| 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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side ot tRKE % 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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chanber (8) and a nmachi ne chanber (9). Disposed in at exchange
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section and | ocated Tace to face w rear air
side gy I Hdbr drtPRhich 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) aré a beat 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)



2 23 Septenber 2004 and the aforesaid air blower apparatus unit (3) which
is located downstream of the heat exchanger (2). On t A2 Septemben 2@,

di sposed in the nmachi ne chanber (9) are“a conpressor (11) and ot her
conmponent parts. A fan nmotor (12) for rotatably driving the propeller fan
(4) is supported fixedly on a fan notor hol ding bracket (not shown
diagrammatically) 5 disposed downstream of the heat exchanger (2). The
propel | er afidithe(afpressid hprblexangpperaas whio®) whictisdutaed Qowhitidsupof thsddat 0 a
drive shaft (12a) of the fan nmotor (12), and conprises a hub (14) which
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ahead, relative to the direction of rotatron Fof the propeller fan (4),

of thé podispossd demvnsireannoiihadessexchasger @) (i.e., the inner peripheral
end). 15 Such an outdoor unit construction may produce I nconveni ence, i.e.,
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bl addd f ol fermesh inf 2 sWERIrosward ilade wwagrorly Ainasupplyéng perfwmanpg, orhereint el v,
these noise-reduction nmethods alone fail to provide solutions to the
f ol | owi ngatgeeshingpad 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.



3 23 Septenber 2004 When the blades (13, 13, 13) of the propeller fan (4)
having a bl ade structure of Figure 20 start rotating, 23 GeBtepiedde®s 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 pressure surface (13d) of high
pressure around into the side of a suction surface (13e) of |ow pressure.
The air flow 5 (a) forns a blade tip vortex (0) as shown in the figure.
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vortexes di scussed L;glove tél reduce | evels of noise generated by air
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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



25 apparatus (Japanese Patent Application No. 2001-388966). As shown in

Fi gures 24-26, an 4 23 Septenber 2004 oufer peripheral 2p8eptebBe206f t he

bl ade (13, 13, 13) of the air blower apparatus is provided wth a canber
part which beconmes gradually greater in radial-direction width fromthe
vicinity of a |leading edge toward the vicinity of a trailing edge thereof
Such arrangenent ensures that blade tip vortexes are suppressed w thout
changi ng w©hter @atiphresal parg@3gfofitheblade (i3ads, 13} thedair Wldyver appacttirers providisl, t he
above-described air bl ower apparatus of the previous invention (which is
made up ofwith AuhmbdA parehitich besomne sgraditdift @eatef i SldaIdRBctRS FRMFIm thde
figure and a plurality of blades (13, 13, 13) disposed along an outer
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canber”’ pa adg(13,1d er peripheral part (13c) becones gradually greater
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the blade (13, 13, 13) of the air blower apparatus (such as a propeller
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pressure surface s shown in Fi ggre 24. Therefore, the dianeter of

the bl ade%?‘]&f%?b?f(tzeﬁ?% iba?galam(@nam ) g Aermadamck thah g omfer 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).



flowflowing in the direction of the blade outer periphery on the side of
the suction surface 25 (13e) will no | anger interfere2diSeptember BPte tip
vortex (0). 5 23 Septenber 2004 If the width, W of the canber part of the
bl ade outer peripheral part (13c) gradually increases fromthe vicinity of
the | eading edge (13a) to the vicinity of the trailing edge (13b) as
descri bed above, the above-described action achieves its effect snoothly
fromthe | eadilhpeetidd: ¥, ofacanbaepartoithebledeaputeripriphoel part (Idi) sroihendly
according to the diameter of the 5 blade tip vortex (0) whose di aneter
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13) (seeq Btgws@egéx)oed bﬂo@dﬁietdbgﬂe d&é&ﬁbafmlbﬁtaeﬁemsqéeeffelcpsm&ftm?fr&lﬂhel S
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the | evel of noise generated fromthe air bl ower apparatus itself is

ef f ect i velfipr thedeasing igsls|(t¥m skils Bahashiling edg's ({3 )side ofthe hlade (hs 13, 13)
above-nenti oned previous application provides an inproved construction
capabl e of(secedhigeei2sy i addition, they gedeeated dhide tiponrteaiip) Blunfikeyeadepat Abmde
tip vortex interference between adjoining bl ades. However, for the case of

t he previ %bsblgmubggﬁg&{hcgq ruction, it has becone clear that there is
still room for inprovenent h respect to the point that a generated bl ade
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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



natural that there is a grilled structural nmenber such as a fan guard at a
position inmediately downstream of the air bl ower appd? §?Qﬁ§mbﬁngﬂAdi ngly,
when incorporated 6 23 September 2004 wthin the air conditioning apparatus
outdoor unit, discharge vortexes from between adjoining blades wll
interfere with the grilled structural nenber, thereby generating noise. In

order to withi R £PIcthdiBBSinkCappBRSS PEtaBbEIEit, dibchaPELF6AtxdsNY¥SRbARedRS
made. Accordingly, an object of the present invention is to provide an air
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air blower apparatus is provided with a 10 bent part which becones

gr adud | ycagaklapéachiqyingddidgltipaiorter réduption without makang ey ohapgein the efitira bladeadi ng
edge toward the vicinity of a trailing edge so that it becones a starting

poi nt at skape heapalle afY supbegsifg ale divehsgidg of vatgeess uhe asublodee dpparhfne Si de
of a suction surface starts |eaking. SUMVARY In one aspect, the present
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outer perj face of } b el ter. i s, of
| eadi ng ai’rrllg&?é%%efii ﬁg&éd%ne éﬂ a%oglﬁgjgnglgc ?Pp\séga?‘ydg b%ﬁ%%e%%ﬁ ieﬁgj g{)@dg gﬂ%aag
relative to the direction of rotatiaogn, rei.n. an outer peripheral part of
Cach sar BT 4GS S OTRRE Bt T G bORsT ARG B ng
point at which an air flow starts |eaking, and wherein the L
radi alQ di st Pr st becompy gerdually arepenin rdial-digeciign avidth froretha iginity ofne 20
the vicinity of said | eading edge to the vicinity of said trailing edge.
DI SCL OSUREadifg cdgerEdivhrdithe vicioity ef a treiliag kil gose thitet xfcomene staitogedind bf whith t he
present invention provides the
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



fol | owm ng probl em solving means. First Problem Solving Means 25 The.‘fir st
probl em sol ving neans is directed to an air bl ower appd®geplsmben20di r 6a 23
Sept enber 2004 bl ower apparatus of t he & rst probl em sol vi ng neans
conprises a hub (14) which becomes a center of rotation and a plurality of
bl ades (13, 13, 13) disposed along an outer peripheral surface of the hub

(14), whepiver MaiusisTthO Bt lobRittlSolfhg nRRARE Bengds b hab l(14)@.v}ﬁ@lgse%oﬁ1@§§) and
(13b) of each blade (13, 13, 13) are S|tuated ahead relatlve to the
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each bl ade bent towat n si 0 a flne
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radi al - dlrectlon 7 ept enber 2004 wi dth, W of the bent part gradually

i ncr eases(PPbth ftaﬁ]éblﬂl% (1|3fr 13, 1) are uateshaend relaiye 1q the dyregtion of Ftatiane The gl of
the trailing edge (13b). As described above, the outer peripheral part
(13c) Sof blawar appatatug k3, the Fjrst] Bloblesn sblving toway & threacderzed on thatden swteas t o
define a starting point at which an air flowflowwing 5 fromthe side of a
pressur e petphasepiaropderoftdach blade(13f 131 1SV ixtHeantosdfd € SuctibAkids sb eadol difineand,
in addition, the radial-direction wdth Wof the bent part increases from
the Vi Ci nj kil doft® at WRRH R Gir FB0Psiks TGRS ahl o Rl MibMaiRkribe trall ing
edge (13b). As a result of such arrangenegnt, an air flow on the side of
the pressure surface (13d) of the blade (13, 13, 13) is allowed to
snoothly enter around into the tapering suction surface (13e) along the 10
tapering pressure surface (13d) on the side of the blade outer peripheral
part, in the same way as the case of the forgoing canber part. Therefore,
a blade tip vortex (P), developed by an air flow entering around into the
side of the suction surface (13e) fromthe side of the



pressure surface (13d) of the blade (13, 13, 13), becones snmall in dianeter
and stable, thereby preventing an air flow (y) flow ng3iSeptendepRadt out er
peri pheral direction on the 15 side of the suction surface (13e) from
interfering with the blade tip vortex (P). If the wwdth Wof the bent part
of the bl ade outer peripheral part (13C) gradually increases fromthe
vicinity of the |eading edge (13a) to the vicinity of the trailing edge
(13b) of whdthpWadbthe bent g gradmllsidnatesses fromdhabioinety aftike lrhdiug edgs@Banbed
action snoothly achieves its effects fromthe side of the |eading edge
(13a) up the diaity bfithe ofailinpeedige @gidb)ng 20 edge (13b) according to the

di aneter of the blade tip vortex (P) whose di aneter increases when
gradual |y | am pat ek t ' ' 133) 8 fe to
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gener at ed i vortex (P) i | kel.y,to depart .from t.he bl ade.
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Iength)_ of chord js %hortened with a view to reducing the weight of the

bl ade X 13fTomsthe gl of 3| prgssuse; syripes tawaed thegjdepfia sugtien pyrfase stars legking, eadh
other between adjoining blades (13, 13). On the other hand, unlike the
case of t ineadsidtidye thepradial-directiva ywidthy Poofsthe peiti paatinoeases fronbthiehdcinity of the
above-descri bed arrangenent an edge part of the blade outer peripheral part
(13c) is ldading édpea(lda) he thuctitialy SifUtheatrailingicdgd (96).t 1 AN aQradslt BofShaht | N
point relative to the radial direction. This determ nes a | eakage starting
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S e e AR B0l A R o OB DU (S AR ©.
050U, b b3t bk RdrafPhl SR PR gL S
part ( 13C2N'ay 'zbi\s lt}?ent%isé ch> Lhréaflorg\gi)rg ce;(mb(eé)pag.e r'll'%regetfoerg, ;. Qlage %ig r\}o?tie)rc] ([E))l, %gveeloped
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).



(13), and a blade tip vortex (fi) generated in-one of the remaining bl ades
(13, 13) that is 15 situated next to ang ahead of the &3Seniembsr 284 (13)
relative to the direction of rotation of the air bl ower apparatus (4)
depart fromthe respective blade surfaces in the vicinity of the trailing
edges (13b) of the blades (13, 13), and cancel each other. Since these
generated vortexes (S) and (E) cancel each other, this effectively

el i m nates t he CONEAHEREH ﬁ@e’b’f"heﬂlﬁ}etl@}@% of gharfds shapsaed with agyiewdeirediicinghi ch
is the problemw th the previous application). 20 Accordingly, the

di schar gi thg wiightofttextdadd 31 bh 1dpviatert pavnrskde(f) molnmbhiatdrfepeivitk eactodthemhe
air blower apparatus (4) is effectively elimnated. This effectively brings

about reﬂme@mdjbmdm@a@(pj 139i se generated by interference of a fan
guard et cetera with discharge vortexes fromthe air bl ower apparatus (4)

when lnCOprfatﬁ‘{P%@h’& Hantdhﬁnlg& the %ﬁ@%‘f n% 'rrg%g)gﬂ#ﬂgﬁfg:"b?e\ﬁ{)u &%ﬁ&hc&ﬁ%t in 22

Second Probl em Sol ving Meahs ept e appatr at us
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t he bent part is not npre than 25%of a length La froma hub-side base end
to a radi Bentdpyadthe suctipniside #ex giverpPesitiahe ‘{SR) stafting o | relative tosthe Tadial 3) |
5 1f the radial-direction width Wof the bent part is not nore than 25% of
t he | engt Hiredtimnf rns dé¢ternhints 3 ladbagragartieg por®)0 vOthehar Hove(r) from tHeesidd ofend
(R of the blade (13, 13, 13) at a maxinumw dth portion in the vicinity

of the tr el pragudgefact (i3d)as the geoen thealkaisn isirfage0@sé)lafd tie AaLLR\GE.aid N a
nost effective nmanner, the effect of suppressing blade tip vortexes and

downst r eaffpg ﬁa&%rya%ey%é SifmePoifCO0bcBREs %eegfﬁuwmtembg man%%fz‘g)snagoe i ch

t he alr 10 su i ng performance of the alr bl ower aratu not
fall %@g ﬁg@t her way, although the bent part is effective for the
suppre55| ng 0 P tip vortexes (P) and discharge vortexes, it does not

contribute to }Z\Iaglti%naﬁy, A9k samé 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



supplying air. Accordingly, there is no point in increasing the width W of
the bent part nore than necessary. Prefgrably, at |ea8% Sgptenther 2884 mum
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 nore than 25% of the
|l ength La fromthe hub-side base end (S) to the outer peripheral end (R
of the blade (13, 13, 13), according to the front-to-rear |ength of the

bl ade outer pdiepirtlaveranpararys @) Ogthe second\preblem25lving meansaichendingdodisg
preferably the width Wof the bent part is, even at the maxi mum w dth
porti on i dirstherobleni sultiyig afieank és tlliaa:itdtér'rt@d&'dgﬁat(tﬂ;@bédial&ﬁreﬂ@én wdie, Ihaf tBd% of
the length La fromthe hub-side bade end (S) to the outer peripheral end
(R) of theehl REEis hdBmorkIhan 3% o@ﬁ%n\éﬁ{l,@?romﬁmmmg?y ré'eﬂ&'t(pﬁ'ra?ﬂﬁrﬁu%r:tl%l end

S 0.25La in the front-to-rear diréction of e outer peripher

(R) Thi r%u%rﬁ%ﬁ[@reﬁ%wéﬁgomgﬂfatdgleé ?htﬂ’ | ower apparatus (4) of the third

pr obl em sol'vi Ag 'neans a 25 the first probl em soI Vi ng

nmeans or the s ohl em sol. vi ns is characterized as

Septenfger 2004 1f gmre lglr%tlanaﬁéﬁh%q?ege bentipag 1y nQEmOp téza@%%d@faqhe rlengtfhe
|l ength of the chord line Cis Lo, a given point on the chord line Cis P,
and the | dadrom theohmbrfide basecnd (Shidi thy oatéy periptees) end (R} bRthgiblede (b 13, 18) i s
L, while a radial-direction curved |line, which extends from a hub-side
base end @By niaximummoniddr preion phthealiciging of Me tedilingdedgel ikeartahgemést mdkds iand
passes through the 5 given point P so that the ratio of the length L and
the | engt Boksblé ko Schieve! 170 mbt <FRBG SMhnner Sthgeffe&%@sﬁﬂb‘?es@ﬁ%lb‘?ad Fdhehss |

formed by the intersection of (a) a straight [ine R connectl g a point
t whi 1 1 tart
Bendi ng.  tasasy e, BELHs %ee"@“aﬂ@%%%d%%?"%%?é?"e“%tﬁ’mﬁﬂé? S gt e e °
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(b) a tangent ne, A thecﬁfg nb Qof the curved line K closer to the
side of an i nn&at%'f‘rf r"\/’aY@PIﬂi‘ hyshe,bent peg is effectivg)for; the suppressing eftblase | s a
bending .

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



angle 0. The air bl ower apparatus (4) of the third problem solving neans is
characterized in that the bending anglg,0 is varied g3 dentemper 0P t he
vicinity of the |leading edge (13a) to tP1e vicinity of the trailing edge
(13b) of the outer peripheral end (R) of the blade (13, 13, 15 13)..The
bending angle 0 of the bent part in the configuration according to the
first or second problemsolving neans is defined in the way as descri bed
above, andoNaws. el a ehordlide Khintaogivereblatia paliafr, thedengiinef theattord i@ C18Lo,13)
such that it gradually increases or decreases fromthe vicinity of t he

| eadi ng egpen(pbaa)ort hetdherdviid Oiis P, 8ifd tHGedgtRiffdnD theIBR 1%9&&3}%9% Plfsas tt?

bl ade outer peripheral end (R under t he foregoi ng condi tions
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bl ade tip vortex dis arge vortexes 1A
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and the suction, surface i ncreases gradually fromthe | eadi ng edge
(13a) Yo EHenpeind sgdhald éﬁ’“o e lepgthili ang thellsasihnabli.cof/Adids tinstiot, (18, 13,

13), in association w th which the strength of "entering-around”
(vari ati oand theadngld, [vducklisr focmedhy thef inamscation of (ay o siniight Mie -Recarhedthe a
pressure surface (13d) into to the side of the suction surface (13c)

gr adual | y pbine (B asehicht the@ithr tpREpRdral parin 1307 8L theTbI &AL # 3¢ 190[13)r &hXs éﬁdlﬂgie
bendi ng angle 0 at the outer peripheral part (13c) o {he’ bl ade ?

13) is i ngdweadate Ihadmadily gifrl]cg ae{y (&ﬁl@[ h%ﬁ{li;efh@ eﬂﬁ' (o]f?tﬁ‘é b a(ag (?? ?5 aﬂ) %1 edge

(13b) (in other words the nat i on t he ben
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as to the side of an inner periphery of the blade (13, 13, 13) than the point Q, is a bending

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 tﬁe 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



possi bl e, and the scale of discharge vortexes is also reduced. On the other
hand, contrary to the above, if the benging angl e 0 i s2B&spiemigr 2604dual |y
fromthe side of the | eading edge (13a) to the side of the trailing edge
(13b) (in other words the angle of inclination of the bent part is nade
gentle), this causes the 15 bending angle O to decrease according to the
grow h of a blade tip vortex (J) that grows gradually in the direction of
the trail itfr&éméd@ée((lgb)) of thsi Wadec 6135 dBndB) ierssocesion hath whishathe striengthvaft t ex
(f) is held on the side of the suction surface (13e) of the bent part
formed at “¢emeringoatband"perariptiar & apafléw (didedion)f oft fie ahl Bele fdB thd Jideld) the
thereby effectively suppressing interference of adjoining blades (13, 13)

d bl adeptd || ' t ' 0 at
The bl adoForey SaHE AP noD, Ry e o Pl QL ¥uPhe' QPP RN FERa&s,

(13a) to I of the trailing edge (13b), it becones possible to

ef fecti Vefgﬁigélﬁ%ﬁéasﬂén%%qegge due to the blade tip vortex (ii) and noi se due

t he %ischarge vortex when incqorporated in air conditioning apparatus.
Fourt R Probl enC8oilgisegtrimaiisthe bepdingeanelenp af theoouter perindieral megvdcapiptheat us
(4) of the fourth problem solving neans according to the third problem

sol vi ng nblade (13, d3adak isanireesgdignadually frdwe theuleadinl kigee(1R8a) tothprtiaies, edget ween
t he hub-side base end (S) and the outer peripheral end (R), an inner

peri pher a{13%3 gimeother wéiidg khel shglenoft inelifabioMothetbemit partt @inadd §6ep) 3o GRALIAL
segnment which is convex toward the 5 suction side, and an outer peripheral
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whol e. The bl ade 13, 13) is fornmed suc at the curve
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possible, and the scale 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



noves stably (adhesively) along the suction surface (13e) w thout o
separating fromthe suction surface (13g). Accordingl 23 Sepiemder 200bw i s
unlikely to interfere with a blade tip Vvortex (il). Additionally, because
of the arrangenent that the shape of the central segnent is 15 convex
toward the suction side, the flow velocity of an air flow which intends to
nove to the side of the suction surface (13e) fromthe side of the
pressure surf adde(@Belpwesappagtpr €3 98 thebfofith phabimin evlvingemsdnd ecadrdingdo the
pressure surface (13d). As a result, it beconmes possible to reduce the

scal e of ahibd pobdlent polvimitean(iPkhirasetiZedhithdt thé cfrOed Bk RY cohifrigds! bdthosk
Furthernore, in the present problem solving neans, the outer” peripheral

segment i She BGb- t ' ' S i i | ow
o the. si d A FREbAlOURL 631410 B Sk behfeal LAY Binct Bafond Gheny Do
al ong the ekl r u surf 13d) i t he bl ade .outer peripheral
part (13c)“?h€i"£z;ihnE Is}[grr%)}%t ﬁ’?ﬂ%} éfﬁ? éﬁglggfﬁﬂ%da F%ﬁt@?tsﬁ%n?fﬁp%l?‘gﬁds §B’&quofr?wa§‘glﬂ?eace
(13e)._As a resu&t,eéhe vortex dianmeter of the blade tip vortex _éﬂP) becones
furthet SHeffanside;and g guies penphieral ssemaent ayhicty is bant toward e isncticmesidy, até iout er
peri pheral end (R) on 13 23 Septenber 2004 the side of the suction surface-
(13e) is maok-shapelkerywhole.i nterfere with the blade tip vortex (li) Fifth

Probl em Sol ving Means The air bl ower apparatus (4) of the fourth problem

sol ving means dthedsladen@i, ol i8) ib foimmeddsuphofbhe fheSQUIVE UnéBEMhdsSa shape as
characterized in that the curved line K conprises, between the hub-side

base end @&dcridad dbbge OULBEe REEHMEMYAkin€@dné Riner Ak Hés}g{; ﬁ@%ﬁét\%‘?ﬁtﬁﬂrisﬁ? grent

which is concave toward the suction side, a centra I'S” convex
e SRR 5 9o O AL DO BB RS
Is f o[d® d tf%“é’JE:ﬁ%Q al; acpee(lgléf \c/)?ghel {)lre]ﬁe lﬁ3, hl%? 1%) %?%%gtrgggal force during rotation,
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



descri bed above. Mre specifically, since the inner peripheral segnent is
concave toward the suction side, an air3 flow toward tB&2Sepigobenddes

peri pheral end (R), generated on the side of the suction surface (13e) of
the blade (13, 13, 13) by centrifugal force during rotation, noves stably
(adhesively) along the suction surface (13e) w thout separating from 15 the
suction sg{f;a(feg( 13e).. Accordi ngl ]y the air flow is unlikel ?(, to interfere
with a bl B4 ¢f the shqtion supfaogidide) §iadeunlikely 4o sterdsre i tHe Pladgdivevprickhat

t he shape of the central segnent is convex toward the suction side, the
flow vel o)ty of an air flow which intends to flowto the side of the
suction surface (13e) fromthe side of the pressure surface (13d) is 20

suppressemme?%mbﬂrgj,l‘qﬂgm.ﬁi de of the pressure surface (13d). As a
result, it beconmes possible to reduce the scale of a blade tip vortex (fl)

itself which i ek d [ . [
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13, 1 is.bent.toward the suct,jon.side. Because of, this, an air .f|] ow on
the o et Patepy REGns BRef i thofite s in Rf Rle"Giriiainti” cofipriied Pelrine

al ong the tapering 25 pressure surface, (13d) in_the blade outer peripheral
part (13cthe Buybgsidihrbesering (Sptagd $he; puteh aeripherat end (R} 3y pinon penphsrad segraent
tapering suction surface (13e). As a result, the vortex dianeter of the

bl ade ti pwhicbris exn¢a®}y tbeadthe shctianhside, sneentrelr segndnt whishds coireaxcioyvaschthai r
flow flowing in the blade- outer peripheral end (R) on the side of the
suction ssudtiofaidel 3@ ah SuftRGeriphdrilkebinehiowhichtbenf Rfverdihiesuciien bidadend isp
vortex (a). 5 If the wwdth Wof the bent part of the bl ade outer peripheral
part (13choQ-ahpad bya whoer eases fromthe vicinity of the |eading edge (13a)
to the vicinity of the trailing edge (13b) of the blade (13, 13, 13) as

descrjghed abovgy, tb'i‘a%eaﬁg"%deiﬁgri% &ﬂqeﬁ%}pﬁ'}h&‘cthkg.l%r@édaﬁfe lfgﬁﬁao%%l&yiﬁ%era'

end part achi eves nore shooth s alr ow gui ding effec e side
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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



10 of the blade tip vortex (f') whose dianmeter increases when gradually

| ami nated to beconme larger fromthe | eagdi ng edge' s (1385eptesder 808he
trailing edge's (13b) side of the blade (13, 13, 13) (see Figure 25). In
addition, the generated blade tip vortex (E) is unlikely to depart from
t he bl ade suction surface (13e). Consequently, as described above, even
when the | ength of chord is shortened with 15 a view to reducing the

wei ght of intadhefapgeng sactionzurfagy (136). ades a fegulisahe erpex diametprrdrthe bthde wipl |
not interfere with each other between adjoining bl ades (13, 13), and

di scharge vosex (fXiesomes dnvives tstraHen ofd sthide avlierbhoue biraffiva flatvitsg (dhedlfle
reduced. As the result of these, with the configuration of the present

probl em sglé HripR&ES end (RE oAbAY Sidese tePaiias LG f{/s%; GOXblapathikageiher

effectively, thereby bringing about a 20 satisfacto eduction 1n”l evel s

of noi se g@erg%ﬁﬁ{tﬂ%%@g%wﬁgﬁgp)conditioni ng apparatus outdoor units.
em So e di

Sixth Pro Vi ng an i bl ower apparatus (4) of the sixth

probl em sol vin ans, according to an one of the third to fifth problem
sol vi My neans ?%H'gh%d&lb%Pf g@&ﬁ“ﬁ p?‘ﬁé‘%‘( tlﬁ%&a%alﬂér osuphkesa! sy @3chgradualiyenber
2004 by the bent part of the blade outer peripheral part (13c) on the
curved | i mereasesafigmathel dgiaity of theolgediag edge () rtotthe vemityeod thel tralirigsedge i s
not nore than 90 degrees. In the case where the blade (13, 13, 13) whose
angl e of {13b)afdhe blhdé (13, L3, 1) @adestsibedisisne] the dbavaodeciilsedrartivh af thertgslieby
nol di ng of synthetic resin, the operation of product 5 releasing (i.e.,

mol di ng r eORY pLoipHeeA QAR pafliabhibedd| thork QR8P hir OGS SRNinP RN floifthe side
ef ficiency of nolding worse. However, the ‘above-described arrangenent that
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larger 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
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



10 possible to provide an adequate draft angle, thereby facilitating
nmol di ng work and inproving the efficiensy of nolding. 28&geternberRodt em

Sol ving Means The air bl ower apparatus (4) of the seventh probl em sol ving
means according to any one of the first to sixth problemsolving neans is
characterized in that a rounded 15 surface is fornmed only on the side of

t he bl ade pr.essur.e surfac 13d) of .the bl ad ut er eri.nheral end (R).
Such arr ar@etrﬁr%ﬁf Dt Rk © at%? §l?§?8é’a&e§tﬂef’812:eéali ?tf@?%e%fl B‘r‘?l@‘"{’}ﬂqﬂ?fﬁ sqngél Bfng he
bl ade pressure surface (13d) of the blade outer peripheral end (R
prevents t °8%‘@$F°r@ﬁé‘éta‘6‘?“ efniral ayip, tsqyobm%@énﬁgd@mwedge part, thereby
enabling an air flow to nore snoothly enter from20 the side of the

pressure surfade thelGu} vdfere the thded@d3pb3,e43) peroisp hrglalof fartard fiBiny ifkpands i Nt 0
t he suction surface (13e). Eighth Problem Solving Means The air bl ower

appar at us describefl abbée: Bi GhhlTaqnRE! I MMsRIN BUsyRRIRER r@ﬁﬁ,%eidraeraﬁen to'f'?rocﬁféyent h

probl em sol ving neans is characterized in that the size of the rounded

surface 2geiaH 0 s'%? a rf 134d) of, t he
bl ade outerepeé?gﬂ%?g?&gﬁg % (“%@ Bgﬁgg%tg@%ﬁgﬁgig%ﬁPéHhéﬁgg@één %%t?enor
nor e thaneﬁ%.wherg Ills t he thickness of the blade (13, 13, 13) in the
vicinity St CHEY QAGYBE A et er of an inpeller. Because of the arrangenent

that the size of the rounded surface fornmed on the side of the bl ade
pressure surfactveren) thef ahaye-dspetbed orrrangement thiérthe asgle OR) farmeddhy Itess
than t 5 nor nore than 3f where the thickness of the blade (13, 13, 13) in
t he vi ci niatgrsedtionrd thebsitdmriopfative hiade afutexperipiarhll part (f3c) e tiad curbddoliver K'
apparatus (4) is 1, the action of the seventh problem solving neans is

nor e ef f eahd wgllaneamttiogusdl talal rotien ckieal aRE Ois fo® Mokd) thad io0 dg:ifiéés,%akés he

| eadi ng edge (13a) to the vicinity of the trailing edge (13

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)



In other words, if, at the outer peripheral end (R) of the blade élS, 13,
13), the 10 curvature radius r of the jounded surface2$ Sepembsn200k side
of the pressure surface (13d) is nade to range fromt to 3t as descri bed
above according to the variation in the direction of an air flow at the
time when the air flow enters fromthe side of the pressure surface (13d)
around into the side of the suction surface (13e), the air flow nore

smoot hl y EniQidess thamhnereoreithen 35 whete 7 by theghickness of theeblgdead$, 23,0dndn ihet 0
the side of the suction surface (13c). 15 Consequently, blade tip vortexes
(P) are supmityssfdabe eftfide tliavettgr, oftahémpdlierachi eving a reduction in noise

| evel s. Ninth Problem Sol ving Means The air bl ower apparatus (4) of the

ninth probl em pebaisBaf FRAUMENAEASThAGhS S28BYtheBEdRE stitseeltbfitdd PRyt h
probl em sol ving neans is characterized in that the air blower 20 apparatus

apparat uso) i han Posefe RERTEAURRM bCFoBRiBH AIIR BRI 1o

appar at us out aoor een descri ove,

Vor 1 exet PPGPISGoL P bTE i tiepeisat 6 Nage 0% T4 19 iRBeoraripgy e it 1

bl ower apparatus (4) of each Erobl em sol ving neans is nost 25 suitable for
achi evi ngdiagwiret olon impeliey af the faimblower wppatatua dd) ot dhedctivitt bf theasevanth 17
23 Septenber 2004 conditioni ng apparatus outdoor unit in which obstacles
(e.g., a peblegussldingtnans isayorel affectifedy echittdd alll ®ehdrgegive flopxhe vivirity of

di sposed downstream of the discharge outlet. Effects Accordingly, the air

bl ower apganeddisz édbk (93a)ith ehePAGERP LT IHRVRM (psydes the 5 follow ng
beneficial effects. (i) )Noi se gengrat ed by gﬁ]lieglée(li r )bl ower apparatus (4)

‘ : ;i glrf s T eduﬁ?glhe?%rﬁk‘? iiE Gt tPé@'Sﬁ'teP ?@ng"ﬁ{erralbén(avﬁg &ptlﬂgrbﬁdlés(ls,d' iS,i £3), the
porated wthin an arr "condi t1oning appar at
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



outdoor unit is reduced effectively. (ii) Even in the case where the | ength
of chord of the blade (13, 13, 13) is 1 shortened foP32€e®mmner 2hPhg
reduction in weight and costs of the blade (13, 13, 13), the blade tip
vortex (E) will not depart fromthe suction surface, and will not interfere
with the adjoining blade. This provides enhanced noi se reduction effects,
and suppresses t.he dro in air supplying performance. (iii) Ml ding
becones e&QVﬁPBmBEr‘"fpcli?la‘%t‘&nﬂu"a%ﬂué’c“F dR’ VhiCheohstagltes Ueigngaclont anard thep may

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

per i pher alintefiere yoith disthargehiiosiexéssara disposed dbwhbtesahl afithe (lik8hargSoutleB) Wi t hout
affecting the entire shape of the blade (13, 13, 13) which determ nes the
ai r suppl Wffegtsper f ormance thereof. (iv) Additionally, since the bent part
achieves a rib action, this increases the rigidity of the blade (13, 13,

13). As a resuldecoldifpl)! ddeil ﬂrl%we}ﬁagﬁér@usf(g?op?het g}egélﬁq V‘%‘ﬂ@;’fﬁqéﬁ‘ggs(()i%akl ng

It possible to further reduce the ac I'ng costsS o , 13,

13). t {i t resi stance to vibration of the blade (13, 13,
A ?&lo%ﬁgg b%lhegfcga&)?ﬁg?t

13) is inprove ¥duci ng the generation of abnormal noise due to
vibrations. (v).In addition to the above-nentioned effects, the drop in air
suppl yi ng  per {Br nklfiee seaeraigd by dhe air Wpwpr anpsptet(4) dselips FedupRbGRAPTIGN OF
DRAW NGS 18 23 Septenber 2004 Figure 1 is a perspective view of an inpeller
section othan the rirbblower apppatnai(dlsis incoppuitedgwithinaar hirsdonditoaitignapphratds t he
present invention; Figure 2 is a partially broken perspective view of a

bl ade secbuw@boninit Beediced bifestwely. apparatus; 5 Figure 3 is a rear view
diagramfor illustration of a hub and a bl ade section of the air blower

appar at us; (ii) Even in 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



Figure 4-shows, in cross section relative to the radial _direction, three
different structures of the air bl ower jgpparatus bl adé3 Sepiamker2004 o
cross-sectional view showi ng a basic shape of the air bl ower apparatus 10
bl ade; Figure 6 is an enlarged cross-sectional view showi ng a shape of a
principal part of the air blower apparatus blade; Figure 7 is an
illustrative di_agram show ng a bending angle, 0, of the air blower

apparat us bl ad&?EUrs IFspersectise igw ptg g8 impgliey seefiongplazn aRGMWe apparatus
determ nation action of a | eakage starting point of an air flow of the
princi pal apeardingtto & fiest #imbobinmne of thp paesettisvdntiasle; Figure 9 is an
illustrative diagramshowi ng a blade tip vortex/di scharge vortex reducing
action of the migureifal pRataly HrokdiepepdpectileodBl RRMMRIME N GG afri iswe 10

is an illustrative perspective view show ng a di scharge vortex offsetting
20 acti O”a?fiarﬁt% air blower apparatus blade; Figure 11 is an illustrative
devel opment” vi ew showi ng a discharge vortex offsetting action of the air

bl ower. appar at bl ade; Figure 12 is_a schenati ﬂ“lél ram,showi ng an
arr angserrent of 'ﬂségulr f 3& arFBadiqf'?‘E dizegm f%&’ilﬁgfaémﬂf‘)%ta %%“3 abtfslﬁ‘%‘e ecﬁﬁ’ﬁ)&ﬁ theus
bl ade; 19 23 Septenber 2004 Figure 13 is an enlarged schemati c di agram of
t he arrangi CIFPPERBIST i rst  nodification exanple of the air bl ower
apparatus bl ade; Figure 14 is a schematic diagram show ng an arrangenent of
a second nodi f iFegureé dn shoowsarnmplceossfsettion adlativel owe rgiphdatc®nbltade ;differEntgur e
15 is an enl arged schematic diagram of the arrangenent of the second
modi fi cat smictecaopihe adfblower ipirabls®lele; appar at us bl ade;
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;



Figure 16 is a front view show ng an arrangenent of an air conditioning
apparatus outdoor unit enploying a conyentional air bP3wepteapmsared4s,
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 conventi onal
air blower appatatus _(in the formof a propeller fan) enployed in the

conventional ofit@8ori3ul #1 Blgest sokpmaticadiapigas of dhe | rBemERWOE sty a
cross-sectional structure of a blade section of the conventional air

bl ower appwdificationaxanHe ofitheiatidowér appprtusbiade) part thereof; 15 Figure 21
is a schematic illustrative diagram show ng a problem (bl ade tip vortex

gener ati on mec fFigurs 04 isi aschehatid difigiam hBeisd inkGtdngemerit o seedrdaRsdiBfdtion
correspondi ng part of the conventional air bl ower apparatus; Figure 22 is

a schemat Ega[gﬁlggfﬁ{ymw%p?a[g{@%dtei p vortex interference phenonenon
bet ween adj oi ni ng bl ades of the convehtional air blower apparatus; 20

Figure 23 is agschengtic diagram showi.ng.,a bl ad ip_vortex interference
pheno%enon bet V\F@ﬁe ggj Bi i %’8 ﬁF%d;&Eerf“Hl ﬂ‘é‘gr@g%é’?m%raga’?%@eélﬁ(??&ﬁ? ef of
the conventional air r ap@?r atus bl ade of Figure 22 is shortened;

| o
Fi gure 24Modificatipg exanple pf g A blowsy 2ppedius§ladeshape of an inpeller bl ade of
the previous application as a partial solution to the problem 20 23
Sept enber 2004 Frugril €@ is26irpst vew chewwigi an atiaagementsifawiangeandbioathe dppprausr t ex
reduci ng action of the conventional air blower apparatus inpeller section;
and Fi gur eud6ot enitemplbyiug trcahivencions\we thpwedppakiaagl am of the inpeller
section, showing a blade tip vortex reducing action of the conventi onal

air bl ower appm%wﬁ is% 156l dMaPE o5OR GO NG ME chAMENT LMt hELRAT ter,
enbodi mrents of the present invention will be described in detail wth
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;



reference to the drawing figures. First Enbodi nent Figures 1-15 show
structures and actions of an air bl ower 2apparatus (4) 3@@@PHWH§”29@4to a
first enmbodi nent of the present invention. The air bl ower apparatus (4) is
a propeller fan that is suitable for use in air conditioning apparatus
outdoor units. Mire specifically, Figures 1-11 illustrate basic structures
and actions of .an inpeller. section of the air plower apparatus (4), and
Figures 12-15 (1PUEAPdt & SEIREHUS d&gf%{nsi%@g@lbéac@ ¥ VQTHRX Tersang astioserfithen
according to several nodification exanples of the first enbodinent. 15
Basi ¢ St r fepvarélons! aimeweiedppeassiimpelivsisestionngnd 0 Fi gures 1-11, the air

bl ower apparatus (4), which is a propeller fan, has a hub (14) of

synt heti c resi Figirh@6hiubn {ératie develepmeiit diigramtoitheimpilet fRtiah, shbbvawes
apparatus (14), and three identical blades (13, 13, 13) are di sposed

i nt egral | WblaleQipovorix rédicRiz 4854 BHGE dbnverfi i 14). 20 The bl ade
(13, 13, 13) ehgjgva Ixéadi ngg edge (13a)nangggﬂﬁ}rgii?‘%&ngpgﬂggg( 13b), wherein

both aa o ' I ' edge (13a) and an outer
peri phgr a:ﬁﬁ%ww{)ﬁtggﬁﬁ%ﬁqg%Ut@SWare situated ahead, relative
to the directi af otatLo F of the blade (13, 1? 13),. of _an inner

peri pheral end ‘(%" A8 %"}H‘S“téf"ftﬂP‘Feprﬁ%“ anventionwall be dlsgaribgd in detad aithh i n
the figure, an outer peripheral part (13c) of the blade (13, 13, 13) is
bent 25 t aoareace incthe deaviinmfisiige at a predeternmined width fromthe vicinity
of the | eading edge 21 23 Septenber 2004 (13a) to the vicinity of the
trailing &ugpeEnildhlimentthat a starting point Q at which an air flow
starts leaking fromthe side of a pressure surface (13d) to the side of a

suction surfacEFigurds3eis shewdeibmed. andhetisddbfadn sifbloSfet iaPﬁhrWug {4 ac léfgx{ég such

a bent part (i.e., the width of a projection surface of the bent e part

H e R e L LR T R
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 apparatﬁs (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



“trailing edge (13b) (W= 0 at the | eading edge (13a) and W= Maxinmum at the
trailing edge (13b), as shown in Figurg 3). Preferably3Segptember 2004
radi al -direction width Wof the bent part is not nore than 25% of the
radi al -direction length, La, fromthe base end of the blade (13, 13, 13) on
the side of the 10 hub (14) (i.e., the root of the blade (13, 13, 13)) to

t he outer ri pheral. end at. th ximumw dth portion of the trailing
edge (13b)(f3ear)d$ t Y‘&E*Etwefftg? yaﬁiﬁs&ggﬁb?bt) 58 t%rﬁgﬂ?ﬁ@g HS’F‘&(@ 3twhiglyee @ (P
w t hout causing a drop in air supplying performance of the blade (13,

13, 13) . Stlavedartslealtieg frapthe side o g ampsbuse surfecet(l 3detothaitide af 4 suction Syrficen
outside dianeter: 15 400 nm, the width Wof a maxi mrumw dth portion on

the side ¢f3é)hie defiréd. i Whe eddiipl-dirk3tion widih,t We obewdh PBedt past Peelips ddil ofat
nore than 35 mm which is the range in which the drop in air supplying

per f or manggy; redh sl f 0, L gh
w il be dg?éﬁﬁgdﬁﬁg%ﬂgfﬁgrgageegggﬁ ggbstll}ggiu ?ﬁ%‘n?lgg) i\étér%ﬁ}éﬂgr%@sngﬁgﬂg&rface

(13d) .. Her . | & as .shown .in Fi,gures. 3 and ' chord |i Cin
g v opfedelePbisd T oY o St oh ik o AP el B B Ry o el
point on the chqrd i Cis P, and the length fromthe blade |eading edge
(132) to {RENgeEn(ish) Y P ALthe leasing olen ) 91 B T Aepamumct lscraihe ediey od
line, which extends froma hub-side base end (S) to an outer peripheral

end (R) ofl3easishowe iqHigureld®, 13) and passes through the given point P so
that the ratio of the length L and the length Lo (i.e., L/Lo) is constant,

is K, and the Braitreblyydhi cddialsdifeatiorediidtb Mgt thb@entiaeyis @6t mom thin Z9% ofithe
straight line QR connecting a point -0 at which the outer 22 23 Septenber

2004 peri pliedaireRiadd leﬁ%tg,cla,oﬁ'oﬁlhﬁe BhRAd(K3he bide §H3, B, QB)'E? lﬁ?é‘ﬁi(ié‘gf Hrﬁ‘g’ar d

the suction side and t outer peripheral end (R) of the ade (13, ,

ok S SHSEH el Vs (110 v w0 G el 8y gy e |

K onto a pla

'S‘e 'rA‘I 0 ﬁ; " ; R nQ—twiQhOJortticpneofc the Yr%ﬁiinlg 'ede H3b$,| 137 gtrfec:[tRfeltyhs%pgrlegs?ngoghe q'grglc)lnnrée '

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



5 of the blade (13, 13, 13) than'the point Q is a bending angle Q0. In this
case, in the blade (13, 13, 13) of the2first enbodi ne%é,S%PP?@%{%@BQﬁg angl e

O is varied gradually fromthe vicinity of the |eading edge (13a) to the
vicinity of the trailing edge (13b) of the outer peripheral end (R of the
bl ade (13, 13, 13). Furthernore, the angle, fornmed by (a) the straight |ine

Q R connect.i. t.he I, nt 0,0n.,t rved line K at which the outer
peri pher alpeﬂa%ral(pfggﬁk‘g@fﬁﬁéﬁea@@ Pftslf‘;'yit%?s hepding tﬁ?"iag‘} thﬁé‘ﬁ‘aioﬁé“ﬁﬁﬁgﬁg‘:t he
suction side and the outer peripheral end (R) of the blade (13, 13, ég}
and (b) a9yfeamsriphaoudrR) of dbe gl@dﬁr OBatBoh)ciar euvedling Kowhichtihe movelded (13,
13, 13), is 02. In the blade (13, 13, 13) of the first enbodinent, i.e.,

i n the swyppdjedtmvelittle bhevdeé lina Avbintohe plare inghgligg o frothtiomesndrat kit iChgnd{b)tde

bl ade (13, 13, 13) is positive on the side of the |eading edge 15 (13a)

and, on ths hﬂﬁ{emmﬂbth% Eoiﬂ?%fithfeecvﬁﬂeémﬁz BidissePio thBgidk ofhh idder Fftaﬁe%}ﬁgb),

the value o the angl e I s constant (see Figure 4). Additiona

R R I e e

bl ade (13, I‘'ona or—’exanp 'gure

5, the cr ect.Lona lew qof ..the Qlade (13, 13, .13) .by revo]ved

proj ect i oﬁ%fﬁh‘@ (,CE rtb‘égirﬁti‘ﬁ@’qg"ﬂﬁﬁna?a?ﬂngﬁ’@ "l“}gi"? Bp‘és")g,"‘é‘g‘Y gﬁ@“?hl’ %[Pd‘h thehe
rotation central axis 0 of the blade (13, 13, 13) conprises, between the
hub si de Widuiteptithedpading efge (Badde thuvismityeef ihndrailing adee( @pb) of theeouteyi ons
of different shapes, nanely an inner peripheral segnent which is concave

t owar d t hpespleralend §R)lef thebladhi(th 13s13)approxi mately in the shape of a
straight line), a central segment which is convex toward the suction side,

and an outer p@uih&igiont, the engle FeRNEd WP (D Nhd SraghttliR! DR esmbctingVle Golnf® 25
suction side. 23 23 Septenber 2004 Furthernore, for exanple as shown in

3 S i . | :
| urs 6. ohihd BRvQUR KORGIRIERE buRRpLdLAl baR (13 bE Rl (3313, 3) b+ &

rounded surface .e., a curved surface forme

gLrefSZ g;e ﬁé‘r{({iﬁg fovbatd e MubH itk "3Ha AL &ﬂgrepe?ﬁ%rapgn& tﬁ) c?fl tglg b%]:ie t(i]f, lgr, (ﬁ)s ure

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.



(13d). 5 The size (curvature radius r) of the rounded rface forped on the -
side of the pressure surface (13d) of the outer peri p%grsﬁf)teﬁ}ﬂefz@(l%c)

varies within a range between not less than t and not nore than 3t where
t, the reference thickness, is the thickness of the blade (13, 13, 13) in
the vicinity of the outer periphery of the inpeller of the air bl ower
apparatus (4). 1‘1(_)[ ACTI O}l OF BLADE SECTI.ON. As descri bed ab.oxe, the air

bl ower appar at G {ATO5¢ IPhEAMRIE #5 TBEdR © B0 throOutpy Resigheral pareHSichef i s
an air blower apparatus (4), such as a propeller fan et cetera, which
conpr i ses the Meds (13413, h).cniovadebartise § eeneusyedoturfaot)ds farmedfonishen thersidd ower
apparatus (4) and a plurality of blades (13, 13, 13) disposed al ong an

out er per bptier piessaur Surtaee ql3d)hkey buting an(clid) pandnebe Ridaafi thy peeshigadufaceedge
(13a) and a trailing edge (13b) wherein an outer peripheral end (R) of
each of timd)eading and trailing edges (13a) and (13b) lies ahead relative
to the direction of rotation F. In the air bl ower apparatus (4), the bl ade

the . on F. par at u;
(3 o 1 23] o iThe SURY QBIAAIE S - " yh DG SRSl RARRAR BRUFa BE ey o

thereof is bent towar e suctron nto ap

to forma startin ol t which.gn air flo CE) 20 starts |eaking. The
bl ade (13Preg®e %‘?aﬁ%sﬁ?@r‘%ﬁg? OBWAP%R%@FEﬁ Pagd (F#\Qlt"%'afg Vithing raggehefwear ROt hat
the radial - direction width Wof the bent part gradually increases from

t he vi ci nlessy them % and notanenerthan §4avhenesiathe wefierentet thiskuessj isithy titktelse of thai | i ng
edge (13b) (see Figures 1-6). In accordance with the first enbodi nent, in

t he bl adeblad8 (13,33, 13) irofhetheinity rof thovater pajpharyasilthe (ipeldti cflthé Sirdblower
so-cal l ed swept-forward bl ade in which, at each of the |leading and 25
trailing esgesui{Mya) and (13b) of the blade (13, 13, 13), the outer

peri pheral end (R) is 24 23 Septenber 2004 situated ahead, relative to the

di r ecig onAQITION ¥ BRADE SECtA®N nner peripheral end (S), the outer
peri pheral part (13c) of the blade (13, 13, 13) is bent toward the suction

side into 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



approxi mat€ly a V-shape so as to forma starting point_.Q_at I C nair
flow (a) starts leaking. As a result of4such arrangen@atsj%piee\g&’eégg le as

shown in Figure 9, an air flow (a) 5 on the side of the pressure surface
(13d) of the blade (13, 13, 13) flows along the tapering pressure surface
(13d) on the side of the outer peripheral end (R) and snoothly enters

around in eri uctiagn surface (.13e), .in al npst.the sa as
the case t(%?u;{tgcg aﬁ%@n{)%ag%ﬁ:tf)ﬁﬂ%ﬁw?%@né?(fpré"g’gﬁlz;)’ﬁf &R g %%W%F@éf?gzs)%pl e.
As a result, the vortex dianeter of the generated blade tip vortex (0)
becones s REler @erphalspagh (I3ch i therblager (18 dap 13 is et fayviird ghe suctipe sifieriatet i on
of the bl ade periphery on the side of the suction surface (13e) wll not

i nt er f er e approwimatelyl Herbapd go apta fwm(Dytartiagr pdintr Goat evhicthan aipdlosy Gt stk
snoot hly achieves its effects up to downstreamof the trailing edge (13b)

accor di ngldakirigheA vDreseix ofliuriRirehigeafent, Hor Hlagthee 49 doWAlik Bigutdd, ahiClbw )
| am nated and i ncreased gradually over all the region fromthe | eading edge

(13a) 40 bl Sihl tay S, |.h

G ameter (e fat OEc PGB PPt (TP o) o PEPE AR phe
of the bl Qut er. perJd.pheral payt 3c r adual | ' eases fromthe
vicinity §?e%§‘ﬁ8 SP%%%% K\]IS%SC? Zthf fﬁ%)oé%‘etcg?égv?e&pﬁf’ﬁa 354 ?ﬁ]é“ SEPPNG CRigHe
(13b) of the hlade (13, 13, 13). Accordingly, for exanple as shown in

Fi gure 112r9uRd intgdhe fapeaing sucies surface,ddeh:in @hmost she samecery as thecrasaof ther om
the bl ade suction surface (13e). 20 Here, for exanple in the case where the
chord | engambestpartrad thy afdeesgid previdis apglication esimoplee e fesult, thedvurien glidner

wei ght of the blade (13, 13, 13), the vortex center of a generated bl ade

tip vortexf (id pepassébladentp voset (PRBB&mest finslleg nbedaRe and dinohipifgy lph)ades
(13, 13), as shown in Figure 11. On the other hand, for the case of the

fi r sticenmbadivimnin the'@irkdtRntdTehe &@ﬂ@ﬁ%}fg@fﬁ oPthel St GHtRE SRALH sBIFRY (?&{e?c il

application, an edge part of the b out er peripheral 25 part

bent int onggqg{e%}gr@&gg)@ tﬁa&é‘tﬁi‘@ﬁf‘eﬁ( yard the suction side at a given radial
25 23 Septemper 2004 direction position Qas a starting point. This ensures
that the start bﬂ&hé%%’?é, th a€$ve%ti89 s%l%othly 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-



air flow (a) flowing fromthe side of the pressure surfgce (13d t he
suction surface (13e) starts |leaking, 2§ positively déggﬁl‘?&r@rzbﬁ?
exanple as shown in Figure 8. As a result, the anount of air flow | eakage

beconmes constant and blade tip vortexes (P) generated becones 5 stable. In
addition to that, separation taking place after the starting poi nt Q

gener at es l. on tudl 6 n the si the press urface
(13d) of t ""Ctb?“ s Qs apsg# %Bﬁ("é{? %EF gogugesd gat tﬁ%ﬁ“’é&?&?ﬁlﬂg fn
Figures 10.and 11, a Iongltudl nal vortex (offset vortex) (6) generat ed in
a certainafl Wh@wmarﬁwrraﬂ@lS&lf@ftthqoprﬁéﬁpfeewr@pg (1gehtsr the sdction suefaen(iBk)er

bl ade (13) which is situated next to and ahead of the certain blade (13)
rel ative tstutstiérkingtisposthaly ditemunéd) forFexafmpteha shown I Bigre S.pparaddesist, (4o
depart fromthe blade surfaces in the vicinity of the trailing edges (13b)
of the bl adRan(dfEir A3k [¢R8PEBEIOURE YonsTdheBnd bIRESEp vé(r@éﬁeggjﬁ%eﬁé)ateﬂrb@c&ﬂés .
coll'ide countercurrently and offset each other, and arge vortexes in
the doynstygam direction, which is the problemwth the previous
application, are 15 effect ively av0| ded. As a result, air flow turbul ence
on the downstr ide of . the |l er. of . the air blower pparatus (4) is
reduced, and i ?59?5@8&8&11% S%Pafn% ndaking plass alteyit %Sté”‘é‘glﬂqmtsérgfé?@Feé a 3s
shown in Figure 17 with di scharge vortexes fromthe air bl ower apparatus
(4) will #Rﬂgltug'éehwoﬂ%dé} @Pntheyside v the presserecsustacon(@3d of ghaiiblade! owter
apparatus (4) is incorporated 20 within the aforenentioned air conditioning
appar at us peuphtsdrpagn{l8chsFehowmplaasiigwrein Higured 80 anédagh il@gitudinabierex

|l evels will be achieved with effect. Furthernore, in the air bl ower

appar at us (¢fifet vasesx) Qspgérbmﬂecahw&rtaldlﬂad@(ﬂiﬁ'md diblRRttiporbrithk B ) giepfied he
bent part is not nore than 25% of the length La fromthe hub-srde base end

(S) tm t hensthéretiade(3phana is %ﬁdaté(Rhe)&fto bh¢ ahdadg tl(elgarta%?’bla&g’lﬁ)gglﬁ%ej’%)f

Sept.enber 2004 It is arranged such that the radial-direction
bent part ifeSrotondiNirection F of the air blower apparatus (4) depart from the blade surfaces in

t he

. 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 La from the imb~side

base end (S) to the outer peripheral end (R) of the blade (13, 13, 13).



maxi mum wi dth portion in the vicinity of the trailing %%e 13b not nore
than 25% of the length La fromthe hubysi de base end ? ep&maqg?@?ggfer

peri pheral end (R) of the blade (13, 13, 13). Such arrangenent nekes it
possi ble to generate offset vortexes nost effectively 5 within the range in

whi ch the air supplying performance of the air bl ower apparatus (4) does
not fall off, according,to the hub ratio, and further nakes it possible to
effectively a ﬁseﬂféﬂﬂg%% susly that thy radighsinsetdom gridih JHeoft the kest paxeis, at Sheand
di scharge vortexes. Stated another way, although the bent part is effective
for the soppimeyswidthglortidnaddhe vicipity of thexes!lifgydga(tBh)| sathnaorgehand2 e xethe it
does not contribute to the performance of 10 supplying air. Accordingly,

there i s Ragpolafromnthi habehizitage the(I)itdithe Wief pdripedPaid @Ry éf MBbLRIE T8
necessary. Preferably, at least at the maxi nrumw dth portion in the

vicinity g8, 13)Nachalahgin i fukd Aosaibiato Wbl Witk i RosPaTLaVEy ] oo

within a variation span of not nore t om the

hub- side nd_(S).to,t out er peripheral end R) . of t he bl ade 3,

13 15 o SRBR RG0S BB ang e S iar s o b hiraM e el (4

peri pheral, end l.e., 0 < W 0.25 lLa), for meking the pmaintaining of
air suppl 9?%@1°té’5|)110%¢ RESRELInG daihe hwl eatis R derghes diakes dspassiblst togefiestiselye
vortexes et cetera. In other words, preferably the width Wof the bent
part is, eshegvedhe effect phsippressing blade piprvortexesi(fi) anddisochargenviottgxesf the trailing
edge (13b), not nore than 25% of the length La fromthe hub- side bade end
(S) to the out Bratquedriofiieemaly, slitbufiRthefent part i efteti¢d for tAS supbBassin@ b¥R¥el €S

20 within a variation span of 0 ¢ W5 0.25La in the front-to-rear direction

of the bl agleyopiek&y (B)PSHd BRRERAREe SBHeALR) it M&Lﬁ&g&%‘:ﬁaﬁte iaF éﬁ%‘iggt{r@c V&

apparatus (4) of the first enbodi nent, the bending ang ent

PeC e SR | GRS bl SRR Hisbed b
12 205, e b oA . oA R e SRS 0 1
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



that it increases gradually fromthe vicinity of the | | n d 3a) to
the trailing edge (13b) of the outer p2Yi pheral end (%?@(‘?P%Pﬁlfggpé%e (13,

13, 13), this makes it possible to achieve the effect of suppressing bl ade
tip vortexes (P) as effectively as possible. In other words, in general,
the difference in pressure between the pressure surface 5 (13d) and the

ti | nthe ' 1 to the traili
cdge ( 130y rort PR i et ARG e Ak R el BT P e ede
t th " i ng- ar. " i at ] [ ir fl di ti f [
1 ow fr om0 i OB pftira st (B s thebiaae (Baap, 13) shie e Tepaseivhr ot ne.
suction surface (13fe)t¢%r adually increases toward the trailing edge. On the
8C

ot her hand@chigye the ef Aeppressingdlasiedly wintekes (B adbeffidiingyasgbssifle.at t he outer
10 peripheral part (13c) of the blade (13,43, 13) increases gradually from

the | eadi ng edde othet 3ayds in ghrerdly thieldiffigeadda frdssine Hebhechl B0 hfesggB 8 deON Of
bl ade tip vortexes (P) on the side of the suction surface FlSe) in the

outer per(BEHrAl tRdkbctioh3aHaed gllt:i@jé iRtAE& fraﬁ’thé:feag%%)ﬁg%g?fgr@qégi'@?‘tgﬁed as

possi ble to make the scal e of ade tip vortexes

smal | as i scxi pgd. above,.. b usi.ng.the bending angle O
2t the bl SHEF GuBLBr sk (3755, BB S e R YhustEis e 0 P s e
of the l.eadi ng,,édge. 13a o the sige of the traili r]g ed%e (13b), it
beconmes pBYYAR| Eapigun ingtr fiopy directinn) pEan ain dowdrem dhe Hide pithe preseure syrfacgor t ex
(P) when incorporated in air conditioning apparatus. Furthernore, in the
air bl onefl3)patode the sidy obtthe sustipn sutfacenfidel greduallytihereasegltew@d the frailmge
Figure 7) is not nore than 90 degrees, For exanple, in the case where the
bl ade (13¢dge3, On3he whiws dard)gf @ isfcohstrwseddsich| thitrdle beadigg @agle 6 ame WGt ur ed
by synthetic resin nolding, the operation of product releasing (i.e.,

S S oot My L3 ik Bl 10 10 B o
degrees, [1¥aftdMRK RilRRIILOIBLY GordBatdSe o PARIRE b1240 96 vortexes (B) on the side of
the suction surface (13e) in the outer peripheral part (13c¢) of the blade (13, 13, 13), this
makes it possible to make the scale of blade tip vortexes (B) which are generated as small
as possible.

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
1s 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



provi de an adequate draft angle, thereby facilitating |_di of > air
bl ower apparatus (4) and inproving theyefficiency of Eﬁ%'S&p .beﬁab&ﬁermre,
in the air blower apparatus (4) of the first enbodi nent, for exanple as
can be seen fromFigure 5 a cross sectional view of the blade (13, 13, 13)
by revolved 5 projection of the curved Iine K upon a plane which passes
through the rotation central axis 0 of the blade (13, 13, 13) conprises,
bet ween t Reoviighar adgquatedirefh enpleathsrebytfesilipting praddiag of éhel aif Rlowerhapperatusgi ons
of different shapes, nanely an inner peripheral segment which is concave

t owar d t héd)sandtimprovirigithe efficissey ofi motdiggpr oxi mately in the shape of a
straight line), a central segnment which is convex toward the suction side,

and an outer peLitRdaloRd, if SRERblowd? apPirathsicd) @pﬂh%ifﬁftgeﬁnﬁ?ﬂ%eﬂtomr&%ipﬁ

suction side. If the cross sectional shape of the e (13, 13, 1

conpri ses - [ f I fferent . .shapes, I [ L., Rer.i pher.al
segnent V\:ﬁ% g{]ne?%geggrggoﬁg?g[u&%%c@ﬁ% % Hggafilghew gﬁﬁlg%(l%qﬁa@\%’l j;ﬂell‘% Vﬁe‘&ln‘éeds hape
of a straight line), a central segnent i.ch is convex toward the suction
si de, JandP ecé‘&f‘é’%&e‘%‘ﬁ%%’e‘ﬂ%ﬂ SRAT 2 Plne rhichhpasses; tBroyah theafofajion santral gxr d
the 15 suction side, this arrangenent allows an air flowin the direction
of the bl &bef thablade (Ibrlidphd) compsises, bRyween dehubt @d) ard thidlasledwtafpetipleeral
suction surface (13e) of the blade (13, 13, 13) by centrifugal force
during rotmad (R)) thieo rogivas of diffeyer( atiiyes) wahsty anliang pdipherdl bégdment SiHidlaize
(13e) wthout separation fromthe suction surface (13e) because the inner

per i pher ako@0eRiMard theCRBGSY §idd RWALECH ReppHEAHARIySh IR éHaPE ofh @t_rsiggtr@eagge of

a straight line. 20 Accordingly, the air flowis unlikely to In

with a bl ' 1] . S f r.rangenent .t hat
t he shapegggnt%df%ge eénnitr a ('(h;%éxr’r@%?‘ tg)gvg‘%?{éénguec%%ﬁ g@g’r%‘d%ﬁeotug%&% P%%rgli Sgg?ng?the
flowyelockty .of an.ajr flowwhich.ntends to nove to the side of the
suctilﬁ S&V:h}%légpil?lg%); B?Wtéwgﬁﬁﬂ%flﬁgogfﬁf“he pressure surface (13d) is
suppressed bef hand on the sjde of th ressure surface (13d). As a
result, it becHn®€ o5esssedqmi shans 9fcths ‘@h@:”séé’l B)otorprises Hues regiensrafex

(JI') itself which is caused by that air flow 29
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.



23 Sept enber-- 2004 Furthernore, in the first enbodi nent, as described above,
the outer peripheral part (13c) is benjgtoward the suaBiSeptedibes20@kcause
of this, an air flow on the side of the pressure surface (13d) of the

bl ade (13, 13, 13) flows along the tapering pressure surface (13d) in the
bl ade outer peripheral part (13c) and smoothly enters around into the
suction 5 surface (13e) which is also a tapered surface. As a result, the
vortex di amet eFugherigss, i thefirst ppbedimealx ag fyscribebahoyes the ohisr peréghecad ghasind
stabl e, whereby an air flowflowing in the direction of the blade outer
peri pher a{l3ehds bB)t wrvatchehessubeionfsideheBscanbd ofi tisislr fraee fichB8@h the sidendf el y to
interfere with a blade tip vortex (13). This action of the blade outer

peri pher apreRairk sﬁr¥§£)(l3mht% had® @8 11 3V18Y fbHS 2 tthe eﬂﬁ‘é % eRfurd Qlﬁ}fzi?:leade

outer peripheral part (13c) gradually i ncreases f omt |n|ty o t he

| eadi ng e d e _(13hb b ade
(13, 13, f%%) i Jothde ¢ ‘g e{é’ hg}aﬁ ¥a’? 332‘5 rsr’g‘ ét'hs”gn% oR| a§/é‘1“§§?1t8 L

gui di effects_from.the de of the Ieadln up to the S|de of
the trail P Cséb%e)(“irpsﬂ) 152000t HPRGISBTRde 4 o b bomdiabrisyel theblagsy t ex
(13) whose di aneter increases when gradually |lam nated to becone |arger 15
from the Hpa@iriey (BHGecangsifpathes refced amd]etabéawhm@ymr Slop1 Bbyving methef t he
bl ade (13, 13, 13) (see Figure 25). In addition, the generated blade tip
vortex ( lakedt'mnurﬂ th& blagle ioated @peaphierilr anh (R)fom the aile afthé swtiof Bhifae(164)38) .
Consequent |y, as described above, even when the length of chord is

shorteneduﬁﬁmt@gnﬁﬁy@gﬁ@hﬁ@@ﬂd@n@gvo&@g(mel ght of the blade (13, 13, 13),

bl ade tip vortexes (13) generated 20 w'll not | nterfere with each other
bet ween adj oi n on
t he downstr eamq‘ggd%ho o H{Sl'gf‘?el@%%g&&’é‘g%g B?ns hrg\g’ 8‘?:1:%)3 OLH ﬁgﬁ%‘t

et P0G ik it OB B0 Lgﬁﬂg%e}wﬁ%%%%? SRS e
IOlrJ]t ljg\cl)rel S O{hn‘g%ﬁg (léM} tot e? (\:nocl'; %rgl ﬁg tIraI?lir}ghgdg%I (rISg)O ntd {hglb?géen(q.‘ia?g a1r3atalél’s
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.



23 Septenber 2004 Even in the case where the inner perigheral segrrent of
the blade (13, 13, 13) is in the shape;gf a straight PPmeptamnese004
operation/working effects are obtained in approxinately the sane way as
the case where the inner peripheral segnent is concave. Furthernore, in the
air blower apparatus (4) of the first enbodinent, a rounded 5 surface is
formed only on_the side of the pressure surface (13d) of the bl ade outer
peri pheral ~end EvR} in Ms%Whﬁfﬁdgﬁﬁmef perathegal segmens @f sher bladee(13s 13.0k3nésdinon| y
on the side of the blade pressure surface (13d) of the bl ade outer

per i pher altheeshdp¢ BY a ptreighntise, tthese openatiowwoeking effects afel abtaihed inudppros@nimglyt he
edge part, thereby enabling an air flow to nore snoothly enter from 10 the

si de of tlig QrRSEA & the bdsaGeheld #d)ink pbishePdl 36EmH i €LorRSFd Pheral part (13c)
around into the suction surface (13c). Furthernore, in the air bl ower

apparatus (4) LISt i LN _Figqure 6,
the size of thgtlpg%ﬁn él& @‘utﬂ“ ? é%égglgﬁﬁfhgpa];r%sef@?@ﬁg %r?ﬁgréﬂ%c!@g%raero %‘?%f ace
(13d) of the bladg outer .peripgheral end (R) (i.e., the_curyature radius,

re. ofé) t h&H135e, ‘éuﬁ’(’j@ﬁ‘tj ¥ a?@eﬁlev%fa‘?é’g ' pégsrsé??g@“ﬁcﬁrﬁlﬁél O}léé% bf”i‘i‘&n"‘%teft 0
not nore than 31 where f is the thickness of the blade (13, 13, 13) in the
vicinity 8erirhegalsod éR).periphery of the inpeller of the air bl ower
apparatus (4). Because of the arrangenent that the size of the rounded

surface fornedSoch afvengsinmbat thet at deendddasiefape esfumed sulyf e ehe( SEHPF i Blide
bl ade outer peripheral end (R) (i.e., the curvature 20 radius, r, of the

rounded sprekane suifscen@Bd) 65the bhiaa ohtelﬂ@én‘?ﬂb%ﬂ dnlqR) Plevih8 e ShBrbieidigss of
the blade (13, 13, 13) in the vicinity of the outside dianeter of an

the bl _ the eter
gur i ng. act ) onw e By PAELLes PARFURIYS chitimganiir AP fORIMAMTehiel b (o,

éggevi(qggj)t%eysé@éc of 1§ drgs%gllens%ri%gg ?lgd%%?)thé gla&cb Sut\é} I%eizr?pihteYal ?J];rtt(@c)tal;oa{linldi in
the suction surface (13e).

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



23 Septenber 2004 In other words, if, at the outer per her al endgéFQ of-~
the blade (13, 13, 13), the curvature yjadius r' of th ?’SBWH?&@ 4 ace
formed on the side of the pressure surface (13d) is made to range fromt
to 3t as described above according to the variation in the direction of an
air flowat the time when an air flow enters fromthe side of the pressure

surface 5 (13d) around the side of .the suyction surface (13e), the air
fl ow nore smoi%?&he’éﬁ‘@é % lfo ff &by P¥iEr E?rﬂ’@e@? %Hé%@%éé@b@dg (1325 33ty

around into the side of the suction surface (13e). Consequently, blade tip
vort exes Q@yatafﬁefadmpﬁr@fstbedolmdﬁé@uﬂfaﬂslfyrqum@by!ldacllfltm/pm@puae surBdet3dn in
noi se levels. First Modification Exanple 10 The shape of the bent part of

t he out erispeadepbengde foant t¢ 388y dtritiddabblageotdidy tole vadadjon is thOHirédtidht ed
to the above-described |inear shape. For exanple, as shown in Figures

and 13, tgeqshaRRwht EHE%rH@'%heBa&fn aif B4 ﬁmté‘sq}!ﬁf{% §H§]foe@r€e {n%w?éﬂ l%ace

curllng partlally the vicinity of I ng end of e bent part Ich is

pori prer ayghatopBF S ERL e ﬂj&??fbﬁ“@fﬁ%éwﬁm & Sy a@rePSaBll Firrsow o

readily ter frg g e side of gressure surface (13d) around into the
suction Semithed ¢ PBEF Pressuie a?"e@ 6) wrguphinieithersidectt th Suckian pyrfage (139).

vortex (P) to a further extent. Second Nodification Exanpl e For exanpl e,

as shown Consefiyantlys biatieatipl iBtexehdBleret sympresset effhetivshygddbermby eachigyéng pher al
part (13c) may be approxi mately S-shaped. More specifically, in this second
20 nodi f i wdbction inxaiyplieelst he entire shape of the bent part is fornmed into
approximately an S shape in the followi ng way. A portion positioned ahead
of a partFisdmdalicationFxampit ovward the suction side is rebent toward the.
side of the pressure surface (13d) to forma blade extension surface (b)

I L, OuLer P R el OISR 036140 S 03014 T
bl ade ti pl.':)foig L& hlg'ntea to ghe 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)



23 Septenber 2004 is reduced with effect and, in additig& it .is Bg sible
to elinminate discharge vortexes from bagzween adjoi ni ng BCRIEWEr2Pdcts of
First Enbodi nent Accordingly, the air bl ower apparatus (4) of the first
enbodi ment provides the 5 follow ng beneficial effects. (i) Noise
generated by the air blower apparatus (4) itself is reduced, and, in

addi tion, .poise ai,r. bl r apparatus (4). is incqrporated wiithin an
air condi t1$58ﬁpﬁegmggﬁglg§tqﬁ’g’ Bh%ﬁi\ﬂﬁor“* &d?tPOP%ﬁPéé&Lwaé? @@@W&Fe}’%ﬁexﬁ‘ frpmEyen
in the case where the chord Il ength of the blade (13, 13, 13) is shortened
10 for aci’SWtﬂeP%JOHQHSEJéG%SH on in weight and costs of the blade (13, 13,
13), the blade tip vortex (ii) wll not |eave the suction surface and w ||
not i nt er fEdfeetsf RirshBmbdidimeitng bl ade, and the di schargi ng of vortexes
from between adj oi ni ng bl ades is reduced effectively. As a result,

interference ofAdchelidpiad@e tdiPbMet @ppdrlus ey BraNd erdaminhas! vﬁlé&?heas a
I Ng en

fan guard, grill et cetera is reduced, thereby both provi anced

noi se ¢ edygidvaR géﬁeqﬁa%ﬁcgg 15 suppressing the drop in air supplying
per f or mance. (|%i Mol'di ng becones easy to perform and reduction in

manuf act uri ng st,s .i s __achi eyed, whi i s achieved just by form ng a. bent
part at an out ﬁ 6@9‘?%&8&%‘6&& fher i gﬁw%ﬁ‘ﬁ?ﬁrﬁt‘ég a‘)p‘&ﬁe{f istregypgedplagdein 13,
13, 13), wthout affecting the entire shape of the blade (13, 13, 13)

whi ch det & ‘ﬂ’és“oﬁ‘?é"’*ﬁlrth@s@pBl@’fﬁﬁ@?@%@tﬂéf‘&aﬁwomﬂéﬁ%wﬁm aiai) conditioning
Additionally, since the bent part achieves a rib action, this increases the
rigidity eppartes bitdder ynitds reiiBcediSfectinelya result, the bl ade (13, 13, 13) can
be thinned, thereby making it possible to further reduce the nmanufacturing
costs of the bi(id&Eved i thtIasel@WhereAhe cidi@ &R of i8BIade3,VINNB) isOhortened

resi stance of the blade (13, 13, 13) is inproved, thereby reducing the
genergy i OforOiccaRPRENTRY re¥abfch HilReleht YhPEals BFthe Bidde (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.



23 Septenber 2004 (v) In addition to the above-nentiongg effe ts,ﬂéhe drop
in air supplying performance is suppressed or prevent Seg rEfBbdi ment s
Bendi ng Angle 0 of Bent Part 5 In the bent part of the first enbodi nent,
for exanple as shown in Figures 2-4, the radial-direction width Wof the
bent part increases gradually fromthe |eading edge (13a) to the trailing

edge (13b) of the hlade. (13, 13, 13) and,. on, t ot her hand, the benpding
angle 0 of th ‘r})oe&l1 ﬁ%’tﬁm’( §%et%§i éﬁ%’%‘“ﬂ“’“&fl%se Fichdbrg &tiop CBn?‘FaWPE’H‘& he
above, it may be arranged such that the bending angle 0 of the bent 10
part grad®grfpymanse jewppresisd dsPeymigdst eep from the | eadi ng edge (13a) to
the trailing edge (13b) of. the blade (13, 13, 13). Also in such a case,
conpl et el YOthlee Eserodtimessr at i on/ wor ki ng effects that the first enbodi nent
provi des are obtained. Stated another way, in general, the difference in

pressure RLHWRSNAAMNEO BfBemUfg surface (13d) and the suction surface (13e)
increases fromthe | eading edge (13a) to the 15 trailing edge (13b) of the

bl ade 5 13, 13, %ﬁ%ﬁe bén?.pgﬁ%?%eaﬁxisp Bm .%inle}qpifgme%a?@le)s ésr %%g}ﬁqgﬁlg?qe%%l-# tﬂ?)em t he

"entering-arou (varrationin arr ow direc n)—o

side of the, pressure.surfa 13d) i.nto the sid f the suction surface
(13e) gra&%fﬁ?‘r@chHe?&’é%E!I’ Pgﬁ!ﬁﬁ’aﬂt I%aﬁfem‘ffr%ficﬁ EW&“@B@%@GR@ lerdingsdge @) tq 1 j ¢
is constructed such that the bending angle O at the outer peripheral part
(13c) of tietrilingedgeid3byd the Blade (i dasEY agd.aanuthe iothef hand, thecbdndugi angleXD
edge (13a) to the trailing edge (13b) (the angle of inclination of the bent

part becoméshe tehepp) (stoFigateal) staygandraapgedn of bl ade tip vortexes (f') on
the side of the suction surface (13e) formed in the outer peripheral part

(13c) of the blGyierafyld thd @bove3) mayeSarfiB&Psuch tRAIR BeRideCariBKke of NR basal €
of blade tip vortexes (P) which are generated as small as possible. 34
10 part gradually increases or becomes steep from the leading edge (13a) to the trailing edge
(13b) of the blade (13, 13, 13). Also in such a case, completely the same

operation/working effects that the first embodiment provides are obtained.

Stated another way, in general, the difference in pressure between the pressure
surface (13d) and the suction surface (13e) increases from the leading edge (13a) to the
15  trailing edge (13b) of the blade (13, 13, 13), in association with which the strength of
“entering-around" (variation in air flow direction) of an air flow from the side of the
pressure surface (13d) into the side of the suction surface (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.



23 Septenber 2004 Furthernore, in the case where the bggdin angle 0is
varied as descri be above, on the contrayy to the abov > SeREMbe aP% angl e
0 may be decreased gradually fromthe | eading edge (13a) to the trailing
edge (13b) (the angle of inclination of the bent part becones gentle). 5
As previously stated, the difference in pressure between the pressure
surface's (13d Ei de and the sugtio uriace'é %13e)_si de at .the outer
peri pheral par £ U8 AN thfeCase dihare the bendaing angle Biiy xarisdasdepsrifip abue. adi ng
edge's (13a) side toward the trailing edge's (13b) side, in association

wi t h whi cHheadpatpiydedhe dheve.dhe bsnding anplodmayrin decreased igradually foet the 14adioani se

i ncreases. 10 To cope with the above, the bending angle 0 of the bent part

is al so nedge (3a)uakhe/traitingtetige (E3b)t(Hat arghe ob @rfinaibrosoire Kenwiphtt béesha@ase

according to the growh of the blade tip vortex (JI) which grows gradually
toward thegegisde of the trailing edge (13b). This construction accordingly
ensures that the blade tip vortex (i |) is held on the side of the suction

surfa (13e) qf ben rt forned at the outer ri pheral rt c) of
the biade 15 (13 PreoRBEiaihe Wi 8RS el bifeel Perbsis it 140

adj acent blade (113). Additionally, it becones possible to cause the blade
tip vortei‘dflg?d&&ﬁ %‘ﬁtlﬁ‘i‘ B‘@acﬁﬁzﬂﬂfilsﬂ? at gheepyteicparipbesal pash{idc) of the blade @3de of
the pressure surface (13d) around into the side of the suction surface
(13e) of ddelYlingeases BomiBe leading edgeie(1dn) SHlatiovadtheriradinghedgt’s ( Hab)fsateemoi ng
enbodi nents, the description has been made in terns of Dblades having a

thi n bl adessstiatiot with whivhethe rbladehtiy &oitex (P) peed imd Bayoitdatianheerpieses
invention is applicable to conmonly-used thick blades, to various thick

bl ades supgfdaggs. in air supplying performance, to other types of blades in
conpletely the sanme way as applied to blades having a thin bl ade

strucfgire. 25 QAL Widlth RRIveCARBLhdiNg angle 6 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



35 23 Septenber 2004 As has been described above, the sent inyention
finds application as an air bl ower appggatus for use Eg%ﬁpﬁmgﬁﬁas?éoning
apparatus outdoor units. 23 Septenber 2004 36 CLAIMS What is clained is: 1.
An air bl ower apparatus conprising a hub which becones a center of 5
rotation and a plurality of blades di sposed al ong an outer peripheral
surface of said Hub wherei,n outer peripheral ends of |eading and trailing
edges and of dichrShya discibedaplove; theapesgendnasentios| firdsvepplisatiore aglianexit i on
of rotation, wherein an outer peripheral part of each said blade is bent

t owar d t h&lowrstapparays fer uso imair comdlittmfingapparstsottdong upds.nt at which an air
flow starts | eaking, and wherein the radial- 10 direction wwdth, W of said
bent part gradually increases fromthe vicinity of said |leading edge to
the vicinity of said trailing edge. 2. The air bl ower apparatus of claim1,
wherein the radial-direction width, W of said bent part is not nore than
25% of a length La froma hub-side base end to a radial- direction outer
peri pheral end of each said blade. 15 3. The air bl ower apparatus of claim
1, wherein, in achord line Cin a given blade radial r, the |length of
said chord line Cis Lo, a given point on said chord line Cis P, and the
| ength fromsaid blade | eading edge to said given point Pis L while on the
other hand a radial-direction curved Iine, which extends froma hub-side
base 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 Lo
(i.e., L/'Lo) is constant, is K, and wherein the angle, which is forned by
the intersection of (a) a straight line QR connecting



a point Qat which said outer peripheral part of each id blade starts
bending toward the suction side and said outer peri pheigﬁeﬁtﬁﬂ‘ bef 2&%th sai d
blade in a curved line K which is a r¥vol ved proj ection of said curved
line Konto a plane 25 including a rotation central axis 0 and (b) a
tangent line A -A at said point Q of said curved 37 23 Septenber 2004 |ine
K' closer to the side of an inner pecipheisy of each said blade than said
point Q is a bending angle 0, wherein: said bending angle 9 is varied
gradually fromthe vicinity of said | eading edge to the 5 vicinity of said
trailing edge of said outer peripheral end of said blade. 4. The air bl ower
apparatus of c i wherein said curved line K conprises, between said
hub- si de base n%ag%?ﬁég outer peripheral end, an inner peripheral
segnment which |s inthe formof a straight line, a central segment whlch is
convex toward lthe &Bcf &ﬁo‘%?rd@paaaﬁ& SOMpRNRg apBvh yriehs becmsveR toomsr O |

bent toward the suction side, and 10 is hook-shaped as a whole. 5. The alr
bl ower5 apisatienusndfa cpluiahity3 of whladesi rilispased @longedn| ower Kperipherph issdace of

bet ween sai d hub-si de base end and said outer peripheral end, an inner

peri pher ataid sagirenvhesdincloutes qeriplers tendar dft beadiiget dndn Baiilih@ adgeentanadl
segnent which is convex toward the suction side, and an outer peripheral

segnent W ¢abh S8Mbla8ONB kifudidiahe Ml 80e toltRe 8irél€ion @f‘ﬂ)tdtﬁ)nh(mk shaped as a
whol e. 6. The air bl ower apparat us of any one of clains 3-5, wherein the

angl e 02, fm&ﬁ&eﬁ%ﬁ%ﬂfé Jt@hdn, <0 ?a%l %&h@ﬁ%gﬁ&%é%dﬁ‘éﬁ '5189‘3 QJ. part

on said curved I ne p ane orthog 0 sai I'on cen
SERONEY: ne%éﬁ%gh%aﬁmﬁrﬁaﬂﬁ@ﬁ Gyl TR R, S o
sai d %l ad((ialre%lgrsl S\‘alricrit% SI’Ilfjrcffasgl?i E?Jnt 15321!t %ngilugl(ii}? 11$cl;éa%es 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



peri pheral end. 8. The air blower apparatus of claim?7,__wherein the size of
said rounded surface forned on the side of said bl ade2§|8885%mt@r§99‘f ace of
sai d bl ade outer 23 Septenber 2004 38 p¥ripheral end is not less than t nor
nore than 3t where t is the thickness of said blade in the vicinity of the
outside dianeter of an inpeller. 9. The air blower apparatus of any one of
cl ai ms 1- Bre WheloSdrito Ia¢ Sidaiof ahlifVe periphiRAoRlelsh ba3d DRdE TREL SHE bt @5 id § be
incorporated within an air conditioning apparatus 5 outdoor unit.

ABSTRACT @nﬁﬁJig%ﬁglgei s an air blower apparatus conprising a hub (14) which
is a center o otation, and a plurality of blades (13, 13, 13) disposed
al ong an outer perjpheral surface of the hub (14) and having | eadi ng and
trailing edges Tﬁ'&? and (13b) wherein both an outer peripheral end of the
| eadi ng edge (13a€ and an outer peripheral end of the trailing edge (13b)
li e ahead r el atdid pending anglerisaariod sadvablyt framm thevicinity ef sapbleaging edge todhe

(13c) of the blade (13, 13, 13) is bent toward the suction side in such a
way as t ovitimitpofsast teaikingxgigp of said ovedr pedipheral amd efishidiladey st arts | eaki ng, and
the radial-direction width, W of the bent part gradually increases from
the vicinity of, theTheadibRivepdgRirdds380) clhith 8 NOhebifishiatirRll e tdogiphitddd

edge (13b). A blade tip vortex ([err]) generated from a bl ade (13)p

R g R R S

t/gr E 2;‘ e; O%{clagtg{eg{]%bﬁpg Iéé gﬁ%hle %mf of Lfs?rael%ht uget] a%terrllu'earl ’se%gi{t?n chd{ssc%pl%xg toward

the suction side, and an outer peripheral segment which is bent toward the suction side, and
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
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peripheral end is not less than ¢ nor more than 3¢ where ¢ is the thickness of said blade in the
vicinity of the outside diameter of an impeller.
9. The air blower apparatus of any one of claims 1-8, wherein said air blower
apparatus is so constructed as to be incorporated within an air conditioning apparatus

outdoor unit.





