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Field Description  The present invention relates to an axial flow fan for
moving air through a heat exchanger and is preferably fox use in 5 the
cooling and heating system of motor vehicles. Fans of this type must meet
certain requirements, among which: law noise level.. high efficiency
compact dimensions and ability to obtain good values of pressure head and
delivery. 10 Background  Art Patent EP - Q 553 55B B in the name of the
same Applicant as the present, discloses a fan with blade having equal
spacing 15 angles. The blades nave a constant chord length along their
entire length and they are 8el~.mited at the leadinglaad tra~.ling edges by
two curves t~ich, when grajeete6. ax~to the plane of rotat~.Qn of the fare
wheel, are t,wo Circular axcs. Although fans made in acGOrdance with this
patent aoh,i~ave good results ~.n terms of efficiency arid low sound
pressure, the sound distribution of the noise may be irr~.tatiag to the
human ear. In aet) with the blas~es spaced at equal angles, there are Gases
of resal~ance with a main harnlariio whose fxequeaoy ~.s the 25 product c~
the number of xevolutians per second of the fan wheel multiplied by the
number of b3,adee. '~1>as resonance gives rise to a hissing t~Qise which
may be irrita4irig to the human ear. even if the perception of i,rrftaGioa
caused by a soud is measly $ubjeetive, there are basically two x~easoaa
which influence 3Q the noise disturbance: the degree of sound pressure,
that is, Che interigity of the rio~.se and haw it is distributed is terms;
of tone. Rs a xesult, ~.ow intensity naJ~ses can also become irritating if
*coooo2*   



WO 9149Z23 2 ~~TI~~99I004S8 2 3 s E ~ ~aa2 the tone distributson of the
noise dl.stinguishes it from background z~oisee~ , To solve this problem,
fans with blades spaced at unequal ' angles have been made. 5 Calculating
an average of the saurid ~.ntensity values at various frequenazes, with the
blades spaced at unequal angles the noise produced is almost equal, to that
with the b7,adee spaced at equal angles. However, the different tone
dietribu,tion of the noise aJ.loWB 0.n improvement iri tha acoustic
comfort. However, the 10 fans with the blades spaded at uneCdual angles
have a number of d5.sadvantages . mhe first disadvantage is the fact that
in ~clar~y Ca8s the . efficiency of the fans with bladed spaced at unequal
srsgles is lest than that of the fans with spaced blades of equal angles.
15 Araother disadvantag$ ie the fact that the fan wheel. with blades spaced
at unequal~ang7,es may be unbalanced. Disc3.oure of the Invention 20 The
aim of the pxe$ant invention i~s to provide a~x improved axial fan wfth a
very low Noise level. Another a~.m of the present inventir~n is to provide
an improved axial fan ~oith good efficiency) head and delivery valuear. 25
Yet another aim of the pre$ent invention is to provide an improved axial
fan whose fan wheel ie substantially balat'lced naturallx. In accordance
with ari aspect of the present invention, an axial. iat~ is disclosed ae
specified in the ir~.depandent claim. the 30 dependent claims refer to
preferred, advantageo~l$ embodiments at the invention. The invention will
now bs described with reference to the aaaampaaying drawings. which
illustrate preferred etpbadimenCg of ib, without restricting the scope of
the inventive concept, and in 35 which: - Figuz~e 1 shows a front view of
an eatbadiment disclosed in tbi.s invention.   WO 9914923 3 F'CTJ~B9~/00458
- Figure 2 illustxates iri a front view the geometrical features of a blade
in sc:me of the embodiments of Ghe fan 



disclosed by the ~re$eat ~,~ventio~l;- Figure 3 shows sections of a f$n
blade is some of the. 5embodiments of this invention taken at regular
i.r~terva7,s startingfrom the hula to the end o the blade;- Figure 4
5.11ustrates in a perspective view othergeometrical features of a blade of
some of Che embodiments of thefan discJ.osed by this invention;10- Figure 5
shows a scaled-up detail of a part pf the wheelsnd the related duct i,n
some o the ad~.ments of this invantioxs;- Figure 6 ~.s a front view of
another embodiment of thepresent invention;- Figure '7 shows a diagram
representing, in Cartesian Ca-15ordinates, the convex edge of a an blade in
same of theembodiments o the pz~eseat invent7,on;- Figure 8 is a diagram
showing th changes in the b).adeangle is different sect~.pr~s of a blade as
a w5.atian of the radiusof the fan in same of the embadimer~ts of this
inventio~x;~0- Figure 9 is a front view of another embad5.me~r~t of
thisinvention; and~ '- Figure 20 shows a schematic front view which defines
thespacing a~lgles of the blades ~.n some elcrbodiments of
thi$invention.~5The teams used to describe the fan are defined as follows:-
the chord (L) its the length of the straight-line segmer:tsubtended byr the
arc extendi~rg from the leading edge to thetrailing edge over an
aerodynamic profile of the section of theblade abtaix~sd by intersectlnA
the blade with a ey~.~.nder whose30axis coiac:ideg with the axis of
rotatioh of the fan at~d Whosexadius r aoi,neides &t a. point Q;- Che
eaatro Zinc or mida3~e~rd line ~~dC) of the blade is the ~,faejoining the
aiidl~aints of the chords L to the diterent rays;the smeep angle ($~
measuxed at 8 gi.Ven poyrit ~ of a35chaxactrist~,c curve of the blade. fdr
example) the cuxve represerrx5.ng the tra~,ling edge of the fan blade) is
the angle made   WQ 99/49aZ3 4 )'CTIIH99I00458 2 by a xay emanating from
the centre of the fan to the point Q concerned and the tangent to the ouxve
at the same point Qt - the skw angle or xtet angular disri~.$cet ((~,) of a
' characteristic curve of the blade is the angle between the ray 5 passing
througk~ the characteristic curve, for example) the curve representing the
oentxe line or the midchord line of the blade, to the fan hub, and the ray
passing th,x~ough the characteristic curve at the end of the bladet - the
blade spac$ng atsgle (9) is the angle meaauxed at the centre 1Q of rotation
beCwe~et~ the rays passing through the corresporidir~g points of each
blade, fox example, a~a edge at the end of the blades; - the ls~,ade angle
(/3) xs the angle between the plane of rotation of they fan. xnd the
straight line joining the leading edge t.o the 15 trailing edge of the
aarodyt~amia profile of the blade sect9,on; - the pitch rat,o (P/D) is Che
ratio between the pitch of the helix, that ~.8 to say, the amount by which
the point Q coriCerried is axially d~.sp7.ac~d. that is. P~2  n  r  tan
I(~) . where r is the length pf the day to the point Q arid p is the blade
angle at 20 the paint Q and the maximum d~.ameter of the fan;  - the
profile camber (f) ~.s the 7.Qngest straight-line segment psrpatdieulax to
the chord L) measured fr4m than e~lorc~ L to the blade camber line; the
position of the profile camber E relative to the chord L may be expressed
as a percentage of the length of 25 the Ghard itself; - the rake (Y) is the
axial displaceavent of the blade from the plans of rataG3.on of the at~,
including t~oG only the displacement of the ent3,re profile from the plate
of rotation bit also the axial component due to the blade curvat~trs, if
any - also in axial 30 direction. With reference Ca the sa4mpanying
drawings) the far_ i rotates about an axi~a 2 and comprises a central hub 3
mounting a plurality of blades 4 Guxved in the plane of xotation xY of she
' fan 1. The blades 4 have a root 5. an end 6 axrd are delimited by a . 35
convex edge 'l and a oox~aave edge a . since satisfactoxy results in terms
of efficiency, noise level a~sd head have been obtained by rotating the fan
made   wo ~~u~aa3 Pc~r~~a~~~ooass 5 



2 ~ ~ ~ P 20a2 aeoox~dirig to the present invention either in oz~e
d~.rection ar the other) the oonvex edge 7 and the concave edge 8 tray each
be either the leading edge or the Crai,lir~g edge of the blade. ' In other
woxdg, the fern 1, tnay rotate in such a way that the 5 air to be moved
meets first with the convex edge 7 and then the concave edgy a or, vice
versa, first with the concave edge 8 an8 then the convex edge 7. Obviau$ly,
the aerodynamic profile of the blade secCioa must be arienCed according Ca
the mode of aperatiaa of the fan 1) that 10 i.s to say) a~caordfr~g to
whethex the air to be moved meets xhe oc~l~vax edge 7 or the aancave edge 8
(first. At Che er~d 6 of the b~,ades Q, a, reirifs~rcetnent ' .ring 3 may
be fitted. The ring 9 streagthena the $et of the blades 4 fax example by
preventing the angle ~ of the blade ~ fre~m varying in the aree~ 15 at the
arid of the blade an account of aerodynamic l4ads. moreover, the ring 9, in
combination with a duet 10, limits the whixli.ng of the af,r around the fan
and reduces the vortices at the cad 6 of the blades 4. Chase vertices being
created, as is kx~awx~. by the different pressure an the two faces of the
blade 4. ~0 Fax Ghi.s purpose, the. ring 9 has a thick lip portion 11, that
fit$ i.nta a matching seat 12 made i.n the duct 10, The distance (aa ( very
small in the axial direotiot~, between the lip 17. and the neat 12 together
with the labyriath shape of the part between the two elements, reduces air
rahir~. at the end of the fags 25 b7.ades. Moreover, the special fit
between the au'ter ring 9 and the duet 10 allows the two pdrts to come into
oo~ntaot with each other ~llnle at the safe time reducing C.he axial
moverncnts of the f,3a. ~s a Whole) the ring 9 hag the shape of a nozzle,
that is to 30 say, it6 inlet sactiorl i$ larger than the s9etion through
which the air passes at the end of the blades 4. The l.argex suctio~r
surface keeps air flowing at a constant rate by co~penating for flow
xesistanae. However) as shown in Figure 6, the fan grade aaaard,ing to the
35 present invention need not be equipped w5.th the outer re3.aforce~~,lt
rinA and the related duct.   wo g~i49~2~3 6 peTns~9~aaass 2 3 S ~ P 2002
The blade 4, projected onto the plane of rotation XY at the fan Z, has the
geometrical characteristics described below. The angle at the centre (8),
assuming as the eaatre the geometrical centre of the fan aoirloidin~ with
the ax~.s of rotation 5 2 of the fan, corresponding to the width of the
blade 4 aC the root 5, is calculated using a relation that takes into
aacaurit the gap thaC must exist betwe~sn two adjacent blade$ 4. Tn fact,
since fans of this kind are made preferably of plastic using injeaCi~an
moulding, the blades in the die should nat.overlap, okherwise the 10 die
used to make the f Err k~as to be very oottlplex and production posts
inevitably go up as a result. 



Moreover, ft should be rea~embexed that. especi.aJ.ly in the ease of motor
vehio~.e applieat~.oas) the fans do not work continuously because a lot of
the time that the engixse i$ running, 15 the heat exchanqcxs to which the
farts arc connected are Cooled by the air flaw created by the movement of
Che vehicle itself. Therefore, air must be al~.owed to flow through eas~,ly
even when the fan is not turning. This is achieved by leaving a relatively
wide gap between the tan blades. in other words, the furs b7.ades 20 must
tsar form a screen Chat prevents the coali.ng effect of the airflow created
by vehicle motion. The relation used to calculate tho ang7,e (8) in degrees
is E 8 - t3C0~INa.of blades) - K; K"~, = .~` (hub diameter; height of blade
profile at the hub). 25 The eagle (K? , is a factor that takes ~.rWa
account the minimum d~,$'Car~ce that must exist between two adjacent blades
Ga preverst them from averlappi.ng during moulding and is a function of the
hub diameter: the larger Che hub diameter is, thm smaller the angle (K) can
be. The value of the srsgle (iC) may also be 30 influenced by the he~,ght
of the b~.ade profile at the hub. The desGri.ption below. given by way of
example only and w~,thout restrict~.ng the svope of the inventive concept,
refers to an embodiment of a fan made i.n acccrda.nce with the present
iriventi.ozs. As shoran in the aceotnpanying dxaw~.ags, the fan hag 3a
seven blades, a hub With a diameter of i40 mm sad ari outside diemeter,
corresponding to the diameter of the auCer ring 9) of 385 nun. r   WO
99I4~Z~3 7 P4"TIIB9910D458 2 3 CEP 2002 The angle (B)) eorreaporiding to
the width of a blade at the hub) calculated using these values, zs 44Q. The
geometry of a b~.ad 4 of the fare 1 will now be described: the blade 4 i$
first defined as a project~.on onto the 5 plane of rotation ICY of the fan
1 and the projection of the blade 4 onto the plane XY is then transferred
into space. with reference ~to the detail shot~m #.n Figure 2, the
geometrical. constructis~n of the blade 4 coasiets in dxawing the bisector
13 of the angle (e) which is in turn deli~riited by the ray 10 17 ors the
left and the ray 16 an the r~.ght. A xay 14, rotated in anticlockwise
directicsn by an angle A ~ 3/11 8 relative to the bisector 1~, arid a ray
35, also rotated in anticlockwise direCti,ori by an angles (A) but relative
to th ray 16, are then drawxl, The two rays 14) 15 are thus bath xatated by
an angle A = 3/11 B, that 15 l.s, A = 7,aa , The inte:r$ections of the rays
17 and 16 with the hub 3 and the intersections pf the rays 14 arid 15 wixh
the outer ring 9 of the fan (or with a circle'equal in diametez to the
outer ring 9)) determine four Qoix~ts (M) N, S. T? lying in the plane XY,
which ~0 define the projection of the blade 4 of the fari 1, The projection
of the convex adg 7 is also defined. at the hub, by a first tangent 21
inclined by an ang~.e ~ - 3I4 A, that is, G - 9, relative to the ray 17
passing through the paint (M) at the hub 3, 



As can be seen is Figure 2, the ax~g7.e (C) i$ measured in a Z~ clockwise
di.reatian relative to the ray 17 and therefore the first tangent 21 i$
ahead of the rax 17 when the convex edge 7 is the first to meet the air
flow, or behind Che ray 17 when Che convex dge 7 ~,s Che last Co meet the
air flaw, that is, whezt the edge B is the first to meet the air flow. ~0
At the outer ring 9, the convex edge 7 is also defined by a second tangent
22 wh~.ch is inclined by an arsgie (w) equal, to 6 t~.mes the angle (A~ ,
thgt is, 72Q, relative: to the ray 14 passing through the point (N) a,t thd
outer ring 9. As shown in Figure 2. the angle (W) is measured ir1 an
anticlockwise direction relative  35 to the ray Z4 and chexeore the second
tangent 2x is ahead why Che convex edge '7 is the first to meet Che air
flow, ar behind the   WQ~ 99149ZZ3 $ PCTII899/0045H ~ ~ S ~ P 2002 ray 14
when the convex edge 7 is the last to meet the air f~.ow, that is, when Chs
edge 8 is the first to meet the air flc,w. In praat~,Ce) the projection of
the convex edge 7 is tangent to the first tangent 21 and to the second
tangent 22 anc3 is 5 characterised by a curve with a single convex portion)
without ' points of inflection. Tk~e curve which defines Ghe projeatioa at
the convex edge 7 is a parabola of~the type: , y = a xa + b x + C, In bhe
embodiment illustrated, the parabola is defined by ib the following
equat~.an: y = 0.013 x' - 2.7 x t 95.7. This equation determines the curve
illustrated in the cartes~.an diagram, shown in figure 7, as a fursotian of
the related x and y va,riablrs of the plane XY. 25 Looking at F~.gure 2
again, the endpaiat$ of the parabola are defined by the tangents Z1 and 22
at tha paints (M) sad (N) arid the zone of maximum caavexiby is that
nearest the hub 3. Experiments have shown that the convex edge 7, with it$
parabolic projection ax~to the plane of rotation XY of the fan, ( 20
provides exoellent efficiency and noise charaCteriBtics. ~s regards the
projection of the caz~cave edge 8 of the blade 4 onto the plane XY, any
seCO~d-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 ef~rti~.ax to that of the ca~nvex edge 7 and axranged in
substantially the same way. l~ a preferred embodi.meat, the curve
defi~airig the projection of the ~conCave edge B onto Ghe plane XY is a
circular arc whose radius (R~"1 is equal. to the radius (R) of the hub and,
in the 30 praotidal application described here, the value of this radiu$ is
70 fan. . As shown is Figure 2. the projection of the cono8ve 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 prdjeCtioxx of the 



35 concave edge ~ is thus completely dafi.ned in geometrical xexms. Figure
3 shows eleven pr4files 18 ~representi~xg eleven sections of the baade 4
made at regular i,nterva~,a from lei t to   WO 9914S1a?3 PCT/IB~9100A58 9 5
10 x5 20 25 30 xight, that ~.s, from the hub 3 to the autex edge 5 of the
blade 4. The profiles 18 have some characteristics in common but axe a11
geometrically different in order to be able to adapt to the ' aerodynamic
conditions which are substantially a function of the position a the
pxof~.les in the radial directiQ~r. The characteristics common to alI the
blade proff.les are particularly suitaksle far achieving high efficiency
and head and low aois2. The first profiles oa the left are more arched and
have a larger blade angle (~) becau$e, being closer to the hub) 'their
linear velocity is less than that of the outer pxo~i7.e$. The profiles 18
have a face 18a comprising an initial straight-lir~.e segment. This
straight-line gegmerit is designed tv allow the airflow to enter smoothly,
preventir~g the blade ~rom ^beating the air which would iatertupt smooth
airflow and thus , increase noise a~xd reQuce efficiency. In Figure 3, this
straightline segment is labelled (t) at~d its length is from 14% to 1~% of
the length of the shard (L). The remainder of the faoe 7.8a i~
substantially iqade up of circular axcg, pa$sing from the prof~.les close
tQ the hu7p towards those aG the end of the blade, the Gixo~il$r ax~os
making up the f~aGe 3.8a become larger and larger in radius) that i8 to
ssx) they prof ile ee~mber ( f ) of the b~.ade 4 decreases . With respect
to the chord (L). the profile camber (f) is located at s paint, labelled
(lf) ire Figure 3, beCween 39% aatq.~7% of the Cotal length of the Chord
(lr). This length must be measured from the edge of the profile that meets
the aix~ ~i,rat. The back 16b of th blade is defined by a curve 'such that
the l4aximum thickness (G""~) of the profile is laCaCed in a zone between
15% and 25$ of the fatal length o the blade chord and preferably at ~0% of
the length of the chord (L). In Ghis case too, this lengtk~ must be
measured from the edge of the profile that meets the air first. Moving from
the prof~.les closer to the hub where the maximum thickness lG"~,~) has its
highest va~,ue, the thiCkriegs of the 35 profile 18 decrea$es at a
cvrratar~t rate towards the profiles aC the end of the blade where it is
reduced by a7a4ut a quarter of its value. The max~,mum thialaW ss (G""~)
decreases aeCOrding to  



WO 99/~49Zx3 PCT11899/90458 10 2 3 5 ~ P Z002 substanCially 1l.near
variation ag a functiaix c~f Che fan radius. The profiles 18 of the
sections of the blade 4 at the outermost portion, of the fan 7, have the
lowest (C~) thioktms~s value because their aerodynamic characteri$tics must
make them suttab7,e for 5 higher speeds, In this way, the pYO~i~.e is
optimised fpr the l~.near velocity of the blade section, Chis vr~~.ocity
obviously iacre.asing with the increase in the fart radiu, The length of
tl~e chord (L) of the ~x~ofilas (18) also varies as a fux~etian of the
radius . 1~ The chord ~.eagth (L) reaches its highest value ,in the middle
of tile blade 4 and decreases towards the end 6 of the blade so as to
reduce the aerodynamic load pn the outermost portion of the fan blade and
also to tac~.lftate the pe.s$age of the air when the fan is not c~paxatind,
as stated above. 15 The blade angle (~) also varies as a funotior~ of the
fan radius. In particular, the blade angle (~1 decreases according to a
qua8i-7.ineax law. The law o variation of the blade angle ((i) cax~ bg
ahosea according to the aerodynamic 7,oad required an the outermost 2Q
portion of the fan blade. rn a preferred embodiment) the variation of the
blade angle (p) as a furiotiox~ of the fan radius (x) follows a cul5io law
def~.ned by the eduation (pf _ -7  10'4  r' * 0.0037  rs - 0.7&02 r + 67.64
25 The law of variation of (~) as a funat~.an of the fan radius (r) i&
repx'esented in the diagram shown in Fiyuz~e 8. ' Figure 4 ~how~ hpw tht
projection of the blade 4 in the paane XY is transferred into space. The
bXade 4 hoe a rake V relative to the plane 4f rotation of the fan 1. 30
Figure 4 ~3hows the segments joining the points (M', N') and (S') T~~ of a
blade (4). These point8 (M'. N'. ~'( T') arc o~btaiaed by eterGing from the
points (M. N, S, T) which lie in the plane XY and drawing perpendicular
segmez~ta (M, M')~ (N. N'). (S, 8'). (T, T'f which 35 thus determine a rake
(V) ar, i,n other words, a diaplacemerit of the blade 4 in axial direction.
Moreover, in the preferred embodiment, each blade 4 has a shap defined by
the arcs 19 and 20 r   WO ~9I~9Z23 PCTIiS9810U45$ 7,1 



iri Figuxe 4. xhese area 19 and 20 are circular arcs whose Curvature is
calculated as a funCtian of the length o tl~e straight-line segments IM')
N') and (S', T'). As show~l its Figure ' 4, the arcs 19 and a0 are offset
from the corresponding straight 5 line eegmer~ts (M' . N' ) and ( S' ( T' )
by len9!ths (hi) and (h2 ) respectively. These lengrths (hl) and (h2) are
measured -on the' pex~endicular to the p~.ane of rotation xY of the faze 1
acid are calculated as a percentage of the length of th segments (M', N~f
and (S'. T') themselves. 10 The dashed lines in Figure 4 are the curves .
parabolic segment and circular a.rc , related to the convex edge ? and. to
the .~ concave edge B ~rhe rake V of the blade 4, both as regards its axial
displacement Component and as regaxds curvature makes it possible 15 to
correct blade flexures due to aerodynamic load and to balance the
aerodynamic moments on the b~.ade in such a gray as to obtain uniform axial
air flow distributed duet the entire front surface of the fan. All the
characteristic values of the faze blade, according to 20 the embodiment
desori.bed, are sunanar5,sed is ~ the table below where x' is the generic
fan radius and the following geometrical, variables refer to the
oorx~espondir~g xadi.us value: L indicates the chord length f indicates the
praile camber 25 t indicates the initial straight-litle~segment of the
blade sectianr =t i,ndicatgs the position of the prai~,s camber relat~.ve
to the chord L: indicates the angle at the blade eectian profile in 30
sexagegimal degrees; x and y indicate the Cax~teeiaa co-ordinates is the
plane xY of Che paz~abol,ic edge of the blade.
r?0100.6131.27.61.9179Z59.868.?78.2'7371.af8.a?.5?.as.~st~, 010 . 5l7,10 .
51 G   WO 99~I4~22,3 ~ 12 PCTIi899100458 2 3 S ~ P 202
3,f212S.s31.23Z.aa330.121.97.5.713.311.1x85.3-
93.2126.1161.97.76.4x-25.2-43.0-as.i-0,723.9 ~xperi.ments comparing the
coriveritianal fans with those made in accordance with the embodiments
using blades s3paced at axr equal angle 9. show that there is a deorease in
the sound power of about 5 25~ to 30%, measured is d~(A) with an
improvement is acaustia Comfort. Furthermore) under the game Gand~.tions of
air delivery, the farls~ made aaaording to the ernbod~.met~ts with blades
spaced at ari , equal angle 9, have developed head values up to 50% greater
10 compared to the coavex~tional fans of this type. 



In fans made accord~,ng to the embodiments, with blades spaced at an equal
angle 9, passing from a bladesa back to a k~Iades forward aax~fi~.guxation,
there are no appreciable changes in raise level. btoreover, under cextain
work~.x~g eonditiors~s of the fan) ~,ri 15 particular in the high head
range, the blades forward eoufiguxat3.on del~.vers 20-25% more than the
blades bank configuration. Figuzes 9 and 1fl e~hQw anothex embodiment of a
tan 30 comprising a wheel 31 with blades 34 spaoed at unequal angles 8, 20
The embodi,meszt with blades of unequal angles 6 further improves. the
acou$tia oomfort. The different noise distribution from the fan made in
aceordarlGe with thia~ embodiment Makes it even mare pleasant to the human
sax. With refererlGe to Figures 9 and 10, the wheel 3~, has seven 2b blades
34 positi.aaed at the following ang~.es, expressed ~.x; ' sexagesiseal
degreess 81=55.381 92=4?.129; A3e50.?2?; 84=55.25t 65=50,527s 86=48.?29t
A?s52.282 If the wheel 31 had the blades 34 Spaced at eguai aag~.es ar 30
as the Fans embodid in Figures 1 and 6, the spacing angle wou~.d leer
A~=360/7 = 51.429a . The table set o~tt below shows the values of the
uxsequal ang7.es 8E,-_,", 9~ and the absolute and percentage deviations 4f
the   WI~ 99149ZZ3 13 FC'TRB99I00458 values of the unequal angles Os,...
c~paxed to the carz~e9ponding value of the equal angle 9, for farss with
seven ble,des r . number of blades7anglesblades with unequal angles ~~L
.,.a)blades with equal angles (9.)deviations  (~s.,..~ -041deviation ~
(9i,_.~ -9.) 



---------~-100
8=8155.38151,.4293.9527.6858247.1.2951.429-4.300-8.3G08350.72951.429-0.702-
1.3649455,22551.4293.'967.38265S0.5275i.429-0.902-1.7536G48.7295..4z9-2.700
-5.2498~9a.2B2~ ~51.a29o.e531.659TO'xRL3603600.000.00  5 ~dox preci9ely,
the second Column shows the values of the angles Vii,-..a, ~.n accordance
with the presel~t e~rlbadin~ent; the r" l.rd oolumr~ ehc~ws the va~.ues of
the angles 6. whers ail angyes axe equal; the fourth column shows the
algebraic difference or algebraic deviation between the values of Che
angles of the second 10 sad third columnr the fifth column Shows the value
of the deviation of the fouxth column e~res$ed as a percentage of the
angles in the third oo~.t~rnn A.. The table shows that the pereeatsge arid
slgebra~,G deviation in the angles are relatively low compared GQ the
ctorifigutst~.on of 1$ blades spaced at ec~dl angles. According to the
present en~odimeht, Che values of the pexCehtag deviation of the blade
apaci~sg angles should be botweeis 0.5~ attd 10%. Hence, even if are
improvement in noise chaxe~ateristics is achieved, the effic~,el7cy of the
wheel w~,th the blades gp8ced aC 20 equal, axa~lLes f~s substa~atis~lly the
same. l~~a cap be seen in more detail be~.ow) if the devi,$tion pe~xcenCage
va7.uss axe ataintai~ed within these li,m~.ts . wheels wh~.ch are
substanti,al~.y balanr~ed aan be made even with say number of blades a
greater than three) ahd thex~etore different from the   WIJ 99/49Z23
PGTlIB99/00458 14 z ~ ~ ~ ~ ~ao~ wheeX 3~. which has seven blades as shown
in the example. even the embodiments made with a numbex of blades 39 other
rhea seven and with those limitations regarding angular spacing achieve
good results sr~ terms of efficiency and no,~se level,. 9 The noise
produced by the fans ms:de with the angles 8s,..." mentioned above has
almost the same intensity but i.s leas irritating to the human ear. A good
result was ack~ieved regarding the pleasantness of the noise in the
oontiguration with the blades forward and the configuration w?~th the
blades bask. 10 Pxefc3rably, the cox~iguration of the b7,ades 34 mentioned
above can be used in combinatioxr with the blades 4 w~.th a pax`abplic edge
7 Of other embodimenbs previously mentioned. Also in this case, the values
of head, delivery and efficienc~r are substantially invariable. 15 Another
&dvaritage~ of this configuration i that the centre of gravity is always on
the rotatiaa axis 32 of the fan 30'. =n analytical terms considering a
xefereace system Whose origin is ors the rotation axis, the following ~,s
true: 20 ~ mf ` xi _________ , 0 ; ~ mf ~ mi ` Yt 



25 YQ = ~.._..~____.. = 0. where the Xgand YQ are the Cartesian
co-ordinates of Che centre oaf gxavi.ty ox the fan wheel 3Q and mf x; y;.
axe the mass cad the 30 Cartesian co-ordinates of the aentxe of gravity of
each blade 34, xespect~.ve~.y . In the example, shown in figures 9 and 10
of a whe1 31 with a blades of equal mass m the formula is the followirig~
3S E m ~xs go _~......_~~,..~_.. m'n E m ' xf 40 yq -____________ _ 0. m'n
16 2 3 S E P 2~0~ Clairia 1. An, axial, flow fan ratatinq in a plane and
Gamprising a neutral hub. a plurality (nj greater than three of blades,
eatxh blade having a roofi, and an arid, the blades b~inq also delimited by
a first edge and a seaand edge, and aansisti.ng of spcti.ons with
aerodynamic profiles with a blade angle wh~,rh deorease~s gradually and
constantly from the roofi towards tk~e end of the blade, the blade angle
being dsfi.ned as the purreat angle between the plane of rotation and a
straight line joining the leadi~ edge to the trailing edge of the
aerodynamic profile of each blade section, the blades be:lng spaced at
u~xequal angles (6i.....e) r ctxar~,ateriaed in that these unecXual
epacirrg ,angles (~i....,n) stay nary in percentage by v,~7.u~s (9% j
between 1.5% and 8 .5% aoznpaxsd to the coafiguratio~ with the equal
spacing angles (9~) for fans with the same nuu~e~c (n) of blades, that i.s:
(ei.....s -- e.) . 1.5% ~ 6% 5= 8.5%, where 8~= ` IDOJ ao that the fan is
9. sul~star~tial7.y balanoed naturally, in that the projection of the
canva~c first edge onto the plane is dafi.ned by a parabolic segment and in
that the projection of the concave eeGand edge onto th~E plane is daf~.ned
key a second degree geometric curve. 2. The tan acoarding to claim 1
Gharaotsrisad in that it comprises seaen blades arid iri that the unequal
spacing angles (8f"",") of the blades have the following values, expressed
in degrees: 91=55.381; 82=47 a.29: 93=50.727J 8455.225J 65=50.527;
96=48.729J 67=52.282. 3. The fan accard~.ng to any of the preaicus claims
aharaeterised in that the pro~eoti.on of the oonaave edge unto the plane is
defined by a p$rabaliG segment) 4. The fan aaoording to ala~.m 1
aharaaterised in t~xat th projection of the Concave edge ontb the plane is
defined by a airaular arc, 5. Th fan aaaord~,ng to nay of the previous
alaispa characterised in that the aerodynamic profiles have a face
comprising at least one straight~line seguseat. 



2 ~ ~ ~ ~ ~ao~ 6. The fan acaarding to claisp 5 characterised a.ri that the
aerodynamic prefils~s have a face comprising a eegmen,t, fo~.lQwing the
~,nitial segment, that is substantially made up of airaular eras. 7. The
fan aaaording to claim 5 or 6 charaatexi$ed irr that the aerodynamic
profi~.es have a chard length and a back defined by a convex aurva rahich,
in combination with the faa~a, determines a maximum thiclct~ess value of
the profile in a. zone tsetmeen 15% and x$$ of the total, imz~gth of the
chord measured from the edge that meets the air first. 8. Ths fan,
according to any of the previous claims characterised in that each blade
pxajeated onto the plane is deZintitad by faun points, lying iz~ the plane
and defined as a function of an angle (8) xela,tive to the width a~ a
single blade subtended at the centre of the fan; and being characterised
also in that the four paints are determined by the fallawir~g
eharaateristias~ the first and tlxv third points are ~.oaated at the hub ar
at the rest of the blade and are defined by the rays emanating from the
centre of the fan and form.ir~g the angle (8) ; the second point is located
at the and of the blade azid is displaced in aatialoakwise direction by axe
angle (A) - 3/11 (E) relative to the bisector of the angle (B); the toexnth
point is located at the end of the blade and is displaced in antialockw~.ae
direction by an angle (A) - 3/11 ($) re~.ative to the ray emanating from
the centre of the fan and passing through 'the third paint. They fan
according to claim 8, aheraater~.sed in that the pray eatian of the convex
edge to tt~e planer at the first paint has a first taTtgent inali,ned by an
angle (C) equal to three quarteza of (A) relative to a ray passing through
the first point: and oharaatexias~d also !.n that the pxv~eotiox~ of the
convex edge onto the plane at the second point has a second tangent
inclined by an angle (w) equal to six titpes (A) relative to a ray passing
through the second point; the . first and second tangents being ahead of
the carrespc~ad~.z~g rays when the direction of rotation of the fan is such
that the aanvex edge is the fixst to meet the air flow and blue f~.xst and
second tangents are arranged in auah a way as to define a curve in the
pla,ae that hoe a si.ngie convex portio~r w~.thout points of inflection.
18 2 3 ~ E P Z00 10. Ths fan aoaardinc~ to any of the pxev5.ou$ claims rom
4 to g charactaxised is that tha circular aro formed by the pra~aation of
the aoaaava edge onto the plane has a radius equal to the radius at the
hub. 17.. The fan aacosdf.rig to any of th prev~,aus alai,ms characterised
irr thafi the blades arc axzaed of aeati,ong whose aerodyt~amia ~,xafiles
have a blade angle that deareasea gxadua.lly and constantly from the roat
Iowa=ds the end of the blade according to a Gubia lava of variatiar~ as a
unctioa of the radius. .A.An%.A.Af5`.AY.A59.A
SY.A.AL.A3s9.A.As.A].A.AU.A.A,(8CDE|3d~xrlf`[UOU]caU]ca]caU]caU]caU]caU]caU
]caU]caU]caU]ca]caU]ca]c^aU]caU]caU]caU]caU]caU]caU]caU]caU]ca]cTa]c^a]c^aU
]ca]c<aU]caU]cadf  D ] 
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~xsmhb]WRU]]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]caU]caU]caU]caU]ca]caU]ca]c
aU]caU]ca]caU]ca]caU]ca]c0aU]ca]caU]ca]caU]ca]ca\_37z}Z\<=bgEztoid^YSU]]U]c
a]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca
]caU]ca]caU]ca]caU]caU]ca]caU]ca6l*a&?wAuOpsUWzuojd_YTU]]U]caU]ca]caU]ca]ca
U]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]ca]caTV
n!q!!!!]"{uoje`[UU]]U]U]ca]c*a]ca]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]"_""9##a$c$$:&a&c&
&&'(T())**3*B*w*z***++#+0+<+>+|vqkf`[UPU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]c*a]ca]caU]ca
U]c^aU]caU]caU]caU]ca]caU]ca]caU]caU]caU]ca]caU]caU]caU]caU]ca]ca>+++++(,+,
,,,,,,3-6-------...//h/m/////ytnic^XSU]c]caU]ca]caU]ca]caU]ca]caU]caU]ca]ca
U]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca
////////00u12222333
3-313R3X3333333333zuojd_YTU]c]]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]ca]c(a
U]ca]caU]ca]caU]caU]ca]caU]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca333333344$
4(434K4O4U4W4\4i4l4q4}44444444455(5{upje_ZTU]c]U]ca]caU]ca]caU]ca]caU]ca]ca
U]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]
caU]ca(5+5G5N5R5m5q555556,656<6H6U6Y6g6n6666666666666{upje_ZTU]c]U]ca]caU]c
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a]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caq;s;v;y;};
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]ca]caU]caU]ca]caU]ca]c*a]caU]ca]caU]caU]caU]caU]ca]caU]caU]caRRRCSES6T8TUU
UUUUUU<V>V]VVVVVVVWWW W
WW(W*Wytnic^XSUU]]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]
ca]caU]ca]caU]caU]ca]caU]caU]ca]caU]ca]caU]caU]ca]ca*WX8X;
X`XbXXX]YYY^Z`ZZ[[e[n[[[[i\j\\\\\\\\\\~xsmhb]WRUU]]caU]ca]caU]ca]caU]ca]caU
]ca]caU]caU]ca]caU]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca
]caU]caU]ca\\\\]]G]K]]]]]]]
^^"^+^2^>^G^P^U^^^g^o^{^^^^^^{vpke`ZUUU]]c]caU]ca]caU]ca]caU]ca]caU]ca]caU]
ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]c*aU]ca]caU]c
a^^_8_E_I_Q_d_w_z____________`&`)`=`F`^``````{vpke`ZUUU]]c]caU]ca]caU]ca]ca
U]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]
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pje_ZTUU]]]U]ca]caU]ca]caU]ca]ca]caU]ca]c:a]caU]ca]caU]ca]caU]caU]caU]caU]c
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nnoooo4o9oYo`oiono{vpke`ZUUU]]]U]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]
caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]canoqoto|ooo
oooooooooopppppppp%p8p;
p{pppppzuoid^YSUU]]U]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]c
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]ca]caU]ca]caU]ca]ca]c*a]ca]caU]ca]caU]ca]ca]ca]caU]caU]ca]caU]cauuuv
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]ca]caU]caU]caU]caU]ca]c.a]caU]caU]ca]caU]caU]caU]caU]ca]caU]ca]caU]caU]ca]
cafhxxxyyyoz{M}}}}~r~t~~f}xrlga[VPUU]ca]caU]caU]ca]caU]caU]ca]caU]ca]caU]ca
]caU]caU]caU]caU]ca]c.a]caU]caU]ca]caU]caU]caU]caU]caU]ca]c(aU]ca]caU]ca]ca
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