WO 97/ 06369 PCT/ GB96/ 01965 FLUI D
| MPELLER This invention relates to mxed flow fans such as fans for moving
air or other gases. Various nmotor-driven fan configurations have been
propossq to meet respective different requirenments for perfornmance, noise
generation, c o on. Figures 1 and 2 show schematic e M- ana
side views reggég?gggfy of an axial flow fan. The inpeller cgﬁ%gﬁgﬁﬁﬂé g
nunber of aerofoil blades 10 nmounted on a central hub 20, which is
generally enclosed within a stationary cowing 30. The inpeller is driven
by a notor 40, and air is driven by the inpeller in a direction 50 which is
?Fbst?ntially agonﬁ the axis of rotation of the fan bl ade assenbly. Axi al
ow fans provide large volune flow rates of air, but operate at relative
| ow pressures. As the pressure i RePERSE¥PERMERtan s Iigble to stall. y
Figures 3 and 4 of the acconpanyi ng drawi ngs show schenmatic end and :
cut-away side views dthis dementiggareiakes The ixatk fJow §AN80RPER RY bI ades
60 noynted on a £&istforg dusingl adri venoblen gates. 80 the fan has a casing
90 whith allows air to enter generally along the axis of rotation of the

bl ade. assenbly but taq,exjt di t [ LOR.
centrifugal fan, ai rOY%I)'(:{I“’o"}%g"{fq;% -Ird%#lg?é %é/)n Qg%f‘rr{e%‘{%ggloﬁlﬁgh%lggdbeé%gh:nd
is flung outmard8r92ﬁ§R4k$Qfﬂ?ﬁﬁdq?sBSFFi160dg§¥?¢ﬁ?ﬁxﬁﬂﬁWFFﬁﬁﬁPt§f 2%t .

Centrifugal fansperformoogmi Sedseogeaeration) upesthandisghopressure
performance, generally w thout the stalling problens exhibited by axial

flowfans. However, tfge{ Olg%%gdg%nghau ¥chBha i LRl GuOCuisavity  Buder e

PCT/ GB96/ 01965 oviews respectively of an axial flow fan. The impeller
comprises a number of aerofoil blades 10 mounted on a
central hub 20, which is generally enclosed within a
stationary cowling 30. The impeller is driven by a motor
40, and air is driven by the impeller in a direction 50
which is substantially along the axis of rotation of the
fan blade assembly. '

Axial flow fans provide large volume flow rates of
air, but operate at relatively low pressures. As the
pressure increases, the fan is liable to stall.

Figures 3 and 4 of the accompanying drawings show
schematic end and cut-away side views of a centrifugal
fan. This type of fan comprises blades 60 mounted on a
rotating hub 70 driven by a motor 80 the fan has a casing
90 which allows air to enter generally along the axis of
rotation of the blade assembly but to exit perpendicular
to the entry direction.

In the centrifugal fan, air is forced to rotate by
movement of the blades 60 and is flung outwards towards
the exit port 100 by the centrifugal effect. Centrifugal

’ . fans are recognised for a low volume but high pressure
performance, generally without the stalling problems
. exhibited by axial flow fans. However, the fans are

generally not suitable for use with large volume flow
rates. '



The so-called mx flow fan was devel oped as a conprom se between the axi al
and centrifugal techniques, to operate at generally higher pressures than
an axial flow fan, but provide a generally greater volune flowrate than a
centrifugal fan. Figures 5 and 6 are schematic end and cut-away side views
respectively o &d flow fan. The m xed flow fan conpris nber of
bl ades 110 att?ﬁe’g‘} ?o a central frusto-conical hub 120 and ﬁ%’“@%&ﬂ’é’?ﬁal
frusto-conical shroud 130. The bl ades 110, hub 120, and shroud 130 forma
conplete rotating assenbly, driven by aZmtor 140. In ogperation, the fan
behaves as a conbi nation of the.axial and centrifugal flow devices, so that
air entering the shrodde1so-raliedfis flo" Fani HAS mel%% 2% Pelocity
conponent: al ong tdrmpaomd.sef betveen orhe mxials agdspentiifysadutisshadapnsa
simlar manner tad hpetamer et Ugehes=Ily Vliitslhea' pekssuteys adrpodntaxial

perpendi cul ar to #Rg; F4nS Qfxtrﬁﬁiw 2 e allly ¥Rbordd YWdlUHOERBYS
combine to give 3, Quidyl 9 asﬁ q}épfgd USE4aLedsi 9 eﬁi §ad Figure 7
is a schematic pressure-vo erfor nce t he fans of
Figures 1 to 6. |S¢hemgdis aag h"e‘h"atﬁ‘"[’,a T86%¢ % lsetlﬁe

hi gh- pressure, | onixedl tfrhewpéailor mance of a cent ri fugal flow fan. A
schematic curve 170 represents the high- volune, |owpressure operation of

an axial flow fan. Li,n h of, i's
not shown on Fi gure 7 %’&k hvglg" cgidﬁ-t:.ls%gd gﬁb@ & :a\réi!gl FTO
schematic curve 1%%"%5 %? *ﬁl?’e’t(?f"cé’“ ‘f‘i‘ (f

provi des a generaeqqemlguerfruermmal Fhaoudr é§§ureﬂp%r‘?](ﬁ4%éé°pnh“b
conpari son to thel2entandf whabul ah30 aberm dicpmplepeecsstaciigitadsamblyyol une
performance in coffHdnS ¥y aOmbeEraxi@ flow fan. Each of the performance
curves shown schematically in Figure. 7 relates to a particular fan

configuration In operation, the fan behaves as a combinatior of

the axial and centrifugal flow devices, so that air
entering the shroud 130 is drawn into the impeller, with
a velocity component along the axis of rotation, but is
also driven outwards in a similar manner to the
centrifugal fan, with a velocity component perpendicular
to the axis of rotation. These two velocity components
combine to give an output direction 150 illustrated in
Figure 6.

Figure 7 is a schematic pressure-~volume flow rate
performance graph for the fans of Figures 1 to 6.

In Figure 7, a schematic curve 160 represents the
high-pressure, low volume performance of a centrifugal
flow fan. A schematic curve 170 represents the high-
volume, low-pressure operation of an axial flow fan.

(The stalling characteristic of the axial flow fan is not
shown on Figure 7, but is very well described elsewhere).

Finally, a schematic curve 180 shows the performance
of a mixed flow fan, which provides a generally higher
volume but lower pressure performance in comparison to
the centrifugal fan, and a2 higher pressure but lower
volume performance in comparison to the axial flow £fan.

Each of the performance curves shown schema;ically
in Figure. 7 relates to a particular fam configuration

- .



WO 97/ 06369 PCT/ GB96/ 01965 3 (fan
di aneter, nunmber of blades and angl e of blades) and rotation speed of the
bl ade assenbly. Once these fan characteristics have been set, the fan
performance is generally fixed, so that, for exanple, if the pressure S
specified for woozbssse the resultrng vol ume flowrate whrch 5%1
obtained is defined by the performance curve. However, e 2UPE
manuf acturing and. installing these fans to be able to vary the perfornance
of the fans. This allows a manufacturer 3o market a range of fans having

di fferent perfor ce curves, but sharin me or  all t copgponent s
in conmon. pIn thg%gésggﬁPeﬁﬁrax?%ﬂ bar of g&ﬁ%eFtan ?%ﬁ%ﬂ qf2393§5§5pF63vary
the fan's perfor metesigni speed iof ths hjadecassambhbchdncsalthesepéaants. For
exanpl e, the bl adhazagkerddticsine deean see,vaheetiat payiforminaeatisc
changes in the p%reB@EHM%fff'@J a(‘éoerﬁh%tt' Cgor! Bx8 fl@xa{B)|t§he %r‘é'&@ﬂgé 8
plade angle of |igedgaggs’ f | e Vear, [&”ngal‘g&’ 16l fd ekl 10 2 1

change; i n vol une respon ge in driving
power consunptroﬁ?lcﬁo%éJir |?P§qﬁ¥QQeﬁFrFF§ 8 dahﬂ Fﬂ%«ﬁf€¥QﬁﬁaP&ﬁs

descri bed above, cur#ee is |little scope for changrng the fan's performance.
The .nunber of bl ades can be varied, but this tends to give dramatic, rather

than gradual changes:;weoerfO{M%esm%bw% ﬁeﬂefiamwiqlgb%n\aar'ed but
this requires eit, bel tﬁgr ve. system ani ca

her S
conpl exity of thénf's rai1d ofet ﬁ%ef d;°ffb r?hﬁ' ngf’oY% ysttf'c% Pe&%"*ﬂ&%
four-pole, six- p8letﬁﬁt8P§setc hig Allovend, BRRUERRERS ¢ EQ aRkedn aspeed of
a two- pol e not or riaggewofefahathafing fddififegeng perfermaties cgwies,| dads to

dramatic, rather sha@iingr adi@! or Velll af Gheilrn colipohdits Ht'doMmdMnce. | n

summary, none of the previously proposed fans described above provide

relatively high press&n the case of an axial flow fan, it is relatively
easy to vary the fan's performance while still using the
same mechanical components. For example, the blade angle
of incidence can be varied to give dramatic changes in
the performance characteristics. In one example, a
change in blade angle of incidence from, say, 10° to 40°
could result in 2:1 change in volume flow rate (and a
correspondingly large change in driving power
consumption).

However, in the qentrifugal and mixed flow fans
described above, there is little scope for changing the
fan's performance. The number of blades can be varied,

" but this tends to give dramatic, rather than gradual,
changes in performance. The motor speed could be varied,
but this requires either a belt drive system, which adds
to the mechanical complexity of the fan, or the use of
different motors, such as two—-pole, four—pole, six-~pole
motors etc. Again however, since the rotation speed of a
two—pole motor is twice that of a four—-pole motor, this
again leads to dramatic, rather than gradual, variations
in the fan's performance.

In summary, none of the previously proposed fans
described above provide relatively high pressure
operation and allow the fan performance to be varied
easily.



operation and allow the fan performance to be varied easily. WO 97/ 06369
- PCT/ (3B96/ 01965 4 This invention provides a m xed flow fan conpri sing: one
or nore rotatable fluid inpelling blades; and a hub adjacent to an edge of
the bl ades, at |east a blade facing surface of the hub being forned
substantlal ly oo ovoegnent of a sphere of radius rl about a p@ﬂ ?ﬁ/o?siss :
curvature; a shroud adjacent to an outer edge of each bl ade, east a

bl ade facing surface of the shroud being forned substantlally as a segnent
of a sphere of radius r2 about the centfe of curvature; in which each bl ade

has a hub abutting edgg cu{Eved substantlg ly to, fi 4} %al st a sghere of
radius r1 and a shroud™4Bu PR el T Carvea BuBttetht 3"{‘0“?‘? THydt&ist a
sphere of radius r2 so that each blade is attachable to the hub and the
shroud at various angbae ebomdrerrotetabpasfingdtimmighinghdledass cand
curvature while the habhabuaamge:ﬁmctoslahoud absi tE W 1A@Rs,0ht t Deadd arle
remai n substanti %I I Xeagg%i gs&llpaé'éu Qget Eg sp&% {%ggct ively. In
enbodi ments of a X\F ?h

fan ‘accor t he perfornance
characteristics 61“ bgtapkialt Yo%faar?%ga‘ﬁ“ge b?aﬂ’llb"cf"*\)%g IrédéPPo r@b‘l

performance to ba@ eanked efis¢usvaguretangi ng t he bl ade angl e of incidence.
Because the hub and/ oa shfeuwdl Sdjdcemas tar anbageer candge pferbahoblade] iatns of

?PQ@&' cal surf ?gg_t%ase Bl gﬂ&a@aﬂem &Q@HES”EN@EN‘&IZH}% deifig fchom can be
of the fan char a@ tg?l gi)f#ta?s e@rmgmgeggtﬁa eli Qtﬁ %%gg g Aolfaﬁ e
about a respecti \FéenﬁEﬁFFﬂg°f)o‘F‘Fﬁ"§fr1’rt°ne f1 ow gui di ng menber. | n
particular, it is al sénpwhiehreakch Hdtadeabhsbaabiebjsbutting edge curved
substantially to £it against a sphere of radius rl and a
shroud abutting edge curved substantially to fit against
a sphere of radius r2 so that each blade is attachable to
the hub and the shroud at various angles about an axis
passing through the centre of curvature while the hub
abutting and shroud abutting edges of the blade remain
substantially abutting the hub and the shroud-
respectively.

In embodiments of a mixed flow fan according to the
invention, the performance characteristics of a mixed
flow fan can be obtained, while allowing the performance
to be varied easily by changing the blade angle of
incidence. Because the hub and/or shroud surfaces are
based on segments or sections of spherical surfaces, a
blade having a2 complementary shape at each end can be
fizxed at different angles between the two surfaces.

For ease of adjustment of the fan characteristics,
it is preferred that each blade is pivotable about a
respective mounting point on the flow guiding member. 1In
particular, it is also preferred that each blade is
pivotable about a respective mounting point on the hub
and on the shroud, the mounting points on the shroud and
the hub-lying substantially on an axis of curvature of
the hub and the shroud.

An embodiment of the invention will now be
described, by way of example only, with reference to the
accompanying drawings throughout which like parts are



pi vot abl e about a respective nounting point on the hub and on the shroud,

t hes nounting points on the shroud and the hub Iying substantially on an
axi s of curvature of the hub and the shroud. An enbodi nent of the invention
wi |l now be described, by way of exanple only, with reference to the
acconpanyi ng Owowrogsse t hr oughout which |ike parts are VO Bér/ee368i06s

PCT/ (B96/ 01965 5 referred to by like references, and in which: FIGURE 1 is
a schematic end view of an axial flow fan; FIGURE 2 is a schematic cutaway

side view of the fan of Flgure 1; FIGURE 3 is a schematic end view of a
centrifugal fan; FIGURE 4 is

sche |c cut awa i.ew of the fan of
Fi gure 3; FIGURErSfFErﬁﬂsEhéﬁhﬂi eﬁ& Jrefres- a!%f gd o% *fan; FIGURE 6 is
a schematic cutaway side view of the fan of Figure 5; FIGURE 7 is a
schemati c pressure- voFIGERDeEL iz namchegaaph énd vievw fehsnofezEadufdevl t o 6;
FIGURE 8 is a sc@ggatlc side view of "a fan according to an enbodi nent of

the invention; and FlI S s S 0

bl ade for the fan of %e% %I gur@gﬁ%kgo gﬁ{:%‘%]ﬁe aeg\e/vél\ége\gvf\n fﬁgg fﬁ%e
been descri bed aBvE! 3F5?e¥r|ng now to Figure 8, a fan according to_an
embodi ment of the i nvBREURE 3oimprd %Qeaaﬁéﬁbeﬂdoﬁﬁﬂ’ Rfed mtﬁégﬁgbét ween a
rotating hub 210famg a rotating shroud 220, so that the hub, blades and

shroud forma single peEgRE"g A5 SLEnenathe &Qﬁa&wgsia@éeﬁmwy oifS tdei £8n by
a of Figure 3;

FIGURE 5 is a schematic end view of a mixed flow
fan;

FIGURE 6 is a schematic cutaway side view of the fan
of Figure 5;

FIGURE 7 is a schematic pressure—volume performance
graph for the fans of Figures 1 to 6;

FIGURE 8 is a schematic side view of a fan according
to an embodiment of the invention; and ;

FIGURE 9 is a schematic sectional side view of a
fan blade for the fan of Figure 8.

Figures 1 to 7 of the above drawings have been
described above.

Referring now to Figure 8, a fan according to an
embodiment of the invention comprises a number of blades
200 held between a rotating hub 210 and a rotating shroud
220, so that the hub, ‘blades and shroud form a single
rotating assembly. The rotating assembly is driven by a
motor 230, coupled to the hub 210 via a bracket 240,

The fan operates as the mixed flow fan described
above, so that air enters in a generally axial direction
250 at an entrance of the shroud 220, and is drivem
axially and outwardly by the rotating blades 200 to
emerge in an exit direction 260.

The blade angle can be easily adjusted in the fan of
Figure 8. This is because the hub 210, or at least that
part 270 which contacts the blades 200, forms part of the
surface of a sphere centred around a point 280. The edge

7290 of each blade 200 which mates against the hub 210 is



notor 230, coupled to the hub 210 via a bracket 240. The fan operates as
the m xed flow fan descri bed above, so that air enters in a generally axial
direction 250 at an entrance of the shroud 220, and is driven axially and
outwardly by the rotating blades 200 to energe in an exit direction 260.

The bl ade angl ewgafiedagy casily adjusted in the fan of Figure SpcrlEhsinol
because the hub 210, or at l|least that part 270 which contacts the %1021 ?as

200, forns part of the surface of a sphere centred around a point 280. The
edge 290 of each bl ade 200 which mates &ainst the hub 210 is WO

97/ 06369 PCT/ 019 a nged
to fit against thEFEHHERY &R f%ﬁr?ﬁ%%nsfﬁ % hﬁncq %ﬁ%ﬂcel %St%e E’Bg °
segnent of a circie ©Hf aF@ngder hit pbt # sf&ﬂlentﬂ‘?@ Fnﬁ?efcjs%r‘? e&f °Phe
shroud 220, or attlheamlnmdaﬂartTB@Olmmrsmpﬁ the shrand 2200, ofor s
part of a sphere gentd£4t aheupdrthso@Poiic’ &bnthictal tie blwdaxit200,edge 310

of each bl ade is F2TekY, p | ce of the
shroud, and in th# 6d{a\lirardrpl'ltaQ'%grgm% g&i-ée niﬁ]&:é a%%fla gécgﬁnrtzgég?ound the -
poi nt 280. In fack® BUESFt°9%¥c e etaﬁ‘g‘ hgﬁ &nt® tH Chroud in
this enbodiment iarfangad uaorfém eaa:mtsmép@énaﬁl guefgaee A% 4hfed to the
hub 210 and to thshsddduhni?@nbyhpsveiainle dforashaestgpeantasf I Eirsdeh as

nut “and bol t " conngghi AN arth@daihaChoent #oNts 320 are arranged so that
for each blade, the two attachment points 320 (one of each end of the

blade) lie on a single axjs 330 centred on the 0|n der t
expl ai n how this arrangenéfite &t gﬁgsf h Tﬁ’atd goglﬁ nlb

di fferent bl ade ashpresd in thisf embodimexnt imaﬁr@t@ns@bﬁa;ceﬂ stn (ﬁharP&dl us r-
can be positioned at any orientation within a sphere of inside radius r.

What ever the orientatigypfyitdae dsSac¥héiéd to the hub 210 and to the
shroud 220 by pivotable arrachment points 320, such as
.nut and bolt connections. The attachment points 320 are.
arranged so that for each blade, the two attachment
points 320 (one of each end of the blade) lie on a single
axis 330 centred on the point 280.

In order to explain how this arrangements allows the
blades to be positioned at different blade angles, it is
first noted that a circular disc of radius r can be
positioned at any orientation within a sphere of inside
radius r. Whatever the orientation of the disc within
the sphere, however, the centre of the disc will lie at
the centre of the sphere. Now, in Figure 8, each blade
200 could be considered as a segment of the disc, and the
inside surface of the shroud 220 could be considered as a
part of the inside surface of the sphere referred to
above. This means that the outer edge of the blade 200
can be placed at any angle to the inside surface of the
shroud 220, so long as the centre of curvature of the
shroud 220 and the outer edge of the blade 200 remains at
the common point 280. This is in fact ensured by
providing the pivot points 320 on the axis 330 passing
through the point 280. Accordingly, the blades 200 can
be pivoted around the pivotable attachment points 320 at
various angles, but the outer edge 310 of the blade 200
will remain in contact with the inner surface of the
shroud 220.



t he sphere, however, the centre of the disc will lie at the centre of the
sphere. Now, in Figure 8, each blade 200 coul d be consi dered as a segnent
of the disc, and the inside surface of the shroud 220 coul d be consi dered
as a part” of the inside surface of the sphere referred to above. This neans
that the outerwedgeews the bl ade 200 can be placed at any anglg:dadeii

I nsi de surface of the shroud 220, so long as the centre of curvature of t he
shroud 220 and the outer edge of the blade 200 remains at the common poi nt
280. This is in fact ensured by providi’ng the pivot points 320 on the axis
330 passing through th S poi nt 280. Accordingly, the bl ades 200 can be

pi vot ed -around the pi ¢v8E3oPESUPERE A a5 t§e326t59 dgd tQuothghas, put
the outer edge 3kbeoblpfe Bhalle ca b (Variedawhilp thetirremjqdset W€ | nner
surface of the sleaehdb2d@e 200VE®aifl53I60 contact with the outer surface

PCT/ GB96/ 01965 7 okhirheahgymend.can easily be extended to show that the

bl ade angl e can be varied while the inner edge of each bl'ade 200 remains in
contact with the outer surface of the hub 210. Figure 9 is a schematic

sectional side view ofi8uF§nopiade %Rﬂ?q%ﬁ1QIﬁ§°F&H“GF pidereley of endagn
t he pivot points [32deaB00t foni the cfath dfi #gure Bi.vot abl e for bl ade angle
adj ust ment should lie on an axis 330 fromthe common central point 280, it

is not in fact necessa&thghtbﬁe m: p;mi@rt% ta@ocgwatdehmﬁ mééa.enade
part-circul ar edqgs f.act p1 vot

e

around di spl aced r? \?otwJ S:Er]i sggﬁo de angc]'on éic? 5%"'?3% ﬁ%‘"b)?d ges 56035
nmounting pl ates 335 3P ﬁ Ergp ghe EQEH%R centgad Poiphe2ffly Hhdhdot in’
connecti on of theagityaegessanpufior nghe Thievdt addnes Epgordn®ids witbwthkavi ng
a flat cross- Seqidr(tﬂ-c1buhlhi' liges bef gy GliadlecdoOhat Thhea bt AdtheC dUlade

200 could pivot around displaced pivot points 340, (e.g.

connected to the blades 200 by mounting plates 350).

This allows easier access to the nut and bolt connection

of the pivotable mounting.

The blade of Figure 9 is shown having a flat cross-
section, but it will be appreciated that the blade could
be twisted to give an aero—dynamic shape using known
design techniques.

The embodiment of Figure 8 shows air which is driven
by the fan emerging at the motor end of the fan.
Similarly, the motor 230 need not be directly attached to
the hub 210, but could drive via a belt or gear
arrangement. Various different numbers of blades could
be used, depending on the application of the fan.

Other possible modifications include the possibility
that the blades need not be pivotally mounted with
respect to the hub or the shroud. 1In fact, the blades
could be fixed in place (e.g. by welding or brazing) at
the time of manufacture. The advantage still remains,
however, that the fan manufacturer can stock a single .
pattern of blade and use it to produce fans of a variety
of blade angles.



be twisted to give an aerodynam c shape using known design techni ques. The
enbodi nent of Figure 8 shows air which is driven by the fan energing at the
notor end of the fan. 'Simlarly, the notor 230 need not be directly
attached to the hub 210, but could drive via a belt or gear arrangenent.
Various differ waomesgpers of blades coul d be used, dependi ngpgia,Ghlj@oms
application of the fan. O her possible nodifications include the
possibility that the bl ades need not be pivotally nounted with respect to
the hub o ,iHIIH ngﬂuﬂl fact, the blades could be fixed in place (e.g. by
wel di ng o time-of manufacture. The advantage still

hat the fan manufacturer can stock a single pattern of '

remai ns, however*
bl ade and use it to produce fans of a variety of blade angles. WO

97/ 06369 CLAIMS: : PCT/ GB96/ 01965 8 CLAI Ms:
1. A mxed flow fan conprising: one or nore fluid inpelling blades; and a -

hub adj acent to ?ﬂbed%e gfehhgl Iaggé c&ﬁ?gi§§§% a bl ade facing surface of

the hub being fo d Substsht rafl

8£ % sp her radius rl
about a centre of cur\PRCuPgE; marsh ﬂ'f‘gt ) e?)’ut*’é’r edge of each
bl ade, -at | east a bl a@ehfuéacuarxgasenateaﬁ etdrse 9fir kel bladppf @tndgast a
substantial |y as wlede)fatingl sarsaderef ather adibudelig aborned he centre of

curvature; in V\h'msq;%fhlahqs&eabai Segitdntaldst b Bghefgeo £ Wamhsswishaskt al |y
to fit against a sphere of | and a shroud abutting edge curved

u
substantially to 3 ﬁent alﬁgtcgrvgﬁere of radius r2 ao t hat Q bl.ade |s
attachable to the hub aarﬁ?rPGdt Héjgﬁ?%ﬁot%ta"vz?ﬂ’ 8as®%8Y! %ﬁfg\l laflens3s
passi ng through theastemt bdade facing usurfded oft thehabroud being formed

substantially as a segment of a sphere of radius r2 about
the centre of curvature; |
in which each blade has a hub abutting edge curved

substantially to fit against a sphere of radius rl and a

. shroud abutting edge curved substantially to fit against
a sphere of radius r2 so that each blade is attachable to
the hub and to the shroud at various angles about an axis
passing through the centre of curvature while the hub
abutting and shroud—-abutting edges of the blade remain
substantially abutting'the hub and the shroud
respectively, the hub shroud and blades forming a single
rotatable assembly.

2. A fan according to Claim 1 in which the hub abutting
edge .of each blade is curved about the centre of
curvature with a radius substantially equal to rl.

3. A fan according to Claim 1 or Claim 2, in which each
blade is pivotable about a respective mounting point on
the hub.

4. A fan according to any one of Claims 1 to 3 in which
each blade is pivotable about a respective mounting point
on the shroud.

5. A fan according to Claim 3 and Claim 4, in which the
mounting points on the shroud and the hub lie
substantially on an axis passing through the centre of
curvature of the hub and the shroud.



abutting and shr - ' s of the blade remain substantially

abutting the hub m‘mﬂm Hﬂ espectively, the hub shroud and bl ades
formng a single ly. 2. A fan according to Claim1 in
whi ch the hub abutting edge.of each blade is curved about the centre of

curvature w thyeofgéous substantially equal to rl. 3. A | eraEssel 'pg to
Caiml or aim2, in which each blade is pivotable about a respective

mounting point on the hub. 4. A fan according to any one of Clains 1 to 3 °
in which each bl ade is pivotable about @& respective nmounting point on the
shroud. 5. A fan according to Claim3 and Caim4, in which the nounting

poi nts on the shPoud hrfd™ RECRIGIRECES BRY AR A FhEn PERCEYIRE f%g

t hrough the centcempfisiuneyanive ofanhefoxbrotatable Jdnigids at 37 /th8369
PCT/ GB96/ 01965 9pbades. A fan according to any one of the preceding CI ai s,
conprising drive neans for rotatably-driving at |east the blades. 7. A

fan according to,C algltﬁdn i r&fcvt\,/rtf_lﬁgg t@o giai/f&r: w%ognr %ggsa?lfge)tmo ans

A fan accordl ng Zb any ‘one rece |ng a part
of the hub is f r BORRRIffed SO shape. 9. A fan accor ding to any one of
the preceding Clainms in which at | east a part of the shroud is frusto-
spherical in shapg. & fan according to any one of the preceding Claims.

in which at least a part of the hub is frusto-spherical
in shape. ’

9. A fan according to any one of the preceding Claims
in which at least a part of the shroud is frusto-
spherical in shape.



