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Field Description The present invention relates to an axial flow fan for
noving air through a heat exchanger and is preferably fox use in 5 the
cooling and heating system of notor vehicles. Fans of this type nust neet
certain requirenents, anong which: |aw noise level.. high efficiency

conpact di%r}@' and ability to obtain good val ues of pressure head and
del i very. é%round Art Patent EP - Q 553 55B B in the R&TAB8Y0Q4ER

sanme Applicant as the present, discloses a fan with bl ade jhavi equal
spaci ng 15 angl es. The bl ades nave a constant chord Iengtlé] @é gg

entire length and they are 8el~.mted at the |eadinglaad tra~.l1ng ges by
two curves t~ich, when grajeete6. ax~to the plane of rotat~. O of the fare

wheel , are t,wo Gircular axcs. Al t hoB8BS¥iido®mde in acGrdance with this
patent aoh, i ~ave good results ~.n terns of efficiency arid Iow sound

pressure, the sound distri butlon of A}c&e‘_ ROLS GaTRY be irr~. tatwmwmmm
hunman ear. In aet) with the bl as~es Tpaceg—a't—equal angl es m
of resal~ance with a nain harnlariio whose fxequeaoy ~.s the 25 pggguct c~
“t he nunber Of’I‘e)t:BuDd'allI Fe8EL per second of the fan wheel rrultl plied by the
nunber of b3, adee. '~1>as resonance gives rise to a hissing t~Q se which
may be irritadirig to the human ear. even if the perception of i,rrftaG oa
caused by a soud FBe nﬁﬁ%ﬁ%}“‘&u’d}@@ﬁ% relases Ape dvasixiall yElown Sercasena
whi ch infl uenewiBs) dire thovwgh d Jedt b@rtahgdhandegs 6frelbrONUN R 58 WF,

that is,g Che ngt %?ﬂ'ntzyaﬁ htegglﬁdsgyﬁé Joechae “Q%\évrlvehl S d| stributed is terns,;

of tone. naJ ses Can a ecomewrltatlnglf
* C00002* Fang of this type must meet certain requirements, among

which: low noise level, high efficiency, compact dimensions and
ability to obtain good values of pressure head and delivery.

10
Bagkground Art

Patent EP - 0 553 598 B in the name of the same Applicant as
the present, discloses a fan with blades having equal gpacing
15 angles. The blades have a constant chord length along their entiye
length and they are delimited at the leading 'and trailing adges by
two curves which, when projected ento the plane of rotatien of the
fan wheal, are two circular arcs.
Although fans mede in acgordance with this patent achieve
20 good resultg in terms of efficiency and low sound preesure, the

=

sound distribution of the noise may be irritating to the human
ear.
In fact, with the blades spaced at equal angles, there are
cases of resohance with a main harmoni¢ whose freguency is the
25 product of the number of revolutions per second of the fan wheel
multiplied by the number of bladez., Thiz resonance giveg rise to a
hissing noige which may be irritating to the human ear.
Even 1f the perception of irritation caused by a sound is
mainly subjective, there are basically two reasons which influence
ki) the noige disturbance: the degreae of sound pressure, that ig, the
intengity of the noige and how it ig distributed in terms of tonhe.
As a result, low intensity noises can also become irritating if

RO

*G00002*




WD 9149723 2 ~~T1 ~~991004S8 2 3 s E ~ ~aa2 the tone distributson of the

noi se dl.stinguishes it from background z~oi see~ , To solve this problem
fans with bl ades spaced at unequal ' angles have been nade. 5 Cal cul ating
an average of the saurid ~.ntensity values at various frequenazes, with the
bl ades spaced at unequal angles the noise produced is al nost equal, to that

wth the paced at equal angles. However, the differ
dietribu, Wgﬁgfé?n?he noise aJ.loVB 0.n irgrovenent iri tha a?(}ars/ﬁggﬁ“ss

confort. However, the 10 fans with the bl ades spaded at une I es
have a nunber of d5.sadvantages . nmhe first di sadvant age2i3; @f t hat
in ~clar~y Ca8s the . efficiency of the fans with bl aded spaced at unequal

srsgles is lest than that of t fa L.t h ed gﬁﬁ qual es.
15 Araot her &?‘seadvﬁ?ﬁ ag‘@sl’:’é{’?%relg?acnfst\gg% tﬁée) an d\%ge : i\g\ng?f gﬁadgg%paced
at unequal ~arkgrkescyndy npksagnbal anced. Disc3.oure of the Invention 20 The

ai mof the pxe$antei BY¥BFY | tHisi pFobXeml @dhslewntiX bIgdeavagdaced adt fiataquéi h a

very | ow Noi se . ther .a~.mof the present inventir~n is to provide
an i nproved aa%gggg%ﬁ'eég%%%ﬁ%%d ef fici encgg head and delivery val uear. 25

Yet another ai m ofal¢idasingent aMeeHts ot | §0¢ o SpYRAYi YRtaRfifYpVEYeRF a%F al
fan whose fanamMiges iRqaeksieant vt ¥hbabnidek copbdral utalhequall Naiflerr grace

with ari aspect, of th resent, i nyention i.a Lal ~.qi i scl osed. ae
Speci {1 ed i b 183 PEOSSBAn o uRr s Feinge St sarnchE iated Aledcry
preferred, advmmeiagagles chidweverentie adifferenty&ane oAismprduthdenef ohbe | |
now bs descrihadeWsibw:Che 8RERvifedihén agaa MRaayt 1Y mndddi\J HowdbdrG N the

illustrate pregferred etpbadi nen of Jdb. wthout i g1l t o] of
the i nvg&t i ve&é‘gnc‘f’ég{‘, tﬁ%g&%‘g\?gg%ﬁegh 8e_ uﬁ?%ﬁazltearn%ié%o%‘}%gﬁ i ggi ggv of
an eat badi nerdisgdyaierged-in thi.s i nvention. WD 9914923 3 F' CTJ~B9~/ 00458
- Figure 2 illustxakegiidd AshadHeayé eves t fite gRatetthne alinf Radyr@senf che bl ade
rn sc.ne of t@&i%i ;?éjy' @tt%e()ffag'ew{ﬁn blades spaced at unequal angles is

legg than that of the fans with spaced blades of equal angles,

15 Another disadvantage is the fact that the fan wheel with
blades spaced at unequal 'angles ray be unbalanced.

Disclosure of the Invention

20
The aim of the present invention is to provide an improved
axial fan with a very low noisze level.
Another aim of the present invention isg to provide an
improved axial fan with good efficiency, head and delivery values.
25 Yet another aim of the present invention is to provide an
improved axial fan whose fan wheel is substantially balanced
naturally.

In accordance with an aspect of the pregent Ilnvention, an

axial fan is disclosed ag specified in the independant claim. The
30 dependent claims refer to preferrxed, advantageous embodiments of
the invention,

The invention will now bhe described with raference to the
accompanying drawings, which illustrate preferred embodimentsz of
it, without restrigting the scope of the inventive concept, and in

as which:

- Figure 1 shows a front view of an embodiment disclosed in
thie invention.



di scl osed by the ~re$eat ~,~ventio~l;- Figure 3 shows sections of a f$n
bl ade is sonme of the. 5enbodi nents of this invention taken at regul ar
i.r~terva7,s startingfromthe hula to the end o the bl ade;- Figure 4
5.1lustrates in a perspective view othergeonetrical features of a blade of
sone of Che enbodi ments of thefan discJ.osed by this invention;10- Figure 5
shows a scwqb?gﬂmsdet ail of a part pf the wheelsnd the rel at qiqiebobgse
sonme o the ad~.nments of this invantioxs;-3Figure 6 ~.s a front view 01
anot her enbodi ment of thepresent invention;- Figure '7 shows a diagram
representing, in Cartesian Ca-15ordi nates, the convex edge of a an blade in
sane of theenbodinents o the pz~eseat invent7,on;- Figure 8 is a diagram
showi ng th changes | e ) i §,diff (R To - de as
a ws.atian of the rg%ukgoféjt ﬁgﬁ%%g!:% szrr‘re “of E{‘ﬁg enbadi Erhgéhtﬁgg%?%i%!ag
i nvent i o~x; ~Ofeatnyes eo8 jas Bladeonin vEEW off atBE h&FPeMPRRSE RS ~Ehe fan
t hi si nvent i ondigandsed byFilgsinterénishaventdoagchemati c front view which defines
t hespaci ng a~l gl es Qf the_bl ~ Db | gr i
.t hi $i nventi on. ~5Tﬁe9’f%‘§ﬁs 3us%§%?osageglcso§|gﬁggt %eq?gnigg'rggédg‘i r?gaeagff (S:Ffows: -
the chor® (L)entedinents| efgbihloHfinvereion, SMEAT AF | FRIWAGEREVIDE eRERTEIBGr t he
arc extendi ~rgedhv @He tH® teahengnedgecho Hlhdés ai | i ng edge over an
aerodynam c profil_e t he ,seqGti hepl ad e y J r nA
the blade with a eygf.)Jl“.rﬁder‘4 vw(%lé‘g a&f% c%}‘ac?i ggégvﬁeéfﬁgf%e %%f g‘fﬁ%
rotatioh of t¥froreiRieal-feqpnrasxaflivudlrdgnt ﬁéi“%lé%*g &hegemhindiggney ofithe
eaatro Zi nc ofannigdasiceeidby itk e —trlehtDdn;t he bl ade is the ~ faejoining the
aiidl ~ajpts of the ghords.L e di ent ;the.s g (S~
msasuxeél&at 8 gi .Ve% ‘Bﬁg}r |5t EEQ%% Qaf%é %(a tfllgg%@ é&cﬁr \%ggflg’?hg&b|§§§} fdr
exanpl e) the #tkFberrasedrdues i AoRe 0F Abe| eRQALRRRESOPE (Yhd 5f ARVHITAGB) i s
t he angl e made Wr SrdOaZ3i 4t ' EdddeHOReh04E8 ahoben wumodamenat pbg theom
the centre of t he point Q concerned and the tangent to the ouxve
at the sane p%%%%nkla{h‘}e?ﬁ’éys‘kw angl e or xtet angular disri~. $cet ((~,) of a
characteristic cuFbarsf %t HhMRade 489%3Te ERGPENTLIGeehn t ABXF2R1EB F485si ng
t hrougkst he erdirAactes | She C coee, clfd ofanpl ein t biaddir ue repecsent ithg t he

oentxe line ogmgquﬁglgli‘&cggr&ej[ igggs fe g_meﬂligg;e, to the fan hub, and the ray
e

passi ng th, x~oug characterrstic curve at the end of the bl adet - the
bl ade spac$ng at sgl Bige & iher aHiFweane3BRIEDE sPet ARARESH i@ 1¥%PYA8€at i on
beCwe~et ~ t heasiges ipagigifagenth ceygivnishes cobledpasi di furgtpan iss thé wdtife

bl ade, fox eXBERG ofrd,CUlife e LOP BBt lnt S OLR0P Spvanddi | o= ade angle

(/3) xs the angl e between | ane rotatLon o the@_%;"P an. xnd thf?ﬁ
strai gh®%ine | oi il RéF48fe 9 eRli hgfetge VB PhedRABREF 2 RfPAGIERGe 96 T8
aar odyt ~am a pmedrtienpfantthe bl ade sect9,o0n; - the pitch rat,o (P/D) is Che

ratio between the ,pip_mﬂ,epfmt Qﬁof)@lixschteﬂé‘ﬁic~-£&ah@ SNy WnighaBREHes0)knehi Ch
‘the point QcoriCerried_Is axiall

) ~.sp7.ac~d. that |s,,P~2 n _r _tan ,
| (~) . where PFPIELoghcatm®gt nohf ‘?‘%e%fﬁ‘g%%ﬁe“ﬂ'ﬁ nERRPEINRES | &F ¢ FB4B) ade
angle at 20 t hevegradibh. Q and t he maxi num d~. aneter of the fan; - the
profil e .,ganber (f)ma EudedRES bal GHat £ RS SEFBRYE PPrddatdieul ax to
t he chor2 L) msasu'l;heedE xtrﬂtd%mutzﬁan e~%socr¥é~ Lhtofth gl ade icgrrb r line; the
posi tion of tRe*RForRPE cAlbertE Y8 A47WERt &5t HE S hBT R ﬁﬁg"%e 28PIBE s ed
as a percent agebtendielie biyercheh axfc 2&tephdinghafadmi ttdel fleading e edaketpY)thes t he

axi al  di spl aceayentngOotadd Gyal-adf béayhBRLDIRBEI N JRikEd s@BLMin td1e tie,
including t~oG only the djs

| acenent of the ept3, re . profile.fromthe plate
of rotation bPtadg sePrRLRed Y f’bt@ﬁﬁﬁ‘fféﬁ? &ﬁ% g%a%ehé'”g afte X HFUIRE ¥ °,8%if
any - al¥o i neaks ato3@idés ewttitorthe\akhs r of cratatdorCaof hehe afiarpasind hose
drawi ngs) the i t j~a 2 and conprises a ctentral hub 3
cpdfus & SRELES BN ple W

mounting a plur xved t | ane. of, xof at.i op, xY, of she
fan 1. The bl &88s®epega,tine ag midehazg Jéﬁi? gﬁﬁﬁr‘% EP% l&% et P iRe 35

convex edge ' ljoamihe themidpovintaigé the chon@igclstet thé abiifdryenteFayes in terns

of efficiency,. Qggse,,),ggel‘,ﬁisd [Badmiii@elcait ORt &iRRH byoir@t api nge t e fan

made Vﬁ ““E%"é‘gacﬁ%;i;aac*?&?@es So the bhlade, for example, the cuxve

repregenting the trailing edge of the fan blade, is the angle made



2 ~ ~ ~ P 20a2 aeoox~dirig to the present invention either in oz~e
d~.rection ar the other) the oonvex edge 7 and the concave edge 8 tray each
be either the | eading edge or the Crai,lir~g edge of the blade. ' In other
woxdg, the fern 1, tnay rotate in such a way that the 5 air to be noved
neets first with the convex edge 7 and then the concave edgy a or, vice
versa, fingoydazthe concave edge 8 an8 then the convex edgq:cﬁ-ﬂg@gmmgsjﬂﬂ Y,
t he aerodynam C profl | e of the bl ade sec@ oa nust be arienCed according Ca

t he node of aperatiaa of the fan 1) that 10 i.s to say) to
whet hex the air to be noved neets xhe oc~l ~vax edge 7 JﬁﬁEPm edge 8
(first. At Che er~d 6 of the b~,ades Q a, reirifs~rcetnent ' .ring 3 nmay

be fitted. Theg rd ﬁeasﬁgﬁ%h%mt hgeSetnofa tde Lb{eacm 4;¢f ahee%arm eq by
2
preventing the an bl ade ~ fre~m i n eareﬁ 15 at the
b

arid of the Hi%%ge %‘Ec}'ﬁ‘ﬁt "‘%ﬁg""é‘ér Bﬂyﬁﬁn?%"f@ﬂégst WFE%)V%}”I ring 9, in
conbi nati on w tthea ekew lfxglhi nbts the wrgklarngdpfelakemart r (W ourfl the fan

and reduces tiguLaidiies; Aludide 12dng dhadbosd! ol rdao CBaBRaCoEy Del ng

created, as i X~awx~. ferent ressure an the t\fo a\_;:es of the
bl ade 4.5~0 FReREsERg . @‘rﬁﬁﬁ%o@’? qhﬁéa‘:?‘?‘ﬁﬁt h&E V& t APEKEFB Bor T1%IFUIT® t hat
fit$ i.nta a reprebémgngeaie tanmmddinenod rbeduixichted Iine df sttenbladeaaté very

smat | 10 the B Sho AL che DELUERBDCCM Bigh TendlaLhE 8L Buk0get her

with the |abyriat tween the two el enents, reduces air
rahir~. at thHe &he e Pf'lé:hleaﬁéa% b7.ades. Moreover, the special fit
bet ween the a4’ ¢ier bLady) spaeirgy mngiduct) 16 clid engle huapumq:)@mt shé ccepop® I Nt o

00-Nt a0y o Wi t ho?%a@%&?rbedda%ec% 06s SghSed gm% |k odigedpidrlling

fs of th h f |
S B e e S M R RN T A AR

which the airblaieees at the end of the blades 4. The |.argex suctio-~r

surface keeps. ajy. Ghad rm.gas ?ﬁ)cqrastcaetaﬂﬂteebhvw&&~mﬁeaﬁim lber zédLWon
xesi st anae. However) as sh I n Fi de. .aaaar.d, i ng ko the

35 present | nQ%rFthleoﬁa?lé‘é’d‘ ﬁB? b%’aé&nggje‘t? \/3‘3"?1‘1“9( H"@g 3ng. 3994 o dhe
ri nA andst he reliateg edgetof thuoOaerdddfaiiad p&opﬂmgé%laaai;sdQ s@ceBlen;p 2002

The bl ade 4, proj£GlQdn0Rb&:d h&/@)arﬁ Qixer%é‘id Ok ¥ e tﬁé‘ {ian 4 has the
geonetrical characteristics descrltlgle | ow. Th?iﬁ%ng e at, centre £8)

assunming as tREFaaftd dhe Gttt r aF’“%‘ﬁ?ﬁ F¥ faﬁ“ﬁbb %I SRR t h
the ax~.s of iotetirdly Slifpbicadhechaln, isnoPrespohdi Ay t &an ) wi Witreor Eae

bl ade 4 aC t hepd Q@hgtn S th@l iy} @eedntSpdiGeagr ahdilf Q8 thatbllaakesndlat at
hce {35 of 6% PEIRT AH0 Sl BecTY BT ot RS Lefng i i eali an
moul di ng, ‘t he-bFaeleprdtidle heswhex sh@ul ialSnaltte o%‘?qe&ﬁ ESKBEIRL-$&n¢ hessryni e
used to make b&epefndgétflalﬁ %8 £Re DEnotT \t,OGichbiteX BBfl PhOJEEHEOL 1OSthe
I nevitably gobygde c er Tine, the position of the profile camber £ relative
to the chord L may be expressed az a percentage of the length of
25 the chord iteelf;
- the zake (V) ie the axial displacement cf the blade from the
plane of rotation of the fan, including not only the displacemant
of the entire profile from the plane of rotation but alsoc the
axial component due to the blade curvature, if any - also in axial
a0 direction.

With reference to the acompanying drawings, the fan 1
rotates about an axis 2 and comprises a central hub 3 mounting &
plurality of blades 4 curved in the plane of yotation XY of the
fan 1. The blades 4 have a root 5, an end 6 and are delimited by a

1] convex edge 7 and &4 voncave edge 8.

Since satisfactory results in terms of efficiency, noise

level and head have been obtained by rotating the fan made



Moreover, ft should be rea~enbexed that. especi.aJ.ly in the ease of notor
vehi o~. e applieat~.oas) the fans do not work continuously because a | ot of
the time that the engixse i$ running, 15 the heat exchanqcxs to which the
farts arc connected are Cooled by the air flaw created by the novenent of
.Che vehicle itself. Therefore, air nust be al~ owed to flow through eas~, |y
even when the fan is not turning. This is achieved by | eavi n% a rel atlvely
wi de gap Be@A¥éR2he tan bl ades. in otherg words, the furs b7 P&AA8IYH5Y s
tsar forma screen Chat prevents the coali.ng effect of the airflow created
by vehicle notion. The relation used to calculate tho 7 EP i1 degrees
is E8 - t3C0~INa.of blades) - K, K'~, = .~ (hub dia {grs el of bl ade
profile at the hub). 25 The eagle (K? , is a factor that takes ~. r\W
account the rAcepRdsngd toStigPregerh AnvADione #i Ehethdp R YRESER™OCEN DI ades
Ga preverst tdigmf r@m eu@&ésaeabe n}gad&lrdmgcmdvdl 8gyendmays eachumetdichenf the
hub dianeter: th Che h ter h r the angle (K) can.
be. The val ue"hﬁ'f ?ﬁf@r@rg@% °C"| nggwﬁng %ie 8 {Eﬁéé]%ed by the he~, ght

of the b~.ade profih| ethwr whrdshuishe d-eﬁ‘@flrﬁﬁaltan”beﬁ‘-’é’% ag¥de A3y 5\%?/ of
exanpl e §nly Hnd eW-bk NQeed Q@beg CiirsBgwifie theopenwdx tedgei Nvami ivhenconeept ,

refers to an enbodinent. qf 8 faLJTRIgd - 1 26C iR BRE MekDvl Neaglr 85844

iriventi.ozs.®REERT fhe'*sCeo npanyi ng xaw~ ags, fan hag 3a
seven bl ades, thenhthe \Mﬂhen efiggneier of i 40 nm sad ari outS| de dieneter,

corresponding to bB@iéﬂs@g?t €he @Erb@ﬁxa&ﬁl@eﬁrdﬂzmg &) tnk Bifmengmction mldk
9914~72~3 7 P4"TI1B9910

002 he ) e rqd di to
the width of B RTA6R" af:ﬁ%rc}h'i’ﬂcggaﬁ %- ?L&ttiﬁ)e‘soe@\% uggﬂ) Y tﬁ%‘b The
geonet r §0 of ai$)¢e¢w.ofacbhedm @Olwmerndihebéiae%r Pﬁe’cﬂ‘”"%"né“%"&d IS
first definedygmet g 9Chs e e&i&vbh@dg!i pl enx@cof rotation ICY of the fan

1 and the projection of the _blade 4 hep t t ferred
into space. with PEr EPR egg é §t%é (?QF%% <hot L—Qﬂ?&q@?t %'Sg §%§- Be

geonetrical . tiuredr Uthd s‘ingoﬁ‘ sthenghhgae thecakialt She PLERAM 4n§°Fh%"‘W%%ct or
13 of the anghg drdkeNdidg ché dryleus oadehe Hiddecd biont beryimg 10 e ersat he

left an thery16a t.h 4 I e
directi gé n g mﬁnﬁ?@ %h§/%%g% orﬁg\lagtgél{%/% £ g a1¥.%f%lgﬁlas“lei(rc':lt g‘?édsi ﬂgﬁlgéa ray
35, al so rot at:leei Ringatht |=é'4 sonpinesign MEEh 2 oMoy 0 at iR Y K)“"E)’tﬁ”gr 8fative
to th ray 16, vpé eaﬂrha&odﬂicavwﬂe, fhheaidvretayes Ithe Ybriicest hustisatdndx &t ated by

an angle A= 3/1 ,tht t el $eC tRe rays
17 and 16 Wltﬁ{‘? #élBat?‘ﬁB ! 5{he |€’Eers!e=%ﬁgonc-sg§§;?h:asr ggskﬁ%ﬁgrl 15 wi xh

the outer rin§ibfasent Wqﬁaﬁr%d-’rn fihe 1fwg £39e3) af Plade 8t anetez to the

outer rispg 9)) detmypmongsf gufpdaéi xthe Mg N ke & thickglin poecighand. XY,

whi ch ~0 defi Qﬁ%tt. hg P&roiﬁg‘_ql% PQ &Ias Qleggelg q{adghe;_nf th Bbucthaopr @necti on
a S e

of the convex I's also rst. Langent 21

inclined by af a\"ﬂj“’ee(a)c vhry Emathdp |§e %‘iﬁQd"T%ﬂ"éP’i‘ PeEYerR o hea 107
passi ng through ahd yhei seat N2 xpgetterhubtly the labyrinth shape of the part

between the two elementa, rveduces air whirl at the end of tha fan
25 blades.

Moreover, the special fit between the outer ring 2 and the
duct 10 allewsz the two parts to come into centact with each other
while at the same time reducing the axial movementg of the fan.

Ag a whole, the xzing 9 hag the shape of a nozzle, that is to

30 say, its inlet gection ie larger than the section through which
the air passes at the end of the blades 4. The laxgex suction
surface keeps air flowing at a constant rate by compensating for

flow resistance,
Howevey, as shown in Figure 6, the fan made acceoerding to the

a5 present invention need not be equipped with the outer
reinforcement ring and the related duct.



As can be seen is Figure 2, the ax~g7.e (C) i$ neasured in a Z~ cl ockw

di.reatian relative to the ray 17 and therefore the first tangent 21 i $

ahead of the rax 17 when the convex edge 7 is the first to neet the air
flow, or behind Che ray 17 when Che convex dge 7 ~,s Che |last Co neet the
that is, whezt the edge Bis the first to neet the air flow

air fl

At the oulwas 99749203 9,

thgt i
out er

anticlockwi se direction rel ative

aw,

S,

720,

ring 9. As shown in Figure 2. the angle (W is neasured ir

tangent 2x i s ahegge Whaehg, GRidyexcar@ats 7thes pliee fdfr sbténiomeat &hechad r

flow,

behi_nd 9914922 4 002 ray
when the conf&® %dé@ 7\%%; feREETAS ?1to rree% %gg%l %.'é'?crfbeé b%ﬁwzl s, when Chs
edge 8 is the firThetangdsetatt hthegj gentre, B cI naFAUARE &8) “Pﬁecﬁ'l"iﬁeec‘ineon of

ar

the convex e%%mztmatlaea&% b dndesdd rcstmt:angemlmcmchm dherosetimd

t angent 22 anc har act eri sed c n onv tion
h ntqs)é c'flhE %FT‘ec‘fqrﬁﬁspc’fkﬁggcg‘? V%H ik c de |%1ees dg fled o )

wi t hout 2

poi

proj eatl oa at
the convex edget75 sisacpbeulisobd Wwiaghe rejpeion that- tgkey iPtB §oqpupt §he

enbodi ment i I&agsrtﬁgg &fhsct Q@iﬁaﬁa@me& ko dRfjaoatk by adds therhofdamni agnce
equat ~. an:

illustrated

.%ﬂﬁh gfcag,tse gmanam 35 n?refﬁmélye%%am i@%@m &S

the rel at ed »mcaidiyg veabei bbides &h 'El‘kﬁe dpe sfhoukdy, nos °E65’fépng°&¥e@’15§ui*é¢

-agai n,

ihe er&;&al,@eg eh hivee Paealehanad ecdledel ety byoniphext angepesiugtieomd 22
at tha pai nts (
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the angle (B) in degrees is:
B = (360°/No.of blades) - K; RKmn = & (hub diameter; height of
blade profile at the hub).

The angle (K) 4is a factor that takes into account the
minimum distance that must exist between two adjacent blades to
prevent them from overlapping during moulding and is a function of
the hub diameter: the larger the hub diameter is, the smaller the
angle (K) can ke, The value of the angle (¥) may also be
influenced by the height of the blade profile at the hub.

The description below, given by way of example only and
without regtricting the scope of the inventive concept, refers to
an embodiment of a fan made in accordance with the present
invention. As shown in the accompanying drawings, the £fan has
seven blades, a hub with a diameter of 140 mm and an outside
diemeter, correspending to the diameter of the outer ring 9, of
385 mm.
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35 concave edge ~ is thus conpletely dafi.ned in geonetrical xexnms. Figure
3 shows el even pr4files 18 ~representi~xg el even sections of the baade 4
made at regular i,nterva~,a fromlei t to WO 9914S1a?3 PCT/ |1 B~9100A58 9 5
10 x5 20 25 30 X|ght that ~.s, fromthe hub 3 to the autex edge 5 of the
‘bl ade 4. The profiles 18 have some characteristics in comon but axe all
geonet ri calvigyeompidzerent in order to be able to adapt to the 'pcagarrosigm@sn C
conditions which are substantially a function of the Si aa
pxof~.les in the radial directiQr. The characterlstlgg %Hgg%%ﬂh 'l the
bl ade proff.les are particularly suitaksle far achieving hi gh efficiency
and head and | ow aois2. The first profiles oa the |left are nore arched and
have a larger bl adgeag@ie (v), %Q'i\élﬁfbndbﬁ&% ¢hes@idthookhe Budak 'athehd

| i near vel oci s than e _outer ,pxo~i 7.e$. The profiles 18
have a face 1 a‘c‘c:)?ribcrﬁgtﬁg uaﬂ%"“i’nthtlal"’a‘s quI gt ?I T~ e segnent. This

strai ght-1ine gegfBei toepnetrysi ¢hed thAage| 04/\/ phe takr fiasw & o Wil ernesnobr hl y,
p_re;llentl r~g :mcbkm vhenbfmam AT?) f:tl%tagijfmldc?sV@%:@jééf:ﬁn}:lém:osmt[‘h_
airflow an us ncre |s r eQuUG i cienc n u i s
straightTine B gr’?\s\‘r:ilt'= ’i'°s=a E) eI F(% gf né’trﬁj'f‘ e/"PF‘o?rf 1% o?’ga%‘;% of
the | ength of4 wasosken @line XYTh% mmmﬁewdt fReof gpece. 8a i ~
tsquts:1 an}1 i 3I I%/ | qageenp z@ffeﬁétfr.@U' 86 H%E? ?éh&"ﬁl nﬂmtvﬁ?hm:{ g@';EﬁfB‘ 2l,esekd ose

e hu7p ose end. o e [ _ax—0S
maki ng up the ?"mggi?% °°B%b%’ﬁ5§?%r%ferm§ng Fgr g"cej S B T )A‘Ffféf‘g 8% o
ssx) they profidacsorcdnpérthe &ngleof(Bl Ivhih, sddndtunc debivdised MY tther empect
to the ghord {1)on iche pmf bhé GRREY 1 Jonl Snd qq%%@d i"tra§ @al Nocakegeld ed

(I'f) ire Figure 39%,aatg. ~7% of .th |l en f the Chord
(Ir). This iefy ﬁiﬁlﬁ‘%%"f sﬁe f‘r‘ﬁ%%?'édg’fr?ﬁ;?’??&ee g8 é? Y 'g?ltﬁt?V% F?lageheets
the ai x~ ~i, rlaftﬂec‘l-'h’e Backnd Gbray 45k dlsadeoratedein mogiblockwiae vitxesatdn t hat

t he | 4axi mum ﬁﬁi.ﬁk%&ﬁe(ﬁ) oht Ofeldtevdr € idie sy | fCaGed tRed &QQ8, Defigveen
15% and 25% of t g% {ear}gt &%LQ& bxjoggg &Q?r% %gg% ref esgﬁstys aéh~0% of

the len th of “Thé 'S case
measur ed®f r on}qhé éd’g?é’ of the profile that neets the alr first. Moving from

L_hehprof ~. les cl oaaé 1ﬂérbecMEV\bﬁLﬁlet Reysexi rase bLbi Okﬁrﬁ%el B, 3)akifls its
cl/?rgts ;r Y—? r; 6 tlgwﬁf'?f ?fés %?of%? te%a?'gg) E‘.’r‘e‘ger*é Bgtq'\ td’fgc gs\ﬁ?ttg?g 2i¢fis
reduced by a7eifutfap tpramithk sofcirele'eghgb. inTdéanspes mmh@hpamwrgsg(@' " ~)
decr eases aeCi¥ulirfignd Ofcur points (M, N, 8, T) lying in the plane XY, which
20 define the projection of the blade 4 of the fan 1. The projection
of the convex edge 7 iz also defined, at the hub, by a first
tangent 21 dnclined by an angle ¢ = 3/4 A, that g, C = 9e,
relative to the ray 17 pasaing through the point (M) at the hub 3.
A8 can be seen in Pigure 2, the angle (€) iz measured in a
25 clockwise direction relative to the ray 17 and therefore the first
tangent 21 is ahead of the ray 17 when the convex edge 7 is the
first to meet the air flow, or khehind the ray 17 when the convex
edge 7 is the last to maet the air flow, that is, when the aedge B
iz the first to meet the air flow.
30 At the outer ring 9, the convex edge 7 is almo defined by a
second tangent 22 which ig inclined by an angle (W) equal to 6
times the angle (A), that ig, 72°, relative to the ray 14 pasaing
through the point (N) at the outer ring $. Az shown in Figure 2,
the angle (W) is measured in an anticlockwise direction relative
35 to the ray 14 and therefore the second tangent 22 is ahead when
the convex edge 7 is the first to meet the air flow, or behind the



WO 99/ ~497x3 PCT11899/90458 10 2 3 5 ~ P Z002 substanC ally 1l . near
variation ag a functiaix c~f Che fan radius. The profiles 18 of the
sections of the blade 4 at the outernost portion, of the fan 7, have the
_lowest (C~) thioktms~s val ue because their aerodynanic characteri$tics nust
make them suttab7,e for 5 higher speeds, In this way, the pYO-i~.e is
optimsed fpr the | ~.near velocity of the blade section, Chis vr~~.o0city
obvi ousl y Wa®BM928i ng with the increase ipn the fart radiu, TH@W@?@@W%f

tl~e chord (L) of the ~x~ofilas (18) also varies as a fux-~et :Pm
radius . 1~ The chord ~.eagth (L) reaches its highest vaf SE 1 ddl e
of tile blade 4 and decreases towards the end 6 of the bl ade so as to
reduce the aerodynam c |oad pn the outernost portion of the fan bl ade and

al so to tac~.tdvt atevhére fhe. sBayex cidgehe 8 rthehdAst hee mgsti $haosrix Pa¥at i nd,

as stated aboug. lp, %nbh?ed%deélgd E:’.s(Eﬁe %L\.?@t AT et aaeaaiwrmwor~ of the
fan radius. In partlcu ar,, E%ng %t decrsase orgl teo a
qua8i - 7. i neax | aw. nTHE'a‘T"'éﬁFO V}frlpéf’ FIGE Phe™ i §68 %gﬁ ? )" ca g 5§

ahosea accor dtogtheo fimtacmodemantt Fndato r sy Febndn t-‘taneeétlt eenmisd 2@

portion gf th@géx@@t@ﬁ%@ BN a2 cp_g.e; eﬁfgﬁﬂ aené]_%uéfe%ﬂvém%&ﬁbat | @lerdkse t he
bl ade angl e (

furiotiox~ of e fan r.adi IIowsacuIS | aw
def ~. ned by t *@du&f"l 6?1“'](96 Yon. 7The1§u£ve "’m"cg‘ Bg“% % e tio s 67. 64
25 The | aw of tivarccaréordoé 1 tE apaxabolmiof. bhe Gﬁmehe fan radius (r) i&
repx' esented in the diagramshowny o fifuz x84+ ¢, Figure 4 ~how- hpw t ht

projection of the blade 4 in the p eXY| transfer S c The
bXade 4 hoe a rak&nv Hhg| 5?‘?%”‘?8‘: ﬁg t&ﬁge %ﬁaﬁ%eﬂaf {] d?’?pfﬁ‘ . %0

Fi gure 40~3hous: tthalseggradqsitionni ng the poi nts (M, N) and (S) T~~ of a
bl ade (4). These point8 (M. N - g d13lxd -ab¢7 &bt es aed by eterGng fromthe
points (M N, S, T WmchI|e|ntheplaneXYanddra endi cyl ar

segnez~ta (M M) THiR qguptiorg dgtermings [¥he | QUIYE 3o ﬁﬁ%s"p% g’? q:lh 8 rake
(V) ar, i,n otamresdendsagaardi abpber dmefigqunst 7 e Bl é@wmonméﬂil&l rell&teét i on.

Mor eover, in gh&dogﬁ.f,gzrmgge@rmog &Billne 88Ch bl ade 4 has a shap defined by

the ar CS‘.L 19 and Lorokmg at:.~Fi;u9rZe23 an;I;IIJ’SQQ U%pc:.nt‘.s of the parabola are

defined by the tangents 21 and 22 at the pointes (M) and (N) and
the zone of maximum convexity ieg that nearest the hub 3.

Experiments have shown that the convex edge 7, with its

parabolic projection onto the plane of rotation XY of the fan,
20 provides excellient efficiency and noilse characteristics.

As regards the projection of the concave edge 8 of the blade
4 onto the plane XY, any second-degree curve arranged in such a
way as to define a concavity can be used. For example, the
projection of the concave edge & may be defined by a parabola

25 gimilar to that of the convex edge 7 and arranged in substantially
the same way.

Tn a preferred embodiment, the curve defining the projection
of the concave edge 8 onto the plane XY is a circular arc whose
radius (Re) i5 equal to the xadius (R) of the hub and, in the

o practical application described here, the value of this radius is
70 ym.

. Az shown in Figure 2, the projection of the concave edge 8
is delimited by the points (S) and (T) and is a airoular are whoge
radivue is equal to the rpadiuz of the hub. The projection of the

35 concave edge B iz thus completely defined in geometrical termsa.

Figure 3 shows eleven profiles 18 representing eleven

gectionz of the blade 4 made at regular intervals £rom left to



iri Figuxe 4. xhese area 19 and 20 are circular arcs whose Curvature is
calculated as a funCtian of the length o tl~e straight-line segnents IM)
N) and (S', T'). As show-l its Figure ' 4, the arcs 19 and a0 are offset
fromthe.corresponding straight 5 line eegner~ts (M . N ) and ( S ( T )
by len9l'ths (hi) and (h2 ) respectively. These lengrths (hl) and (h2) are
nmeasur ed Q 23 pex~endi cul ar to the p~.ane of rotation §E§; (ﬁﬁge 1
acid are ca ated as a percentage of the length of th seg

and (S'. T) thenselves 10 The dashed lines in Flgure ves

par abolic segnment and circular a.rc , related to the convex edge ? and. to
the .~ concave edge B ~rhe rake V of the blade 4, both as regards its axi al
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sexagegi rral degiere Lladeadtgde | (i eatsudd)e veangt ebisaa @o- ahei habeSchalrt he

P o160 0135, Fo8edP 558000y £a 0438 Dol Bs'cRCPho, ouger Frofiies, 57 10 .

51 G WD 99~| 4~J%he3 profilpeTiiBgduwye0s5sEecs Sﬂa P°5!a=zi=ing an initial

3, f212S. s31. 28Zaatit30ide leAedt 7:&3;31&:ﬂéﬁﬁt&1ne gegment is designed to

93. 2126. 116197, 760 4 25243 0- 2 - Quldiiud, ~XBEILxTER! $OWPREL NG e
corlverltlana ?ans WI? SEIT&EII’I aCcCo da ce W ments

usi ng bl ades "§¥sprided &he aﬁ#r ofddsh welfide iotexmipk BRAPLH RITEFPY andicBiEase in
t he sourd pomaratseaheme 2ndSredure308bicienanr ad Fiqule( A) thid saPaight-

e overent 13pfOAsble fPTLByed VES NRRTRELHgORT ReafoR, GANETS eOr of

air delivery, to the ernbod~. net~ts w th bl ades
spaced at arithe RpgER ¢hdghe Shordalle - devel oped head val ues up to 50% great er
10 conpared to thehe Qast@xnddrondl thansamd Xdai deat wobstantially made up of

cirocular arecs, PRasging frem the profiles cloga te the hub towayds

20 those at the end of the blade, the circular awcs making up the
face l1l8a become larger and larger in radiug, that ig to say, the
j profile camber (f) of the blade 4 decreases.

With respect to the chord (L), thea profile camber (£f) 1s

located at a point, labelled (1f) in Figure 3, between 35% and 47%
25 of the total length of the chord (L). This length must be measured
from the edge of the profile that meetsg the alxy f£irst.

The back 18b of the blade is defined by & curve ‘such that
the maximum thickness (Ggy) of the profile is locauedl in a zone
between 15% and 25% of the total length of the blade chord and

30 preferably at 20% of the length of the chord (L). In this case
too, thiz length must be measured from the edge of the profile
that meets the air first.

Moving from the profiles closer to the hub where the maximum
thickness (Gux) has its highest wvalue, the thickness of the

as profile 18 decreases at a congtant rate towards the profiles at
the end of the blade where it is reduced by about a gquavter of its
value, The maximum thickness (Gm.) decreames according to



In fans nmade accord~,ng to the enbodi nents, with bl ades spaced at an equal
angle 9, passing froma bl adesa back to a k~lades forward aax~fi~. guxati on,
there are no appreciable changes in raise |level. btoreover, under cextain
wor k~. x~g eonditiors~s of the fan) ~,ri 15 particular in the high head
range, the bl ades forward eoufiguxat3.on del ~.vers 20-25% nore than the

bl ades ba ls)gur ation. Figuzes 9 and 1fl e~hQw anot hex empqd f a
tan 30 coﬁ%??g?%gsa wheel 31 with bl ades184 spaoed at unequal ang egkg? 20

The enbodi, meszt with bl ades of unequal angles 6 furthergy | he
acou$tia oonfort. The different noise distribution fromz Benggﬁezgg in

aceordarl Ge with thia~ enbodi nent Makes it even mare pleasant to the human

sax. Wth refererl Ge, t.Q Fi.gures 9 and. 10, the | 3~ eve bl ades
34 positi .aaeﬂ‘bélta?'f‘r'ealﬁb’l IngWarfg VAR Eg"ec' , @ 3° sie on gt Eﬁ%eﬁ%{jge%dggsal

i(tpr gsse
degr eess 81=SBe3ProfPteky 1B29f pReSfrckions gf=—Fheobladgs45gt5ohe GEeFBOSD Ot

A?s52. 282 | f ddieivwhesd Bé Fad 1t hevdlhderwddr SRLE duillokR@eivadag bekauds 30
as the Fans e did in Fi r

es.1l and he spacing.a ~ | e
A~=360/ 7 = 513§ 2eTPRETLE) ec”‘?gflc'é{rg‘?t%ce or\'/‘v'PEs o'\‘}\argcet @%‘a}/\%g a§+e t Eger
uxsequal 5 ang hiahe8E speeds, OFn ablliea heayabsbleutsodhlr pky cephisdecdictrat Flths 4f
the W~ 99149723 131561 cLRBAOI Q4581 el URer 0dn,!t Nenidnagaki BNObIREoGELY - -

Geven bl . destereahtib i tBr iy GeARAGi SBF G ST unequal angl es ol
.,.a)bl'ades with &healemmtyl e& (@ Fhexd dii vl the-grofiles (34 devemtvaghes
(91, _.~ -9.) ag a function of the zadius.

10 The chord length (L) reaches its highest value in the middle
of the blade 4 and decreases towards the end 6 of the blade =so as
to reduce the aerodynamic load on the ocutermost portion of the fan
blade and also to facilitate the paseage of the air when the fan
is not eperating, as stated above.

15 The blade angle (BP) also varies as a function of the fan
radius, In particular, the blade angle () decreases according to
a quasi-linear law.

The law of variation of the blade angle (f) can be chosen
according to the aerodynamic load required on Ethe outermest

20 portion of the fan blade,

In a preferred embodiment, the variation of the hlade angle
() as a function of the fan radiug (r) follows a cubic law
dafined by the egquation

(B = =7 » 10°F « ¥+ 0.0037 « x* - 0.7602 x + 67.64

25 The law of variation of (f) as a function of the fan radiug
{r) is represented in the disgrem shown in Figure 8,

Figure 4 ghows how the projection of the blade 4 in the
plane XY is transferred into space, Tha Dblade 4 has a rake V
relative to the plane of rotation of the fan 1.

30 Figure 4 ghows the segments joining the points (M', N') and
(S, T') of a hlade (4).

These pointe (M’, N‘, 8', T') &are obtained by starting from
the peintz (M, N, &, T) which lie in the plane XY and draving
perpendicular segments (M, M'), (N, N'), (S, 8‘), (T, T') which

a5 thus determine a rake (V) or, in other words, a displacement of
the blade 4 in axial direction. Moreaver, iu the preferred
emhodiment, each blade 4 has a shape defined by the arce 19 and 20
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xef ereace system
true: 29 ~ nfche efbodiment descrikgd; arefsusumgyisadyin the table pelow wharae

r iz the generi¢c fan radius and the following g¢eometrical
variables refer to the corresponding radius valua:
t. indicates the chord length;
£ indicates the profile camber
25 t indicates the initial straight-line'sagment of the blade

gection;
12 indicates thae poaition of the profile camber relative ta

the chord L:
f indicstes the angle of the blade gection profile in

30 gexagesimal degrees;
x and ¥ indicate the Cartesian co-prdinates in the plene

XY of the parabolic edge of the blade,

z 70 100.6 131.2 161.9 178
L 59.8 €8.7 78.2 73 71.2
£ 8.2 7.5 7.8 6.7 5

t 10 10.5 11 10.5 10




25 YQ =~ . ..~ . = 0. where the Xgand YQ are the Cartesian

co- ordi nat es.bf Che.centre oaf gxavi.ty ox the fan wheel 3Q and nf x; vy;.
axe the mass cad the 30 Cartesian co-ordi nates of the aentxe of gravity of -

each bl ade 34, xespect~.ve~.y . In the exanple, shown in figures 9 and 10
of a whel 31 with a blades of equal mass mthe fornula is the follow rig~
3SEm~xs go ~...... ~~,..~_.. mn Em' xf 40 yq - 0, mMn
16 23S WeWIHPD g airia 1. An, axial, fhow fan ratating i n*a prare4nd

Ganprising a neutral hub. a plurality (nj greater than éﬂgrg«t@f ab des,
eat xh bl ade having a roofi, and an arid, the blades b~i 2 fmted by

a first edge and a seaand edge, and aansisti.ng of spcti.ons with
aer odynam c ' ' . =gryraduarty and
constantly nPlof tHe hiZ2ade }t he 3 ade angl e

bei ng dsfi. puy.gat [angie. gbet pheers.tzhe |pl agwe sof jrotaf.ilon jand a
straight Ii = egae Lo I 'aqe' f, 'f'[’ue
aerodgnam' C bprof¥le. gf SFcl Lllade?bider “tlgg”‘j’c !aégg'ic:lng' g",}&e-ed at
u~xequal angles ¥6i....-e5.3 Clt xa43, ateri adl.in |t hatd Zhesle ud@Xu

epacirrg ,angles (~1....,n) stay nary 1 n percentage by v,~7.u~s (9%|]
between 1.5% and 8 . 5% aoznpaxsd to the coafiguratio~ with the equal
spaci ng angl es ( 9k¥perémenta scamprrinh cheagenipGienal fansovith fhese Mia i . s:
(gei L S -- i Lgeorllgﬁ%& wit¥ Bfe &n&??i%@ﬁa&ﬁﬁﬁ blddaglsmarehat stnPEq\im is

. sul ~star~tial?7. anqQe tura vl at .t
canva~c fi rsta""(‘e'!hlﬁeé/'oﬁgl w{kglgqppg?‘fée ig Xdaq‘eic.gf]%a% %? 'g&pgégtqgﬂdgggeogné%ﬁand in
t hat, t heb pr 0j286t iten 3§f . t FeagwrrdaVie <A VEHY oW EREENS| dife FOSVEHS-. ned
key a second (g@geee. geonetric curve. 2. The tan acoarding to claim1
CGharaotsrisad in that i [156S aﬁ& b | dhd s ot BATsdebE, UiRAual
spaci ng angles (8 “g%haf&ﬁggﬁ‘en%?aag‘g avel:%%%gﬁ oW r?“vgﬁzlgesl}gexpressed
in degrees: FRNBSMREY :ag@riimg v thz-eghodiments Mth) H3ades SpFcgdat an.
96=48. 729) 67zpd1284q18. 8Thdakran cagebdpdnd nN@ato valyesof up heoprssdi arsacdai ns
aharaetgrised i n_that t pro= | t aa;bg'edge unto the plane is
defi nedf{)y a PEPARET 6 ggegr%’r?’?’?géém(%ge‘?{nasnggggg?dl ng'to ala-.mil,
ahar aateri sed in Enx#fmaeh HRd6| cRIIBALRE  ERe hHnEVRURFGEE ontB R ndLptSthe i s
defined by a fiakall & adf 6qudl ahBlé @) paedind-fmm & blwdps dadkheo pr dladees

al ai spa_char agl.er | §ed 1l kDB, &Ne cASEOLNAR) CaRbibinS AKAGds 18 Tosse

conpri sing at 1east one al ~I'I' ne seguseat .
w J level. Moreover, u:gder certain %Orking conditions of the fan, in
15 particular in the high head vrange. the Dblades forwazd

configuration deljvers 20-25% more than the Dbladas back
configuration.
Figures 9 and 10 show another embodiment of a fan 30
comprising a wheel 31 with blades 34 spaced at unequal angles 8,
20 The embodiment with blades of unequal angles @ further improves
the acoustic comfort. The different noige distribution from the
fan made in accordance with this embodiment makes it even more
pleasant to the human eax.
With reference to Figures 9 and 10, the wheel 31 has seven
25 bladeg 34 positioned at the following angles, expraesaed in
gayagesimal degrees:
01=55.381; 62=47.129; 03=50,727; 04=55.225%; 05=50.527;
86=48.729; 87=52,282
1f the wheel 31 had the blades 34 spaced at equal angles ovr
30 ag the fans embodied in Figures 1 and 6, the spacing angle would
be 08.=3609/7 = 51.429°,
The table met out balow showe the values of the unequal
angles 0; _ 4 @ and the absolute and parcentage deviations aof the



2 ~~~ ~ ~ao~ 6. The fan acaarding to claisp 5 characterised a.ri that the
aerodynam c prefils~s have a face conprising a eegnen,t, fo~.1l QM ng the
"~ nitial segnent, that is substantially made up of airaular eras. 7. The
fan aaaording to claim5 or 6 charaatexi $ed irr that the aerodynam c
.profi~.es have a chard | ength and a back defined by a convex aurva rahich,
In conbination with the faa~a, determ nes a maxi numthiclct~ess val ue of

t he profi MWOPH4%2I zone tset meen 15% and x$$ of the tot aI i nPCHIBI0458he
chord neasured fromthe edge that neets e air first. Z&SEE?OQ?
according to any of the previous clainms characterised in ade
pxaj eated onto the plane is deZintitad by faun points, lying iz~ the pl ane
and defined as a function of an angle (8) xela,tive to the width a~ a

si ngl e bl ade vatibese mfedhat unémadenngiesofi.t he Jomparethd-chahageerrasaendindsed

al so in that vhlige fRUEnaiqiht A edfl e Aok RYch hRvEAl hiaWeE 0
‘.eharaateristias~ the first and tlxv third points are ~. oaated at the hub ar .

at the rest [0 e ade, an aéf gezlned by the rays er:;anatlng Trpmthe
H nal o~ (0

centre of th NI AP O ONCOTIIFP N AV I .

T T J A2 \J\/\JUIIU urTTo ~J LA %19 ./d
Y L4

rat the and qf arigdebl dddades cviks dibipdacuélthn aatieviagdknd se| di dexisitdan By ake
angle (A - |3/11 (E)

rel,gtd8 tq LR 1PhSR of the angl el (B) jg;t_.he.d.pexnfh
point is |odated at

he end of tlhe bl 3e and g‘spl %ced n antlal oc%/~ he
direction by} an angl ¢ (A"9:%%/ 113 ($) at i e t‘ 4hé ay prERACTIg T
the centre df the fan andpaksirg through 'the third paintl They fafh

according tq cl gym 8, al*ﬁaj' 3gf er 1- sed;l hag hat |t he grag, eati pn of 4 kgsconve
edge to tt~e t—thetrrstrpatmt—tasa[f i TSt Laltgent rmati, ed by hn
angle (O e 7 51. 489 iwer4-30 | passBr380, qigh
the first pdint:g3zand{ohamarexi §s~d ;al.s2e!. n|t hat-d.lf@2pxv~poti oxt.3§4 t he

convex_edge RAGRILACE BSL"f AT ™

~

i nclined by - Ead S+~ pes Bttt

y=—pasa+ny
t hrough the jsec#®id pai nt50.5R2 . fi LAL-428 se ond tH98ent s bej ng-ahtd of
the carrespg-adggz~g|raygg when tihe cglr@ﬁlon of rof appon of the_gagyd S Sufh

that the aanwex gdge (IS INME_[TXJC 1O e WE a1 _1LOW andf prae 1 <.xst _ang
second tange L :‘?ﬂaﬁzl [a) :au:alﬁﬁlﬁ % ~IVAREY o Rb!ﬁ%n a v 65 ‘
pl a, ae that jhoeodrlsi |ngi B 606NV ex por t3i60%r w~§t hout080i nt s bf infDe@lion.

1823 ~EPZ Ths Tan aoaardinc~ to any of the pxevb5.ou$ clains rom
4 to g oharact axi gesh | Srdeigbiy Nanel retdd W18mh OSKRE el halmaﬁatmn of

e e ek euF s erhitng “wleir ke refuly MbdIRr R0 e Bhide
irr thafi thedduseshaws thez vadued ofatlie mlﬁ»ﬁm@e athepdpd lanhales xaHe | es
have a bl ade e%ﬂahe tefpat P&&r:ﬁasmusﬂa%awél Whandamﬂﬁiﬁ\t lay £ fdz@ELe heyx Oat
| ova=ds the end gl (he bl ade acqondl Nl 9 f.a2bl Aule?Yy s ¥E' AL bl 2
SY. A. AL1N3s 9. andASEEraA, mumA, (tBeDH iEth x raepeposhewa] £8F c ¥BfsaUPrEéaiteal] cau
] cal] cal] caU|qahaeide ajectal] eatdumadhtah] eabhesddac ab] aapbesddrags cda]exea] cal
Jca]c<all callcadl,, & kne thira cotlum e..
The table shows that the percentage and algebraic deviation
in the angles are relatively low compared to the configuration of
15 blades =paced at equal angles. According to the present
embodiment, the values of the percentaga deviation of the bhlade
gpacing angles should bhe hatween 0.5% &and 10%,
Hencae, even if an improvement in noise chaxacteristics is
achievad, the efficiency of the wheel with the blades sgpaced at
20 equal angles iz gubstantially the same.
Ae can be seen in more detail below, if the deviation
percentage values are maintained within these limits, wheels which
are subetantially balanced can be made even with any number of
blades n greater than three, and therefore different from the
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Claims

1. An axial flow fan rotating in a plane and conprising a central
hub, a plurality (n) greater than three of blades, each blade having a
root, and an end, the blades being also delimited by a first edge and
a gecond edge, and consisting of mactions with aerodynamic profiles
with a blade angle which deoreases gradually and constantly f£rom the
root towards the end of the blade, the blade angle being defined as=
the ourrent angle between the plane of rotation and a straight line
joining the leading edge to the trailing edge of the aerodynamic
rrofile of each blade saction, the bladez being spaced at unegual
angles (®i,,...n), characterised in that these unequal apacing angles
(84....,n) may vary in percentage by values (8¢) between 1.5% and 8.5%
compared to the configuration with the equal spacing angles (6.) for
fans with the szame number (n) of blades, that ia:

(el......n" 9.)
1.5% £ 6% £ 8,5%, where B%= * 100; so that the fan is
8-

pubstantially balanced naturally, in that the projection of the convax
firat edge onto the plane is defined by a parabollic segment and in
that the proiection of the concave aecond edge onteo the plane is

defined by a second dagree geometric ocurve.

2. The fan acoording to c¢laim 1 characterised in that it comprises
saven blades and in that the unequal spacing angles (8;....,n) of the
blades have the following values, expressed in degrees: 01=55.381;
©2=47.129; 083=50.727; 84=55,225; 65=50,527; 06=48.729) €7=52.282.

3. The fan according to any of the pravious claims charactarised in
that the projection ¢f the concave edge cnto the plane is defined by a
parabolic sagmant.,

4. The fan according to ¢laim 1 characterisad 4in that the
projection of the concave edge onto the plane isg defined by a ciroular

[-¥ ==

5. The fan according to any of the previous claims characterised in
that the aerodynamia profiles have a face comprieing at least one
straight-line segment,
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