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providesta nodification of the type of cyclone separato
subj ect of UK Patent Nos. 1583742, 1583730 or 2102311, at ent
Application Nos. 8419771 and 8511149 (W086/01130) or No. 8515264
(WoB6/ 07548). The cycl one separator described in the above docunents are
designed to be used for the separation of a denser conponent of a m xture
of liquids froma |ess dense conponent and are particularly suitabl€& for
the separation of oil-water mxtures. fhe separator of the above
type conprises an elongate separoYcLowe Geeailaorhavi ng generally the form
of a volune of revolution and having an inlet portion at one end of the
separating chanber of greater diameter and at |least one inlet with a
tangenti al conidentinfertipnt retht@isngot beciunet separianbos,t mdsppevidiesraat sai d
end, an overfl O ¢t I o) t ot ng_o reater
di amet er and a%&%gle‘lﬁet}ig&v %ﬁt et ?@} %}%%ﬁggg'{%esn%gggé%ﬁpownmgﬁﬁ gf Itpug ot her
end of the sepdivRipely ThdKbBrtelt s s1TA3TRRssHHB3FRAMX &1023 1 .odePKt hat
the separat or spateh@ll hppili€at SdH tifal. € gah 0771 HhGh eSePAAL (WBBs £PNSH APt S are
pl aced on varlous-garaneters of the separator. In those cyclone '
separators in NPs8: 15%%e(mﬂ66|°7§6q)urret ric conmponent is the continuous
phase, with up to a few percent of |ess dense phase and with perhaps up to
about "1 part pofns! NOUIGNG DpaktiiPadlcribOf ¥n Ui GBAVE0Lbdem k. OkbE" Mre
dense phase. Priority 1s usually given to the prodhctlon of a

designed to be used for the separation of a denser component

CYCLONE SEPARATOR This invention relates to cycl one sepakat ogs
iag‘é’m
or UK

of a mixture of liguids from a less dense component and are (?‘
particularly suitable for the separation of oil-water )

mixtures.

The separator of the above type comprisés an elongate
separating chamber having generally the form of a volume of
revolution and having an inlet portioﬁ at one end of the
separating chamber of greater diameter and at least one inlet
with a tangential component for introducing the mixture into
the separator at said end, an overflow outiet for the 1less
dense component at the end of greater diameter and an
underflow outlet for the more dense component at fhe other end

of the separating chamber which is of lesser diameter.

In order that the separators shdll be éuitable for such
separation constraints are placed on various parameters of the

separator.

In those cyclone separators in use, the major volumetric
component is the continuous phase, with up to a few percent of
less dense phase and with perhaps up to about 1 part per
thousand by wvolume of f£finely divided solids or other more

dense phase. Priority is usually given to the production of a



£2- highly purified continuous phase fromthe underflow outlet over

m ni m sing the volune of sthe.outlet streamcontaining the | ess dense phase.
Both features, while typical of use of the cyclone separators set forth
above, are mopst unlike the vast majority of cyclone separator technol ogy,
which is generally directed to the separation of solids fromfluids. This

I nventi on provides a cyclone separator and a nmethod for separation of a

&

nmore denge, conponent of a mixture of |iquids.froma |ess dense conponent
t her eof aBd .which also allows the separation fromthe nore dense conponent

of a mnor contani MAAPLGFPHERLE yotdares (Bhage AEPD othe HIRdRBFIPvdatEdet
conponent. Accor di Ret nilnARiditgetid @81dneC Y€ | MHRCoFHARAN S rQam CEUMREIHRG Cike

el ongat e separating chapber havin erally the formo val une qf

r evolgut i on gnd' hav?lr?ﬁsaér:%sﬁl% ?sﬁo?ﬁ?%ﬁ 5?“6‘%?@3’&187 rqyﬁic%eﬁgr‘éﬁ r?S Pifanber
of greater dianetercyghoheatsepeeatiorpnget rflogth vatiokie g dr@ngest iwilikomheneast f or

introducing the m %g&ffiti 6o § toﬁgpgén%tzggo;atte%ﬂk&ogpgwr?i'}ho\{sr&in%%w let’

for the | ess dense conponent a : greater neter and” an
under f1 ow out | et . f sireefednde dhgeperarabigronérmolads tirenoilimédsend of the
separating chanber which is of |esser dianeter, wherein the separating

chanmber has at | eas%,one slot fornmed in the wall thereof and leading . to a
third outlet or outiéBsTIP50gh RETVEIPSs A §Y SIEaRTRAIAL T M8 PEMSFECS r om
said m xtures, . the sepaestdlnsaf th slodé dxgisegcaiponrge bfsachitthae dha ighdide

structure _Wi thi n t *}%OECQ%QEC’&JS% Q&gpoug%?ttherebf and which also allows the

separation from the more dense component of a minor
i: 4

\_ . . contaminant of~density'greater than that of the more dense

component.

According to the invention a cyclone separator comprises

an elongate separating chamber having generally the form of a
volumé of revolution and having an inlet portion at one end of
the separating chamber of greater diameter and at least one
inlet with a tangential component for introducing the mixture
into the separator at said end, an.overflow outlet for the
less dense component at the end of greater diameter and an
underfldw outlet for the more dense component at the other end
of the separating chamber which is of lesser diameter, wherein
the .separating chamber has at least one slot formed in the
wall thereof and leading to a third outlet or outlets through
~which said contaminant can be rempved from said mixtures,'the
or each said slot being arranged such that the flow structure

within the separator is not upset.

Preferably the or each slot is generally circumferential and
extends at least partially around the wall of said separating
chamber. In one form two slots are disposed on the same

circumferential line in spaced apart relation. In another



Preferably the or each slot is generally circunferential and extends at

| east partially around the wall of said separating chanber. In one form
two slots are disposed on the sane circunferential |line in spaced apart
relation. In another -3- forma single slot extends continuously around

the wall of the separating chanber. There may be further provided a valve
to control the discharge of material fromsaid third outlet so that &,

sel ected proportion of the material flow ng,through the chanber Ieau
through that outlet or outlets. Preferably, the separating chanber =

- conprises at |eastor® priipgls Iott PHerAR Ry itRovet vl argund &hpoyahlopf £heol une
of revol ution andséﬁyamgacﬁamk end and a second end, the dianmeter at said
second end being less than at said first end, at | east one inlet, the or
each said inlet having at .| east a tangential conponent at or adjacent said
first end for intThedechaygbe fiaeter providdica vaepafcatcedtroﬂ Bhe distherge

cycl one separat or @nga{ §e%r° aiduré}n Ilugl ng a,éth Iteast ste\i\oct gt | ets,
in which cyclone separa or the oW ng reI |onsh| aI : [err]
is the di anet er - agfrophetipm df p?ﬁenaﬁyeqieitfmlwh\eﬂeomlowhenemn@e@bmaves

negl ecti ng any fegq,oggﬁrm,guout[l@{ rdr bgtidMsCe the radi us at which flow

enters the cyclone through the[err] inlet (i.e. twice the mnimm
di stance of the tangential conponent of the i nI et centre line fromthe
axes) and Preferably, the separating chamber comprises at least a

primary portion having generally the form of a volume of
revelution and having a £first end and a second end, the _
diameter at said second end being_less than at said first end, \.J
at least one inlet, the or-each said inlet having at least a
tangential component at or adjacent said first end for
introducing  feed to be separated ‘into  the cyclone
separator and the separator further including at 1least two
outlets, in which cyclone separator the following relatiohship

applies:=-

wh_ere.d1 is the diameter of the said primary portion where

flow enters ‘(but neglecting any feed channel), d._ is twice

ix
the radius at which flow enters the cyclone through the xth

inlet (i.e. twice the minimum distance of the tangential
component of the inlet centre line from the axes) and : j
1

: X =n
di= . 2
x =1

a
Ay

ix Bix

where n is the number of inlets, A. is the minimum cross

ix
th inlet at entry to the cyclone

sectional area of the x
separator- in a plane parallel to the axis of the cyclone

‘separator, and where



e[eyj[eH][eH]vmaenisthenmma M'Hﬂas,[ar] I's the m ni num
cross sectional area of the xth inlet at entry to the cyclone separator
-in a plane parallel to the axis of thg.cyclone separator, and where -4-
v [err] and where d2 is the dianeter of the primary portion at said second
end and is neasured at a point[err] where the condition first applies that
[err] [err] for all z > Jerr] mﬁeEe“Z Is the distance al ong the cycl one
separ ator axi s downstream pf &he pkane centaining the inlet and d is the
di anet &~of the cyclone at 2, anf &utther = 0 being the axial position of
the weighted areas of the inlets such that the injection of angul ar
nmomentuminto the cycl one separator is equally distributed axially about
sai d -axi al position where z = 0 and being defined by [err] [err] [err]
where [err] is the axial position of the [err] inlet '

: and where d2 is the diameter of the primary portion at

gaid second end and is measured at a point z, where
the condition first applies that

S . \ a(z - z,) |

for all z > z, wheré z is the distance along the
cyclone separator axis downstream of the plane
containing the inlet and d is the diameter of the
cyclone at z, and further z = 0 being the axial
position of the weighted areas of the inlets such that
‘the injection of angular momentum into the cyclone
separator is equally distributed axially about said
axial position where z = 0 and being defined by

o 1 X =n
~ 3 E A a, =
A;d, | L2 ix ix = O
x =1

th

where 2z  is the axial position of the x inlet

and further



and further -5- [err] [err] Further according to the invention a method
of separating a nateri al cont ai ni ng (i) a .volunetrically

predom nant continuous phase (ii) a dispersed phase |ess dense than phase
(1), (iii) a dispersed phase nore dense than phase (i), conprises applying
the material to the inlet(s) of a cyclone separator according to the

i nvention, phase (ii) predonminantly reporting to the overflow outlet and
phase (iii) predom nantly reporting to the third outlet through thegngt.
Preferably a valve is provided to control thgthird outlet so that a ~
desired proportion (such as up to 15% by volune) of the material flow ng

t hrough the cyclone | eaves through that exit. The slot is preferably not
wider (neasured axiallyd, tdan 10% 6f froRr3leo 12- Preferably the slot
extends radially Outwardly, with substantially planar edges, and free from
radially inwards protrustens into the body of ‘the cycl one separator.
Preferably higher pressure is applied at the inlets than exists at the
outlets. = -6- ' 47

i

Further according to the invention a method of separating a
material containing (i) a volumetrically predominant
continuous phase (ii) a dispersed phase less dense than phase
(i), (iii) a dispersed phase more dense than phase (i),

comprises applying the material to the inlet(s) of a cyclone \J

separator according to the invention, phase (ii) predomrﬁ.rﬁntly
- reporting to the overflow outlet and phase (iii) predominantly
reporting to the third outlet through the slot.

Preferably a valve'is'pinvidéd to control the third outlet ,
so that a desired proportion (such as up to 15%_by volume) of
the material flowing through the cYclohe_leaves_through that
exit. The slot is preferably not wider (measured axially)
than 10% of dy. Preferably the' slot extends radially
outwardly, with substantially planar edges, and free from
radially inwards protrusions into the body of the cyclone
separator. '

Preferably higher pressure ‘is applied at the inlets than
exists at the outlets. -



st et

i Preferably, the dispersed phase (ii) is under 5% by volunme (nore preferably
under 1% of the materi-al, and may for exanple be hydrophobic such as oil.
For exanple the phase (i) is aqueous. For exanple the phase (iii) is
‘'solids, preferably not exceeding 1 part6éper thousand by vol une of the
material and may be exanple be sand, quartz or clay. Preferably its kinetic

energy on |eaving thegoyd %%Ixfaiﬁé 04#%{?88"@5990 Eag)' DAL V6 4

.nom/be’ﬁescrlbed by way of TEXA acconpanyli n

dr awi ng™ whi ch showyolameekmaneripseferalyly omrderpitdt of abeomatrrialshe
invention. The QnavpRe ifH Uxdrfp fgxgéahfgf@pﬁ%g§ceggbglQ@ﬂchgreafter the
t

i 1lustrated cycl one separator iIs identic 0 at disclosed and clained in
UX Patent 2102311, toIQ% @&xanple &hrPhasecfl) &8 aqpgonsi-cal reference

nunbers have been usegais eyimple POSSi Phese eie) t g fsbqwa%rm tE fEr ABROr
[err] of the separatlon&%dglcw%Z nerges at its dgmgyt m en th t he
cylindrical third ng LiRdrhiRer thepsgn p{o4 q?%nﬁ tReding to
an annlu: a(r]I gal I elur;a&h\afn dnmaapmzéﬁmbleener ghhy!.r aﬁlia&ltzircﬂr ns1adg.
controlled by va ve t neasur e

about 8% of the #&x%bl[ye ﬁs q&’a’?‘ﬁr}l%fé?ﬁﬁggeﬁ&r rq‘ryorttqeo rT}g‘]'.:"cmferr]
Is 19 nm In tre&mpq;andQ/xﬁuzﬁcovéEedxl r enoval effl- ci ency remai ned

satisfactory over a I'ange f/ARGe: PnSPLLL ABYI B8 AbstBied Uy Ty 651 OW

rates through
- example, with reference to the accompanying drawing,

"which shows, schematically, a cyclone separator
' acéording.to'the invention. The drawing is not to
=cale. S
Except as explalned hereafter, the 1llustrated
cyclone §eparator is identical to that disclose< and
© claimed in UX Fatent 2102311, to which the reader is
referred. 1Identical reference numbers have been used
as far aswpdssible; Where the flow-smoothing taper T,
of the separation portion 2 merges at its downstream
end with the cylindrical third portion 3, a circumfer-
* ential slot 20 is cut, leading to an annular gallery
21 which has occasional generally radial drains 22
‘controlled by valves 23.. The slot width (measured
; ’ - - exially) is 3mm, ifé. about 8% of the diameter 'd,
—/ ) {3trm) of the separation portion 2. 45 is 19 mm.
- In treating oily water, the oil removal effi-
clency remained Satisfactory over a large range of
" split ratios at small volumetric flow rates throuch
" the slot 20; i.e..ﬁp to about 15% of the flow entering
'” £he cyclone séparator. When the valves 23 were fully



the slot 20,, i.e. up to about’ 15% of the flow entering the cyclone
separator. \Wen the valves 23 were fully -7- closed, the cyclone
separator operated as if the slot 20 were absent. The slot itself could be
| ocat ed anywhere along the taper [err] where the fl ow was generally
convergent. In a curved-wall cyclone, t#s would also apply, that is, the
slot 20 could be located at any | ocation where the flow structure was7
characteristic of a convergence towards the downstream outl et. Sl ot.w#dths
grossly exceedi ng:Idded] €RértyeloheYiseparatior opdrueed! ¥spiet eHdi BIokl PS,
gui des or ot her q%fcontln ities were found to upset the flow structure in
the cycl one separdl HeT&RPEEREet of the sl ot 20, when the valves 23 are
appropriately open, i sThe éboth Atskilfdconld beoMddwted canpehéepanlon.
This is especiall 'hsuiégbl € whe;le it ks desired to treat ﬁ conti nuous
liquid phase (e.dPhet3HT Lot ¥PRFRY tk'\ﬁo 16N Mt SRR LY (FEpYPIggnt-
phases, one denseln andcurcedevaldecyelone; thdswduld abse appliy, e¢hat
solids and oil. ;The [ [ Yhacti C | se. S ' .qua or
clay or chal k, - upl{'o g’g%ugfﬁggérot gﬁgr_l_ 3u§'é’(ril%r%éyd vae(;? u%gg ?‘&clgisu?#l %’th?er ser
phase which, centthe ufbowystimotnreasias ichanactexistiowafds chevexigensfe
the cyclone separglPirds the downstream outlet.

Slot widths grossly éxcééaihg 108 of 4, or having
radially inwardly protruding lips, quides or other
discontinuities were found to upset the flow structure

in the cyclone separator. -~

| The effect of the slot 20, when the valves 23 are
appropriately open, is to formﬁalipifd exit from the
cyclone separator. This is eépéciélly épitable where
it is desired to trgat_a'¢ontinuous liquid phase (e.gq.

- water) containing'tﬁo loé-cﬁncenfration dispersed
phases, one denser and one less dense than the contin-
uous phase, e.g. solids and;oif,  The solids may in
practice comprise sand (e.g;'quartz) or clay or chalk,
up-tc about 1 part per thousand by volume. It is this
denser phase which, centtifugéliy”thfbén radially
outwardly towards the wall of the byclone separator, =
is extracted through the slot 20. The particle size o/

- of such solids, in two examples, is 20 microns and 100
microns;: these simply move_ihﬁbfthe slot. Some
'partiéles may be carried“péét ﬁhe'siot by the flow,
but this is acceptable sinée,ifor most épplications,
removal of say three-quarters of the Solids is suffi-
cient. - m - '

Within the scope of this invention, the slot 20
méy be applied to other cycione separators than that
in the drawing. Thus, for example, the slot 20 could



issextracted through the slot 20. The particle size of such solids, in two

- exanmples, is 20 mcrons and 100 microns; these sinply nove into the slot.

~ Sone particles may be carried past the slot by the flow, but this is
acceptabl e since, for nobst applications, renmoval of say three-quarters of

the solids is suffi- cient. Wthin the scope of this invention, the slot 20

may ' be applied to other cyclone separators than that in the dramﬁng Thus,

for ex8mle, the slot 20 could . be applr@h to the cyclone separ at or

di scl osed and cl ai ned h gK Pat ent 15 3742, nakln 4 |b| to treat.
mat eri al s cont ai AFngPR Sﬁ Nk ?%E%rﬂ §e g 853 ulh%s up to
5% More than onela&mbdZanﬂx mau@utnlkﬂblnzdlﬁihingeﬂt pussibn95tb<ons

SImial enorgy chebes BiEaPERTe, hr X Gng niheL pefbrReABRpcPEna s
separator. The pdesser phdsep ismchhassiug tteal $Yycl one separator is sinmlar to-

‘that iin an unslotted gae. @Rd t%%é“?ﬁ$é‘¥ §ab§”§£8¥§8§85§glﬂgffer-

sand-renoval cycl ones, as used conven |ona 1y, VI a eover, the
ki netic energy n&?t(aﬁlﬁéaﬂpﬂiyhﬂﬂﬁa@Sd%ﬁgb be recovered fromthe exit, by

EZthladf;:;2b|e for megh %Rbkﬂ%)okﬁﬁﬂﬂﬁﬂ¥ﬂf% £°€H€ELLQQy'Qébﬂ%ﬂtﬁ%n@%ﬁ?t'y
_ ~material at similar energy cost as conventional
~ two-way separation in a cyclone separator. The
pressure drop in the slotted cyclone separator is

| . similar to that in an unslotted one, and the need for

W, ~  extra energy-consuming sand<-removal cyclones, as used
conventionally, is obviated. Moreover, the kinetic
energy may (at least to some extent) be recovered from
the exit, by using a suitable form of spiral or
tangent;al connection instead of exactly radial dralns
22 from the slot 20; alternatively a diffusing action
in the slot 20 itself may be exploited to recover this
energy. |



22 fromthe slot 20; alternatively a diffusing action in the slot 20 itself
may be exploited to recover this energy. CLAI MS 1’ A cyclone
separator for separation of a nore dense conponent of a m xture of
liquids froma | ess dense conponent thereof and which also allows the
separation fromthe nore dense conponent of ‘a m nor contam nant of density
greater than that of the nore dense conponent, which conprises an el ongate
separ ati ng chanber having generally the f Qgm of a vol ume of revol utlon)and
having an inlet portion at one end of the separating chanber of greater
diameter and at |east one inlet-with a tangential conponent for introducing
the m xture intocthea 3e@ay ator at said end, an overflow outlet for the | ess
dense conponent™ at the end of greater dianmeter and an underflow
outlet for the nore dense conponent at the other end of the separating
chanber which isi1of a e8pcxoneli asr@taest—,orv\,hﬁds:el aeﬁtmsapabat i igmnehamaensdras at

| east one slot forned t her eqf eadi to,a third outlet or
outlets through WATR cqr'fe'slg (#qcowfl urﬁan{ G\lcgnfl e rg?rovggs?r%erﬁsgac?inpmx? ures,
the or each sai dtkéwsofbendigwhicharried sltdws (tae shpaxatdon sfrogcitheemedd hin

‘the separator isgpgle Yl enf of A EMrOBEntIRRAAAR! BF &%Q%ﬂ'g?gaéé} ghgl m 1
wherein the or each said slot Is general ly circunferential and extends at

| east partially SP&furcd H‘Fe TREF | ST s SPTPOSERr XPLFR) CORBRIRSS. 2B e18183%8 one
separat or accor degparating acHimBeidvaing t_gmﬁawl.-the-fom of a volume of

revolution .and having an. inlet portion at one ‘end of thé
separating chgmbe: of greater diameter and at least one inlet
with a tangential component for introducing the mixture into _ \-)
the sepérator at said end, an overflowcoutlet for the 1less -
dense component at the end pf’ greater diameter and an
underflow outiet for thé more dense component at the other end
of the separating chamber which is of lesser diameter, wherein’
the separating_chamber has at least one:slot formed in the
wali_thereof and leading to a third outlet .or outlets through
whicﬁ said contaminant can be removed from said mixtures, the
or each said slot being arranged such that the flow structure

within the separator is not upset.

2. A cyclone separator according to claim 1 wherein the or
each said slot 'is generally circumferential and extends at !

least pa:tiélly around the wall of said separating chamber.

3. A cyclone separétor according to claim 2 wherein two said
slots are disposed on the same circumferential 1line in spaced

apart relation.

4. A cyclone separator according to claim 2 wherein a
sinngle slot extends continuously around the wall of said

separating chamber..

*xTC L M 0§ *



slots are di sposed on the'sane circunferenti'al line in spaced apart

relation. 4. A cycl one separator -according to claim2 wherein a sinngle
sl ot extends continuously around the wall of said separating chanber. -1
0- 5. A cyclone separator according to any preceding claimfurther

including a valve to control the discharge material from said third
outlet or outlets so that a selected proportion of the nateri al
fl ow ng ‘(hrough t he chanber 1eaves through ttrvat outlet or outlets. 6. A

cycl one separator accog dlé}gl$ EQQ‘?‘{ ?'ﬁ 1o IE, 1 tonyI epavregé’ﬁ?routo 15%

by volune of the mxture |ntroduc e Separator ghmthe
third outlet(s). 7Eurthexr dipeluding seyatee ofc aedtveldithg discharyge pmatradahg

clai mwherein the gloneagdiasathli3 Obutekengls Latidlsl YsQulwat dly W dier&ted
subst anti al | y planar edges and free fromradial |%FI nwar dl y exten

protrusi ons i nto tAF@PREHY 0P tHhe B STiAL HopaRratthroush theAFWéan’éaves
separ at or -accor di Nghro@git ltabtn cutwbe @i Butiaitd. separ ati ng chanber conprises at
| east a primary portion having generally the formof a volune of revol ution
and having a first end and a second end the dianeter at said second end

bei ng | ess than até.sahdcfelose smpdratxir lacastdionetd mhptoreavit nepadhs| vastsa

tangential conponefiergin ap 8513 e.fv vaRdk bE/ e SIH.LQ! 1l BbIAAUEI D nd OO
to be separated into one separat or nd the separ at or her
i ncl udi ng at | eastSePRpateor 1eaves through the third outlet(s).

7. A cyclone séparator according to any preceding claim
\ﬁ/ o : wherein the or each said slot extends radially outwardly with
substantially planar edges and free from radially. inwardly

extending protrusions into the body of the cyclone separator.

8. A cyclone separator according to claim 1 wherein said
separating chamber comprises at least a primary portién having
generally the form of a volume of revolution and having a
first end and a second end the diameter at said second end
'béing less than at said first end, at least one inlet having
at least a tangential component at or adjacent said first end
for . introducing feed to. be separated .into ﬁhe cyclone
separator and the separator further including at 1least two
Vo : . . outlets, in which cyclone separator the following relationship
_applies:
where d1 is the diameter of the said primary portion where
flow enters (but neglecting any feed channel), dix is twice
the radius at which flow enters the cyclone through the xth

inlet (i.e. twice the minimum distance of the tangential

component of the inlet centre line from the axes)

and

X=n . :

' : 8. A,
Z _

. ]
d, = —
A. %

RN OB O A



outlets, in which cyclone separator the follow ng rel ationship applies:
where [err] is the dianmeter of the said primary portion where flow enters
(but neglecting any feed channel), [err] is twice the radius at which flow

enters the cyclone through the [err] inlet (i.e.. twice the mninmm

di stapce of the tangenti al

axes) ‘and [err]
cross secti onal

where x=n [err] [err] and where d

areaof the [err] inlet -a4. entry to the cyclone (2
separator in a plane parallel to the axis of the cyclone separator, and
Is the diameter of the primary portion
at said second enchexedni dsmeasunembeat of [imlats, k| ivhene hirdmadnehidsson

conponent of the inlet centre line fromthe
where n is the nunber of inlets, [err] is the mnipum "

v

first applies that rrl, [err] lenr] few all .z > errs] ere.z is the
di stance al ong t hsee%ggxf%‘neuéee;ﬁgr ah(‘)a]r x| s& Sinsttr e2h fv?%eg%? ar%c{‘:'ne '
contai ni ng the i nseataratek din sat hdandi cpagradleloftd Mehec\axignefatthe, cuekpnleur t her
z=0 being the axial,p2sdd | Qs Yhekde wei ghted areas of the inlets

=n -

and where dz is the diameter of the primary portion at said

‘second end and is measured at a point z, where the condition

first applies that

_1_,'62_6.-_‘-. .

tan : : \ £ 2°
’
2(2-22) /'

for all z) zZ, where z is the distance along the cyclone
separator axis downstream of the plane containing the inlet
and d is the diameter of the cyclone at z, and further z=o
being the axial position of the weighted areés of the inlet_s
such that the injection of angular moméntum' into the cyclone
separator is equally distributed axially about said ax.ial
position where z = 0 and being defined by

X =n

where Zy is the axial position of the xth inlet, and further
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< such that the injection of angular nmonentuminto the cyclone separator is
equal Iy distributed-axirally. about said axial position where z = O and being
defined by x = n [err] Aidi x =1 where [err] is the axial position of the
[err] inlet, and further = -12- [err] [err] 9. A method of
separating a material containing (i) a volunetrically predon nant
contlnuous phase, (ii) a dispersed phase | ess dense than phase (i), and
(rii) i dlspersed phase nore dense than pbage (i) conprising applying the
material® to the inlet(s) of a cyclone separator according to any one of
claims 1 to 8, -phase (ii) predomnantly reporting to the overflow
outl et and phase (iii) predomnantly reporting to the thlrd outl et through
the or each slot.

1Y dz di

is from 3 to 12
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°. A _method of. separating a material containing (i) a
volumetricaliy predominant.continuous phase; (ii) a dispersed
phase less dense than phase (i), and (iii) a dispersed phase
more dense than phase (i) comprising applying the material to
the inlet(s) of a cyclone separator according to any one of
claims 1 to 8, phase (ii) predominantly reporting to the
overflow outlet and phase (iii) predominantly reporting to the

third outlet through the or each slot.
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