;e3ej"gl M r<"6r"T"CR=., -, WD 99!49224 neacriation Axf al flow fsn
Technical Field 2 ~ ~ E p zooz PCTI | B99l fl 0459 The present invention
relates to an axial flaw fan equi pped with bl ades inclined in the plane of
rdbfation of the fan. S The fan disclosed by the present invent?g:S'EP

di verse appli cationa, for exanple) to nove air through a heat gZQUZr
radi at or ﬁﬁ)g’g (igol ing systemof a notor vehicle or simldr engine, as to
nove air t #7924 heat exchanger in the heating system of PHEIBIHO@ESS Or
conmpartment of a vehicle. xn additi on) the ZO fan d| scI osed bay t he pxesent
invention can he used to nove air in 'the fixed ai

heating install&iong of buildings, Fans of this k| nd have to M‘ﬂmm M| I"I"I“I"'

various different xequirernents, including,|ow noise, high ef
di . mensi onai conpact ness and goad v@—ﬁ@gg#—’head (gressure) anc~ ﬂl@léwery

15 Backc~rQund Art Patent EP - 0 5S3 598 9) in the name of th
| ~ppl i cant a0 as the present, d,~s@kofegis tan whose bl ades h mﬂmﬂmwm lmnt

chord length along their entire length. xn addition, the |eading a

trailing edges of the blades formtwo curves Wich, if pra~ected SH¥ the
pl ane of rot ZEschRteliPieM¥an) are two CGircul ar sacs. gazes nade in
accordance with this latent achieve good results in terats 25 of efficiency

and | ow noi se b~ ind Hebkeblhidntibf ARDLAYSONLINNEAL AL, PLEXHIE Nal ves s
limted. mainl h}%%use of thelr sm axi a f need

achi eve high ' éa PE PO ined) iR Jhe W“Fr‘i%&%%liﬂ'glﬁ HhéfRant requirenent

an accouht of theThthefaml diptlegeB0by nthoderereatt dnudithes Wascliivexzkude two

or nore exch&twewanaamnqeel e'iaﬂpl&@‘rﬁo Govs JQH:}&XS@&D'aeheétth Q&P%@r of the
air conditi 011 '&%aéc}’rSt he ra Jat or o the cool |t§g 3%?’ gén an the heat
t a

axchanger for the ai rsuBll ¥ o8t PurBg Thdines e Qht simblay _ 5 _ p
2aa~ of radi &giBet [PAt tRaPevVdedamshrdvisbkar heas cHRFagRE atre ther heheingmal | er

frontal di mensiseas.ofDibe|idtufRrobonidiethdny et ia0BeHiR8e Al 1R Qlaiin pPr@aen, t
inventigfn is 4.9 EPAc‘i‘és% pE@B?LQﬂntoin\gﬁgﬂm cax?r %Ssé’éafe t:gf t he above

menti oned fang and nprove thexu |n “qi &fay and J. ow
noi se. The prk% e’rﬁﬁds‘?"srol"ﬁ’é?iitlw“jt’ﬁem&ﬁ&?%@FeW‘éH*&émﬁe%r’P‘Hf}éW% 't he
i . ndapex~de: xt cI Binm Phe wWhépenkiandt bEvaunte r ekeigfyvt ovprieher rdddferent

advant ageous mbﬁi{eﬁwt Sizﬁﬁ.uéih@ i15% V8o a0 Nhigh Ca fiE DY QALY ONatihenk i RY DE

descri bed wi t&m&?é& 80 hsalues of head (pressure) and delivery.
1B

Background Art

Patent Ep - 0 553 598 B, in the name of the same Applicant

20 as the present, dlscloges a fan whose blades have a constant chord

length along their entire length. In addition, the leading and

trailing edges of the blades form two curvea which, if projected

onto the plane of rotation of the fan, are two ¢ircular axcs. Fans

made in accordancea with this patent achieve gosd results in terms

25 of efficiency and low noisge but their ability to achieve high head

or pressure values is limited mainly because of their small axial
dimenziaons.

The need te achieve high head valuez has become an

increasingly important reguirement on account of the thermal units

30 in modern automobiles which include two or more exchangers

arranged in sgeries -~ for example, tha condenszer of the ailir

conditioning system, the radiator of the coeling system and the

heat exchanger for the air supply of turbe engines - or an acoount



aoaonpanyi ng drawi ngs which illustrate preferred enbodi nents of the

invention and in which: - Figure 1 is a front view of a fan nmade i.n
accordance with the pxesezxt inventioxx: - Figure 2 illustrates in a franc
view the geonetrioal. features of a blade of the fan disclose

present invention;, - Figure 3 e~howa gections of a bl ade of t?e9 §EP 2002
di scl osed by the present invention taken at regular intervals starting
frcctt the hub to the end of the blade: ' - Figure 4 il ~. usbrates in a
pexspect i W Fagiktakdaihagenimt biiab fRRk a3 Q&nﬁnQ d@ed%on )fal’lrd' scl osed
by the pr %%H& QY:%.%{Q - Figure 5 shawl a scaled up deta|I the f8~ri
illustrate |an| gure arid the related duct; -- Fiqure 6 is a front view

of anot her enbodi ment of the fan diso7. osed by the present invention: -
Figure 7 shows a diagramrepresenting, in Cartesian coordi nates, the convex
edge of a filkafkruet dehend aRvdHessl osed by the present invention; and -
F~.guxe 8 1s a diagram show ng the changes is the blade angle in different
sectiene of a blade as a function of the radius of the fan disclosed bx the
present i nventi®oAi™ Fiethemigsanscthventivosty itgesedve £l rarileate b reddas

foll ows: or-pressure 200de' ahovi\PReBOlhRd £fanbGhil @O41H045 FinbbeveckXas dn(L) is

t he | engt @k tolgeeﬁtlggdngytmhlm I§tﬂggent subt ended by the arc extending from
t he | eadi ng e the al 7. ~. = over an aerodynanic profile at the

seati Qn of the bFAae *Bbt 5| ﬁ%ld'eflan ﬁl't‘eer?éﬁ‘?tﬁ?j’”itidréa bPFEREY H=a 861 i nder
whose 5 a%ewm dé’éaWt h Tehe dependest r etsdm onreffert hio f apredrekedhose

radi us r adivatiagemesatmRdpinds of; the LidengfALre 7,i~se ar mdahord ~.iae (~C)
of the blade 3 thaehing Jmﬂl %gwt g ruegpﬂbaargéa&)f LA H00T 45 Lthtbo the

dxf f er ax~t %P d 6}. %% neasur e g{l}ven pol nt of a 1.0
char act er|a§f? a&&’r’\?e 5?"”1"% 'ﬂ'f&ﬂe"l raé’ﬁaﬁfﬁfé”?%é‘me Pentsh ffedBAti ng t he
trailing dayentdpnidsed frambishade, is the aag~.e nade by a ray emanaC-.ng from
t'he centre of-t Begfmnits thexgppfl flawQ@f @neax iRde and atdtedhiR0@btn tret he Curve
at the ganR.pQiNinddhtioniNe sksev ~tstf~l.a or net angul ar di spZaceaveat | a)
of a 15 characteri sti ve of the blade is the a e between the ray
passi r~g t hr cughA*¥Hg ghgﬁ'ﬁﬁfr&tf"%t‘l“cacmé vy tléexsi’ "él‘“tlhéeéfﬁr\?é

r epr esent iofga tidaderiod otrer &k ﬁmleﬁdthetbbadeserltoimmti@m hub) and the ray
pa~ssi.ng througbgidies cdhawaGleficaki dr eUslade adf the mAduiekidda By agde 20 - th
b~. aee as%%&n@plnéeﬁtiéﬁetM' S l}%g ”u&féﬁvﬂl Q‘Lt.ﬂ'%iz(?%( 04 Al OOt hO Tan

and the st t ,nhg the | eading edge to hetralllng edge of

t he aerod ﬁrﬁq'g ?)%(SF?IQ&&%? they bl ade section: - the pitch ratio (g/p) is
the ratio betwe&hatdse ipiitlstesteghin rﬁelneXquchwe ivdey dothay, gedmeteivolint by

whi ch the fgaimtg af ﬁCHlﬁGé nedehab £arb dbadlabdd/ bdithspiracedt, ihdakids, P=2 n r
tan (~3) ( whe t eng i s the

bl ade angl e at gﬁ p 5 Qﬁg : L&lﬁé %)ege?rg%] E?l a%rga?e%%oghkﬁt%d il—‘ t he
p~Cafiss dedtifer "(“Fi)”?e r? % db‘ﬁ'f;rest strai ght-1ine segment perpendicular to
the chord L, madttwred firom £hentcivéerd ¢f tagothar -=gbe¢dindet cefhbe [f2pe; the
posi tion mﬂsémtecpru;rfi:rlepea&herinvér&liaﬁ;i ve to the chard 1~ may be expressed

as a percent age g@f . Jdehe 7l engily ofy tbﬁaf,_}ggrdré r%gg,:{mngl t hg, sak@efadhni S the

axi al displ acenment of, the bl ad fr m | ape of _rotation f th f an,
T udl e CRBTITRTSP ¢ FS (PP saHLI ok 250k hanenFiT SLAEReR bt B ¢ he

p~, azl e ofereeanst fnenbien/ adnslo t he axi al conponent due Co the bl ade
cuxwat ure, if- naygureat S8 & RiiESxtadl sibwl®f thoOthangek in the blade angle in

different sectiong of a blade as a function of the radius of the fan

disclosed by the preaent invention.
The termz used to describe the fan are defined as followa:



wa g~~a9a~a ~crn~as~oaas~ ' 4 Wth reference to the acconpanying draw x~gs,
the fan 1 rotates about an axis 2 arid oonprises a central hub 3 nount~.ng
a plurality o blades 4 ouxved i,n the plane of rotatlon XY of tk~e ' fan 1.
The bl ades 4 have a root 5 and an end 6 and are'delimted 5

edge ~ and a concave edge 8. Since satisfactory results in tiénSéﬁrym
efficiency, noise |level and head have been obtained by rots~ting the fan
made accorwipog4daond t he present invention either 3x~ one dir eetrirgs/ddset he

ot her, the convex edge 7 and the concav® edge 9 may each be either 10 the

| eadi ng edge or the trailing edge of the blade. ~ In other word6, the fan 1
may rotate in suC~x a way that the air to be noved rneeCS first with the
convex edge 7 and then the concave edge a or) vice versa. first with the
concave e$ge-8thnd ehbh (e Lonviex belgeh7.ofl3hebwteasdhe)lidie ssgmedynan c

profile of thadhade qﬁ@rumeﬂﬁnerI&e&\eqn@cwmggerd thg gpde of
oper ation of t%ﬁéf aze Ber the air ro ba

noved neets bH Bﬁv%%eea‘éeer fnoﬁe’f“r?émi%incgv%‘?%(?gg%l-‘ﬁ r’sef:t R ¥nh&%end 6 of
the bl ades 4blager ebréinedemeninysraertdngnphycblpgef with o cyliader npode

strengt Bens gha sRfinefdakheibl adrs adid 05r crAPIA R REEVeRt | f@ tass@ngl e ~3
et the bl ade fro co?k%ﬁ'.dgg el ‘Hllgc ea at the end of the blade on account
of aerodynam c Vat reover, ‘ng 92 in conbination with a duet 10,
limts the ubhthd lcaptne 3ing jps mificboxd JdRm (M7 PArFheniladeldecthe Hén%/ortl ces
e,t the end $oiHingStHehfidHolshas of , theheledaar to. u&sdbﬂdsrgncrxaaaed as is

known, by the ffe ure o face or this
pur pose, yt he rlddrll:g Jvﬁ% %?ﬁé ¢§)| He&%?te{i""%u i %lji‘gén tglsa: n? rr{tchl ng

seat 17%mdecParachesisgiet cyove THE d“l@Ca‘?Ft?@ (alf“ve‘?’if‘“?i"r%'l | PRy t"?fé"%m sl
directi, an, betnssentingetid pr&8iQind edoel dthiehesdan Hlade oget hke anpld mafe

| abyrinth ShBPeaOf:-aJ' hénaRa¢ fngD Stae ehet RRnEMD ol aKBNES) Zseehecqpiat rowhirl at

the end of th f an_bl_ade, I e n.the outer zing
9 and the du€ Mféne:? thewﬁ&%t%m ar‘{L ?o c8‘}{’Elrrstl'&lﬁ"n%'Bmg %X\P t Wth each

ot her 35 while &tet HE'%aﬂ’H meTr e%ﬂlfcl AgTHRE aﬁ*’&‘l“ﬁmﬁenﬂ@ oPfth®e fan. As
a whol e15 t hechif@gtOrivdsc t havehaperaf ad0zid ehet Aadld Saett@e&ayt:hel '&'.'Syl nl et

t I h
S55h Ly AR RSB NG e 5

e air sssat h Ela s4 The
| arger suct i SAPRFFRELY kRggddghqrd f?"g\ﬁ «Ssl %Jn&’aﬁ’[‘ %ﬂ‘
conpensat i ngtherraf m#es@tmwbethd—bmwri@sismelﬁ thmné & thde fan
made a~ccor dbidde,t 0 the 5 present inventi on need not be equi pped with the

b "o L et ety bl ool s e Bt o0 0T

t he pl dne of ation gl‘:a
char sot eri st PEetRfe$&p| ﬁ%‘cihﬁeﬁtﬁwghFhéi%dPémé‘F Fhe reaftre e(ﬂgﬁ' %2 &8% i ng as
the centre sheaflingesigetsf ché apeedvmemic phefilanof chadblddagsesicienit he axis o

¥ ot ?t :5 on 2 0Oz Eﬂié mh E-QiifoeS(BW'ﬁ? the S:Q@LtoWltHéi:beé?;f thee phbesrade 4nak the
roo isc ul a ei xrg a relati ake 0 aps
Chat must ex%ﬁf"’bel’: tﬁ%g%‘?a] at na‘fdg %‘ic}g §l? Qnécﬁcgg%%r%ggo? pCh|$
ki nd ar2s nadésm:eﬁaéintﬂiwbﬁcesb a‘é’{ﬂFclﬁjsPﬁ@) t 1y ecki t)ri=a)(8"h*a'u4"hﬂne Fgist he
bl ades in thehallfen%bmﬂﬂtﬁ@tr@vea ltap, padinkeq virge ft he wheeblugd ahglemake t he
fan has to be, ver%ngod‘rpgg%&g% ngggd ggr(‘t&agﬁa igdgyitably ga up as a

hou e rene

xesul t. Moreover ere g‘ﬁﬁl gl ly, in the case of
motor vehi cl € &I PEeFilmofEmherh df) ohE  FBe nIRRARE% K *FFLFBRTG IR AR  because
a |l ot of thererpendibaliazrt he epryicherd Lo weasiregd from ﬁ@atchex%kian@er@eto whi ch
tpe L angg ﬁr eleQ.@@eéahs@l: Qflz_ﬁec%beﬂoﬂ)fiérhﬁfalthe fdrRwiTd eahBek b'%llzbb&mverrﬁnt

of the vehicle itse erefore, ai S oug
easily ven wfén ?%ez‘f’ﬁ?t ““SY rf%ﬁ%?({;gé %‘thrc% Wl%gvtéﬁ) blgggv#etaa\gn r-g a
relatively 25“%@@’5%519&%7\/\@% the fan bl ades. xn other words, the fan

bl ades nust notthkozake avsaieethat hatalpddvplucendre: wolthmgbladfeecﬁtornfthﬁhe ni x

EL{;—WV_ cr eaéed ﬁxnye&' QL&tEDA'JfS Bne AR, rﬁ%@Lm&) H«S@d.ml? el euepla&andnlae angl e
i,r egrce S

di anet ef% hei 3he“§‘8f aiog P%%‘@Qar 8t ethgt "?%‘? h"ufb)‘RZ o but m‘l‘:as s
faotor that takal qu@Eaéc‘B\anc' the Wdﬂl‘f%ﬁﬁ‘i‘ﬂfﬁ'g’tzaﬁ&‘% 1 ﬁ‘gf°n’ﬁs xi8di st

bet ween two atljraceirin. bl ades to prevent them from overl appi ng during

nmoul ding and is a function of the hub diameter: the larger the hub dianeter
is, the smaller the 35 angle (K) caxt he. The val ue of Ehe angle (K) may

al so be influenced by the height of the blad pxaFs.~.a at the huh.



23s E~ ~aaz ,. ,. w 99~49aaa pc~rns~~~aa~s~ s The descri ption bel ow,
given by way of exanple only and without restricting the scope of the
i nve~x~tive concept, refers to a practical a~7pl~, oation of Che fan nade
iri accordance with the present invention. Ag shown in the ac j
drawi ngs, the fan 5 has seven bl ades, a hub Wth a di aneter ozmmgﬂa v
an outside dianeter, Corresponding to the dianmeter of the outer ring 9, of
385 ~ta-~t. | e (8)( caxxespanding to the width of a b éﬂP’ ehub,
cal cul at ed‘@slfbrllgmtlhese val ues, is 44a. '44The geonetry . of g a9 eoﬁbof t he
#ari 1 will now bedescxl bed: the blade 4 is first defined as a projection
onto theplane of rotation XY of the f8a 1 and the project~,ori of the
bl ade4 onto the plane XY is then transferred into apace. Wth refexenCe to
the _dgt ai | sQOM_k{hrFLMaeeecge tt@%éﬂfOHMmba@{ingor&hwu@hLo&nef fehe 1bl ade 4
consi $ts is dr n ebi se& ax t gle i r.n
delimted by %WL?% ° Paarnl *Fhe zllé"fxg %%"%g%%g raaf/ér%%a%wr}{“t%hg l;ﬁ(?‘lgrﬁﬁ&l,& ray
14, ~ rot at ed RHaRtI GEkbEAGSE 4 Puawef off FReaRlanfgPE TOtALEOM KY8of Bt i ve (o
t hebi . sect ar #a3) 1antheabl&desld, hadesa fedtabeshd mn amd 6Chat laveséeldmiwst | on20by
an angl eg(A) QUL [GlAL dfel P B TRA%AR oL sl hEN drawn. nmhotwo xays 14, 15
A

are thus bothrotated by "an_angl e = 3l 171 B, thatis,%éli: 12. The,
intersecti pns of PH¥F% AASL9%ACKAES IT¥UNCE h it hE* b Plantf LRt C. %%t i ons
of the xays 1¥evali cind5 head hhtie bedrer obtang®l oby t hetaEdng the ¢at hmadeCircl e
IECI!JGN in di f—hnféc%?dfr% ;Q%#E?&;ﬁhﬂﬂ%@?%iond%l@dﬂ 0e Jn@?&ifmlt!t’.)ﬁrﬁ oﬂ'M‘.th% tS-h L)
ying ~, x~ the pla i C efin e _projec n e
fan 1. Thepr 2381 oMeofoFE & 3ve>5m§d"ghee 5glfcsalv glés':;’(ﬁ’gdae;i;‘la He%%ha%’g% %téé%rab by
afirst tlAngenthe? leaHeopi edyedonh rhantxadding edee g9fsrhg Piigr ~. s, C = 9,relative
to the ray 17 passhngHeBr@di@e, ttre man Nt mad)ratacé im budh & 38Ascheantiee seen
in Figure 2, the. angle | ed.| | Gk, S ~nX I X tive £0
the xay ~,7 aén:d ttﬁerggef“(‘)c{rvgat Jﬂezeufrg? ?gﬁtaﬁégmnt&%19~. S aﬁﬂeg(aéd”ofgL ﬁ% h%@?a@‘ét? when
the convex edefBceve sedgRefi Pt VEER HeEEa1 (e¥3F MiFTotle 6PRIFER; P ﬁeX’? y 17
When t he convenemdgle %“ohgesxt lb@gd 3st to neex the air flaw, that ie, when the

edge 8 Gig is7t he B}aw&ugag,, rmst%éﬁamﬁ' -cf%;ceatyilé\toft mgezéma@s de;:agq@m;med )
convex edge 7_is also .defin a_seoa angent . | n ed by
an angl s (4v)b%ch§F“‘i° 8““.%9“92%9 52 53¢ e BYIy “46?25@ £ E549'5100459
ti mes the anghe §t9)say,t hasoxding 750 whepher the #7 t Ho HeayoYad JiReEF nE™% hr ough
the pQ-.nt ; Niordext &feONt@X thd RYnéaverbaghowiinsel Fig. 2, the arig'le (W is
measured in an anti.cLockwiSe 4H EEStHiABed &, Ahi M8 nleOroeki: aNg 1¢t ndy el
therefore the _secqond tangent 22 is aheaq} whetn he%Sb odp\éeﬁ ﬁ@g&? is the
first t@% neafitufe- ek Ti%n, S BRI AG" ehﬁerg% TF BRET*t he Gonvex. edge 7
is the |ast, by mresentibg the afglenp ehdhe| Bladghd FrPRcvagyiRg gnj e ARE2 { | xst
to meet the ahf dneOMha bB #HeasisteCon ddacurit 6f edirbéyhanic tleedc.onusoverige 7 i s

t~ingenb to th fi,rst teiggg{lm%ié;%%ﬁd#ﬁ Lh&&ega@ﬂmggﬂ; wid-Big bs 10 {

. ring 9,
characterized ’E‘)ey A Eutve W e convex portion, out fl exjpon:.

t

The curve whi Ehe defti pEendh Shpxifeapd FRMVEES (HE ERNIESE &fgs"e T¢ § Bhrabol a,
of the taspe: yhe Wlades b, Xhése. vdrnitdwe beidpodizretrd, | R ubt &pwe, Bvhéhesr abol a
is dafi ne(cji by aifrdedfe L&'elaéwengn lqlqgawogaace\g of Q;thlﬁ.ané 4 2.7 xg: 95.7. This
equati on determ nes t curve i tr8;t t t8Si ondgam
shown in Figure 7,5%s tﬁiﬁ um'g@f'?edn%%ge ity féglﬂzftgeg )%h%{j J?'%v%rgfaba es of the
pl ane XY. 20 Ltbaki Bfcsatintogar aresching rseathd2emaddi i st MR J9xalb%. a are
defined by th@itedig=aqd)s Fbkr@nahal? @i chieayial ndsregdjonantietwdenarie tthe zone
of maxi nym conyexity,i$.tha n“%% sL hul SarvifREX InbBalst RRY §a¥Bown
that the convg\éca%%gtgeﬁéav% ?'% It gparr tz;Jg'o icjépr?)f%;:tgo gﬁ?‘g tﬁhgheolfaanne of
rotaxi on xY ORCEYRED She 8 PLEDEUTRIaSeMREE| FFniPETY A8 BT § At d T Hoi"SE
characteristi ¢3adss regards the projection of the concave edge B of the
bl ade 4 oi sto the WiraBearYknaNyhezeaDNELtdBgEwRRNC Uhe/ Guadk anigach Sd weach a
way as tv ddef [fﬂ‘én alqg%!g&%é' t¥e &%E P&t‘é%&'goﬁ@rm‘e&' EonthBE RER] &hi Hheef the
concave gdge § IRy R0 e eul A BuLBLAEY Grsan movenence o the fen

As a whole, the ring 9 has the shape of a nozzle, that is to

say, its inlet gection is larger than the ssction through which



30 simlar to that of the convex edge 7 and arranged in gubsta~rtially the
sane way. In a preferred enbodiatent, the curve defining the proiectio~s of
tk~e eoricave edge 8 onto the plane XX is a c~.rou~,dx arc whose radi us

(\Ru) ~.g equal to the radius (R) of the hub and,. in the 35 pr =cal
applioati described here, the valu of this rad3.ua is 7a §C$E(§2302 p

~ 1 9~14~224 PCTI|~9910(1459 8 As shown in Figure 2, the
pr.oj ecti on ncav8 edge 8 is delimted by the paints T)
and is a ci?%%?%?ngfc whose xadi,us is equal to Gro radius o?épﬂgﬁﬂaﬁs fihe
projection of the concave edge 8 is thus conpletely defined in geonetxi Gal
terns. 5 Figuxe 3 chews eleven profile$ 7.8 representing el even sections of
the blade ~ nade at regular intervals fromleft to right, thaCis, frons
the hub 3 to tdme aitepandgeat e tdid RiEadre bladbe I Ofriel QSxddd ha%&@;o’iorre

characteristic qggg t I e i fferent oxder to
‘be ab7.e to a ptkg?é: Ql liaé%() f} a%!l:ga %gﬁ Eg#s wgt'c‘ft“? :ésastﬁﬁgt Mt iall y
a fur~otion of lPHe’-'“iﬁEﬁé”r"tel on of the profiles in the xadial direction. The"
characteristics convamvetp a&lihdune ih| Eigery 6)r tHd lfag rwde gascraoid 8yl cim

suitable tar i n Lah. ef fLglenc ng,,he | o Oi § rst
profiles én tﬁ%ﬂ&}a@z\{é girngbgrglrogl alrn%h‘iz %ta %gveggu%gg?ar‘é\ieé& blg1 e gﬁtﬁ e (~)

because, "bei ngreéf‘B‘é’Eﬁem?’b“ AR 788, t*t"né? “Ff‘ﬁ’é‘&F vel opity ig 7, ees than t hat
of the outer profi ks blage pr pFeleasad ritayvehen plarse of Seoteohpn iy RY Ee

i : >7<i ti alt hst rai ﬁ][itlt 1] inas &ﬁgae&tm;r{u'lscﬁﬁaatmgei&sne?ﬁeggf@tbetfw desi gned to
a aw the air 0 pr n e de fxom

"beati yi g the air é #&%ul 5 i n?erg%cre (% #Eglgl’r'ngf | Bw d N uilvios 2'%lgxease
noi se andOr edLR;e@mEHHCéi Rnpre [of Fftegtfﬁ’é @i“’c"t‘\’iiég SR Eet F’F#ﬁe"ée@r\’@?ﬁtfml S
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of the profil ecﬁ’ﬁati%@&%"lt’h@ &Pra‘? ior §¢sulfhe back 18b of the blade is
defined by a curveMsteohet hait tdheubdxbarivanpiberied selss, | @5pediadty tire gweafi| $
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the air first.eche air flow created by the movement of the vehicle itself,

{ Therefore, ailr must he allowed to flow through easgily aeven when
tha fan is not turning. Thig iz achieved by leaving a relatively
25 wide gap between the €fan bladez. In other words, the fan blades
must not form a screen that prevents he cooling effect of the air
flow created by vehicle motion, The relation used to salculate the
angle (B) in degrees is:
B = (360°/Ne.of blades) ~ K; Kuq = & (hub diameter; height of
30 blade profile at the hub).

The angle (K) is a faetor that takes into account the
minimum distance that must exist bestween 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

as angle (K) ean bhe. The value of the angle (K) may alsc be
influenced by the height of the blade profile at the hub,



Moving fromthe profiles Closer to the hub WiBre the maxi mum ' thickness
(6~) has its highest value, the thickness of the 5 profile 18 decreases at
a constant rate Cowards the profiles at the end of Che blade where it i $
reduced by about a quarter of its value. The ai ax~.~numthi ~ ~)
decreases according to substantially linear variation as a éﬁﬁéﬁﬁﬁﬂﬁe .
fan radius. The pxofites 3,8+“of Lhe €ecC ~o=xs of Che bl ade 4 aC t he
out er nost hPoReudans orl of the fan 1 have ehe lowest (G ~, ~) pih
val ue because their aerodynam c charactefistics nmuaC rrake tﬁem sul t§&§| e tar
hi gher speeds. In this way, the profile is Qt~. mzed for the ' linear
vel ocity of the blade section, this velocity obviously increasing with the
increase in the fan radius. 15 The length of the chord (L1 of the profiles
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requi red ors B#eMut ernost portion of tha g~ blade. In a preferred
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Figure 4 shév\%mf’hg‘esBé?ﬂi‘nf‘é i=oF “nlj"tnﬁéerﬁ&f‘n’t’ﬁ"l 2ce-N ) and (5, T') of
a blade (4). Thes#ip~raterephe td  tig )derajl grabhewbt ahneﬂ-gbyesthrttheg from

the poi niss (I\/be&het&cam collirglction op te bRbd €1 XeénaWtsdEAVE G Ry the

pe~eridi CU ar {‘/)1% gNthQIa:%gﬁe(m M&Lh oS in S \{: éeLm%thf\é? u’n(é

determ-, na a ra acenen de 4 in

axi al directi . or FRARER) a0 SR erayr LF &y E]éF é’l’rﬁ i Mefity 1éacﬁ°°d‘|"-8€le“‘4 has a
shape defi nedaiiclibaidxesdik@ctixch 20 rm #gdur s 4. 3/llege rakasivi9tanchel ~. 0 20

g][ et ﬁ; rcggar bﬁéélé‘éﬁié\’fl@Bear@'aaHiﬁs' afsd @bedteal £ aaeiaof:kmrel %Leeﬁiéé@ ! reggt h
i | in Figu
4~, t he%tgr csg~. ai’Xd J‘I‘Er “ Niﬁ?wf’r Bﬁzﬁhﬁeg%r T éa%'éna': 59 'g T8 ghite Igl ne

segnents (M, TN ragmd4¢ gls aye)thyg hoshgrasacehpy amanqisel 7 Sdpedi Fedty. These
| engt hs (hl) aad a B212915Tex dnrEaedtRes 00k tthe fesgrndhaul@witiy theehyd ane of
rotation XY o | ! d K t.age t engt h
of the Seg@ﬂﬁjr}?ﬁ/{;ﬁﬁn&?&én@?’s o :.%H ":;)aryﬁ]nl@S‘maeifs)!'3 “&I"ﬁfg as ﬁgéjerl ?ﬁg}s in (
Figure 4 are the & § (6%, 8} e & 70878 §é’§ﬁ§ o8 %‘EF?%&P&? SFRReF Fted to_
t he aandx ed§é. 7Taexmgring tfhter 2>ipencle Nedfe B Thdngalke the nlpee bXade 4, § -
$oth as regar dsidd sedknal crdi Bbf&%ﬁ&ﬂtafCQJKEOBEMe spthasHee@an ds. Coe/at ure
makes it poBSL ple g R s 09"8&%0&& ~Jgefj7e')9h9£%ci %g‘iule% e:r %ﬁi&“ﬁm ¢ 'Oatad sad

to bal ance the aez"o as

obtain 25 tuxi *WF%@P&IH é“”’x"“ﬂ’o‘w 87 ARELR Ut d3 v ér ’E’I‘?é" éﬁtl & ?tont
surface of theelsmive AblthdhaayHaxpedsng shrevghakepoimf (Mhaatf alme Bhhds,

aco~ordizng CGo the xgnbedlidieRtedlGaCkiRLE, 2 Al BB IRANEAGG mebadrdg iRk € bel ow
where s the oLl eXldirb@loh 3RS W0 0! 1P U SORRIN LRS csra
tangent 21 iz ahead of the ray 17 when the canvex edga 7 it the
firgt to meet the air flow, or behind the ray 17 when the convex
edge 7 is the last to meet the air flow, that is, when the edge §
35 is the firgt to meet the air flow.
At the outer ring 9, the convex edge 7 is alao defined by a
gecand tangent 22 which is inclined by an angle (W) equal to §



30 Variables refer to the Coxxespondi ng rad~.us val ue: indicates the chord
| er~gthT f indicates the profile canber t i.x~dfcates the initial
straight-lice segnent of the blade sctipxt; 35 if indSoat es t he position of
the profile canber relative to the chard L: oz~~~ gﬂgng eﬁ)
99u9124 11 pCTnsg9l Q4~9 ~. ndicstes Ghe angle of the blade s Br%

in sexagesi mal degrees; * and y ™ndi cate the Cartesian cooxdS.nates iri the
pl ane XY o rshplic edge of the blade. S
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. S31. 232. 833~330. 121. 915. 71~. 311 . 1x65. 343. a13B. 1161. 9176.4y i-25 .2 1-Q@B .
O ~--=38 1~ -0. 7_23. 9 f - experinents have shown that Che fans made
in accordance with the present invention have a noise |evel 25,308$,

measured | dahed el LRAN EROEN TANLe iS5, 46 LD ra%,kim adioh @ 10

consi derabl e i nprovepent .in acoustic conf nin t he
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Mor eover, undewl€hdi)s dive megndieti dmsarofansiglodewdsee dyzecthen f xplietiven Side

accordi ng to graeriy aseRha *&h\é@ékéﬂeowe s@@&ﬁi‘thQgéi‘\Qaﬁiz Vi%' dRSadl whbP dng S0%
greater than c%%\r})? dﬁé’”f";s FelplepYoLin cr]t % ?wd g b’ﬁaﬂgn 58;%‘5[‘3 Co

the pres&nt inven QasSsI ng rom a
confi gur sG ontdyeen (ke PEwEKt e‘iﬁ? anis aﬁﬁﬂét?i“ab? é“‘v\?ﬁa!‘-hﬁgél? nEyeyi sakevel .
Mor eovex, undgd, weisn 8hé <496 kd 1g QRN s ONs eée cnpadili f1owl, ax~ in the h3. gh

head range) Che bhades L QiaLhe GRAILANEAIO Rnf longed Yade 2P208 IRIRL NN The

bl ades back confi gurati ~P ~oaz axl a
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each hatbng ahevattamgadirbyend, curhe Withdes shedleg cBhwax deiribir, edithous convex

edge and a CONGRYEhLUGReaPE-RONRLSH | ddzdndd HRCHLHezEorM e (BN QRN C
profiles with %S J{?{@e aangl e V$I89| ~ decreases gradually arid constantly from

bhe root towaf bﬁhgd’evp fhe bl ade angl e being defined as the
current angl e between the pl ane of =réottti Bri anfl- a strai ght ~,i:a,e joining
the | eading edge t® tihe drbadindng elDscedcelilie cher pchpnens Cisprdaffi.rha ol eael x
bl ade eq_gtxonthetg Joah @%ng Qhar acterl zed in that the projection of the
convex edge onto t ?ane i-s def]j q 3307 ~.Cc segnent. 2. The fsn
according to daim 7 ehar act¥ri Ee'i} t't?at t Oj ectl on of the concave
edge onto the pl amkis ~ededftiinad memiaeeoadedecg#ree ddivetresghedn. e The fan

according to gdrdkdlah aia&aﬁh%oaatﬁrfzgegeiﬂ bbad shiveiph Qjscehé @R1ded he
aoucave edge orlmg thearg ane |f_e d y a par abolic pegnent. 4. The fan
accordin TI%rm V-GN - 1A at the projection of the concave
edge ontzg the pl ak@oki@eqes |F|§€%Feo>? agaéf‘re"d‘e SRInRLRts B FEPRERPOLR AR%ding to
any of the fodefjardgpcithe neargiearacticand $dak nelchabindse (Mer gy i¥hi &dprof i | es

?ﬁvefa fage C\?j!@&bﬁe 'o@lﬂaﬁhmh Qﬁﬁ&eﬁj{ﬁ? i e%ea ﬁéazﬁfsf:adlﬁhﬁuﬂ isne segment. s

e fan adcording_t characterjz e profiles
have a face conpr &P (i q’r‘?e"" g?‘g’l | i i th?htg ’?gm WL i aFg 2 Wﬁ"&h i g
snbet ax~t i a7, P3rabads lip'%?“épﬂcm‘t?r t&FcB’-“e of rotation XY Fihe an,

25 provides excellent efficiency and nolge characteristics.

Ag regards the projection of the concave qdge 8 of the blade
4 onto the plane XY, any segcond degree curve arxxangaed in such a
way as to define a concavity can he used. For exatple, the
projection of the concave edge 8§ may be defined by a parabola

30 gimilar to that of the convex edge 7 and arranged in substantially
the game way.

In a preferred embodiment, the curve defining the projection
of the concave edge 8 onto the plane XY is a c¢irculax arc whose
radiug (Res) i2 equal to the radius (R) of the hub and,.in the

35 practical application daszcribed here, the value of this radius is
70 mm.



7. The fan according to claim5 or s characterized in t$at the aerodynam c
profiles have a chard |l ength and a back defir~ad by a convex curve whi ch,
iri combination with the face, determ nes a maxi numth3, el aneea val ue of
the profile in a zone between 15% and a5% of the total |az I‘SEiPtzygahard
measured from bhe edge that ngets CGhe air first. 13 z ~ ~~P z~0z 8. The ~
fal ~ according to a~x~r of the foregding el ai ma characterized in that eacY~
bl ade proj 0 @M%t o the plane is delinmted by four points poramedoass he

pl ace and def~, ned era a function df err8 eagle (H) relative to the width of
a single blade subtended at the centre of the fan; and being characterised
also in that the four points are determ ned by the foll ow ng geonetric
aharaeCeriaticss the first and the third gainta are |aeated at the hub or
at the root of th@=pfhee &Ehdigeee def thedrrsjeqtien refy Shenaeraavegedgeo® t he
centre of theif anlbnded GyNting pbheczadg)~ avd (@) : arddhes L6 0PEL1R1 & WBodeOCat ed
at the e~ld o i | C | tiglo i .Ciireetion by an
eagle (A - S?i&lingB?A ?%Fatfiir‘:\c}e t?%d%%g{l%iogtg(?%%ﬂrlﬂ%f ﬁ%%&\é\g?‘%f@) ?gtrhhe? fourth
point is | ocafBfe¥t ahe & D= FrEPkRtAdY daidneds igisepnewdedl i erms.
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the fan is suglichbad shhchOAMAY BYHCiicidiy fddaSteddOai®abuwl MR galr 1 ow and
the firsat and seg‘gndﬂtraggentleare arLangeeEg iLn such a %%a%é as to define a
curve in the plané™ h=rB"hBLA £ E"0EN e PIAFPoRTHENEHE F°-& onr.
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7.1. The faux accordihg t oregoi ng clalns characterised in

that the bl ad8S3FRE1oPHeRPIBIt s e TR R HPERI 108, BRAFRRRI L2 (P eR S %ave a
bl ade angl e t hbkewdehe edsedlgr ddushisry smeEhipn siramenbingr the thiede oftom owar ds
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al ca] cayl cal gatl cal gl cal el SR L S 3 St e 1050 %0 erePRub covards
those at the end of the bhladae, the circular arcs making up the
face 184 hecome larger and lavger in radius, that is to say, the
profile camber (f) of the blade 4 decreases.
With regpect to the chord (L), the profile cambher (£} is
30 located at a point, labelled (lf) in Figure 3, between 35% and 47%
of the total length of the chord (L). Thig length must be measured
from the edge of the profile that meets the alr £first.
The back 18b of the blade is defined by a curve such that
the maximum thickness (Gmx) 0f the profile is located in a zone
3s between 15% and 25% of the total length of the blade chord and
preferably at 20% of the length of the chord (L). In this case
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The law of variation of (f) as a function of the fan radiuz
(¥) is represented in the diagram shown in Figure 8.
Pigure 4 shows how the projection of the blade 4 in the
35 plane XY is transferred into space. The blade 4 has a xake V

relative to the plane of rotation of the fan 1.
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All the characteristic valuez af the fan blade, according to
the embodiment described, are gummarized in the tahle balow where
¥ is the generic fan radius and the following geometxical

30 variables refer ta the ¢oxyvesponding radius value:
b 4 indicates the chord length;
£ indicates the profile camber
t indicates the initial straight-line segment of the bhlade
gaction:

35 1f 4indicates the pomition of the profile camber relative to the
chord L;
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ind:.cate the Qartesian coordinates in the plane XY of
the parabollc adge of the blade.

5
T 70 100.6 131.2 161.9 179
L 59.8 68.7 78.2 73 71.2
£ 8,2 7.5 7.8 6.7 5
t 10 10.5 11 10.5 10
1f 21 25.5 31.2 32.8 33
8 0.1 21.9 15.7 13.3 11.1
x 85.13 93.3 126.1 161.9 176.4
-25.2 -43.0 -38.1 -0.7 23.9
Experiments have shown that the fans made in accordance with
the pregent invention have a noise level 25-30%, measured 4n
dB(A), lower than conventional fanz of thig kind, with a
10 oonsiderable improvement in acoustic¢ comfort, meaning by this that
the neise generated was much more *pleazant® than that of
convantional f£ans,
Moreover, under the same conditione of air delivery, the
{ fans made according to the present invention develop head values
15 up to 50% greater than comnventional fang of this kindg.

In fans made according to the present invention, passing
from a blades back to a blades forward configuration does not
result in any appreciable change in nolsa laevel, Moreover, under
certain working conditions, in partigulay in the high head range,

20 the blades forward configuration deliverse 20-25% more than the
blades back configuration.
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1. An axial flow fan rotating in a plane and compriging a central
hub, a plurality of bladeg, each having a root and an end, the blades
being alge delimited by a convex edge and a concave edge and
congleting of sectione with aerodynamic profiles with a blade angle
which decreases gradually and conatantly from the root towards the end
of the blade, the blade angle heing 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 profile of each blade
section, the fan being characterized in that the projection of the
convex adge onto the plane ig defined by a parabolic segment.

2, The fan according to claim 1 characterized in that the
projection of the oconcave edge onto the plane ie defined by a second
degree curve sgegment.

3. The fan according to claim 1 or 2 characterized in that the
projection of the concave edge onto the plane 3is defined by a
parakbolic pegment.

4. The fan according to claim 2 characterized in that the
projection of the concave edge onto the plane is defined by a circular

ara,

5. The fan according to any of the forageing claims characterized
in that the aerodynamic profiles have a face comprising at least one
initial straight-line segment.

6. The fan according to claim 5 ocharacterized in that the
aerodynamio profiles have a face comprising a segment, following the
initial segment, that is substantially made up of ciraular arcs.

7. The fan acoording to claim 5 or & characterized in that the
aerodynamic profiles have a chord length and a back definad by a
convex c¢urve which, in combination with the face, determines a maximum
thicknesa value of the profile in a zone between 15% and 25% of the
total length of the chord measured from the edge that meets the air
firast.
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the gecond point iz located at the end of the blade and i=
displaced in anticlockwise direction by an angle (aA) = 3/11 (B)
relative to the higector of the angle (B):;

the fourth point is located at the end of the blade and is
displaced in anticlockwise direction by an angle (A) = 3/11 (B)
relative to the ray emanating from the ¢entre of the fan and passing
through the third point.

9. The fan according to elaim 8 characterized in that the
projection of the canvex edge onteo the plane at the first point has a
firgt tangent inclined by an angle (C) equal to threa gquarters of (A)
relative to a ray passing through the first point; and characterized
algo in that the projeetion of the convex edge onto the plane at the
#econd point hae & decond tangent inelined by an angle (W) equal to
aix times (A} relative to a ray pagging through the second point; the
first and second tangente bheing ahead of the corresponding rays when
the direction of rotation of the fan is such that the convex edge is
the firgt to meet the ailr flow and the firat and second tangente are
arranged in such a way asg to define a curve in the plane that has a
single convex peortion without flexions.

10. The fan according to one of the foregoing claims from 4 to 9
characteriged in that the circular arc formed by the projection of the
concave edge onto the plane has a radiue equal to the radius of the
hub,

11, The fan according to any of the foregoing clailmas characterized
in that the blades are formed of sections whose aerodynamic profiles
have a blade angle that decreases gradually and constantly from the
root towards the end of the blade according to a gublic law of
variation as a funotion of the radius.



