35 ", 2102311 -1- CYCLONE SEPARATCR This invention is about a

cyc one separator. This separator may find applicationin renoving a
I'ight er. phase froma large vol urme of a denser phase, ch as oil

wat er, wi t‘h m ni num contam nation of the nore vol um s phase. Ngsfﬂ]2311
conventlonal 05 cycl one separators are designed for t he opposite purpose,
t hat is renoving a denser phase froma larnge volune of a lighter phase,

wi t i ni mum cont ani nati on of the | ess vol uni nous phase. This invention is
a cyclone separator defined as follows. The cycl one separator has a :
generally cylindrical first portion urallty of substantlally
I dentical substantially equally ci rm-ﬁﬁ—#spaced tangentially
directed feeds (or drdspsnvenhtieeds)abomnds qd}-mﬁeﬁevamtphe fThistseparatioosn and
substantially c t OSR8LAld % H’ LPdws el ddogPengd.second
portion open at Q&?sﬂf g Qﬁ%ﬁ%ﬁ% ?“rst portion éts g{Iaam al overffow 15
outl et opposite Vpﬁem%@éoﬁcﬂeryéﬂ inbAs¢d suchias pik fzpy wAdpr) withdndwebnd

portion conpri s&go@adddpsHMRet fe Got ARSI ukiHOUS HHaB, { #¥8E donbdrt1mdd far
end, where it | eads INto a substantiall y coaxial generally cylindrical

third porti8h. Telews eepatatarafeeciesipned foryiha OPRASLEE JHTBRRS e P35S 18, of

the first porti O&mbﬁ:fkla &fnsbh%h&@e fidnVEIgRaE Wildnofoft hel figaper phasgri sed
in the second portion is of the conve%g‘g_lnt end o{ tihe taper is d3, and of
the third porti dHts™R E‘B“‘cf”ta“‘liﬁé‘t?‘?ﬂ 8 FeSRURIBHPHE PPPFSY portion is
1, and of the secondm-msr thvemtion is a cihdodenisapamatos siefdued @aafolelpea- of . al I
the f eeds neasur at _.th 0 t I f

A . The shape o tﬁ dgé‘gasse%fa%éor Ila%\r}l'le %QEW cﬁtﬁ?&ﬂﬁ?)%/\n@ni%?eplogﬁ%ﬁshl ps:
10 1 /404 w%h2a z:mr@mw dﬁAlSﬁlbIa@n[té#M]Y @dqraiaal cﬁub&t@tgablvz eggally

d>d12d>d2 cir%umferentially spaced tangentially directed feeds (or groups_of

feeds), and, adjacent to the first portion and substantially
coaxial therewith, a generally cyclindrical/tapered second portion
open at its far end. The first portion has an axial overflow

15 outlet opposite the second portion (i.e. in its end wall). The
second portion comprises a fldw-smoothing taper converging towards
its said far end, where it leads into a substantially coaxial
generally cylindrical third poftion. The internal diameter of the
axial overflow outlet is d o’ of the first portion is dl’ of the

.20 divergent end of the taper comprlsed in the second portion is dz,

of the convergent end of the taper is d3, and of the third portion

1is also d,. The internal length of the first portion is 1, and of

3

the second portidn is lé. The total cross-sectional area of all

the feeds measured at the points of entry normal to the inlet flow

25. is Ai' The shape of the separator is governed By the following

relationships:
10 ¢ 12'/d2\< 25

o 0.04 ¢ 4Ai/1rd%s 0.10

do/dZ < 0,1
30 - d1.>d2
d2 >d3. .
" The half-angle of the convergence of the taper is 20' to 2",

preferably up to 1°. The taper is ﬁreferably frustoconical.



s

The hal f-angl e of the convergence of. the taper is 20' to 2[err] preferabl ',
-~ up to 1. The taper is preferably frustoconical. -2- Optionally the -
“half-angle is such that half-angle (conicity) = arctan ((d2 - d3)/212),
i .e..of such,glight angle that the taper occupies the whele.length of the
- second porti @t Preferably, d3/d2 is fromO0.4 to 0.7. Preferably, where the
05 internal length of the third pergion is 13, 13/d3 is ar least '5\amd
may be as large as desired, preferably at least 40. 1/d dlmay be from 0.\

fj 0 5, prefeopbionafiagntte hﬂf4-|angilde{ Fla étﬁlyi blﬁri]atf ham-lanéléh Q c8nidi®y) NBXi mrjlm )
i scrimnatiQn.w th.espeaci i Lut i ght er, .10 ases, .it _was thought
necessary tggftégrﬁ)\f&lﬂ h?otgr%zyhef'gii‘gﬁ SB@%F?‘FBW Sﬂﬁfeett,?‘aﬁo eoHtRPTt he
| i ght er phasectpiesate vhokerleazth vbl thee seomidr pduettied. by a near-wal | fl ow
travel l i ng radi ' rdj yat 7 XinS ( [ I n_operation, the
| i ghter phase t?r#g}geit-%wgbﬁk/gﬂo%%f??‘gtoh\/'\gyégt(g'Zh\g@g%&aﬁakg ’erwgflé‘?/vtgﬁt let). It
was acd¥r di AgF§TmES leqgthpefs dhet thisd mAradon vist hjn lthé, asi at leaer fisow out | et,
a further cqpgemdy he fUth byhbfested h ' a £8S, 1t hys eating a
third outle f% éhsle cyglﬁéoene seaggrEéro?r?%%(?g%iaghi%ﬁ%\gnlg:?'ghtlé};wlpﬁg%e is
concentrat ed® 3 05> uPEPETFRET KT BNt itoefy daldsmar-be SFemyl-5it is
conpl i cat ed tby3r eason of having three outlets and we 20 now unexpect edl y
find that, when i hg NEr e a, Sha axial overflow gutlet, the near-wall
flow tends to _de#%c Ra g“éIJti)é?’rddﬁ\“?He‘meﬁ%t FPeﬂ@bg}‘e@lﬁﬁﬁ%tﬁiﬁbtqrhat out | et
and reclor culphasss, ( dhdassthqught orecessdryntd hiemotde thymighnehs @pasit or, | eadi ng
to a wel comgyeifill ditdat] Gt gﬂd]ryt Qﬁ% rf]'i%ﬁt 2 Eﬁas&r BRP LSO, Y Pogyy fine

ow outl'et Talls be 0

solids 25 in the overfl ause Of advantageous changes in
the flow paCLiye cPufirdhuted pyuse aearywddr Blavy tyavel dinghirgdiaidantnvamdihat

out i) eg Z; " nyﬁdﬂlﬂ Yhel akdls | Whate,! @aSdpeRalith, PRY Q1P &FepRtleY clddamep. 01 o 2
to . , DS

. Pr%ferqﬁl y. 0. 02 %\o? 0. Oaa\'/\PThe feeds are advant ageously 30
spaced axi afPY §FofR & %% &P DrePFiBwrBtRELeY cutdpblhsult BEopeIorditalyaxi al
over f| a§ ouptedossliotd groatdehewirhdastiey exidAndvétfebefdtit@et, a further

concentric outlet tube of the desired narrowness, thus creating a
third outlet from the cyclone separator into which the lighter
phase is poncentrated. lWhile this design works éﬁtirely satisfac-
torily, it is complicated by reason of having three outlets and we
20 now unexpectedly find that, when using merely a small axial overflow |
' outlet, the near-wall flow tends to detach itself from the end
wall before reaching that outlet, and recirculates (and is
're-sorted’) within the cyclone separator, leading to a welcome
' simplification. Furthermore, the proportion of heavy fine solids
25 in the overflow outlet falls because of advantageous changes in
the flow pattern. (Such solids are generally preferably absent
in that outlet). :
Preferably dO/d2 is at least 0.008, more preferably from 0,01
to 0,08, most preferably 0.02 to 0.06. The feeds are advantageously
30 spaced axially from the axial overflow outlet. Pressure drop in
the axial overflow outlet should not bhe excessive, and therefore
"~ the length of the “do" portion of the axial overflow outlet should
be kept low. The outlet mey widen by a taper or step.
A flow-smoothing tapef_may be interposed between the first

35 portion and the second portion, preferably in the form of a

¢+



tﬁe»j engt h .of the "d " portion of the axial 'overflow outlet should 0O be
kept low. The outlet nmay widen by a taper or step. A flow snoothing taper

may be interposed between the first 35 portion and the sec portion,

preferably in the-formof a- 37 3 - frustoconical internal *surface whose
| arger-di anmeter end has a dianeter d and whose smaller-diapeter end has a
di dahefer d and 1 ' 3 2 whose

coni™@ity (half-angle) is preferably at I-éast- 10. For space reasons it my
be desired to curaeetédonitdl rHetehiali eurfgedtihyse aadgdr-{d3ameteradhd hadfa

curvature of the,.order qf 5 I S sible. 3 The,gctual ,magnityde of d is
a matter of choi FEFHF peﬁ"gtf%ﬂfezs‘g%geéﬁ Raicte ﬁ@dgﬁﬁvﬁrﬁléﬂg T 4 Yy for
exanpl e be 10 t ohb8enpnifinyt ibal fsaugledsily qirgferablgwer leasw tin], f iFbt hspace

portions my be Addsth 1RUhay beldhaikbelos LRk LILYNIA bol fBRCASEL NN 0V

10 consunption to an ext'ent outwei-ghing the- “extra’Separation
ef fi ci ency.05The Faddentdfopurrterrioft theaondahed ¥ dgekmepsribdeli ghter phase

froma |arger vol unerf aaeflANS&n1REASSe §OMRY 4 SHaRBePRR! Yidige! A BPASRInd O
the feeds of a (s:%\%l one separator as set forth above, the 15 phases beil ng

at a higher pre r%“qil?&ﬁ&r“ﬁ feRventenge. ot peLWosuETamPla e 1P %ond0¢m end
of the third porti onFurther puesesdsieellf @prtdvelrheourite, afiftie .t hpdrdkippg tion

cl ean strea i s-typigal only ‘ab alf that to, .the axial oqverfl ow
f)ut let (dis pg)r si"6M- ‘é"ﬁ ﬁﬁgﬁ%é’ b%?r%ta%f f)ﬂifﬁgy ttﬁ‘ég n&eﬁo‘aﬂﬂug‘[‘“&é% rﬁ%ﬁd?ﬂe& &hi s
feature. 2019  consuffitiign Mt Ao cextenp utiveighdng thenhéreddtsl of oextranovi ng oi |

(lighter phase) f59p3 Eeéff(i@%&%r. phase), such as oil-field production
wat er or sea M/atéer'i), V\%%ch may have becone contaminated with oil as a result

of spillage, shipw ethe iByantiey egtendsotie dmetas oferepgetng rohishsar phase
bi | ge-rinsing oreQhla raggel vblimddor 20 denser phasdl€chfiftdsid) @ppiingBl) Of
the phases to t'q:%aggs?lt%nte:hes%ggisatogra cyclone separator as set forth ahove, the

15 phases being at a higher pressure'than in the axial overflow
outlet and in the far end of. the third portion, The pressure drop
to the end of the.fhird portion (clean stream) is typically only
ébout half ;hat to the axial overflow outlet (dispersion-enriched
stream), and the method must accommodate this feature.

20 This method is particularly énvisaged for removing oil (lighter
phase) from water (denser phase), such as oil-field production
water or sea water, which may have bhecome contaminated with oil
as a result of spillage, shipwreck, oil-rig blow-out or routine
operations such as bilge-rinsing or oil-rig drilling.

25 The feed rate (in m3[s) of the phases to the cyclone separator

dz‘s'where d, is in metres. The method

2 2
preferably further comprises, as a preliminary step, eliminating °

preferably exceeds 6.8

gas from the phases such that in the inlet material the volume of

any gas is not more than 4%,

”

30 Where however the gas content is not too large, the gas
' itself may be treated as the lighter phase to be removed in the
method. As liquids normélly become less viscous when warm, water
for example being approxiﬁately half as viscous at 50°C as at
20°C, the method is.advantageousiy performed at as high a

35 temperature as convenient.



preferably exceeds 6.8d2.8 where d «4s in netres. The method .._-2

preferably further conprises, as a prelinminary step, eliminating gés from
t he phases such that inthe inlet material the volunme of any gas is not

nore than [err]. Wher e however the gas content is not too | ar ge,

. -

"the gas’38tse|f may be treated as the_lj ghter phase to be renoved in the

met hod. As liquids normally becone | ess viscous when warm water for
exanpl e bei Ng apiHeOXiviRk Sy eRdddsaso WHACHMAIuRES RR0th e flodd (80crCast hE

met hod i s advant a%eousolhperfor nmed at as_high a 35 tenperature as

conveni ent .

conc ated or cleaned water).

A general |y eycl] ggéi cal first portion 1 -has two identical

equal l y-circunfere
whi ch are directfc@enensddrtaysiisdrigat

first portlequényaeﬂr@heesédtqbiwsgaéeﬁl prafsaxd akbys fa" ooy wﬁé'gré,&pform ng

the 'l eft-hand dr awn I ,
axi symetri & P‘F‘H\N"’h{"f]fblaf‘e FHIpotsd tﬁ?ﬁeé‘ﬁéla]&?nf‘?‘gﬁ‘j‘r AR iR e REASr | t i cal .
Coaxi al1om t Antdehki fﬁﬁstp@dﬁﬂiﬁﬂ 1, aﬂmciradgsﬁcgaaiy TdQsiJIaceHSaﬁagEﬁ@rr&U y

lindri cal . i
gg;x: gl régﬁermﬁc@ngy qocqgf ]ﬁ&Fohap rt? dggenfr EtELﬁF?‘gqrhpo?‘l 18ﬁt3 opens '

subject to.their formng a

-4- The invention
extends to the mmdnmwén w1 mptvhies d(esuﬁzliheasbycﬂay‘.afﬂ éﬁénﬁﬂeodrit.h Or cl eaned

wat er). The _ipventio 1 1__now be des ed of ex -
ref erence t(ge?%ren%c%n%% VARG R ra ‘?%h?'lzjr%ﬁéhm?ch %Eeﬂﬁ 7. 05
cycl onéd3separ eydoneceeprda tay tagcctrldeng rioethe dnventilos. dThei dpwiisg et to scal e.

into coll ecttpothedmofqmgng anT heldyseetriraflag’ sﬂieighﬂiqpoamgi@dahd)war ds the

second por ! i@ faueQeldHPREL AR BieaLafOMBARA Mo BlOEL e phPLRRIPI € DY 5

fromthe normal to the axis.

ortion

as an’ axi al

\ 7

a

l.al | y-spaced groups of feeds 8.(only one group shown)
irat thestionmd kamdwo ifigntidadto t he

overf| ow ougrétadigcepfpsitte Lhe ﬁ%ﬁﬁﬁilbcﬁﬁc#éﬁ*ﬁr}ca reechrd postian 2¢ycl one

separ atgr,

20

25

30

35

Whectaeh bad a&eiﬁﬂlfﬁﬁséﬂdpinto a coaxial generally cylindrical

third portion 3. The third portion 3 opens into collection ducting 4.

The feeds may be slightly angled towards the seeond portion 2 to
impart an axial compodent of velocity, for example by 5% from the
normal to the axis.
The first portion 1 has an axial overflow outlet 10 opposite
the second portion 2.
In the present cyclone separator, the actual relationships
are as follows:- | | '
dlld2 = 2, This'is a compromise between energy-saving and
space=-saving considerations, which on their own would lead to
ratios of around 3 and 1.5 respectively.
Taper half-angle = 40°' (T2 on Figure),
da/d, = 0.5. -
L /d = 1.0, Values of from 0.5 to 4 work well.
1 /d is about 22. The second portion 2 should not be too
long. ' | |
. The drawing shows part of the second'portion 2 as cylindrical,
for illustrationai In our actual example, it tapers'over its
entire length, | |

15/d3-= 40. This ratio should be as large.as possible.

‘\



ars_as f ol I.ovvs --d/d = 2. This is a conpromse between energy-saving and

1.2725 space- saV|ng consi derati.ons, which on their own would lead to
rati os of around 3 and 1.5 respectlvely Taper half-angle = 40" (T2
Figure). d3/d2 = 0.5.- 11/d1 = 1.0. Values of from0.5 to 4 work wel | ¥%0

.

11/d2 i s about: 22 The second portlon 2 should not be too long. The
draWﬂg shows part of the second portion-25as cylindrical, for

|Ilt§'s‘trat|on In our actual exanple, it tapers over its entire - Iength 35
1/d =40. This radllcalzsh(m.lod be:faShiaiIrEEicﬁ&spﬁ&Su.bi'g% f@r %atisﬁ%tOrys - do2
= 0.04. If this for atls tor exce55|ve
denser phase w I?J %%gfr) o#c\%ﬁgfk@{ HEnge %7‘* Hﬁg]g "{hh ¢ itghter

overfl ow out | et plt@sewtiirohgh $h§m}esﬂ.r¢aialrélow fout heet rlat mhit:ls isoandasdlchh 1el7i NOr
constituents (Sughife SREGKS eho Thal1 OnIAGE coBle MUBRLT o0l 8L ofeakeased

from sol ution by the reduced pressure in e vo can oek e overfl ow
outl et 10 afd heifédsta e ‘ibrbégﬁéﬁt §i¥)freﬂ-ﬁ%se|dl Qmmeﬁobﬁége tyo theasedoerd of t he

'wong' end, at mekked :1gncuiugétm) %anvﬁg./()&kt ?ﬁ‘f E»@{?{B@A @\E?le?'r gg{lgh quh%ce -
about 1% by vol une (cgu 0 0 e nateria _
the cycl %n)e sepats é‘?g P ‘(flﬁ ef (Rhaggi to PRRARCRE R 60k | @rong.

(Cycl ones havi neerd, / alt coua:taanamtﬁ;@a mmieha{mew&mpmyedimeeﬁsf ully).
2 4AAi/[err]dl = aHoup- ltzTn%vsvoeiiﬁf?é e(‘fc%efd t he Jat | 9 (p itﬁ’ I ent.gltf%e a(i S greated

cross-sectional area on CI‘ SS ‘seé
= 58nm  Thilg i sior gh@rqyedonss sema*teycqvenélqwsamatoegh mdaﬂal overflow

outlet 10. (Cyclones having d /d of 0 02 and 0. 06 were also
tested successfully)

d

4A /rd = 1/16. This expresses the ratio of the inlet feeds
cross-sectional.area-to the first portion cross-sectional area.

15 ' d2 = 58mm. This is regarded as the 'cyclone diameter' and .
for many purposes can be anywhere within the range 10-- 100mm, for
example 15 - 60mm; with excessively large d2, the energy consumption
becomes large to maintain effective separation while with too
small d2 unfavourable Reynolds Number effects and excessive shear

20 stresses arise. Cyclones having d2'= 30mm proved_very serviceable.

The cyclone separator can he in any orientation with insigni-
ficant effect.

The wall 11 is smooth as,iin general, irregularities upset
the desired flow natterns within the cyclone. For best performance,

25 all other internal surfaces of the cyclone shonld also be smooth.
However, in the wall 11, a small upstanding_circular ridge concentric
with the outlet 10 may be provided to assist the flow moving

- . radially inward near the wall, and the outer 'fringe' of the

'vortex; to recirculate in a generally downstream direction for
¢ 30 rescrting. The outlet 10 is a cylindrical bore as shown. Where '
it is replaced by an orifice plate lying flush on the wall 11 and _
.containing a central hole of diameter do_leading directly to a
relatively large bore, the different flow characteristics appear
to have a slightly detrimental, though not sérious, effect on

35 performance. The outlet 10 may advantageously be divergent in the



for many purposes can be anywhere within the range 10 - | OOmm for: exarphg/
15 - 60mm wth excessively large d t he energy consunpti on becones | argé
to maintain effective separation whi l'e with too smal || d unfavourabl e .
Reynol ds Numnber effects and excessive shear 2 20 stresses: ari se. o
Cycl ones having d2 30mm proved very, serviceable. The cyclone separator |
can be in any orientation wth insign? ficant effect. The wall 11 is Y /

SOL 3. W ASRsl e oldiksa! 1k I8 MRISL Sheylesr o Upw pat ter ne

Wit hit¥ the & Tance ernal surfaces
of the .cycl tnamelnghtiwl @liahas::srbvluO gndothe. ophedveideniing ttheregditer lat, 2aa smal |

UpStandi NG, Ehdd WhPE-oRkUDBECANTBNLATC 1h UL NGYOUL | ik FRYodigePr OVi ded o,

aSSI st the flow noving radi al i nward near thé wall . e outer
'fringe' of d¥qPe i?o?"tpéiie"ccﬁdr%]r?i"‘ﬁcﬂ}eaf’%ﬂr%’a""@i‘é‘ﬁe‘l“hﬁtl he dﬂ?oﬁ%‘ﬁdeam di rection -
for 30gs I esgdinkBOthe tofietudy ot tAd fludrraybd r@uiwicbpﬁﬁraS(&hem Wher e

S repl e n arifi Iate | yin ['ush on
cont ai ni ngaﬁ &eﬁ%‘?% ﬁoTeg°gf eV 0"% E‘ﬁﬁ‘?%ﬁea‘?é gﬁ?‘*@t? tg relatively
| ar ge bore, 1ig‘rﬂed|;ftfaseeruccbtm.gch@rtmet Bdquikenemtapyfcahe tumeltave a slightly

detrimental, Q?gsh %tesgg_iOfpom ;Jttegckstqgl?% gafegff g%%%ofgg th‘ghe outlet 10

may advant ageous I'vergent ectl overflow, wth
the outl et oﬂﬁwa@er |ﬂﬂXtﬂm?- Wal Introdynedi ay 59%@ thirawgit ¢he dizeda P @ltea out | et

wi deni ?9 t e SAk e exbefidzORRa3h | crRNEL& 195 41R:! £ Jtﬂe a:ii'llt (We?rf‘ﬂ@ey a
smal | e ressure drop i.s experienced along the outlet must be

bal anced 05°“t1@&gh(?ﬂ§t‘dt3ffeat EAigeREsfesrb 1hat| 3y deestaded) WFP(‘PHF‘PE%H bor e
(cone hal f - aﬂg{an@fgaaem)thbm:ﬂreeommedmalgye&qeﬁsmuﬂt dﬂtﬁpkﬁieﬁ of the

From vt o BEEISEES PRS- ERS SRt Pt drdig: B CHF destet i ?Eﬁuﬁ'eh
at 50 C thremgdngb&lensf ¢edavoldd adxcasd fre brgiessmfetb«ch'edlm (dmatbubhldsne
St 08 O el IR T M Sk, ok BollgE D) o
vol une. -~ ThBoxnjthe same reason (avoidance of droplet break-up), still referring
to oil and water, it is preferable for no_dispersant to have been
added. The feed rate (for best performance) is set at such a '
level that (feed rate/d2 8) > 6.8 with feed rate in m°/s and d, in
20 metres. The mixture spirals within the first portion 1 and its
angular veiocify increases as it enters the second portion 2. A
flow-smoothing taper T, of angle to the axis 10° is interposed
between the first and second portions.  Alternatively worded, 10°
is the conicity (half-angle) of rhe frustrum represented by ).
25 - The bulk of the oil separates within an axial vortex in the
second portion 2, The spiralling flow pf the water plus remaining
‘01l then enters the third portion 3.. The remaining oil separates
within a continuation of the axial vortex in the third portion 3.
The-cleaned watér leaves through the collection ducting 4 and may
30 be collected for return to the sea, for example, or for further
cleaning; for example in a similar or identical cyclone or a hank
of cyclones in parallel.
The oil entrained in the vortex moves axially to the axial

overflow outlet 10 and may be collected for dumping, storage or



geqqetry and vaI ving of the pipework |eading te the feed 8 are so arranged

as'fo avoi d excessive break-up of the droplets (or bubbles) 15 of the
| kght er phase, for best operation of the cyclone separator. For the sa
reason (avoi dance -of ‘dropl et break-up), still referring to oil and watér,

it is preferable for no dispersant to have been added. The feed rate (for
best performance) is set at such a level that (feed rate/d2.8) > 6.8 with
feedrate in nB/s and d in 20 metres.” 'The mixture spirals within the

first portion 1 gPgeHdrS dtfdn .V i r he econd
portion 2. A fl owgrmot %?dr?g tanergirt%%o?y diggese?%?t 02’%‘3%([?5 I%%a%e ﬁ

i nterposed betwe&h'% (785¢ 1% ﬁ}?df‘é’éf&'ﬁﬁdsepPGFf‘Hﬁﬁ‘smaYAIiP&% F\ﬁﬁcyn eﬂar 100
is the conicity (:haidfenaﬂ@dle):yafonEhe frustrum represent ed by T1l. 25

The bul k of the oil gara?ﬁ% g |aI rtex in the second portion
2. The spiralling fl ow of the Qﬁ e??ﬁﬁrrfi 1 o5tiet HanteAceprdappe
third porti & 3. withe thentnventipnois essepataﬂ.¢SadMahhagtoas cnntwwahecuf of the
axial vortex in h n, te | eave oug t he
col l ection ducti %Q&ftsah‘;d&ag%%(g@ 1%5;[%% ec? cf)rs’r Fﬁanfé‘ ﬁb’@e K€ £ or
exanple, or for f ﬁﬁ#e?h%ﬂeeafﬁmthﬁ Shret ayplane hs atrsamd dn @rsecoenicyckine,
cyclone or a bankr&f wR Y&l Qnes'deas@%akéelis I&%tea'inegt lﬂ.'r@e%c'lg éheFMQ”GX

noves axially to t axial gverflow out]et 10 and nay be co
dunpi ng, storage™® weeion % RE vALYmes @parldghbPhage h@d eachypragest #1d hewes ai n
sone water. 1on tbf Stteas&etrophasbhmviaw&éd‘w cseﬁaaaweqnwfw théChiygiee dnageond
simlar or ident]j ﬁ%n ﬁy(:n on%_alThe | I ness. aof e ax overflow outlet 10
in accordance 05 -oufrtHe AR OEHY 8?5 qut %Eg‘é’c ﬁ‘l‘%{‘géﬁwtr"ﬁet he
case of series ofper at!amieointdweoayd:bdm@ weqba:roatbéaa: aﬁwilemnnl endeaiiﬁngt he
' dense phase fr S C eat.e econ oRe. from
whi ch the denseglgj!ytaIsigmﬂlegi %%agé Jgpﬁ,%aké fgh ?{c} goé: ggeés’"l'hegtrhé’ Ect nt? n the
vol une of 'IightPpieIdsy 1g teFefuse Jgeeceshdy Ht?r'reéleféoseawaéﬂrtﬂvetm leen, pthese
unwant edly ¢sirri eskseles emhfhﬁcbecad b8 haxIfbsR 1F HHRUEHL fcbﬁta@mb?é 2YeEddaow
outlet 10, is an |r<r_pogaﬁla ﬂnt e, for exanple in a boat |nig used to
clear an oil spi F? gﬁ \9}1%@ not wasted on containing adventit ous :
sea-water.



only limted space on board for- oil :containers; although the .t.'op PE i oriiy;;

is to return inpeccably de-oiled seawater to the sea, the 15 vessel's =

endur gnhce can be nmaximsed if the oil containers are used to contain only
oil a¥@ not wasted on containing adventitious sea-water.- .-8 CLAIM 1.
. A cyclone separator having a generally cylindrical first portion with a =
plurality of substantially identical_ gubstantially equally N4

circunferentially spaced tangentially directed feeds (or groups of feedsi‘,‘r-

and, adjacent to the first portion agidmeg!bstan- 05 tially coaxial
therewith, a tapered (and opti ongl I;—,;Wfi al | CyCLjir dri cal % second portion
open at itslfar AcR¥CLoPRSIREratoT By ingn2 neRren gt tin Chiir iedle FEF W out | et

3

-

opposi t e t hgosERAN 0K puTall tye of eadrdamaial Ly i dentival Séubg tantiaddy snoot hi ng

taper converging 10, . towards j.ts _sai ar_e where it.| into a
subst ant i al Iegu%g'gxf%ﬁcuﬁgﬁléelng??%}yc;s/?alcr?gr }t'%naﬁen?%lrl d %%rref F%dn,f%? ﬁ% (i°2t er nal

di anet er of gtompsarf ofieedoky fandw adjateit beithg Girstoportienfindssulamanton bei ng
d1, of e di yar. d t ' s Bn. _ ortion being
02, of Yhe EskDDEBLRR dileebifh,' 2pRlper sl Hhet b1y SERLANLEDT ' Dor T on
bei ng al so ¢3clindzi¢al)epegand| pargdnn gPenhit fitpsfarpends on being 11 and of -the
second portion Qgengirkt pddt@oh Hating 43S §2HACLYEHFAby FuR2eOlopgbditehe feeds

- measured at the points o? entry normal to the'inlet flow being A, the
shape of théheeirsPat ATy governed by the following 20  rel ationships: -
10 [err] 12/ d2 [tdler ecdtdOfcatidn dAdpf Riief d\iflpersmpdi{ngr tdpeld. dOv@ipint? d

d 2 3 25 o/d Q.1 2. cla arator according to Caim
1, wher®¥l n ttﬁ'éa%dil ?gs Sh ?;fa(l)"f e?‘ﬁew}é%fralévg?{giéenagg %?%t he taper is-20" to 20.

a. substantially coaxial generally cylindrical third portionm,
the intermal diameter of the axial overflow outlet heing dO’
of the first portion being'dl, of the divergent end of the taper

comprised in the second portion being d.,, of the convergent end of

29

15 the taper being d-; of the third portion being also d3, the internal

. 3
length of the first portion being 1
being 12,

at the points of entry normal to the inlet flow being A

1 and of the second portion

the total cross—-sectional area of all the feeds measured
. i’
the shape of the separator being governed by the following
20 relationships:-
10 1./d, € 25
2' 72 2
0.04 <4Ai/wd1< 0.10
‘d. > d

1 2
d, > d

2 3 :
25 dO/d2 <0.1 .
2. A cyclone separator according to Claim 1, wherein the half-
angle'of the convergence of the taper is 20' to 2°. '
3. A cyclone separétor according to Claim 2, wherein said half-
angle is up to 1% .
30 4o A cyclone séparator according to any preceding claim, wherein
d,/4, is from 0.4 to 0.7. | |
5. A cyclone separator according to any preceding claim, wherein
the internal length of the third portion is 1

least 15.

3 and 13/d3 is at

OO )



3. A cyclone separator according to Claim2,- wherein said half- angle is
u'p\fo [err}. 30 4. A cycl one separator according to any preceding.
glaim wherein d3/d2 is from0.4 to 0.7. 5. A cycl one separat or acco&(gng
to any preceding claim ‘wherein the i nternal I-ength of the third porti S
- 13, and 13 /d3. is at least 15. 43 - 9 - 6. A cycl one separator

ac@oydl ng to any preceding.claim wherein 11/dl is fromO0.5 to 5. 7. A
cy@l-eone separator according to Caim®6,-wherein 11/dl is from1 to 4. 05

8. A cycl one separator according to any preceding claim wherein dl/d2 .
is from1l.5to@ 9 cycfb&é’%h@&&t%?p&rcak@fnga%qﬁl ce@1 i ¥ 1Pfnf,C Okl redn
claim wherein do /d2 I s at Ieast5 .008. 10. A cycl one separator according
to daim9, whetedidp HofremGd from0.01.to 0.08. 11. A cyclone

separ at or accor ngAtachbm rseﬂ,ﬂ:atwhesm&nndﬁg/ do dlaif) & fFhexwil. I{:Zd OisO 06.

12. A cyclone 3}y according to any preceding claim furth

conpri si ng, mterposec? bétween the first portion and the second 15

portion, a0F| owksnobtdyichone sgperates. ackordisizgone angperresedinmctaindi weenednd ai m
12, wherein t heg t@ge{s Qfmgla»jn%ol% is in.the formof a frustoconical

internal surfacel WAose ger-di aneter end has a dianeter d_and whose

smal | er- di anet®r eﬁomagned SgPaNAtPEracgopding to apy pregeding Shalmyepheredn,

according to Cai/ 18 awhedsiknojdeg,conicity (hal f-angle) of the
frustoconical t

to any precedi ng&c:zﬁ e ?%%%ES%ra%gFer#B# t%%%m%éwlﬁ%ﬁ%&? glo:‘)ggng
separ at or pEcor fitomg0tal €ba0.88L substantially as -
11. A cyclone separator according to Claim 10, wherein dO/d2 is
from 0,02 to 0,06, .
12. A cyclone separator according to any preceding claim, further
comprising, interposed between the first portion and the second
15 portion, a flow-smoothing taper.
13. A cyclone separatbr according to Claim 12, wherein the taper
of Claim 12 is in the form of a frustoconical internal surface
whose larger-diameter end has a diamete;_d1 and whose smaller-
diameter end has a diameter dz.
20 14, A cyclone separator according to Claim 13, wherein the
conicity (half-angle) of the frustoconical taper is at least 10°.
15._ A cyclone separator according to any preceding claim, wherein
d2 is from 10 mm to 100 mm. '
16. A cyclone separator according to Claim 1 substantially as
25 " hereinbefore described with reference to and as shown in the
accompanying drawing.
. . 17. A method of removing a lighter phase from a larger volume of
a denser phase, comprising applying the phases to.the feeds of a
3 - cyclone separator according to any preceding claim, the phases
30 being at a higher pressure than in the axial overflow outlet and
in the far end of the third portiom. '

18.° A method according to Claim 17, wherein the feed rate
(in m3/s) of the phases to the cyclone separator exceeds 6.8d3’8

(where d2 is in metres).

) O



25 her ei nbef ore described w th reference to and as shown in.the,’ S

acconpanyi ng drawi ng. 17. A nethod of renoving a |lighter phasté froma Vf‘
| ar gergyol une of -a denser phase, conpr|5|ng appl yi ng the phases to the .
f eeds a cyclone separator accordi ng to any precedi ng claim the phases ’
.30 - being at a higher pressure than jn the axial overflow outlet and in

the far end of the third portion. 18T 10 et hod accordlngto Caim1l7, \z

wherein the feed, rat in nB h tqg the ¢ separ at or S
exceeds 6. 8d{9(°whér“@ E?‘i a§°?ﬁd’<‘?§t Fes }Eﬂn 177§ el% &’erﬂl "bt{'l glgg‘éﬁf)r ding to
Caiml7 or gadsewtergasn the |ighter phase |s gas 20. A nethod according

to d ai m 17 ﬂgll§ “}Ewggé obdlS, Igﬁ%g{‘%g age {igs ‘mefg tthgglﬂ?x ,fehephase i s :

wat er : acc arm17
conpri SI ng, wese #ﬁelilmndatl}e sleager ghase datvatgrgas from t he phases such

that imsthe 3l eg u{é%gé 'a%'co} gv% WiB1PM7aMs 3asad Sfﬁ'f’éhe?“é&lp}lﬂé‘{h Lerrl.

22. A lighter phase wh een concenfrated relative to denser phase

by subj ecti nf Phérﬂiaé%%ryt St%P nétiaasingores fgor ;hgnphaggs s“"é‘f thatinns 17-to
21, and col | aetthagidiBe sareeidialkthb eRLunE dBY ad1@ad isAho®\RiE | thanOgdt.l et . 23,

tAhSeBﬁSEeE“t o BeliRBE S Ebar At SR o0 CAREER P THS1 SRck col I ect i ng
t he mat eri al ddmsavipigskbit bebfextingcthefptases 1tp a methpd caquordingnto any
10 of Claims 17 to 21, and collecting the material leaving by the
axial overflow outlet. _
23. A denser phase from which a lighter phase has been rémoved by
subjecting the phases to a method according to any of Claims 17 to
21, and collecting the material leaving by the far end of the
15 third portion.
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