
;e3ej"gl ^ r<"6r"T"CR=., -, WO 99!49224 neacriation Axf al flow fsn
Technical Field 2 ~ ~ E p zooz PCTIIB99lfl0459   The present invention
relates to an axial flaw fan equipped with blades inclined in the plane of
rotation of the fan. S The fan disclosed by the present invention has
diverse appli.cationa, for example) to move air through a heat exchanger or
radiator in the cooling system of a motor vehicle or similar engine, as to
move air through a heat exchanger in the heating system of the interior
compartment of a vehicle. xn addition) the ZO fan disclosed bay the pxesent
invention can he used to move air in 'the fixed air oonditiani.ng or
heating install&tiong of buildings, Fans of this kind have to satisfy
various different xequirernents, including low noise, high effici~nay,
di.mensionai compactness and goad values of head (gressure) anc~ delivery.
15 Backc~rQUnd Art Patent EP - 0 5S3 598 9) in the name of the same
I~pplicant a0 as the present, d,~scloseg a fan whose blades have a constant
chord length along their entire length. xn addition, the leading and
trailing edges of the blades form two curves Which, if pra~ected onto the
plane of rotation o the fan) are two Circular sacs. gazes made in
accordance with this latent achieve good results in terats 25 of efficiency
and low noise b~,t their ability to achieve high head or prexsure values is
limited. mainly because of their small axial dimensions. The need to
achieve high head values has become an iriCxeasingly important requirement
an account of the thermal units 30 in modern automobiles which include two
or more exchangers arranged 5.n ser~.es - for example, the condenser of the
air conditioning system the radiator o the cooling system and the heat
axchangcr for the air supply of turbo engines - ox on acvaunt   2 Z ~ s ~ P
2aa~ of radiators that have become thicker to compe~xsate for the smaller
frontal dimensions. Disclosure of the Inyention The aim of the preaen,t
invention is to solve the prablerp, of head ar pressure of the above
mentioned fans and to further improve thexu in terms of effiaienay and J.ow
noise. The problem is solved by the charactex~,stica described in the
i.ndapex~de:xt claim. The dependent alaums refer, to preferred,
advantageous em'badimsnts of the i~xvention. The invention will now be
described with reference to the 



aoaompanying drawings which illustrate preferred embodiments of the
invention and in which: - Figure 1 is a front view of a fan made i.n
accordance with the pxesezxt inventioxx: - Figure 2 illustrates in a franc
view the geometrioaJ. features of a blade of the fan disclosed by the
present invention; - Figure 3 e~howa sections of a blade of the aX~
disclosed by the present invention taken at regular intervals starting
frcctt the hub to the end of the blade: ' - Figure 4 il~.usbrates in a
pexspectivc view other geometrical features of a blade of the tan disclosed
by the present invention: - Figure 5 shawl a scaled up detail of the f8~ri
illustrated in Figure 1 arid the related duct; -- Fiqure 6 is a front view
of another embodiment of the fan diso7.osed by the present invention: -
Figure 7 shows a diagram representing, in Cartesian coordinates, the convex
edge of a blade of the fan disclosed by the present invention; and -
F~.guxe 8 is a diagram showing the changes is the blade angle in different
sectiene of a blade as a function of the radius of the fan disclosed bx the
present invention. The terms used to describe the fan are defined as
follows:   ~ ~ s~~ 2002 ' , WO 991494 ~ PCT/I894100459 the elxord (L) is
the length of the straight-line segment subtended by the arc extending from
the leading edge to the txai7.~.~ng edge over an aerodynamic profile at the
seatiQn of the blade obtained lay intersecting the blade with a cylinder
whose 5 axis coincides with the axis of rotation of the fan and whose
radius r aainaides at a point ~; - the aeatre 7,i~se ar midahord ~.iae (~C)
of the blade is the line joining the midpo~.rrCS of the chords L to the
dxfferax~t rays; - the sweep aaQle (~) measured at a given point Q of a 1.0
characteristic curve of the blade, for example, the curve representing the
trailing edge of the fan blade, is the aag~.e made by a ray emanaC~.ng from
the centre of the fan to the ppfnt Q concerned and the tangent to the Curve
at the game point Q; - the sksev ~tstf~l.a or net angular dispZaceaveat la)
of a 15 characteristic curve of the blade is the a;xg7.e between the ray
passir~g through thg characteristic curve, for ex~xmple, the curve
representing the midohord line of the blade, to the fan hub) and the ray
pa~ssi.ng through the characteristic curve at the end of the blade 20 - th
b~.aee assQle (p) is the angle between the p7.atae of rotation of tho fan
and the straight line jai.n5,ng the leading edge to xhe trailing edge of
the aerodynamic profile of they blade section; - the pitch ratio (g/p) is
the ratio between the pitch of the helix, that is td say, the amount by
which the goix~t ~ concerned 25 is axially di,splaeed, that is, P=2  n  r
tan (~3) ( where r is the length of the ray to the point Q and ~ is the
blade angle at ahe point Q) and the maximum diameter of the fan: - the
p~C4fiss ceaiber (f) i~ the 7,pngest straight-line segment perpendicular to
the chord L, maasttxed from the chord L to the ~0 blade camber line; the
position of the profile camber  relative to the chard 1~ may be expressed
as a percentage of the length of the chord itself; - the sake (V) is the
axial displacement of the blade from the plane of rotation of the fan,
including not only the displacemel~t 3S of the entire prai,le from the
p~,azle of rotation but also the axial component due Co the blade
cuxwature, if nay - also in Sxial direction.   r 



wa g~~a9a~a ~crn~as~oaas~ ' 4 With reference to the accompanying drawix~gs,
the fan 1 rotates about an axis 2 arid oomprises a central hub 3 mount~.ng
a plurality o blades 4 ouxved i,n the plane of rotation XY of tk~e ' fan 1.
The blades 4 have a root 5 and an end 6 and are delimited 5 by a convex
edge ~ and a concave edge 8. Since satisfactory results in terms of
efficiency, noise level and head have been obtained by rots~ting the fan
made according to the present invention either 3x~ one direction or the
other, the convex edge 7 and the concave edge 9 may each be either 10 the
leading edge or the trailing edge of the blade. ` In other word6, the fan 1
may rotate in suC~x a way that the air to be moved rneeCS first with the
convex edge 7 and then the concave edge a or) vice versa. first with the
concave e$ge 8 and then the convex edge 7. 15 Obviously) the aerodynamic
profile of the blade seCtior~ must be oriented according to the mode of
operation of the faze l) that is to say, according Lo whether the air ro ba
moved meets the convex edge 7 ox the concave edge 8 first. At the end 6 of
the blades 4, a reinforcement ring 9 may be 20 f~.tted. The ring 9
strengthens Che set of the blades 4 for example by preventing the angle ~3
et the blade ~ from varying ~.n the area at the end of the blade on account
of aerodynamic loads. Moreover, the ring 9) in combination with a duet 10,
limits the ulhirll.z~g of the a5.r around the fan and reduces the vortices
e,t the end 6 of a5 the blades ~, these aort~.ces being created, as is
known, by the different pressure on the two faces of the blade 4. For this
purpose, the ring 9 has a thick lip portion il, that fits into a matching
seat 12 made in they duet 10. The disCance (al, very small in the axisl
directi,an, between the lip 30 11 snd the seat 12 together with the
labyrinth shape of the part between the two elements) z~educes air whirl at
the end of the fan blade. Moreover, the special fit between the outer zing
9 and the duct 10 a7.lows the two parts to come into aox~taot With each
other 35 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 say, its inlet
section is larger than the section through which   2 3 ~ ~ P 2ooZ WQ
9914e24 5 Pf:"1y1$99/00459 the air passes at the end of the blades 4, The
larger suction surface keeps air flowitlg at a constant rate by
compensating for flow resistance. However) as shown in Figure 6, the fan
made a~ccordi.ng to the 5 present invention need not be equipped with the
outer reinforcement ring and the related duct. The blade 4, protected o7nta
the plane of rotation ~C!f of the Earl 1, has the geometrical
charsoteristice describ8c~ below. The angle at the centre (8), assuming as
the centre she 10 geometrical centre a the tan coiaaiding with the axis o
rotation 2 0~ the fan, corresponding to the width of the b3.ade 4 ak the
root 5. is calculaCed ueixrg a relation that takes into account the gaps
Chat must exist between two adjacent blades 4, In fact, since fans of Chi$
kind are made preferably of plastic using injection XS mau~,d~,ng, the
blades in the die should not overlap, otherwise the die used to make the
fan has to be very complex arid production coats inevitably ga up as a
xesult. Moreover) it should be remembered that, especially in the case of
motor vehicle applicaitions, the fans do noC woxk 2o cont9.nuausly because
a lot of the time that the engine is ruiusing, the heat exchangers to which
the fang are oonnected are cooled by the air flow created by the movement
of the vehicle itse7,f. Therefore, air must be al~.awed to flow through
easily ven when the fart is not turnirxg. This f$ achieved bar ieavir~g a
relatively 25 wide g$p between the fan blades. xn other words, the fan
blades must not foz~t a sateen that prevents he cooling effect 4f the nix
flow created by vehicle motitsn. The relation used to dalcu~,ate the angle
(H) i,ri degrcees is B -. (36QaINa.af b7.ades) ~ R7 It"~" _ ~` (huh
diameter; height of 3o b~.ade profile at the hub). The angle (JC) is s
faotor that takes into account the m~.ninsum d~,gtance 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 35 angle (K) caxt he. The value of Ehe angle (K) may
also be influenced by the height of the blad pxaFs.~.a at the huh.  



2 3 s E ~ ~aaz ,. ,. wo 99~49aaa pc~rns~~~aa~s~ s The description below,
given by way of example only and without restricting the scope of the
inve~x~tive concept, refers to a practical a~7pl~,oation of Che fan made
iri accordance with the present invention. Ag shown in the accompanying
drawings, the fan 5 has 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 ~ta~t. The angle (8)( caxxespanding to the width of a blade at thehub,
calculated using these values, is 44a. '14The geometry .of a blade 4 of the
#ari 1 will now bedescxlbed: the blade 4 is first defined as a projection
onto theplane of rotation XY of the f8a 1 and the project~,ori of the
blade4 onto the plane XY is then transferred into apace.With refexenCe to
the detail shown in Figure 2) the15geometrical construction of the blade 4
consi$ts is drawing thebiseGtax 13 of the angle (B) which is in turn
delimited by Che ray7.7 ari the left sad the ray 16 on the xight. A ray
14,~ rotated inantielock~aise direction by an angle A a 3J11 8 relative Go
thebi.sectar 13) and a ray 15, also rotated iri antiGlackwise direction20by
an angle (A) but relative to the ray 16, are then drawn. mhotwo xays 14, 15
are thus both rotated by an angle A = 3l11 B, thatis, A = 12. The
intersectipns of the ray$ 17 anc3 16 with the hub3 and the inC.exsections
of the xays 14 arid 15 with the outer ring9 of the Ears tar with s Circle
equal in diameter to the outex ring2591. determine four points (M, N, S. T)
lying ~,x~ the plane XY,which define the projection of the blade 4 of the
fan 1. Thepra3ection of the caavex edge 9 is also defined) at the hub, by
afirst tangent 21 3ncli,ned by an angle C = 3J4 A, that ~.s, C = 9,relative
to the ray 17 passing through the paint (M) at the huh 3.30As can be seen
in Figure 2, the angle (C) is measured in aclockwise d~,xeatlan xelative to
the xay ~,7 anQ therefore the firsttangent 21 ~.s ahead of the ray 17 when
the convex edge ? is Ghefirst to meet the air flow, or behind the ray 17
When the convexedge 7 is the last to meex the air flaw, that ie, when the
edge 8 35 is the first to meet the air flow. At the outer ring 9, the
convex edge 7 is also defined by a seoaad tangent 22 which is inclined by
an angls (4v) equal to 6   .. z ~ s~~ 2oaz . WO 99149224 ' PCTII~99/00459
times the angle ;A) , that is, 72, re7.ative to the ray 14 passing through
the pQ~.nt ;N) at the outex ring 9. A$ shown ir1 Fig. 2, the arig'le (W) is
measured in an anticlockwise direction relative to~ the ray 14 a.nd
therefore the second tangent 22 is ahead when the 5 convex edge 7 is the
first to :neat the a~.x flow, or behind the ray 14 when the oonvex edge 7
is the last, to meet the air flow, that is. when the edge 8 i~3 the fixst
to meet the air flow. In pract~,Ce, the projection of the convex edge 7 is
t~ingenb to the first tangent 21 and to the Second tangent Z2 and is 10
characterized by a curve with a single convex portion, Without flexion:.
The curve which defiles the pxoject~,pn of the convex edge 7 is a parabola
of the type: y = a ~ + b x + c. In the embodiment illustr8ted, the p&rabola
is dafined by 15 the following eguation: y = 0.013 x' ~ 2.7 x + 95.7. This
equation determines the curve illustr8~t,ed in the Cartesian d~.agram,
shown in Figure 7, as a tu~sction og the related x and y variables of the
plane XY. 20 Looking at xigure 2 again, the endpoints of the paxabo3.a are
defined by the tang~ants al and 22 at the points (M) and ;N1 and the zone
of maximum convexity i$ that nearest the hub 3. ~xpex5,meats have shown
that the conve~c edge 7, with it$ parabolic projection onto the plane of
rotaxion xY of the fan. 25 gx~ovidas excellent efficiency arid noise
characteristics. As regards the projection of the concave edge B of the
blade 4 oisto the plane XY) any second degree curve axxangact S,n such a
way as tv define a concavity can be used. For ~tle, the projection of the
concave edge $ may be def~,nad by a parabola 



30 similar to that of the convex edge 7 and arranged in gubsta~rtially the
same way. In a preferred embodiatent, the curve defining the proiectio~s of
tk~e eoricave edge 8 onto the plane XX is a c~.rou~,dx arc whose radius
(Ru) ~.g equal to the radius (R) of the hub and,. in the 35 practical
applioatian described here, the valu of this rad3.ua is 7a mm.   2 3 S ~ p
~OOZ ' ~ i WQ 9~14~224 PCTII~9910(1459 8 As shown in Figure 2, the
projection at the concav8 edge 8 is delimited by the paints (s) arid (T)
and is a circular arc whose xadi,us is equal to Gho radius of the hub, fihe
projection of the concave edge 8 is thus completely defined in geometxiGal
terms. 5 Figuxe 3 chews eleven profile$ 7.8 representing eleven sections of
the blade ~ made at regular intervals from left to right, thaC is, frons
the hub 3 to the outer edge 6 of the blade 4, The profiles 18 have some
characteristics in common but are all geomatxically different is oxder to
be ab7.e to adapt to the 10 aexodynamia condfCions which are substantially
a fur~otion of the " position of the profiles in the xadial direction. The
characteristics common to a11 the blade y profilag are particulaxl ~:".
suitable far achieving high efficiency and head and low noise. The first
profiles on the left are more arched and have a 15 larger blade angle (~)
because, being elosor to the hub, their linear velopity ig 7,ees than that
of the outer profiles. The profiles I8 have a face 18a comprising an
ilxitial straight-line segment. This straight-line segment ie designed to
al7.aw the air flow to enter smoothly, preventing the blade fxom 20
"beatiyig the air which would interrupt smooth air flow and thus inexease
noise and reduce efficiency. In Figure 3, this straightline segment is
labelled (t) and its length is from 14$ to 17~ of the Length of the shard
(L). The rema~.ader of the face 18a zs substantially made up of a5 circular
arcs. Paesi.rrg from the profiles close to the hub towards ;~~ those at the
end of t~xe b7,acle, the circular arcs making up the face 18a become larger
and largex ~.n xadius, that is to say, the profile camber (f) of the blade
4 decreases. With xespect to the choxd (L), the profile cambex (f) is 30
located $t a point, l,abe7,led (lf) is Figure 3) between ~5% sad 47$ of Ghe
fatal length of the Chord (Ly~ This lerigCh 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 thickrsess LG""~) of the prafil$
is located in a zone 35 between IS% and 25% of the tdCal length of the
blade chord atsd pz~eferably at 20% of the length of the chord (L.). In
this Gale   ~ 3 ~ E~ zooz . ` .. . ~: .c - ~ wo 99~4~zza ' ~G"~'ns9910o459
9 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 WhBre the maximum. ' thickness
(6~) has its highest value, the thickness of the 5 profile 18 decreases at
a constant rate Cowards the profiles at the end of Che blade where it i$
reduced by about a quarter of its value. The aiax~.~num thickness (G,~,~)
decreases according to substantially linear variation as a function o Che
fan radius. The pxofiles 3,8 of Lhe secCl~o~xs of Che blade 4 aC the
outermost 10 porti.orl of the fan 1 have ehe lowest (Ci~,~) thiclasess
value because their aerodynamic characteristics muaC make them suitable tar
higher speeds. In this way, the profile is Qpt~.mized for the ' linear
velocity of the blade section, this velocity obviously increasing with the
increase in the fan radius. 15 The length of the chord (L1 of the profiles
(18) also varies as a fu~sction o the radius. The chord length (L) reaches
its highest value in the middle of the blade 4 a~sd decreases towards the
end 6 of the blade so as to reduce the aerodynamic lead an the outexmast
portion of tha fan 20 blade and alse to facilitate the passage of the air
when the Fan is sot operating, as stated above. The k~lade angle (p) alo
varies as a function of the fan V radius. In particular, the blade angle
(~) decreass according tv a quasi-linear law. 25 The law of variaEion of
Ghe blades angle (~) can be chosen according to the aerodynamic load
required ors the outermost portion of tha g~ blade. In a preferred
einl~oaimeat, the variation of the blade eagle (p) as a function of the fan
xad#,us (r) Eollowe a cubic law 30 defl~ned by the equation (~) ~ -7  1,0'6
~ rs + 0.0037  ra ~ 0.7602 r + 67.64 The law of variaCion of (p? as a
function of Che an radius (r) is represented in the diagram shown in Figure
8. fi~luxe 4 shows haw the projection of the blade 4 in xhe 35 pl2~ne XY i$
Crarise7rxed i,xsxo apace. The blade 4 has a xake V relative to the plane
of rotation of the fan 1.   z ~ sip ~ooz . ,. WO 9949z24 1 o PCTnB99100459
. Figure 4 shows the segments joining the pointB IM' , N' ) and (5', T') of
a blade (4). These po~.ats (M', N', 8') T') are obtained by starting from
the points (M, N, S, m) which lie in the plane XY and drawing 5
pe~eridiCUlar segments (M, b!'), (N) N'), (S, S'), (T, T') wh~,ch thus
determ~,na a rake (V) or. in othex words, a displacement of the blade 4 in
axial direction. Moreover) in the preferred embodiment, each blade 4 has a
shape defined by the axcs 19 and 20 in Figure 4. These arcs 19 and 1 ~.0 20
are C~,rcular arcs whoBe Cu~ature i.s calculated as a function o the length
of'the straight-line segments (M', N') azld'(S', T'). As Shown in Figure
4~, the arcs ~.9 aixd ~0 are offset from the correapondiag straight-line
segments (M', N') and (8', T') by lengths Ihl) and (h2) respectively. These
lengths (hl) and (h21 15 axe measured on the pergendiaular to the plane of
rotation XY of the fan 1 sad are calculated as s percentage of the length
of the segments (M', N') algid lS'. m') themselves. The dashed lines in
Figure 4 are the curves - paraba7.ic segment and circular arc - related to
the aanwex edge 7 and to the 20 concave edge 8 The rake V o the blade 4,
$oth as regards its axial displacement component sad as regards curvature
makes it poBSi.ble to coxxeCt blad~r flexions due to aerodynamic load sad
to balance the aez'odyriamiC moments on the blade in such a way as to
obtain 25 tuxifox~t axial. a~.x flow 8istributed over the entire front
surface of the fan. A11 the chaxacteristic values .of the fan blade,
aco~ording Go the embodiment described, are Bumtnariaed irt the table below
where is the gerr.ex~ic tan radius and the following geometxical 



30 Variables refer to the Coxxesponding rad~.us value: indicates the chord
ler~gthT f indicates the profile camber t i.x~dfcates the initial
straight-lice segment of the blade sctipxt; 35 if indSoates the position of
the profile camber relative to the chard L:   .' z ~ ~ ~' P 2oaz c ' ~ WO
99u9124 11 pCTnsg9lQO4~9 ~.ndicstes Ghe angle of the blade section profile
in sexagesimal degrees; ~ and y indicate the Cartesian cooxdS.nates iri the
plane XY of the parshplic edge of the blade. S
r90a00.6z31.2161.9i.79w59.868.77e.a7371.a8.27.5~.86.75t1010.5ii10.510if2125
.S31.232.833~330.121.915.71~.31l.1x65.343.a13B.1161.9176.4y i-25 .2 I-Q3 .
0 ~--=38' 1 ~- -0 . 7_ 23 . 9 f - experiments have shown that Che fans made
in accordance with the present invention have a noise level 25,30$,
mea$ured in de(A1, lowe7r than cpnventianal fans oC th5,s kind, with a 10
considerable improvement in acoustic comfort, meaning by this that the
npise generated was much more "pleasant" than that of conventional fans.
Moreover, under Che same conditions of air delivery, the fgris tn&de
according to the present ~xverltiot7- devc~ldp head values 15 up to 50%
greater than conventional fang of this kind. f~1 farr$ made according Co
the present invention. Qassing from a blades back to a blades forward
configursCion does not result in any appreciable vhal~ge fn noise xevel.
Moreovex, under certain working conditions) i~. parti,c~J,ax~ in the h3.gh
head range) Che blades forward configuration del,~,vers 2p25$ more than the
blades back configuration.   ~ a s~P ~oaz Claims 1. An axial flow fan
rotati_rig in a plane and comprising a central hub) a plurality of hladas,
each having a root and an end, the blades being $iso delimited by a convex
edge and a concave edge and eoneistirig of sectior~~s with aerodynamic
profiles with a blade angle whiol~ decreases gradually arid constantly from
bhe root towards the end of the blade, the blade angle being defined as the
current angle between the plane of rotation and a straight ~,i:a,e joining
the leading edge to the trailing edgy of the aerodynamic profile of eaelx
blade eeotxon, the fan being characterized in that the projection of the
convex edge onto the plane i-s defined by a parabo7,~.c segment. 2. The fsn
according to Glaim 7. eharacteriEed in that tie projection of the concave
edge onto the plane i~ defined by a aecoad degree curve segment. 3. The fan
according to claim x or 2 rhaz~aaterized in that the projection of the
aoucave edge onto the plane ie defined by a parabolic pegment. 4. The fan
according to claim z characterized in that the projection of the concave
edge onto the plane ie defined by a cireu~.ar axo. 5. ThE fan according to
any of the foregoing claims charactexi.$ed in that the aerodynamic profiles
have a face compris~in.g at least one ir~xtial straight-line segment. s.
The fan adcording to claim 6 characterized in that the aerodynamic profiles
have a face comprising a aegmeat, following the initial segment) th8t ig
snbetax~tia7,ly made up of circular arcs. 



7. The fan according to claim 5 or s characterized in t$at the aerodynamic
profiles have a chard length and a back defir~ad by a convex curve which,
iri combination with the face, determines a maximum th3,elaneea value of
the profile in a zone between 15% and a5% of the total lazlgth of the chard
measured from bhe edge that meets Ghe air first.   13 z ~ ~~P z~oz 8. The
fal~ according to a~x~r of the foregoing elaima characterized in that eacY~
blade projepted onto the plane is delimited by four points lying in the
place and def~,ned era a function df err eagle (H) relative to the width of
a single blade subtended at the centre of the fan; and being characterised
also in that the four points are determined by the following geometric
aharaeCeriaticss the first and the third gainta are laeated at the hub or
at the root of the blade and are defined by the rays emanating from the
centre of the fan and fozming the aag~.e (a): the second point is located
at the e~ld of the blade and is displaced iM antielockwiae ciireetion by an
eagle (A) - 3/11 (B) relative to the bisector of the angle (e); the fourth
point is located at the end of the blade and is dispJ.aced in
anticJ.ackwige direction by an angle (A) - 3/11 (H) relative to the ray
emanating from the Celstre of the fan and passing through the third point.
The fan according to ciat,m 8 charaeteriaed in that the projeotian of the
convex edge onto the plans at the first point has a first tangent
incl,ix~ed by az~ angle (C) equal to three quaxterti of (A) xeXative to a
ray paaaing through the first point; ar,d aharaoterirced also in that the
projection of the convex edge onto the p7.ane 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 secozid taageats
being ahead of the corresponding rays utk~en the direction of rotation of
the fan is such that the convex edge is the first to meet the air flow and
the firsat and second tangents are arranged in such a way as to define a
curve in the plane th~rb has a eiagle aox~vex portion without f3.~cionr.
10. The fee according to one of tt~e foxegoir~g claims from 4 to 9
oharacteriaed fn that the circular arc foxntsd by the projection of the
concave edge onto the plane has a radius equal to the radius of the hub.
7.1. The faux according to any of the foregoing claims characterised in
that the blades are formed of sections whaae aerodynamic grofi.les have a
blade angle that decreases gradual7,y and constantly from the root towards
the end of th,e blade according to a cubic law of variation as a function
of the radius. .Ay.A a .Al.AhlE.Al.AU.A(.A.A3.AU?.A[Y.A
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