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WD 2005/ 073561 PCT/ AU2005/ 000116 Housing For A
Centrifugal Fan, Punp O Turbine Field of the

wo poosfatisen The present invention relates to a POTAURY5/000116
or chanber for a fan for noving air, punp for
inducing fluid flow or torque generator which is
responsive to fluid flow 5 such as a turbine. In

arti d|r viding an inproved
ﬁ E engru ﬁe ?jt"\mpt(grf WiRIBSe the efficiency
of such devi ces. Background Art Centrifugal fans,
. blo S, _punps turbines and the |ike represent
F'ei%ﬁﬁﬁ?}'m{ Mhalf of the world's fan, punp and
turbi ne production each year. As fans or 10 punps,

The Fpi%s%&ﬁa#gﬁ%% 1o {6 Heyfehe ohGamPer dca fan for movhg air,

purﬁétfﬁf‘ rgg, W o %@%@rg@@ r8loY VEh iDfes s toPfluid flow
have so been use vant ageousl y where

sucma$ altuebinen In panticudari ibissdirdcigd tonprovidingian impraxecd housing for
fan to used. For, ex | e Ilcatlons such as

sugib Al il ve S SERiney of SRehFBVIGBRS Wit h o
relatively | ow pressure 15 difference. Such an

| icati.on would normally be satisfied by an axia
Bapgg é Art

However, in many cases, a centrifugal
fan is used to turn the flow path at right angles so

that it _can nto a f
Ceﬂyﬁusa\%h fanmobloars; RUEHDs; Nevings:ay ik rergeAnt Spproximately

half'df! HeeUioftd'd rfaﬁnehhﬁf af2iRhie bRANRNBAUSACH!YeBENs! fans or
many |ngs I'S 0oNn I nc in dianeter
pUMPS;| rtbewarecased dof ptoohneeh[gdaerup/ressm@ Iandhle@atﬁolw than axial

. | f h | fu f
miE poBalSed el e Rt iwvell Whfie RbbrmaldRiin ust be
satiffRd. JTHaY) havehaleLdeh qjsetdheadwmq&usw vwhéha tik€tallation

rotor is retained. Were i ssues of i ci ency and
limitatiens might notepeinikaedaxishandtesbgrigeds ot @xamie,l gpplications

N Nt s s (o

 différérice. eSuehi o apphcativn woulkdoshainbe Satisfled bynamtaxiafl type of

the pressure/flow rel ationship.
fan. However, in many cases, a centrifugal fan is used to turn the flow path at

right angles so that it can fit into a roof or wall cavity. An axial fan will not fit into
the cavity and maintain efficiency. In another example, the exhaust ducting in
many buildings is only 3 or 4 inches in diameter. It is impractical to fit an effective
high-output axial fan to such a small duct.

While centrifugal fans have been used for a long time, little attention has been
given to the design of the housing in which the rotor is retained. Where issues of
efficiency and noise are investigated, the designer’s attention is given primarily to
the impeller. Historically, such housings have not been optimised for:

1. fluid flow drag reduction;

2. noise reduction;

3- adjustment of the pressure/flow relationship.
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WD 2005/ 073561 PCT/ AU2005/ 000116 -2 Additionally, the
housi ngs of typical centrifugal fans, blowers, punps
wao ewobiorssst and  the | i ke cause the incom ng fl uPdI/ATG2005/000116
turn sharply before | eaving the housing. Such shapes
are detrimental to efficient“performance of the device
overal I, often introducing significant turbul ence. 5
Additopally, the hobsingaiof tyrisalcentifugaldaappblpwens, pwnps turbines and

. [ e

thel i) olSele RO Pl s 35 pull el e BRI G ushigh suen
shdpesaldrevdetginfdntald té ceffitient iperfonaaneanefr tie!dewes overall, often
) g%t ure. .Disclosure of the Invention A housing for a
intiodyGIRg, SIgRificat tHHeR et ur bi ne, the housi ng adapted to

be 10 associated with a rotor adapted in use to

cooperate with fluid fl ow ng through the housin
In iRer ieyiquse dissleswg ebripei aerlicandniosua Fiwid gitiow Aepritredler as

s r I

publitten PoP8sbBe228 0K Sbbifart ek 5ofd 3he ercHfs ifsCban be
obtalireed by atlowingdifuisi ¢o diowt ia the ntainnerfoligwed én Nature,

wherein the shroud is configured to pronote vorti cal

flow of the fluid through the housing. 15 According to

Disclpsafeof tie fraadntion of the invention, the shroud is
configured with an active surface adapted to
cooperate with fluid flowng within the housing

A hbgsiag ol he iewen efapubf aeenpas risindf iteeresusimy 'adebtéd to be
two or three dinensional logarithmc spiral.

assQciaiediWith adoterdanied dyuse i ceerespte with; fiuid flewing thraugh the
| . . . . f i . . . H
rob A UIE FUR RS G AN 2Rty AR roving i
ass;cmgaiuﬁ avith Itthe ecn?'r,v&_\esuogmcbailniag at Iﬁaa_;tvamer @ane adapted to
stant] a rmn 0 Jogari curve, )
cogerateanity tos Mulcfeudtard Btor Ga duva By the dufch hereisttheyshoud is
corficrd@ 16 Brarfe vntieaniowet ik it Ardhdiibdidlisthg.

subst ant i y conformng to an equi arigul ar or
Section. 25 According to a preferred enbodi nent, the

ActORId'® aSpHetarey PEatuie of @ HLeiithO i shiodd'® BbhfigTed with
i nes” of '@ vortex.

an active surface adapted to cooperate with fluid flowing within the housing
wherein the active surface has a configuration of a two or three dimensional

logarithmic spiral.

According to a preferred feature of the invention, the logarithmic spiral conforms
to an equiangular or Golden Ratio.

According to a preferred feature of the invention, the active surface has a
curvature substantially conforming to a logarithmic curve.

According to a preferred feature of the invention, the active surface is configured
with a curvature substantially conforming to an equiangular or Golden Section.

According to a preferred embodiment, the internal surface of the shroud
conforms to the stream lines of a vortex.
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WD 2005/ 073561 PCT/ AU2005/ 000116 -3 According to a
preferred enbodi nent, the internal surface of the

wa@ koosioaseconf orns in shape to the shape of a sket/Avedos/o00116
t he genus Trochus. Accordi n%to a preferred feature of
the invention, the shroud is”adapted to substantially
surround at Ieast the perinmeter of the rotor and

Acgpigindidoaas preferred siiastimenhe thennisterpart faatacef of hibe shroud

cotfBiRk 18580 1 e el §1 2 KEPLeIe Fn IR e

wherein the space increases froma mninmm

AR 1 Py, eedfe A8, FEAMMAERG ke STRbUCRpgepted 1o

substangsiyesuirduRd @R lestatheppeimeldt bPERY rétBRiahd pidvide a space
According to a preferred enbodi nent, the

betyypenethe, wer tswifaser af the beuHsipenand dhets{véfa@@u$\aﬁ@hbmthe outer
ed@’«-?1 oFAESNIdRRE bRe \/é%‘éo&% rcftQhSh iR & EcStS F\Wﬁér@fmhe space
al “conponent  ré

Space conprises anh a atrve

mct‘éusesoﬂr@m a hiinihewmor chosg-seotiongiratartoesh tgpanded efodshsectional

i nvention, the housing is adapted to cooperate with a
af%%entrifugal rotor. According to a preferred feature of

the invention, the housing is adapted to cooperate

with an axial rotor. According to a preferred feature
Acgerding:t9 Aviefersed empodimest, rﬂj‘el YPALANCERPSES INx@rea at a space-
logSRfRfifc oW th a rotor having a flow characteristic

I'nterme |ate a centrifugal and an axial rotor.

According to a preferred feature of the invention, the

Akt 6 Phicieed o B AHC 1ne WLIIAATE 465 conforms to

ct| sur ace a 0 cboper
thef quwan@ularlvTO’Bl@Uethathnum ng wherein the curvature of
the rotor active surface is 25 equiangular or
conforns to the Gol den Section. WD 2005/ 073561

AcBértirfy o 8 pPreffidebembodiment, the space comprises an axial component

relative to the rotor.

According to a preferred feature of the invention, the housing is adapted to
cooperate with a centrifugal rotor.

According to a preferred feature of the invention, the housing is adapted to
cooperate with an axial rotor.

According to a preferred feature of the invention, the housing is adapted to
cooperate with a rotor having a flow characteristic intermediate a centrifugal and
an axial rotor.

According io a preferred feature of the invention, the rotor comprises at least one
vane having a rotor active surface adapted to cooperate with the fluid flowing
through the housing wherein the curvature of the rotor active surface is
equiangular or conforms to the Golden Section.
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-4 According to a preferred feature of the invention,

the shroud is tuned to cooperate wth the rotor to
w@e@giodsesubst anti al | y opti mum perfornance. AcEOT/AU2ms/000116

to a preferred enbodi nent Brief Description of the

Drawings 5 Figure 1 is an i sBretric di agrammatic

representation of a conventional centrifugal fan of
Accpiding it @ pieferred fgature ofithe inventioasthgrdbayd i tupiedre cooperate

witi 8 Blor 8 PR R SRR PY PRl Peffolefte rent
Figure 4 is a gl an view of the fan offFi %urf 3; ’,flo
Fi , , . ]

AcePRihg 32 Befhule rPOIRRR, ol oad vi ow of a fan
according to a second enbodinent; Figure 7 is an

L tri.c.vie f the.fan of Figure 6, show ng the
BI'I' ??%rﬁp%?nto\rﬁléﬁeléf?wnﬂfthi n the housing in dotted
lines; Figure 8 is a diagrammtic cut-away of a fan

FG55CLE PORoh e RS Bkt B Sohub el
fa® GPaE PRsttart, Figure 10 is an isonetric view of a fan

according to a fifth enbodinent; Figure 11 is a plan
view of the fan shown in Figure 10; Figure 12 is an

Fid lﬁ%@ﬂlhgﬁal‘é%%gﬁicéui R @%%fqg@ &dIger SEkH

i
mbodi nent ; ure 13 is a side view of t%e’ fan shown
in Figure 12. WD 2005/073561 PCT/ AU2005/ 000116 -5

F i@ﬁ%aé |sesh [SBRTEtHO Ve o4 41 g&@cfrﬁgﬁhtg'mgqiirﬁeé?ﬁﬁo&ﬁ?&tpf

enbodi nents is directed to ousing for a
bl ower, punp or turbine or the like which provides an

efficie [Ty jpafter in this
Fi er%gﬂsp%’%lgﬁr; *’%‘g o??r'é;n %fn%\[/‘\n ’be used generically to
refer to any fan, blower, 5 punp, turbine or the like.

gl s oA el BR0ES: & 3p8 rRABLEI R 6 that che
reference is intended to

Figure 6 is an exploded view of a fan according to a second embodiment;

Figure 7 is an isometric view of the fan of Figure 6, showing the location of the
rotor within the housing in dotted lines;

Figure 8 is a diagrammatic cut-away of a fan according to a third embodiment;
Figure 9 is an isometric exploded view of a fan according to a fourth embodiment;
Figure 10 is an isometric view of a fan according to a fifth embodiment;

Figure 11 is a plan view of the fan shown in Figure 10;

Figure 12 is an isometric view of a fan according to a sixth embodiment;

Figure 13 is a side view of the fan shown in Figure 12.
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enconpass the situation where the fluid flow drives a

rotor of a turbine or the like. 1In order to
wappserisat e the differences fromthe prior artPCI/AUR®S/000116

hel pful to describe the key_ features of housings

conventional Iy used for ceﬁTﬁrfugaI fans. An exanpl e

is 10 illustrated diagranmatically in Figure 1 which
DetailadsDeactptiohcofiRneferad krobodiments ypi cal arrangenent

of a housing 1 for a centrifugal fan. Conventionally,

such a housing 1 is configured in shape to follow the
Ea¢loroh tbe embpdinagnits rig ditestéd to e hodsimgntor andan,| blower, pump or

enerally.conprises a pair of .flat-side nel,s. 3 . .
torliR el BBl Byl Mgl el el in is
desdriptiofl hRetddRy ARt Will e aBe@UEncPiRBRY t6 réferf ©r BRY fhnOBlower,

a planar sheet. This creates angled corners 6 at the

pumpndtiine Yethediket hdVhere pareierencends sdade janealfap drving or

oA DBHLTER, V5P B o 0 BB et
endédrapassiiid singgiongvivere the fluftelidw dsiveg a rober of zatuebiné o the like.

spiralling arc neans that a space is provided between
the inner 20 surface of the edge panel and the

in oMY td QPMr&jVété ake difierdhcdtyfromethe pridir aed @as helpfulttbelescribe the
vanes of the rotor. It will be appreciated that the

keyifgaturest oft heusingraeenvertionatis vsep fogerrisiugal jans: ofn #xample is
oS L T SR, AReR SuRles (S etithes of o

typivad drdedehterddiathdusingel fdrua den2ifudal dan ofCarhventionally, such a
er[bod'rrents,isfqﬂrec edto%houin?for a fan ich |
hoysiggi hids canfiggred i eharetai llpw: ﬁwﬁaw%@ffa &Paawggs%fﬁgm two
; t [ Ix t i
AU SOy el AP SOEER, pndS P s tlosee
apént,aparallel| toreachhother and wealtealvanoging the rpgrindiénby ansedge panel 5

forBB3, MO 2nPBIRLGTESh, (0 APa RO IBHEN OIaIccal gt dpe dHncton
betyfodrnd ith @) 0aRA kRt pHRLPEORA LRARdry between the bottom

PCT/ AU2005/ 000116 -6 or in the case of a turbine, th i
paneld @ndsedgsf paneldy Sochrangled carnergiaduesoupwastiad tusbulence in

i RO Y20, 2 hereby @ et et or

The shape of a spiralling arc means that a space is provided between the inner
surface of the edge panel and the imaginary surface swept by the outer edges
of the vanes of the rotor. [t will be appreciated that the depth of this space
increases progressively from a minimum to a maximum through an angle of 360
degrees. In the vicinity of the maximum depth an outlet is provided to exhéust
the fluid.

Each of the embodiments is directed to a housing for a fan which provides an
efficient fluid pathway for fluid passing through the housing. Such fans comprise
a rotor which is normally provided with a plurality of vanes or blades although a
rotor having a single blade is possible. The vanes are generally configured to

provide an outward or radial component of acceleration to the fluid being driven,
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Nat ure provi des excell ent nodels of optim sed

stream i ning, drag reduction, and 5 noise reduction.
wae\eyslo7Bbogi cal surface grown or eroded to optP@i/a®2005/000116

stream ining has no angled ézjorners and does not nake

fluid turn at right angles Put generally follows the

shape of an eddy constructed in accordance with a

or Fhﬂ‘@ecaﬂen@ﬁg itarbéne, the lﬂiugoh'@rr%ﬂec&d o poideRat riadiad gomgonent to
the g#%ﬁ;@rg gg%e gﬁ%} nd_ eg )? gsgﬁfl%:trdn Ec?ltlié) glélilao Wﬁ'udrng a

raoﬁéleddmpdr{énThese spirals or vortices general ly conply
with a mat hemati cal progression known as the Gol den
Ratio or a Fibonacci |ike Progression. Each of the

Nagireqstoniiet sexcellehih@odeRabedptitiskd stRsamimihg, @gblefuction, and
fluids to nove in their naturally preferred way,

noisRdPEYGteR dey h@l¢91@alfs'~r5fa@ﬁ<9r@wnc%@r0@@dtwwgwse streamlining

f I
hag, SO AHAIGH Bofits, drd dodindinaRe et AR laht GRS bk eperally
follbwsrthelsb@pesoﬂmed@;e sensttucted éeact@siance Iwﬂhr aﬂﬁremdrhrensronal

natural fluid flow tend es. |t has beenfo
equigngylag of (Bglden Katiersrir fgfr\ eflyb\g eerpetryim mr?ﬁpr@l is also

fm}trﬁqﬁ‘?ﬁﬁggﬂgh%})ﬁd@.e risral). 404 F%atéHé?IUQh a pat hway

at t ow i S substantially non-"turbul ent
and as a result has a decreased tendency to separate

C t c agt ; :
ThEke St I ylficef  Gert ol TR AR DS PG bidfrescion
known pisdhetGolden Ratil orfd BivonactiHikefProigdessimsi ng t hr ough

the housing. It has also been found that vortical
flow is encouraged where the configuration of the

Eabbufithg epsisddimenitd, dn ahé yeeatenpar] seakesdd enable fluids to move in
t hree-di nensional spiral. It has furth been foun

theith fatwatn RISESAY Jvvat inerelve raduging b@egmenﬁi%se&rwrsgethmugh
turBU%nEH Yﬁ’:‘ﬂfcﬁoﬁ@vr%h Lha oﬁﬂé%])?r% fnlofgjgﬁsiﬁ%;%ratfgdtﬁl’ubél fans.

In greater part to that o ction o
Pr@ad)tusjy dieveleped cieahaalbgieiss have oferesrally diearhdess compliant with
at the greater proportion of the

ts t
narewr?'eff%% d fﬁaf‘ €BS'%hi ch form the housing have a

curvature which takes a two di nensional or three
t s Geor Rund 2k s anEna"Acierivde i AlH) IBH ik WHiPr, ¢ ehused to
flowhg av%rﬁggl%gﬁﬁ%oﬁgﬁ/a%&ﬂ%%%ﬂﬁ fluid flow is substantially non-
turbulent and as a result has a decreased tendency to separate or cavitate. Itis a
general characteristic of the embodiments that the housings described are
directed to promote vortical flow in the fluid passing through the housing. It has
also been found that vortical flow is encouraged where the configuration of the
housing conforms to a two-dimensional or three-dimensional spiral. It has further
been found that such a configuration tends to be optimised where the curvature
of that spiral conforms substantially or in greater part to that of the Golden
Section or Ratio. It is a characteristic of each of the embodiments that the
greater proportion of the internal surfaces which form the housing have a
curvature which takes a two dimensional or three dimensional shape approaching

the lines of vorticity or streak lines found in a naturally occurring vortex. The
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general form of such a shape is a logarithmc spiral.
It has further been found that the performance of the
wenwsarizents wi || be optim sed where the curvarcr/aveds/000116
t he surfaces of the housing 7subst antially or in the
greater part conformto the’ Tharacteristics of the
Gol den Section or Ratio. It has further been found
generat farmeobspeh faoshape is BJogatithmie s@iratl. dnhas urthan keen found

e G SATIRE e G B4R VAt of

theChafariseof fid mdusin tb@bstﬁﬁ)ﬂlailgnorS&Cth@@r@aitequarDcmhfbrm to the
has al so been found fluid flowis more efficient

: i f
charpgtesishos ot the, Galdet Sertiomer Ratig: d A% ftienkean found that the

per‘féﬁrﬁﬁc‘ér & %5?5*?%% ﬁ'#gﬁ@g&g me%gs Q@étbn%]? (drgaPan ghe fluid

ction.
pathedycxsb debsteatially bmnbgrleatmepamccmforras ito thes eldariactaristics of the
inits assageway through such a fan, the
GOH@unsg%ﬂ'%%roR fi‘}g "to the various enbodi nents can be
used for conducting fluid with | ess noise and wear

R B 5 5 SRR B e
ﬂuig'ffl‘lﬁkshgvr@'a S1RLRRE %Ub%fdn?l?ll)( be il ??e&é? ﬁrcd??é%@%%ethat of

nternal surfaces o u3|ng eac
thet BeldeenBedtiomntAs ahee&sfultbddtMeradu@edrdegjeeecpfaﬂulrlyulence which is

inciiies " Bt dRpaSsabataynisian, St pdrnc st Raugihe gpcording
to H@var%%%ﬂh%ﬁt@@antﬁ@u&%%%dﬂcﬂhg 4Rfd &ith! 1884 noise and

pat hway which is of a spiral ?‘ confi guration and
weahi artd wtﬁa@eaterl efficiency @'i@@a ap peaviousdy thren possible with

charact [ St d
BB 05T Bs S AR B ENUPT L BegrtRs o1 den
Section are illustrated in Figure 2 which i I | ustrates
TheiagT Seser A0S, e Bioel SHEGe PR ACBRISR, §{i8ach of the
enfyodfthes dESOW Rérdinre aghinesapf de@n@b!Wﬁa@étbnﬁbnbé with the
measured at equiangular radii (eg E, F, G H,

nd
Galderi Santinpt antRatihiand: dersforg| ituist aa@l@@raptasmtlphef sach of the

o ARBH e LGB oL R 57 s

corfidliratién whdolhieR doprdrng at lebet inagieateaf pdrt @ @8 characteristics of
approxi mately and which is consistent through ou

the: GAVENGWIAI 01 FRAN SeCHay oraRale-nhbe chayactgeslics waéhér Golden
selfiors & f0Erhtdd K FiGHAPE UnidPtu@R48s the unfolding of the spiral curve

according to the Golden Section or Ratio. As the spiral unfolds the order of
growth of the radius of the curve which is measured at equiangular radii (eg E, F,
G, H, | and J) is constant. This can be illustrated from the triangular
representation of each radius between each sequence which corresponds to the
formula of a:b = b:a+b which conforms to the ratio of 1:0.618 approximately and

which is consistent through out the curve.

This invention may, alternatively, use a snail or sea shell-like shaped flow path
housing which may be logarithmic but not a Golden Ratio. Although it is not
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housi ng whi ch may be | ogarithm c but not a Gol den
Ratio. Although it is not WO 2005/ 073561
WEODSALBEOD5/ 000116 -8 optimsed if it doesn' tPCDATURVEN000116
to the three-dinensional Golden Ratio, it will still
provi de superior performance®in its intended use over
conventional designs. A first enbodi nent of the
opiimisedt if dndoesnd ¢enfous deribe thegs-dinsisional FEgideasRatipo,tib will still

nb
Provits Super b ey o i Ja EERA4T BEn veECohisRloratdesiane
adapted to be rotated by an electric motor, not shomn
A R ohBEm R SRR 2 RSBl Sl R o 5
Thetan lassémbRA1 { @bfprides!LRH rodér 1D havinges pnjramyrcffa,@ﬁ@s 13, the
whi ch resenbles the shape of shellfish of the ﬁenus

rotgr d2Hging magt@wap@ec@ﬁatégphmaa elgelisrmapiay, net shewn. The fan
o5 S0pRBES Hr P e AP elRg EOR, b el iz

surfaces |s |ntended to correspond with the form of

oy s Vi A TEH o B e RO BEES whic

reRehties I’ﬂlﬁ’élehapé of keefidh astrrugén@NTrovhyisbeTHIgishape corresponds
different fromthe internal surfaces. |ndeed, the

geneiady g the @ﬁﬁeawlr@@r@ﬁ ayertey. Withe dawingsefdgto écm gpereciated
thaiegﬁ& PorfPiR P Oag&g of iSRAAhS éégga%eqmméﬁ&%@é H‘Eoﬁéé&éﬁba\glth the

Sur ousi ng,
fortrhet thetimteenalustinfazed although i a vealdan dke form of trm éxternal surface

. internal surfaces, of t d whi ch t .
s BBhPbITAPORBNEMAS Jherie erg%‘%f’s?%‘e&e??e&ﬁéswﬁang“rﬁaw quite

diffdr& St fr&MP R Tﬁéﬁwai%ﬁﬁ%EQQS'lﬂﬂeéé |h§ ikt be constructed

portions, 18 and first o thes npri ses an
wﬂwﬂreintepmat stomoutisvhich cﬂmnnpnﬂasoaesepar@te nbartponentafrdrratl@oexternal

nount i ng not ort
sufiget bE i TRuSRG @il Bibe! BRyett dnd B 8lbn o fesign is
unbiB8h8kerPQr %'tﬁé il SUreks ohthelseparausl sRfcidndhiMtBlst conform
extents of the vanes 13 of the rotor 12 and provi des a

to theapinciples @swiaseribad hereiner surface 21 of the inl et
portion 18 and the inmaginary surface swept by the
outer edges 23 of the vanes 13 during rotation of the
In theficst enabodimentt, thebleousing is rﬁom&oFlrgtwre periions. t&hand 19. The

flrsjﬁgﬁagé ctopr{psrlssé aé:nemletc ;r) o%s1é) whic e?nc%&gsmthneuméc‘to% %nd also
provides mounting means (not shown) to support the fan motor to which the fan
rotor 12 is attached. The inlet portion 18 also acts as a shroud around outer
extents of the vanes 13 of the rotor 12 and provides a space 22 between the
inner surface 21 of the inlet portion 18 and the imaginary surface swept by the
outer edges 23 of the vanes 13 during rotation of the rotor 12. It will be seen in
Figure 5 that the depth of this space increases between a minimum space 25 and
a maximum space in a manner akin to the corresponding space in a conventional
centrifugal fan. Unlike a conventional centrifugal fan, however, this increase in
the space is accompanied by displacement of the fluid path axially away from the
region of rotation of the rotor in the first portion 18 towards the outlet 17.
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a maxi mum space in a manner akin to the correspondi ng
space in a conventional <centrifugal fan. Unlike a
weowserisspnal centrifugal fan, however, this iPCI/AES®S/000116
in the space is acconpani ed_by dlsplacenent of the
fluid path axially away fron? the regi on of rotatlon
of the rotor in the first portion 18 towards th
The @ﬂcgndwprtwmoidb@/wgm1¢@mmamw1qbshmwh% extending
a t
thesﬁ&ﬁ[}%ltqgﬁ ég}]tg\l ﬁ’ggqpﬁm‘?’i @%ml@ﬁ %bbﬁ@gntﬁnﬁg bt shroud

19 ntioen a:]ne‘rrsmnﬁatba)fftlfwé Shrcnfu” M?] @bnﬂmm% tecexparidewhitd tioa fluid path is
e .inner surface of the shroud 19 con
dﬁ@%&?ﬁ I oA Ferasiil & generallysvorgealpy Wiﬁwﬁ n%tﬁ ipprovided

whg:rhgg S Jngé‘ fl%ﬂﬁgi mrgégﬁﬁp |hg)%Hn§ ?ﬁng@?ﬁp% glh rﬁ@él oW pattern,
as lindisateg by the datteﬁtlime ﬂi’)nm iFagtiref 5.0 ysdnt aefluw paﬁern is of higher

eI A1 e P ARG CORHArER B ARy VeGR4 s Adltion, by

beﬁw@aﬁgﬁﬁrln&) GRFRA afthe, aRIvRIY IRaR! bd QJ?gedl ”coaﬁé' Fécﬁr‘écted in a
eing spun into vortical flow, the fluid

gener@éiu transyersecdireefiare telptiven to g@mmceammgtﬂcamwm@é requmng an

abflgh S bR ettty AR RGP S B hAIEs erfgency and

redlideedidige. This al so inproves efficiency and reduces
noi se. As mentioned earlier, while a housing having a
generally vortical internal form can be expected to

AsPinentidged icaflidri o 4 W@Wﬁéhﬁg' a q@n@ﬂ!ﬂry ebitical Ri6€dhal form
and reduced noise, the benefits w Il be optimsed by

cag dve ieyperied tm@rmdgmgmﬂ@amiampr@vwemﬂ in dugh¢roeﬁncnency and

rec}J?:‘aed&ng %gef $h8lhe §’ fg‘» \ﬁfﬁ 5 ggﬂfﬂs%uﬁy cc?rﬂ’ ugﬁﬂqwa ?{oa@ﬁgﬁl have a

voitical fortreinnipe satufeota thﬁEEEf dimeredondl eduivafgalat wpwal or €Golden-
onformn to the Golden Section. Such a shape w |
SeeBw ofhiralyi PHCh Reshape shpufd Bave éfa@éw@rr@! acesi eanfigured to

hatdef &Wa{dﬂé&{%ﬁ%rhﬂﬁ%% 'tlﬁ‘%J (%Iaét‘f's%afléf?h dhsats‘P\alB% will conform

appreci ate configuring ou5|n

withrithe \watyrat flowtiendencieof ﬂwds,dher@aye‘astbeofrnpmvufgaemumcy
assenbly and mai ntenance, only. The two portions of
such a housing may be held together by rel easabl e

It isltahe agpreeiited trratthe adnfiguihsy ()ﬁﬂ‘te hbasmg ‘tode imetyvo portions is

i ncl yde cooperatin | anges,
to prowge ease p? manuf%cture %ssem%?)}/ and maintenance, only. The two
portions of such a housing may be held together by releasable clasping means
such as clips (not shown), or may include cooperating flanges, bayonet

fastenings, or other suitable joining means.

In a second embodiment, as shown in Figures 6 and 7, the first embodiment is
adapted so that the housing 31 may be manufactufed as a single piece, for
example, by rota-mouiding. Alternatively, the housing may comprise more than
two portions.

Figure 8 depicts a third embodiment of a fan 41 comprising a rotor 42 having a

single vane 43 having an expanding screw-like form. This rotor 42 is



10

15

20

25

30

fastenings, or other suitable joining neans. In a
second enbodi nent, as shown in Figures 6 and 7, the
wo eoso7debodi ment is 25 adapted so that the hpCEADZ03000116
may be manufactured as a si&ﬂ e piece, for exanple,
by rota-noul ding. Alternatively, the housing may
conprise nore than two portions. Figure 8 depicts a
aceqmmpdaiam dvithint anf exiended ahousingr44 i wiich nevesithelgss takes a

AV | in ' ngi.n .
vorlHL BT 1P |sDBhAsHGHIE et A Badig p HhAp Beldnpropriate for more
visBalld ALRIBAH /R AE® matdfalacconmpdat ed wi t hi n an ext ended

housi ng 44 which neverthel ess takes a vortical form
It is envisaged that such a design nay be appropriate

WHiler anhogsinyi ssoonging! 1o tie difstl bbd deddokd embetimésts will provide
. Wi le a housing accordi ng to the first and second
imosdi ReHeENaRge whesy uged with atersehayepr ar Yidec sangr Pf vane

comﬁaﬁﬁﬁé‘ it & QY Be r?p‘ﬂr@?g%bd‘é‘ﬁgg ge?fﬁgr%aﬂée;’cﬁgﬁe fan assembly will

Igurdtrons, rt'Is ecl ate
alspaddpanaeott theoortflyairdtéion efsthenbtor. Mt has baés foutepitad performance
uration of the rot |t _has, been found tha

. 3 rorman
e GFRRREATRIRPELBIELR (e T VL& ARBRBCCh PERAS fow in
acéér@ﬁh&ei\ﬁitﬁetﬁbgﬁfg‘ ibl%s%PYk@lﬁgf' QBYdi a pGBPTIE ri iBEin the

the principles of nature. Such a rotor is described i
applicant® coppendingtapplicatiemdintijledpfVortiaali GloverRotor'ed It is to be

“Vortical Flow Rotor", It js to be..underst.ood.that
undeRfodf Mgt A HREd dlroplstio0priiding & VaHRRC s tigam. and
whehrgipropaaely sd1eiyuasPiresmjahetioh GfRfd BolisiAg ia@cording to the first

conjunction w th a housing according to the first ~—or :
or seeentdl epmbadiment, am eptimisese dgstarmaneansdaracteristic can be
acﬁggé@cteristic can be achieved. 15 It can be

understood in light of the above description that a

housi ng according to the first and second enbodi nents

it e PpiglSod FLIHBt 168 2 ORe UBHEP IS Bt pafising siopising to
theHfigt bhdsecohd b Sdineees wilf Fﬁivideh peHOPhases infro0ém@nts where
radi al conponent of fluid flowto the flow stream

a gpntrifugal Eotor jsyueedubsanentiongs iReralatign toFigurefalit gan be seen
thalt B5E SBYIIGHRA P r i Yohhdtent loPHuid Aok Fo Y AGE stream, will urge
fluid outwardly as well as rotationally, thereby adopting a vortical flow. It is not so
obvious that use of a housing of the first embodiment with an axial fan will also
provide a significant performance improvement, yet this has been found to be the
case. It seems that the provision of a housing that easily accommodates vortical
flow promotes such vortical flow in practice. Therefore, it is within the cope of the
invention now disclosed that the housing may be used with a rotor axial
configuration.

This discovery has led to a further advance. The vanes of the rotor that can be
used within the housing of the first embodiment may be configured with a profile
that is intermediate between an axial and a centrifugal rotor. As mentioned
earlier, axial and centrifugal rotors have quite differing performance
characteristics: the axial rotor promoting high flow at low pressure while the -
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20 obvi ous that use of a housing of the first

enbodi nrent with an axial fan will also provide a
wa@e@siofiseant perfornmance i nprovenent, yet thi SPEEEAUR®&N00116

found to be the <case. It seens that the provision of

a housing that easily accomodates vortical flow

pronotes such vortjical flow.in practice. Therefore, it

cenf&lqu' fpterdmemetaseloys flowat highy EFﬁSSé'ﬁe n&Y shleetingsadotor with an
mt%@ﬁ%c?lé{éecﬁ%ﬂé}%ﬁﬁz%gbécOver i etagf fhe dﬁ{n {:al‘?l | alt lo%éd” to more

uration urt
prmheimmatcﬁh&evapﬁmahbnl HEhe precisé Iminflgaratbﬁ oﬁJﬂfedhousmg may
i I st I ment na

alsBohe 1 GaPEa R LORPEAR Bt e eRtedhralpiviaiPuba frther improve
thé’@é%ﬁ%rﬁd?aétér@‘ucsan@‘;u@h%@%ﬂﬂ'ﬁ?% nBPBﬁaV gﬁglrjél"iﬁgfeﬂ%}%%ously.

earl"er, axial and centrifugal rotors
A desigren ean }D‘I@Wf appreach aprmrlqm\mng dhaicke caheprapedy design an

r ot or h fl,ow Iow [essure whi he WO
bt 188 Tobdte edh i Ban Sdaffid A MebRisiad Jan due to

phpsieamiopstiagsf | ow at hi gh pressure ~ By selecting a

rotor with an internmedi ate characteristic, the

performance of the fan can be "tailored" to nore
AdBfti%‘Pn'aﬁ)?' ¥ HEB!Isdert RSURP Mt GRS | OfnpdUR BURRSSH the Jousing of the

configuration of the housing may also be "tuned
abewe gt ots have tigidity @ndestamtwal indegritytapnsidenably beyond flat

sl | PR Al e om e

andehirgiee rmedstidloVINapetinsless, ather feeént BIMES, (doRibiRed with the
operly desi nan rlatefanfor t he task,
E%lé‘

laCKa@ﬁwgﬂbwlﬁaﬁeau@yn hg ThHd if Fedice naisectua major problem in

colBRFEl NBSRLEE P Siadbyd g@leafaté tarl3s rREGtk SHRE ampity

e Cco und curves ousTn

noBbthemmsmgTaﬁlhe drabedirmaits rédumdnlsﬂatlunt drurhming, resonance,
integrity considerably beyond flat sided panels found

anqzl@ figatien 8hAPISRousi ngs and thereby can be built from
lighter and thinner materials. Neverthel ess, the

inherent stiffness, combined with the _|ack of
Whiler fuisehelievad gt aHant haviad rsuperiar seerfasmansenyilk genegally be

acliBl &4 ro@ésﬁé‘ﬁbg I%?%%%@H Or\ﬁ”" htﬂ\"ec‘é Qﬁﬁen{bﬁél éﬂﬁgl form as

hou5| ng um sona
desaribeel mTtmaﬁmu’fn thg firkt ehﬂmeln‘nen‘i nmmwmmqrs?oances where it will
not f)g Go?éét%gble {o 25‘2,5} uclheas Por}far)r?c‘?his is more likely to be the case where
the fan is to be used in an existing installation that has previously incorporated a
conventional centrifugal fan. Nevertheless, significant improvements can be
obtained by incorporating into the design of a conventional centrifugal fan the

principles revealed in the first embodiment.

Figure 9 shows a fourth embodiment comprising a housing 51 adapted to receive
a fan rotor 52, constructed as closely as possible in accordance with the
principles described above. As shown in the embodiment, the housing is
somewhat similar in form to a conventional housing as shown in Figure 1, but is
altered modified in design to adopt the natural flow principles. This fan is

configured according to a two dimensional logarithmic spiral conforming to the



10

15

20

25

30

and anplification of noise. Wiile it is believed that

a fan having superior performance wll generally be
w@ewsevisel by desi gning the housing in a PCT/AU2005/000116

t hree-di nensi onal vortical fgymas described in

relation to the first enbodifent, there will be

instances where it will 20 not be practicable to adopt
G‘g@%%a]ga’i‘%r m FeRiher; @%m@rmﬂ'k%‘lﬁf&‘f% et elerved swittihar eurvature

cohhgur{ea”m' ack dgﬁcé'%ﬂﬁ It ggblgéh sEe A n%tﬁ'{hl 3 i MigPon has

preV|ous y I ncor por at conventi ona
beeeniqumﬁugalprb‘ade bm&derlablyea'sprm/iegjn'efﬂmes compared with the
roovement s, ca tai ned by incorporating into

COPH tpnal BRuging» épd%‘\'f@n ‘ional centrifugal fan the

pr| nC| ples revealed in the first enbodi nent. 25 Fi gure

FighiEp Leerith 1§ Show, & THa e 0 ol o et heecapted the features
of HePfRIrh é‘r%bBGﬁ'ﬁélet' |ﬁ d ibwlg%ﬁbﬁ] m)nt dAE @ﬁommrlhrﬁbﬁle‘ésm and

descri bed above. ment )
T1hthesfary comprlsesna/\lmmsmg 61l whichncdmpmsmg tavocloaivest a dinstl half 62
i.S ered

orih el el et e ioparil i o T cTheips i o2

0
prévided Swigd é%ﬁ@%?@g%aﬁ?%rgﬁ%lg{ aﬁlteﬁeédv%l%%‘ég@g includes a

Iogarlthm C(ﬁygl ra
Edgpted 2o Goipger Re sbaftFeh tdiea fan h'eotor 66. The

LS SRS B b oA g s

m(ﬂoceﬁf | T itStB2 BAd scdeerd dPHANeE ®dvhoNa@e correspondmg flanges
consi derably i nproved, efficiencies conpare t he
67 3ioudRt theaPerBpiersgwih apejtires 16 8M@ngwwlqdhanhalyqs to be

se te'tﬁér e & sith Qg AR aRLORLE Srb The
?Lcleaturg %rgr%t}% n%cflrren% i nva Very @gthlcal)

males6@ drivés ashmpellemGSthwng&ah@saﬁmmonhted oe tﬁeimotor shaft 65.
conpri ses a housing 61 which conprising two hal ves, a
first half 62 and a second half 63, each of

Wheat raesembibch gogethen! fhienfirst e sébend IHeﬂ\Fesh@Féw@Q a $luid space
rovi dvmthacentrallylocated circular inlet
be ﬂt? Eléerm sHrfaee of e hausipgAalshihie imeginary am‘ace swept by

thedaRdy O{dndd$3 iy Brafdn of ftf?r? rﬂgé &8 THE space

second hal f 6 has correspomndi ng suppor
increlgs rdmt @ mimgpant at aeoint “A” to a maximum at an adjacent point “B” .

At the maximum point “B” the housing incorporates an outlet opening 71
transverse to the plane of rotation of the impeller which is co-planar with the
axis. In use an outlet duct 72 (as shown in dotted lines) will normally be
mounted to the outlet to convey the fluid from the housing.

Importantly, the walls of the two halves around the space are curved with a
curvature which substantially conforms with the Golden Section. This curvature
is also be configured to cause the fluid to flow within the space in a spiralling,
vortical motion. As a result, drag in the fluid flow through the space is reduced.
This drag reduction minimizes vibration, resonance, back pressure, turbulence,
drumming, noise and energy consumption and efficiency is improved in
comparison to a conventional fan of the type shown in Figure 1.
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notor 66. The first 62 and second 63 hal ves each have
correspondi ng flanges 67 around their perineters with
wapeshwses 68 which enable the halves to be sBCI/ABZ05/000116
toget her easily by bolts or %ﬁ‘ m | ar securing neans
(not shown). The 15 notor 66 4T i ves an i npel l er 69
havi ng vanes 70 nounted on the notor shaft 65. Wen
It haseaBo cermfoundrto bReadvardagesus dhabthis hepaass increases at a

o iefs bolimiRE e JFPT Rl ace. cwopt by the

outer edges of the vanes 13 during rotation of the

OB S odt iy 58 AR QS ERRE L B Sl frown in
Figures WQXame’ﬂSp\ﬂhm:h ln&rﬁdﬂﬁeﬁw%mﬂolbr}ﬁ@ﬁﬁm@bﬁck@ﬂ 75. In other
outl et openi transverse to the plane of rotation

respiects B ERRGim e (il IdAsTigRl Harthalh b dnh dtharmbodiment and

t I
nfSfreh S Uy e AT s UL bt e v
enfoogiiméhe housing. Inportantly, the walls of the two
hal ves around the space are curved with a 25
curvature which substantially confornms with the CGol den

ThEagghout . thé hésedifitatiahuumlesss il %@n’@(t cr@qﬁir@sl f(ﬂﬁemﬁse the word
cause the flujd to f|OM/MAthIn t e space

“CQlppHSR’| Gl ArIalpBELSUCH AmAQroRISeR: of ‘CORTANSINGr will be Understood
to Hm@lg‘ihé iUdiOh OF alsthiae Iﬁfaé?%? of 3 Lgpglrilgﬁgeegerg?gﬁ nBf #& exclusion

ron mnimzes Vib

ofpnysﬁunen&@erbuganqﬁofmﬂxﬁmm1ng noi se and energy
consunption and efficiency is inproved in 30
conparison to a conventional fan of the type shown in
Figure 1. WO 2005/073561 PCT/ AU2005/000116 -13 It has
al so been found to be advantageous that this space
increases at a logarithmc rate conformng to the
Gol den Ratio. The fifth enbodi nrent may be adapted
further. A sixth enbodinment is shown in Figures 12
and 13 which incorporates a suitable nounting bracket
75. In other 5 respects, the enbodinent is the
identical to that of the fifth enbodi nent and
therefore in the drawings, |ike nunerals are used to
depict like features of the fifth enbodi nent.
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Thr oughout the specification, unless the context
requi res otherw se, the word "corrpri se" or variations

W@ /023561 conpri ses” or "conprising", wll be PCT/AU2005/000116
understood 10 to inply the nclusion of a stated
i nteger or group of int eger§4but not the exclusion of
any other integer or group of integers. WO 2005/073561

P Q00116 . -14..The C aj Defining the
Thﬁg\%ﬁﬁgﬁ&lm'@g;@eﬂayﬁé%nfreﬂﬁﬂ'gég?wa for a bl ower,

fan or punp or turbi ne, the housing adapted to be

as ciated w a rotor adapt n,use o cooper at,e

QR  Bie 30,58 S Or i, ghaHERBg Aigoted to be

asé‘t%iét'eﬁgrvrﬂp BRbicTaRiapted irPUsk i& EoSib it Qnﬂﬂﬁmﬂ lflkﬂ/\l‘th through the
nmoving in 5 association with the rotor, the rotor

howging rvgh%rem Mhowegmmprmm sbrous farcasyidingttheviiuich moving in

[ 0 0 n_by, fI ur
astidetior itk Yol bBr e JofF HRVKE" 8 ghafsing ' Yare: adpeted to
coéﬂ)@r‘a‘t@tvrthhhefﬂhld b tivougto bédrikendyrtbe fRid, /WHi@*eﬂi the stsroud is
claimed at claim1 wherein the shroud i s confi gured

copfigyred o PremPie varticahliew of s ﬂ%l‘dttbr%@&b@ﬁdi@%g h
fluid flowng within the housing wherein 10 the

active surface has a confrguratipn of a two- ] )
2. di ﬁemtrmrawlam@@i daimns ivdiaiein thegalroudnis casfigresd with an

I t r
acﬁ\é gar 589 g rtg)l @ddé%?%t;% nv]\srﬁljr ﬁh{ﬂ‘hﬁ? o e\ﬁ'yrﬂgﬁgﬁ housing wherein
thei?abtﬁmmﬁtéuoe)hasﬂfa obrifiguration efa twad direralord ar thrizeatimensional
claim3 wherein the active surface has a 15 curvature
loganfmieSRLaAll y conforming to a logarithmic curve. 5. A
housi ng as clainmed at claim4 wherein the active
surface is configured wth a curvature subpst anti al

cor‘?f Bewsing Q%Ctﬂmeauataﬁlglrr\a% vhereid) thenlogagithnie sr@ralpgonforms
W'%Q?%"@eﬁéﬁﬁ@glﬁh one of the previous clains

erna sur ‘ace of the shroud conforns
to the streamlines of a vortex 20 7. A housing as

4. 7 PR, B BlaiReS & olaRE AR RAAAL B haferBi e SR ShufdeS has
cuh%@mm%tmftraﬂiysimﬂlférnﬁhg tdna loganithanid conlaus.

5. A housing as claimed at claim 4 wherein the active surface is configured

with a curvature substantially conforming to an equiangular or Golden Section.

6. A housing as claimed at any one of the previous claims wherein the internal

surface of the shroud conforms to the stream lines of a vortex.

7. A housing as claimed at any one of the preceding claims wherein the
internal surface of the shroud conforms in shape to the shape of a shell of the
genus Trochus.

8. A housing as claimed at any one of the previous claims wherein the shroud
is adapted to substantially surround at least the perimeter of the rotor and

provide a space between the inner surface of the shroud and the surface swept
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8. A housing as clainmed at any one of the previous
clains wherein the shroud is adapted to substantially
waeresomwsdl at | east the perineter of the rotor POTAU265/000116
provi de a space between the{ ner surface of the
shroud and the surface swept 2005/ 073561
PCT/ AU2005/ 000116 -15 by the outer edge of the at
byl thes outaieedadeofdthe Al leasgtaonervasie dHeng oodatiemef the rotor and

wHEIRES R PafE ekt SR, . Hhl” R sadiorpben to an

expanaded 8ros’-sedtiirnadafsa.cl ai med at claim 8 wherein the
space increases in area at a 5 space-logarithmc
rati o. 10. A housing as clained at claim9 wherein the

9.SP#CRoLiSIBgrdd BiFirmet alti dhaint 8N{INsE te EPScE MMbraase & area at a
or Golden Ratio. 11. A housing as clained at any one

Spacedrgarithmic faficLo wherein the space conprises an

axi al conponent relative to the rotor. 10 12. A

housi ng as claimed at any one of the preceding clains. _
10nhé¥ d1aiising: assiplained ataclaipe eB whetaia pheatspaapilogarithmic ratio

[ I g as clained at any one
co@f&b{saﬁfo#ggfc{uzérﬁulaﬁgrrgﬁ#&?ﬂg&@%r oud is adapted to
cooperate with an axial rotor. 14. A housing as
cl gi t apy_one of .clains 1 tq 11 rein the .
1EniogurDo 38 el ot Bhperhfiete, B R I8 hiSipin the, space
cofhprisey ﬂh@kiapé@h}féhéﬁt reldtReedhatrétor,. centrifugal and
an axial rotor. 15. A housing as clainmed at any one of

the preceding clains wherein the rotor conprises at
12, easthovBmg) aBeclBpted tatdahpidHe wtthéep@ééafmgﬁ cREABt Rflerein the
to cooperate wth the fluid flow ng through the
shraukisrrdagried & sopperate withtaicentsifugaigotost or 20 acti ve
surface is equiangular or conforns to the Gol den
Section, 16. A housing as clained at any one of clains
1311 A bousinghas elaimedeatstm odeiaf claimsed oot odpremt the shroud is

ad\é"giel?doﬁopéqép%rg{e \t/vﬂh parnoa)&iglero our.bSt antially optimim

14. A housing as claimed at any one of claims 1 to 11 wherein the shroud is
adapted to cooperate with a rotor having a flow characteristic intermediate a
centrifugal and an axial rotor.

15. A housing as claimed at any one of the preceding claims wherein the rotor
comprises at least one vane having a rotor active surface adapted to cooperate
with the fluid flowing through the housing wherein the curvature of the rotor
active surface is equiangular or conforms to the Golden Section.

16. A housing as claimed at any one of claims 11 to 15 wherein the shroud is

tuned to cooperate with the rotor to provide substantially optimum performance.



