1 A SEPARATION DEVICE This invention relates to a separation device, and is particularly, although
not exclusively, concerned with a separation device for separating components of an 5incoming
mixture comprlst%nllq)wd [:7)hases of different densities, and a solid component. The separation of
components an ases of a fluid mixture is important in many industrial p%%%%@gi the context of
this specification, the term "phase” is used not 10simply to refer to different states (solid, liquid or gas)
of a material, but more generally to embrace differentimaterials that are in the same state as each
other (eg two |mm|SC|bIe I|qU|d components of different densities). The separation of immiscible liquids
is particularly chatlenfRal s AliyEvhen their 15densities differ only slightly. If solids are present in
the mixture, the solids can provide nucleation sites in one or other of the I|qU|d components, so
promoting the formation.of st bIe muIS|ons If sy ch stabl % sions for can be very difficult to
break in order Eghésr{nﬁgﬁgg rgqra 1310 ?ﬁeg?wooll uefé'cehases é%ﬁﬁlﬁ%??? ile separation
processes can Wé@ﬁ@ﬁc@édmdﬂ&? |§¢§§éﬁ@?éwmé¢éﬂ%mfﬁimmahpms, for separation
to occur inz stmdmfgatﬁimmiwayﬁsfky\ﬁcﬁn@tbﬂﬁséé%\dﬁﬁd@éﬂﬁ@éﬁﬁﬁé‘ara?%@i@9 fluid mixtures can
generally be re \% operating either on a cyclone principle or a centrifuge principle. In cyclone
separators, the generally introduced into a chamber in a tangential manner at high energy, so
inducing a rapidly rotating flow pattern within the chamber, causing lighter components to migrate

towards the chaiheoesparitiowbilecheavrierts amppheris digTatErmaEds pdtsisidemAliough flow
Quides may be;RiguIAEdIBECIANa PRRABINR NRRCIRIHIBIRE IHERANdJLIR daslgbIR [gr the interior

of the chambers to offer minimal obstruction to 3 In ow W
simply to refer to different states (sofid, liquid or gas) of a matena! but more generally

to embrace different materials that are in the same state as each other (eg two

immiscibie liquid components of different densities).

The separation of immiscible liquids is particularly challenging, especially when their

15 densities differ only slightly. |f solids are present in the mixture, the solids can provide
nucleation sites in one or other of the liquid components, so promoting the formation of
stabie emulsions. If such stable emuilsions form, they can be very difficult to break in
order to enable separation of the two liquid phases of the emulsion.

20  While separation pfocesses can be conducted in batches, it is generally preferred, in
industrial processes, for separation to occur in a steady state continuous flow method.

Known processes for separating fluid mixtures can generally be regarded as operating

either on a cyclone principle or a centrifuge principle. In cyclone separators, the flow is
25  generally introduced into a chamber in a tangentiat manner at high energy, so ihducing

a rapidly rotating flow pattern within the chamber, causing lighter components to

migrate towards the chamber axis, while heavier components migrate towards the

outside. Although flow guides may be provided in cyclone separators, these tend to be

fixed and it is desirable for the interior of the chambers to offer minimal obstruction to
30 the circulating flow within them.

Typically, a centrifuge comprises a vessel which fs rotatable about an axis. Thé vessel
is rotated at high speed, and, again, denser components of a mixture migrate to the
outside while lighter components accumulate nearer the centrifuge axis. In some

35  cases, the outer wall of the vessel is porous, so that liquid components can be
extracted, leaving solid materials accurmnulated on the porous wall.



Typically, a centrifuge comprises a vessel which is rotatable about an axis. The vessel is rotated at
high speed, and, again, denser components of a mixture migrate to the outside while lighter

components gesyidiatesnearer the centrifuge axis. In some 35cases, theﬂ/ﬁf}&‘%ﬁv‘%f&{%@? vessel is
porous, so that liquid components can be extracted, leaving solid materials accumulated on the porous

wall. WO 2009/077757PCT/GB2008/004173 2 Known separators, whether cyclones or centrifuges,
suffer from a lack of flexibility. Consequently, they aré unable to process incoming mixtures adequately
at variable flow rates, or where the parameters of the incoming mixture change. For example, 5known
separators are often unable to separate mixtures adequately where the ratio of different fluid

components chéiogeseifaadstiiomhantd seppanenierafiRpamingentisire mbiayerasdemegency to
accumulate wilindhe SeRe Eﬁé@fﬁre‘gmm@{& pHaable wcéﬁﬁﬁggrﬁ%ﬂ}”\é ag.%a?g;

S gp\;lélﬂ ids deposits
build up over time, requiring the separator to be taken o or cleanin pS oses.a}géKnown

separators oftéPUERHSt FIFREEE &R BRERMIAI HPE EkuINSRENIBG Sini e Chapefie 1 RFE W Sressurise the
fluids being préoessadpinatyclane Sepaiathis ithepatationddwen siiyqpbtbe Atatibiatbeseparator is

15uncontrolledyand suefy cHARGRS R iiational velaaihscan pash s ficieney afgeparation of

immiscible liquids, The requirement for centrifuges to rotate at high speed imposesa limitation on their

size and capadtiF TS ERIRIGRLTY L RAHIHERIE WHME siReRpfrirsssBiiRd @ Wik frate without
compacting. 203a¥ecleai ofCooatmlantivy sloide sieprbite ntiifugresvendhes, rediffitgltiar seypossible to vary

the residence g, kBN QdBdiMiu@erBaPoNnents of the original mixture. Current separators
cannot e %ily be retro-fitted into existing processes as used, for example, in the oil and gas production

industry to replace internal components on tail
Known separators often do not work adequately in a pressurised system, or require

pumps fo pressurise the fluids being processed.”

In cyclone separators, the rotational velocity of the fluid within the separator is

15 uncontrolled, and such changes in rotational velocity can upset the efficiency of
separation of immiscible liquids. The requirement for centrifuges to rotate at high
speed imposes a limitation on their size and capacity. Also, cenirifuges do not have a
low G zone where salids can concentrate without compacting.

20  Thelack of control in cyclones and centrifuges makes it difficult or impossible to vary
the residence fime within the unit of individual components of the original mixture.

- Current separators cannot easily be retro-fitted into existing processes as used, for

example, in the oil and gas production industry fo replace internal components on {ail

25  end production, where the liquids fo be processéd contain water. If the wateris a
confinuous phase in the mixture, ie the mixture contains more water than ofil, the
deliverable may be oil with a reduced volumetric flow rate delivered to a further process
for polishing to achieve the required oil quality, while the water may either be clean
enough to be discharged into the environment or require tertiary treatment prior to

30 discharge or reinjection into the production zone of the oil reservoir. In the case of
heavy oil production, particularly when the oil is produced by pumping it out of the
reservolr, the final treatment stage often has water in relatively small quantities, which
needs to be separated from the heavy oil, as in processes for dehydrating crude, in
which a counter-current flow of clean water is generated within the unit to desalt the

35  crude.



25end production, where the liquids to be processed contain water. If the water is a continuous phase
in the mixture, ie the mixture contains more water than oil, the deliverable may be oil with a reduced
volumetric flow rate delivered to a further process foré)olishing to achieve the required oil quality, while
the water may either be clean enough to be discharged into the environment or require tertiary

treatmentr[%gorutlgeﬁpgé{s: héa}é%e or (r)eri]ggectjdoe igg eth% J%iuncgéo% %}?é\%eog !t#éentoil r servoir] Ir} thﬁ)case of
heavy oil procfuctlon, parrf C gry when the 6118 pr% uced by pumping it out of the TESENSir? @Wnal
treatmenSBEsS cHiarieadgldter isrvdpeiVely small quantities, which needs to be separated from the
heavy oil, as in processes for dehydrating crude, in which a counter-current flow of clean water is
generated i g WRLIRGGEA NG AR S Fhe sHiTepLicehpology also has inadequate
performance In the tfreatment and removal o uefphur species swee%enlng) from crude oil. The
following documents constitute examples of existing separators. US 2003/0000144 discloses a
gasificatiarSreagsaroappatadissiinayhichasiatidsom atecialssprafedd onanigaictaive saalepntairingdratating

paddles wileh Ajecing agithiaiatial il oyimdedibtia vaaas wlepIadicedgas & ptiactel

from the centre. The material admitte the vessel is not a mixture, but is the solid material only. US

4702837 HHEJLEEETEER Vo re&assh KoY Bontinting ARfeS¥aFlMieATdtRARdanssers foAgitadinal
axis to achirteesbptiratiersaidamettialoitlmixture. EP 0226405 discloses a fuel pump arrangement in
which an impeller concentrates air within the fuel towards the axis of the impeller so that fuel which is

substanti%lg free gf air.can be dispensed. US 5207810 discloses a downhole#da_s separator having a

vaned rotoP opetatitl IPARCER B RN A KRR KoL ARS8y PYE SRV IUFY o RIS BRPHEeF from
liquid confraifedirabitisdoraiigne aepkrptentifugalddedeniki® 6271163 discloses a treatment vessel for
flowable materials in which a flowable material is acted upon by paddles mounted on a rotor while

subjecte f.gas. US 5630557 discloses a grinding device in which fine material formed by
the grincibg BPOC8 AR eE A L A AL o T Uty R B e LR O o

er rotor o
prevent gitiaiicg headspbiemssing $6 thet biglehiridecsnigiooiisydres afwipeaatierdigeeisetomprising
an outer wall defining a separation chamber in which a motor-driven rotor is disposed for rotation

relative t Il about a rotor axis, the separation chamber having, an inlet for a mixture to be
ceparated R e, et A 0 SR R R S ve
phases of Yidafixtliewsns trEcsid Ao Halvh endrias it sermeledifigiwisfidicprruedstritthe |
comprisingiadighietsphaseinytebard a heavier phase outlet, the heavier phase outlet being situated
radially outwardly of the lighter phase outlet with respect to the rotor axis, the rotor having at least one

vane
US 52711863 discloses a freatment vessel for flowable materials in which a fiowable material is acted

upon by paddles mounted on a.rotor while subjected to a flow of gas.

UsS 5630557 discloses a grinding device in which fine material formed by the grinding process
passes through a sifter rotor on the way to the outlet. The sifter rotor acts to prevent grinding beads

from passing to the outlet.

Merein disclosed is a separation device comprising an outer wall defining a separation chamber in
which a motor-driven rotor is disposed for rotation refative to the outer wall about a rofor axis, the
separation chamber having an inlet for a mixture to be separated, and a plurality of outlets at
different distances from the rotor axis for discharging respective phases of the mixture from the
separation chamber, the outlets including two fluid phase outlets, comprising a lighter phase outlet
and a heavier phase outlet, the heavier phase outlet being situated radially outwardly of the lighter

phase outlet with respect to the rotor axis, the rotor having at least one vane



4 extending outwardly with respect to the rotor axis, and being surrounded at least partially by a
perforated screen which is fixed with respect to the outer wall and is spaced from the outer wall to
define an annular zone between the screen and the outer wall, the outlets further comprising a solids
outlet provided in the outer wall. According to one aspect, there is provided a separation device

comprlsr uter wall eflnlng a se ation chamber i |n ich a motor gnven rotor is disposed for
rotation re a Ve ?8 SR Wk aebgu A1 Pold? S s ? 08 SHERISSPR i ﬁ%aaﬁrpﬁﬂé?@bi

mixture t@%@p@ﬁt@é?%@ fsidimstyvilh cerneaet 40 d?ﬁferetﬁt wistanseis frernethéraotdheagigaowall to
dischargingfrespeatingiahaseefibenmisitRdroandhivestnar aanich soMbes iR PuYeis lieudiagdvo
fluid phasej%{th%%’%c%n}pr* ing.a Ivganter phase outlet and a heavier phase outlet, the heavier phase
outlet belng Sithated radia y outwar Iy of the lighter phase outlet with respect to the rotor axis, the
rotor having at least one vane extending outwardly with respect to the rotor axis, and being surrounded
at least pasiatyirdayta pesfasptet seseas prbiadeis dixegandtibrerpest torhesmyenvwal-andisiepangd from

the ouer AL SIetnS ARARUIRLZNGRENEEN R eRb AN %%8%&{] PRlkie SRS IUg

comprlsm% a solids outlet provided in the outer wall, in wh ter phase outlet comprises an

annular st REPLA e %@FB?(’T@"‘%@HWWS%’ Mgnier pishde Gompitinente Serryaicefthient
zone, swiplnediycifiggtetto eteliffaentsis&ingedisposta bettweeis thedsthulgingledéspedithesetismetiszone,
and a gas-pitie! ReiNGItaie Al ABHIRRRF 'Rl Aldhe SEGMER! me%ﬁ&e%&m&owﬁ%m&

accordance with the present invention, the outer wall is cylindrical and the rotor is coaxial with

outer wall'9PH& GER RHYHEXhE 6193%% r@?ﬁ’ﬁ%f’tfﬂﬁteéh%ﬁ@?ﬁ@ vBrse AUl RRing stdeshpgioy
radially withiwerpieof thetlightetphasisolietivatio ieepeps ip eryotdtbes ofer retbtdesirana efdtenvanasmay

have a tlcregr@ngmtuﬁmd@wr}e@e%éeﬁaamal deschan. Ihe NaRg SsIRAYRIde g esa"}sgrawreoipgct to
the rotor ax r% g g’gg eoccu,ppi]I %n'ué%lly the f[utll a§<lal extent ;of the se aratl n chamber. Thé vanes
may be nTSURTRS DR SRaH Thith X% SRGRS 167 St RO ARG LI SRS dP?o?%?va?a fRe
rotor. Thele§tsramaphdaprovribefvaen értmwﬂeplar@lsthﬂwtégawqﬂethﬁ méef@rrmrtbrs\radrarbm's"@a Fhils

- support phatrs preydaave aeeitikeddn, anahisnfiaw itgniakeiace fiemansisideAfeachsyBPashplate to
the other, Tne apertures may. also, be F\d\q ted to receive the anes. 4a£ e |nI t to the se%%ratlon

chamber mayebIr afsaxé%é’é’ tzfaa'rrfae"n ?a?l egs%gt) Wi rte"nae;(’ls S TGtatiSN o ¢ 8{‘& % g9hluce
a rotary rﬁtﬁ*ﬁrﬁﬁmﬂﬁt%@@éphﬁﬁw @%Béﬁ@t@@éﬁaﬁ&im%ﬁmﬂbm é@h@pﬁ@é a geheidlategion
occupiedtayhihsittater Arch epperegitth alf oppasiienandsafdhe central region. With such a construction,
‘the inlet may open into one of the end regions of the chambers, and the outlet may open into the other
end region of the chamber. The screen extend along substantially the full length of the rotor. The
solids out fé?ﬁt%{ymﬂmé‘é‘ﬁ%%ﬁ?@o‘f’%ﬁ& pEReNtiBvshtitaatherpytiah el &F embngtieal avdlthe Fri%olids
outlet is psedesalzlyvdisgbsediier thellowee regienaiytibe outeoinaljuaatlynadydesomeaied sae findgising
vessel to SRaDIe HERPSAR %&ar G ﬁt%sﬁré@%o%t%r@lsas@vm {ﬁgmu@?p%?@ﬁe%t%rf thENGEASQULGE may

communicate Wwith the settlement zone to enable gas to be vented from the lighter phase compartment.
A lighter BH%%*B%HEE‘?R&W&@H%ﬁzB&ﬁ%ﬁ?@h‘t@.’%ﬁéﬁ&'&ﬁﬂE;%Pﬁ%@rwa S eXple in a tangential

direction with respect to the rotor axis. If swirl reducing stator elements are provided, so that there is a

relatlvelyﬂweﬁeﬁ@etrﬁsttleﬁ&tata%@n@ \orrthIﬂaQaedr%tﬁrenlaﬁﬁeaﬁeﬁm@tﬁmcgasﬂaﬁa%ﬂﬁaw%é/eqerrn
into the Ilghterepp ﬁg_’?partment a(tg%ré# perregion of the sg%lement zone, and the lighter phase

outlet may Gpén mt I B B rtSht 305 | B4R JISH T S e M FonB 2K SR ever,
if the swun%rdaéufrg' stitoo etennentisraie Aorpiesiontddriedides oy a Mimteckoedmtion prevdedinvithe
lighter phm@@mawémenbxmﬁpaﬁﬁr ordlesrmay heisituaied rﬁﬁ@éh{d@ﬁ%d'ﬁé@hmﬁ hghieBhase putlet
with respect ]h Qr aX| 2 hfeo egtr\]/(laesrt ] orseacHt et may c t%e apna thar slo centred og the
rotor axrs openrng |nto aen%awer prﬂase compartment’J W theheavier B%ﬁ ®The
heavier &%@%ﬁ%@ﬁw*éﬁf@ﬁdﬁﬁﬁ@entlally with respect to the rotor axis. Control means may be
provided for controlling at least one operating parameter of the separation device. The parameters
which may be controlled may be one or more of the rotational speed of the rotor, the temperature
within the separation chamber, and the outlet pressure of at least one of the outlets. The control
means may be responsive to at least one process parameter. This process parameter may be one or
more of the volume flow rate of the mixture through the inlet, the ratio of phases in the inflowing
mixture, the radial position of an interface between the phases in the separator, for example an
interface between heavier and lighter liquid phases, the density, temperature or viscosity of the
inflowing mixture, the viscosity of at least one of the phases, and a parameter of the solid content in
the mixture, for example the particle size, shape factor or concentration. The separation device may
also have an outlet for removal of a rag layer.



WO 2009/077757PCT/GB2008/004173 6 The separation device may comprise part of an extraction
unit comprising a vessel which receives a mixture to be separated, and in which a separation device
as defined above is situated. 5For a better understanding of the present invention and to show more
clearly how it may be carried in effect, reference will now be made, by way of example, to the
accompanying, drawings, in which Figure 1 is a sectional view, taken on the li - Ain Figure 2, of a
oparator KRG To B serains Mt 1 SIS0 R A s e e 5
is a perspe iR ERBEDRBlPdRsIE? thEolbaprion sHBW I mERATAESN CARIE! FibiR SepRidinepltRUIRN of a
rotor discredythermpiieaf fdgtise rdgibiguseubiis @site ey shdarrxienoediibpessianm e thenetened!
Figure 3; Ejgure & ide. vi inper. ftzg; 0 igure 3: 15Fi A ide view of
an anglodELLsy can e AL AR IR MRS A HE B A TR f S i
separato@Bf g HES UMM PEETEIRIGrEDILY SEHSRYURMAI IR STMMEId treatment apparatus incorporating
the separator of Figure 1 and 2; and  Figure 10 corresponds to Figure 8 but shows a fluidising
vessel forgagiipg sal dx2RdamdResenneaipi NMiNgRIAePeR pjoures 1 and 2, the separator
comprises a vessel 2, constructedfrom an outer wall 4 ahd end caps 6 and 8. The interior of the
vessel 2 defines a separation chamber 10 in which a rotor 12 is mounted for rotation. 25 The
separation chamber 10 is substantially cylindrical and comprises a central region 14 and inlet and
outlet end#egiang 6uchSndy BUHHE-BIk AR BSIOIBIAE IEHIRGHAB VARG B0ENeaVyrRRase

tlets 22, 24 into t tlet region 18. The inlet and outlet end 16,18 defined withi
the rapetlVE BHIF LR BN QDR A S R S B AIPbY R RO SPRRE RO FREG >

respectiv&#tﬁﬁg@get)‘ﬁﬂh@éﬁ?@bie transport of pariiculaie solids materials drawn from the separator.



caps 6, B and the outer wall 4. The inlet end region 16 is substantially cylindrical with a diameter less
than that of the central region 14. The inlet 20 comprises a cylindrical passage disposed tangentially to
the longitudinal axis of the separation chamber 10. 35The outlet end region 18 is also substantially
cylindrical and has a smaller diameter than the separation chamber 14. A weir 28, extending radially of

the separationy, 7 chamber, 10, separates the central regipn 14 from the outlet end region 18. The outlet
end region 18%%%%%8&” 5 DDA YR Y igﬁﬁteelg’ %&%%eghﬁ%?%ﬁ%ﬁ{ﬁi)ﬁ%ﬁaﬁn@ %?1(‘-53@?% phase
outlet chambéios s Tlghirjnebeph aospateep? idfbohted Byean antrtlanaliotpeerittedion Hipkaer

longitudinal axisef ksrparIr @%ﬁgié% %%ER?Qrﬁ&ltBﬁéBﬁlﬁ{ FARGRLNE Weile8:Bnd, e outer

surface of a syppart shaft 38 of the rotor 12. The outlet 22 provides communication between the

central region 13" ACiRh &7 Ih MR AR AFDEesh Scoliayierepisadd YN h g brovided
in the lower regitiaroérihedightéthphéediohitte hbhaenben 3a-tieot dhevgaicbihet ighiepphase exdts the

lighter phase b ufl 6 lally. from a radiglly inwards
position of the igf%’feénpﬁ%s%ﬁ%ﬁg%ﬁm érr? 3[%& %%?g@f?ijcift é:)%%gﬁéﬁ%}éto%oxf thgeﬁgr?aéég% rradiaIIy.
15The heavie?$8se-88t 8124 9896 fikathy ehigimpnaselcorpeatieg®nahe lewgnuaaen tidhef the

separator chagetientd: defisedHpuibepuiehedgarmtébacveir 28enedhaputeravalliofthe heayier
phase outlet ceq‘arqber 34..Th ﬁa?n IaJ['. slat 37£rovi esl.cg{nmthnication between the centraI“reggion 14

and the heavierepﬁm'gt}g(iay §U¥F§f8 amber 3420 A neaVfer phass Kitfef %‘8&3 m%nﬁir riﬁo%%?iﬂ‘f lower

heawer%
region of the REavhe phiiecoratéeibhinweaBaf the lightevmbrshehtelvidthprespedxitsttite havier
phase outlet ghamber 34. 25A rag layer removal passage 50 is provided within the partition 30, and
opens into the separation chamber 14 at a position between the inner and outer edges of the weir 28.
The passage 50 deflects through 90 to exit radially from the end cap 8.  The rotor 12 is rotatable
about the longitedirsivied pobssc sliEit 86y Tetmghal 28 annular slot cenired on the rofor axis,

opening into a heavier phase compartment into which the heavier phase outlet opens.

The heavier phase outlet may extend tangentially with respect to the rotor axis.

Control means may be provided for controlling at least one operating parameter of the
separation device. The parameters which may be controlled may be one or more of
the rotational speed of the rotor, the temperature within the separation chamber, and

the outlet pressure of at least one of the outiels.

The control means may be responsive to at least one process parameter. This process
parameter may be one or more of the volume flow rate of the mixture through the inlet,
the ratio of phases in the inflowing mixtufe, the radial position of an interface between
the phases in the separator, for example an interface between heavier and lighter liguid
phases, the density, temperature or viscosity of the inflowing mixture, the viscosity of at
least one of the phaées, and a parameter of the solid content in the mixture, for

example the particle size, shape factor or concentration.

The separation device may also have an outlet for removal of a rag layer.



30extends along the length of the separation chamber 14, the longitudinal axis of the shaft 38 being
substantially aligned with the longitudinal axis of the chamber 14. The shaft 38 comprises a hollow

mid-portion SQ%I Q&J}ﬁ/‘%ﬁ”d end-sections 54,56. The  end-sections 54,}§gTa(£e maounted in, and

extend through, respec ive bearing-seal 35assemblies 58,60 disposed at resﬁe% V& EndS of the shaft

38. The bearing-seal WO 2009/077757PCT/G B2008/004173 8 assemblies 58,60 are housed within
the end caps 6,8 and serve to seal the separation cifamber 10 whilst allowing for rotation of the shaft
38. A plurality of axial vanes 62,64,66 are supported on the shaft 38 by radial discs 68. 5The radial
discs 68 are diSHRISGRAEERIN T es FrRYICRITREPaRR (i e eefiasiiseruni epfansidnsparesselt equidistant
points along therishesralwealk ehitherataibseparation Sliamiaich 4 Apshewndakigssiirrach radial
disc 68 is ring-gé*@gqg ﬁﬂ%ﬂ%&s a series of vane slots 70 set into the internal edge of the ring at
equiangular points and radiating outward toward the outer edge of the disc 68. Flow apertures 72 are
provided in the 10middle region of the disc 68 approximately midway between the inner and outer
edges of the dize 68eTihe fidersipedinges 2 arespaditienashragdioiysaommeicafidhganeislots 70 and

have Ihe same. G ARRAIURILA SRS AP IAAAOUAL ROSI IR Rl petween the vane

slots 70. Vane apertures_ 74 are provided in the external region-of t . These vane apertures
74 are positiorfSGIRARINNGARAOGSH (e H8Row apertures 72. Each vane aperture 74 has a first portion
extending radially outward and a second portion inclined to the first portion. Three sets of vanes, an

inner vane setg,@n eXleRded aNGENABRSFLOHARML AN aHaE LSS YragSHiERextend

substanti%ly r |allé/ outward with respect to the axis ) o
igure 2 1s a sectional view of the separator taken on the line B — 8 in Figure 1;

Figure 3 is a perspective view of a rotor of the separator shown in Figures 1 and 2;
Figure 4 is an end view of a rotor disc of the rotor of Figure 3;
Figure 5 is a side vie\)v of an extended inner vane of the rotor of Figure 3;
Figure 6 is a side view of an inner vane of the rotor of Figure 3;

15 Figure 7 is a side view of an angled outer vane of the rotor of Figure 3;
Figure 8 is a side view of a perforated screen of the separator of Figures 1 and 2;
Figure S is a schematic view of a fiuid treatment apparatus incorporating the separator
of Figure 1 and 2; and

Figure 10 corresponds to Figure 8 but shows a fluidising vessel for receiving solids
20  from the separator.

With reference to Figures 1 and 2, the separator comprises a vessel 2, constructed
from an outer wall 4 and end caps 6 and 8. The interior of the vessel 2 defines a
separation chamber 10 in which a rotar 12 is mounted for rotation.
25
The separation chamber 10 is substantially cylindrical and comprises a central region
14 and inlet and outlet end regions 16, 18. A mixture inlet 20 opens into the inlet
region 16, and light and heavy phase outlets 22, 24 open into the outlet region 18. The
inlet and outlet end regions 16,18 are defined within the respective end caps 6,8 which
30 are attached to the outer wall by bolts 26 passing through respective flanges of the end
caps 6, 8 and the outer wall 4. The inlet end region 16 is substantially cylindrical with a
diameter less than that of the central region 14. The inlet 20 comprises a cylindrical
passage disposed tangentially to the longitudinal axis of the separation chamber 10.

35  The outlet end region 18 is also substantially cylindrical and has a smaller diameter
than the separation chamber 14. A weir 28, extending radially of the separation



200f rotation of the rotor and along the portion of the shaft 38 that is situated in the central region 14 of
the separation chamber 10. The inner vanes 64, shown in figure 6 and the extended inner vanes 62,
shown in figure 5, engage with the vane slots 70 of the radial disc 68. Each inner vane 64 and
extended innBXANMEB27Ras multiple slots 61,63 formed along the outer ed§&/6BMESPAHEB2,64. Each
slot 61,63 engages with a 25corresponding vane slot 70 on each of the radial discs 68 thereby forming
a spliced connection between each vane 62,64 and each disc 68. The width of the central region of
each vane slot 70 is greater than the thickness of the vanes 62,64. An aperture is thus created

between the vanerfizapoasebtiiatcisad Setiiraughivhiaiie mbdunetema Aywen3B T radmgeregion of the
extended inner, e i i d.of the internal edge of the radial disc 68 such that the
inner edge ablﬁﬁ%ﬂ%%%@%ﬁﬂ?é‘%ﬁ@éﬁ ﬁ@% , é@%gﬂ;gﬁ%& gggﬁgl% %téegr%h5w5§§a§cﬁna§nagled outer
vane 66 locate€RVigTaapR - AvliebRapit®e’angled outer apertures 74. The vanes 66 are thus secured
by the radial discs 68. The width of the central 9 regions of both the radial and angled portion of each

angled apgrurendd, AHSRELIBE0 LIRESS e ANAIPAAUIEH Y20 S a0 aperures

between the vane and the angled aperture 74 throu%i| e mixture can S can be seen

in Figure 7, eaBliaRRAISERARIaRPEE HaCndENAd S redonmrdaestiirciEdirradiesother, as
viewed from theutetdufacnbbtugpangleftfos exédraptéoan Antihe obild22quoésponding to the angle

between the firgt AR sesitbearion sl ey iaﬁe@%%tﬁé;;@@ar&@séhﬂ}fYém &gy of a

substantially cylindrical screen 76 which is fixed to the 10vessel 2 and centred on the longitudinal axis
of the rotor 38. As shown in Figure 1, the screen 76 creates an annular region 78 between the outer
wall of th&dchafmlightdvphascthetist e 2 6: Moridedde th toisgueefpcatetiveitiyiitetadh @8 diteholes 80 are

countersunk frepasfi:esisidragthaleniaishapdisglidsde RaskyiEr ekl haangis Hgountersink is

different on o site si f each hole, in the cjrcumferentjal direction. .
° pB\ogas out?e%spgssage 45‘ eﬁen%s axia ry H'om a radllahy inwards position of the lighter

phase outlet chamber 32 and deflects through 90°.10 exit the end cap 8 radially.

15 The heavier phase outlet 24 is forméd by an annular slot, centred on the longitudinal
axis of the separator chamber 10, defined by the outer edge of the weir 28 and the
outer wall of the heavier phase outlet chamber 34. The annular slot 37 provides
communication between the central region 14 and the heavier phase outiet chamber
34.

20
A heavier phase outlet port 44 is provided in the lower region of the heavier phase
outlet chamber 34, through which the heavier phase exits the heavier phase outlet
chamber 34.

25  Arag layer removal passage 50 is provided within the partition 30, and opens into the
separation chamber 14 at a position between the inner and outer edges of the weir 28.
The passage 50 deflects through 90° to exit radially from the end cap 8.

The rotor 12 is rotatable about the longitudinal axis of the shaft 38. The shaft 38
30  extends along the fength of the separation chamber 14, the longitudinal axis of the
shaft 38 being substantially afigned with the longitudinal axis of the chamber 14.

The shaft 38 comprises a hollow mid-portion 52 and two solid end-sections 54,56, The
end-sections 54,56 are mounted in, and extend through, respective bearing-seal
35 assemblies 58,60 disposed at respective ends of the shaft 38. The bearing-seal



15The result of this is that fluid passing through the holes 80 from the interior to the exterior of the
screen 76 is ejected in a tangential direction. A plurality of solid outlets 82, shown in Figure 1, exit from
the outer wall 4 of the central region of the separation chamber 14. These solid outlets 82 are
distributed aXfEy&IGEGuidistant points, along the lower region of the cHARMSEF AU EAd exit
radially from the chamber 14. In one embodiment the solid outlets 82 can be connected to a fluidising
chamber 84 as shown in figure 10. 25 The separatorglevice may be used to process an influent
mixture comprising two immiscible liquids, a particulate solid and a gas. For example, in an oil-field
application, theissbdbiedsaysbareihouatervaamcianeht yareoadandgasve hesifl awingpaixkore enters

tangentially thrmg&q mﬁlgtoa%% ‘?dPJSH%%%'%PtAQ&% %en passes 30from the inlet region 16 into

the central region of the separation cifamber 14 where it is acted upon by the vanes 62,64,66 as they
rotate about the axis of the rotor 12. The angular velocity of the mixture in the separation chamber 14
is thus dictatechipputhtnaobatal vahesit? Gitbe scicupRoridueoane kirafictddiy rafith eisotossl2 may be user

defined, o autematicallyreayated harenan MersEd i RaPme sl ﬁne‘é@mber 14 and
20091077757PCT/G82008/004173 10 If the inflowing mixture has a high solids content, the inlet

region 16 may¥& Wﬁ%%q%d%%%"&iﬁa?@ﬁﬂ|W§rw§6’ﬁ§”§§ﬁgﬁaﬁdﬂaﬂéﬁ?@?%'%ﬁnﬁ@%onon
imparted by thé4adgehtainmdtig@e Phescthedeplisa®tiisdigsshapeiass daesthptesiévagion 78

without enteringdiier e idg: tﬁ@!‘rﬁéﬁﬁ?%@gé*&# USSR Ji@n@lﬂa bRile9RE Qailikgeseparation
chamber may be shorter, than shown in Cgfure 1, Alternatlve%? the Inlet re rﬁ{%lon 16 ma& have its own

independent swaﬁ%%ffé‘%’aé%‘éﬁa“é% \}\rlx&ﬂg%g@eg% esds rB@Eﬂ?&?ﬂ Hfes containing

drill cuttm’*@s froniddie a@gjt@gg é)epjtmraﬁﬁrapprox;matety midway between the inner and outer edges
of the disc 68. The flow apertures 72 are positioned radially outward of the vane slots
70 and have the same angular separation as the slots 70 and an angular position
midway between the vane siots 70. Vane apertures 74 are provided in the external
region of the disc 68. These vane apertures 74 are positioned radiaily outward of the
15  flow apertures 72. Each vane aperture 74 has a first portion extending radially outward
and a second portion inclined to the first portion.

Three sets of vanes, an innér vane sef 84, an exiended inner vane set 62 and an
angled outer vane set 66, extend substantially radially outward with respect to the axis

20  of rotation of the rotor and along the portion of the shaft 38 that is situated in the central
region 14 of the separation chamber 10. The inner vanes 64, shown in figure 6 and the
extended inner vanes 62, shown in figure 5, engage with the vane slots 70 of the radial
disc 68. Each inner vane 64 and extended inner vane 62 Has multipte siots 61,63
formed along the oufer edge of the vane 62,64. Each slot 61,63 engages with a

25  corresponding vane slot 70 on each of the radial discs 68 thereby forming a spiiced
connection between each vane 62,64 and each disc 68. The width of the central
region of each vane sliot 70 is greater than the thickness of the vanes 62,64. An
aperture is thus creaied between the vane 62,64 and the disc 68 through which the
mixture can flow.

30
The inner region of the extended inner vanes 62 extends radially inward of the internal
edge of the radial disc 68 such that the inner edge abuts the outer surface of the shaft
38, as can be seen in Figure 2.

35  Each angled outer vane 66 locates in a respective cne of the angled outer apertures
74. The vanes 68 are thus secured by the radial discs 68. The width of the central



By actively controlling the angular velocity of the flow, the mixture will be subjected to a 10controlled
centrifugal force. As the mixture Vows along the length of the chamber 14 the centrifugal force causes
the heavier phase liquid to migrate towards the radially outer region of the chamber 14 thereby
displacing th& &Y 5hASe liquid inward toward the inner region of the chBRIHeRZ48/MHie outlet end
region of the chamber 14, separation will be substantially complete such that an interface will exist
between the 15two liquid phases. The interface has g radial position, with respect to the rotor 12 axis,
which is dependent on the extraction flow rates of the two phases. Solids contained within the mixture

which have a degisity grpade b et et uidyebigsesoars’ aace lergielamaiaty DLBRedwitanthe
separation Chatﬂﬁf’ﬁ]c%ﬂ %Q%ﬁé&%ﬁ%@ﬁ*@&@%%‘éﬁjgg Ebﬁ'?g Eﬁéﬁﬁ%g @é%%éﬁ‘?h@%&%@ééeg'on 78.

The orientation of oles 80, a e Incli the vanes 66, serve to reduce the
rotation of the ABMReBEEEHIERS IS Sl aRMREh e imiiure eidios AL ARG SR ARS are
negligible. Thefiyesslirset hegiwboyibasmiddidhis ajediati4iBith BglwembhaholecBi-ddme@thwhich serves

to agitate golidsAGCUTVIRIOEHBNAAINLIEY SRUBRSELrIE FPBRABIL 25 {fctefsge reduction of the

centrifugal force and the jets is to maintain the solid phase in a fIU|d|zed state. The fluidized solid
phase exits thr%ﬂb??%‘tﬁi’é%gp‘éﬂégﬁj‘é‘g%ﬁ’?ﬁr’S%ﬁ‘ﬁm@%@\z’&i‘?&ﬁ%ﬂ}f‘% OhYIFBrA APBIUAY use, the
radial position é4.the interface preferably lies radially outward of the 30inner edge of the weir 28 and
radially inward of the outer edge of the weir 28. In practice, the interface is not always a clean

Stable emuision SYEHLRUSE THESH L EUERERUAL B 37 BE I By REPR B of het,
chemicald®br th’@&?@h&mgaienifeé@fpﬁ@@@miwwwpaﬁémrem%eﬁsﬁbmm Rigthis B3tles not
occur, it is deskaialen fps Uﬂ@atbic&msﬁﬁtaﬁrtmgmg@w%%mwmm ANLShinksEXipgiad through
the rag layer r%ﬁéosvc%la n I’TIBSOI'ht\eNs%)reze%O? (1)57 ZZ grlgt%g /G{E%o es g8 43!'%6 holes 80 are
countersunk from the outside and allow liquid and solids to pass through. The angle of
countersink is different on opposite sides of each hole, in the circumferential direction.
15  The result of this is that fluid passing through the holes 80 from the interior to the

exterior of the screen 76 is ejected in a tangential direction.

A plurality of solid outlets 82, shown in Figure 1, exit from the outer wall 4 of the central
region of the separation chamber 14. These solid outlets 82 are distributed axially, at

20  equidistant points, along the lower region of the chamber wall 4 and exit radially from
the chamber 14,

In one embodiment the solid outlets 82 can be connected fo a fluidising chamber 84 as
shown in figure 10.

25
The separator device may be used to process an influent mixture comprising two
immiscible liquids, a particulate solid and a gas. For example, in an oil-fieid
application, the mixture may be oil, water, sand and hydrocarbon gas. The inflowing
mixiure enters tangentially through the inlet 20 into the iniet region 16 and then passes

‘ 30 from the inlet region 16 info the central region of the separation chamber 14 where it is

acted upon by the vanes 62,64,66 as they rotate about the axis of the rotor 12, The
angular velocity of the mixture in the separation chamber 14 is thus dictated by the
angular velocity of the rotor 12. The angular velocity of the rotor 12 may be user
defined, or automatically regulated based on measured flow parameters.

35



11 The vanes 62, 64, 66 may be arranged so as to create a pulsing force or electric charge between
adjacent opposing vanes in the manner of an electrostatic coalescer to grow droplet size, or to achieve
electro coagulation to create nucleation sites to grow flocs from dissolved solids. Alternatively,
ultrasound caMbh&#iéfiBiited between opposing vanes to aid droplet coal @$cEfBats#/64i&eluce the size
of solid particles such as drill cuttings or mud balls that are carried in the incoming mixture.  The
heavier phase passes through the heavier phase outigt 24 into the heavier phase 10outlet chamber 34
from where it exits through the heavier phase outlet port 38. The lighter phase exits the central region

of the separatignieiamesglhiluaue heiioRiskphasemuiel AR ingidhe Eghigmehasapiriet chamber
32. Residual swirl in.the lighter I ber 3 es any. t in.the lighter phase
10 15 propagato e T e SR Ry S B e D e e e
liquid present itRBgeiiBEehRasd Wil BcersGtREsKEMPISS AR g e psisRd Butlet port 42.
The downstreaniresstitsiag bethotbeiliger phassiatiteidst aribihesheaytsr phasedtdnstlet 44 can be

adjusted 1g inctegag. ot dagemse dls BackBressis Mdspendantis Thiserayidss Mensy which the

mass, or volume, flow rate and the radial position of the liquid interface can djusted.  The rotor

12 may be confiIRBA G2 515YE SRMBINYSRaBrEBhslds oW Shr GG BrRepaakparawst R8v8Lto increase
the discharge pratisuikesisélie traglialpoisiticss cbtierioy liintetiage fistlafiendertsaxparatios. parameters,
including the composition of the inflowing mixture and the rate at which the liquid phase fractions are
removed from the outlet chambers 32, 34. These removal rates can be controlled 30 by adjusting the

downstream ba&RkRTRERl ROMROGL ARG X8Iy e IeYhy 6 SKEE Ml ResiwigHEbiR Alves.
Control mi€anscertaliedwe)tidygalfitez! ds tenmifing fhesaivaly s ikngbitee thaopemtihg

parameters whigh HRFEHRFIBROYRRES MG RBRARP S ALGELIMIHANGRISUAUAR: tW Rdially

appliec 1o he IS EHELE CUREPEREh 3 LB A TR B B T SRR he heavier
phase outlet pdpwaiddhn bednmaiaset tneneheisberdsaitithe euirl fadeiebiescinibe ehermtiek ! dr too thin,
then the backpsepskioaRied ibaraaNaRhirRBeYRhIRsSAIRRARR WILREEsE8AsEaHRE Increased
respectivaly. Ingreasing Il decHRasINgANE RYE AL BT SRR APRIE CLaE 091 HU BT RO etz 4 can

which is dependent on the extraction flow rates of the two phases.

Solids contfained within the mixiure which have a density greater than the liquid phases
are accelerated radially outward within the separation chamber 14 and pass through

20 the holes 80 in the screen 76 into the annular region 78. The orientation of the holes
80, and the inclined outer limbs 69 of the vanes 66, serve to reduce the rotation of the
flow substantially to zero so that in the annular region 78 centrifugal forces are
negligible. The pressurised heavier phase liquid is ejected through each hole 80 as a
jet which serves to agitate solids accumulating in the annular region 78. The combined

25  effect of the reduction of the cenirifugal force and the jets is to maintain the solid phase
in a fluidized state. The fluidized solid phase exits through outlet passages 82 through
the lower portion of the chamber 14.

During use, the radial position of the interface preferably lies radially outward of the

30 inner edge of the weir 28 and radially inward of the outer edge of the weir 28. In
practice, the interface is not always a clean transition between the lighter and heavier
phases, but can be a “rag layer” consisting of a very tight stable emulsion of one
phase in the other. Such a "rag layer” may be broken by the addition of heat,
chemicals or the centrifugal forces bresent in the separation chamber. However, if this

35 does notoccur, it is desirable for the thickness of this rag layer fo be minimised, and so
it is extracted through the rag layer removai port 50.



also be used to control the overall settling time within the separation chamber 10. 10Parameters of the
solid phase, in particular the shape factor, size and density of the particles, can be measured. Since
each of these parameters affects the settling rate of the particles, and hence the rate at which they
migrate towaltf3 #HE8AHElar region 78 between the screen 76 and the chdthbé&RA A4 thky can be
used to specify the angular velocity of the rotor 12 required for particular flow conditions. The shape
factor 15can also be used, in conjunction with other parameters, to specify the backpressure supplied
to the outlets 42,44. By way of example, a visual process analyser may be used to monitor particle
size, shape factor and concentration at the mixture inlet 20. Such an analyser comprises a video

microscope aligd g, REWIBANESh AR/ 5R R B ALINS e ewRl gk applies image

analysis techniques to determine 20parameters of the gartlcles In the iIncoming flow. Viscosity,

temperature, 15 BRI ARPET ThePRARRhY SSHUBAI PR OLRE RIRCIQTHRUFFIRFREREIR that can
be used to reggtate dimpleh gt ovdicaijeed tectatcoama:tie ha ckpressuwlesdibthaitbg vayrplase and

heavier phase qulale A%ikeoT oW SaifislORRSRHREIPD GG HERSIN 0F aRAYAeMRRRER} Of the incoming

flow varies, either as a result of temperature changes or because the composition of the oil changes,

the residence FMRRCPISLIRRFESLRARISRP SHERRIBTE05R SFARSAMER f 5RE & SR AREIRSS #elessitate a
change in the rstatitratiépmseet ofuth balstthal 2w gk sieittiffaveg oaxbewveen the lighter phase
outlet 42 and the heavier phase outlet 44 may be used as a control 30parameter for regulating the

speed of the rqfor 12 or other operating. par ters of the separator,.such as the back pressures at
o outets 42, 1 PTG SR P10 A1 Caba ot SR SORER B e RN L8 2
positione#0  \wHHah chetabeiai foirfivlesei gxitrothgBighiibeskenviatohese cvMglisEt38n upstream
35reservoir 88 in which the separating vessel is located, an outlet for water 90 in the lower region of

the upstream reservair 88, a gas ouflet 92 exiting from.the upper region . W

2000107 7157P AT OAsS 15 SFa et et et tyouap e e from
the upstream réGeRIGIHBS IRV LIS RgdigiHSIPORTRPIEESHGTP RO tREHNY TWHiGh!Be the
downstream rejggepipbeldigidnthgnben dXwsussielivythesrprepminwiieighicnpigsgaes a conventional

separatiofyprogess N A ME LRSS WhBRARSRHERRILIGH IR SR passage 46. The
remaining liquid present in the lighier phase will exit the outlet chamber 32 via the
lighter phase outlet port 42.

The downstream pressure of both the lighter phase outlet 42 and the heavier phase

20  outlet 44 can be adjusted to increase or decrease the backpressure independentiy.
This provides means by which the mass, or volume, flow rate and the radial position of
the liquid interface can be adjusted.

The rotor 12 may be configured to apply a pumping action on the flow through the
25  separator so as to increase the discharge pressures.

The radial position of the liquid interface is dependent on various parameters, including
the composition of the inflowing mixture and the rate at which the liquid phase fractions
are removed from the outlet chambers 32, 34. These removal rates can be controlled

30 by adjusting the downstream backpressure at the outlets 39, 42, for example by means
of suitabie control valves. Control means (not shown) is provided for controlling these
valves in response to operating parameters which are detected by .sensing means or
direct visual observation.

35 The position and thickness of the rag layer may also be monitored either visually or by
a suitable sensor. if the radial position of the rag layer moves towards the lighter



Swithin the reservoir 88. This configuration allows for conventional separation and extraction of free
gas or water from the oil upstream of the separation vessel 2 thereby reducing the flow volumes
passing through the separation vessel 2. Oil and solids are extracted from the multiphase mixture
which passe¥ 8ty thE separation vessel 2. The oil is expelled from thd fid{tE2PRAEE Butlet 42 of
the separation vessel 2 into the 10downstream reservoir 94. The solids exit through the solids outlet
82 to a fluidising system 100 as shown in Figure 10,1®pr onward pipeline transport. This configuration
has a particular advantage during the latter stages of oil extraction when high water-tooil or gas-to-oil
ratios are beinghesmowtsl. 22 theth éregawaniagetaf thisebadigprediamne sihietedubtidnraéthe pressure

differential befiyeen U“u%@;%irtﬂQé’EomSa?éﬁ%iéN%UeAbQElE*b‘?e%@M%Séﬁt;ﬂ!?e@%ﬁ%%%&?%&%%ssure within

the chamber 10. This allows the separation chamber to be manufactured to withstand lower pressure
differentials, wiHER! R AFrRIH8 TR ARUrE & St W iaaArRgSeconppiietHitedice is shown
in the drawing®mntiirh dnzotite bdigposssars dppheddisthd eagQayapteyedahpassagedl dsposition (ie. with
the rotor @aft&%&g@acgpg‘&@ygéglagsp%m,kgh the invention has been described above by reference
to an oilfield application, the separation device has multiple applications where separation of
multiphase flow is required. 25 For example, the device may be used in water treatment applications
for the removahefessiitsane dipitassihd tiineyeral coessctiv appiae pldssh srfeiftortad@ibhadarifiers as

currently useda3@AdudbetRERicatian Slidhe davice dniaseraaianhithaia,gp¢s from a mixture.
Thus the separation device may be used in the treatment of waste from food manufacturing processes

or to de-water and concentrate a bio-mass for use in bio-fuel plants. For example, potato peeling
waste frof a fReremelels pldne Anlig becseimparderian dhechopatfast. e RNd dleardiopidbeice, and

subsequently eginmEddn BLCorahgenesiHend4ai Biaisst by gnraverstisone thaipgiaewaste. 14
The device may also,. find applications in the pracessing of waste streams from bio-fuel nts such as
e producion i B AR RERen bR RUIERIIGY SIS Rt Te EAL AR o
dewatering to PrdMeR®AR TIgRBIGENd the chamber wall 4, they can be used to specify the

angular velocity of the rotor 12 required for particular flow condifions. The shape factor
15  can also be used, in conjunction with other parameters, to specify the backpressure
stpplied to the outlets 42,44, By way of example, a visual process analyser may be
used to monitor parficle size, shape factor and concentration at the mixiure inlet 20.
Such an analyser comprises a video microscope allied to software which freezes single
frames of the video output and applies image analysis techniques o determine
20  parameters of the particles in the incoming flow.

Viscosity, temperature, density or pressure of the influent or effluent phases are .
measured parameters that can be used to regulate the angular velocity of the rotor and
the backpressure at the lighter phase and heavier phase outiets 42,44, Thus, if, for

25  example, the density of an oil compoenent of the incoming flow varies, either as a result
of temperature changes or because the composition of the oil changes, the residence
fime required to achieve adequate separation may change, and this may necessitale a
change in the rotational speed of the rotor 12. The pressure difference between the
lighter phase cutlet 42 and the heavier phase outlet 44 may be used as a control

30 parameter for regulating the speed of the rotor 12 or other operating parameters of the
separator, such as the back pressures at the outlets 42, 44.

Figures 9 and 10 are schematic representations of the separation vessel 2 positioned
within a standard oil field separafor 86. The separator 86 comprises an upstream
35 reservoir 88 in which the separating vessel is located, an outiet for water 90 in the

lower region of the upstream reservoir 88, a gas outlet 92 exiting from the upper region



5meeting BS & W (basic sediment and water) specifications. For some applications, it may be
desirable to add a flocculating agent or other treatment agent to the mixture to precipitate dissolved
contaminants or coagulate small particles such as rare earths. Added treatment agents may also be
used to extrattoIBINIVEAREd components from the fluid, such as sulphur BT EBHESIP4THe treatment
agents may be added to the mixture before it is admitted to the separation chamber, but alternatively a
further inlet (not shown) may be provided for admitting the treatment agent directly into the separation
chamber, for example at the central axis. Thus, the device may operate as a counter current flow
contactor, with tfiéhagenanaiigréirgdbBradiedy oeserand| 94 senaghtat & dlovihasigs resoltregeteoisity

differentials. Thes3gPARIPoEIENICECANNBSELAAGWSH BIBVAIRT RERSSUESe Hdwrytahie for
economical mass grodL%loP &ﬁg'e the end caps 6 and 8 maﬁ be the same for a variety of different
¢h

lengths of the sEFARSIOR chalRBEHEE PHIESREIRSIARITSSRE tRe S LS8Rt Peased by increasing
the lengths of tiferyansipiehieparationRigsesson BT trediferfire 8hases thporbtteabRi0dy@s. |If

necessary saddiiignalidiseschimey hailtefngenriinnaquicanishinsAbssRigakand centripetal
forces can be mogelled opfthe basis of St(fkes aw, Stokes Law for solving for fall % ttling or Terminal
|

Velocity (V1) is SABwHDeton: Vgt Jo 5 Shi o™ Hatl RS 55 he-eRaratsh 6P Ers Hpredy

reducing the flow volumes passing through the separation vessel 2. O#f and solids are
extracted from the multiphase mixture which passes through the separation vessel 2.
The oil is expelled from the lighter phase outlet 42 of the separation vessei 2 into the

10 downstream reservoir 94. The solids exit through the solids outlet 82 to a fluidising
system 100 as shown in Figure 10, for onward pipeline transport. This configuration
has a particular advantage during the latter stages of oil extraction when high water-to-
oil or gas-fo-oil ratios are being removed. A further advantage of this configuration is
the reduction of the pressure differential between that acting on the outer wall 4 of the

15 vessel 2 and the internal pressure within the chamber 10. This allows the separation
chamber to be manufactured to withstand fower pressure differentials, which may
transiate into substantial cost or weight savings.

While the device is shown in the drawings in a horizontal disposition, it can also be
20  employed in a vertical disposition (ie. with the rotor shaft 38 extending upwardly).

Although the invention has been described above by reference to an oilfield
application, the separation device has multiple applications where separation of
miultiphase flow is required.

25
For example, the device may be used in water treatment applications for the removal of
solids precipitated during PH correction, to replace large flocculation clarifiers as
currently used.

30 A further application of the device is in the separation of fragile flocs from a mixture.
Thus the separation device may be used in the treatment of waste ﬁ'onﬁ food
manufacturing processes or to de-water and concentrate a bio-mass for use in bio-fuel
plants. For exampie, potato peeling waste from a frozen chip plant may be dewatered
and concentrated by the separator device, and subsequently employed in a co-

35  generation unit fuelled by gas evolved from the potato waste.



particle or droplet/bubble diameter density of particle WO 2009/077757PCT/GB2008/004173 15
Pmdensity of medium p = viscosity of medium It can be seen therefore by a person skilled in the art
that this base equation can be 5changed allowing the designer to select an equation to solve for a
different unk Y6} H¥¥¢tHé particular particle or droplet required to be sepaPAEGHHHE&OpERicular
medium such as air or water. gd2(p p - p.) terminal, fall or settling velocity 18p i 18pV, acceleration of
gravity - g 14

The device may also find applications in the processing of waste streams from bio-fuel
plants such as the production of ethanol from starch or com.

A further use is in offshore heavy oil desalting and dewatering to produce an oil product
5 meeting BS & W (basic sediment and water) specifications.

For some applications, it may be desirable to add a fiocculating agent or other
treatment agent o the mixture to precipitate dissolved contaminants or coagulate smail
particles such as rare earths. Added freatment agents may also be used fo extract

10  unwanted components from the fluid, such as sulphur from crude oil. The treatment
agents may be added to the mixture before it is admitied to the separation chamber,
but aiternatively a further inlet {not shown) may be provided for admitting the treatment
agent directly into the separation chamber, for exampie at the central axis. Thus, the
device may operate as a counter current flow contactor, with the agent migrating

15  radially outwardly through the flow as a result of density differentials.

The separator device can be used at low or elevated pressures. ltis suitable for
economical mass production since the end caps 6 and 8 may be the same for a variety
of different lengths of the separation chamber 16. Thus the capacity of the unit can be

20  increased by increasing the lengths of the outer wall 4, the mid-poriion 50 of the shaft
38, and the vanes 62, 64, 66. If necessary, additional discs 68 may be fitted.

Separation devices relying on centrifugal and centripetal forces can be modelied on the
basis of Stokes Law.

25

Stokes Law for solving for fall, settling or Terminal Velocity (V) is shown below:

2
gd*(p, - p.,)
30 V,=
18

Where:

35 e g = acceleration of gravity

®
Q
t

particle or droplet/bubble diameter
density of particle

®
L
1



particle diameter 18 kW g(p p - p in) 18pV, density of medium (e. g water, air, oil) P-PPgd 2 18pV,
particledensity P, =+ Pm gd2 gd 2 (pp - pm) -

WO 2009/677757 PCT/GR2008/004173
15 .
* P, = density of medium
e = viscesity of medium

It can be seen therefore by a person skilled in the art that this base equation can be

5  changed allowing the designer to select an equation to solve for a different unknown

i.e. the particular particle or droplet required {o be separated from a particular medium

such as air or water.

_&d(p, - )

‘ 18;1

terminal, fall or setiling velocity

18;11/

gzd(p pi

acceleration of gravity

IS,uV

d =
glo, -

")

particle diameter

_18uP,

density of medium {e.g. water, air, oil}

particle density -

viscosity of medium

10

It is also known that other changes can be caused to accelerate the rate of separation

such as:

s increases in the acceleration of gravity by the use of centrifugal or

15 centripetal force

s Increases in the particle or droplet/bubble diameter by coalescence or

agglomeration

¢« Changesin visc_:oséty or drag force of the medium by change in temperature

or by injection of fine bubbles of gas, such as in induced gas floatation units

20 ®
separator

Increasing the hold up or retention time of the fluids to be separated in the



viscosity of medium 18V, 10 Itis also known that other changes can be caused to accelerate the rate
of separation such as: Increases in the acceleration of gravity by the use of centrifugal or
15centripetal force Increases in the particle or droplet/bubble diameter by coalescence or
agglomeratio CCHEHYESh viscosity or drag force of the medium by chand& MtBrfEALIE or by
injection of fine bubbles of gas, such as in induced gas floatation units 20 Increasing the hold up or
retention time of the fluids to be separated in the sep#ator WO 2009/077757PCT/GB2008/004173 16
Decreasing the amount of liquid or droplet shear caused by the hydraulic characteristics feeding the
separator or the fluid #ovDeegrasisgvhthamoliit of liquid or droplet shear caused by the hydraulic

characteristics feeding the separator or the fluid flow regimes within.



CLAIMS 1. A separation device comprising an outer wall defining a separation chamber in which a
motor-driven rotor is disposed for rotation relative to the outer wall about a rotor axis, the separation
chamber having an inlet for a mixture to be separatq(;}, and a plurality of outlets at different distances
from the rotor axis for discharging respective phases of the mixture from the separation chamber, the
outlets in(‘élﬂ ii%two fluid phase outlets, comprising a lighter phase outlet and a heavier phase outlet,
the heavier phase outlet being situated radially outwardly of the lighter phase outlet with respect to the
rotor axis, the rotor having at least one vane extending outwardly with respect to the rotor axis, and
being surrpundadsapdestrinpastiakly doynprperfosatedtscresn dehiohyis feed b respastiartheneutar wall

and is spaced fiag g aesal 19 define an BARYIRLAANS bethesining spiaenAndibe gitepwall the

outlets further comprising a solids outlet provided in the outer wall, ﬁg ter phase outlet
comprises an aifraraf SotamrREMBNthaTstst 58 BpbiimipiRtssnrRRt hd<e Rumiparteettthaving
a settlement zonejigevinhredtrmingsstatortiademientsxizeingdiispagid; bespatine ipd sxesuwatialahianesthe

settlement zong,ang,a gasRHIR SeiRBe e ALANMRREIT SILRR the seHRmENLERRAsAg A

separation device as claimed in claim 1, in which the outer wall is cylindrical about the rotor axis. 3. A

separation deviE'&5 RiERReRH iRl e RDARS arieb dhe [EBHE" AESHUTHIG BPVAnEYHRAch are
parallel to the rediptxsbratdixdriter dglidghyrbatwandiptwitth respeattitotieeaioromndsithel rdosbpdration

device as claimgdeisclHa3niNMBIdHG B NRARMALRISHRBARGE B $HBPAKPIMaSWRICR.FomBEse

apertured radla|thSC?. 5.’_(AIFeE§)arat|o]_rf1 dzv&ce as clallr{n?%, wkian% qu of the [grecedln cla?lt(n%ﬂln which
the chamber C(?mffﬁ%e 2h'8eh rbéﬁrgaig 5 eccﬁ%ﬁ%%jbvf/ tR Folarat F%Fl)f%‘ai %Q‘St%‘ﬁ%o Je dg of the
rotor. 6. A sepdiraisd devichasdkimat in delimg SPiaNwHIzh 2bReiIMRIVEpR iR MEesTeanddire gidarof the

chamber and isydiregie d sangsoHRYY Fntbasingos asirs b8tiét Hronpatatiandsyice as Claimashimelaim 6,

in which the fluidrehas outlet§1 onen into the other Fnd r(?gbior;t of the chamber at a osition.r§dially

. E% er p SE\ oullet comprises. an annuiar Sia “tentred on ﬁ?? FOI0F axis,. el’fln nto a .

inwards of the streen. 8. A separation device as claimed in any one of theé preceding clamms, in"'which

the heavier phdigéter phase compariment having a seftlement zone, swirl reducing stator elements being
disposed between the annular siot and the setllement zone, and a gas outlet being situated

at an upper region of the settiement zone.

2. A separation device as claimed in claim 1, in which the outer wall is cylindrical about the

rofor axis.

3. A separation device as claimed in claim 1 or 2, in which the vane is one of a plurality of
vanes which are parallel fo the rotor axis and extend radially outwardly with respect {o the

rotor axis.

4, A separation device as claimed in claim 3, in which the vanes are supported by support

plates which comprise apertured radial discs.

5. A separation device as claimed in any cne of the preceding claims, in which the chamber
comprises a central region occupied by the rofor and end regions at opposite ends of the
rotor.

6. A separation device as claimed in claim 5, in which the inlet opens into one end region of

the chamber and is directed fangentially of the rotor axis.



outlet comprises an annular slot centred on the rotor axis, opening into a heavier phase compartment.
A separation device as claimed in any one of the preceding claims, in which the solids outlet is
connected to a fluidizing vessel. 10. A separation deyjce as claimed in any one of the preceding
claims, having a control means for controlling a differential pressure within the separation device. 11. A

separatlop devjce as claimed.in any one 8f. th praeg(algln .C ?II;T‘IS in, which thge§gparatlgg (%peamﬁ?er is

ny
provided with a ﬁﬁgﬁg&rﬁﬁq etior a ?n{f{ﬁ’r%ea Treaiment MAteria ?Lf.u ’E\ ré%‘( Fagtion uorﬂ‘?rﬁngcorporé?‘une(jr a

separation ché&beagis cblipgcianmbeiabe threijracadialy dnmiands of the screen.

8. A separation device as claimed in any one of the preceding claims, in which the heavier phase
outlet comprises an annular slot centred on the rotor axis, opening into a heavier phase

compartment,
9, A separation device as claimed in any one of the preceding claims, in which the solids outlet is
connected to a fluidizing vessel.

10. A separation device as claimed in any one of the preceding claims, having a confrol means

for controlling a differential pressure within the separation device.

11. A separation device as claimed in any one of the preceding claims, in which the separation

chamber is provided with a further inlet for admitting a treatment material.

12, An extraction unit incorporating a separation chamber as claimed in any of the preceding
claims. '



