller of the air blower apparatus (4). Because of the
ar r angenepirsd Matifidation Fx@nffle t Ne rounded surface formed on the side of the
bl ade pressure surface (13d) of the blade outer peripheral end (R (i.e.,

the Q@rvature The shape of the bent part of the outer peripheral part (13¢) 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'(l..'id) 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)



20 radius, r, of the rounded surface) is not |ess than nor r han 31
where the thickness of the blade (13, 13z 13) in the v?éiSﬁP{%Wr%F%Ph%
outside diameter of an inpeller of the air blower apparatus (4) is t, the
foregoing air flow guiding actions are nore effectively acconplished al

over the region fromthe vicinity of the |eading edge (13a) to the vicinity

of the trajlin edge 3h),, . 31 23 Sept enber, 2004 Ln other words, if, at

t he outer lépreerdlup%de‘rygﬁ egf%%]t a(né) ingddition, i 15 pesyblg fo phminatg ‘515? e YQrferat foen
radius r' of the rounded surface forned on the side of the pressure surface
(13d) isbﬁté‘éﬁ?“taéloﬂfﬁ%@afi?somt to 3t as described above according to the
variation in the direction of an air flow at the tine when an air flow

ent ers fr dffectscOEFutet Babbim@rtessure surface 5 (13d) around into the side
of the suction surface (13e), the air flow nore snoothly enters fromthe

side of the preossofdngyrhiacs (b3 a@{:&ﬂﬂx@ (h?“o? tﬁmrs'ii&%ogimwepxavﬁgé%

surface (13e). Consequently, blade tip vortexes (P) are suppresse

ef f ect§ veleMiowiR BQIFM- keying a reduction in noise levels. First
Modi fi cat |&-on0 Elxgrrp elc%gg ééé'shape of the bent part of the outer peripheral

part (13c) of the.bl.ade (13,,13, ., 13).,is not limt to, the above-described
| i near shape. k‘ér Ig?ﬁenﬁ?‘ée,ratﬁ% Y hg'\ﬁna‘% Hiwedﬁ@ératﬁszfgrf&e%‘,s refcedn apd BF t he
bent part Y be a curved surface formed by curling partially the vicinity
of a |ead ?Yi% Ighdiobte whea thepir blearer apparats (4 iafsewmorated withinl anrmeaednditioninged,
i.e., only the vicinity of the outer peripheral end (R), toward the

sucti on sppraratiihputderabiitas relucdbeffictivélyow to readily enter fromthe side of
the pressure surface (13d) around into the suction surface (13e), thereby

reduci ng the di@nEven infhetdag: Whadahd thord Mgl of Bk H_lzﬁleg_li,uﬂ, h8y iseshbRBhed
Second Modi fication Exanpl e For exanple, as shown in Figures 14 and 15, the
bent Rrt faif adcH@phYHRHE rét®dn in weight and costs of the blade (13, 13, 13), the blade tip
vortex (f) 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.
(i} 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.



peripheral part (13c) nay be approximately S-shaped. specifically, in
this second 20 nodification exanple, the entire shapggé%ep%g'cb(?é@ﬁg art is
formed into approxinmately an S shape in the follow ng way. A portion

positi oned ahead of a part (a) bent linearly toward the suction side is
rebent toward the side of the pressure surface (13d) to forma bl ade
extension surface (;b) and its outer peripheral .end (c¢) js hent toward the
suction side, ¥ tHAt 294 R nthe jahoy Tr%e"gpg?iﬁﬁggf’tsm(ﬂé% JF‘ER IPHRIT CRPBYHIE such
a configuration, the blade tip vortex (ii) 32 23 Septenber 2004 is reduced
with ef f ederfarraance is sgoiessedror praveptsdpossi bl e to eliminate di scharge
vortexes from between adjoining blades. Effects O First Enbodi nent
Accor di nglQthet Eenlaidimbhiswer apparatus (4) of the first enbodi ment provides
the 5 followi ng beneficial effects. (i) Noise generated by the air bl ower
appar at us Hefllins! 5@1é 6 bBBERAUEed, and, in addition, noise when the air

bl ower appar at us is incorporated within an air conditioning apparatus

4)
out doog uni t i %11 E%gﬁ'e?]‘ig?ﬁ%g?ﬁeaggé? 4'31¥1b0 iinie%ﬂ l%grggxaiff%l%t %s?sh%%vfggi 1%1%1'%? k-gf tl%:ehor d

| ength of the bla 'S shorténe

reduction i i ght an S f the blade (13, 13, 13), the bl ade ti
vortex (i ifﬁdq%%e%%% wl“&ﬁ\%"%%@%ggcﬂ%ﬁc@ﬁsﬁﬁ @@u%lkﬂﬁﬁinlt e legding,edge f]élaé?% th
t he adj oi ni ng bl ade, and the discharging of vortexes from between

adj oi ni ng s Geling pdger@dbkefthe blrde {13y dPy13) asd,con the sthier handy the besdingowglsfo t he
bl ade tip vortex (E) with external obstacles such as a fan guard, grill et
cet era i s of ddibeatlpart (see BigurdbDtshaypuashadpgedy enhanced noi se reduction effects
and 15 suppressing the drop in air supplying performance. (iii) Ml ding

beeoles SE, Lo auttuc e O 04 g1 B
POrtip®  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 (13¢) gradually increases toward
the trailing edge. On the contrary, if it is constructed such that the bending angle 0 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 (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.



which is a part of the blade (13, 13, 13), without affe t|n e, entlre
shape of the blade (13, 13, 13) which gleterm nes the %ﬁm
performance thereof 20 (iv) Additionally, since the bent part achleves 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 naking it possible

to further redyce, the manufacturin ts,.of t e hlade (13, 13, 13) At
he sanm 1 i e, TORBEIOBAY Lt 456 SHeReE Boaing ARSI PaHGiTierias describpagbors, on

i nproved, thereby reducing the generation of abnormal noise due to

vi br at i onghe @atray tadha eheerthebentligg/ynglnd aui bei dsorensedtgnasiuaip frommitbia il éadimgrd
effects, the drop in air supplying performance is suppressed or prevented.

Ot her Enbedgemétsay to Benthitige Adgh ¢13b)qtheBample Bhidcliatdn &meuﬁaﬂt pBdtecéthed he
first enbodlnent for exanple as shown in Figures 2-4, the

radi al - g on width Wof the bent part increases gradually fromthe
| eading e 13a) to the trailing edge (13b) of the blade (13, 13, 13)

??dsté??stﬂﬁcﬁé%é ARt tsfsdbtﬁ e R N R R T

bendi ng an of the b art radually I ncreases or bhecones steep
fromthe F@E&P dhestrghior ?L Cet%l?t gider ﬂl“? oKy ereRfg®heral past (1) of the bladgdd3y 13
13, 13). Also in such a case, conpletely the same operation/working
effects t hA3t1d h@cwascsfromb@&megtedm (liddpside tevant theitradihg <lpa's €8 satehar
way, in general, the difference in pressure between the pressure surface
(13d) andaisbeiaﬁmcw&itbnwhuhftaeéalz(d]a%p vottex € grovisr o theotteadiangtediewise3a)
to the 15 trailing edge (13b) of the blade (13, 13, 13), in association
Wi th whi chhetdagesst rength of "entering-around” (variation in air flow
direction) of an air flow fromthe side of the

10 To cope with the above, the bending angle € 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 (13¢) of the blade

15 (13, 13, 13), thereby suppressing interference with an adjacent blade (13). Additionally, it
becomes possible to éause 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 performan;:e, to other types of blades in completely the same way as applied
to blades having a thin blade structure.

25  Industrial Applicability



pressure surface (13d) into the side of the suction suré%fe Seé gradually
i ncreases toward the trailing edge. Onsghe contrary, PPePEPEESAY ruct ed
such that the bending angle 0 at the outer peripheral part (13c) of the

bl ade (13, 13, 13) increases gradually fromthe | eading 20 edge (13a) to
the trailing edge (13b) (the angle of inclination of the bent part becones
steep) for stable, geperation of blade tip vortexes (f') on the side of the
suction surfacgs t‘%sg‘}e“f e ﬁbQ"ﬁet%P@ﬁe%éﬂV%@ﬂaﬁ"%aﬁﬂph@&m aphntdie
blade (13, 13, 13), this nakes it possible to nake the scale of blade tip
vort exes Clweittpparatas forguenér 2t echditsommmippassupmedidolueits.34 23 Sept enber 2004
Furthernore, in the case where the bending angle 0 is varied as describe
above, on the contrary to the above, the bending angle 0 nay be decreased
gradually fromthe |l eading edge (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 fromthe |eading edge' s (13a)
side toward the trailing edge's (13b) side, in association with which the
bl ade tip vortex (0) grows and its vortex dianmeter |ikew se increases. 10
To cope with the above, the bending angle 0 of the bent part is al so nade
gradually gentle, so that the bending angle O will decrease according to
the gromh of the blade tip vortex (JI) which grows gradually toward the
side of the trailing edge (13b). This construction accordingly ensures
that the blade tip vortex (i 1) is held on the side of the suction surface
(13e) of the bent part formed at the outer peripheral part (13c) of the

bl ade 15 (13, 13, 13), thereby suppressing interference with an adjacent

bl ade (13). Additionally, it



beconmes possible to cause thé blade tip vortex (P) whi rows:gradually to
effectively enter fromthe side of the pressure surfaégsgﬂtgé\%eg?%d into
the side of the suction surface (13e) 3t the bl ade (13, 13, 13). Type of

Bl ade 20 In each of the foregoi ng enbodi nents, the description has been
made in terns of blades having a thin blade structure. However, there is
no need to say that the present invenAr®s i s applicable to commonl y-used

t hi 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 structure. 25 Industrial Applicability 35 23
Sept enber 200 th been descri bed above, the present invention finds
application as 5 THMSE Sier apparatus for use in air conditioning
apparatus outdgor units. 23 Septenber 2004 36 CLAIMS Wiat is clained is: 1.
An air blower kpparafu&r @i‘fﬂﬁ’i PRGNS FRIBPHINE R Bk Sthidh Reeamser dspter f
rotation and a plurality of bl ades di sposed al ong an outer peri pheral
surfade ofotationi éndhub, Plwiabityeiof bladesr diwpsqdhatalz endseutef pesighiéraly sarfacet rofli | i ng
edges and of each said blade are situated ahead relative to the direction
of rotatisud Wwhier eilerein @uteer peaphgpdlerends paft l@fingacdnds atrallifd addges s ahént
toward the suction side so as to define a starting point at which an air

flow star§featieshd Plddc aBJindhar Mledtl fehifivé Rthalireckn @F fotfohon wi dth, W of said
bent part gradually increases fromthe vicinity of said |eading

wherein an outer peripheral part of each said blade is bent toward the suction side so as
to define a starting point at which an air flow starts leaking, and wherein the radial-

10  direction width, W, of said bent part gradually increases from the vicinity of said leading
edge to the vicinity of said trailing edge.

2. The air blower apparatus of claim 1, wherein the radial-direction width, ¥,
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 of each said blade.

15 3. The air blower apparatus of claim 1, wherein, in a chord line C in a given
blade radial #, 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 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 to an
outer peripheral end of each said blade 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 O-R connecting
a point @ at which said outer peripheral part of each said blade starts
bending toward the suction side and said outer peripheral end of each said blade in a curved
line K’ which is a revolved projection of said curved line X onto a plane

25  including a rotation central axis O and (b) a tangent line A-4" at said point O of said curved



edge to the vicinity of said trailing edge. 2. The air Rl ower apparatus of
claim1, wherein the radial-direction width, W of sa?gsﬁﬁﬁntﬁé%o‘?s not
nmore than 25%of a length La froma hubi’side base end to a radial -
direction outer peripheral end of each said blade. 15 3. The air bl ower
apparatus of claim1l1l, wherein, in a chord line Cin a given blade radial

r, the | ehgd R’ elosgabdhe bide &flahnende ﬂeﬁpllré??! ol Bt §did PRIB thANsafdbBinE pOkda | 1 nE
Cis P, and the length fromsaid bl ade | eading edge to said given point P
is L whilg,an.t @eeother hand a radial-direction curved |ine, which extends
froma hub-side Basé end to an outer peripheral end of each said bl ade and
passes through said given point 20 P so that the ratio of said length L and
said length LoV 8:  L/Lo) 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 mﬁﬁl%ge@aiml@t%rs Youed pradvaily thegficinific of sséd abhgddgestodhe s
bendi ng toward the suction side and said outer peripheral end of each said
bl ade & n weicinity vEshid trdikiveg ddge whdatthoutes pariphevad bvdbst spicidjladet | on of said curved
line Konto a plane 25 including a rotation central axis 0 and (b) a
tangent line A4- A" Bhe GidibfbvRpapfardibf @ﬁhm,cmfaefaﬁ sdill chpveRaRleGRBMpARR4 | i ne

K' closer to the side of an inner periphery of each said blade than said

point Q di : 0 L0 i.d -] i l. | S i ed
O adual 1y Fren dRA°hALSAPHESe dnd AT S owE B R 08 i, bbbl ° 0,
trailing edge of,sai.d. oyt eri pheral..end of said blade., 4. The air Dbl ower
appar at us>FoB] W3S 1 8&@#’10@5? a‘éﬁ&%dal%ﬂ@ﬁegewq?%?mnﬁ"éﬁw sai d
hub- si de base end_and sai d outer_ peripheral end, an inner peripheral
segment WHE SHCtiog side: fbarn teR Reripherak segmgntwhichh s beat wargrd e sudipreside. apd ch i s
convex toward

10 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 and said outer peripheral end, an inner peripheral
segment which is concave toward the suction side, a central segment which is convex
toward the suction side, and an outer peripheral segment which bent toward the suction

15 side, and is hook-shaped as a whole,

6. The air blower apparatus of any one of claims 3-5, wherein the angle 0.,
formed by the said bent part of said blade outer peripheral part on said curved line K’
and a plane orthogonal to said rotation central axis O, is not more than 90 degrees.

7. The air blower apparatus of any one of claims 1-6, wherein a rounded

20  surface is formed only on the side of said blade pressure surface of said blade outer
peripheral end.

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

surface formed on the side of said blade pressure surface of said blade outer



the suction side, and an outer peripheral segnment which_ is bent toward the
suction side, and 10 is hook-shaped as a whole. 5. Thé3 £ePteRIbgHEP04
apparatus of claim 3, wherein said curvdd line K conprises, between said
hub- si de base end and sai d outer peripheral end, an inner peripheral
segnment which is concave toward the suction side, a central segnment which

i s convexperiph¥al €hd'ib QoSlugtthaly for ore EHAH 3AWheel8¢ tHRQKiLIBRE! &t saf Il HRITh tdhi ch
bent toward the suction 15 side, and is hook-shaped as a whole. 6. The air

bl ower appamnat Uemahudg f j -5, wherein the angle 02, forned by
P osft PRRR of i bR

the said bent " part o er peripheral part on said curved line

K and a plang ort on to said rotation central. gxis 0, is not, nore
than 90 deor oe. 7. THRET BlowepaBiphu B An ik SEilai - BiBespingsels AL blgigt
wherein a rounded 20 surface is forned only aon.the side of said bl ade
pressur e YAFaSe1S0I0 §%HSEF”EFF§CR§ t8ult%e Fcoporterh SHENN SR RIr gonditiening AppATaiHe
apparatus of claim?7, wherein the size of said rounded surface forned on
t he sifde @ftdaaiwit.bl ade pressure surface of said bl ade outer 23 Septenber
2004 38 peripheral end is not less than t nor nore than 3t where t is the
t hi ckness of said blade in the vicinity of the outside dianeter of an
inpeller. 9. The air bl ower apparatus of any one of clainms 1-8, wherein
said air blower apparatus is so constructed as to be incorporated wthin
an air conditioning apparatus 5 outdoor unit. ABSTRACT Di sclosed is an
air bl ower apparatus conprising a hub (14) which is a center of




rotation, and a plurality of blades (13, 13, 13) disposed alon an_outer
peri pheral surface of the hub (14) and having | eading §§§99W5$1Tﬁ%p%dges
(13a) and (13b) wherein both an outer peripheral end of the |eading edge
(13a) and an outer peripheral end of the trailing edge (13b) |ie ahead
relative to the rotative direction. An outer peripheral part (13c) of the
bl ade (13, 13, 13) is bent toward tﬁgﬁgﬁﬁéﬁﬁg side in such a way as to form
a starting point at which an air fl | eaki ng, and the

radi al -direction width, W of the bent part gradually increases fromthe
vicinity of the |eading edge (13a) to the vicinity of the trailing edge
(13b). A blade tip vortex ([err]) generated froma blade (13) positioned
ahead rel ati ve Disclogedeis rantait blomal agparews icompHsiagd kubs@aqrvalitlo s ¥ @eateX of rom
a pressure surface of a blade (13) positioned behind relative to the

rotati onakothi6 Gl Qpidrably TladR8Es, A5E3) di PO rSGRE [REiphi el LFHES of T ©

suppr essed.
5 the hub (14) and having leading and trailing edges (13a) and (13b) wherein both an outer

peripheral end of the leading edge (13a) and an outer peripheral end of the trailing edge
(13b) lie ahead relative to the rotative direction. An outer peripheral part (13¢) of the
blade (13, 13, 13) is bent toward the suction side in such a way as to form a starting point
at which an air flow starts leaking, and the. radial-direction width, #, of the bent part
10 gradually increases from the vicinity of the leading edge (13a) to the vicinity of the trailing
edge (13b). A blade tip vortex (B) generated from a blade (13) positioned ahead relative to
the rotational direction F and a separation vortex from a pressure surface of a blade (13)
positioned behind relative to the rotational direction F offset each other, whereby discharge

vortexes are suppressed.



