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Cycl oni c Separating Apparatus The invention relates to
cyclonic separating apparatus. Particularly, but not
wezx@basinel y, the invention relates to cycl oni BCT/GB2006/001673
separating apparatus suitable for use in vacuum
cl eaners. Vacuum cl eaners which utilise cyclonic
separating apparatus are well known. Exanples of such
vacuum cl eaners are shown i h EP 0042473, US 4, 373, 228,
US 3,425,192, US 6,607,572 and EP 1268076. |In each of
t hese arrangenments, first and second cyclonic
separating units are provided with the incomng air
passi ng sequent i dyclonidSQaghitieadppiggasati ng unit hi
sone cases, the Second cyclonic separating unit
includes a plurality of cyclones arranged in parall el

N . . . r g a .
Tl 3o R0808 Elclol R hsbiink p e PR A PR Stusivaly,
the riab-éraiohyrdaess ep adyalonice Bépagdtingdayshardtusa nditahis tfof rueen ihheacuum

airflow), particularly in the context of use in a
cleapgtsuum cl eaner. Therefore, it is an object of the

i nvention to provide cyclonic separating apparatus

whi ch achi eves a hi gher separation efficiency than the
Vaquuivorcleaners Wiech nmdisei oyclarioviepesitiog c hpprirgus egar wellngnown.

apparatus conprising: a first cycloni rat -un|
Exarrwﬁ%a_ e V2P R ol Gmers 41 opfeioft: 0PSRN 1374308, us
3,459/ E40NS cRpag At AROER NSO AL ahe daovh b€ afhdentdh®s, first and

fi'rst cyclonic separating unit and including a .
secqiduryalania/saphragiog ands e proviés] with dregaeprimgpinmmisting sequaatially

a third cyclonic separating unit.|located dgwnstream.of .
thfigh "Sobh RISTARE G, BRI AP OB COPY: S RRuRs unit
inclRH&Y BplutalitPbf &ytildrids ﬁM@ﬁ%ﬂ@ﬁp&ﬁnﬁﬁﬁﬁdoﬁdﬁaM@l lel;

characterised in that the nunber of second cyclones is

hi gher than the nunber of first cyclones and the

nu r..of thir I . ela) t t . o
NolQe 0 eBloe e e b s PP gD QIR BHEIPRE ¥ abitey
religslg & edpagaté enfrdifed tviedid dust fram thbeirfldwanjagigeildrhadn, the context

when the apparatus is caonsidered as a whale, it has a

of usepiEr AtVREHHR AR N CHRCIHITENIE 1§ nPIEHeth & BT (g grovide
cyc%oﬁgzl %&gtaaﬁrlgg@gﬁ%ﬁ%%ﬁfch%hﬁ%d & I1R8h &SpAhtidil 8fficiency than the

prior art.

The invention provides cyclonic separating apparatus comprising: a first cyclonic
separating unit including at least one first cyclone; a second cyclonic separating Unit
located downstream of the first cyclonic separating unit and including a plurality of
second cyclones arranged in parallel; and a third cyclonic separating unit located
downstream of the second cyclonic separating unit and including a plurality of third
cyclones arranged in parallel; characterised in that the number of second cyclones is
higher than the number of first cyclones and the number of third cyclones is higher than

the number of second cyclones.

Cyclonic separating apparatus according to the invention has the advantage that, when

the apparatus is considered as a whole, it has a separation efficiency which is improved
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separating units. The provision of at |east three
cyclonic separation units in series increases the

WO oipaaLiess of the system so that any vari ati oPCI/GB2G06M01673
airflow presented to the downstreamunits have little
or no effect on the ability of those units to nmaintain
their separation efficiency, The separation efficiency
is therefore also nore relidble as conpared to known
cyclonic separating apparatus. It will be understood

as bdsraparedbytot e tetividiisle perasdtioancficianciee nafy the vimdinizianl tcelonic

abilit cycl onic se ating unit to separate,
SepURIRG| Fﬁ\et% VIO Ph Al FASIaFR BYFINE SERRIRUOT gits in series
incre TP &d ﬁgﬂstﬂééﬁ B?%I?essg/sktﬁ? sd Blaf War%@%@ﬁi e %ﬁ@l@%ﬂe%’ced to

units are challenged by identical air Hence, 1n
the dowestrdaoy wats hawst litthy airawi effst partbe pbidityunf thase unity o maintain

theig TR IR, T et ED ST ot D0 Dik By Bieny Seliable as
co n?ﬁﬁb@ftakhﬂﬁn@ ElbBid@EpReSLHpatensof entrained particles
roman ai rf?,ow than the second unit when both are

chal | enged under identical circunstances. Factors

It WVY'P %? %&é%ntg%@ g}}a eb gletteb 7 ‘S%ﬁaar%? %gf?]ﬁge];’lg}l’c enlfn)é?lh gle arlnllgy ofa
cyc@ﬁﬁ: saptaﬁaah% lﬁlﬁtetoai@hﬁtt@énttzﬁ@&lf p@atiéliet Gk AnOfirfldve and that, for
cycl one e dianeter of the cyclone and the depth of

corr%pﬁ@sq;ywrﬁ@ﬁeﬁ,ctap relayat ciiepric sAPaiRtianheitsype challraged by pdentical
alrfff)%l Hlice -li_H %rd«:{? %r??ﬁfs@ gg!rigjlﬂ? E%p a?gtlr%%ﬁotg \?\gév% ﬁél?%%g gep g¥at1on

Successi ve cycloni c sep uni
effidandy thadia sctoall oynanecpaatalgcurgiagke ifitstt €t diuse biei @pable of
of .the_airflow The fact that the irflow, has aSSﬁd
sepqrpting, g figher BREsentags of satpiagthpalicies R vdlon, ﬁiantt g second

unit! ¥hE8E"D PriaraH Q:h%ﬁn%ted qlr{dE fi‘&‘i’mg S&ré%ﬂ%taﬂ%@é’.e PEESYs which can

renoved whi ch Ws each sma er cyclone to operate
infledrice dheesephzatian dfﬁm&rtwuif a ¢3&lomxf sdphoting gmit iﬁcleaﬁe mlzebéigle of the

inle} {HAQUE] chS ROt Rr R 1 Bhedh Bf g iaycionf g Agnsday o Ak clone

and YEdPRES the %-synl%irﬁat inddt b¥rifoWlak dNippal enddTitge 8ydiGROeMENt
encourages larger particles of dirt and debris to be

reliably collected and stored with a relatively | ow
sk of re- gntr iments of . the in
ey o, RS EHRERRY in PR SPERENE bshitaeb B4ERL B atows
the size of each individual cyclone to decrease in the direction of the airflow. The fact
that the airflow has passed through a number of upstream cyclones means that the larger
particles of dirt and dust will have been removed which allows each smaller cyclone to

operate efficiently and without risk of blockage.

Preferably, the first cyclonic separating unit comprises a single first cyclone and, more
preferably, the or each first cyclone is substantially cylindrical. This arrangement
encourages larger particles of dirt and debris to be reliably collected and stored with a

relatively low risk of re-entrainment.

Embodiments of the invention will now be described with reference to the

accompanying drawings, in which:
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acconpanyi ng drawi ngs, in which:Figures 1 and 2 show
cylinder and upright vacuum cl eaners respectively
WO p@enpsdmt i ng cycl oni ¢ separati ng apparat us; PCFHGH06/001673
3 is a sectional side view through the cyclonic
separating apparatus formng part of either of the
vacuum cl eaners shown in Fi gures 1 and 2; Figure 4 is
a sectional plan view of the cyclonic separating
apparatus of Figure 3 showing the |ayout of the
cyclonic separating units; Figure 5 is a sectiona
. side view of cyclonic, separating apparatus according )
Figyrgs t?h?é‘di nihest F%H‘,detﬁfgch P%U%‘t iVECHIY éfe@P‘H P 5?5P5¢taﬁ%</ FEQIRSFating
cyclod &ggﬂagﬂégpp%%@g;ati ng apparatus of Figure 5 show ng
the layout™ of the 'cyclonic separating units; Figure 7
is a schematic diagramof first alternative cyclonic
ratus.acc

L R T R

of eRh@aTRRS v &AMt Iédhelsi AbH RS Figahdd 1Zindand Figures 8 and 9
are schematic diagrans of second and third alternative

cycl oni ¢ separating apparatuses-according to the

. invention and.suitabl e f for,mng part. of either .
FiggR F b o lhefRf i 3t o e, o SuBhohcR R tin apBibE o igure 3
showirpytht ReLt VB ILYOlGlie ssparath@ vagyi ng a mai n body 12,

wheel s 14 nounted on the main body 12 for manoeuvring
t he vacuum cl eaner 10 across a surface to be cl eaned,

iS58 5HSE G0: PRRAE A, SRR DGR

invegyiohpni ¢ separating apparatus 100 and a notor and fan
unit (not shown) housed within the main body 12 for
drawing a dirty airflow into the cyclonic separating

Fig\%lgp@ri@tal"&c&%l \(,qlﬁl s Egzge %gcloﬁg%aﬁ?% aaggara‘fus of Figure 5

oor - engagi ngcl eaner ot upled to
showhng te Styaiit afiibe ofcléhiesdpasging@nits;a a wand to facilitate
mani pul ation of the dirty air inlet over the surface
to be cleaned. In use, air drawn into the cyclonic

Figi€PAigtd BeheARRar dhsaml 8P M akdBathRseyciéhibagpaatihdiHeskatus
dirt and dust separated therefromin the cycPonlc
accardingria thenigverdioaraad guitabde for forming part of either of the vacuum cleaners

shown in Figures 1 and 2; and

Figures 8 and 9 are schematic diagrams: of second and third alternative cyclonic
separating apparatuses according to the invention and suitable for forming part of either

of the vacuum cleaners of Figures 1 and 2.

Figure 1 shows a cylinder vacuum cleaner 10 having a main body 12, wheels 14
mounted on the main body 12 for manoeuvring the vacuum cleaner 10 across a surface
to be cleaned, and cyclonic separating apparatus 100 also mounted on the main body 12.
A hose 16 communicates with the cyclonic separating apparatus 100 and a motor and
fan unit (not shown) housed within the main body 12 for drawing a dirty airflow into

the cyclonic separating apparatus 100 via the hose 16. Commonly, a floor-engaging
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The dirt and dust is collected wthin the cyclonic

separating apparatus 100 while the cleaned air is
w@b@aneisesl past the notor for cooling purposesPtBGBR@®6/001673

bei ng ej ected fromthe vacuum cl eaner 10 via an exit

port in the main body 12. The upright vacuum cl eaner

20 shown in Figure 2 also has a main body 22 in which

a notor and fan unit (not s‘hovvn) is mounted and on

whi ch wheels 24 are nounted to allow the vacuum
cleantreberdr (120 shovieisnmnpedvio dlle distdsendaofS thef lase tooviaea wand to

.cl eaned. .cl eaner.. head. i s pivot.abl mounted on the
foci g RS gaS £ S H ) 038 B SSERgith by SRRt i ot o6
is provided in the underside of the cleaner head 26

facing the floor. Cyclonic separating apparatus 100 is
In yseowirdédwoninid éheralelomio dsgpaating dipgarstisn B Vi iy hozss 16 has

c.0 ni cation bet n.the dirty air.inlet 28. and th
entrEHEY Ot At A SEPRT apaarLe oot vcloia RereBtisg frptfus 100,
The'@HeagaRlsy iBsIRLRE Withih Be 8H¢10ni0 adyardidngd eppaastut N60 while the

cycl onic separating apparatus 100 so that the handl e

cleaged ainfs peannsled pesttthemoies far pealimizerusposen befoee heing eiectsd from

e B RUED R AAMEIE Bt s ot T, o

sCf ere.in use, the notor and
fan unit draws dirty air into the vacuum cl eaner 20
via either the dirty air . inlet 28 or the handle 32 (if.
The ppaghreAuamagener 6 §hevyu b Blgusy 2 glse has aanmﬁﬁwﬁ.y 2¢rjg which a

motglj S £ . ﬁnihglbcﬁasﬁiﬁ{.vﬁ it %lci{utftgd %¥§ l(?‘ﬁg%/gicﬁe\p@ée?st by Q{ﬁ Fntounted to

appar at us via the ducting entrai ned
allownitie dustiumsclsapaat tecbd manvduvecdncrbbow sance éd dendehned A

the cyclani ¢ separating appayatus 100Q. The ¢l eaned gir..
cleaper f&gés?éds REBOY PRENES OB INg opves 88# Pg@eﬁawﬁ%@ﬁ?ﬁﬁ a dirty
air aﬁ@”zﬂ@?ﬁﬂd&f AN @Y BGHE BFCIHe AN 84nef el A facing the floor.

urality of outlet ports 34. The present invention
Cyclosiatemramigedppatatust H¥ tsyptovided metharmeinngpdypparead yacting 30

100 as will be descrihed bel ow an t det ai | . of }
ProinRe FREPHIAGT BRGFBaRorTh, B, PLanEre Rl Hperating
app#ht@s AOOPAA IR 32 IFEMa8IHI R ImM@edC ¥ kRN i 8P@Y abitk8ind the

apparatus 100 form ng part of each of the vacuum

cyclenig spparstingappatitissl 09sowhetithe Fnglle 5 cap beped citligyes a handle or
. .specific.overal h of th Lani ¢ s ' .
i o3B5ERLE G152 hoL P el B SRR e gpcrve
any YigtHed el eaner in which the

In use, the motor and fan unit draws dirty air into the vacuum cleaner 20 via either the
dirty air inlet 28 or the handle 32 (if the handle 32 is configured for use as a wand). The
dirty air is carried to the cyclonic separating apparatus 100 via the ducting 30 and
entrained dirt and dust is separated from the airflow and retained in the cyclonic
separating apparatus 100. The cleaned air is passed across the motor for cooling

purposes and then ¢jected from the vacuum cleaner 20 via a plurality of outlet ports 34.

The present invention relates solely fo the cyclonic separating apparatus 100 as will be
described below and so the detail of the remaining features of the vacuum cleaners 10,

20 are comparatively immaterial.
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apparatus 100 is to be used. For exanple, the overal

| ength of the apparatus can be increased or decreased
wowdaok/12gpect to the dianeter of the apparat usPCDGBRIVE/001673

shape of the base can be altered so as to be, for

exanpl e, frusto-conical. The cyclonic separating

apparatus 100 shown in Figures 3 and 4 conprises an

outer bin 102 which has an duter wall 104 which is

substantially cylindrical in shape. The | ower end of

t he outer bin 102 is closed by a base 106 which is

ThefasbitrioheRnE e g |0 EraUGber ercho (ot Famatggpers 10,

20 1's, @hgx"vﬁ Yh Figiredy afld @t T blBific! d’i/efa!?leslﬁbé’ of %eo@ﬁ'l(;ﬂu? E‘eparatlng
base iS seal ed agai nst the | ower end of t'he out

appwatUIs 194 carRbe casiedh gotdnding do che 110e af Iveowint Ivéeabeis o chB:h the

t. he out.er ,wal r r pos
aonfin it s O THE bl o S BB e nbB g R AR Rjus can be
incré@ell ot Heeregsel e ad @g:e@ﬁfé)l tBe dian sdyarradhy agifardthe op teshape of the
wal | 104 and spaced therefromso as to form an annul ar

basq:mhfealtez@masé@ bpdeneenpleiaistoseictlcyl i ndri cal wal |
112 meets the base 106 (when the base is in the cl osed
position) and is seal ed thereagai nst. The annul ar

TheCdyalas‘ﬁﬁf sebdrhtihg apieirattd t @XsigemeihdHifyredy ahlld couipeises @l d)uter bin
t he second c%llndrlcal wal |l 112, the base 106 and

04,
102 :whlﬁpb@ arygter walb 1 phaihiohgn sebsiantisHy cub%rcabﬁush@pet frBe lower
end ‘:Q)Ehﬁero&érrbn]fqu (1)%%1?%?%/ Abdse 1B %6%1]1% g vcbtszI Xﬁ&’c%gd % the outer

e upper en uter bin owt e uppe
walligyt medristof alfieotdl (8t apddietd inra @bseﬂi:b&sntmna@ﬂmmgmd n Flgure 3)bya

catchg 18nairthe ¢iosed Porion i LAEF Y SRIeK 5816 MESHEo e b B outer
wallal(51?| ReplasiBa i a5enindo bhewabAL M?EB%M% y fofl 4k Q)uter

outlet is provided in the outer bin in thé form of
Wa11a1034hf0© purpb2ées witiek vaHbe gupladed d:)@}qw i A%cmdcgmmddcal owll 112 is

f t
tocalfl faafis bty SF R ool Al S g SpacB bR st orm an
annl@2cHasnte® N 1% thelib bR PERE B8Rl @ﬂﬁncﬁ*?eﬁl wal e nfe@fs%éibasé 106

passage 126 is formed between t shroud 120 and the
(where demhdagsy s it e alosedappsitiam, anchisc heqé%ds thegeagamet. The annular

123, n
chaxﬁﬁ&ggl f%acg%%n%@d a%*épgﬁlégg@rﬁécgl w Fy A 04 %h ;I' IE‘S]%(? ﬂfi‘nﬂ‘}fcal wall
112,upperasendé ahd antupper Wbl 116 positioned at the upper end of the outer bin

102.

A dirty air inlet 118 is provided at the upper end of the outer bin 102 below the upper
wall 116. The dirty air inlet 118 is arranged tangentially to the outer bin 102 (see Figure
4) so as to ensure that incoming dirty air is forced to follow a helical path around the
annular chamber 114. A fluid outlet is provided in the outer bin 102 in the form of a
shroud 120. The shroud 120 comprises a cylindrical wall 122 in which a large number
of perforations 124 are formed. The only fluid outlet from the outer bin 102 is formed
by the perforations 124 in the shroud. A passage 126 is formed between the shroud 120
and the second cylindrical wall 112, which passage 126 communicates with an annular

chamber 128.
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cyclone 130 which lies coaxially with the outer bin

102. The cycl one 130 has an upper inlet portion 132
wokioeh23985 general Iy cylindrical in shape and i PCTBEIV6/001673
-two air inlets 134 are forned. The inlets 134 are

spaced about the circunference of the upper inlet

portion 132. The inlets 134 are slot-like in shape and

communi cate directly with tfe annul ar chanber 128. The

cycl one 130 has a tapering portion 136 depending from

t he upper inlet portion 132. The tapering portion 136

is frusto-conjgal in s .and termn s at its lower . -
T fpefa S Bol s asetaB ok OHPYAIGBTY e PRs ot (apering
cyclsh@ 188 HANES1BLENRAMy It DR S8tet B 86 PudOFdldrRN 30fhak BE upper

outer wall of the tapering portion 136 of” the cycl one

inlet portigpdvé Wiieh sograerlz wiyhiedricaBin shapnandin Whish twoeirjiglets 134
i-n. t he ¢l sition. the third cylindri.cal wall.140 .
wre ol 155 PRE 18300 1800 e b Cuftiig o 98wt Boion
1320pERs inlétt A 3anrotloelike $€sitipesad coyinhiiiédt€ dire@RawhBithe annular

142. A vortex finder 144 is provided at the upper end

chagyber ha8.caE saelongd3p daap tergriagporionek3e depradimgcfromebe upper
. . \V; . . i W | ]
inic] fhtoh 37, h} BocinBOGHich ToeiE TR SRR sbhtdhe Aol s EEM s a
its loivecend iarassoinke @abkningd ®8ind t he pl enum chanber 146 are a
plurality of cyclones 148 arranged in parallel with
one anot her. Each cyclone 148 has a tangential inlet
. i . . 14
A R R Qs Mo e PR RAPIISEIG e outer
walll dBtha apeciogpoitsesl ¥ afithé oxblomeal3 Ogbpee theoranke @perdib® 1381d When
tapering.portign 154 dependi ng.therefro The .
the (g5 Uiy S ol ¢ Pnc12ied  B7Ge e, i e Rk P4 49 i ealed
ther@Ahi® MRHY EHeCSpaMde1 BARBBEA iftHailRhedr® ¥Bs&NcIRdrical
formed between the second and third cylindrical walls
chamber, 14240 A #oxtex fiesterf i4dde providdi af the oppatend aff thheyclppel30 to
11end fe%ﬁﬁh q&§|0ﬂ§’148 and each vortex finder 158
Ao nreat e WEh'"an outl et chanber 160 havi ng an exit

port 162 for ducting cleaned air away fromthe
apparatus 100. As has been nentioned above, the

Thecy@ternbndes ol 4dscarpapmisptesiith 2 plengoy elranphes 1Hg2locatpd above the
cyclone 130. Arranged circumferentially around the plenum chamber 146 are a

plurality of cyclones 148 arranged in parallel with one another. Each cyclone 148 has a
tangential inlet 150 which communicates with the plenum chamber 146. Each cyclone
148 is identical to the other cyclones 148 and comprises a cylindrical upper portion 152
and a tapering portion 154 depending therefrom. The tapering portion 154 of each
cyclone 148 extends into and communicates with an annular chamber 156 which is
formed between the second and third cylindrical walls 112, 140. A vortex finder 158 is
provided at the upper end of each cyclone 148 and each vortex finder 158
communicates with an outlet chamber 160 having an exit port 162 for ducting cleaned

air away from the apparatus 100.

As has been mentioned above, the cyclone 130 is coaxial with the outer bin 102. The

eight cyclones 148 are arranged in a ring which is centred on the axis 164 of the outer
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ei ght cyclones 148 are arranged in a ring which is
centred on the axis 164 of the outerbin 102. Each
W@ y@bon®43148 has an axis 166 which is inclinedPCT/GB2006/001673
downwardly and towards the axis 164. The axes 166 are
all inclined to the axis 164 at the sane angle. Al so,
the angle of taper of the cyclone 130 is greater than
the angle of taper of the diclones 148 and the
di aneter of the upper inlet portion 132 of the cyclone
bin 180 Eaclyeyeiner]48htms ahhueisdi Gorehieh isofctinesl dgiwardlycad towards

' ti 1 f h h 148,
the g d6¢a g i el Thaided i i artloog B iy R, e
angger éc%%lalreotf tHel 8y ANMb 1 PG S erGharl T dn@RROSTtab&! of the cyclones 148

ement of the inlet 118, the airf|low follows a
andhtat idzaetgrasfithe upperdinidi @ovisnel32zef the xyglone d3gds Serater than the

. and dust particles are. de i [ tion in

cinppigr St P AR diea e R AORRG ob Fflnf P Pt 1767, 2
partially-cleaned airflow exits the annul ar chanber
114 via the perforations 124 in the shrou i@é a d}P

In wat dirtdaddneaipeersdhe apBratyh bOChvnafth%wrtyrﬁhlrgﬁ s‘mHn qgause of

he annul ar cha e 1l e

the oggef Ay BhecRRb AE e 36 YIS ARG Ml Phund

outbr\whltl@ 04 e aeyee| R end Msspartitias asedepositédoby ofcleminectién in the

the dirt and dust which js sti entrai ned wi,it hi.n the
anvly (ohembor 4 @0 RLISEER (DGR o bt PN SIEmER By e ats the

{ o311 hd i b1 HEPAR] beksitho
axmtu[]ag r('%é P A r1i4c‘lé?w(l:éhlgbrr|‘£ogalo%§fgbghq? Fge?@]tr%? further cISeanléatlzl_ss“age
1262 THd givfioax tten plabes dyto lthmennbe chiaaberhis8yandt feom ftheve ég the inlets

144. The air _the asses into the, plen hamher
13 ekl ORTRGAL- | ORISR GPGHR T BgCRg 100 so that
sep%%@glg F??Jng% b E gt%é( Gh® RS whEDAS atifl @Rt AifEPWaRinSReRirdbw occurs.

still entrained. This dirt and dust
Thé dirtckevdatuist wtlichris séparaerhfrbmrthe Wafiowin BecyetinesB0tin deposited in

cleaned. air exits th nes., 148, vi . t :
e, RRES e 0, 0 XL L i R G 10 i
the Goftar %g%ai 144t NER dileﬁl\éﬁ?aésbﬁin@cpﬂﬁrlﬂ&niﬁn 4ROnberd 46 hed ot there

port . Dirt and dust which has been separated from ¢
intd buee aff the leight wyrdlpndsel 48 syheeain digthen cxplpnicipRAsalyn Koo Ves some o

chanbers 114, 142 an | r : hamb
theéﬂlgﬁﬁg st #:ﬁeenirg%eﬁ. ilq%é(l%g Elg{gl (g%{sjgsdd 5 gSIa %%h% & base o
156 QBi150hP ickRheBRIP kit iR dycloges 148Bvinaht Ivattet fiadradss and enters
falls away fromthe | ower ends of the c%éindrica

I .
thevoaltletclmozber 169 Zhe cleated 3 fhen Jeryey i 2ppgTatischldga the exit port
162.

Dirt and dust which has been separated from the airflow will be collected in all three of
the chambers 114, 142 and 156. In order to empty these chambers, the catch 110 is
released to allow the base 106 to pivot about the hinge 108 so that the base falls away
from the lower ends of the cylindrical walls 104, 112 and 140. Dirt and dust collected
in the chambers 114, 142, 156 can then easily be emptied from the apparatus 100.

It will be appreciated from the foregoing description that the apparatus 100 includes

three distinct stages of cyclonic separation. The outer bin 102 constitutes a first
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in the chanbers 114, 142, 156 can then easily be
enptied fromthe apparatus 100. It will be appreciated
wo caniiedees f or egoi ng description that the apparBCT/EB1@6/001673
i ncludes three distinct stages of cyclonic separation.
The outer bin 102 constitutes a firstcyclonic
separating unit consisting gf a single first cyclone
which is generally cylindri in shape. In this first
cyclonic separating unit, the relatively large
cyciingreseparayie e consstingabf a4 Ginghedist chielone pwiinar is| g¢nerally

I I f. di
oy PR R R T Bl RE SR o F S Blinb ol BRa-REN Y ik gameter
of therdtes WPl 04 ehda@s the, phimbrilgNdodpRblivelRp B gk ?Jaﬁldlé/se&)ﬂ’dut and
smal | . Sone fine dust will be separated as

debrigrigll her sparetadoiiomsihe paflpwrhysrusadhe pentrifigal fcmsm}ae@éo the
dlﬂda%e%b%§ gree' Iglatgogls}/aﬁﬂpam ggglglg gﬂ%ﬁuﬁ%\;}a}%b Pe%ﬁﬁééﬂﬂﬁ’s;\%e& % large

propaxtion df thedhgar debepaitlatliably bddpositdieinrthe infil@fchbfber 114.
second cyclone 130 is much snmaller than that of the
outer wall 104 and so the centrifugal forces applied

Thd BydI&ie 15T RbMNY S%Q&{da e(gug's }%aﬁﬂﬂ% giet B ®id" ¥ nd cyclonic

greater than those app irst cyclonic
sep&epmg atit,nfe oaditis of-mecszacmhbcy&ﬂcﬁneclmynﬁh sthelles ghamnthat of the
i s higher than that of the

cl
oufialf Tf eRERT I seB e feroEnfhe e Wsoiem e S g and
dusﬁﬁ%mhcgfsat&%&n ARRE LA AT W firsd @c?drﬁ@s mﬁ%ﬁu Hence the

because it is challenged wth an airflowin
efficigedy efrthe amgmd ofrclonictsepdreting wwitisilghemthan thedef thh éirst cyclonic

| ar.ger cles haV| n rempved .by. the cycl oni.c.
seoy sy apflon Wik EHIHEUG PEals FEREN SHTItE ToreiaiBe L s alo
enh@ﬂdéli%@ad@é it E%hfallé@gfed GMQJ ANhieflGR RRRAIENG sHallér raﬁ@@ of {)artlcle

third cyclonic separating unit is forned mﬁ/t e eigh
sizos i pRteined; dhaolseger mglclePSrhawmgsbqemrﬁmozgd: bto ECCYClOHlC separation

R BB B bR S P 8 005 By SRR wie

second cycl onic separatlng unit and so is capable of
separating finer dirt and dust particles than th
Thegtbird syclepie| ssparating paif & fopged, A the ¢ightyymaglex §§019ﬁ%5 Kl g this

thlrﬁggcqufu gp(f?:;tg%e e&cﬁlaﬂlﬂd‘ﬁ %8ag%él\ﬁééqh§snanaévr lsﬁl\gﬂg\ihﬁlgﬁeter than

n ¢l eane rstland seco
the (swdndmycloaepléwabf iy secotd cpriohis csepzimtlmanitlami @nﬂ capable of

o BT R ARSI Va8l o By 1
has "the chféﬁ aQIIVQI‘r‘tKQeg 81 BEing NBalldHgBl Svidnsh evhb®twhieh Hhflready been

cycl ones
cleaned by the ﬁrst and second cyclonic separating units and so the quantity and average

size of entrained particles is smaller than would otherwise have been the case. This

reduces any risk of blockage of the inlets and outlets of the cyclones 148.

The separation efﬁciency— of the first cyclonic separating unit is thus lower than the
separation efficiency of the second cyclonic separating unit and the separation
efficiency of the second cyclonic separating unit is lower than the separation efficiency
of the third cyclonic separating unit. By this, we mean that the separation efficiency of

the first cyclone is lower than the separating efficiency of the second cyclone and the
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The separation efficiency of the first cyclonic

separating unit is thus |lower than the separation
wetdoearmty of the second cycl onic separati ng BPET/GBavd/ 001673

the separation efficiency of the second cyclonic

separating unit is |ower than the separation

efficiency of the third cycbonic separating unit. By

this, we nmean that the separation efficiency of the

first cyclone is |ower than the separating efficiency
sepgratipg giitcacnsy @f ehrcsesprd ayrdpnerie eysa than the seraratsieeatfigiendy of all

i i | | 1 S I at i .
cigh iR S50 A REehar | UL, O30 SRRLRL) Dy psesive
cychetic sepatatiag seppdnatdsen ef fi ci ency of each successive

cyclonic separating unit increases. Cyclonic
separati ng apparatus 200 according to the invention is

. . , ,
O B e SRR A Sop e WAL B £ Mokl 17 SIS and
6. Zhanppaigss 20bedsimnladit siivctuabd vibe iembolmhent tthowsn $mFigaltdse and
for, use in ejther of the vacuum cl eagners .10, 20 own
4 spf SeG et o HelalGhoss i i R Ghrtl-Bles R dn it o o vecuum
clefiéed 0010 SIRRAT af FlMrdiN] bid 2ARdAeS6mbRSE RRRY&ccddfe cyclonic
first cyclonic separating unit consists of a single,
sepaspfipgdniiscal first cyclone 202 which is delimted by an
outer cylindrical wall 204, a base 206 and a second
cylindrical wall 212. Adirty air inlet 218 is
As [degyibe@ dbdw) gen ik dyylohle dep@ratnd ahit Wahdistd A 4 AnSRS ¥ithdrical
that cyclonic separation occurs in the first cycl one

firsbeyrloned 2avbieh ipaelipiedby ot ower eylindaicalewpil 204rabase 206 and a
i : 214 at_the | d
xS BB Dol D57 SO B QR IR o

wall 204 to eyairotieat 292lohi sebaratibie op@fid af &ei 136 c¥cldnd DOL BRI larger
222 intq a passage. 226 | ocated hetween the

shrou i h
Paf%ﬂ?so igpad dehris gl codledird incipe japaplpt ehamper 214 abthedpwer end of
the tdvi] odi L S +CYGhOR.C ' urj t -

b o A e tonts et A MG oA R P2 ia the
perforatipas 424 éh thei throwh22himd heassagh 826 émated eyweantds sBRAd 222
e | ocated side |de inside the outer wall of the
and %%?3W€§ﬁ5@6°%§”§g%ﬁ%e seen in Figure 6. Each second

cycl one 230 has an upper inlet portion 232 in which at

| east one inlet 234 is provided. Each inlet 234 is
In thyp icmbpdinest.ftbe secand emtlprib separatoguuoti omsisfs afitwoitaesinglsecond

cyclones 230 arranged in parallel with one another. The second cyclones 230 are

located side by side inside the outer wall of the apparatus 200 as can be seen in Figure
6. Each second cyclone 230 has an upper inlet portion 232 in which at least one inlet
234 is provided. Each inlet 234 is orientated for tangential introduction of air into the
upper inlet portion 232 and communicates with a chamber 228 which, in tumn,
communicates with the passage 226. Each second cyclone 230 has a frusto-conical
portion 236 depending from the upper inlet portion 232 and terminating in a cone
opening 238. The second cyclones 230 project into a closed chamber 242. Fach second
cyclone 230 has a vortex finder 244 located at the upper end thereof and communicating

with a chamber 246.
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upper inlet portion 232 and communicates with a

chanber 228 which, in turn, comrunicates with the
wpawsagw4226. Each second cycl one 230 has a  PCT/GB2006/001673

frusto-conical portion 236 depending fromthe upper

inlet portion 232 and term nating in a cone opening

238. The second cycl ones 2 project into a closed

chanmber 242. Each second c one 230 has a vortex

finder 244 |ocated at the upper end thereof and
The: $ryfu sy damic n@pwatmg ameth@nm@ts Qﬁéomh@fmldhp}’QiOI@ﬁcI% dganged in

a [ thlrd cIo

parg P2 B clore2A3 sk Iy Moyt BB 82 34808 gl an imet
250uaenuhichtels withtthe ahazﬁ%r\mm tEacn chivdlegclane Qm$ Qlsodhf a frusto-

connunlcatlng with the chamber 246. Each third cycl one,
conseal partoy drdsdepepdingtfzems ihe iletopartipn 252 sad ropanwnipgjing with a

I . 5 . .

close1 a0, 19855 5856 bGhice CTAL RIS SEHLNG Wi Reopt o he
chahﬁenl%l@dnmaﬂsfnfraq&;hemﬁwa:lls 270 ésee tﬁgdre |6) 2B2cibpirdegecion®248 has

a of 70 (see Figure 6). Each third cycl one
a vy ﬁ%f? g@ #i th%lEPPeE%g Ilébeé%ﬂi)édl degommpwnicaipe, With gn outlet
ha]tnlgglr%th@ﬂ% SPSURIrES N9 Wi th an outlet chanber 260

having an exit port 262. The first cyclone 202 has an
axi s 264, each, second cyclone 230 has an axis 265 and

oSt 257 B B S B5E8a50P weond B s nd

eacl® ﬂﬁrcﬁ%‘@ 1diR has HAVIRYEL66. tIBQhﬁ'eﬁfﬂ%ﬁﬁﬁélt OfotaR8s D64, 365 and 266 lie
second and third cycl ones 202, 230, 248 decrease to

pargdlebia ehee mh@aéﬂ%@e\@éﬁhe dioistere pf ﬂ@u fambiseepridrand third cyclones
S e v tin unlt Th arat

202 %86 azcé%a ec(a:se\égenq’)a rrr%\ﬁﬁgﬁn&e?ﬁl PR {Oﬁle %ﬁ’é&g OIH % oossive

cyclohﬁ; @pﬂaﬁ@gu@tsloo shown in Figures 3 and 4. Dirt-I|aden
air enters the first cyclone 202 of the flrst cycl oni c
separating apparatus via the inlet 218 and circul ates

4
SR GIATRET, Fhfntt LRGNt Bt BPEL GRS 100
showndn BigatesGodrdet:t Birt-fadtineir kotesrthe ﬁriﬁ Icpdflﬁﬂé nJ[ZJ(DZW&f b ﬁﬁﬁ@ eyclomc
214 mhllst t he ir . exits the chanber 21
SepRing, ApRAG? A3 N@nﬁiezﬁl}t %ﬁgtaﬁé pisteg womnd th?ed’é}nrbe‘p 444 se that

1argE1h GRHQBINR RRSEARR AGchBa tg@% Qﬁrﬁlﬁé o288, anﬁlet 5‘1?1”&1{(9 dust

he inlets 234 of the se cyclones 230. Furt
collects in the lower portion of the chamber 214 whilst the cleaned air ex1ts the chamber

214 via the perforations 224 in the shroud 222. The air passes through the passage 226
to the chamber 228 and then to the inlets 234 of the second cyclones 230. Further
cyclonic separation takes place in the second cyclones 230, which operate in parallel.
Dirt and dust separated from thé airflow is deposited in the chamber 242 whilst the
further cleaned air exits the second cyclones 230 via the vortex finders 244. The air
then enters the third cyclones 248 via the inlets 250 and further cyclonic separation
takes place therein with separated dirt and dust being deposited in the chamber 256.
The cleaned airflow exits the apparatus 200 via the chamber 260 and the exit port 262.

Each cyclonic separating unit has a separation efficiency which in greater than that of

the previous cyclonic separating unit. This allows the second and third cyclonic
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cyclonic separation takes place in the second cycl ones
230, which operate in parallel. Drt and dust

woepanzietsl fromthe airflowis deposited i n theCT&B296/001673
242 whilst the further cleaned air exits the second
cyclones 230 via the vortex finders 244. The air then
enters the third cyclones 248 via the inlets 250 and
further cyclonic separatioﬂltakes pl ace therein with
separated dirt and dust being deposited in the chanber

sep25ng Thits tol arsdcimare éffaihivelyibesaust theyppa chetllensgD@ith an airflow

. _the chanber 260 and.the exit port 262. Each cyclonic

m‘@@g‘h‘i‘ e ‘armﬁqc’fﬁ’ﬁgwges%ﬁéfaﬂ%on ef fi ci ency which in
greater than that of the previous cyclonic separating
unit. This allows the second and third

Eac&gm &ai ayskopin actnamir?ﬁlrﬂmi@ qap oopeiskpE difbrrentafuneers ged ifferent
! CoE . . '
shage%g? g}/ecl(grli%ey ﬁlr&?lre% 2 t!) g‘ﬁﬁ%ﬁﬂet%?%g?t%éggl t@gghﬁgp@t %lgerﬁatwe

range particles s e

con€igelabhe whepafaftwilgn Uhé tspe at thierisvaitionf Idithdserindirations, all
nunbers and different shapes of_ cyclone. Figures 7 to .
detml will heomitted eee thap tha nppbehandegdngral sBap Pt Berryeiopes which

i.gur.atii o | within the scope of this
]nﬂ%ﬁgg%%ﬁgggbﬁﬁﬁ?ﬁ%éégg ustrations, all detail will be
omtted other than the nunber and general shape of the
. cycl ones which make u ach cycl opi c separating. unit,.
Firsfly 5t PG r (e Gopays SPREORBR A WSt SOUOHS ApRATding upit 310, 2
sechid SJc1dC bQRRin3ERA B0 HA HHirki %&Bnicase?%aﬁguﬁmb@n e first

sepdrating unit 320 and a third’cyclonic separating _
cyclomid sepa@ting heit Bil 0 sompyiedsandingls dpscaclong 3 tihivhicBLd cylindrical in

co i ses single first cyclope 312.which is .
shas | 1THR PO SN pepardbing Wl EA o QiR o0 S sy second
cycldnbd 332 QrreRrBar ihSRSalteand tHesthRd GORbAR! sepAGRNE uY BBORBMprises
322 arranged in parallel and the third cyclonic )
ciglycfpastatomioal third c3donesoidds alse surahgget inf panglied- dodhis gmbodiment,

hi rd_cyc 332 al i el hi
the et Rt e BT YEREFons 67 The: erete By MytresSta stoond
cycBiSs PRZ Ang fed $ephratingRfidiaRs «Ifthé erdepdidc eyakanRsuml230 is

~and the separating efficiency of the third cyclonic
higlags dlagndtha tm$qcogcgeyql@nﬁﬁw1ngwaﬁ3@ﬁat of the second
cyclonic separating unit 320. In the arrangenent shown
in Figure 8, the apparatus 400 conprises a first
In thy ciroppemeae pehoatn MmoFigniet 8,4the, appaisecodil) cyrapiises ;a first cyclonic

separating unit 420 and a third cyclonic ) ,
I 1 %10, a second cyclonic separatin% unit 420 and a third cyclonic

separaung umit
separating unit 430. The first cyclonic separating unit 410 comprises a single first
cyclone 412 which is cylindrical in shape. The second cyclonic separating unit 420.
comprises three cylindrical second cyclones 422 arranged in parallel and having
diameters which are considerably smaller than the diameter of the first cyclone 410.
The third cyclonic separating unit 430 comprises twenty-one frusto-conical third
cyclones 432, also arranged in parallel. The dimensions of the third cyclones 432 will

be very much smaller than those of the second cyclones 422 and so the separating

. efficiency of the third cyclonic separating unit 430 will be higher than that of the second

cyclonic separating unit 420.
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separating unit 430. The first cyclonic separating

unit 410 conprises a single first cyclone 412 which is
wa@ydooneidtal i n shape. The second cycl oni ¢ sepPCHGBA®6/001673

unit 420. conprises three cylindrical second cycl ones

422 arranged in parallel and having dianeters which

are considerably smaller thgn the dianeter of the

first cyclone 410. The third cyclonic separating unit

430 conprises twenty-one frusto-conical third cycl ones
In the 2rraakenenir samgen Figupsapatheedpparihis Hheemspases aofirst hryclonic

thi.rd cycl-opes 432 will. be very much . l er,than .
seopfid G oD Betsont sy elodie S i bl Coh 804 o s sngomic
sep@hfih€ N B 00T Thé Eirdt Wyt Bnicysehatife 961018t dodgprisds twd Sflatively

wi || be higher than that of the second cyclonic .
largse fest vPlogourile whiph sret festercpringleie shapshoviiei secpidpyelonic
sepgr‘atiltég %Pﬁp% @&ﬁﬁ 'gegothloe%n@ﬁétg'-géni@alf debSid %%é&h&éé‘ 522 arranged in

separ ati ng uni B16, "8 “secon cycloni'c separ atifg R

pard B0 banHawvng ldidneleteng ollach eresepaidatabigsmidlidr thalthe Thig@meter of the
irst C%(ﬂ:l oni c separating unit 510 conprises two

f . :
first gyclaney 9/ LThe él.gr FYCiaNIGSEPRIGHBS uBi 53 Qﬁp@ﬁn.gqsefour frusto-conical
thirﬁrc élBHés.(:%, Qﬁ_l) ah%%%éhgi%%paraﬂ%ﬁ PR @i%n?%ﬁé 8Pt third c?/clones 532

separating’unit rises three trusto-conica
wills be enullley egainethab 2bsarafathg esdcand pwiadek €122bartd bavha geparating

CFfEER R R FSIGHT SPAE)EF RS G Tal DT hiheh B2 U of Bsgcond

cycRBRAPhiallg WRit 52§30 conprises four frusto-conical
third cycl ones 532, also arranged in parallel. The

di mensions of the third cyclones 532 will be smaller

agai n than.th of .t he ohd cycl 22 o the
Tl aRabry (APRELdh S TRS T eGP aRry Gadhs Seph and
shapbf tHe3cWrleb H¥enihe @R cycltaic bdpatatiah vntecapeseORdlied. It will be

cyclonic separating unit 520. The arrangenents )
undpfstagét that ether mrEpgameds Fret s® papseblpnFengeanple, swaibher suitable

arra%g%%xeﬁt QS t0 LHE%%{ P?s[? %y&%ﬁ]?esgg%aglgge \1/1%13{ Cclogﬂa%l‘zgfg\% Hn%gee gﬁ?&le, a

oni'C Separating’un arie
secotidgk indostphintibg ahh @bmafisiay gesrevdisnes i patafiel fdssihiieyclonic
For. exanpl e, .another suitable arrangenent is to use a
sepgrpting Ul eqrapiTing eighicaR Fyrdonesin PEalgr i sing a single
cycl one, a second cyclonic separating unit conprising
two cyclones in parallel and a third cyclonic
It wslépauadersigod hdt fading cyslbmig sepagitiramicyah beaddeddownstream of

the Bgrrda(ycﬁ)lnic separating unit if desired. It will also be understood that the cyclonic
separating units can be physically arranged to suit the relevant application. For
example, the second and/or third cyclonic separating units can be arranged physically
outside the first cyclonic separating unit if space permits. Equally, if any one of the
cyclonic separating units includes a large number of cyclones, the cyclones can be
arranged in two or more groups or include cyclones of different dimensions.
Furthermore, the cyclones included within a multi-cyclone separating unit can be
arranged such that their axes lie at different angles of inclination to the central axis of

the apparatus. This can facilitate compact packaging solutions.
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It will be understood that further cyclonic separating
units can be added downstream of the third cyclonic
weepanzaung unit if desired. It will also be uPdEGBL@OM01673
that the cyclonic separating units can be physically
arranged to suit the relevant application. For
exanpl e, the second and/or third cyclonic separating
units can be arranged physﬂ%ally outside the first ‘
cyclonic separating unit if space permts. Equally, if
CLAIMSone of the cyclonic separating units includes a
| arge nunber of cyclones, the cycl ones can be arranged
in two or nmore groups or include cyclones of different
1. 07 TR Sop ik WpBERs oM 0N ohrsl NGLART sk unit
a milti-cyclone Separating unit can be arranged such
including 4thédast aues fitst ecyrlondi fo seemd apiglbris ofparailgi maltti togated

to the tral axjs.of the apparatus..This can ..
dowp e O EBHoSEIoTSa SR RG "D G DiFLHEthp pkplty of second
cycloN&s BPnGed &P PhRlIER dnd BB tHidokie ¥BpAratiMYimi@ 1ddatedt downstream
cyclonic separating unit including at [east one first
of thy ke cyclerieoftiareling anitcanle prtuding g phrality ofathed cyclones
0 tr .0 flLrstacy j r.at i e
s R R PG4 P28k Ao BPSEER! Bty e
the M@ndrloflftist cyoldnes idd thel nayiberastithird epelomdsiingighart than the number
| ocat ed downstream of the second cycl onic separating
of s¢rend C¥HEGShcl uding a plurality of third cycl ones
arranged in parallel; characterised in that the nunber
of second cyclones is higher than the nunber of first
2. cyQyelvasc sspdrdting appades aefcldided dh chairh dnevherein tiegfist cyclonic
t han t he nunper of éﬁpond c¥clones. 2. Cyclonic
sepasgng Wt GARISER A 810G T8l @rlePfred in claim 1, wherein
the first cyclonic separating unit conprises a single
first cyclone. 3. Cyclonic separating apparatus as
3. cl &ychoid sepetaing dpparati®,as whamed nn tckemol oedcwheteisthe or each

cyclone is substantially cylindrical. 4. Cyclonic
ﬁrs@&f)’ﬁ?%fsisﬁl Stﬁ'ﬁtbajiya‘iyﬁfgaé‘?y‘cl aimed in any one of claims 1
to 3, wherein the second cyclones are substantially

i dentical to one another and the third cyclones are .
4. sulssrclomid sgpayatingeappirgtils as slavmed amenyene of claims 1 to 3, wherein

the second cyclones are substantially identical to one another and the third cyclones are

substantially identical to one another.

5. Cyclonic separating apparatus as claimed in any one of the preceding claims,

wherein each second and third cyclone is tapering in shape.

6. Cyclonic separating apparatus as claimed in claim 5, wherein each second and

third cyclone is frusto-conical.

7. Cyclonic separating apparatus as claimed in claim 6, wherein the angle of taper

of each second cyclone is greater than the angle of taper of each third cyclone.
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5. Cyclonic separating apparatus as clained in any one
of the preceding clains, wherein each second and third
weywbor®4i s tapering in shape. 6. Cyclonic sepBCHGB2@6/001673
apparatus as clainmed in claim5, wherein each second
and third cyclone is frusto-conical. 7. Cyclonic
separating apparatus as clginmed in claim®6, wherein
the angle of taper of each second cyclone is greater
than the angl e of taper of each .third cyclone.8. .
8. oybivelenic sppriiag iaRpuaip £8 flajmed dn @y oSOl the Ansceding Qpims,
e Dy A 8, R, BB HRGF AR R first
cyclanyic keparatingapalr at i ng unit. 9. Cyclonic separating
apparatus as clainmed in claim8, wherein the inlets to
each second cyclone are circunferentially spaced about
9. an(§¥lonicdephidfing @SN oS BRARH HYAhRNS; whbeirlOhe!ifRIsGo each
separating apparatus as clainmed in any one of the
secopd exyslinagare| eirqwnferghigallyi spasad rmboyilannixds ©f ghe aclemant second
unit has a collector which can be enptied
%ﬁ%ﬂﬂtaneously with the other collectors. 11. Cyclonic
separating apparatus as clainmed in any one of the
precedi ng clainms and further conprising additional i
10. cy€lvelenic scopratiagianparatysas cdrimed tin daph gt ethie tiiggeding claims,
[ Lt r ch. addi ti onj.C -
whoR SN, BRIANL  serbidfin P T a eI, o PRls” be cmptied
simutipatcanBswah fengkst collegqasal | el and t he nunber of
further cycl ones being greater than the nunber of
cycl ones included in the cyclonic separating unit

i . } . .
11. | O EloftcXefald 5, AR Fhlnoa b apf UL PUE pREBTLEGLRM, and
furthee f @megmiséng additypnalneydbnit heeperdiindi neitt slosinstrean noft biee third
acconpanyi ng drawi.ngs. .13. A vacuum cl eaner, . .
sepafiog, ik TS Hoeeh ABRPRaLlamia SbRRREAPL Beudiog gt RiPrGY of
furtteP cElYn&NBrized e pRLBASAUNEe GLALES of further cyclones being greater

than the number of cyclones included in the cyclonic separating unit immediately

cycl

upstream thereof.

12.  Cyclonic separation apparatus substantially as hereinbefore described with

reference to any one of the embodiments shown in the accompanying drawings.

13. A vacuum cleaner incorporating cyclonic separation apparatus according to any

one of the preceding claims.



