;e3e(| ~DDE$SF@H6HT(IS] E Description Axial flow fan Technical Field

The present invention relates to an axial flow fan for noving air through a
heat exchanger and is preferably for use in 5 the cooling and heating
systens Qfo9®igks vehicles. Fans of this type nust neet Certp@ﬁa%mmss

requi renents, anong which: |ow noise level, high efficiency, conpact

di nensions and ability to obtain good val ues of pressur aﬁgEennﬁ aél ivery.
10 Background Art Patent EP - 0 553 598 B in the nane of U pl i cant
as the present) discloses a fan with bl ades havi ng equal spacing 15 angl es.
The bl ades have a constant chord leggth ,al.ong their entire length and they
are delimted at the |eading and trge&!ﬂﬂgt—egges by two cu m“llﬂmmmm}nen
projected onto the plane of rotation of the fan wheel, Mmﬂw

arcs. Although fans nmade in accordgige #olhedhi S patent achl eVRe1&¥ good
results in terns of efficiency and TOw sound pressure, the so

distribution of the noise may be irritating to the human ﬁmmﬁ@ﬂwwm L wth
t he bl ades <egbeitadtFigrjdal angl es, there are cases of re mai n
har nmoni ¢ whose frequency is the 25 product of the nunber of reellti ons per
second of the fan wheel nultiplied by the nunber of blades. This resonance

gives rise to a FrssPHFeR6i S&VRRTCR rﬁi}ab%g i 19 PRt ifget o fERie AEmACRar .
Even i f the mpetlogptironhodughr ki hedt @xchayyeedaly iz poafekabsy momluge in

subj ective) Jh@e&goc}%gee Orgg& 'n% gme;nga&o%t%wbgglél@fl uence 30 the noise

di sturbance: the sound pressure i's, the intensity of the
noi se and how i tF?rSS deist ERbut BYPS n““tsér MESHf CEERRLN ASCRLFERRALS, |HBRPT
intensity nNoirSes: Chdv aoSeebee@E nightédfikfendy, 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



2 the tone distribution of the noise distinguishes it from background

noi ses.
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To solve this problem fans wth bl ades spaced at unequal

angl es

n made. 5 Calculating an average of the sound intensity val ues at
fywedyaesses) with the bl ades spaced at unequal anglﬁ§nh¥@m&gbse

is alnost equal to that with the bl ades spaced at equa
the different tone distribution of the noise allo
coustic confort. However, the 10 fans with the aﬁ%ﬁg
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d at
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15 Aickeerundi 8eiffdnt age is the fact that the fan wheel with bl ades
spaced at unequato asglwes By Probirhal aaedsichi schasdirgpaetdt he bivggaii on 20

of %pe Freeent |nveq§|on is to provide an inproved axial fan wth a
Bvele r& er ‘aimof the present invention is to provide an

axi al féﬁl‘-wllﬂhllg!)o@h efvénsigenf, theadsanmd deltensity wallues.

aps5 Yet

anot her ai mgfyibhe ﬂqree§emlegnvmw ORe 1192105 pgﬁaweéea@mmbamo\éeglwltaé fan
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anddiistad%t\dgesh - Figure 1 shows a front view of an enbodi nment
dl SCl Osed I nt hl %‘hé nYJ.eItgtl % sadvant:ag?e lfl &lér %agtl Llllé'{ZStlrnatﬂgﬁyl Qa@esf rtggt VI ev%’
t he geonetrlcal features of bl a in_sone of the enbodi nents of

di scl osed byeﬁ Hélfjt?cézséﬁ't tlhﬁvéﬁlﬁ OvH.th blades spaced at uneqgual angles is

less than that of the fans with spaced blades of equal angles.

the fan

Another disadvantage is the fact that the fan wheel with

blades spaced at unequal angles may be unbalanced.

Disclosure of the Invention

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.

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 present invention,

axial fan is disclosed as specified in the independent claim.

an

The

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

which:

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

this invention.

"



- Figure 3 shows sections of a fan blade in sone of the 5 enbodi nents 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

geonet ri ogb sbagdyr es of a bl ade of sone of the enbodi nents gdridvechas

di scl osed by this invention; 10 - Figuré 5 shows a scal ed-up detail of a
part of the wheel and the reI ated duct in sone of the enbodinents of this

invention; - Figure 6 is a front view of another enbodi nent of the present
invention; - Figure 7 shows a diagramrepresenting, in Cartesian col5
ordinates, the conygx.edge of,a.tanddl ade, 'rkr%QQEvQLthﬁee'I}%%ﬁUa{@l%i of the

present invention, - Figure 8 is a diagramshow ng the ch anges I'n the bl ade
angl e in di fT58E8Res s8Et PorRleGR &bl RTE oF a“?%nf‘:‘t‘li’ctﬁiﬁm%‘?tst hef r &8Puadf t he
fan in sonme dfsctbgeeBhotlidphésentf idddngibmivention; 20 - Figure 9 is a front

vi ew of another enbo gll rregt §f éhgesctllnr\{gngf op; fgpd raddl reo}ng shovs a
schematic front view wh ef'f nes the spaci ng an ers of the bl ades % n sonme
enmbodi nént s Woﬁhﬁ‘@qsnvén‘ﬁl@n}nwtﬁ’é tadeRsa uFEgu dé§€¥‘fadé shertfimg are
defined as feddmOvRe hubt&ue c&Bo&ch (gb)tﬂesbim | ength of the strai ght-l i ne
segnent subt ended th n fromthe | eadi ng_ed e lo

trailing edge overp%/?rlil *Ser dyﬁgﬁfset !; gl '€ of tﬁers%ecttlgn ?"he %r[ 5e

obt ai ned by JermetsEstli ﬁgaWeSb¢%1c¢ebM¢41 o eone née?hwmedmnam sf ddienci des

with the axigaPlibOiAkh WY Qhil ngvggdloand whose radl us r coincides at a
- the centrellne or mdch t he bladelsth |ne

p0| nt 6]
j oi ni ngbt he mi dpoi Ft%8f ° t AR"Ehér 6§a{ e 8pt§%t(ad r%rﬁarrta)?§ he i yhe
angl e ($) neasurbd @lagedjiduen poisphe @fofhen eBBodiirenae todr Elsts onaemtxn@nof the

bl ade, for exanpl engme QUILe d ePERSeRliENyof NanddiRlrl idR8o800R Ofoet hg\f an
bl ade, is the an 4 Dby a ray emanating fromthe centre of the

fan to the p?ﬁ?f‘tegb %ﬁ&%’r%d and the tangent to the curve at the same point
Q - the skew angl Bigurenét sangsll ar didgsphacepssentbra,) iof Gartésian co-

characheri st} &;GHEYE Ofnd NeolldlCedt 1€ ANU L DEladeeNid NEohlY o? PRARSI NY
t hrough the characteristic curve, for exanple) the curve representing the

centre |ine BPOUABEMSIERGME PYRENSITUSEEHIYHde, to the fan hub, and the ray
passi ng through t-heigirar actier isstdiagean vehaating heheenchaafes hen bkaslebladet he

bl ade_spaci ng,anglg &/é)femht g Angh CodTaasHIRdgle LDRGERLEE 4G olaglall on
bet ween the ra passin e correspondi ng polnts of eac b ade,

for exanpl e, °%th§d§§‘ ap ‘E?ﬂ? éﬁdt*t?f e‘[‘ll’f’éhBF%t"(:Fe§f thifhenisnsderangl e (err) is
the anglbe between Fhgurgl @aneisofa rixbati opewfof heokher aathodhrerst rof gtkid i ne
joining the Leadin gnlqug to the 15 trailing edge of the aerodynami c profile

of the bl ade secti o
- Flgure 10 shows a schematic front view which defines the

spacing angles of the blades in some embodiments of this
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 1leading 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 1line
joining the midpoints of the chords L to the different rays:;
- the sweep angle (§) 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



- the pitch ratio (P/ID) is the ratio between the pitch of the helix, that'
is to say, the anount by which the point Q concerned is axially displaced,
that is, P=2 (err) r tan ((3) , wherer is the length of the ray to the

poi nt Q and9f/9dms the blade angle at 20 - the point Q and tgier/iBeybdyesn
di aneter of the fan; - the profile canbér (f) is the longest straight-Iline

segnent perpendicular to the chord L) neasured fromt t he
bl ade canber line; the position of the profile carrberzf63 (rﬁEgizpeUz)o t he
chord L nay be expressed as a percentage of the length of 25 the chord

itself; . - dhe rake e(né/aadl%gt @go@xu@é @Er&pgasen‘eﬂé ain the éﬂea%lm ogn the
pl ane of rotation of t ncl udi not on the dis acerrent of the
entire profijB°FIHH &N tBFarrFélgSFtrt& ép‘?o‘ﬁ‘rﬁﬁtata 8% & B 2conponent due

to the bl ade- cuhevakkewe, anpglanyor alex0 iangeddral d36plhcesedt on(a)th raf erence” -
to the acompankLOG.dLaw Mitve! B LAL-piadeClid! Ehe ARPHE 2R:AXl:s cheabdy

conprises a central mounting a plurality of bl ades curved In the
pl ane of rotRASSHHT )@?‘rBFg‘i Hdef ShadacteReshicaFuE S ﬁ&\?ee’éa"fpéﬁt ghe £HTERd 6 and® *
are del i m t efkppyséntlbg cavesn@geine apdrie aadcire BOgeoB. tial BC&de, to

saui st act oryulesul bl Nad el of, sLiLelensyludioiae Lavel and.head bave been

obt ai ned by rot ating the resen
i nvention eli“héF‘eleﬁldoﬁ% therekddeon or the other, the convex edge 7 and the
concave edge- &nm;bwachpb&xﬁl ahgTe t(be i£&dbn®ﬁdgﬂea®‘urétﬂ&& rak | ¢angredge of

h bI he_{ h
t. e ge m)vedxtoh:%rt on besc’w L e{:]ﬁeanﬁai‘y C ass?rgg?t Lehxjo g§uglt;'? hcgp)éﬁ%cbadtln e s

air to first nvex edge conCave
edge 8 or, vPQ:léltVepéa?aCﬂi rsltades t o hexampdeayer edées Fand e rad tofe t&Bnvex
edge 7. Cbvipiksle¥) the aerodynamic profile of the bl ade secti on nust be

oriented accordi ng,to the erat 0 f the . fan at_ 10.is to
say, accor di hggfeo%\’&ﬁget REFE hgﬁallf f’ S n‘be RERt L ﬁ(laar(‘:or?ve§°téa §8°7 or
t he concave etlgde8fdn rad, ti¢ streiegng lenefmlh’enbl Hoededding redpgafor cdéaent

ring |91€Ey b@rél'lt;{l@@dg%- hhef Eh@%e@‘oﬁ?ﬁaﬁrﬂgtﬁ?{]ﬁl% her s8¢ Mihat hedhades 4 Iﬁr
exanpl e by preventi e err) _of e 0 g.in the
area 15 at the® }é%cfi&ghtﬁ%“ﬁl g‘a’é"f) 15c813ﬁmfat6f’ gg?weﬁynégﬁi pf“iﬁ%sr} I\%’Feover,
the ring 9, heliconbhataticone viavh aheumtound, by iwhith thve pekt |9 wgnedrnekde air
around thg fan éﬁgliyegllisﬁﬁactehe Vidd iigespat tgeffefld- Ganf (ﬁ)hewhéz?éiers 1% t hese
vortices bei reate t he, di rent ssure on the two
faces of ther% gl(TBg °foa|h—%rra9’h m%%ﬁb?éé‘é“ Q &Y, §hg ao‘li t ﬁf%? Pip

porti o011, tlhratpOTLmttS) amd aha rrmtwhmmyxa@ea@r b2 nlmjéann t he duct 10. The

di stance (a)) VEIYp mu bslnﬁef}e @yl als dideealh9bsr b@éﬂ&@%&lﬂﬁel kBgrehtand the
seat 12 together W|th ri nth shape of ghgﬁ&?g&lﬁ gween t he

WO
el enents, reBtTES h?”rla\ﬁhF?l & ey BEATNHE 88 Wor%edWér, the
speci al fit beddeeenntdre loné erchel wgs Btiand of hehedwebf 113 shinbews ff relaviyepart s

to cone int Otsozmea%oe/a tLhm A0tk ek be Atpdlensaeoti fke nedyai ng the
axi al rmverrents an.” As a whole, the ring 9 has the shape of a

nozzl e,2% hat *1'$ "‘?‘Br‘i",dt?é{‘/f' its inlet section is larger than the section .
t hrough whi ch the wmke pusses tie tdxdabndisplatémenyl afeshel bIRde Ernemgethesuction

surface keepgifid of! AMaRYoflord LRONELANGnE Al@nEYntOBRENSHe! A1 edd AW

resi st ance.
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



However, as shown in Figure 6) the fan nmade according to the 35 present
i nventi on need not be equi pped with the outer reinforcenent ring and the

rel ated duct. 6 The blade 4, projected onto the plane of rotation XY
of the f boibps the geonetrical characteristics describe e
angl e at aVtoﬁe centre (B), assumng as the centre the ~ ' gegpné;ﬁ@é\;g?gggentre

of the fan coinciding with the axis of rotation 5 2 of the fan)
corresponding to the width of the blade 4 at the rootgh, QEspc | at ed
using a relation that takes into account the gap that2 guﬁtgex?@@?bet ween

two adjacent_blades 4. |n fact, since fans_of this kind.are.nmade ferably
of bl abti o RETTTY 21 Fin TEETI A eRHaToPaiee 1D TiRati e o et
over | ap) ot heyhsirs echeheonexdedoaidednd chankercake $d9s hawyt eadie beeeirhevnpl ex

and productiefe gesdingl _e@?/é to2bthe @PaiiingdSedye 88 WHe pMAegOVer, it should be
remenbered that) es%ﬁ_fm al | case of notor, vehicle agpl i cat h‘ons, t he

in_the
fans do not work 8o eﬁuﬁﬁgﬁ/ Béﬁa e La" POt ST R FPAR & HAY PR &RGine i s
runni ngp 15 dhe theaet mochiamgers figswhwighh tthe ¢envexaedgecdnredt etkrartdecool ed

by the air flowaGe e@ég%d Ber:[ %CQDV%W _f@éstt he ) efieC |c9n<j'_atv%eleélge Thengfore,
air nmust be allowed to flow through easily even when the fan 1s not

turni ng. Thi &h8% tBR15o8YeY 9¥el Baving a rel atively w de gap between the fan
bl ades. | n ot her owotdslyt hehd aprbdyadasc 2Goffibd afothd drpia seteen nusat

prevents the,cqQliLno £LEE614iAL LHerdl é%eOWfC%&ﬁ'%%gorp%fvgxgg Cf'a? fotiap. The
relation used to calculate the angle (B) in degrees is: - (3&0/ No. of

bl ades}0- K; iKnth sav.jaceprdingi &RetBethereithft 2bF 1A Rfe MHVEFi FeetEt HRe hub).
25 The angl ecélexi eage a6t het biticatrakeigei Hitfaraccount the m ni num di st ance

t hat must exi st tween t jace | ades_tQ. h fgo
overl appi ng duri lr%‘g \ré\r%%led}d\r,l\g gﬂdﬁ%sg%ac%ﬁngf [ %npeégggﬁ%ghﬁ% Ig’lmgrrétr(l;l,‘gry: btehe
| ar ger the hébttdidanBiering  sheengrartercbeheetarfl @re Rjadesnd bker wwamalgl ue of

t he angl e (Kpy BrevahsSinghendGinghé | peicere iatibes Rbghtar@ing her Rhadaeprofil e

at the_hub. The.description helow iven by, wa f example o and w t hout
restricl{gi ng £ eths?c%rb({e °§fk é’qfﬁ?/edrr\‘t ?(\:/%ou@g)nééfeﬁt%ore ers Sg%hryé%ﬁ%vcﬁrr’mnt of

a fan made i fhacdogddnde eprineheopmasem duavelll i dAmitRs thaowr Tl bng (od
acconpanyi ngcaé arn@soudd & nbaBak agsa3 s8N thk a6as i cde Mith bt bnd eicgnet er
of 140 mn anghgnb]%étging“e Sieasrere%g{'t’ic%grggis gogg'iean%dt,oag hPs qln%wrrg:[ e}gy Q!:fhet he
outer ring 9,7 0f 5

different pressure on the two faces of the blade 4.

20 For this purpose, the ring 9 has a thick lip portion 11,
that fits into a matching seat 12 made in the duct 10. The
distance (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.



7 The angle (B) ( corresponding to the width of a blade at the hub,
cal cul ated using these values, is 44. The geonetry of a blade 4 of the fan
1 will now be described: the blade 4 is first defined as a projection onto
the 5 pl awe 99f49223t ati on XY of the fan 1 and the projection mfr/igeotdsede 4
onto the plane XY is then transferred i #to space. Wth reference to the
detail shown in Figure 2, the geonetrical construction 4
consists in drawing the bisector 13 of the angle (B) |ch|5| rn
delimted by the ray 10 17 on the left and the ray 16 on the right. A ray
tlﬁ [) ot at ted i Qsaﬁmggtm‘dg%sepwgee@éd eatt@%/ugenpmgé tQ)fAer'ta?L/l%;x J&a r&d @:h:bve L 0
e bisector and a_r o rotated in antic e direction by
an angle (A)Butr TsattWeglePB‘e%%a?afpaféc‘:%frlétf??e Mol &\%ﬁg%é’wtm rays 14,
15 are thus bothﬁhet aheltk byt arheangngréd BB/ ldssBmitdrass 16he scerArs XBe The 7 °
i ntersecti On&ed?nfetﬁ:b@alr @xﬁtrjgof’-rlguel@aﬁ’“c%bnél@in Lurlt% @l’@a&b@ df”&@éé&%k' ons of

the rays 14 and 15 the outer rlng c%lgr with a circle equal
in di aneter %o°% h%heouﬂaé‘r FPTRG By idet ‘Prr'il?’?e ‘”FSEFP blgge M & PP |ying "
in the planerdd¢ swhicha2buldekineinben pedsechi ematoftakehae ibtadecéund thee fan

L The broi gk ana0f nidic c£pv gXcatldecly | uglan delided, 8 e Mifheoby a

first tangen 21 1ncline an an , relative
to the ray 17 (it H?léléghrﬁt H‘é‘dﬁoP’fﬂfe(ﬂ)?lyant RE2%HiB 351’}513 igafcte@nseen in
Figure 2) thgowarghg, (de bSacmasurede dle ashzﬁmlmkmm&ﬂa@h remelronser anative to

t he rayq,17 a ‘%edeftgr (;;W%het rf% ﬁ;{gc[eontbez:[,el,fl 2 orO%Cf] Z when

t he convex e I's the |rs he air ray 17
when t he conV‘é?(tsedgeV#aPéYtQ?euPeE?tat’éﬁsh*éét the air flow, that |s, vvhen t he

edge 8 is the fingrebeedeal ts'HSu'ﬁi Iod I&wemﬁ&e& thhe OtHREiIfING i% dnhe { :
convex edge 7.isS aI so defi ne % a se tangen% 2fan? CQOIS %ncl i ned by~
e 2,

an angl e (V\)caéqual t "B Fi M 8 JLca(Ans’t ha e8I VE0 t he

ray 14 passi aeptinuougty bheaysesi ﬂtlo(tl\l?f athet Waneo gy tlhﬁ rRpodne Ass SHBRRG: N

Figurei3, thenangl® eWhanger®asuftnl Bndlkaabt 4 QGK:V!ciedd&feeQBBQéH gl ative
35 to the ragh14 and #heref ore.the stﬁcond tanqe L8 t {6}% W@s&é he
e

convex edge 7°Fs?the ftP¥sFriRedy (HE A°VFIOW)° or eh| T ray
19 when the Coemaferedgeir7 mugtthbe dldoved ccardfdevwt Beroaigh €My eken Wls%n when

t]be ﬁdge 8 ignt gﬂ,ﬂ‘ ilrssho&ocdfaeﬁgthelﬁi fsf falcﬂy\éveldnbprpé‘agriiﬁﬁ)?jtr.hﬁaeiﬂl@c'[i 03
of the convex,edge 7.is tangent_ to t irst tangent nd to the secon
t angent 22 aﬁﬁg 9% OREYETh g?‘l Fsb R e%’ur%‘e"&fmﬁ? T ngt's c%ﬁvég a5 ti on,

Wi t hout20poi nigsof natnfognt RoRcTeRne thar vereneith el icnesirtmeefrﬁree'} eeh i of the
convex edge Ziif1 RaEARR 8y OfenliBe tbRSon Y ThHedreidttod sedt €o calculate

the angle (B) in degrees is:
B = (360°/No.of blades) - K; Kmn = J (hub diameter; height of
blade profile at the hub).

25 The angle (K) is 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 be. The wvalue 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 in accordance with the present
invention. As shown in the accompanying drawings, the £an 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.




In the enbodiment illustrated) the parabola is defined by 10 the foll ow ng
equation: y = 0.013 x2 - 2.7 x + 9S. 7. This equation determ nes the curve

illustrated in the Cartesian diagram shown in Figure 7, as 'a function of

the rel atwe99/4932d y vari abl es of the plane XY. 15 Looki ng atC¥irpeine4ss

agai n, the endpoints of the parabol a aréd defined by th 21 and 22
at the points (M and (N) and the zone of maxi num coév§x$g}9%@1at near est

the hub 3. Experinents have shown that the convex edge 7, with its
parabolic projection onto the plane of rotation XY of the fan, 20 provides
excel l ent effici eneyarnd i, Seoefb’:ﬁ’p@ﬁaﬁ{d Sbi €8e wAGLtHK egRld$14de 3 @hecti on

of the conca’yug) eQchﬁ Qéd tug§nbl Qg_é?, tlQeMQ,I ane XY, any second-degree
curve arranged’in such a %1 d’e I'he" a concavity can be used. For

exanpl e, the profeet |96ﬁmQﬁrYth%f céné&@éeedgeOfB teg Bendéfiwed byow parabol a

25 simlar t@estcmm)ecpf thbebmevexlgdmsz andnalirangedrbietybet 4Md ahky the
sane wa re erred. embod Y deflnln t he BI’OjeCtlon of

t he congave %lcfg oﬁtStﬁ?eXESI %’Ir:ethin?ré aaﬁﬁg | BF°igeE ?/\’/hc?s‘:e ?%d‘?]ﬁge(Rcu)
is equal to ¢hmatpathaupl{r®) Xpfig tbemuraanterred irite QKtropracti cal application

described here) Whenvalederdcet Nis rcﬁsil L@et‘a§l 7QnBR AR SPQWRel Ny Fi gupe 2)
the projection of the concave edg delimted by the points (S) and

(T) and is a9EFFETteR! &PESWH(i&ém‘raﬂﬁ dfé‘e SL¥fudl €8st rlédfiﬁ@"”d’lg ttH8 hub.
The proj ectibisegkot & 85 wwenasuie ¢BigevhSchsist huscurongdlaemetsd thef tinedayn

geomet phcal {LrJE nFl (Ui Cark SHAWSaR RVER BEOTLRS, %8r59pf4‘35%£é&% %even

sections of the blade 4 made at regular intervals froml
right, that PEICHPHMSReIHAFEIOR oPX R ANGEF BdFe3 6 lofB trl‘?éab’r"zfdé:% t‘hY’he
profiles 18 beetsonms,chat act&y i15t | £85d RotORADIN lut idicekailse gepediibhcal |y

different iny Préjneranfggub&)a'%hﬁf #QL adgpt.d q:hteh§aﬁqr60dﬁp§nah%{m EPM' B ""hi ch

are substantially a nction o position of 't es In
radi al di recFYOR3YTHE - charkaét E‘HSSPP'E:*S r@&ﬁ?ﬁS’nbY(f“aﬂg]t%é blHdé Pr d?rhlaltes are
parti cukarl yisuiat abliz .f or achi eving high efficiency and head and | ow noi se.

The first profil gy, OE'%ée*}%eJ:tef s9bF O a0 Jgﬁ‘lnﬁr‘?s h%%’f% nk ALgery bl ade

angle (err) because eing closer to the | i'néar ve OCIty i's
| ess than th&fe dﬁtﬁﬁ@%‘&?’é‘r 95r 5he | Bys Theanst 8fi Viéd f£he ppnreraringd Pda
conpri si Nng ashd rMahi abr StikRi Hhiirtidi@eqeeymndiandties Sd rcakghitelr BEnd_;segrrent is

de5| gned"to @éée%(lé\gef |\rAkL%/1¥ tqfden&er srgqotl{;jhryg SRr ?M?’Bl gg % mi%ge from

“beating" the air u errug snoot h ai rflowan _
i ncrea®® noi Sefimsd theRreéeeirrcplridy. Plaflerged &h8) famils The eBrQh?q:ft’ﬁ’é
segnment is | abethededdvexaBghd t5 1engidd iceeindan k4% che Au¥p ody therdngt h of

the chord (Llangent 21 inclined by an angle ¢ = 3/4 A, that is, C = 9°,
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



The remai nder of the face 18a is substantially made up of circular arcs.
Passing fromthe profiles close to the hub towards 20 those at the end of
the blade, the circular arcs making up the face 18a becone | arger and

| arger inwoadidgm3 that is to say, the profile canber (f) of pthgpdloasss 4
decreases. Wth respect to the chord (LB, the profile canber (f) is |ocated
at a point, labelled (If) in Figure 3, between 35% andzﬁ‘;@ﬁ) dgﬁe t ot al

| ength of the chord (L). This I ength nust be neasured e ge of the
profile that nmeets the air first. The back 18b of the blade is defined by a

curve such that jbhenERXiHIURLLJ.CkRES S (@@xt HAsct he REST idie 5.1 erpfed in a
zone bet ween 15% and 25% of the total ’r‘?%th of the bl ade chord and 30

preferably at"®0éf of*PERe A% RYTh ot‘stth‘é EHGEIEL MBSt TS BFE E4% too) this ]
| engt h nust be nﬂasuraentlt:eomrteherei:hgemﬁ dfthehprodrivies edget Treiast $ah¢m1ta| r T
first. Moving,f prafid.gs £l osgr e e

t hi ckness (C%axggénagsﬂl%t %1 ﬁvaéﬁe ¢ t h%jiét h%gghécggr%eﬁe eﬂggél pr Ofsl le 18
decr easés at CRRrESRYTIERE P‘été FBWf’r dethhe Sipgie EONXEX t Rer i oWiERRth] ade
where it is pedueedfbynﬁlaeutora quar tefveofwhi tls dalivies dhe pRogieauidd isckness
(Grax) decregses _accordi tantially linear variation as a
function of ?‘ﬁ © ane'(r §g? parakfoqlae tl%‘ 3;Itehe sections of the blade 4
at the outernost portion of the flaﬂ a1xhave * Hect owest (Grax) thickness

val ue because theinr 88l edydrante: chanaetffdsst k66 PasdoolBkest Rigm.sdd tgbl e for
5 high% speed K f°# thls Wa)éi the profile is optimsed for the |[inear

vel oci t'y of TR thi s veI ocity obviously increasing wth the
increase in the fan radl us. The 0. #3gtH of2-t"he tW8rd- (L) of the profiles

(18) also varl es agsa Jqua@tdrpnd@te:tmheeg actmas culeeThmcehewltécenqhh {He)
reaches its hest value in the m ddl e of decr eases

t owar ds t he %618% TR B 28R i lPBI? eduéé "t nﬁrejro&:h?gah}?% 268 %n the
out er nost poxtar@hyotartllaelésanf the plameXdnd al so to facilitate the passage

of the,gir when tRgk{anaw F&u@@h%&ﬁt'ﬂ}& eaépoihate&k aclagvsaralb‘é,llherebl ade
angle (err) also varies as a function of partlcular t he

an
bl ade angl e f‘f%‘)“eae8¥eﬂéee§aﬁ%%rsd|2hgartdo 2& Gﬁa‘é}?e 11°ﬁ85ﬁ f”étwa“flhé | a¥Pf
vari ati on of théreobpkadke mangle ¢ervekicansbehathosaresactlor divkg3t o t he

aer odynani ¢ | oad #8@Hidefts ORatdICsRMCrdFRs! 30 l%@ﬁ\tréapne&fe the 2t blade.  In
a preferred enbadinment, the variation of the bl ade function

of the fan rBaFIRe! (?)p‘fﬁlelc'c')tﬁs“ £7EQDIERS | BRF e i néatﬁf"gh@fy g’ﬁatthn%?"err) B
-7 10-20 r 3pxoLde®3dxcel Rent BfFG(2ncy Bn@7n@se2éhdklagtéistaksvari ati on of (p)

as g_ funct iaon of AN@efasr ikl YSojeddibni &t HBRT &sRALELdR BNE: diR0kameshown
in Figure 8.

~

5"’-" 8

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 (Re) 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



Figure 4 shows how the projection of the blade 4 in 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 segnents joining the points
(M) N)vwoeb/4o83) T') of a blade (4). These points (M , NpCraBbo/go4s8 ) are

obtai ned by starting fromthe points (M N S, T) whi I pl ane XY
and drawi ng perpendi cul ar segnents (M M)) (N, N) 23 S‘EEFZWT) whi ch

35 thus determne a rake (V) or, in other words, a dISp| acenent of the
blade 4 in axial direction. Mdrreover, in the preferred enbodi nent, each

bl ade 9 hasrﬁgr&haeﬁatd&fsi nﬁd)mbyhet Rebay GBS é_h% 30de2Qage 6 oklcnd biEhgure 4.
These arcs %9 and 8??1 Jgsf g_tarcu ar arcs whose curvature is cal cul ated as a

function of "FhePT%A K& E99%iGRF2TI5RAS SRt SOTR™ W) *5hdties , T').
As shown i ngfemarrécallyt b fiecentl Giranckd2® aoe kol f Selte ftrcomadm owrharsepondi ng

strai ght S ké%ﬁgﬂf@%d{Mo}ﬂsMﬁlﬁnQré Ssubsta)xt@ﬁllyeggtfbﬁcéﬂah) o?—nl.ci'xe( h2)

respectlvelg These |l engths (hl) and (h2) are nmeasured _on the perpendicul ar
to the 3pl anB°®¥1PBt aff on Ry oPr¢fiéet antd’ amtf arl?ddafculih’f%ﬁla% a "B'@rcent age
of the | engthagdfctehistsiegnenten( 84 ,allll fharidalS proFi)es hems ebyeisuldfiyThe

dashed 'Inem&bﬁggwﬁaéhéévqngh?ig%uwﬁ%lenaﬁaﬂ@%ag §§<9g%e Soqgg circul ar

arc - related to the convex e he concave e he rake V of
the bl ade 4, botReadirggyapapsi I‘?-"s AuxitHE dFShI HCemont Eb‘fﬁ%‘né‘ﬂ? haite &
regards curuatdere HTakeSandlepaPsi beeauks, t Peirf r@ekeb| asletid e, eshélite to

aer odypani ¢ gag 9adl e, el auce LhR ARLOGYMAT 6. IBNERLS .Y the blade in

suchawaya ain-uni formaxi a alr utea over the entire
front surface ofThehepxofileq\118t Havehayr a@:‘%c@r i 588 coomniesnef aphdnthirlbl ade,
according t@tz?&hgthhemré)cgébﬁam dﬁsgrm«adghmensugéwehsedsl fedilgged & € bel ow

where r is tIi«f vgeterlc n, radi u gnd tIﬁ&fo I Wi 91 eo&atrglgl ¥ar|abl es

e al €o,.ente moo
refer to thé corresp onéln radi us val ue: yInalca he thof Ien"fh f

i ndi cat es t Heeprighi’ I éh%awlb”er‘”h%htwqhﬁél é&%%’-’é‘u?hesmﬁtthl &iLrEiqwaiaght x:II“ISne
se%brren:ts o:‘ tih@r&&s%dﬁaﬁﬁctﬁhagfeduf:?i @pﬁlga&x&@.t be st ON ?ﬁsth b&aa&?fi le
canber rel ati.ve to the chor ; i ndi,cat e angle o e €. section
profile in gdngeifgﬁlgg? el 95%8911[1885?” A5 ?Le h:S‘atl %]I"nom &é&t esﬁgg of

co- or di nat eshenlangshpdfanbe Xehogfh ttHe par abolic edge of the bl ade.

r70100. 6131. 2161l 7QaIndih8.0£78hd 784ck Afs8. 2¢. Bibtan¢ 24 HY ha@d 149. & ~10 |

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 (Gu.x) ©f 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 first.

Moving from the profiles closer to the hub where the maximum
thickness (Gmx) has its highest value, 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 (Grax) decreases according to
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i f2125.531.232. 833(330. 121. 915. 713. 31l . 1x6S. 393. 2126. 1161. 9176. 4y- 25. 2-43 .
0-38. 1 ~-~0 .7--1 23 . 9 Experinents conparing the conventional fans with
those madwoOi94gR280r dance with the embodi ments usi ng bl ades PqYABIG0OGHSS an
equal angle A show that there is a dectase in the sound power of about 5

25%to 30% neasured in dB(A) with an inprovement in a Q@@Qort
Furthernore, under the same conditions of air deli veryz(ajﬁE?ans made

according to the enbodi mrents with bl ades spaced at an j equal angle 8) have

gevel o]pedhhea.ctsvanhmlypmczeé%ag{@@wr a§-0a camaLed 4 dnhe sgenyvantisonal
ans o thi s .t

e accordl ng t nbodi ments, w th bl ades
spaced at an'¥ l?nghﬂe@ 2('3 %&eslsr?ﬁ tF6m V%}gsagﬁagka"t &% BrEFESSF or war d
configurati mprttxhercef ahe fan aplpm@cmabllewgmrigas) ithipigiese valwel bedvwseover,

under certai fher kidgagORdLt ic@Bsaert B8 kaMusk N mhRe p@ﬁéxﬁ CHLf\_fab'lQ the hi gh
head range, the blades forward configuration delivers 20-25% nore than the

bl ades Dack HREFgFPEEEoN. I Ytirres'® arhe 187 SHa® dﬁot°ﬁé?““’é*r?ﬂocﬁ°ﬁerﬂ’eof a
fan 30 . conpiresirngedowhgelof3lthd tilaokadest idd, spacedvatodingqualiaizgles 8.

20 The enbod| iBaL;yhd [sbh a9eS. f dagqual anghesa iy Lur ther |mproves the

acoustic co ferent noise distribution fromthe fan nade in
accordance with {ThesleasBdeihehe ABlds (bt odvEhe msréiifiseddbhtalee YardeRuman
ear. wWth reierefigecdionFogunescfiiagd 10, the wheel 31 has seven 25 bl ades

34 positioned at e | ow I e gesinml degrees:

A1:55.21g1; 62=47. gg‘?ﬁ%gzg%ﬂg&%?ﬂgi%%?‘%g?g %@5222‘%%8 ga £52. 282
| f the wheel °81thsalladfe 4hrodiS$C38a%q5q ERR TP 'é‘“qﬁl.u&r‘da"h(jlfeléh‘ibrblséea‘iso ©he fans
embodi ed in FdaglélaeSe Jchande&ayh&mspasd g aragloecamlsd ;h&téoxr?b&O/cﬂe Tanl. 429é
The table se L ut sho e.v S the u ual . | es, 0O:, ", br
and the abso dg an a‘glerc<'a:f’1}t,v§"’glgcelrl té?/?ea#?’on%assfag?h o the ?LJE‘,r “&a uté}éé dE 1qt he

unequal angl &8 Ho&r pYexasipar @d $erteHeakayer espondi ng val ue of the equal angle

(err) fier tans withh $eY&N hladesp) nHidhervaeiedl ades 7angh esb! sdeg,aMdah

radius. In particular, the blade angle (P) decreases according to

-

a quasi-linear law.

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

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

In a preferred embodiment, the variation of the blade angle
() as a function of the fan radius (r) follows a cubic law
defined by the eqguation

(B = =7 « 10 « xr*+ 0.0037 » xr* - 0.7602 r + 67.64
25 The law of variation of (Bf) as a function of the fan radius
(r) is represented in the diagram shown in Figure 8.

Figure 4 shows how the projection of the blade 4 in 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‘, §’, 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, 8'), (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



unequal angles (~i,...n)blades with equal angles (8.)deviations (O;,-
-6=)deviation $ (9~"." -8.) 100

8. 8155. 38151. 4293. 9527. 685A2Q7. 12951. 429- 4. 300- 8. 3608350. 72751 . 429- 0. 702- 1.
364A455. $393. 7967. 3B20550. 52751. 429- 0. 902- 1. 7538648. gEPsioofgss2. 700-5
. 2498752, 28251. 4290. 8S31. 659TOTAL3603600. 000. 00 5 Mor t he
second col urm shows the val ues of the angles 8;,-" ﬁ C§m with the
present enbodi nent; the third colum shows the values of the angles 8. when
all angles are equal the fourth colum shows the al gebraic di fference or
al gebrai c degyi a t t he yal pes gl h 10 and
third col umﬁiXY &u h\Mc?:lg T arch ¥ ﬁxgivgpugggf c‘i% l{/I gtl on “t he
fourth col uﬁ‘ﬁr‘@%BF%s%d Ca%C\d-aﬁeﬁcéﬁt aﬁgef‘é)‘f':ttlﬁfé &fgl®s iyeroRk o r"d‘ecol um
8.. | The tabhﬁﬁbﬁt\ﬂﬁbﬁh&d&ﬂ@ﬂ»ﬁ@nmage%mdsa]lc gebr.aine elmwnatlhom@ﬁet he ;
angles are pelative ow are Jauration es space
at equal angleg cc%rllﬁggc%p I pfﬁfggénr odi orr?spofqﬁ %/aﬁ 68890 t he

per cenfage dénd agdamanes tMe B adendpdéi ngTangPesiglsshs d (be) bardwer?)0. 5% and

10% Hence, r@s‘:ﬁ%‘&ti\.\t'el@'n imwvmhsi NhPi 884 Ch@r)acatrer inehbESed soracéu'eeved

the efficiency of  t wheel ththebad e aI ngles is
subst an!ti :’3.| P?XQ%glg tﬂst%%mrfﬂﬁé‘es%nr?rr‘? 2}?\5 |tlthebgF ; 3 % !

devi ati on perbtmnibage asalaumcaneasmalorﬂt shedenok!t [vEn b emamen e t(y . wiheel s
which are syhstantial) yhhal.apged can be made even with any number of bl ades
a greater than three, and therefore different fromthe 14 wheel 31

whi ch ¥las seven "‘B‘Iea(fé§h%1% LHGRn 1n FERET xAnPFe. B eMTIRE entRAFPREMS made
with a nunbeegedntbhatiesrddaot ber -t haltsdvesn thadcativeh ddpes@ andritbathieons

regarding anghlaf sRAcikng achieve good results in terns of efficiency and
noi se | evel.

The rake V of the blade 4, both as regards its axial
displacement component and as regards curvature makes it possible
15 to correct blade flexures due to aerodynamic load and to balance
the aerodynamic moments on the blade in such a way as to obtain
uniform axial air flow distributed over the entire front surface
of the fan.
All the characteristic values of the fan blade, according to
20 the embodiment described, are summarised in the table below where °
r 1is the generic fan radius and the following geometrical
variables refer to the corresponding radius value:
1. indicates the chord length;
f 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;
B 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 5

t 10 10.5 11 10.5 10




5 The noi se produced by the fans nmade with the angles 9,,..." nentioned
above has al nost the sane intensity but is less irritating to the human
ear. A good result was achieved regardi ng the pl easantness of the noise in
t he configuyeisbed W th the bl ades forward and the confi gur apcpiediohdst he
bl ades back. 10 Preferably) the configuitation of the bl ades 34 nentioned
above can be used in conbination with the blades 4 w ':Zﬁga,sﬁpam%c edge 7
of other enbodi ments previously nentioned. Also in tH val ues
of head, delivery and efficiency are substantially invariable. 15 Anot her

advant age of thjs configuratijon that the,centre,pf, grlavity is|always on
t he rotatioFbﬁaQJ:'fss 32 Gf%rﬁhc et %%5 f a.é}} yzux, e{c. f \,ﬁﬁsﬁéﬂeﬁ ng a
reference slystefh whose ¥ilginl i s2bi® the r¥-dtidn add.8. tlhe ¥ollovding is
true: 2 0 ~|m X, X9 g .3 | o932 -|0ipgma M| Mig1, ¥~ 2510, & -

0. ~ m wrerethe RQamd - Ygare_t1he rtesran co-orarTates uf—the centre
of gravity nf _tMe fan vikée? 30 A18d -8 y-‘@ﬁ hrd t hed dnsd amd -£he 130

Cartesian co-ordi nates of the centre of graV|ty of each bl ade 34,
respectively. In_the exa shown 10 of a vvheel 31 with

n bl ades of equaIExﬁ%rs’énef‘gPt%%“pfaﬁﬁ%l%el §°%ﬁ forﬁlo RE: W3R ThEFT A% xo

in a@cordmngenwithythe grgpodiments using blad@s spaged at @5 edqdetth thi s

configurati oan@.emeeslhoalt@tr eRdye Substanptialdl ynbgleaes@ds %wpwtf smtneed to
i nt ervene on % ss of the bl ades. 34 can be achie

i ntervention’T% Tedifted "te85‘t“ﬁeél mtthi FRIAY c8hPardy Jt“?f”’f’ﬁ%l enﬁeé&ed‘c?BStﬁﬁl ance

the wheel s ofortfieettype 5 with have bl ades spaced at unequal angles. There
are therefore adaptagedrl (RS AL SIRPLEARGRS WO Eake £RRSY S UGl ON.

fans made according to the embodiments with blades spaced at an

’Jikb

equal angle 6, have developed head values up to 50% greater
10 compared to the conventional fans of this type.

In fans made according to the embodiments, with blades
spaced at an egqual angle 0, passing from a blades back to a blades
forward configuration, there are no appreciable changes in noise
level. Moreover, under certain working conditions of the fan, in

15 particular in the high head range, the Dblades forward
configuration delivers 20-25% more than the blades back
configuration.

Figures 9 and 10 ghow another embodiment of a £fan 30
comprising a wheel 31 with blades 34 spaced at unequal angles 6.

20 The embodiment with blades of unequal angles 0 further improves
the acoustic comfort. The different noise distribution from the T
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; 05=50.527;
66=48.729; 07=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.=360°/7 = 51.429°,

The table set out below shows the wvalues of the unequal

angles 0;,..,n, 6. and the absolute and percentage deviations of the



16 Cainms 1. An axial flow fan rotating in a plane and conprising a
central hub, a plurality (n) greater than three of bl ades, each bl ade
having a root, and an end, the bl ades being also delimted by a first edge
and a seg@apeyedee, and consisting of sections wth aerodynagrappdsilsd s

wi th a blade angle which decreases graddal |y and constantly, @m r oot
towards the end of the blade, the bl ade angl e being defa cﬁ t urrent
angl e between the plane of rotation and a straight line joining the |eading
edge to the trailing edge of the aerodynam c profile of each bl ade section,
the blades behpg, pAced ahediagibil1e8] €8 (BhbdreaRd! A QL Sedbonliddal

t hese unequal spacing angle err nay Vary percentage by values (err)
bet ween 1.5%RaRd . 505 cophragied-t Her ckhrsi U%FFW w-2¥e%'he equal spacing

angl es (er rp—fti—fans—sit-h—t-he-sane—nubei—{Alof—blades—i-Rat—p S:

(A..... n -1 A) 1.5~ nambPer 5£8bbadesWhere A k- i 100; so that thelfan is ea
subst anti al|l y._bal an¢ at ur. y that, th gctionjof fhe convex
first edge on%ngqffﬁe éqgﬁ%s iwég%i  f ;blag 5 ylth para e(3’Il| closnésgnf dtevaatlon E t he

proj ection jof the concaveausdcondedddeansiied [ he plane is cefl neg. .by®a second

degree geonetric cufve.andiedhe |fan gggordi ng tegclaieml dhacacterisedol I
that it conprises s¢ven Dbl ades|and in that fhe unequal spacing angl es (4grr)
of the bl ades—have—ihe—f&lIow g Mgt He-S—axPF essed—in—dedreas- :

A2=47.129; A3=30. 72’; AE=881228; ASt582%527; | 86=4B.9529; A'—52.2826853. The
fan accordi hg te‘% any of .t Reg previ ogs__&igau s char_eaqg@di sed in thgat%éhe

proj ecti on pf—thre—cogncave—edgetonto—tfe—ptape—+s—detrmnediby—=a—parabottc

segnent. 4.1 Thé3f anlacck-dehg tlo cl153i-#29 charact@r78%d | that }-B64
proj ection pf tdae cqncasee z2@€lge |ont g1t higs pl ape i s3defsi ned jby a eisgul ar grc.

5. The fan ECCOI’GI ng 10, any_of [the pr ous|crar aragteri sed tnat
the aer Odyn 85 0. i/ P 22\"7\'“'1 ‘I nn 98 bast—ore cfll' gsgh |ne

segnent . 17 6. The f4am7aecor|di ngﬁlt.ozstl aim5 c-h!aﬂa@terl sed i+b 12I4at the
aer odynam c{ pr cg7| I eq haélze 2§2.f age CQ_ﬁpﬁigSl ng| a segngaégt fallow Egsiﬁ‘e
initial segpetts (my +Ss—stostanatt+at :'y recce tp— o1 \,IFLU|§V arcs—rF—Fre-f an
accordi ng tp_@GP3Am ] or ¥ohardcteri3gbt in 1hat t%h8%aerodvnanm @ #fofile

have a chord | ength and a back defined by a convex curve which, in
conbi nagi on wit hubhe freeseliet aihd ReSordl LA NEHdMsCkResgaMaisuafofhe he

profile’in a.z0e pet weeq, 15% a0 25341 1S, L0kl hEAIAIL AN (hDghar

measur ed fromx he edy®d t hat nee s the alf n accor |ng to
any of the prlwPBUSheYsi Fhe cirdrast ef | shad 3091ehal- eabAnbrAHe2R¥ 6Fe@Fd ont o
t he plane isedlimMded byudtQurcqa@init Sholyi n@ei Maligebriilcanei tredeniaf | Bed as a

function of 2eB00E LBl ih aé%%%es Gl Fa el b Qhedaifrag! & Rhadg.upt ended

at the centre ™o : and aracteri se n that t
poi nt s1@re ocecer Bhired egluthe ftdiel o‘%fﬁb cRArEtt EPPvet | BRe VRARLS | PSt tBAM t he

third point sassiaci@cadednat sbirhed1@in adxpkéssenoat of péftenbhggefanteare
defined by the.rays gg‘a 6‘?1 ng froméhe centre of the fan and form ng the
angle (B): tHFSEcHhE Forhrd 1% Eated at the end of the blade and is

di spl aced in ant |Té}hocmesehew gdieicophyegaentigecafdy)algeBysir @Byistdicat i ve to

the bisector;®ftHehgndinGl @ré B)elatively low compared to the configuration of
15 blades spaced at eqgual angles. According to the present
embodiment, the values of the percentage deviation of the blade

spacing angles should be between 0.5% and 10%.
Hence, even if an improvement in noise characteristics is
achieved, the efficiency of the wheel with the blades spaced at

20 equal angles is substantially the same.

As can be seen in more detail below, if the deviation
percentage values are maintained within these limits, wheels which
are substantially balanced can be made even with any number of

blades n greater than three, and therefore different from the



the fourth point is |located at the end of the blade and is displaced in
anticlockwi se direction by an angle (A) - 3/11 (B) relative to the ray
emanating fromthe centre of the fan and passing through the third point.

9. The fawmoaes®2ding to claimB, characterised in that the ROTeiBog/be4SH Of
the convex edge to the plane at the firkt point has a fj rskﬂiﬁngﬁgg
inclined by an angle (C) equal to three quarters of (A % a ray
passi ng through the first point; and characterised also in that the
projection of the convex edge onto the plane at the second point has a
second t angeseel Nl iwheeh b]ésaae@eﬁglbea&ég aéq:u'ﬂrlwnt On e bkdamte( Advdrelcati ve to
a ray passing.through th nd irst, a second_tangents being
ahead of théggogieggonﬂm%’ %Q Wﬁ efh éﬁ?%% ﬁénog rgﬁaFlon Y Of & P%e fan
i s such thatwitthe %@ﬁe/e)llrw@élpcsmecafrﬂmq epoutest sPheind radhieneandgothe

first and secndct angedins 8f Gk adEodadd nsush 1aviRy as to define a curve

in the plane that, has a sin vex tion thot oi nts_of anectlon,'
18 10, Prnet an SRt it crRR Y ERE hisy male o 8 '
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with have blades spaced at unegqual an les.

advantages in terms of simple and economical construction.
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1. An axial flow fan rotating in a plane and comprising 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 second edge, and consisting of sections with aerodynamic profiles
with a blade angle which decreases gradually and constantly from the
root towards the end of the blade, the blade angle being defined as
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 (0;....,n), characterised in that these unequal spacing angles
(6i....,n) may vary in percentage by values (%) 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:
(©4....,n — ©a)
1.5% £ 6% < 8.5%, where 0%= ' 100; so that the fan is
0.

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 (6i.,..,n) of the
blades have the following values, expressed in degrees: 01=55.381;
02=47.129; ©63=50.727; ©4=55.225; 65=50.527; 66=48.729; 07=52.28B2.

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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centre of the fan and forming the angle (B);

the second point 1is located at the end of the blade and is
displaced in anticlockwise direction by an angle (A) = 3/11 (B)
relative to the bisector of the angle (B):;

the fourth point is located at the end of the Dblade and is
displaced in anticlockwise direction by an angle (A) = 3/11 (B)
relative to the ray emanating from the centre of the fan and passing

through the third point.

9. The fan according to <claim B8, characterised in that the
projection of the convex edge to the plane at the first point has a
first tangent inclined by an angle (C) equal to three quarters of (A)
relative to a ray passing through the first point; and characterised
also in that the projection of the convex edge onto the plane at the
second point has a second tangent inclined by an angle (W) equal to
six times (A) relative to a ray passing through the second point; the
first and second tangents being ahead of the corresponding rays when
the direction of rotation of the fan is such that the convex edge is
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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