;e3eH ?H~::; $<. <>6>T ?SZC Technical Field The present invention rel ates
to an axial flow fan for noving air through a heat exchanger and is
preferably for use in 5 the cooling and heating systens of notor vehicles.
Fans of th| s type nmust neet certain requirenents, anong which: |ow noise

| evel , 9984“¥£é| ency, conpact dimensions and abi I i ty to oBEHIBIGHSE

val ues of pressure head and delivery. 10 Background Art Patent EP - 0 553
598 B in the nanme of the sane Applicant as the present) ﬂ csEst U@%

wi th bl ades havi ng equal spacing 1S angles. The bl ades have a const

chord length along their entire length and they are delimted at the

| eading and trailing edges by two c@esespwhgrch, when projected onto the

pl ane of rotation of the fan wheel, are two circular arcs. mlmmﬂﬂmmummm;
made in accordance with this patent achieve 20 good results

efficiency and | ow sound pressure, 2% EHhE3i stribution of theeqngkse may
be irritating to the human ear. In fact, with the bl ades spaced at equal
angl es) ther{ae Le.£ases: Sf resonance with a main harnonic whose frequency
is the 25 nunber of revol utions per second of the fan wheel
mul tiplied by t he nunber of blades. This resonance gives rise to a hissing
noi se which may bgei peédaiti Nthuearidie HdlamBs eds. abveikibi tthewpessegbion of
irritation c ) sound | i nJ bj ecti ar ba5|callytvvo
reasons whi cﬁ&ﬁﬁglg%rn%gr%g he%ﬁgl s%xcé Ctyuxjr %a%lce e@gr ebl?’egoof Sound
pressur &, thgte ceolingeantthensing spstarisechaioser a’ﬁélﬁkﬁﬁ it is distributed in
_t;arms of2 tone. Asafs ! 88Ulchis| @Wpé NREAHST hdetNU3@Si € aReq iSOmBRGEO MBanioh i t at i Ng
[

which: low noise 1level, high efficiency, compact dimensions and

ability to obtain good values of pressure head and delivery.

10

Background Art

Patent EP - 0 553 598 B in the name of the same Applicant as
the present, discloses a fan with blades having equal spacing
15 angles. The blades have a constant chord length along their entire
length and they are delimited at the leading and trailing edges by
two curves which, when projected onto the plane of rotation of the
fan wheel, are two circular arcs.
Although fans made in accordance with this patent achieve
20 good results in terms of efficiency and low sound pressure, 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 resonance with a main harmonic whose frequency is the
25 product of the number of revolutions per second of the fan wheel
multiplied by the number of blades. This resonance gives rise to a
hissing noise which may be irritating to the human ear.
Even if the perception of irritation caused by a sound is
mainly subjective, there are basically two reasons which influence
30 the noise disturbance: the degree of sound pressure, that is, the
intensity of the noise and how it is distributed in terms of tone.

As a result, low intensity noises can also become irritating if

RN
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the tone distribution of the noise distinguishes it from background noi ses.

To solve this problem fans with bl ades spaced at unequal angl es have been
made. 5 Cal cul ating an average of the sound intensity values at '' various
frequencies, with the bl ades spaced at unequal angles the noi se produced is

al nost eqW8%%48?%Fhat with the bl ades spaced at equal angl es!’c%ﬁé(}’gﬁg t he
different tone distribution of the noise allows an inprovenent in the
acoustic confort. However, the 10 fans with the bl ades\gaa?@Paﬂ]%equal

angl es have a nunber of disadvantages. The first disad tage is e fact

that in many cases the efficiency of the fans with bl ades spaced at unequal
angl es is | eske t kanet HEtstaibuthenf stfs Wheh dpdcedibiddesigesequal &Rl es. 15
Anot her di sashagtage: nsiddre fact that the fan wheel with bl ades spaced at
unequal angl es belunba}ll.ancedbl Di scflagésuvr“ethof ltaggs I Snvaecré%i gF 20 Th? aimof . .
the present inventi GRS 6 pPEVTHE an® fpl oved &xral “F5n wit h A VEFy | ow
noi se | evel . arigeheyveabeemfmatile present invention is to provide an inproved
axial fan with geqad.effiichengyvbead axd dalivarms valtugs:25.(eks aget her "
aimof the present invention is to provide an inproved axial fan whose fan
wheel is sub’éi‘ra*ﬁf‘ﬁaf’f%ﬂuﬁﬁ‘F’a?ﬁceH”ﬁ‘attg?akP]Iaf?.esI?Paéggo?‘da”ﬁ‘@g“ﬁ IS d8Pect of

t he present honsenbrodycedniaxdlalost agmiad de solagsedtiasthepetaddgsedpaced he

i ndependent ¢laim, Thes 30 denepdent. chajdmhef ebnd Oaieigidied, adwapt ageous
enbodi nents of the_invention. The invention will now be described with

reference to"tHS ALEVHpARY TR CURBRATNYY) CRPERVT T1HCUSPTIRTE - PP RIEFT edPe

enbodi ment s 6&nd twitwi theubladest spadddngtrt heegedpenoied Hevenuentmbee ©dncept ,
and in 35 V‘“h?&dvénag%%r.e 1 shows a front view of an enbodi nent discl osed
in this invention. , - Figure 2 illustrates in a front view the
geometrical feat (f'8s fdFsta Bisaderitadsone Oi° t1E€ embodi ifedtesYofatdfe Han {
di scl osed byethe-ipresesd dnavelhiOWith blades spaced at unequal angles is

less than that of the fans with spaced blades of egqual angles.
15 Another disadvantage is the fact that the fan wheel with

blades spaced at unequal.angles may be unbalanced.

Disclosure of the Invention

20

The aim of the present invention is to provide an improved
axial fan with a very low noise level.

Another aim of the present invention 1is 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 1is substantially balanced
naturally.

In accordance with an aspect of the present invention, an
axial fan is disclosed as specified in the independent claim. The

30 dependent claims refer to preferred, advantageous embodiments of
the invention.

The invention will now be described with reference to the
accompanying drawings, which illustrate preferred embodiments of
it, without restricting the scope of the inventive concept, and in

35 which:
- Figure 1 shows a front view of an embodiment disclosed in

this invention.



-.Figure 3 shows sections of a fan blade in some of the 5 embodi ments of
this invention taken at regular intervals starting fromthe hub to the end
of the blade; - Figure 4 illustrates in a perspective view ot her

geonetrical features of a blade of sone of the enbodinents
di scl osed”gB)?glt“?ﬁz invention; 10 - Figure 5 shows a scal ed- u';pgTo[I}e g’io{'&gf

part of the wheel and the related duct in sonme of th diyentls of this
invention; - Figure 6 is a front view of another em%m{ﬁupze pr esent
invention; - Figure 7 shows a diagramrepresenting, in Cartesian col5

ordi nates, the convex edge of a fan blade in sonme of the enbodi nents of the
present invention:FiIUER gir eX BHUSETH S alft afh SABH né’l?"het%ar?ﬁg‘gerirﬁcta;e bl ade
angl e in diffetanés sect iaonslagk anbl agte ag atHeunetbogamefrst het r adeé ugaof t he
fan in sone of th odj f.this;invention; 20 - Figure 9 is a front
vi ew of anot 1§F58§%%§;9n§4ﬁ?§g%§?ﬁi §$‘{Errll\§/é%r?| on; and - Figure 10 shows a
schematic front viBWUARi eh SBETF nBCLARS sPlact n§anttEE of t398ebradésein sonme
enbodi nent s @fboibihendsn¥entiign in2mtThe taensatisedular deseridie thertfian are
defined as fpllows: .- . the chord. (L) ,is length of the straight-1line
segnent subt grnoﬂ‘egﬁ%yhuf)h%o at?% ex (e?hdridr?gbgr%rhthe | eadi ng edge to the
trailing edge overFumwraer dyAdMErpEeT i |18 ofe t PEFERRAEVA oF 1¥he VP&de

obt ai ned by jdiREsechi Readdiesbbade prbdd @ syl BHethaMkaB@IFnaxi & eaknci des
with the axis of .rofation og.th.e fan and whose radius r coincides at a
point Q - tHE C&ATTESHie t8F° m deRor°d’1ine (MO of the blade is the line

j 0i ni ngot he m dpoi htmref 5t hleowsher dsaled-opt frtadi f eremartayps; the tiieesweep
angle (8) nmegsingd Alaf-BidNeR DPisBhe QfOfnd edBodit@RAL RN Lisld GnGsHMBnOf the
bl ade) for exanple, the curve representing Ehe ttrhai i ng (ﬁqr%etof A Q:% fan

bl ade, is the angl BiffE8e © %4 2 b{FoRTr &Y 8nRhatTHGFr 61 tHE™RentFe BF t he
fan to the porewen® ooreoeirared and the tangent to the curve at the sanme point
Q - the skew angl 8iQfrenet AREYI ar 4l sRhacepRAent Ay, Ofind cartesihar agteri stic
curve of the blade 1s the angle between the ray 5 passing through the
char actlér i st PEACGEEGR) FBF EREWDT e299%he®tufve FeptdsentithgStie 8gnt & |ine
or the m dchessbdimaecsobftdte bkagat trovehheorf;an hub, and the ray passing
through the characterlaliee QUry el Lhesehdaof cidieabhade: 1o the blade

spacing angle (8) is the angle neasured at the centre 10 of rotation
bet ween t he PBYAS pasiffgretr §aGH PR Sr PESoAdi G PTiRE s bt PEatt Bifade,
for exanpl e, oancirdgen an she efdeief ehielibbmdesf shishinvehaden:angle (~3) is

the angje between the nl ane of, rgtati 9nepf,d heotal: alghohifest r&H Giisl i ne
j oini ngjot he | eadi rpt(gl%ucf%e tothe 15 traili nog edé)e of the ae? odynami clspr ofile
of the bl adei8eet5i6A’ ardthe pitch ratio (P/D) is the ratio between the

pitch of the helixFrithat 10S showsay)schbeatarDintnthywivhi efnidbheleponed Qe
concerned is ;a)‘Xilahlgl yargj%l%gl agfad’thghax; ahés FEZ some remfao%@mér?r)s , o‘f\he{rﬁ.sr i's
the length of tre ray to the polnt éand ~I 1is the blade angle at
invention.
25 The terms used to describe the fan are defined as follows:
- the chord (L) is the 1length of the straight-line segment
subtended by the arc extending from the leading edge to the
trailing edge over an aerodynamic profile of the section of the
blade obtained by intersecting the blade with a cylinder whose
30 axis coincides with the axis of rotation of the fan and whose
radius r coincides at a point Q;
- the centre line or midchord line (MC) of the blade is the line
joining the midpoints of the chords L to the different rays;
- the sweep angle (8) measured at a given point Q of a
35 characteristic curve of the blade, for example, the curve

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



20 the point Q and the maxi num di aneter of the fan; - the profile canber
(f) is the longest straight-line segnent perpendicular to the chord L)
measured fromthe chord L to the bl ade canber |ine; the position of the
profile cembeysshayel ative to the chord L may be expressed a;;ca,lﬁ)@r(ﬁ%t age
of the length of 25 the chord itself; - ¢he rake (V) is the axi al

di spl acenent of the blade fromthe pI ane of rotation (ZI ﬁﬁag@gzncl udi ng
not only the displacenent of the entire profile fromt 3 rotation
but al so the axial conponent due to the blade curvature, if any - also in
axi al 30 direggtion,, Viih.teferange 4 tc@ﬁuaecoormaew MndEawgs, the far. 1
rotates about an axis 2 and conprises a central hub 3 nounting a pl ural ity
of bl ades 4 €@PsRE@eE PPEhEDICARESHY CPOtRR FBRAVEXTRT ‘fhet ﬁemer &A1t Qfhe bl ades 4
have a root 5, thél edudwb aﬂghear erdehedi teﬁmbyra &paememedg@) 7 &nd aa
concave edge n sati.s Vel s 1h terns i clenc noi se

| evel and heag %\589 Seté%l oBf ai noce){:l y ?Dgtag ing rtht'ue “an e be ween gqeyaca’ordl ng
to the pPreseresiimgentivwherbherhdracord siif eeitiven & telifem@k$ert)1€th‘ef‘7@0nvex
edg_eI 7 anddt Q@pf@éﬁ@i&%}l @g@&:eiatf@ﬁhle@c@r b;geezhitdﬁaerd hent eadi:Rg Kdae, ol thﬁ
trailing edg a n ot her words, the ma otatelnsuc a
way t hat the%geal go bé rg}DVéed PSSP s FER ?rﬁec%%ﬂa\%fresa: “atd t hen
t he concave edges8ent ofviiee dedea) first with the concave edge 8 and t hen

the convex edgend.niGa¥i fisshyg ddi@eaed0qd¥NaME GnplOfehouly hherhl ade,section
must be, ori en%ed accor dlbgﬂgto t he e of operation of the fan 1) that 10

mod
is to siy, allor8F¥g°to eteﬁ‘erthtehé"a%’lf’rp?%ﬁﬂg TR d8E s CPRESSPBNYEY edge 7
or the concaweirdyef8 dachsbladd, tfre endmplef anhedokadestds end edmfdrecenment
ring 9 may be,fkdd.ed. The ring 9 strengthens the set of the bl ades 4 for
exanpl e by prevent ng t he an of the blade 4 fromvary in the areab.

15 at the end ch“et]FFé’ I%\’&bleoghhcb%lﬁ’?ﬁ 6’Fg]§eP88‘3’fr‘?§nf]&elp&é‘a§ PEBVEY t he
ring 9, in cofbchatfaonand ttheasducitghtOlidd motsitshenwhigading @fget be @ier

around iie fan,angd redluces tthf%eaélp&ﬂnﬁx?& %tro ﬂee Gfldch@ Hadehg.lliafes 4, these
vortices being created, as is known, p}é% ferent pressure on the two
e

faces of the bItABePHRRFAELR MR pr rai’ﬁ’e brE'tH‘@erg $¥gs PAtERmi ek thep
portion 11, tHeatixfithstiid coasant Cthiengm&ﬁa:t b 2winigtie thél fdoliet dpicdontBrnebhe

di stance (a),;yVv s e dlr_ ciion, betyeengt he,l, Aand the
(a) eg&%lﬁgﬁﬁ% plPa(—{')ch cﬁé pLECL 10N, DOt Yy EP Gutl k }]1

seat 12 togeth ri nt ape of the part between t wo
el ements) redii€eseith whithe é%yt"r?e "—éﬁdp‘b‘flttﬂeaffdaﬁ 55 Hheafédde I@BPe%vaér t he
speci al2dit heewsentct@anauter nbkneurd dantktehectduae fHd; al | ows the two parts

to come into C%Ea%%ﬂltfgh %352 Oﬁmbof_!hkﬂ%e%ngteg? §g{g§g¥1hnﬁ redug, the

axi al novenents of t ren ape o
nozzl e, that He3PersigBlaayo iths Fhret lye CIERBH §ds flrafl‘ gere tHandt het%e‘%}tei on
t hrough whi chhibbe @inbepasises ate tgtaiench aft t:he ;kxloade@ dambdhes |r&ﬂ.ge:l’veSUCtl on

surface keeps aif_flow a const an te arpensat ing for f 1 ow
resi st ance. o\/\ééeercmé%nrgho%n% c reﬁ'?éed 65% fhe cCe gpnidé%a(%gorég g togf the 35
pr esent 2% nverfifieoPh9T8ett 378€  be equi pped with the outer reinforcement ring .-

and the rel atedhdughke (v) is the axial displacement of the blade from the
plane of rotation of the fan, including not only the displacement
of the entire profile from the plane of rotation but also the
axial component due to the blade curvature, if any - also in axial
30 direction.

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

35 convex edge 7 and a concave edge 8.
Since satisfactory results in terms of efficiency, noise

level and head have been obtained by rotating the fan made



6- The bl ade 4, projected onto the plane of rotation XY of the fan 1, has
the geonetrical characteristics described below. The angle at the centre
(B), assuming as the centre the geonetrical centre of the fan coinciding
with the axis of rotation 5 2 of the fan, corresponding to the width of the
bl ade 4 aYAWEPPPot 5, is calculated usipng a relation that PEK@BIYAESS
account the gap that nust exist between two adjacent blades 4. In fact,
since fans of this kind are made preferably of plastig usj injection
noul ding, the blades in the die should not overl ap, oﬁ&%ﬁg’emh@ 10 di e
used to make the fan has to be very conplex and production costs inevitably
go up as a resteingpredsverprasenshigiyPat e eéRathéneehe Harectdspeey aitley in
Lhe case o:‘ B’(-)ﬁe](clf vwi&heeﬂﬁabECﬁbh@%e the-ahangaddo s Nty \é@iﬂﬁ t%OQHHMOUS| y
ecause a lot, of the ti that. the _enpgine.i s runni 15 t he heat
exchanger s t%h%lleg ”f%gge%nosr t:Strrlee tESh{r}lg’é’t eFaré ¢ eogg%deby the air flow
created by the nowventrrr oforéhe thehfal é megetdtatThir efuohea vaiyr tharstthiee
al | onedst o fhLow thrRUGB &ASickYs e¥8R Woeh the £&fdxS A 1 Wil fen TS S
achi eved by | eaving g relati ve),Irfy wi de gg@ bet ween the fan bl ades. In other
words, the fSR"HIVAdEYIRCF Mhst VISt VPDTAn 4 58T &8t TRt CBREVEN89¢ e %ol i ng
ef fect of thehen thkownyeraedzd by vehicle notion. The relation. used to
cal cul ate the an ; in I .S ~ ¢ f d - K Kn,In =
"~ (hub di anet e?%b%hé‘i%lﬁ'lt’ Bgf%leggiy’{ﬁ?é?i |re°féﬁ%??ﬂ%b?%%f%é%n&“g‘ﬁ% (K) is
a factor thaPetAEEEThIGTIEXIIntC tHE AP MinPRATSCAPR ©Ft R ffist . ebtiast
bet weentot wo adj acesdy .bladesding poeveatherhem:f Bom ovesd apReagnditdd NGhe
nmoul di ng and .| i f b. diapet.er: the |arger the hub di aneter
is, the smal |°3’?”ﬁ%%ﬁ§l gF (%e %%%aﬂﬁ.e#ﬁeg%?%‘é- of the angle (K) may al so
be 30 influenced By thheeHeibght O Phadasl 4dea proftPecegent hangup. nahde
description letow). ghe/enndy wayerafcnexanpkesanby ardbyideRout cdreskidgti ng t he
scope of the,] i C ept . refers ta.an e dinment .of a fan nade in
accor dance w- Egrteeﬁrtgh%%egsgﬁig E}q‘r?\%gn[fiogngh%(s)olsa %\AW ﬁmt‘ﬁaeryé%%olr?péﬁ‘f/ianrgea
drawi ngs, thétfdf REG F5thevdaddladassovat hebh agkedynamil divetier Mokedd . nm and
an outsi de dicag®ti®g, 9 Cory espoiRd féh Ltk he dicaned enipfcst Bge Quligiisd RG 9) of
385 nm 7 .nahe angle cgBt)h,e or raen%p(gggli ng tﬁethe Wi dthtof na bl ade at the
hub) cal cul at€éd Usi G these varue®® F€9UYL> The GEGAETT Vo "8 Blhde °4 of the
fan 1 will n&Webelafeschi bekset Hertjicaslebeings cf¢ated. def i yreckna@sna Ipr gjhect i on
onto the 5 plaapge@he ekt oXYe i chbeaban ok ang dihge proj ection of the
bl ade onto the P|;)Iran XY is then transferred into S%aclle.. Wth reference to
cti

t he det%élll shown i Figtir B*PC5Ehe e orBer ' c 4PS cBnsPt 18n PGF1%e Wirade 4
consi sts in d&haw Agts hinty secharchliGy ofeathelangide (B) s cdndrs itn tTiwen
delimted bydib€adcaY (a), very small in the axial direction, between the lip
11 and the seat 12 together with the labyrinth shape of the part
between the two elements, reduces air whirl at the end of the fan
25 blades.

Moreover, the special fit between the outer ring 9 and the
duct 10 allows the two parts to come into contact with each other
while at the same time reducing the axial movements of the fan.

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

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

However, as shown in Figure 6, the fan made according to the

35 present invention need not be equipped with the outer

reinforcement ring and the related duct.



10 17 on the left and the ray 16 on the right. Aray 14, rotated in
anticlockwi se direction by an angle A = 3/11 B relative to the bisector 13,
and a ray 15) also rotated in anticlockw se direction by an angle (A) but

relative 45y 16, are then drawn. The two rays 14, 15 oth
rotated by an angle A = 3/11 B, that 15 és, A = 12. The int g?i@%%%?\%sbof

the rays 17 and 16 with the hub 3 and the intersection 14 and
15 with the outer ring 9 of the fan (or with a circle' an SEP Zﬁ(ﬁnﬂer to
the outer ring 9), determne four points (M N) S T) Iy| ng in the plane
XY, which 20 defi h roj f_ the e fan h
proj ection of theﬂ%otﬁvgagedgggéﬁe%geg %nggde$| ne at trh)t hl%n Xb Og- |rst
tangent 21 i AgPihedapychengeangrel @ - chimpcrerigthgs descrided Qelqvel atl ve to the
ray 17 passing thfrcwgéhgtlbeapotﬂé (:M?crat Bhe BebumdingAssCaRebeeseen ivx Figure- -
2, the angle (C) is_n ase%rleg |fn 23, clackw se gige%%ll on.relative to the

ray 17 and tRRérefore FI7 S PhdeRtc 21t gh tHe5r &y Pr2Wdn the |
convex édge 7 i°§ the fan stcoryesperdinshégcatrhpe fwiglwh of Pehillddehé smythe/ when - ¢

the convex edgsc 75, ssthaclasteqat Qs imRek Ltehecegarr tBL@vuakEbaitnciosaceMaQQ {ie edge
8is the first torret the air flow ter r|n t he convex

9
edge 7 is al §8°de1inE8 by assREGHET éﬁae?l Jaﬁﬁn 8ﬁe? s |38I faféd B angl e
(W equal toféntiseshihekanglee (Myde bhaferkbly 7) plefeitd weite injectn 14

paSSI ng t hr O‘r\'\gblcﬁlhx% pgllxentblg&gs QE Lttxke dqgt Slod lHnrgotg ové&.sla%howhérr&lugégm
t he angléﬁ is neasured in an anticlockwi se direction relative 35 to the

ray 14 ‘@nhd tﬁé?ef‘ﬁ‘?% th&akecoifd Bandent " 2P eaheaWREN2EhePOGHGR"edge 7
is the first coetseelevidudiai o uboayg aoredehi nd t he 8 ray 14 when the
convex edge 7 1S ididol@st Lo Jigglathe Aldenblf dlal Ls,.ubefn, the adoe 8 LS
the first to meet the air flo In practice, proj ection of the convexi.
edge 7 is taf§éht o fAETI V%‘Elctlang%??tll%tlﬁﬁﬂ tdhﬁhefaé’écoﬁ%i th@fige¥®rk22 and
i s 5 charact ephsathdnyly Hedive Wi Idt af StlH’égl:ﬁneCGlﬁHE)thlaOérth.@da 1:W|r.hhﬁmg poi nt's
of i nfleoti oRyeThE tcgwﬁange'rmod%%&% LEarR! QFLRLLRLL QL Lhe LanNex; edge 7
is a parabol a of ah B T

illustrated, ®PRe 33ar afBGWaCF%atGéf ifYed-Hsy TPOeReRE fof | B n@eféﬁéat iiopelfy =

0h013 XZ - 2ThekXeforS. {ir Thiss BuUaALlicRBA ded ersivnesrduaa ew]}/@ halvlalusxtr!ﬂeilt Sd in
the Cartesia I agr nFl ure, 7, nction of t ted X
and y vari ablrleg g%n%h Patnué:n . foo%acg?e‘?edF%ﬁu?%avzmg Aih ot hveal

endpoi nts of “He paR él?éhaefartéledéinil nel@dpy- tie OttaﬁlgémrﬁlSZl”a?]cFazzbé@dqshe

poi nts {0V amdstNhoantbrinhe zeAgrofcngBXpraiheoNMeXidoylidy td@kchness egle t he
hub 3. Experi msg{L 3 C@:vgteygvm thaﬁetmh) conyex fd‘rg‘%l ﬁ Wleth |tcs lgaéabol iC
proj ection ofto Fane of Yorattdn Wof Fhe y° 25 pr 6Vi des ekTel I ent
efficiency ari’-é}en@)fl‘%]@ ¢hariaciesessiiss. As regards the projection of the
concavededgeBS of (tbe /hbaske xéhda@fa&p the @lane Q(Yhukﬁn&'lbai@@@flg sllézrwrﬁe &fur?/e
arranged in suc ine a concavity can be use or exanpl e,
the projecti ?))lr% g? Efr\h\g¥%:%r?5a§1ee gﬁge 8 may be defined by a parabola 25
simlar?to that ofhghandenvex edgea 7 fapibrar thaigetken sobst aarewlt] ythe the -
sane way. |nmdnphef &rlrsegn@ém(ad'tnmat, ekcge Cdeveedlefidiadagatdie piog&stion of
t he concave ed e 8 Q toé5 e e XY i circul ar ar ¢ whos?uradl us (R-")

e equal o EREVRE P et Ngnig Sirandidrathe 2n Ao %

the hub diameter: the larger the hub diameter is, the smaller the
angle (K) can be. The value of the angle (K) may also be
30 influenced by the height of the blade profile at the hub.

The description below, given by way of example only and
without restricting the scope of the inventive concept, refers to
an embodiment of a fan made 1in accordance with the present
invention. As shown in the accompanying drawings, the fan has

35 seven blades, a hub with a diameter of 140 mm and an outside
diameter, corresponding to the diameter of the outer ring 9, of
385 mm.



30 practical application described here, the value of this radius is 70 nm
As shown in Figure 2, the projection of the concave edge 8 is delimted by
the points (S) and (T) and is a circular arc whose radius is equal to the
radi us of wdney/dsets The projection of the 35 concave edge 8 p&T/iBéb04ss
conpletely defined in geonetrical terns.” Figure 3 shows eI even rofiles 18
representing el even sections of the blade 4 nade at r @ vaI s from
left to 9 right, that is, fromthe hub 3 to the outer edge 6 of the

bl ade 4. The profiles 18 have sone characteristics in conmon but are all

geonetrical ly dififher end1d nepr Ct%rrrtegbd&alﬂ@l & theadaRh bP 4 haaaerodynam c
condi tions V\:?I ch Aare subgt anti al | function of the 5 position of the

profiles in fHE FAATHE rLeSéF?oWes?h‘éalé‘ﬁar act &tistics common to all the
bl ade profiles arfelepagqomeLﬂmr b suidlaldee 4§ orfacheeviang hi ghllef hbei eacy and

head and | owgpQi S8ea TNl bisie RrQLi [ £S,:0RE left a nd have
a larger_ bl age an Ieg (~|e) because, belrt{ 8I{)}§gr§%o erS;QP{b%n %}} dtf% | i near

g
velocity is PL¥E Phareehat off PhetSufar priofi Fiss prﬂfétﬁ%f‘?fl é§31‘814‘ii&ve a
face 18a corrprors:ongharplam tival s stheai ghinskenedsageapacelhi s strai ght-1ine
segnment is desig to the,aintlo e snpot preventing the
bl ade from "beat Pﬁgh t he g?r\r% Wm&(): \/r\loul%\é%a%tlep% &L? smr%oo? gyzirlerf?owr%fnd t hus
15 i ncrease ABPYE AR rwBGEREL PR cPlerdy. bllﬁdqzl‘bLﬁQélsBStst hits 45w HigHthei ne
segnment is Iabeédted (1 bfant bhgld QBgtvhulcE f9 am 4% h@lllx\1$e@fbyt bﬁelz%lglgt h of
the chaord (L N of. the { a ;s subst ant le .up of
circul gLro arc)s” aSSI ng rgﬁﬁit he 5%f| es cFose ?) the Hu%ﬁt 0\/\/5?0e 38 those
at the end ofnt¥féopkwife, StrretdprchyY apn adtdenmdkiFnd/ Up B heelpbiee 118a thecone
| ar ger and |aﬁ.gﬁtolrn13’ adhdlsa taf hat, bssd QoS@dé,d irh%nl@i@lfdclkﬁlg@-@igéct{lfoh of the
bl ade 4 decr%ases ‘F)e ect tocthe C %rd g profile camber (f) is
| ocated at a pofnt b& LIRSS FTQUTE 32 by vv@é?l e raU7E95 of
the total |enfgehragt ihelehrnedtifys bofﬂhlr@tlamtgﬁah grustalbre Areadilled. frtem t he
edge ofist he peofd l-ejdhat neets the air first. The back 18b of the blade is
defined by a cur v such that. the i mum thjckness (Gn ~) of the profile is
| ocated in a zone%ﬁetl%eerﬁe‘i%fnénagaée FPYEhe' tad‘?iaisl‘éﬁf@t ﬁh‘éf e fndde
chord and 30 tpe efrdeabégrigns 20~ tbé tdve [Reéngich 16f withe tbhosukeflYind 1 toii S case

too) this |ergshedmusbr G cHEASULEHe fd q]qmthedeggeeegfté heePEdr! eithat) meets
the air first., Myving fromthe profiles closer to the hub where the maxi num

t hi ckness (Gdetéer“)mﬁagoﬂr §°H?t§hé§1t Val Tre, Tt HEhi*Ck RS PIGPet KéE: 38 35Pof i | e
18 decr®ases dafire ¢cbasir@nectiateof owar dsadehd pf ofhiel & at. the peodeafionhe

bl ade where i ttﬁeremwe@e/e abopt & QUateleheOf skt Snyahlle. The, Mpxigpum

t hi ckness (G ~3 decreases according to _
nt 21 1inclined by an~ angle C = 3/4 A, that is, C = 9°,

an%

relative to the ray 17 passing through the point (M) at the hub 3.
As can be seen in Figure 2, the angle (C) is 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 behind the ray 17 when the convex
edge 7 is the last to meet the air flow, that is, when the edge 8
is the first to meet the air flow.

30 At the outer ring 9, the convex edge 7 is also defined by a
second tangent 22 which is inclined by an angle (W) equal to 6
times the angle (A), that is, 72°, relative to the ray 14 passing
through the point (N) at the outer ring 9. As 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



10 substantially linear variation as a function of the fan radius. The
profiles 18 of the sections of the blade 4 at the outernost portion of the
fan 1 have the lowest (G',a,~) thickness val ue because their aerodynanic
char act er {y3{4 st make them suitable for 5 higher speeds (1S NAY,
the pr ofilw?digggggfi m sed for the linear svelocity of the bl agg'r@g%s{?qogsri this
vel ocity obviously increasing with the increase in the(ignsgpi %ﬁ% The
| ength of the chord (L> of the profiles (18) also vari a f i on of
the radius. 10 The chord length (L) reaches its highest value in the mddle
of the blade_4 and decreases _towar he. en f the_blade so_as,to reduce
t he aerodynafﬁ“f:a]]qloz‘iv?imgnC “heé ou xereﬁggt;pbsr S‘lhgn?% ttﬁe%?%% tgmbl‘_iziée%%fr]Wd al so
to facilitatElgthéspadeagehordghe arrththéhrithéofrasti shdt ropwat i ng, as )
stated above. 15 rhherfdade, an® @rbf{H)cidh s ki 8Snak 8afeinttioOnaafedthe fan - -

radius. In particular, the bl ade. angl ~3), decreases_accordihg to a
quasi - | i near - aW.'® Tﬁéfsltav&a(?f’er\‘/tar?lgt rbd?] % %rhee Cé’ag g?}n B ~i§) Fh e
chosen &ccor dignpcterided &gr edynave cvitbad reqale ecbryrxt heroidrer mdsho20

portion of thesfan Rl adereckion Pl elred BbRdbIENL)Y the yasjRatian 4f the
bl ade angle ((3) as a function of the fan radius (r) follows a cubic | aw

defined by th&® SQU¥ET §A9e _ 75 3 Pagabela ef oth§o8¥Perz - 0.7602 r + 67.64 25
The |l aw of variation of (p) as ayfeanckionbot thke fan radius (r) is

represented in the dihadeamahewe L mskoWe 8.cnEi QUESAaSNAVGBONLL NE
projection of the blade 4 in the plane XY is transferred into space.” The

bl ade 4%has 50¢ died1ering| a¥4aFé°to the plane of rotation of the fan 1. 30
Figure 4 shows the segnents jyokno ngitife-ppimks+ (dM.y.N ) and (S, T ) of a
bl ade (4). These iLnts ' ' Tne) ALK 0b1 A starting from
t he points (M Nﬁgf ﬁqu\%%%rﬁ :yfa(taefmﬁnf%e t&eang’( XY a}rL\ .ugr%gs\np%dg 68r ptéhr?di cul ar.’
segment s (M Caryesipp digoyam,(showg jin [rgurg' j. @i g nfuestituefdebermeiliaeeda rake
(V) or) in okhata wotglSabaedlicsptacememd xef the blade 4 in axial direction.
Mor eover,, in the preferred_enbadinent.. each blade 4 h a shape.defi ned by
the ards 19 and JgoRse g r ieg%raégaé.h' eesggggoclsntigogf?&ezfia%#éﬂéiarrceul ar
arcs whose clrbdragr &y shecdlepgtmtsed ladnd Funrét Fon FfinghePermych (B arde

strai ght-1inensegmends naMmurNedn@xded s, thay) nebSesthond nud ki gure 4, the
arcs 19 and 20 are offsetc fromth cor%%gpgﬂdi ng._strai ght 5 Iinen sggnent s

(M, N) and (S P F edigths (M 15) PaLPectiVel V. These Tengt hs
(hl') and (h2pamielieastriedt o tdraopshpeptinculodr rebatise giramwé &her &2mti on XY
of the fean 1256k RkEek2h ColAl@d; @i%ndy PRIACEH R0Enact B Jrergt h of the
segrrents (M) N )Asar}ggér%ls’ tl‘Tc—; )pr%r]]gg:si%lnvg ‘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 8 may be defined by a parabola
25 similar to that of the convex edge 7 and arranged in substantially
the same way.
In a preferred embodiment, the curve defining the projection
of the concave edge 8 onto the plane XY is a circular arc whose
radius (Res) is equal to the radius (R) of the hub and, in the
30 practical application described here, the value of this radius is
70 mm.
. As shown in Figure 2, the projection of the concave edge 8
is delimited by the points (S) and (T) and is a circular arc whose
radius is equal to the radius of the hub. The projection of the
35 concave edge 8 is thus completely defined in geometrical terms.
Figure 3 shows eleven profiles 18 representing eleven

sections of the blade 4 made at regular intervals from left to



10 The dashed lines in Figure 4 are the curves - parabolic segnment and
circular arc - related to the convex edge 7 and to the concave edge 8 The
rake V of the blade 4) both as regards its axial displacenent conponent and

as regar ogyoGyiyasure nakes it possible 15 to correct bl ade %ﬁiﬂéf@@ giue to
aerodynam c load and to bal ance the aeredynanm c noments on

such a way as to obtain uniformaxial air flow distri bﬁt3ac8 \RerZDt{]Qe ent| re
front surface of the fan. All the characteristic values of the fan bl ade,
according to 20 the enbodi ment described, are summarised in the table bel ow

where r is the,gengri dgaqrglg gshu%n;; ;_hec faoclua: Ca?(g%eg ngtﬁr%%cr:gi vari abl es

refer to the corresponding radius va he ¢ élénth f
i ndi cat es t H&epPspftlescafbbeversope| ﬁleﬁr@at@@Stthes i ¥ tdcamost bai give- lalhe

segnent of td&embmcialsﬁcmmrehé mdlogaélesta; h%epg§lé|99 %fda%bet&f%é'e _
canber relative.to the chdo i e bl ade section

e, Lo L é\ dcatgsthe a]ég
profile in SO SEXEESI fial lc‘iéij? Bt lc& Wi SPPF i at t%ef“C&F’c‘é’sPénthe
co- or di hat e@qsntwﬂe ptfanecheY ekofih@sparabolthe edgdiadf tdieeblimtle. The

70100. 6131. ZL61c 178 02737 kendf 86,25 510 VO
001 46223 PCT/IB%%%Q%%% B8l 89200/ L2l 12 570025000 YRR, B

i f2125. 531. 232 8 6°izaf“9i§"?1él§‘1ffi%é*smgﬁg?“ﬂlé%adlfeé P70 UR-2S. 2- 43. 0- 3
8.1 1-0.723.9 Expersifiestspcofipasi og the lednvent ioneal affansd windh nkh@se nmade

| n accor dance. gkl hoide GRBOMI HNtRcHNI b%&@eélo%@?cggogheaﬁ&gq'{?l angle 6,

show that there is a decrease 1 n the soun ower o ut 5 Y303,
nmeasur &Y i n UBEAY VFleRitan iF n)pﬁsévé’ﬁéhlth?h Oécb‘t%PPée’meBHes Fur t her nor e)
under the sane condi bionseef 1@ rhdel i ¥yekyce t heaf aBsprmdagaceor gijngat o the

T odsTont s o 3968 SRRERE Hnidno Bk, IS Bund S oIl R o2

val ues up to 50 easer & ConvaRTToNal 5t SRE Bt Hi s t ype.
In fans madé‘léeh‘ortﬂ‘? n@txfdovhee eﬁ*ﬁ@m PEAe S lywi PHetAddeg slpracle]didat faem equal

angl e 8, pasdeagifg-orntna bliadeschackuito l&tbi’l&.@)@s shesward re 0nf i Lar ahion,

t here en CI abl e anges i n.noi. Se. Mor egver,. under, certain
wor Ki nggcondmt%?géé or fehenp gc?uce 15 5AFY cuI arh%‘rfhg hi'Yf Refd9rbnge, the

bl ades f or wakidec &edregtr bt |l@heh3@ld| ver sanﬂo-‘-%iemtrfe ishéront Hdtbtadgs dfack
configurati Ofhe length of the chord (L).

The remainder of the face 18a is substantially made up of

circular arcs. Passing from the profiles close to the hub towards

20 those at the end of the blade, the circular arcs making up the
face 18a become larger and larger in radius, that is to say, the
profile camber (f) of the blade 4 decreases.

With respect to the chord (L), the profile camber (f) is
located at a point, labelled (lf) 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 meets the air first.

The back 18b of the blade is defined by a curve 'such that
the maximum thickness (Gpx) Of the profile is located 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, this length must be measured from the edge of the profile
that meets the air firset.

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

35 profile 18 decreases at a constant rate towards the profiles at
the end of the blade where it is reduced by about a quarter of its

value. The maximum thickness (Gmx) decreases according to



Figures 9 and 10 show anot her enbodi ment of a fan 30 conprising a wheel 31
with bl ades 34 spaced at unequal angles A 20 The enbodi nent with bl ades of
unequal angles B further inproves the acoustic confort. The different noise
di stri but {y@yoifeim t he fan made in accordance with this enmbogifsioohRises it
even nore pleasant to the human ear. Wth reference to Figures 9 and 10,

t he wheel 31 has seven 25 bl ades 34 positioned at the ?a%lsggldy% | es,
expressed i n sexagesi mal degrees: 01=55.381; 82=47. 129} ) )

84=55. 225; 05=S0.527; A6=4B.729; 67=52.282 If the wheel 31 had the bl ades
34 spaced at f.an d e nd 6,

t he spaci ng an}%‘%&?@%ﬁ%&% 936(%75“}%8#4%9%&%}35?;% gt%eggéu?a%\e ow shows
the val ues offb¢ herafiéstiald @iglthe gections wof ghehipdend apsHlaustampst

percent age deyi@idnoBs e Ehe 1 hads cneal diest o(meL(hecrueaﬁm;al vangl escflise. . . ~

conpared to e. correspondi ng. val ue of the equa ng for fans W|th
seven bl adesttg?]h‘nb%‘?ro gn?ﬂ‘ *Sde FARGE BBl Hdes \%’Alét hm‘—%neqtﬁe SRgradde 5§ S -
)bI ades 5w t hheghel suegles (8. ydevi @y orfde (EOpfile "is ew)teleweait i forr $’-h(68l _..n

linear velocity of the blade section, this velocity obviousl

----------- 1008155, 38151, 4293. 9527, 685A247d;2951 429- 4. 300- '8.°3608350. 72751.
429-0. 702- 1. 3BIIEASENS YEET W0 30GeReFe3ED 5AS sadiugsg_ 0 902- 1. 7538648. 72951
. 429- 2. 700- S. 24981ts2 128251 04290 8581d 659 TOATAR860D3GO0eD008 0 1sH W:@es

precisely, the secQpd; £olenhshows,s he values of the angles 6i,-.,n, in
accordance wth the present enbodi nent; the third col um shows the val ues

of the dngles 8. W‘?eﬁh%’ﬂ LeRgtes Lar B2a6H6%1 -5 5t AENEShr YH “Eof i es RO et he
al gebrai c di bfetenceade alagebdaireadeyicavais bt weens tdfe tual hiese ofo tadse

angles of t'“%oSF%HHEQ the aerodynamic load on the outermost portion of the fan
blade and also to facilitate the passage of the air when the fan
is not operating, as stated above.
15 The blade angle (P) also varies as a function of the fan
radius. In particular, the blade angle (ff) decreases according to
a quasi-linear law.

The law of variation of the blade angle () can be chosen

according to the aerodynamic 1load required on the outermost
20 portion of the fan blade.

In a preferred embodiment, the variation of the blade angle
(B) as a function c¢f the fan radius (r) follows a cubic law
defined by the equation

(B) = -7 » 10°° « r*+ 0.0037 « r® - 0.7602 r + 67.64
25 The law of variation cf (f) as a function of the fan radius
(r) is represented in the diagram shown in Figure B.

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

30 Figure 4 shows the segments joining the points (M’, N‘) and
(S, T') of a blade (4).

These points (M‘, N’, S', T') are obtained by starting from
the points (M, N, S, T) which lie in the plane XY and drawing
perpendicular segments (M, M‘), (N, N’'), (S, §'), (T, T') which

35 thus determine a rake (V) or, in other words, a displacement of
the blade 4 in axial direction. Moreover, in the preferred

embodiment, each blade 4 has a shape defined by the arcs 19 and 20



10 and third colum; the fifth colum shows the value of the deviation of
the fourth colum expressed as a percentage of the angles in the third
colum 8.. The table shows that the percentage and al gebraic deviation in
t he angl | ati vely | ow conpared to the configuration of 15 bl ades
spaced at%%%@ﬁs:ngl es. According to the present enbodi menf CTIRY/P4ues of
t he percentage deviation of the blade spacing angl es s@?lgﬂﬁ m%\een 0.5%
and 10$. Hence, even if an inprovenent in noise charac istics Is
achieved) the efficiency of the wheel wth the bl ades spaced at 20 equal
angles is substantially the sane. As can _be seen in nore detail below, if
the deviati A PgerftEht Age WaTUedr & el tmitAt ai‘le®Ri tHirA t Hes@r TS nihese wheel s
whi ch are substantealiky sakanced can be toeddoceverd wHeh BmgchAurdiercref bl ades
n greater t three) a refore dif ent, fromthe 4 neel 31
whi ch has sg\%gﬁl%tag)ens? ggg‘g g\?vn(h?n' tbﬂ()a éﬁéarr(gl é.Jf v'er?lgt ﬁ}éo"g}nﬁc?d% nts nade
with a nunbér bte Fraties 3adothéret pifeselat 4he ATERSRITGSRY | SuFirEgltions
regar disng angbé aseg@eacs nguachi-eveangood r esul t By i nede@bBs (6f) ekfd cigncy and
noi se | evel 're?pér ?VQP)«! Serh%gOd&lgneC{hgy (th ? Lg S( rgaIdearvevi tmbeatsﬂxeec?nc?ql ea'\eG’ L
menti oned above has al'nost the sane intensi y but I's I'esS irritating to the
human ear. RegeRiWifFeky ttowdbe apdfneved retptidhngY tdfe theedsant ness afe t he
noi se in theatenfdcgarat ia0PeMichbaddi® thkRelaenl o War dnandghbe: LQuf i gwnat i on
with the bl adgs(go,acjé,) 1t8 Preif erably, the configuration of the blades 34
ment i oned aB6Ve' tan” be “US®H 'R° conbi nation with the blades 4 with a
par abold ¢ edge 7Thef dstshed eiriyodiimeritigupe evi eus| yhereedrivesed. pdrsbolir t his
case, the valbgsObnfeadcudg! bVery rafut af £4 GneNEhvak S Mbst Al ica! {e
invari able. 15 Anot her advantage of this configuration is that the centre
of gravity i€"&¥%aye9%f the rotation axis 32 of the fan 30. In anal yti cal
terns consi deri nthea radeerence sist drihode opilgi Bsi yegardsheitot akiaan axi s,
the fol | ow nGshBadebbft 2Rpondtk andas™ regards curvarufd fikes M RRsfhe™

0. m where the X9 and YQ are the Cartesian co-ordinates of
the celtre P GPERACLY HIet KéSFEFSwAdRl t 3R AT % 1R 2 th@2h&eE and t he
30 Cart esi artheoaerdiynaties moherdse oaenbe eblafie gimvducy of waacds hloadetadid,
respecti vel yo,; k0f he s examm! ¢1,5hawe [0, Lhodras Reand 10 efoa wieel 31 with
n bl ades of equal mass mthe Formilais the fol T ow ng: 35 Em" xi
of the fagyr n E m~ Vi

All the characteristic values of the fan blade, according to

20 the embodiment described, are summarised in the table below where

r 1s the generic fan radius and the

following geometrical
variables refer to the corresponding radius value:
L. indicates the chord length;
£ indicates the profile camber
25 t indicates the initial straight-line segment of the blade
section;
1f indicates the position of the profile camber relative to
the chord L;
f indicates the angle of the blade section profile in
30 sexagesimal degrees;
x and y indicate the Cartesian co-ordinates in the plane

XY of the parabolic edge of the blade.

r 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 )
t 10 10.5 11 10.5 10




40 ya 0. m' n 15 Wth this configuration a wheel 31

al ready substantially bal anced without the need to intervene on the mass of

t he bl ades 34 can be achi eved, or any such an intervention is reduced to
the mni §opar ed to that needed to bal ance the wheel s opcapg

wi th have bl ades spaced at unequal angl es. There are t herefore a3van ages
internms of sinple and econom cal construction. Eﬂgp ﬁz axi a
flow fan rotating in a plane and conprising a central b pZQ lity (n)
greater than three of bl ades, each bl ade having a root, and an end, the

bl ades beinff also dejiTmied Dy a lirst] edge and a second eddge, d
consi sting bt sbbtiol o i : .b.l_ag:é_a.ngl e which

decreases gfadual |y And3canst antby. Srom the r oot twwardg t hel.end |of the

bl ade, the bl ade angfe Q§|3ng deTbgep ap tlrég_furreqtalapgle petweer] the pl ane . -

of rotationlere—a—sttat ght—t++pe—othtrg—the— Hg—egge—+oe—the—Hrail i ng
edge of thelaerodynam c-r-ofile of3.each bill8de siectt®r, tlhe M.&deg bei ng
spaced at unequal angles (Ai"."n), characterised in that these unequal
spacing angles (A, _",n) may vary in percentage by values (A% between 1.5%

and 8. 5% conpar eEXPBT 1B LE ORPTRIIFAY | B WPETEICAS EGUARS spaid] rioanglass (A-)

for fans wit hlntaheosmenynﬁercn(enémua)fiubérade@smtghmades sfalled. at &l eqdT) 1.5%
<_ A% S 8. 5‘5V ere %ow t:ha]tOQ_ e§e 1sf tchecbgageaQn so§nL§)§E9erlxt Io%' l l%al anced

naturally, |n e prorec Ion o e convex Flrst edge onto e pl ane

is defifed bySh b‘ar 4ol ineasugRent” affti A n Wi Hat 2t hEpProgeeeti on G‘Fo‘t“’rfecconcave

second edge eahfprdcthe plane is defr ned by a second degree geonetric curve.

2. The fan accorch ng, to cl ai mi.c éagatm%rr sed npri ses.seven

bl ades and in that" ?R%““ﬁﬁ%quafr €pact ng angre f%ls i a)lr ‘fC{ YRETH adés have
t he fol | owi nfawalnesls, aespriésgetoi| rhqjeeg\be@s*EHMjGEh381adeﬂr2ﬁ@?cqc29at an

to any of t he [ﬁéevrous Ialms har act rrsegrnthat the projection of the
concave%edge 8 Ehe° sn%“rV&“aé‘rfra aF ab®%ic segnent. 4. The fan
according to cl aiim lfaz‘rvarrameeracsceﬁdnm t hat ttnhe epbojigenion @it helamscave

edge onto thepypltang:is dghinedghy @ Béé&Hba{roﬁrQ bladed Mackar, acEosdlisng to
any of the previous clajns characterised 1 n that thgL aerodynam c profiles

have a face CS8RPHISSIRYEHA"PENEY SAB StFSi @ﬁtaplprﬁel%b §nEfgndes 3y noise

level. Moreover, under certain working conditions of the fan, in
15 particular in the high head range, the blades forward
configuration delivers 20-25% nmore than the blades back
configuration.
Figures 9 and 10 show another embodiment of a fan 30
comprising a wheel 31 with blades 34 spaced at unequal angles 0.
20 The embodiment with blades of unequal angles 0 further improves
the acoustic comfort. The different noise distribution from the
fan made in accordance with this embodiment makes it even more
pleasant to the human ear.
With reference to Figures 9 and 10, the wheel 31 has seven
25 blades 34 positioned at the following angles, expressed in
sexagesimal degrees:
01=55.381; 02=47.129; 03=50.727; 04=55.225; 85=50.527;
66=48.729; 87=52.282
If the wheel 31 had the blades 34 spaced at equal angles or
30 as the fans embodied in Figures 1 and 6, the spacing angle would
be 6.2360°/7 = 51.429°.
The table set out below shows the wvalues of the unequal

angles 0, . ., 0. and the absolute and percentage deviations of the

A3=50. 727; Adgam. 22:5;1eA50-5Q1a‘5b%7 de/x’;@rél&dmy%adA?zaﬁZes?S@p 8o Foe Lams@gcordi ng



6. The fan according to claim5 characterised in that the aerodynanic
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irritating to the human ear. A good result was achieved regarding
the pleasantness of the noise in the configuration with the blades
forward and the configuration with the blades back.
10 Preferably, the configuration of the blades 34 mentioned
above can be used 1in combination with the blades 4 with a
parabolic edge 7 of other embodiments previously mentioned. Also
in this case, the values of head, delivery and efficiency are
substantially invariable.
15 Another advantage of this configuration is that the centre
of gravity is always on the rotation axis 32 of the fan 30. In
analytical terms considering a reference system whose origin is on

the rotation axis, the following is true:

20 Ymo oxs
Kg= —mmmommmmm- =0
2om
mj Yi
25 Yy = —mmmmmmmoem = 0.
E my

where the X, and Y, are the Cartesian co-ordinates of the centre of

gravity of the fan wheel 30 and m Xx; y; are the mass and the

30 Cartesian co-ordinates of the centre of gravity of each blade 34,
respectively.

In the example, shown in figures 9 and 10 of a wheel 31 with

n blades of equal mass m the formula is the following:

35 Ym x;
S =0
m ' n
Tm’ oy
40 Yy mmm e e mmamee - 0.
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minimum compared to that needed to balance the wheels of the type
5 with have blades spaced at unequal angles. There are therefore

advantages in terms of simple and economical construction.
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the current 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 blades being spaced at unequal
angles (9;, ..., n), characterised in that these unequal spacing angles
(..., n) may vary in percentage by values (0%) between 1.5% and 8.5%
compared to the configuration with the equal spacing angles (6.) for
fans with the same number (n) of blades, that is:

(8i....,n = 62)
8.5%, where 6%= * 100; so that the fan is
0.
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substantially balanced naturally, in that the projection of the convex
first edge onto the plane is defined by a parabolic segment and in
that the projection of the concave second edge onto the plane is

defined by a second degree geometric curve.

2. The fan according to claim 1 characterised in that it comprises
seven blades and in that the unequal spacing angles (8; ) of the
blades have the following values, expressed 1in degrees: 61=55.381;

62=47.129; ©3=50.727; ©4=55.225; 065=50.527; ©06=48.729; 07=52.282.

3. The fan according to any of the previous claims characterised in
that the projection of the concave edge onto the plane is defined by a

parabolic segment.

4. The fan according to «claim 1 characterised in that the
projection of the concave edge onto the plane is defined by a circular

arc.

5. The fan according to any of the previous claims characterised in
that the aerodynamic profiles have a face comprising at least one

straight—-line segment.
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first and second tangents being ahead of the corresponding rays when

the direction of rotation of the fan is such that the convex edge 1is
the first to meet the air flow and the first and second tangents are
arranged in such a way as to define a curve in the plane that has a

single convex portion without points of inflection.
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concave edge on the plan as—a radius equal to the radius of the
hub.
11. The fan according to any of the previous claims characterised 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 cubic law of variation as

a function of the radius.



