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wal | radially Out'mgmsynt nvention relates to a centrifugal separator system for treating water
that has been contammated with both organic and inorganic materials. In one
embodiment, the present invention relates to a rotating pressure vessel that separates
solids and 11qu1ds at a high rate. In another embodiment, the present invention relates to
a liquid-liquid separator that responds to radical load disturbances.

2. The Réleyant Technology

Water purification is an age-old activity that has been pursued to achieve both

potable water and water for industrial use. With the rise of industrialization, water
purification took on a new importance because industrial water usage generally 1nvo]ved
discharging contammated water into the environment. As concerns about the
environment have mcrcased, water discharged into the environment has been subjected
to increasingly higher standards. Thus, increased efforts have been undertaken to identify
methods of pfOcéssing water to substantially reduce both dissolved and particulate
‘pollutants. ,

One aSpect of water purification that is particularly time consuming and/or
equipment mtenswe is liquid-solid separation. Traditionally, settling ponds, or
thickeners, have been used in which a large volume of particulate-containing water is
allowed to reside in a quiescent state. With the force of gravity acting on the mixture, the
particulate, even those in the Stokes flow regime, will separate from the hqmd

One disadvantage to the use of thickeners is that they have to be extremely large
to have any significant flow capacity. Thus, their use is not practicable in crowded urban
areas where the need for such water purification systems is often the greatest.
Consequently, thickeners have been developed that allow for a continuous flow of
particulate-containing liquid into the center of the thickener, producing a clarified
supernatant liquid and a compacted sludge. The compacted sludge, exiting from the
bottom of the thickener, typically has a water content that amounts to between 10 and 30
percent of total wafer being fed to the thickener.

Traditional thickeners have been improved in the last decade or so with the advent
of the high-rate'thickener. The high-rate thickener has a center feed well that extends
below the mud line of the underflow material. Accordingly, all water entering the
thickener must pass through the sludge which acts as a filter medium. By using the
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SUMMARY OF THE INVENTION.

The present invention relates to separator systems, namdy solid-liquid separators
and liquid-liquid separators, that include a pressure vessel. Thé;. pressure vessel may be
spherical or have an alternative configuration such as compound frusto-conical. The ends
of the pressure vessel are mounted so that the vessel can be tapidly fotated about a
longitudinal or rotational axis extending through the vessel. An inlet channel is
configured at one end of the vessel through which a fluid mixture is pumped into the
pressure vessel. An exit channel is provided at the opposite end of the vessel through
which a select portion of the fluid mixture exits the vessel.

In a first embodiment of the present invention, the sepdrator system includes a
solid-liquid separator or clarifier. The solid-liquid separator is designed to separate
particulate matter from a liquid. In this embodiment, a plurality of fins are disposed
within the pressure vessel. The fins radially outwardly project from the longitudinal axis
in parallel alignment with the longitudinal axis. At least a portion of each fin is disposed
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axi s the exterior of the vessel Radially outwardly projecting from the longitudinal axis are a
plurality of extractlon tubes. Each extraction tube has a first end fluid coupled with the

inlet end of the exit tube and an opposing second end disposed a short distance from the
wall of the vessel. The second end of each extraction tube is disposed. within; a
corresponding flow channel. In one embodiment, there is an extraction tube for each
flow channel. In an alternative embodiment, there may be only one extraction tube for
two or more flow channels. In this latter embodiment, the underflow passages are used

- to provide fluid communication between flow channels that do not have an extraction
tube and flow channels in which an extraction tube is disposed.

During operation of the solid-liquid separator, a liquid containing particulate
matter is pump under pressure into the rotating vessel through the inlet channel. As the
liquid enters the vessel the liguid is channeled into one of the flow channels defined by
the radial fins. The positioning of the disc within the flow channels forces the liquid to
flow radially oul;fg@;d toward the vessel wall. At this location, the liquid is subject to the
maximum centrifugal force produced by the rotating vessel. As a result of the applied
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- the inner wall of the rotating vessel. As such, turbulent transport phenomena is resisted

and the emulsification of organic liquids, inorganic liquids and suspended solids is
avoided. The solid-liquid separator.also.has distinct advantages over the prior art in that
it significantly reduces the amount of liquid that is discharged with the solid particulate
material. In particular, the percent of total water fed to the solid-liquid separator that
exits as a portion of the solid particulate material is kept to a minimum.

In a second embodiment of the present invention, the scparator system include a
liquid-liquid separator. The liquid-liquid separator is designed to separate a mixture of
two or more immiscible liquids, such as oil and water. The liquid-liquid separator is

substantially identical to the solid- -liquid separator discussed above The primary
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the inventive system allows the pressure vessel to handle catastrophic load disturbances,

such as a shift from an oil/water mix to either 100% oil or 100% water, while maintaining

the boundary line within the desired range.

According to a first aspect of the invention, there is provided a separator
comprising:

a vessel having a peripheral wall bounding a chamber, the vessel being
rotatable about a rotational axis extending through the vessel, the chamber directly
communicating with an inlet and a first outlet;

a plurality of fins disposed within the chamber, each of the fins radially

outwardly projecting from toward the rotational axis to toward the peripheral wall
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perforated discs and exits the channel through a first valve. Since the gas
exits with the Acemding tbiagsicand aspscieof thernvantiou, there ia mavided afmetbod of
comruni cat i M it t he. V] d.quid is drawn through the
extraction ?%8}34$§1g1}11§§gﬁgg%%#%ﬁaﬁﬂlgﬁeec@&deg Egléld%gixguv{/géo%lpngngtacond val ve.
The |iqui d-1i qui teedimgdhafloid insxtopantt & chamke rof anvessel éimbuglte ap idsselaane),
differenti hat i LNs. the dary line, such an oil/water
interface, a%v%et%%gﬁl%g%%lg & ?%&Pb?%?g% bg}m‘?egdal?%la %ﬁin?;hglﬁl:&saﬂf reamber

| ongi t udi natlsexcomnminitdimgpwebsarr eutlesdennelSpke iffuid ahixyure ihbladingve teave
system al | ows_t he pressyre vessel tjto handl e cat astrophic | oad di st urbances,
such as a sHPRORPEHEAIEN PHRPEF i x to either 100%oil or 100% wat er,

whi | e mai nt ai ni n@tatﬁfgethbmewmboﬁtimhﬁ)tﬁﬁddai axfcsfmmi?&igr loughngie. vedet @aeh Ng to
a first aspgct of, the invention, there is.provigded a separator _conprising:
a vessel ha@f‘ﬁﬂ“eahe&y iSSP Paent Goflects SeRiash e Periphrgh pv,aflt ‘I‘\fgtilﬁé’ﬁﬁl r?fgg%

rotatabl e ab@ward frooh ahé ebationxi igdnangieNGelithy eu@Boidie doBees! owbite tehanber

directly communigcatin ith an_inlet and a first outlet; a plurality of
fins di spos@EUHREhARSE %@W@ﬁﬁ%gﬁ fing, sigpoged Pty thes clp@al?eéma@aﬁy outwardly

project from toward the rotational axis to toward the peripheral wall such that at least
a portion of the fluid mixture is disposed between the plurality of fins during rotation
of the vessel;

removing the light component through the outlet channel; and

removing the heavy component through a conduit disposed within the
chamber, the conduit extending from the heavy component toward the rotational axis

and out of the vessel.

According to a third aspect of the invention, there is provided a method of
separating a liquid-liquid mixture, comprising:

Feeding the liquid-liquid mixture into a chamber of a vessel, the liquid-liquid
mixture including a heavy component and a light component, the vessel including an
inlet, a light component outlet, and a heavy component outlet, a first valve regulating

the flow of the light component through the light component outlet and a second



outwardly projecting fromtoward the rotational axis to toward ﬁe
peripheral wall 3 0 JAN 2004 5a an exit tube disposed al ong aat edANaznnlf
portion of the rotational axis of the vessel, at |east a portion of the
exit tube having a first end disposed within the chanber and an opposing
second end in fluid communication with the exterior of vessel; and an
extraction tube disposed within the chanber, the extraction tube having a
first end i malivk ueguletmontind clatv of! thd hbatyheorapbrient uh@ugh dhaheapp@sinpensgcond
end boundi nﬁﬁla%_ second outlet, the second outlet being disposed at a

di stance fr8fthe rotational axis, the first outlet bei ng di sposed cl oser

to the rotati onatotatkigthiehassdl Aboutseatatibnalibtieexeudgtthatigh Whd N&seISR @ef | Ui d
n be f.or med e first :outlet and the second outl et

boundary I|ine . tweep t

Accor di ng tgq‘él_(‘igléoé’é H‘%@b"_el?tfggﬁmpﬁﬁeP rebirisyrh that diehqayy sppperent 4llfee hod
of acconpl a%hm Ghé pariphRid] Anilodf e RUisk] RIBASUMRORRANorh|thé ehtifioallbBis and
conprising: feeding the fluigd m xture intqg a chanber of a vessel through an

inl et channtie lig ﬂéomﬁﬁéﬁoﬂé‘itﬁ&“’éﬁ*’dF%@iabﬁlﬁi al l'y bounded by a
peripheral wall gagni e GRAMABIE sidhSBaC ORI CRhigddett ddhisaReRtirbSih Ghannel ,
the fluid m_xture including a heavy conponent and a |1 ght conponeéent;
rotating t h8rshpEesayreglut a rotational axis extendi ng through the vessel
such that the hgaMys SRRENENCOLRGH LSt rol the
vessel radially out‘(\;/var criga?r omat e rcot a?itg%_g% ﬁoyﬁgﬁﬁﬁtéﬁgpﬁ%ﬁ?@%ﬂégﬁ%onent
col | ect s t oteepad prrssureothaseeond|pressies beingodififersnk thanghe first preswpevedthat ¢ hi n

t he chanber 1 . | r h i Qn XkS to
tovar d the Sorr et SIRCHY hALol Selop b bk R Sl rtith s 8 e R
mxture is Withpotheghiyebevstn rodiel ¢iktaned from tbé rdtatimatiaxis.ng rotati on of the
vessel ; renoving the |ight conponent through the outlet channel; and

renovi ng the heavy conponent through a conduit disposed within the

chanber, the condhese asdtotred feagrés afithe presdnemvyntioanpit becdmd moeer fillly bpparent

rotati onal IS out .of the vessel. ording to.,a,third aspect of the
i nvention, ?‘ ﬁrenrtge?@%ﬁ?%%fiasepg pgo (ﬁ%@e&fiéﬁz@gﬁr ngnﬁﬁ bﬁ I?%‘iﬂd‘ﬂx ﬁ.ﬁeé’ﬂ?c&we

m xt ure, conpthednvatiokraedetrfgrth herelinadfier.d-1i quid m xture into a chanber of a
vessel, the liquid-liquid mxture including a heavy conponent and a |ight
conmponent, the vessel including an inlet, a light conponent outlet, and a

heavy conponent outlet, BRIEF PESCRIFETION ORTHEDRAWINGSY of the |ight

conponent throu the |ight component, outlet and a second 3 0 JAN 2004
P gtfn ord%r tha% the mannr?ernm which the above-recited and other advantages and

objects of the invention are obtained, a more particular description of the invention
briefly described above will be rendered by reference to a specific embodiment thereof

which is illustrated in the appended drawings. Understanding that these drawings depict



5b valve regulating the flow of the heavy conponent through t e
conponent outlet; rotating the vessel about a rotational axi S%Q%ﬂ};ﬂﬂ‘r

t hrough the vessel as the liquid-liquidém xture is fed into the chanber
such that the heavy conponent collects against the peripheral wall of the
vessel radi &" W’@ma\l/\améocixrn@mspﬁ éhe ipverttionrsald aaxns therdford fvebd ¢qgideredagrgeonent

collects to al ve, sych that the
| i ght corrpo\rllygﬂﬁllftilmg>tt|ﬁr tlgsat et?lﬁrl%\beél Sélr?’{qggoef F?nglh%cf@%ﬁ?@amﬁ IEeedqiignane
second val vepregigpity m&idettmbthhmrhyh@owprfnbmcoemm@qh@efaehbgg)ﬂﬂg,{}ua}t, a second

pressure, the se S 2ing different. than the first pressure such
that a boundarycfﬁggr pfbgst‘%\g@%kt B A ﬁrvd%‘ﬁr?ér?eﬂrtoc%ﬁ%dﬁ%tr}@e? thitolidblipaident

i S obt ai ned sepdratior nfﬁlh@rashtarmmnuaﬁ a radi al distance fromthe rotational
axi s. These and f.eat ures .of .the _prese invention will becone nore

ful ly apparent 1%ur‘lr'?tz he? ?%fRCSW%He‘H@&?P? ﬁPB‘EﬁimﬁWcPfélﬁfp@ﬂﬂééwu& sepawtorarf nay
be | earned Ihe pesenpiraehii@e of the invention as set forth hereinafter.

BRI EF DESCRI PTI ON. OF é’H DRAW NGS ln order t hat the manner in which the
above-reci ted and'Bther® HU9RAEEHIE ¥Ry ofgpjcatrdingnt ohbe solidliquidrmeparetor

obt ai ned, aofithergseht ingtitivh; descri ption of the invention briefly described
above wll be re ered reference to a specific enbodi nent thereof which
is illustrated i Q'HES %\‘géﬁrﬁéﬂoﬁrsﬁwmévw@iﬁdékmém huge 4 AatA aidbdB-4B afi ngs
depi ct 3 0 Fihr@00dphctlyy typi cal enbodi ments of the invention and are not
therefore to be %on5|dered to be limting of its scope, the invention wll
be descri bed and“tYsF |1§1%HBT§WQCHV%M@W¢W13@Q&MHIV@f the intedorlef thielvesdel ough

the use of bhe %ﬁ%ﬁﬁﬁé}wo@%éjgﬁ 85! s :a bl ock. di agram
overvi ew of a p c%ess that usesmtﬁ dsg?éﬁ@'i‘ﬂ?%ﬂ.‘f g%é%é%‘é‘feﬁm%’fm? ing &sent

i nventi on; $he fin endylipesassemblye vi ew of one enbodi ment of the
sol i d- I|qU|d sep
B{AkOF 1505 perbpRtifd 91%&”& ?eﬂib& ?g:ﬁ teglgxb%ﬁgp JEsseht t he

Cross-secti gﬁ& Vi ew of an enbodi ment
present i nvehite gefid M@éﬁ%ﬂ%—l@%ﬂa@donﬁgu@éabvaamgamowsorhplleerpoa:h@;mgfl i ne

4A- 4A and 4&34512913(31@&?%??}2 respectively; Figure 5 is a perspective view
of a partial assenbl I nterior of the vessel of an enbodi nent of

the solid-1iqui dFEgélﬁr%& &+ ang Ctane panedent of fiy embbdimentseatriodn dl@rmative i | On
of the f N afdodiingfit WSSEHRY Ye utilized in the solid-liquid separator of the present invention;

Figure 8 is a perspective view of a partial assembly of the interior of the vessel
of the solid-liquid separator illustrated in Figure 3, revealing a completed fin and disc
assembly;

Figure 9 is an elevational cross-sectional view taken along line 9-9 of Figure 3;

Figure 10 is a cross-sectional view of the solid-liquid separator illustrated in
Figure 3 showing the solid-liquid separator in operation;

Figure 11 is a cross-sectional view of one embodiment of a liquid-liquid separator
of the present invention;

Figure 12 isa perspeétive view of a partial assembly of the interior of the vessel
of liquid-liquid separator shown in Figure 11, revealing a portion of the fin and perforated |
disc assembly;

Figure 13 is a block diagram showing one embodiment of a valve assembly
controlling liquid flow into and out of the liquid- -liquid separator;

Figure 14isa block diagram showing another embodiment of a valve assembly
controlling liquid ﬂow’ into and out of the liquid-liquid separator;

Figure 15 is a block diagram overview of one process of the present invention that

~ uses the liquid-liquid separator in connection with a hydrocyclone;
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F re 6 is a perspective view of a partial assenbly of nZﬁ
veggel of thepsol Pd-l I quid separator illustrated in Figure 3, hfﬁvjﬁﬂ Qg

ion of the fin and disc assenbly; Figures 7A, B and C
gtr)reeplcggpinete\esp&[tfl n enbodi ments and an_alternative fin enbodi nent which
may be utilized in the solid-liquid sepa?ator of the present |nvent|onf e
Figure 8 is a pens %V§ \(/:cew of . e 101 l@ ?serllblle of éhe |tn:fer|ort o] L
vessel of the sol |@ﬁ‘§| gut 8 CEERAr 8R! VeV R @nAllemative pmipadisnedt o gmm’?gonal
conpl et ed f rwigenen dhessphesieal gmbdsyie Fosgil@s BedrSrephotd SHALd A5 le FRRBSSESY !

1
{Tonal view
vi ew t aken | i of Figure 3; Figure 10 is a cross-sec
of the soli g’l‘%%%&"&& ’ 65$ator illustrated in Figure 3 show ng the

' f
i d-1iquid sep@i@iol7 ish pppeatieiew b SPiBaldsdind PHRSSISESE jew o
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Figure 12 i §' FHEHYS b8\c"]'P\’/‘eF¥ﬁ“é‘?A} f a partial assenbly of the interi or ' of
the vessel of liquid-liquid separator shown in Figure 11, revealing a
portion of the perforait)ed dsc assenbl y F| gure 13 is a tzc;lqglci:i ow
di agram show ng alletddd N M BTON G 3 : :
Shovi ng. anot her e **éés@**” vt %ﬁ%ﬂ’é’%@%@gﬁ%ﬁﬂ?“ e gy e ioe e
t aodi men
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of f ntion a us
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Figure 16 i &0 Qilgyaggnixtuei Refdrendedsnofy marleaﬂotthe dedvwings fRbRi Hﬁf‘i'ef&fgn%: h a
separator, nm%r?i'é}'erttla%k%%ﬁrd GPlioRY §Wsscy ! S@Eﬁ@h\%ispgggseg repggé&qbpe Vi ew
doubl e frusto coni cal pressure ves
of a parti aflagremamtit gndiér schematict andi ave nmfncéd’smﬂﬁaﬁa@}n to@balg GBRARRANALy ShWN 1N

RRED EMBCDI MENTS The present
i on Qﬁ?ﬂgio@%%ﬁi{?&ﬁ g%%ﬁ%ﬁ?ﬁ@ﬂ%l&er t hat has been

t | at
eg\r/lte grr: (I’)lgt reg wi tiFigparltis albllatkeilamhmememm bﬂdrft@eggrtgamsgs ﬂfgqn{,éh?lg,gg&ll&

cont am nant e nv .on al so relates to a system
separating I d%%lg‘% ?‘gqﬁgteg &ﬁ(’]bcf inyid separatpxd O issconRedted withe | s

now rmade t @Yﬂn@tychfmengmcmmgeiompbn&ﬁs r@ﬁ@é@ﬂﬁ%ﬂr&h?ﬁ%ﬁ?ﬁﬁcl&&é Egeeﬁ%ﬁljg%xnﬁr: t Iu(r:n t
oper a1 ons BRGNS oSy LR et el SOG T BT EAg R
and/ or scheral ¢ an
limting ofvanhe sipdanigosiionts SeRsOhvatdtowRIER $6Hidds PO like oil, bacterial
contaminants, dissolved metals and minerals, and colloidally suspended solids. Feed
stream 12 may originate from industrial facilities, animal product processing facilities,
Sewage treatment,” municipal water treatment, the petroleum industry, etc.

Feed stream 12 supplies surge tank 14 which acts as a holding tank to store 2 large
inflow of water. Surge tank 14 may include any commercially available surge tank, an |
earthen pond or other liquid holding vessel. From surge tank 14, the fluid follows a flow
path 16 to a trash strainer 18 for eliminating oversized particles which could clog the
system. Exiting from trash strainer 18, the fluid follows flow path 20 into an oil/water
separator 22 that divides an oil stream 24 from a water stream 26. While a variety of
oil/water separators may be employed, in one embodiment an oil/water separator such as
those separators disclosed in U.S. patent nos. 5,387,342, 5,582,724 and 5,464,536 can be
employed, which patents are incorporated herein by this reference for all they disclose.

Water stream 26 may be combined with a filter water stream 28 as a supply
stream 30 for an electrostatic coagulator 32. Electrostatic coagulator 32 operates to
electrically sterilize the water by killing any living organisms, break down colloidal
suspension of impurities, and coalesce impurities into a flocculent, Such systems are
available from Scott Powell Water Systems, Inc. of Denver, Colorado.



Figure | is a block diagram overview of a process that uses the_.inventiv
solid- liquid separator. As illustrated in Figure 1, a solid-|I |3Lﬁch§N fﬂﬂ’?
'separator 10 is connected with a varietygof other processing conponents.
One configuration may include a feed stream 12 which includes a flow of

material to be trgabeeilaEeetdiushi : ' var. i .0
corrpolsi tions @mg%%@@?lcsﬁefﬂ?\% Iali eswggP?ﬁ%%@éﬂtme’%ﬁfﬁw%%@maﬁa|
|

such as
cont ani nant st re&}%ggﬁﬂ g0 Ogripe iy A mimitessordongsrl GVidk ihyhesdspripaasht
sol i ds. FeedanB!thepdRidl s MelficBAESR S59Mm Tﬁled&@}e[dpﬁl%%{ %]%Blg'ffﬁ%gf ’%Fe%;[q{ 5*?'

product processjng facilities, sewage treatient,
treatnent, tHEPPEPesdidhiquidsenarajor 1é of theFprestns imveativd 2S slidoliia Serpitge14 ank

L4 i oh act g shob Mg 80k 4D o310 ED AT G NTLA OF, Maber. Surge

tank 14 may 1 nclude any comercia avai fa fhesi pond
or other |i qi§P@vebiremibe sfusnistredin 38) and g everdlokw si:@amt«flll%ofxét}!ﬁtﬂlgtﬁé J:lQMﬁcl:@

flow path 1§ strainer .48 for elimnating oversized particles
whi ch coul d q?%goﬁﬂ%ﬁaggglﬁénﬂ elfif{utl flgr?ldiF _{eBH‘? PY%{@ﬂWsﬁt?eé‘Ph Is1@schapgedtaithiey
fol lows fl ovilifsatinoptrdughe most HltdrAfid et ensepmnattoURRrAdRbtrdiny 6 ﬁssuggliéq !
stream 24 fr : 6. Ile a yariety of oil/water separators
may be enpl otge@cfﬁ teﬁkg%ﬁ yr}%g%‘gii‘ﬂf%ﬁ’t’a %fﬁ“S?JP/%’Qra &Ake 6 amgenerated. t hose
separators di scl dsede embuditienpgheatd reidual 2ilkBlledéd in Be BP0t (RYe180eR 1484 536
](c:an be enployed, b‘é*lfir%@ggadt ents.are | qur %%{)at ed herej I’]Q\% this reference
or all they disclose. WAt ugg gy bl Bt el inalsh appreriatedrthant er

stream 28 awidwsppippratet 25 alecG0sthd caHguRk&CIY, %i}cﬁé;lbxgagtﬁglrﬂ&l’#@tzs eﬁ;}rﬁér 10 o

El ectrostati at or operates to electrical

by killing é‘%’%?ﬁﬂ%&%&“oﬁaﬁ’iﬁ?g ,te%%%q% ap glfivated Presperal such as pe thsi applicdtion
inpurities, daguogabescn fabilithé BéBSd ifb tBrdubR Sicid SR ¢ {ens are
avail able fr.om eScott Pg.vxgl | Wt er %ﬁztems Ilﬁrc. o?g%%nﬁv@%ﬁ(?goﬁ}éger@%ya% 0
JAN 2004 8 ATERRFUPIESY e FITRIENS 220 4 364 1Q apBHH s6 as taieongiobfnwrih desirdd 36

t hat typi caldigctias. a resi dence tinme of from about one to five mnutes or

l onger. Wiile in tpr:g devel opnent tank, the particle size of the floccul ent
grows. The devel SPrafirethlccqmpbodimentseh thgrmobid-lignip ptpacaor he of ahd grelsémgui d
separ at or lGnwehtibhie iMisBSRAt ThEVaRLE e&l-10 1ML fcS 8081 At Qr 18 nerat es
an underflow stream 40 constituti ng‘&Pﬂé&gﬁdﬁ%léjulﬁ%*gesﬁ?%}“e&’ﬁéﬁe SAWERE: has
been renov é%&?vreﬂ rfeoter f2.udKhoughithe salRigliquad separatancditlid meseat ineaiohZan

consti t uti N@e tRuEdctirkd | - 1L Ui JThe. clarified water in
over fl ow st rgam .22 c?‘gb%lilggﬁgfr'{%;eg?g%% %gltr@g{ﬂnlftg‘gﬁn gb%l}mqnmso%&gngg@dgpc?qq ter

45 to the efRETPYARAL 40 Ure/minwey bt sushan ¢obodimamph i2edhorseporvef,i344@RPAG f r om

whi ch fil te@le@@fo@ﬁot@f&ﬁ?@a&ﬁiz@&d a filter cake 48 are generated. |In one
enbodi nent, gas and residual oil collected in the top of devel opnent tank

36 can be di rect il Bressure vésselioRioprgferdbiinmodstetl ovithin 4 giard 4. Gharll 84 #lesQy
oL e g U SR R et S v
under an el &omxthe spinsisgpressusuekseh§0bin the¢llastatddCstbbd¥iment, a frame assembly
66 is provided to which the guard 64 is mounted via mounting fins 68. One of skill in
the art will, of course, appreciate that the guard 64 may be configured and attached to the
frame assembly 66 in a variety of ways.
Frame assembly 66 is further configured to provide support to the motor 62 and
the bearing structure which supports the pressure vessel 60. The solid-liquid separator
10 includes a stationary inlet housing 70 configured to receive an inlet line 72. Similarly,
a stationary outlet housing 74 is provided on the opposite end of the pressure vessel 60
to which is attached an underflow outlet line 76 and an overflow outlet line 78,
A pump 80 is used to receive the effluent stream 38 and prévide the stream 38 to
the solid-liquid separator 10 through inlet line 72. Pump 80 pressurizes effluent stream

38 in inlet line 72 such that the solid-liquid separator 10 operates under such pressure.



of a punp, so as to facilitate desired flows through the system The

pressure may vary in one or nore of the conponents 22, 32, 363 [}OJArNi 2@4
so as to control flowin desired directions. In Figure 2, one enbodi nen

of the solid-liquid separator 10 of the pgesent invention is illustrated.
The solid-liquid separator 10 includes a pressure vessel 60 which is

driven by a Hotass p@ap 8@\krmbﬂugd&phlﬂ@oﬁ@hyhﬁn%;?ﬁg%eg?ﬁ%%’rﬁzaﬁgmm%?ee ED gégnt

i nvention cag, ggl _nufcflctured 'én a varie |
enbodi ment i;l fe 9@?% EPHRBE S é"hﬂéﬁ}@#fﬁ&lnﬁ@}aeieﬂrﬂtprédsmrE{diﬂd”elgi‘t%dinﬁefht,sugh
an enbodi menthe pam3 .85 1510 P EHURNfi L ric_notor can be utilized.
The pressure,.y ?gj%ﬁo i o prefer%e%‘lﬂé%nnunt%t%p\?mg%sﬁﬁeﬁnﬁra&ﬁﬁpﬁwéﬂﬂa@éﬁ95164
merely pr ov@o@é‘ g 1SaRPLS 5 OR dsis (h5 b9’ Rapwitbtapomeichan( Se8:410° k98P aB&AP! €
and obj ects Gway (4.f4Q01 [Walqll re sel 0. In the illustrated
embodi nent, .a frgr‘gg ass%ﬂ%ﬁ?g I%%b?gef%?egd\s/ﬁﬁ’w g@%l”@ﬁ“‘iﬁ%é}ﬂme@ 4 range
mount ed vi a YR 2RGutE3 liersaRinuerte abdut § KIOOIlitérymibire, Ah%r cWinbderciflly %%;@g,
e

appreci ate tdwalp $§0WwhBHaLH configure ng attached to't rame
assenbly 66 ﬂi1n pa vari ety o é\}\g%.ag P g%*@r?gﬁge 8@1‘1“% fiowrretes will dwfctignr ed

to provide szIb%'SrdFSIfednun@SﬁDtor 62 and the bearing structure which

supports the pressufig % solid-liquid separator 10 includes a
stationary inlet housF%@é(?g4 g%ﬁ‘fﬁi [}E%Hretgﬁ"r? SEXEl @0 rmeuntest foriretatigiabout

Simlarly, Tata4enaliasisadlywhichl dso bansidegwid the 15O site end
of the presgégagat&eﬁ)squeﬁggre‘}e%y\,&;ch s attached ggﬁaﬁﬁggﬁglog\%%o%ﬁﬁgqu“?ne 76
and an overfﬁIal.(ljjw‘ﬂl;)ﬂl;];t1 I eth ine 78, mﬁﬂ‘r‘?ﬁs%Eeri‘@eﬁgé@llt%haémgiaménﬂeﬁera]ﬁ:fabuent
stream 38 aHd bpuadmgieciianebes 0F e kiMhdnitddith k- LUl aratar 10

hAR gBPlcre bl o8 RORAAL e o6

t hr ough inl | P 80.pressurizes effluent

line 72 suc;%E?IL%%]%%tﬁéu%lo#lﬁ%ﬁop&g‘il@t‘%@p@%b% ptikigedy Racatsesresmeti6d issueinted
pressure. 3@ DANI@OBELE 4N ©0, pRiste SRsEl C of, punpi ng ef fl uent
stream 38 af, %ﬁ'?siﬂé ogl a(téérgca@a%)t y of 5 hzéosgﬁl = ?l(%{ljl dnglgﬁggggcgnqt@f whi | e
mai nt ai ni ng a desiT e 0‘?3‘? {ton apainigxds Uhhodi ment, the punp 80 mai ntains

the effluent strAdditdgalay, iﬁispdi@&ﬁb'lé,ealitﬁbl%lh[xﬁﬂgg%lﬁé%h‘{‘@%ggﬁ%b‘%ij&% Igrg!gwg ?Z)X

2bout - 60 p ol 50 350ps BBl ouiE o s dp Peatmadche PamnBlnehsiuAEeCHEE
{1 ow rat es éuviroles RngRuCHELNRED, THRN LAl pih EpRLSLALL e%g&,‘;ﬁ?ﬁ%@ >
. . : . - 3. (8] SSUT c. A 1 1 !
liters/mnute, Any.cC rcially availab uip B0 3 tigplaualls R2ne
above presstr®§ @%Hﬂﬂé@ag@v% SP3usQy of dtseeffivient pfessuet ibeatingf QualiRE SRS red
pur pose. Ascurvdduell dsedls isnclhOthose ﬁaviﬂ%ﬁn B{r g&@éﬁ .eoggggwe%gaﬁ”ggggﬁlﬁd for
al's i

rotation about rotational axis 90 whi

| ongi t udi naf™“REPeY bt erplaye| uathemyore dstraghpdine tonfigh@atioRs 55 U5 v B558led60

i ncl udes a daged AR Wadd erdR ' interior syrface 93 bounding a
chanber 95. enbodi nent azg%%dgttg %%,ﬂelé e‘r‘seg‘sléi‘rgﬂ?rﬂ%taﬁ@sﬁﬂlh@‘@n@fa

cyligdgipaef configuration at the edges and a center which is formed by truncated cones
connected together can be used. In yet other embodiments, the vessel 60 need not have
outwardly sloping walls. For example, vessel 60 can be cylindrical or have a polygonal
transverse cross section.

Pressure vessel 60 may be made out of a variety of materials including stainless
steel, plastics, filament wound structures and other conventional materials. In orie
embodiment, pressure vessel 60 is capable of withstanding pressures in a range between
about 1 psi (6.90x10° Pa) to about 500 psi (3.45x10° Pa) with about 10 psi (6.90x10* Pa)
to about 100 psi (6.90x10° Pa) being more preferred. In the embodiment depicted,
pressure vessel 60 is made out of stainless steel and has two halves for ease of
manufacture and construction. The two halves are secured together such as by weldin;g,

bolts, or other conventional methods such that a seam is formed at equator 97 of vessel
60.
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60. Drive Sh&1%3%4 is configured to engage notor 62 (Figure 2) as is known
in the art. Drl\lfgjesmg M 1 Ri.p hol,| 98 V\/mchls
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allowmg relative rotational movement between the inlet stationary housing 70 and the
hollow shaft 98. Mechanical pump seals such as are available from AW, Chesterton Co,
of Stoneham, Massachusetts function for the desired purpose.

With continued reference to Figure 3, the support structure for vessel 60 at outlet
end 120 is illustrated and described. As at inlet end 96, the vessel 60 at outlet end 120
is similarly configured with an outlet mounting flange 122. An outlet mounting collar
124 is attached to the outlet mounting flange 122 with a number of bolts 102. The outlet
mounting collar 124 is supported on an outlet housing 74 vi:a an outlet bearing
assembly 126. '

The outlet housing 74 and the outlet mounting coliar 124 are each configured with
a hollow interior for receiving an underflow exit tube 128 having a removal channel 130
therein. As illustrated in Figure 4B, the hollow interior of the outlet housing 74 and the
outlet mounting collar 124 and the exit tube 128 are configured such that an annular
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bet ween exit" erpaiave embagiment, "H%‘tﬁé’i nigp 174n sithply et fomhed with a constricted
orifice that communicates with channel 130, thereby precluding the need for plug 162.

With continued reference to Figure 3, exit tube 128 extends to the center of vessel
60. Solid-liquid separator 10 also includes a plurality of radial underflow extraction
tubes 160. Each extraction tube 160 has a first end 161 and an opposing second end 163.
Each first end 161 is in fluid communication with exit tube 128 at inlet end 131 thereof,
Extending through each extraction tube 160 is a channel having a diameter in a range
from about 0.06 inches (0.15 cm) to about 2.0 inches (5 cm) with about 0.125 inches (0.3
cm) to about 0.5 inches (1.3 cm) being more preferred. In one embodiment, eight
extraction tubes 160 are employed, each spaced 45 degrees from the adjacent tube. In
alternative embodiments, any number of extraction tubes 160 can be used. In one
embodiment, a typical number of extraction tubes 160 ranges from about 2 to about 144
with about 4 to about 24 being more preferred.

In yet another embodiment, extraction tubes 160 need not radially outwardly
project from exit tube 128 such that extraction tubes 160 are perpendicular to exit tube
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(2 cm) to about 1.2 inches (3 cm) being more preferred.

The depicted embodiment also includes four additional discs 176, 178, 202 and
204. Discs 176 and 202 are positioned on the inlet side of vessel 60 with discs 178 and
204 positioned on the outlet side. Discs 176, 178, 202 and 204 are used in part to
facilitate assembly of the solid-liquid separator 10 and to provide structural support

during operation thereof. Alternatively, the solid-liquid separator 10 can be assembled
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S er St an opposing outside edge 188. Qutside
edge 188 includes a substantially flat side portion 187 orthogonally projecting from each

end of inside edge 186, a centrally disposed substantially flat nose portion 189 disposed
substantially parallel to inside edge 186, and a curved shoulder portion 191 extending
from each side portion 187 to opposing ends of nose portion 189.

As illustrated in Figure 7B, each untrimmed fin 214 includes a substantially flat
inside edge 186 and an opposing outside edge 188. OQutside edge 188 includes a
substantially flat side portion 187 orthogonally projecting from each end of inside edge
186 and a curved face portion 193 extending between each side portion 187. A centrally
disposed semi-circular notch 194 is formed on face portion 193,

An alternative fin 215 is illustrated in F igure 7C. Fin 215 has substantially the
same configuration as untrimmed fin 214 except that notch 194 is replaced with holes



as the clarified water flows around disc 170. In one enbodi rrent h
v-notches 210 are cut at the edge 172 of disc 170 having a vm m 2004
range between about 0. | inch (0.25 cm g0 about 1 inch (2.5 cnm) and a
depth in a range bet ween about 0.1 inch (0.25 cm to about 1 inch (2.5

cm). The nuni@ eafendmgdhtdmgh fAIDL5. t Sah i@ D tybhBy S8 £HiUSG i] 0k
range between abouat PET ee

bet ween each | I C

not ches .t o aB%ﬂ\{eengl};% nB'tC Gﬁ?egls’ﬁw&%&“héll?meﬁlﬂ% §yber and SI ze of

t hese v-notches 2Fmsd£na dﬁiﬁhé@&@tﬁl Bk ure
e o e mostomsnte s I
Each fin 184 ?1 d @de&g 8% illpstratediin F@ﬁ@riﬂiﬂ% pﬁmhl disd istppoibe

| ongi t udi nal wiikiaSIdQ980gi L optSndP 1ALk 84 YKl AM e RRE S @%ﬁ%‘p&‘é‘%ﬁ%{‘gl N

curvature of thf 98\,@ 2 Thus, in the configuratrto
in which a spifie 19470 8s szgrﬂ“safeélﬁplc@lmnedm:@adwﬁmil% Eidg @84 8% @ikcd he
fins 184 hasm) 3%7117@Imdxﬂrzoﬁ%ézh%&%b%la]eh{‘fo}ﬂgd%Ft?qlp o P ' ' G dlso ed

in Flgure8 %No é/pes of fins 184 are use
untri med fi fsioPmad Tiee plaptics; eemposites, gud etheAsuffiaihtly strﬁfﬁ@ﬁhafeﬁa?lglotsl rggl udes

a subst anti adrddy20ol 8 de edge 188.
Qutsi de edge 188 |%%bﬂ§i£ﬁg%§u g‘é? 18‘1[{'21,1%&#1%’ Sdlhﬁﬁ)[:’l’ %5fr aqugtmg. Slots

or t hogonal | y9§ragfa@@ |3-FF‘9C0F1iﬁ€ﬁﬁ€éaQ:hllO\Eﬁr¢ ﬁn‘s amdslusdetced@@gé-&ﬁ:h o%éi‘iﬂhrsﬂg:’
di sposed subgi n ed substantiall
parallel to m%%rgmelgﬂs}]m aféhdﬁ S@Qgéoﬁ gﬁ%g’lsﬂg]r% gﬁs il 6 208 and 204
from each aw%a&lpw ag gieat ap tbpﬂiuslmegsdrﬁhs 184, m&ﬂarwjarsldtQQO(i&%ﬁ
illustrated d.fi 4 Iy des a su tantlall
at | notda o bR dRip AR R iV Elinel Bolatss ol ealscouvs 6, saiyaozee”
i ncl udes ' a 2nd R4 tvéhich edrraspondato thesdalquerti on 187 orthogonal |y projecting
from each end of and, a curve face portion 193 extendi ng
bet ween each 'si deTH&?rh?lg%%g%gfsseﬂlao(%m"rhg} F§pse o&s‘ﬁd@@cﬁ%@ﬁﬂeéﬁﬁ dlswatedgch
194 i's for mdtgwn 51’O@(QJ@SI}DOﬂMlg@IﬂtléI93scsAO4 ahd eTRadr efithie 285 Cotdrldiddsizpaked i
Figure 7C. ELd); ﬁ %LD i§ lg %”t aHI‘I é&‘&g‘ confi ?uratl on as untrinmed
fin 214 except ROt cﬁ‘ C?‘i Oé%P éz\ﬁn §ome hes @@emga@mmoﬂhcﬁ%
ext endi ng thﬁucu;:lonﬂmg smt5onﬁtmdls¢$01|m5an&9§8t\¥tﬁle%h{1h’ad&8¥ ygn%g?éggl% dr]*ﬁcs F

i ns

range bet hes about 5 1 nch
184 are po\é\%ﬁl oneg‘%I SP%‘?‘P.“%%}SWQ(‘&@%H%{Q%@S’Q@W afp ﬁér“p@nalplautchmtqmanngh sCs
170, 176, 1edgagenianantih AQscasichally ol kibtbid b dhnéil Evlh 5% elith & pRAE"

disc is pro 1 whi ch corresponds to eac Mg ot s
200, whi ch Bt ?‘F ?Smﬁfde‘tcgscéé%an Qcarq then plage] m%matlmgagmammmmeesm s0
configured 260 endi ﬁmﬂSﬁB%lﬂFalﬂﬁvé%csalW@ Wé@?? %igmd é@@nP%rénggngb d 204

are in one enbodjme t formed of stainless st can a
from pl ast i £€7e18 tssinstalied by 1whiding themapdiatly yntetposn@nnaﬁﬁlr thalmtcﬁlot)t S

198 ﬁgd 2 cht)rgmétﬁmf@tﬁ@deééﬂ' 60is 0l WS NEAARA inTELRRY. IGD 188 2By 2065
- are simply one way of securing the fins and discs together. In alternative embodiments,
the fins and discs can be welded, clamped, integrally molded, or otherwise secured
together using conventional methods,

In the depicted embodiment, twenty four fins 184 are utilized in vessel 60, as
illustrated in Figures 8 and 9. In alternative embodiments, the number of fins 184 is
typically in a range between about 8 to about 144 with about 12 to about 48 being more
preferred. As best depicted in Figure 3, 8, and 9, the assembled fins 184 radially
outwardly project from longitudinal axis 90 in substantially parallel alignment with
longitudinal axis 90. Each inside edge 186 is spaced apart from the center of longitudinal
axis 90 so that a channel 219, depicted in Figure 3, is formed that extends from inlet end
96 to gas escape orifice 164. Channel 219 has a diameter typically in a range between

about 0.25 inches (0.6 cm) to about 2 inches (5 cm) with about 0.25 inches (0.6 cm) 1o



198 and 200 are configured to allow the fins and discs to engag a t
inaslip fit, mting relationship. Thus, slots 198 configuredgiﬁ 39&@ Qﬁb4
170, 176, 178, 202 and 204 have a width at |east as great as the thickness
of fins 184. Simlarly, slots 200 configured in fins 184, have a wi dth at

| east as gégat as the thickness of the discs 170, 176, 178, 202 and 204

whi ch cor r 9pBnHinch Eneem) beiog snord peefériren. amﬂmsaﬁteasw&gaﬂrys 74 GRH R ﬁgse'

is thus as | Jure 5 positioning outlet 'discs
204 and 175 e og 8ol B SR s bl o pre¥i et R b s tibk Hicundegss | <

t hen pl ace@seponiuglaly 162 and some fins 184 are engaged into their
correspondi ng sl d 178 while sinultaneously engagi ng

th scs ,170 a
the discs wth ’I‘?qhgccgg}r? ea‘s%f) % Pt §F%‘FQBIHF?CF% tyhendl 69 8uimmbe fina Fl2rerd84 i s

t hus pl acednadified withiangnirein@e@en®ds Mt 1?1'Fi re§i r h"é oltéi}fi]é @rélee %%Ve d
an

nmovenent b and the finis r0| Ite
202 are théﬂgﬁﬁﬁf@sgwﬁ% BID lﬁﬁfﬁeﬁﬁof&fd%gmm ﬁm&?ﬂi‘t\h@lﬁie@k&actﬂﬁﬁum 1de fi ns

184. With abillbgaed th igare 7 endd Oy ﬂé@glc%ﬁé%%ﬂ;r%g inficht, Ss}n’%\?évﬂi zgn%Bg(%[ %1}13212 unti|

rerralnlngflns stal |l ed ’slidin
the interi &t Ogﬁjlﬁgl"ﬁg‘r"’a@qt@?]&ar? Wiélized 4 eombidatien withplght englinhbd 88§ oot ed in

Figure 8. Ghithhal88ceh@n20%08#&. Si P!y one way of securing the fins and
discs together. In alJternative enbodi nents, the fins and discs can be

el ded, cl anped!® ihebgratye cmbndiment, dris eppreciniedahaefisr B4 ndeadat RRGialds| NG

conventlonahwaﬁn went y. four fins 184 are
utilized in vess%ﬁq%%t ﬂn@jl&m?ﬁﬁ@p ﬁgﬁégﬁlﬁ%?%ﬁgﬁge%a eTongidg edge I 8 af enctut i ve
enbodi ment &1 18 eammesdret Gom dlipenbatwith lodgymiinal dsis POl itﬂrmeﬁ%iéﬂﬁﬁ%oﬁﬁgﬂt
8 to aboutb}lﬂ,édggcgh about 12 to about 48 being nore preferred. As Dbest

depicted in Figure 3, 8, and 9, the assenbled fins 184 radially outwardly

proj ect from oWgﬁhtth@IﬁnSaandailsos ag@mibledsibbst exit tudkl128 @@ﬂﬁis{rﬁﬂefl %ﬁﬁ? gt with
romthe center

| ongi t udi 6 aced apart

of "Pong t vt gl eGSO NREN SR Grlier bS o Liigpicct da one cmbodineers, | S
formed t hates¥k 6@ choniprised oftlwthaévad wHieh #1@ sgAfeLREaNer, St 40§, éﬁ annel
219hasam@r{$ 91% maranebtweﬁgg about 0.257inc 0.6 cm
to about 2 inc (aBQé nS}% 2agkster ¢ thersberweay. By @veriggthie2004 15
about 1 |n@ﬁﬁﬂ(a?a$em’dy bEFiggren® méthiyt ehBred. vésell 40, Wil £ S éh? BBl ES A
and 7B they, cﬂﬁ%%gcﬁ% ¢, 186,0f each fin 184 is cuf to prevent interterence
with exit tu b A% T eagement aed nome]délgolmémbtq held ¢hght

radi al exteage.i on tubes 160, trlrmed fins 212 are nodified with. a central
notch 216 as i I§ al.l ow sone

ed i.n F| The notch 216 is sized to
degree of dli nt er ggghcglﬁ?' :5F d?lﬂﬁte & 16.Alat side pojtions i 82 ofachdint 1 8art ubes
srxeen' %ﬁ%ﬂgﬁaﬁ%ﬁéﬁiﬁﬁz&aﬂfﬁ T e A R
s portion 193
of untrimmed fins 214 are also disposed adjacent to wall 92. Side portions 187, shoulder
portions 188, and face portion 193 of fins 184 can be directly biased against vessel 60.
Alternatively, a small gap, typically less than about 1/4 inch, can be formed between
vessel 60 and portions 187, 188, and 193. As illustrated in Figure 9, the positioning of
fins 184 adjacent to wall 92 results in the formation of a plurality of discrete ﬂow
channels 218 through vessel 60 along the longitudinal axis. Each flow channel 218
however, is partially blocked by the intersection of the various discs 170, 176, 178, 202,

and 204. As a result of the discs, fluid traveling through flow channels 218 is required
to flow around the outer edge of the discs.

Returning to Figure 10, an underflow passage 190 is formed between flat nose
portion 189 of trimmed fins 214 and wall 92. Underflow passage 190 enables fluid to
flow between discrete flow channels 218 at equator 97. In one embodiment, the

maximum gap between flat hose portion 189 of trimmed fin 214 and wall 92 is in a range
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215.I'n thiggcity in a range between about 600 rotations/minute to about 10,000 rotations/minute
with about 1,200 rotations/minute to about 3,600 rotations/minute being more preferred.
A stream 38 is received by pump 80 which pumps stream 38 into the solid-liquid
separator 10 through inlet line 72. Stream 38 is preferably pressurized by pump 80 such
that the pressure is maintained within vessel 60 during operation of the solid-liquid
separator 10. One embodiment of solid-liquid separator 10 operates under a pressure in
arange between about.15 psi (1.03x10* Pa) to about 600 psi (4.13x10° Pa)with about 75
psi (5.17x10° Pa) to about 125 psi (8.61x10° Pa) being more preferred. Stream 38 may
include virtually any liquid which has been contaminated with a particulate component
having a density greater than the liquid. For most applications, however, the liquid will
be water. Thus, although water is referred to herein as the liquid being clarified, it will

be understood that the solid-liquid separator 10 of the present invention may be used to
clarify a variety of liquids.
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inwardly or stays on top Because of the centrifugal forces present in the solid-liquid

separator, an average of approximately 500 g’s to about 2,000 g's in this embodiment,
substantially complete clarification of the fluid component occurs and a low liquid
content of more dense particulate occurs in seconds. The solid-liquid separator 10 of the
present invention can thus achieve in seconds the amount of separation that a static tank
separator takes hours to achieve.,

In stream 38 the particulate matter is forced by the rotation of vessel 60 so as to
accumulate against wall 92 at equator 97. The accumulated particulate matter is
identified as underflow 224, A boundary line 228 is defined between underflow 224 and
the clarified water 226 radially inwardly disposed therefrom. Underflow 224 is allowed
to accumulate and boundary line 228 rise until boundary line 228 is located radially
inward of opening 166 of extraction tubes 160 (a condition illustrated in Figure 10).

Underflow 224 is subsequently extracted from pressure vesse] 60 through extraction
tubes 160 as described below.
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within the inlet stream will generally be found only on the inlet side of the vessel 60

because they are likely to be separated before the liquid passes through axial flow passage

174.

As inlet stream 38 continues to flow into the vessel 60, liquid passes through
flow passage 174 into the outlet side of the vessel 60. The liquid or water 226 fills the
outlet side of vessel 60 and then flows out through effluent channel 132. Clarified water
226 subsequently exits the solid-liquid separator 10 through overflow outlet 134 and
pressure relief valve 136. Pressure relief valve 136 only opens when the back pressure
in overflow outlet 134 overcomes the spring force for the valve, thereby ensuring that a
predetermined pressure is maintained inside vessel 60. In an alternative embodiment,
pressure relief valve 136 can be replaced with other operating sys&ems that perform the

same function. For example, pressure relief valve 136 can be replaced with an
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as to enable sufficient draw on extraction tubes 160 to remove underflow 224, Thus, the

size of orifice 164 depends in part upon the constituency and nature of the fluid flow. In
one embodiment, orifice 164 has a threaded diameter of approximately 0.375 inch (1 cm)
. This 0.375 inch (1 cm) orifice is threaded to allow an insert whereby the orifice
diameter may be reduced or even totally occluded, depending upon the insert selected.
An insert may be threaded into orifice 164 even after construction of the pressure vessel
60 because orifice 164 remains accessible through exit orifice 140 and removal channel
130. The adjustable nature of this orifice diameter allows orifice 164 to be tailored for
different fluid flows while using the same solid-liquid separator 1.

In one embodiment of the present invention, spherical vessel 60 has an inside
diameter of about 19 inches (48 cm) and is capable of processing approximately 38 liters

of water each minute. This provides a residence time of approximately 1.5 minutes in
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liquid content of the total particulate-containing liquid feed material that is about five
percent or less.

Depicted in Figures 11 and 12, another embodiment of the present invention
relates to a quui.d-liquid separator 244 that uses a similar construction to solid-liquid
separator 10 depicted in Figures 2-10. In contrast to solid-liquid separator 10 that is
primarily designed to remove particulate from a fluid, liquid-liquid separator 244 is

primarily designed to sgparate a mixed liquid of two or more immiscible liquids such as
oil and water, '
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awn off liquid that includes more than one liquid can subsequently
be processed through a second liquid-liquid separator 244 so as to Separate the liquids
therein.

As a result of the applied centrifugal force, heé.vy liquid 241 flows toward wall
92 at equator 97. Light liquid 243 flow toward the center or longitudinal axis of vessel
60. As a result, a boundary line 245 is formed between heavy liquid 241 and light liquid
243. Boundary line 245 is maintained within a range of radial distances away from
rotational axis 90. This liquid-liquid boundary line 245 is analogous to boundary line
228 depicted in Figure 10 for solid-liquid separator 10. In contrast, however, liquid-
liquid boundary line 245 is positioned at a radial distance from rotational axis in a range
from about 1/5 to about 4/5 the distance between rotational axis 90 and the maximum
diameter at equator 97, preferably from about 1/4 to about 3/4 the distance, even more
preferably from about 1/3 to about 2/3 the distance.

As aresult of perforations 238 extending through discs 236 and 240, light liquid
243 and gas 230 can flow through discs 236 and 240 and out effluent channel 132. Since
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and 240 f Urk@tncpprdaéurgﬁﬁfféﬂén@eﬁ, boundary line 245 may, depending on select variables,

theoretically extend beyond wall 92 of the pressure vessel 60, As a result, both heavy
liquid 241 and light liquid 243 would flow out through first outlet steam 250.

The amount of required pressure differential is based on the rotational velocity
of liquid-liquid separator 244, the density of the at least two immuscible liquids contained
within supply stream 30, and the desired location of boundary line 245. In practice, the

pressure differential can be empirically determined. For example, initially first valve 248

t of

is set to operate at a first pressure. That is, first valve 248 maintains first outlet stream
250 at the first pressure while enabling first outlet stream 250 to continually flow through
first valve 248. Accordingly, if the flow of first outlet stream 250 decreases, first valve
248 closes a corresponding amount so as to maintain the first pressure. The amount of
first pressure is in some regards arbitrary since it is the pressure differential that control
the position of boundary line 245. In one embodiment, however, first pressure is
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change to 10% oil and 90% water. Where the rotat1onaI velocity of liquid-liquid
separator 244 remains substantxally constant, an increased amount of water will tend to
cause boundary line 245 to move toward rotational axis 90. Accordingly, the pressure
sensed at first pressure sensor 246 and second pressure sensor 252 increases because of
the increasing:water volume within liquid-liquid separator 244. As a result of the signals
from sensors 246 and 252, second valve 256 will automatically close slightly and first
valve 248 will automatically open slightly. Asa result, the operating pressures for valves
248 and 256 and the pressure differential between valves 248 and 256 are continually

held relatively constant even though the ratio of liquids in supply stream 30 may
continually change.

A 100% water supply stream 30 or a 100% oil supply stream 30 may also be
controlled by maintaining boundary line 245 within the preferred distance range from

rotational axis 90. For example, where a 100% oil supply stream 30 is fed to 11qu1d-
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second val va® 956 & TRIEFEHelreRIA S SHet peadider Phle Sgeandnwalvpitamiande a

pressures oiffeeatagryaireecRifiot aith 28 HﬁkﬁQ%D?@he@\%%ﬁ%éé &?H’%W?%ﬁg}i ng
a e

pressures e the erati ressures of second _valve - pornts
wher e |ighta‘5?‘?‘5?|3? Hﬁ‘g‘ﬂéfl?‘}aﬂgt‘gsPgMﬂ%héllfﬂom kta. oft i appeaciased that ot skélded 250
and heavy |inds st 24&1dfdldoSecsdnsdd that Fhe ut | .eam 258.
Second val \éf’g 256 i.S then g?t t o_oper at ‘gﬂ/ﬁgtyng%ygfagﬁ;\%l‘gee{ovn\géﬁrsail%s 3o

extrenme pr S heEedhrentrl system ¥8undary |ine 245 central |y between t he

opening to effl ugnk apmels 43%n LG t ction tuhes 160.
The resul tlsingwglr SS?JUI’%E Lff_serencgagzet%g?\%?F&@?mﬁégvagﬁé%ewwg@gwﬂ’ val ve
256 defi ned tf??é’é%%ﬁfﬂ SQjiih pe pkpmatye erdbslivent, bensomsi2dGend @52 i sadhfbet he
i nventive SeabrREWH 4 Iy anges . he_ratio of
the two | e e seondOliled el 258 e b SR Logp SRR e ledn e or
supply st r 4mPRINIeHHs 264 gan bie mpeflicawitbdrawathe seddted Thbdsofrbmvifued-liguiap! y
stream 30 sk 0 <m b [ ' t he 501 1 Xt ur ddenl

. sefardtor 0420 SPRE UL 11 mﬁtc? ﬁ’o%?ﬁgség(?essgrgrsgnwégg%ﬁyée ng‘iﬂ y

experiences a | pad_change to 10% oil "and Wa Flonal
vel oci ty offaPmliied 267 dhat @persigsabraway of adn-lienitingsxanils it 4 AJ0ymaQRGTANt , an

iar s, SRR T e S AR bl
ressure s : ) I 264 ensvorts2b 2-10NKIAC a51fo] )

he e ecoupina st LT AL & st or SH0CA e

sut ot carpyEwod ol sty o 5 e Guibll ECOTBLLSANO0T
Sht Ly A5k 1S, RELEL A

the pressure differen | ves 248 and 256 are continually held
relatively constAnebrdingto théypregint irfventic, herP4 1dall AisteBarich oééiﬂ?%%@tsﬁﬁ?@‘ 30
may conti @&QA | % cﬁange. A 100% g@%er supply stream 30 or a 100% ofT “supply
stream 30 fay &l QoIS PresyE SEHsR gnd3eerndiPissTige sRaseIR2dateate chazeint hi n

t he pref er resedive paersgres Botgeer the RtaviyQigald %9%'1%@1\&]‘6&%@%82 d:%t SXAP B aniher e a

100% oi | s . tream30 ig feq to |iqui
0 ?lpepflélhtshqmg passing ‘shroug second autlet siream 258, According to the present

invention, such a load disturbance will be noted by controller 260 and respective valves
248 and 256 will be adjusted in order to maintain boundary line 245 at a preferred
distance range away from rotational axis 90. According to this embodiment of the
present invention, the pressure differential is maintained by the control of first valve 248
and second valve 256. Accordingly, the location of boundary line 245 may be maintained
within the preferred distance range away from rotational axis 90.

One particular advantage of the present invention relating to control of the liquid-
liquid separation system is the ability to separate immiscible liquids that have a specific
gravity difference of less than about 5% of each other. The present invention is useful
for separating immiscible liquids that have a specific gravity difference in a range from
about 5% to about 0.5%, more preferably from about 4% to about 0.5%, and most



liquid separator 244, first valve 248 would eventually shut enti

order to maintain the liquid-liquid interface within the preferaréaﬂd)("AN 2004
di stance range away fromrotational axis 90. Accordingly, where all |iquid
in supply stream 30 is oil, the oil woul dsnove through liquid-liquid
separator 244 substantially w thout any m xing with the water that under

this situatpreferabuirdmbboatigtianbaalol 3. OREHERE, thOBF8LR i . i_ment ,
first valve s%ggr say be ablbgck: ressure regul at otr .E{Jecg;%ﬂ%gl%‘legt@?g%%rggggﬁ
Second val ve 858 IH%#HES% © _rtB‘"Ht 24 2 sPe e geavitygliffercnce gueetor mn &% sher
98LD. These Wabreegissreliqidlqid sfé&h &l proGabd E‘ththét%ﬁeﬁrpgﬁhh%ﬁa%{i%glogffie’%?fji q

Mar shal | Tonn lowa. |t is appreciated that one sKi
al so recogni %’dést A%t ketWier caniel of srick systerss dndickiahed by othé i iyegent ipRat6@N

Iso b oClib X 246 52 are.sh
' Fi gur Esi{ﬁgjﬁ?ﬁﬁﬁ’e‘?i%@‘é%f R afeh AR RRRREE it BBt Beftiman

alternative BB, besstablished andvarioys pagswradiffeamioeimoted for Al fsenthdtids
second out | g¥f tsd #RPRMAES- AldNrVE e di nent. depjcted in Figure 14,
a controller 260 carnnl_be§uée rx%’%%\a}\f tB ﬁgﬁg(\f/vtot eges%ap%ir é?%lga%fyl’ 8&’85@? grpounts

i qui d- I | quiteeY tsdpsischingrder dajcalirayntat sotatires remnenvichdeR dBY 1Dekihaird BEARIUT ©

sensor 246 by, ' ' r 26 at _operates, by way of
non-1imtin cé%ﬁéeh G E{ ﬁ#%é°£t‘§8gnn?&‘@§f’ﬁg’ﬁa§f°wggé ‘H? foRting presspierveqss] pay bag
transmits atsFkpskandohe bigeidoliquid Systeh sepaRated by endistindGd il foRnWid NayeR 24520 MA

signal . FirsdiniPa g00MaLEs. 264 converts a 4-20 mA control signal to a
pneumatic signal 1n order°-to operate first valve 248. Second outlet stream

258 is also confOngappliceiarofembdiliquidessatitr 380 & epRd inFig&eA%d Under
transmtter 6, and a. second I[/P converter 26r§l.

nd val ve .
Accordi ng t S%Eh%éc%}dztgogﬁt g’%"hﬂ‘?&'&‘?ﬂ“&ﬁ‘?s%@ﬁ regulaiions may requirgrivaeniodercieaned hi n
supply st r efits @Brairfeidraditto priess bElowsBHRA00 2. MO&ﬁﬁngbC{hQéﬁﬁédﬁn% SEMEOT 252.
s, between t he heavy |qU|g passi ng

detect a ch A .espectiye pressur

through fir g%g%ﬁf‘{l’éfl{lg? %’éﬁ?az/@oﬁswa%gtfﬁgi $tregpt 13 camprisepsubsiantahnologke
second out | partisitlateainat S5 € for dh {de I ' ' h. a_| oad
di st urbancelgm' | _be not eg(;{%@ Cr.ntj?gll_cl e?&g%%ﬁéﬁﬁ%ﬁggs%éeﬂgﬁ\%a va a\%g&alfﬁ’é and
256 will be a‘d% LR B‘é?rsSHWFW%FW%W%@dImﬁENQMiW haqueder r ed

di st ance r amgeeparated bt descriBbdibpral axis 90. According to this enbodi nent
of the present jnvention, the pressure differential is maintained by the
control of first G &S pytlehsigrane dheoratises the beavaceauminanyl Nquid kecH gcat i on

of boundar ywhierig A48l/wa: $8teHR b HyHANEHid Wb L4 Gk bt Bnes, range
away fromrgiational axi 3@80. OwEel_ parti c%dg&ﬁgg)éggg @5"'?"‘%#@?%&0‘&% ,
Bad i
i nvention reladiGeFcPBpdshisidoicpamtion ghersin that rempyes Momeyfahatighncaysindm i S
the abi | i t yliguid SRS BbSech PR GEARNE sbidyl Ve SRS ! el LY
di fference %éi | ess than about. b% oﬁtétggﬁgijphg@w#ﬁ)ea %%S’g#‘%{{fé?ﬁgiﬂéﬂ? is
useful  f or20SBh} BRI graferblycvhere an pilivats systemn ihmosidad SiretiutleCstaaavi oy
di fference dgmamist & i 0 190% more preferably from
difference . ab%ju_t@‘()m. : ()\/NQ aané %&o@n&%&?@%@%& hAvé af o1l Gofitent of about 100
ppm. Liquid-iquid hydrocyclone 270 provides a purified heavy component liquid stream
272 that has an oil content in a range from about 0.1 to about 100 ppm, preférably from
about 1 to about 10 ppm, and most preferably from about 2 to about 5 ppm. A recycle
light component liquid stream 274 is drawn off liquid-liquid hydrocyclone 276 and is
blended with flow path 20 to form supply stream 30. Typically, in a 50/50 oil/water flow
path 20, the content of water within recycle light component liquid stream 274 will be in
a range from about 50% water to about 80% water. Hydrocyclone 276 can coﬁpﬁse any
. hydrocyclone know to those skilled in the art. One example of a hydrocyclone is
disclosed in United States Patent No. 5,133,861 which for purposes of disclosure is

incorporated herein by specific reference.

Accordingly, a method of separating a liquid-liquid mixture by use of the

configuration depicted in Figure 14 may include one of the controlled embodiments



25 preferably from about 3% to about 0.5% O course, the prese | N [
Is useful for separating inmmscible liquids that have a specif :augr‘-mm mlf

difference greater than 5% \Were a giverg |iquid-1iquid systemis provided
such that the specific gravities of the two |iquids are known, control of

such syst ens degictad ini Bigatks 39 ahtié 3 pné a@ditiohAIMARL LS PQ@,I i nmay be
conduct ed fo‘ihagisgrjo%.ﬁ@ t%(]og ﬂél Q%Ygressuri zedwsessel g dllglgﬁa%ggg&ﬁl@rcé?ﬁ?e A
first rpmmay be estabrished COBPCBEY liguikanilet di fferences noted for
different ratios Asbtiehembadimehtisl s preleihnsSi an to these data.
Simlarly, ogﬁ%or{ggm amounts  may be tested i Hggjrysd%ﬁlgtt%&%:ﬁfg%rrealpewﬁ’ﬁ&m

rotating pressure. veRdigve S@Vr%%régsﬁ?e w3ah 88 has hasntrembcedneithadsuliealinage@ Pl D
control ler, tére pressusmdnd 206, | ve may be tracked
and the 1 qu d:lpirrﬂui?ge ot o st 86 Ueple A EETAH Sinke PRl otk dargeri higor
245 within Q‘eHeeg F nF%%@%Fedaﬁ@&tﬁsﬁi- dibenadlly, & flgnged-ddge 278 oFERAIGAILN 244
I s depicted irindate@Uécme DJ6 i 11:G i tion envi ronnent al
di scharge re ruI 17i ons emay l%ﬁfd(egqﬁg% grbeltt()z(ggghgfée)eéﬁ%asseﬁ‘#’iq iigu‘i’é%{w&?ﬂﬁ% oi |
to a | evel b&nﬁ% b GLUEASHYOT B TinEdBot pichged) mayHe ided de B zﬁétirlgﬁnfﬁgfsesent
a

i nvention degfifinged bdbeFi7gUh tkeam.l2 conpris subst ant i y no
| oose particul at Fg n%t er7igal &ed)](egteop%&?%re sazalh%l%gﬁtosgﬁ@fﬂ l‘tq?‘ifslﬁlqehﬁte migsputse
removed i n t5oREMRIated fordhe present ysptign.st r eam 30 enters i quid-1i quid
separator 244 andg It seihle. Lisqui ds  are separated as descri bed
above. Were fi rstlh{c?)lﬁctlﬂgt?sos({%cgfnihggglaégﬁﬁﬁﬁggetlﬁ‘_&t%g“éwr%@@ﬂmdmt 1o thepui d
such as  wat¥#pgef dgnblsiruneatederons 956, ebme distirictiativiintah6lf SuBlIRAEHEA ?ﬂger 237763

recei ves firigtheQifs r . and ac | i shes a separation
that renoves nore %‘?‘%eh"?ﬂ | g%% clég% Omefes R averes theflewrdenstalong vessalbove

about 100 pptaldAia censtant fosobd particiiare Mitdress He rAbHY ;
r QVi dg??cqf iITst h%% gtggétth%%% 250

Pref erably, 8 il r..systemis )

conpri si ng ta‘glgg%v%f%?“%l 9%2%3}156 d&%%ﬁ%%marfl?@dﬁlﬁxﬁﬁ%%@ ependig 1@ont ent  of
about 100 ppm Figredl? isquipdrspyetiv@cyievobe 3 24 Vg hd i eavy
conponent | i;giki; Atdi88Mn2 1trhat has an oial, g%rgfogn.étug?s%mgb%%% L‘?‘gg{i\nﬁbout
~0.1to aboug 18%:_55@1 progf %$4aﬁllo§}gf“f1§‘rﬁtalﬁﬁ%l9fm majey ipfosuchl®s quprer diskdl Tist
preferably fiow ict®a fin shheaifor Padddl FinsASH @ i nent liquid
stream 274 B&]e%gﬁ@ofo};rg | i qté?%%}rqu%d Q‘gqu?%ﬁgﬁfgrﬂﬁgmaﬁg%&eﬁwﬁa@ wi t.h
flow path 20 to form §usﬁbr|c>7 %'SF{' aom Ba Qm%émtl‘ylpth)mb%&i Sibasseiniblptep f1 ow
path 20, thendomespindafg avaipenents tdﬁoﬂdrlmycpgesmlafogt}gi@g@gﬁ(}r}g@tﬁ@ﬂ quid, sy ream

abou 0 ;

274 will be.J e fro bout. 50% water to

Hydr ocycl onleg (g%g%&aﬁ&%%?a}cg]éﬁhﬁ% Inflpssemblyda. Kn dhis embbbinsent sieidetfisty i n

the art. OnSowpasqke 106 needhod be G eAcANS: 1 ' i n_Uni.ted States

Pat ent No. ,%33 861 .which for urpog%gb%flag?as%%tg@cﬁgghwggii@o%P 18¢

herein by S%’e Fﬂeée‘?téf‘\é‘ingﬂ’éé!ouh ngriegiopne 270rdeiadd if Figepa atdndd 7anay

ry 1l ugeone ol Lhe conrror il ‘creSal RLAHGa Al sk 11 T o e A
n yet another embodiment, it is envisioned that a single separator can be

configured to simuitaneously separate both two or more

immijscible liquids and
configured substantially

In this embodiment, however, the
particulate matter collects at the farthest radial distance from the rotational axis, the

lighter of the two immiscible liquids collects about the rotational axis,

particulate matter from a fluid steam. . The separator can be
identical to those disclosed in Figures 10 and 11.

fthe and the heavier of
the two immiscible liquids collects between the particulate matter and the lighter liquid.

Two separate sets of extractions tubes are used. The first set extends down to the
particulate matter for extraction thereof. This is similar to that previouély discussed with
regard to Figure 10. The second set of extraction tubes extends to the heavier liquid for

extraction thereof. The lighter liquid exits in the same manner as previously discussed
with regard to Figure 11.



3 0 JAN 2004 26 depicted in Figures 12 and 13 and additionally ¢l t
provi sion of a hydrocyclone that is connected to the heavy coé%gﬁenﬂw 2ﬁn4
liquid outlet. Another enbodi nent of the present invention is depicted in
Figure 16, wherein the nore expensive sphere pressure vessel 60 has been
replaced with a double truncated cone pressure vessel 276. Figure 16

depicts extractldﬁwtmﬁem1ﬂﬁﬁmbﬂﬂhy%k%n%@mggh1&B ﬁ@hﬁF§Qﬂhlg F@nc

depi ct ed |ngFég %% Addltlonaﬁ% ng]z 278 0

truncated c IPSRIEt OF Gyscgbal Etrﬁmé”-‘ﬁ’@Ft lilﬁodﬁwrlbﬁdi@mhomhmsmerdné o deubl e
truncated eonsideré6.inAllgRSkRES (Rath be pI ed

bet ween mati.ng surfaces J%%f|§ﬁ53§’gﬁggﬁgef&?ﬁ“grg& agﬁ¥§ f%%

li qui d-t i ghtYEEEPR {9, Shergfgred dndieried by mhe @@és@dr@almoaﬁenﬁiamt@dthﬁdbregﬁﬂg
present i nveBdidri®hon F fl ow passage 174 to be
nor e angular Jﬁ% to'?geﬁﬁgégwgmg gﬁ%ﬁhﬁP%8§%g¥%gn%gﬂgeQE%F“ cypPEPEnct
advant age of® %ﬁﬁeéobﬁﬁn@m@d%@mtf@mcopes t he absence of a decreasing flow
slope. I'n other wordss chhe.dLow slope along vessel wall 92 is constant for
solid particulate matter or a heavy conponent liquid as it noves along
vessel wall 92 in the direction toward radi al extraction tube opening 166.
Figure 17 is a perspective view of a separator subassenbly 292 including
addi ti onal disks 202, 204 along with at | east one major disk such as center
disk 170. Figure 17 depicts a fin shape for radial fins 184 that conform
with the double truncated cone shape of pressure vessel 270. An additional
di stinction between subassenbly 292 and correspondi ng conponents in
solid-liquid separator 10 is that an extraction tube 160 is disposed

bet ween each fin 184 in subassenbly 292. In this enbodi ment, underfl ow

fl ow passage 190 need not be fornmed between adjacent flow channels 218.
According to the present invention, double truncated cone 270 depicted in
Figures 16 and 17 may be used with either a solid-liquid separator or a
liquid-liquid separator. In yet another enbodinent; it is envisioned that a
singl e separator can be configured to sinultaneously separate both two or
nore immscible liquids and particulate matter froma fluid steam. The
separator can be configured substantially identical to those disclosed in
Figures 10 and 11. In this enbodi nent, however, the particulate matter
collects at .the farthest radial distance fromthe rotational axis, the
lighter of the two inmiscible liquids collects about the rotational axis,
and the heavier of the two imm scible liquids collects between the
particulate matter and the lighter liquid. Two separate sets of
extractions tubes are used. The first set extends down to the particulate
matter for extraction thereof This is simlar to that previously discussed
with regard to Figure 10. The second set of extraction tubes extends to
the heavier liquid for extraction thereof. The lighter liquid exits in the
sanme manner as previously discussed



with regard to Figure 11. 3 0 JAN 2004 27 The present invention may be
enbodi ed in other specific fornms without departing fromits ify i !
essential characteristics. The described enbodi nents are to bZ@ ‘Ld'pé%grgéndlr
in all respects only as illustrative and not restrictive. The scope of the
invention is, therefore, indicated by the appended clains rather than by
the foregoing description. Al changes which cone within the neaning and
range of equivalency of the clains are to be enbraced within their scope.
What is claimed is: 3 0 JAN 2004 28 1. 2 separator conprising: a vessel

havi ng a per'?pher{'&l waltl boundi.ng a chanber, the vessel being rotatable
about a rotationa S&Q?IQ.OEQQIMI through the vessel, the chamber directly
conmuni cating W t §ved# HaRin@ta ponighekal wAIS bouididged chataHRl, Yhétbdskel b@fn{gfrbﬂaﬁable

di sposed within the chanber, 'each of the fins radially outwardly _

pr oj ect abapt hroatiormhaxid extonding thapnginthe vessels theshambar diracky commysieatiag wikdl | ;
an exit '[LII]?% di,s éedﬂatl’ong at least a portion of the rotational axis of

t he ves@%f_,ea_ﬁflalg S g’portion of the exit tube having a first end

di sposed wi thin the,ghaRPer ARLidbse® RPfHh NHe LRaRBEr, &eh idF the Wirh radially
communi cation withthe eéxterior of vessel; and an extraction tube di sposed
Wi t hi n phisvacdlypveiectingfeore tawand theomtatiohal akisve toyvand fHerretipheraldvall 1 ui d
conmmuni cation with the exit tube and an opposin eco end boundi n

cecond Cout et 1 AreXErERdiwhacta i F BBt b TR Rhte Sl e e itede
rotati opajead®d PortiollSoff fhb xitOttbs HavinBel Bkt HndPASRAE WGBS O chdiber Gnatdronal
axi s than the second outlet such that during use a fluid boundary line can
be f or neppdseigweeond dnd ifi iflust comurniatatamdvitinthesateoiodobvast@diand2. A separat or as
recited in claiml, further.c rising.a_ first. digc djispose ithin _the
chamber , the f1 1o BFCHER e PGB UL thefaber, B s tRaRB s g iE fiSho
of the Bhdtiahiih¥obnldafion HithAnd BRRABE AR 2 oDERAELkebA EdPhSndingIRLGR ¢ he
first disc ra&?a?ly outvvglrldlly proj ects glin SB stagﬁt ica‘:ﬂ?y perpelr?(%qc]ul ar

al i gnnenutlat thh sedvadratlet bang Hisposded .at 4. digiaefaomttos ragtionek atigdhe dirst| cutlet 2,

further_conpti si a plurality of perforations  extending through the.first
di'sc. - 5bSIRE Qispareiteipsebts Teap il ARt ibs ok Stlet pise e ing e a gl o
per! et BouRARIN (i beFohddl Rhkish ik AR LG BidREAd\RiRAL . 6. A separal or
as reclited | Cc the first

alm 2, erein isc 1s disposed adjacent to the
extraction t@be. A separator as recited in claim 1, further comprising a first disc disposed within

the chamber, the first disc outwardly projecting so as to intersect with each of the plurality of
fins.

3. A separator as recited in claim 2, wherein the first disc radially outwardly projects
in substantiaily perpendicular alignment with the rotational axis.

4. A separator as recited in claim 2, further comprising a plurality of perforations
extending through the first disc.

5. A separator as recited in claim 2, wherein the first disc has a perimeter edge with

a plurality of notches formed thereat.

6. A separator as recited in claim 2, wherein the first disc is disposed adjacent to the
extraction tube.
7. A separator as recited in claim 1, further comprising a plurality of spaced apart

discs disposed within the chamber, each disc radially outwardly projecting from the rotational
axis in substantially perpendicular alignment with the rotational axis so as to intersect with each

of the plurality of fins.



7. A separator as recited in claiml, further conprising a plurality of
spaced apart discs disposed within the chanber, each disc raaiﬂil‘IJAN 2004
outwardly projecting fromthe rotational axis in substanti al

per pendi cular alignnment with the rotational axis so as to intersect with
each of the plurality of fins. 3 0 JAN 2004 29 8. A separator as recited
inclaiml, wherein the extraction tube radially outwardly projects from
the exit tube so as to be substanti allé perpendi cular to the exit tube. 9.
A separator as recited in claim1, furgfer conprising a plurality of

extraction tybes ,0 I rohecti-ng, fr.om.the exit,.t wi.t hin {he

chanber, eac ﬁ ext f& a%%%%%"qt%ﬁée%“ éc'lig]l ér%}n‘gl’f"{l}eg%m Béene )t(rla%tl L{lg?%rag@ﬂ*ﬁﬁ o fuiyon
W th t hgropeditd frbmiliRe axittde so BP ASEIbSRERAIT Pitferdeianditd thetexpageild outl et
each second outl et being disposed at a distance fromthe rotational axis.

10. A separafor ah separitpieas rpgited irnglaim 1, fusthor epmprisinge pioralityeofskimactibn tupesf

ai Sposca S ALbectf fw BLerERBS ftoRhh LB AP OrGPGL B fhus Ry
di scr et gnd awicbanRehiBatiohlwitiReRA hdedndas opﬁgdiﬁgegécbﬁu &ldPomddg afseédrider

conpri si n?: the vessel having an equator w a maxi num di aneter encircling
t he rot eutiebrearh sscosd calel baingakwpasrs abardigiaticadrope theeetational kriast two of the

" Sohercin ol brighRe e OB | R AR B S PAR BhRuh 3
separ at éuggam&gpﬁ atidPofdadh Bﬂlt%rhedg@ BEiAL QishbRd ahasdeto théperigherat RAfl kP @t | on

of a double truncated cone. . A separator according to claim1, further
conpr i sfomg apluatity olcdisdrese fow chanpels first end of the exit tube, the

orifice faciljtating fluid co ni cat i f ween t.he chanber and the exit
tube. 15. Ai parﬁ‘tsg?’ar I'P%E‘?Ci%lqﬁa‘& g@!{{fﬁt}er\mg}pgiswgi he vessel is
configured to opefiptsitNERing g EHRETWith 4 MaRinhAN ARt BRI (e ﬁ%a%% Pa

to about 6.90x105 Pa. 16. A separator as recited in claim1, further
conpr i sHg aadpressure actuated valve coupled with the first outlet of the

vessel . 17. A separator as recited in claimil rther c ri,sing; first
val ve coupl ed wit ﬁptaﬁsgg%%ttenﬁlag};e%ee @E&?&?&p{)’g‘? 9%%&%%@8% FP%‘H%SL?E?IFI
channel gquiatee outl et channel being in fluid conmunication with the first

outlet; a first pressure sensor comunicating with the exit tube prior to
the first vallde, 3AGegartoz@0dording to claim I, wherein the chamber has a substantially

spherical configuration.

13. A separator according to claim 1, wherein the chamber has the configuration of
a double truncated cone.

14, A separator according to claim 1, further comprising an orifice formed at the first
end of the exit tube, the orifice facilitating fluid communication between the chamber and the
exit tube.

15. A separator as recited in claim 1, wherein the vessel is configured to operate under
a pressure in a range from about 6.90x10* Pa to about 6.90x10° Pa.

16. A separator as recited in claim 1, further comprising a pressure actuated valve
coupled with the first outlet of the vessel.

17. A separator as recited in claim 1, further comprising:

a first valve coupled with the exit tube;
a second valve coupled with an outlet channel, the outlet channel being in fluid
communication with the first outlet;

a first pressure sensor communicating with the exit tube prior to the first valve,



30 the first pressure sensor being electrically connected to the first

val ve; and a second pressure sensor conmunicating with the exit t@QSAHinBU4
to the first valve, the second pressure sensor being electrica
connected to the second valve. 18. A separator as recited in claim17,
wherein the first valve and the second valve are configured to maintain a
pressure differential therebetween. 19. A separator as recited in claiml,
further conprising: a first valve coupled with the exit tube; a second
val ve coupled with an outlet channel, #he outlet channel being in fluid

comruni i i filrst - : i ssune..sensor comuni cating
wth thgn%éﬂ?{:&{br ggltél: S%B?%P e{n% eg%gg %ﬁ&g{)ﬁ\}%}t{ﬁé& ﬂ%ﬁ?i%@ﬁ% af)l essure sensor
communi cating w t b sefttid@dshiat s&RanahmiitAing vathi e S e&Be Srivab Y8 firdt valve,
controller in electrical comrunication with the first valve, the second

val ve, thesecandmsessyressrior beisg slesiticalingonngeted sxthedepmdsslee sensor. 20. A
separator as Lecited in.claiml,. .wherein the.nleft is.dis ed at ,a first
ot of the  vBoeel® PRy i EnEy 7, iiGeib ISl SVe AREBE Sefhg Yabibona
end of tahecordiaRld to MaintAinsERessabdifRfentifChbRPetikeg! @i M 1, wherein the

rotational axis extends through at |east a portion of the inlet and the

first outlet.1922. Ansepepstoras oscited inr daim bduithercomipnising: wher ei n each of the
plurality of fins i di sposed .in corr ondi ng plane that is aligned
with or offset fr&rﬂs:?wé’h‘freg(‘toﬁf’ eg_r\"éﬂhatgﬁ%lfﬁé’gz A separator as recited in
claim 22, wher ein ,36dhdValvel Buslied RABEA dufleSMaRiAhE Bhfle chRREPHLISS indlii@nment
with the rotational axis. 24. A nethod of acconplishing separation of a

mul ti pl ecreonpisaidon with thedisi outlei;e  conprising: feeding the fluid mxture

into a chanber of vessel through an inlet channel, he . cha r being at
| et par i ot 1y baHGRCBYe Y CORERECHRE MR PR RHEG af Gist valve

communi cating wt el i d-m I i avy
conponent and a isgﬁrﬁg%gn%gﬁéé%?; 3 ogr&{iﬁcétwdf\ggg‘tﬁ%%{{t%% Fﬁ%{nt%ﬂgﬁgre@stg
about asacohdvalenal axi s extending through the vessel such that the heavy

conponent col |l ects agg)iJ nst the_ peripheral wall of the vessel radially
outward from the 2fetlleonsieckicpakeonppuaisationivgi the fish wpluedhe sesond walve theowar d

the rotaf] i rall f. fins disposed within the chanber
radial | gltst)ﬁ{%\g\é/aurr%?éﬁ%rf %jl&e)%lg s?%ogﬁfb{e%\%rgaex%s% rotational axis to toward the
peripheral wad.| sucBpiriret asrecitedas Elaitn PONhdreA tf infehR didpHicd abh KisHERI bfShe
di sposed between the IpI urality of fins during rotation of the vessel;
vessel and the first outlet is disposed on an opposing second end of the vessel.
21. A separator as recited in claim 1, wherein the rotational axis extends through at
least a portion of the inlet and the first outlet.
22. A separator as recited in claim 1, wherein each of the plurality of fins is

disposed in a corresponding plane that is aligned with or offset from the rotational axis.

23. A separator as recited in claim 22, wherein each fin is disposed in substantially

parallel alignment with the rotational axis.

24. A method of accomplishing separation of a multiple-component fluid mixture
comprising:

feeding the fluid mixture into a chamber of a vessel through an inlet channel, the
chamber being at least partially bounded by a peripheral wall and the chamber also
communicating with an outlet channel, the fluid mixture including a heavy component and

a light component;



removi ng the |Iight conponent through the outlet channel; and renoving the

heavy conponent through a conduit disposed within the chanber, h "
extending fromthe heavy conponent toward the rotational axis gn@ aAwmIf

t he vessel. 25. and26. and 27. vessel. A nethod according to claim 24,
further conprises: renoving the |ight conmponent substantially continuously
fromthe rotating vessel; renoving the heavy conponent intermttently from
the rotating vessel. A nethod accordigf to claim 24, further conprises:
removi ng the |Iight conponent substantia |y continuously fromthe rotating

vessel ; renovin . e tantially ¢ i u fr he
otating A met hod AREE Y Y SOTBERTTar SR A etisERRE R Rkt AL
fluid mhedidake chmbendnbeoliianieinst the beriderdl RRlRE® Risct SR iwhddtaa kRg
solids. 28. A nethod according to claim24, further conprising pressurizing

t he fl aptgtipnaleyisand fhe hetien ¢psupomanteodlects gowardibe rbefioneketisliapjurabitiepifing 24,

bot woe PR, RhAL S AR Seit SLRRS, prbisd) morblatdi st Hpihal o
rotati esahrd tBX béripechl b1 Saeh iidh af Rhst\WaidrtioB8f the fRRd Kol is aémgageﬂtﬂd@@e@l

liquid-liquid mxture, conprisi n%: feeding the liquid-liquid mxture into a
chanbetheplugplieekns during rotagion @f fhiegigbs$l; mi xt ure includi ng a heavy conponent

and a light conponpent. the.vessel including.an in|et ~_ljght component
outlet, and a heawoc‘%%@ﬁgﬁﬁtsmﬁoé’??t tﬁropigﬁglie %]Ie&/@%%u?%ii ng the flow of
the [|ight conmpongiovidy s dBaviyn®nijotibit teRUIRE ROt RcPRHLR tBeeRsheyal ve

regul ating the flow of = the heavy conponent through the heavy conponent
out | et ; the@ogdu extFoding frony the hedvirgompenant iosward thib cefationak axisanidontdf thevessel.

extendi ng through,the vessel..as the liguid-liquid mxture is fed into the
chanber suchﬁﬁhatAtrﬂéhﬂ‘ggwrdd%{?oa@mi‘g PEEEE ]G3 nst the peripheral wall
of the vessel radieglovihgahé WetitQofnpenent Rebstantiaty &ﬁﬁqhuo@ng%o@pﬁletraﬁﬁﬁg Gty
conponent collects toward the radial axis; Setting the first valve such

that thand i ght conponent exits therethrough at a first pressure; and

tti th d | h that the.heav: t its thereth h
at a second presSWIE HE MEdyHinsPed dniFEner Ty RETRE FUROS Y ne 111 ot

pressure suche t hap method according to claim 24, further comprises:
removing the light component substantially continuously from the rotating vessel;
and
removing the heavy component substantially continuously from the rotating
vessel.
27. A method according to claim 24, wherein the act of feeding the fluid mixture into
the chamber includes the heavier component including solids.
28. A method according to claim 24, further comprising pressurizing the fluid mixture
within the chamber.
29. A method according to claim 24, further comprising channeling substantially all
of the fluid mixture between the perimeter edge of a disk outwardly projecting from the rotationat
axis and the peripheral wall.
30. A method of separating a liquid-liquid mixture, comprising:
feeding the liquid-liquid mixture into a chamber of a vessel, the liquid-liquid
mixture including a heavy component and a light component, the vessel including an inlet, a
light component outlet, and a heavy component outlet, a first valve regulating the flow of the
light component through the light component outlet and a second valve regulating the flow of

the heavy component through the heavy component outlet;



boundary |ine between the heavy conponent and the |ight conpongent is
obtained within the chanber at a radial distance fromthe rot tUQ]]AIN&]ﬂ#
31. Anethod as recited in claim30, further including controlling opening
and closing of the first valve and the second val ve such that the boundary
line is maintained within a distance range fromthe rotational axis when
the ratio of heavy conponent and |ight conponent entering the vessel
changes. 32. A nethod as recited in claim31, wherein the act of

control ling opening and closing of thé2first valve and the second val ve

i ncl udes controlli : i | psi . i St I an h econd
val ve based sol el ;&g%[?é’ ﬁ{eé ‘?ﬁgﬁﬁgﬁgﬁteés)gdﬁ{r&gmgl a%lggxﬁé 1\9% t@é@ggg%%ygssgf%t N

met hod Heuiddiguidoslixtiredd Ridintd the wheiter BudhliRatakid hafy eompbidnt boltecan@Ringghand
closing of the first valve and the second val ve includes controlling

openi ngPeHgeE wall f thervepsebradially putwasr diomihg retadonab axin and, theJightsa sempesing| y
on the g&lwgﬁt%%s[ﬁ%%d%é@e | i ght conmponent. 34. A nethod as recited in
S erern

claim3 e act of controlling opening and closing of the first

val ve and the seceyighg/the \fgstivableltdels tHaohciliphatdiipGRASENE thdtethfdughtht RrRGSUr €
of the light conponent and the heavy conponent. 35. A nethod as recited in

cl ai m 3DresTUEEREr conpri si ng passing the heavy conponent through a

hydrocycl one. setting the second valve such that the heavy component exits therethrough at a

second pressure, the second pressure being different than the first pressure such that a
boundary line between the heavy component and the light component is obtained within the
chamber at a radial distance from the rotational axis.

31, Amethod as recited in claim 30, further including controlling opening and closing
of the first valve and the second valve such that the boundary line is maintained within a distance
range from the rotational axis when the ratio of heavy component and light component entering
the vessel changes.

32, A method as recited in claim 31, wherein the act of controlling opening and
closing of the first valve and the second valve includes controlling opening and closing of the
first valve and the second valve based solely on the fluid pressure of the heavy component.

33. A method as recited in claim 31, wherein the act of controlling opening and
closing of the first valve and the second valve includes controlling opening and closing of the
first valve and the second valve based solely on the fluid pressure of the light component.

34. A method as recited in claim 31, wherein the act of controlling opening and
closing of the first valve and the second valve includes continually sensing the fluid pressure of
the light component and the heavy component.

35. A method as recited in claim 30, further comprising passing the heavy component

through a hydrocyclone.





