WD 01/ 10562 PGI/ US00/ 21392 | CENTRI FUGAL PRESSURI ZED SEPARATCORS AND
METHODS OF CONTROLLI NG SAME 5 BACKGROUND OF THE I NVENTION 1. The Field of
t he | nventwonyigse present invention relates to a centri f BGEPSWEEY? at or
system for treating water that has been contam nated with both organic and
inorganic materials. In one enbodiment,lthe present invention relates to a
Totating pressure vessel that separat es 10 solids and |iquids at a high

rate. I n anot her enbodi rrent t he
li qui d-1iquid separator & M_é% %ﬁg?%%@;ﬁm bances 2. The
Rel evant Technol ogy V\ate ' vity that has been

pur sued to achieve both p ﬁb&p 1: ndustrial use. Wth
the rise’of |ndustr|aI|zat| r— 15 pa ook on a new

| mportance betause usage generally |nvolved dlscharglng
cont am nat ed wat er W L5 s e onnent
have i ncreased, wa egﬁ%&) arge nrrent een %g‘%yect ed

to increasi ngkhpt thiagfbeen sentarianed Wl‘ll'h @rgth organie 256 nEEMe tﬁéﬂm élﬂe
undert aken toehﬁ@dﬁnéﬁtymecrﬂ?%saﬁ‘}'ﬁveﬁﬁorpfe%&ﬁté A %%ssh& @Hé&?hﬁf‘&étp%la{e‘é reduce

bot h di ssol ved and (glartl ate pol | ut ants e aspect of wa

purificdfion seliss anddiqudseat ahightatey In anogher erpbadim %ﬂéﬁﬂ?%?‘m\é‘ﬁ%}?‘b s to
intensive is hiighiddigail sephr&GikBAtdéspOIits td fadital loaddiktuibancegt t | i Ng ponds, or

t hi ckeners, hgve b ed mh&ch a |large vol une of

particul ate-c htmﬁﬁ%&ﬁ%ﬁg@—gﬂl owed to reside in a quiescent state.
Wth the force of Wamripugtﬁmbmm@nage-bﬁmcnﬁmmatd;asbmpu%ed)wachieuébmh even

those in the ikl el %mmm%eeoam@em%m@hfm&wgmoxtremaly

di sadvant age Se of ckeners is th ave to
| arge 18 hav purifieaties tgek 1 araw mmpnmcehqyawm;dusmﬂu@terme gengeally jinyohyed

pract i cabl e i gisehip botfaftithios?BRP HBCHE oA ! Ak c%ueé}nmswt

purification systens is often éa gr.eat est gﬁ sequentl t hi ckeners have
been devel ope&Teamentihaysinregse "@Fﬁ‘i h?ﬁfé‘“l‘tP e&f’“‘%“eﬂt as been subjected
parltlcu:c atg th&bd%higgfﬂlghét&lﬁldhrﬂi onmﬁd %&ﬁ%d&ﬁon@ﬁav&b@ntdﬂeﬁkﬁﬁ%ﬂemguci ng
aclarified su rna ant an ac act e

sl udge, exiti H& ﬂ#?f?&ess’é‘ t‘Y "rﬁt8fs“€§’iaé‘ E@ﬁ%ﬁ"tﬂt ?1334]#3%5 Mat er
cont ent 20hat puﬁmanﬂs to between 10 and 30 percent of total water being fed
t0 the thickener. Lt ' Sqahave Iast
decade or so with h%%aégsgﬁﬁatgpgﬁﬁﬁgﬁinemﬁfémﬁ e thi c?é‘ﬁ’gmjnﬂ'% |gh rate
't hi ckener. has equipwenteintensivel isvdighidtsolid separations Tb@li’timaﬂmeseﬂlm tpmnds ok the
‘under f | ow mat él@:h sﬁﬁgt?“ynqgé&/m vﬁh&hé’\ﬁ; rvoﬁﬂﬁeerf cﬁlgﬁ-cofx rigUSt

pass through whi ch acts as_a | ter dium_ By using the
01/ 10562 PCT/ glgymdzq e in a quiescent state. Wlththe force of gravity acting on the miXture, th

25 particulate, even those in the Stokes flow regime, will separate from the liquid.
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
30 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 water being fed to the thickener.
Traditional thickeners have been improved in the last decade or so with the advent
35 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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and liquid-liquid separators, that include a pressure vessel. The pressure vessel may be

25 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 rapidly rotated 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

30 which a select portion of the fluid mixture exits the vessel.

In a first embodiment of the present invention, the separator 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

35 in parallel alignment with the longitudinal axis. At least a portion of each fin is disposed

HEL I
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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
30 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 liquid 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

35 flow radially outward 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 rotatmg 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
30 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 separator system include a

liquid-liquid separator. The liquid-liquid separator is designed to separate a mixture of
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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 1nvent1ve 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.
These and other features of the present invention will become more fully apparent
_ from the following description and appended claims, or may be learned by the practice
30 of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
In order that the manner in which the above-recited and other advantages and
objects of the invention are obtained, a more particular description of the invention
35 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
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Figures 4A-B %@aﬁamaadaﬁm |tha/hs8 8 thie AR hpRhyRRSdrhWidg sﬂﬁvlﬂéh and 4B- 4B of
Figure 3 resp

ctivel Figure IS a perspecfive vi Lial,assenbly
of the interior off ‘S‘H’é lyig a hlgck diggram, °¥?ﬁ5’8§ Afesproggss ﬁIﬂE“%eB%?echli‘FdﬂP’(ﬁl
separat of of 4ep Qa@fmregeﬁymmem revealing. a portlon of the fin and.

the i nteriorof ¢ HEBgE Seperirtrh e b s pesiilo be Sl B en@BPLR . o

Fi gure 3, revihaplesamt mventiop; conpl ete portion of the fin and di sc assenbl y;

Figures 7A, B and I I [ fi
elnglcj)dl ?rent whi gﬂ W%E%?lsacﬂgﬁée &Iﬁ%\atg‘ﬁe so%q%ﬂ(ﬁh%ggg? %ugrSLo hgve '

present i nvendfithepreseOnwingome 8 i s a perspective view of a partial assenbly

of the 5 qterior ofghhe N/@-ﬁsﬁl: cﬁés-éeafonaphb\ds {akétdisheSiRan Al Aland 4B U sfat ed in
Fi gure reveallng a conpleted fin and disc assenbly; Figure 9 is an

el evational cFig¥8ISePesYEN] view taken along line 9-9 of Figure 3; Fi gure
10 is a cross- SeClFlglﬂ@S1s\/dpﬁt¢p95t1vbhﬁv&€6ﬂalpirﬂalmﬂalyebﬁehﬂmorbfihasessdt ed in

25 Fi 3 t.h d- d t 11
o oss seat i ol P ARekARend A6 e el SR Gt ol ProSRF bR skbag R 0 72
present i nver;idrﬁmoﬂﬂnaﬁﬂmdmclasembberspect ive view of a partial assenbly of

he i f 11,
eveal i Hy o pﬁrtfﬁﬁ“‘?éfﬁ?ﬂ@%%ﬁ**%ﬂﬁ@?? 2‘.‘@%"2%@’2’3 O vl e 13

“is a block d.dghm:@hmma@md@m reyealifg 3§ BOERCORPIFIS POTHIAL, ol | i ng

liquid flow imtanahfldieddssedbly;he |1 quid- I | C]UI d separator; Figure 14 is. a
D B S et B Tihe e DU B R bl S 19
bl ock di agr anambodinventwhich mayme unnnamshecsbhd-ﬁqmqbsepmr of thaqmredentinvention; uses
the 17 ayfd-17qui d ;2epag &l OlerdoBots@ MRGRSr aareth ddBerbt) 850 BtéhloP BFthe Lidsdy'
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 lme 9-9 of Figure 3;
Figure 10 is a cross-sectional view of the solid-liquid separator illustrated in
25 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 is a perspective 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
30 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 14 is a block dlagram showing another embodiment of a valve assembly
controlling liquid flow into and out of the liquid-liquid separator;
35 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;




WO 01/ 10562 PCT/0S00121392 7 Figure 16 is a cross-sectional view of an

al ternative enbodi nent of separator, wherein the spherical pressure vessel
has been rwplgwss with a double f rust o- coni cal pr.essur ePORESS21392nd Fi gure
17 is a perspective view of a partial assembly of the interior of the
vessel 5 of separator shown in Figure 18. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTS The present .invention relates to g systemfor
clarifying water tFgeeH4ds pewss-sesionzhriewalan aliproative smbpdiment of separater,

i ncl udi ng or ga/hkeintthe shHRAEA Prdssur E5s@IHab BBdnSrepladdd Wilta BHEHIE frustbRYEB1 ON
also relates to a steg 1f%or separating inmscible |iquids such as an

oi | / wat er meTfF%‘re%/?é? PBfice is now nade to the drawi ngs wherein |like
reference nunber sFigakan iddpetspbctiveiMietv of p prirtibli assembly ofthe inedrior 6fthe Féseel

drawi ngs.are u derstto dta E dfeagrammtlc and/ or schematic and are not
necessarisly dPatRAFo" SR A A they to be limting of the spirit and
scope of the present |nvent|on 15 Figure 1 is a bI ock d| agr am over vi ew of
a process that UsRSrATiS ; ; ‘ ustrated
in Figure 1, a soOl'Td-Tiq TO TS connec \ a variety of

ot her processing c@hﬁ)m&ﬂ@"e@@ @lﬁﬁsltgt}rﬁﬁ'ie@nﬁﬁﬁ&?ﬂf}mﬂ water that basibesnr eam

12 whi ch i ncl ygRsmatkd W&h%ﬁﬁ%&rm&{er tlﬁcl&ﬁné B%S%d Eﬁ?éinﬁtcbﬁﬁﬂﬁﬂaﬁtsnﬁy
consi st of a a“etleOf conpositions, such as water Whgﬁp ] nc] udes

pol I ut alfs | i Kbe present igymtign Plé‘l’ relgtes o A SYTH £% separaing upmiseihle iguids such s
m neral s, and af ollivaitdd dhiktyres URgFOBRtRds SO nthde td:ﬁedravﬁﬁgs&%&elﬂhnabefﬁénogl nat e

fromindustria aC|I|t| | nmal. rod ct. pr faC|I ties sewage
treat mont . munPEPES et BRe pRLo iR SiEemRtr TRETRPRRAS epdr iR Beeq
stream 12 supﬂhgmmucgtd/drachenmdcdencantcsssanlydrdvdtdscayemcamthqrmtbore a
llarge i nflow;gf ,@%{] e any comercially

avai |l abl e surglge t esﬁﬁﬂfg(? ?pﬁf f)on tinO&ltB er |iquid holding vessel.
From surlde tank 14Flgt11f¢é whbloskﬁ!@mewweﬁmmepﬁtwwtbewergwegvhdau ner 18

for ellmnatlrﬁqmayﬁiaﬁt&eﬂsnﬁg&dwahﬁsz lCQs&BLﬂqﬁh athFD is SleBt8A whtki L1 NQ
fromtrash strainer (%%theflwdfo ro ath 20.into an oil/water

separat or 22 @agetyp gmaﬁswr%ﬁqn@&?n opaay inclydedpsdreay | ¢ a
vari ety of. oim/vmhdﬁclﬁﬁparmﬁmﬂ&yall&ebeﬁwtwmed btfeaf 2 AP estisideoft aan

oi | / wat er separato such as 30 t.hose separ. tor§ di s S dl.in. S. t ent
nos. 5,387, 3474y 855019@3%‘3% suchyas) %@Hﬁ‘ Fgtudg ‘?dﬁ\%@& ‘Kﬁh‘?‘tjﬂ’a 5‘? nts are
i ncor por2ét: ed Icentmnmamty dissolyved mbtalse:ndm1ﬁeral§,ednﬂ cbm;;Blyi sasgendest sohwi?ﬁafedst ream
26 may be conp A 30 for
an el ectrostatlc coagLPF ft?%ﬂdtég&ﬁgﬁtsﬁ os{’lilﬁﬁg&@%g%ﬂ‘%&%%y%% %ggs to

el ectrical |y sewagetiegtment,anunicipal walgr éatheénithepstroleug industygrini sns,  br eak
down col | oi dal 35Féﬁ§9€aﬁ§12%ﬁpﬁfesﬁﬁ§&&dﬁl‘4%ﬂmh%&a§@ﬁdl&ﬁ?ﬁmtmﬁéé into a

flocculent. Such systens _are avallable from Scott, P Wat er ens,
Inc. of DenvednflopmfafatoSunggsaph 14 ooy mchds auSesopmersih: y available surge tank, an

25 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

30 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

35 suspension of impurities, and coalesce impurities into a flocculent. Such systems are
available from Scott Powell Water Systems, Inc. of Denver, Colorado.



.8 A coagul ated effluent stream 34 supplies a devel opnent tank 36 that
typically has a residence tine of fromabout one to five mnutes or .
| onger. Whwwobersioss2zt he devel opnment tank, the particle si RCTHSHEAY | occul ent
grows. The devel opnment tank effluent stream 38 supplies the solid-liquid
separator 10 of the present invention. Slid-liquid separator 10 5
generates an underflow stream 40 constituting the partjculate matter and
gas that has been A reagaipied effluentstrenm Hrspprlisd deyelppmieht tank 36 gt tipicallydns | ow
stream 42 congtekidsrick ﬂ&ebhﬂoxﬁ'aﬁédtﬁh@l‘d ﬁvbﬁ:ﬁihﬁites@f loﬁgéiEIWHlleqmthé deﬁlt@meﬂt arified
water in overflow stream, di s r ther 1o h.a
post filter 4% etH‘?&mg’r?ﬁerof)m'?@ﬁfcufeﬂﬁﬂg P 5‘(‘?‘3’% El%"%eﬂlgupp éjégto a
filter 46 fr osapphdsale s‘olndl-hwtd\sqhmor 30 ofthepr2@ntinventiod. | $¢1drlanad<spa¢&oak(b
generated. 10 _In one enp n he top
of devel dpmen€® ntergrﬁ%an cét"r;rV eél%lf'(?%cfti &r a% Pllfa kroughlgi | neq‘fg tﬁo filter
46. It is al smpq:dfmm the effluentstreann3s, @Nelﬂ@‘ﬁmmz copstitging ghecloified i ¢
coagul ator 32y, deyPlaahRla tgrvuﬁrﬁedwat@waﬂ&@m@m fy dx§cﬁ£rgé’cﬁe1ﬁ18f‘ each
ele

be operated un er an ressure, such as H catroB of a
punp, so as té‘chﬁxpﬂmﬂeamﬁéﬁmédﬂqmwmh B %‘%’t" Oip suPBHR s ur e

may vary 15 'fbapﬁl&r%fl’ﬁi?xr\ﬁhxéﬂﬁl‘téi@vafd?&@éﬁﬁﬂlﬁﬁd&ﬁlteﬁ&keBﬁarelgeﬁbrﬁaﬂ 46 so as
to control flowi deS|re dlrectlon odi of the

s
solid-1fuid separ t°8ﬁ"e ?é"rt’?h’q%’bgcgﬁdl%ﬁie dF‘r(TFz‘tpfneP K The
solid-1li qur d semhc’nteaﬁredt@ drawhnffethroaglphm‘!ﬂnoet'ﬂteesé.ellt lselswtapprhclatedsthdtr ven by

t | t
Can 20 b b AR e 23 Gicouy SpTRA 2 Bhveloplliall 55 SeHarsk BT | 07
desi gned to parmid'dws%@ppmemmwunﬂ?rMQIWWQQSUChIaﬁbEQGWPBhFaUW
embodi ment,  a, faéntpgés‘s%mﬂaéa%%s Ix'tﬂefsyﬁ%OTh&%@sshﬁrbﬁ yi val ed The
|

pressure_vesse s preferably mun uard nerely
provi ded3a shF’cﬂ?ﬂ°b‘P°‘ﬁ<9i§§1¢ﬁ@m£§“e§tsszgfi7?3 \rx@ %R? B"?(‘E’é’bﬂﬁ‘ﬁ ﬁieé

obj ects away difetibhisOm t he spinning pressure vessel In the illust rat ed -
enbodi ment, a fra sse 66, 1 ro e
nmount ed vi a nount {ﬁg"a rf@é &5‘? c}fltﬁ‘? gohﬁqlqﬁy se?ar%&? 19%%:1&%&%&?88
appr eci at e t hiivertion mjllmdte&ﬂhusphd}hqmd)sebargm Hrinclwdes a pressuresgsseb6Owhich f r ane
assenbly 66 ip | e ured

y Fg%iy?natgy ShoPl, VD 0375 BHathach Bt 08 plebint BGniGRBI Oured

to provide suf ot or eari ng structure
suppor t 20t he Mmmfmumémvmoﬁﬂes 51 depiicter gmbedimens 45 designed tpresesy udes a

stati-onary i nt@} oxiRAtSH am.i:@yxﬁﬁﬁtel WERH ah BmbdBRint Ca 215 Hofkdwer, 3320 KBM
Simlarly, tationary out] et housing 74 is provided on the opposite end

of the pressuglectiemotor cgpbe ytilizeghi ch i s attached an underflow outlet line 76
and an overflow OUTﬁeqieskura@esZe%oﬁpwmbtﬁﬁomﬁedmma@memmnmmtyf| uent

stream 38 and provide the stream 38 to hes i d-11i tor
t hrough i nl et Povies g shro Vﬁ‘ﬁ?ﬁ}“’@&n F%%?é?qug p%e[oplgaaﬁg %58? Il et
line 722such fibtthd Spenniify prebstire qressel @ehathailhrsmal eqﬂmdane;:s arfrmrasspmw :
pressure. 1l 069 is:p_ro_vided_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
30 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 provide 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.

(98 )
wh



WO 01/ 10562 PCTI US00/ 21392 9 Hence, punp 80 nust be capabl e of punping
effluent stream3 8 at the flow rate capacity of the so

separator YO WiP¥2 rmintaining a desired pressurg. In onlgbgnfg)“gﬂ%gnt t he
punp 80 maintains the effluent stream 38 at a pressure in a range between
about 3 psi  (2.07x104 Pa) to about 500 psi (3.45x106 Pa) with about 15 psi

(1.03x105 Pa) ceﬁa %:85m§gbg§épa(ﬂ%o%fylﬁ‘njtﬁégaﬂﬁm@%éaﬂmiﬁeﬂﬁﬁfrﬁéﬁﬁﬂmtypum 80

al so produces es In ran"gm bet ween about liters/ mnute to about

1,000 liters/ rﬁfmftsehd'lﬁﬂwd%mlﬂ egnajpfaining pesiredpressurg oln gue elbdImeERty eat e
the above Pr esiaihitisp Wkﬂmﬁtﬁlﬁs@@%ﬁlﬁ&ﬁs&émgaﬁhﬁﬁsﬂt&1haﬁ‘dﬁ@6b¢t@ébnab&ﬁ3%bﬁ

e B P ko b 5P B Sl S

with the 3 ongigoysi @akxERPs) beﬁugtrﬁwe pi@ferréﬂ | Fugripi 30 alsoppaiuedsdlovisates ﬁ’raeaﬁger e

vessel 60 includes era Interior suyfac
boundi ng a cha a@%e? hgfsﬁ i ﬁ%\tf)\éa Weglﬁ?&g&%)%%"gﬁ “‘éﬁa%‘“}“‘é@fyﬁé’a‘? et he
shape of a's ghmpeﬁo vellicth cangrdreate the abctyo presguesani dweslesized flvav wates Wil Buictidecause

vessel 60 is L LRt ation about axis 90, pressure vessel 60 will
general ly i nclnggg{(gl ﬁgsérgé?r{el? 15 conprising a body of rotation about axis

90.. Additionally, iAs lilgstme§|m§m1@3 henressyn vawel lds monpted forpetationaboyial | s of
pressur eldO ves tsr%{an?%l t%kie@e vﬂﬁdil akd h’ozﬂdi&e}[é@gndm the eHgstEdiAs) &%htﬁ‘ttﬁé s&itﬁh ng a
maxi num di anet er encirc Loudln us, o)
pressure vesselPAP 05 5 I'ieéf‘F%‘éﬂsse\i)ﬁ‘# P@gé?anegﬁﬁﬁilw(&@ﬁg%%m@eﬂ@ﬁ cause
of its effici eqntbonﬁcﬁﬁ@mﬂmnbaeaﬂ ﬂ@ﬂﬂuﬁibbmmﬁtdeptctearclﬁﬁxbewsﬁeﬂrmakﬂapaessel S,
may e emp oy ciPn ARG et oGl oo B Y Hebaif ol ahlifitutla,, ° 2P
truncated cornfes rofation about axisi Wp peessige aibﬁsekéel will ggsnbrally deoludsca igsermietry
Simlarl a v, configuration at the edges and a
(Siaing Sh A ol 4 b0, °00 ’

center |ch i'S ~cohes connected together can be used.

In yet other embodiAfditionally, fifcis\desitable, aithongle gotrrequired, thatthe yallgaf Bessus opi ng
wal I's. For eXx afEieP60 6 ?ﬂﬂ@@uﬁﬁ?d@@aﬁh’hﬁ&%ﬁﬂo £97 ha¥ing M RirAurk Qiad SR bt

transverse cross, section.. Pressure v may be de out of a varl ety
of materials .%ﬁa ?@%@%mﬂéé@ ﬁe{s O“Wagrﬁseevefﬁe with sphezjgad walls 92
structures ands@hb@&slﬁaremamfeﬂabecmmflml&ﬁczé:ﬂ piékﬁue%ﬁi‘tﬁ@l qtamies pthessur e

L her (oo ARkl oL G0RLE e §ENE Ruisled £ AP TaR N ol * "

(6. 90x104 Pa) shthta@ﬁ@@ﬁunb&nﬁ&(Wh)eMggamsmchaﬂvmmm n the
embodi ment depiy ?x@se‘gxth ﬂ{%fr‘iﬁﬁé‘&%s Qﬂne} &’Uéxfrﬂﬁr n?t e@efﬁa%m%t cel and

has two hal ves ac u e an cons ruc ﬁves
are secured t otylindegal eanfigurationhat thoeddgesand a conger whiclyis fomtedrbydrncatest Gopemal

met hods such tQghected 3R cin bOLIR I1rfYet BN Hodidentd HSRREI 60 reedibt have
25 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 one
embodiment, pressure vessel 60 is capable of withstanding pressures in a range between

30 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 welding,
bolts, or other conventional methods such that a seam is formed at equator 97 of vessel
60. '
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WD 01/ 10562 PCT/ USOQ 21392 10 As illustrated in Fi.gure 3, solid-liquid

separator 10 includes a drive shaft 94 at its inlet enﬂm%? ' IS .
rigidy nB@Ma¥e: o t he vessel 60. Drive shaft 94 is con |gu?0§€i3?€ engage

notor 62 (Figure 2) as is known in the t. Drive shaft 94 is nounted
within a hollow shaft 98 which is secured within inlet nmounting collar

100. Inl et m)un“@ggfgi&tiéﬁig%il%%%,_s&lfa-nfqufdr}epa}aioﬁ%mmsmwé%ﬁammsw'thin a

plurality of noun pbol ts 102, t1n a manner, known to one of_skill in the
art. The drieletsmd P which inrgidnamiedio the vessel£0 Hroe shalt 2t s aerReyredd? 100 are
thua gl I y ri thngnﬁﬁ(ﬁ'h lsaqpligt.&zqﬁ@iakﬁ%\hemt}aﬂ;h.tpﬂvmmmnh?nwl thih a t hors]e
met hods known [n t rt, . .such as. hy. ing or.t of bholt such as
nounti ng bol g@llq%@aﬁﬁga%xcgﬁw@ge@w@ﬁﬂ%mfanr}ﬂglfﬂ{lﬂfﬁgo-kﬁeﬁ@gm%&a@ ese

- conponests CQopih fen, & sdéurado essel 6D wjthinta phirality of mountihg boltsfl02,Mpadmanneyessel 60
and, consequent | rotate . with vessel 60. The drive assenbly is configured

wingf pESGH R ek

to engage inl &P R t housing 70 supports the drive assenbly
with an inl et beaThadriwssheftiofyholio@ahath?% land inletmiuntingeablari] (ase thusallages t he

nl et mount i g, el ata hQn duk g B5RGb0 b3 aEF SR A3 KibwiindRAed bal |

beari ng asse resting rna pillow such” as” w e |l known o one of
skill in theuchrasby welding ontheaserf bels pachagmpynging baits 02 pvhichepgage ap inlel m, i n| et
114 whigh i s scamnfih@aid 10.0Thése eEipdndsts cbmpiisela ditve assetblyomiich R)rigidlp any of
t hose known at t‘a&ghrrent g&t hdgds knOV\tT é%l‘é%g ar t 6{Qor providing fluid
comuni cat i orftiixgd tq Yes3pd 69 anda FongpquRnLYAFO Ve 69 gures 3 20 and 4A, inlet
housi ng 70 is f ur Thedriveossidnibly Baoufigutedto engage linlet hvasing @0. dnletthousing 708 whi ch
surrounds hol | ow shaft,.98. ow..shaf ' ot ..access
ports 110. NEGRER eéldnﬁfu%gg}gl | s @1@ 2‘3338%"'?‘3‘3% 3%5‘%8& \%dénwﬁdﬁ'eﬁg%ow shaft
98 and the i rembbdinteoy sngagesribe inlctsnamting enllan 0. Haletrhedring pesemblyi 106 is a8 t o
t her eby 5pr OV'sQﬁﬁedaoaﬁ 'béﬂtrﬂgﬁs%%blﬁ/?és{ifg mﬂk],{lﬁwsﬂ&u{s%&i@%wm ERhakd Gk smvenent .
at 0

between "t he inlet st nary housing 70 and the 25 hollow shaft 98. _
Mechani cal puimfhcg®al s. such as are available from A W Chesterton Co. of
St oneham Massachyg&thbasitg 70 caifigufed withes fdebstreas inletr116 shich\l¥ ¢dnfigaed i nued

reference to Figure 3, the ort. structure for vessel 6 t end -

120 is ill ustf?rd:g@m%ﬁmgw 5%&“ 3y qf those kaoyg aé%",%qeﬁterg?/tgédg 2#{8 at

outl et end 13Rtheias fariproviding fuid corhimgmication.As Hluatmated witketeferengata Figutes inge 122.

An outlet nounti cal |l ar _ | : | fl ange-

122" 0 o e nphosfpe Ttig bt Bl ot stmid Sl ki T anoe
suppor t ed on samownds heliovhshadi9g Hollow shaft A8 ineludes ap@aqgntmgf acgess @Amy 110126. The

outl et housi weciélzi@aﬂq, Bgseaytﬂfhrerﬂmaearumhltﬁe Ay @Rt 98amA thOMid: gur ed

Fenmoval chanrhensiagi ongsch fiead e Moo ia DR EUBCroHY Pl AN RBRo) | ow
interior of thgwigibifivetoitbratmédensdtibdtieen thelinlet btatidnatit liouging 00 it thé 24 and
the ex 2tS tub eholllgg sh%i’t%&c %JCL%?J&F gumspusgzﬁs stuchﬁgs a?enav%arl])ilel f8m A.W. 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
30 124 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 via an outlet bearing
assembly 126. _ : o .

The outlet housing 74 and the outlet mounting collar 124 are each configured with

_ a hollow interior for receiving an underflow exit tube 128 having a removal channel 130

35 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



1191111 WD 01/10562 PCT/US00121392 11 effluent channel 132 is defined

t herebetween. Effluent channel 132 extends exteriorly of exit tube 128 and
i's in flui dyeemmsei cation with an overflow outl et 134 corRGTHROAIN n out | et
housing 74. Referring agai'n to Figure 3, overflow outlet 134 includes a
pressure relief valve 136 for mai nt ai ni id pressure W|th| n the vessel 60.
Pressure relief valve 136 may. be _a one-way,, Spri. gl%ged f s,h t val ve

in which the sgﬁlpﬁgch@peleli‘?meécf@ed thetrbetgehe Eu t§ ﬁi‘te? ¥Bssure
to 1;] orce Ithe vafamt@&qlgg aﬁe_!ll_1szlﬂhﬁtcoﬁiﬂﬁnﬂc39ch\fnftlexnbveiﬂﬁizeoﬁ%l}LSc@ﬁg}irﬁﬁg 8with
mechani ca he. opposi ng..end.o sea is
rigidly affi xgg“\)ﬁ?tﬁf’??’%@ ct %ffffréfrg ag?lﬂb‘pl:lﬁ%ﬁ? °é’ %ﬂeﬁg{g} qoﬁlage) YA 8hd of
outl et housi ngrcﬁéfvalﬁausé fommainaimic@pressurepvithinethe 1@8816@1 Bresqurenslief vialveildé
barrier bet weep r \V Al 5;@% ,.;]%4 ws for
relative Totatio %rr%rr%l\?e h%&t%ﬁ%ﬁ@l@ vul‘)&gqﬁ r}gg(l% O?C{%gﬁlgsl ng 74.
The outl et endvmomdha' acnufficient fluidpresepry ip forpe thervalveropenf i gured with an exit
orifice 140 which e&ﬁ’ﬁﬂﬁ?end‘iﬂ@@féxﬁt%e%ﬁls%ﬂzerh’tﬂﬁhx?x@chaﬂ@ﬂ%ﬁﬁxb@éﬂlPJBt|’I§E line

76 is accessed throu an underflow exit _val ve may .be, a standard
or sol enoid vaPB@SlnStféﬁ of sneghapigal pwgp geal (13 ds F@dlYI#ﬁWnWE@E@a‘F‘T"&J ah &P | abl e.

Exit tu 36 1t2ﬁ aéntﬂ@mlaaﬁl t&nmteﬁbftaénderdutﬂesﬂo&mh@ 79 nms,rrbaﬁmampum se];al 138 a&t52 i's

receive in eni,ng at in en S, esca I

ext ends t‘m ougfs? %‘Pﬁgﬁeﬂ%@ &5’“&5‘“‘!3 ﬁﬁ%g‘ﬁ‘i’ﬂfﬁf ‘6% °\7veen

t he center of cdlaﬁawmtaﬁxabmdvenmhabmwéenlﬁﬁtud:etle&dndlguttehhmsgigMxﬂhebutlne 128.
Gas escape Ol’lf 164 about
0.02 inches (0. éfgoefm ou{l&t%kﬁ@’}%ls W%{ex{t%npﬁgﬁ@%wgnches
(0.05 cm to abmﬂ@mlmaﬁeyn@@ﬂewgmetmﬁgsmﬁseeqﬂ@nehmemderﬂpwem

al ternat | ve enbogh T8 whidi s} be8biahddrd G RoEhdTR viveCoueR 8BChall Valhethat s

constri ct ed orifice t communi cates with channel 130, thereby precl uding
t he needlfor PQ}Qm?L‘G‘ZHYW"PlﬁbléonU nued reference to Figure 3, exit tube 1 28

extlengs to tlhe ClenEEixt afbe\agsaleb haiansllﬂet eéndl 13- Inth»ueémswﬁ;ea;lggﬂﬂgmwlso
i ncludes a plural. radi al, unde 0, raction
‘extraction t ub&<sl Wﬁ@néhq‘qpf’é‘f‘ é'n‘&{ V\‘aﬁd‘&éﬁsﬁ é’F‘h g@c %ﬁﬁ"

Each first end 116230amkh&lﬂhﬂu@wmmm&aumbem&dnmaemetm&%tandnl et
end 131 thereo?n@ di ”&néw he- a‘&% traction 5 @e%@ .i§ hannel
havi ng a di amef"leal’m § e r‘#ﬂ é‘ﬁou @?éo P Ches lL(il 51 8#} %th%%gut 2.0
i nches (20cm Wthbuutangﬂh@ﬁednmbhm@Qﬁn@estﬁm)ttv&bmﬁsmcﬁesi(hamﬂ (1.3
c bei ng nore 160

m 9 wWithb&i 088 i nche Bs egréﬁgtw Jﬁ%‘@tl %Et(o 36 Bﬁ%%in‘afk rﬁx&i@ﬁéd

are enpl oyed, each space omt acent 't
alternative enboan pligsative awyocmmerrﬂqﬁen@iilre?@twyweﬁemeieﬂthcewnyeceéed In

one enbodi MeNbrifice ﬁxétl%bﬁﬂluni&h't@?@{thQﬁanﬁatlBG%ér%ﬁré@&ﬁnglﬁQnEeﬂ%ﬁﬁu {&Mn about
2 to about 144 w t{{létgtcout aboutF!L bei n preferred. 35 I n yet

anot her enbodi-nent P%{@P?do‘ﬁ hexy h‘bpsreé‘ﬁP tp fheg Hisgel
25 . 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
30 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.

35 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



project fromexit tube 128 such that extraction tubes. 160 are

perpendi cular to exit tube WD 01/ 10562 PCT/US00/21392 12 128. Rather,
extracti oV ME862160 can outwardly project fromexit tuRCTSE02I892an angl ed
orientation. For exanple, in one enbodinent, the inside angle between each
extraction tube 160 and exit tube 128 r’rﬁy be in a range between about 90

to about 160. n di n where the insjide angl L reater. than °
90, exit tUbedeg%@lgrﬁc’g‘{emtg Tor °8E'§"s%a“§“ﬁ?5‘{b?ﬁ%l°&fg°é’ha’“€‘§§°@”gﬁ?ﬁ“ %he 128
coupl es wi t h drientatiore ipr &Xamnplef incme kmbodiment; the insida laegld béweerteatl eafabivh t ubes

50 P R o S A L g 20

of the solid-liquid separator., _ ] r"rf.‘)epeni ng
166 at its sedRhodimsats Whew thejpsideengles grpatsethan 90°cexipiube 128 danbeshortet soer . | n

operati 51, t hBaemkticad 13 106T ekid BbE 1i@&u¥@§wfﬂvﬁfsh§{d 18X efé'bméﬂﬁmh%e 186Si st in

defining a 10 bou&daré/. | i ngebﬁég\ee&h he collected particulate matter and
the clarified |iqatgactippybey °pch, §Xtend, putwsedly an, epual distanegy femi 88 i s set
to provide a ipngitdinal atis 80 ob thersdiid Yiqhidsepasatdd)i BachVéx&astiontlibe 160 Bf3Gn
cquator o7, QREPRE s8R 3isetonaBa fa B i neciomat aagisuaomatt e (0. 65
cn) space bepexation, tthe exipetiomybdsG 150, as furthers exipfdinednistldw) eassist| ih defining avessel
60. In ter ' SiRei ele | dif.f ere sl,zed
vessel sl,’jd t herbg’%gdégy%gtbv\ee_n t%&%%?n%é‘ﬂ%@. %%@??&r&%‘%ﬁ“ﬂdqgh@ 0 and
_thehwal |(09§. me%m;ﬁvwﬁﬁwmmmmé%m =t
i nches : 60. Hinfe Kdksel Rpstim c 0
about 1 inch, .65 o b j7'no nor e pref, rrgd. 'Veg el 60'isel<la, so&%‘on ?gured
with a plur al‘i(‘%‘?%m % ’aeﬁﬂa‘a“f’g&@’e’fi)@%%ﬁma@ leavgiad-25apck (0% cmr ough
vessel 60. Ospaceitodémbedpeningtl i6insobes 460 é:ﬂli?dwﬂmlﬁb%lédg Ihﬁﬁérbﬁiﬁg a
center i sc . I t.] it ent er .of vessel 60 and oriente _
perpendllcgcul a%z}%gd'%%%%ﬁ@%%n%&gggig g' s gvﬁsFlﬁ’stﬁ?%ﬁaﬁ qt‘ﬁeef—‘i‘é“'lﬂpém&g Cent er
disc 170 is défin extracsionwubes 160 anddiet wall 920fivesselb0ib typivally insa rangerbetvedy 162.

Center di sc_h6n 0108 RidResi(®13 Bnfio’abth 3inch fcas%ﬂfai,@gprgg}@%qqe%ﬁ)ve@fd from .

plug. 162. The outer edge 172 of disc 1/0 is“circu ow’ng the
curvat ur e -of 2he¥ddpchd@y cgy) heing mogsreferedad. t o provi de an axial flow passage

174 between the eugeel’s0s o doliSpabdSaithlaihmaiy of iR M@ Hiscs¥ar Bhnrde gsel 60.
Fl ow pagsage 174 ex 'ends"r@nggllgear I.y .about_ axis, 90. Quter. edge 1/2 is 3
typi caldy, afPRoHNeh Sessel pl Sl fmbogdimegt %fptg% ideigyid;separatop W@ ingludesstn openi ng
166 of extr acentemdiscub?05 pasifoned fin drecentetroNoésset 60, and logieted bapalidakt ween edge
172 of disc 170. 1 1an92. Af . vessekl.. 60 is in a.30 yange between about 0.5
i nches (1.3 (jgo#l- dgﬁ\l%ﬁtgoﬂaﬁ #ﬂl‘é%ese Mo 3 e ra‘Bf)“u][{Od? go geé”‘g’(az cm to
about 1.2 i neersel (oBificerjwhixhi fity ower plugr t92er Ceuter dise 100 pixtendsl ire wbadinlaent al so
| ncl udes T oUtorigdhalib iy kb pnig e, Hoildag’¥ of BSER iddRuaDd 202
are posj_tioned on t%e ] tht si de ofp ‘\;F'ess'egﬂ%s% V\ng% di gté@'scig@ l%cﬁ%uﬁaﬁm
posi ti dled offollevang thecurvatyref vessyl §Q)and sgonfignged to prvida an 24l flewaassegsd i n par t
to 35 faci|i 94 Germecn@nedye 0f2 of R dieh 76larlditvall SGTHeAeQE] 6OFRNDalsagd OVi de
structural SIW‘Port ) o . ]
extends annularly about axis 90. Outer edge 172 is typically, although not
necessarily, disposed radially inward from opening 166 of extraction tubes 160. In one
embodiment, the distance between edge 172 of disc 170 and wall 92 of vessel 60 is in a
30 range between about 0.5 inches ( 1.3 cm) to about 4 inches (10 cm) with about 0.8 inches
(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
35 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




during operation thereof. Alternatively, the solid-liquid separator 10 can
be assenbled 1111 WD 01/10562 PCTIUSOO 21392 13 with fewer or greater
nunbers of WYy discs. It is also envisioned that theSh A‘JF&P{?H
solid-liquid separator 10 can be construiﬁed wi t Hout di scs by securing the
fins, as discussed bel ow ‘directly to exit tube 128 and/or wall 92 of

vessel 60. As jld B3t & h\ﬁ)ﬁ&feﬁseﬁlbﬂnﬁscg Itgsi SnvidiBndifa A%And é}ﬁlw de

central orifices 180 ow gas at ¢ cts at the cen er of the
vessel 60 to b@héﬂw&c%%rawalgdgn Praonsimeted ouithout disesby secnsing ghef fiepuraed wi t h

central orlflcaascul&absiowbﬁécnyk@éﬂ%betm&n%?waw@@bﬂ&sseﬁsmﬁeter of exit
tube 128, thereby accomop passa gﬁéhere hr ough of underfl ow tube
128. V-notches 210 “ﬁ@‘%d’i‘rggﬂrsé@&‘% SCB } 7,42 include central orifiges 180t er
edgle 172d5 of dWEl@tll AITw gablies a)lléctﬁlﬁttmélﬁﬁtefﬂﬂihdﬁeéﬁl 600 bel bxitfabief aDREs 108 éhﬂe

col l ected partigul ate ter e.c ound .di sc
170. In ong err%& d?‘ﬁé’ﬁ‘f‘ﬁ‘?l?ﬁs%%g‘\rﬁ eé’%’aiz‘ﬂfllcﬁ? igz \é\alﬁi‘q%fm¥%?a@%"e°‘it§‘§e of
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bet ween apout ashn@&armeam%?ﬂwsmwdlsé%@ugmeamoaimt, éxﬁﬁ&&k&!ﬂi the

nunber and size of  t -notches 210 can be increase or reduce

Referring now % aﬁhﬁﬁ%é lg% of dis¢ 170 hayined vdhdp arange bepwaensgbous Ok ingh 48,235,

pl ural : Ity of dsmxibabodlllﬁm:hlﬁﬂcmﬁhdhdkptﬁmlﬁﬂnfa&nﬁ&nhﬂﬁltdQnﬁ;ﬂd 0©.25@a)\Wbi ch s

general ly para 0 i na an out si
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configuration bdt\hrmteaqhtpad ofifmscligd is typicalliyiic iiraagesiphesen abdut thies0ichéslo hlsout

cont | pur 51§ on, B pbicheC AHEnddEn e hilfioe P SR RABD 0l fHoftand. o

fins 184 are u%féadu°9¢|mmd fins 212 and untrlmTed fins 214. As depicted in -

Figure 7A, each trigei&iné héw ©lReure 3C sgbq;& F | Q&1 edge

186 and an oppoa@rggﬂo%gléde edggu%%édﬁqgﬁ[ Zépgidﬂ&'t%‘éé H‘J‘%ﬁg%

“substantially % 84 has aBHsFﬂ?gféE‘aH@/W}HPlbisegélquﬂb’ Herallel okt  end

?iBQI 33| de edgeloﬂ%ﬁ:dmal asgﬁm)l | raaahyoﬁ.&lw ; g%ﬂérdblﬁltblgogﬁétﬁ&a%ﬁe mﬁ%l on

i sp Sy a par el Lo inside. edge and_a curve

shoul derféport i B ié@n@?ﬁ ﬁ@"fl @Hﬁtﬁ' harein, 5t Whigh a dnberieal vessel §0iitg ends

~of nose porti ommpleyed, the oitside edgeciB8 of the fiik Y84 leas 4 Bemieirilati Gnfighiaieh.f i N 214

i ncl udes a substant e/ 186 a opposj n si de

edge 188. Cutside e e@é&lﬁ'nctllﬁ%g e(gmqﬁé%edégg‘mgﬁ?ﬁ"?gﬁa@ "5@ H&?’f‘?‘im 187

ort hogonal | y phing 3 MWW@MZquAmﬁepwtsd tteFigug A, £8dh tainoned f121V2d f ace

~portion 193 exh§ t Q]?EJ% diisposed

sem - Ci rﬁJI ar lno??ﬁ@%gl%%‘s ﬁg‘heéd%?gggmdo#t élé“%%ag{ féer A J\i/e fin

215 is i# ust rgesds ﬁlﬂclpﬁifgersebwﬂbuﬂat szifanm 187 lexthegenally|prgjecting from each
end of inside edge 186, a centrally disposed substantially flat nose portion 189 disposed
substantially paralle] 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
30 inside edge 186 and an opposing outside edge 188. Outside 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 Figure 7C. Fin 215 has substantially the
same configuration as untrimmed fin 214 except that notch 194 is replaced with holes
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35 sanme configuration as untrimed fin 214 except that notch 194 is
replaced with holes WO 01/ 10562 PCT/USQOQ 21392 14 196 extendi ng through
fin 215. SWOWI/MSPes 196 typically have a dianeter in a rRGERMES0REIeen about
0.5 inches (1.3 cm to about 1.5 inches (3.8 cm. Fins 184 are positioned
Wi t hi n chanber 95 of vessel 60 perpendicMarly to discs 170,176, 178, 202

and 204 as be |IIu | .0 h disc is provided 5
with a slot 13%6 rﬁ‘}r#ég Itééfgég@?aﬁ%rfy}i‘égfi Vo p dlamster inp range
corr espond tobmm ahos'cO 1#hds7@,3 &T)Bp ABdu A15dnches)(3.80n8). al SO configured in
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t oget her, usi ng conventj on

th In the depicte
four fifls 184°hgpesment Witha S‘M‘W’éﬁ%é‘i rejgtive 5’§VemqﬂF Wﬁmtbﬂdlsmaqi@hg 8 ‘and
9. In gl ternm%mmmmsmﬁmmaﬁmwm agéinenﬁgﬁ%ﬂlﬂhlgﬁ' ly in a
range betwee Q Wi t 0, .ghout ging nore
preferred. Arsbogé'g dﬁ’ﬁ&g‘} a@%ﬁ“é %§°§H@’?ggq2%§a§mq nowdp pesiten. fens 184
radial |y outremaiing fnscire atstalled by stiding theri radially its pBéition) uatibthe aférica! | Y
paral l el ali t I

. spaced a artgdgﬂﬁ%? ogéhﬁtvg%gfoémgwﬁl?@é% 121313% te&)%ﬁ gréb‘ﬁ ﬁ?tﬁzgtgﬁudﬁﬁnnel
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bet ween

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

30 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 paralle] 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 em) with about 0.25 inches (0.6 cm) to
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about 0.25 inches (0.6 cm to about 2 inches (5 cn) with about 0.25 inches
(0.6 cm to 1111 WD 01/10562 PCT/ US00/21392 15 about 1 '{“ﬁ@ ‘@é@ﬁcm bei ng
more pref eVPOHIOSEs | |ustrated in Figures 7A and 7B the F§ ? ge 186 of
each fin 184 is cut to prevent interfer efsce wi th#exit tube 128 and gas
escape plug 162. To accommodate the eight” radial extraction tubes 160,
trimmed fins 212 ar.e |f{1l.ed wt n | ated in
Figure 5. The a%%‘ftc Hn%é'glrés)nqjs‘f%%nyg %t??%gv }é{)%s%g%dﬁgﬁ%u? es?fﬁ é‘#&s’gﬁeon of
the trinmmed finsgde2dge 6woheach indf4 isgut to prevertiutsrfargme withexitphed2B gndepsi n
Figure 9. Hengg,ni u%rl\gz.depi cted enbodi nent, sixteen trimed fins 212 as
nodi fied with a Pn ch 216 are utilized in conbination with gi ght._untri mred
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of two hal ves wih¢hdiavenet bsercsormetlifiesyet her, such as by wel ding or bolting
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RA ?}%?';, goéegﬁag&e b %&gﬁgﬂa&gﬁ%fa@egéha final L nﬁyﬁa&ﬁ g
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- - . e
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wel ding is negpa@4tsh Mfﬂgtﬂ&{m%a&eﬁmmdm@aﬁ@% hrfihill Ye redfinddanpédish 1 N
Figure 10, flat side portions 187 of each fin 184 are disposed adjacent to
mount i ng flang’é@hei ¥Sand 122. Curved shoul der portions 188 of trimmed fins

212 are di sposed aWitrthefindanddistd assttblediabbutaexititubeci28ueillubirated in®igire8, 193

of untri d fins 214 are.also di sposed adracent, to. . 92, S rtions
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channel 218, 30 however, is partially blocked by the intersection of the
various 4 scs 5§ 176, 178, 202, and 204. As a result of the discs, fluid

traveling through Spesficalignusdbpicted th Figure 20, flat side pértionsl 1% oflesetiti 188 @reoUt T
ease of 1o kS LA\ o RS 10w T R AR SRR 1ok 3
Under f | ow pas srimened $inis 2 hink dispbsed adjatent to wall 92. Similarly, curved face portion 193
of untrimmed fins 214 are also disposed adjacent to wall 92. Side portions 187, shoulder
25 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 iﬁch, can be formed between
vessel 60 and portions 187; 188, and 193. Asillustrated 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,
30 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

35 flow between discrete flow channels 218 at equator 97. In one embodiment, the
maximum gap between flat nose portion 189 of trimmed fin 214 and wall 92 is in a range



35 fl ow between discrete flow channels 218 at equator 97. In one

enbodi nment maxi mum gap between flat nose portion 1 | d fin
214 and wéY‘?‘"GE“Fs in a range WD 01/ 10562 PCT/ U80012139§’%T§j§°'{'){1 een about
0.125. inches (0.3 cm to about 2 incheg (5 cm w th about 0.25 inches
(0.6 cm. to about 1 inch (2.5 cn) being nore preferred. In one enbodi nent,
flat nose pogdhQR b8t 9f12§ﬁ,eﬁbsf(09c&1% Absuppﬁbﬁeswaq%mﬂhﬁdumsmw&d from "

openi ng 166 of each corresponélopg extraction tube is of course

- envi si oned t H&6 X8 2bey 1dagh B oybriag more prefFHFY. chnyong Fmbpdimentefiat nose
configurati Onp‘orﬁ&l f oo éatliﬂﬁﬁ ltxndepédnmuecpaﬁ&agenﬂz&a fived vpthgl 166Wrehannel s
218. For exarr]lg‘3 é‘l’l ne § %%é can be replaced with alternative fins
215.. I'n thi sCOTETHIB Pﬁﬁ’ftfacu?fbﬁ € 'Yv6 facilitate underfl ow passage 190. In
yet othey enbodi ndnissif comsé envisioned it $ins hedl ars be dorowdés a vadindy dhdifferele can be

formed in a féoﬂﬁé\% i tng t(fJ ?&5] tétE gﬁl?erﬂ&\gf?%ggr {dg%t\p@eﬁ?ﬁ{qgcper?ls 5‘% Cpor194

(Figure 7B) fo esl orm’'t wo
functions. Figxsmple rtnmmeér@EstWemn b areplaced swidimaltemativenfins 315.eclnathiy 97,

such as an ifgd dndnk ARER waqamatl%ﬂdaﬂwb&@&gesmcqn&a Jtﬁ'&%h)\ﬂsmh@ﬁsseam

Notch 194 also functions to allow at | east some flow between flow channel s
218 separ at edhdighesrlots.hplks. groguespand the dikecen he f9rmad dp pdiy ot fasilivatss ¢ hus
hel ps tm i NnsuiRefflodtpabiapditiyy | ayers and flow rates are the sanme in each

the i nl et and ou @cﬁ%&% R aBh Bipaf Mg e 200 e PRl BE e,
and housi ngs fasarbdl Enlst,as ad embpdinent wﬁwwseanns fduudeﬂatieqmtooﬂhesnoh ssansecur ed

to vessel 60 td t t he
art. In oper aplﬁgﬂﬁ ()I%{iulsglg:bﬁ%wa}gg%ggl gure , s:eo aﬁog%q??afsﬁg&d\?ggﬂs}el 60 is
commenced bytOtathnﬂﬂgpStﬁ@mmbe%en flow ehanggls 2 \sepasated bycmtriremed Ainsdf.. 60 to
rotate y§ th apiRtRKREEh noYd 194 kv hiths B ifsie Gt BRInWES Tayail ahtd AP fites are

rotations/mnute to about 10,000 rotations/mnute Wwth about 1,200

“rotationst ni ribe &amedn gaehyflovchanerl 218, ot i ons/ mi nut e bei ng .nore preferred. 25 A

Stlregml 38 IZ reCelOﬁ%é tlliB/mWaﬁ’d&mﬁblﬁ:&nabml Svithin' 3581 86, the tilletldad . outl?t o :
sol i I qui sepa r I nlet.line 2 Str ef.erably -
pressuri zed "B@Hﬁ g“slg}@’hltzgtﬁ af'% fﬁné 'Sh Y °§s%aﬁ§°3}bﬁ°§85§fs? vessel
60 during oparbatrc @ boltedtdn etlepisaischwreditocdvesssbifusingmonvditionah methotioktiomant  of
solid-liguid perates under a pressure in a range between .
‘about 1% psi ??Pogég%tgipégjﬂqto about 600 psi (4.13x106 Pa)vmth about 75 30
psi (5.17x105 Pa) Inoperatinm asiiflestysted i Bigsre,2) getation ofifes yrgseh60 is comatenseded.
Stream 38 may, mﬂg&ﬁ%&w@%& mfpxw e WdsGdl 56%@9%@&% ed

with a parti cuI at e, conponent havin ensi, t reat ﬁzr an t Jiquid. For
0%9 %97111

most appl i cat YesEY infgarasdetween about ,rg;atmnp/ mEgh wat er
is referred. thtmﬂ:bﬁﬂ nzetsrotahené/mﬂuﬂe@bhﬂutrngsoolraaﬁd‘ns/ﬁﬁmtememyxhdrepﬂe&mderstood

that t hf soli ‘g stre i IBQ isr celvcci %y pumpoz{() wﬁeh 4 eps S E‘x}té e s'EEX-h‘&%d“S ed to

separator 10 through inlet line 72. Stream 38 is preferably pressunzed 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
a range between about 15 psi (1.03x10* Pa) to about 600 psi (4.13x10° Pa)with about 75

30 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

3_5- clarify a variety of liquids.
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35 clarify a variety of liquids. 111 WO 01/10562 PCTI US00121392 17 As
I 1lustrat eﬁlqitoggg*gure 10, inlet strcam 38 enters the sol ini.}Ugﬂ,?gg?separ at or

10 throug treaminlet 114. As the feed stream 38 reac he
rotating hollow shaft 98, it is forced {firough daccess ports 110 (see al so
Figure 4) into the holl ow shaft 98 where the streamis accelerated to the

‘ﬁam? r ot ﬁt } ?ngg VelAQQﬂl%sl‘ra@& i{% fr']agmﬁqa,sa%e; %an{jg)é’ﬁtés h%rselbmnqﬁmeeﬁa%&&tlbn?h

ol | ow sha roceeds in irectiopn o rrow A on, r | e
entrance to vé}é@&h fgﬂ“eﬁfﬂa’ﬁd’élﬁtt 1 n IAétth"‘r#ﬁ‘ffﬂﬂeﬁ'Q%fglrﬁﬁ?B%s th ,ta“f‘&ggli‘@h%}!%ﬁf ugal
force i nposedsgités fofcet Nigrotigh atkess pos 11(@ed/ lss Plgufedd)ints RShdlloey shiaft®3mM

radi al |y out mardlé/tht owal f vesse stre ers the

d | l_92 . 60 As th t
vessel 60, it wehr?feresSto %%Fc‘%éﬁeéatﬂgt Wesc?ﬂlgr{ﬁtg{l%mgi%o? ia§ eeveﬁefigdnSﬂBWoceeds
to fill the vdluoegh thixotatifg Hillowfshaft\@&vaceads is the Ugedtioh pf atownd.ntpen redwhingor i ol i s
ff . Th i ' ' filh i | 60,
e ect at 'uga eﬂtIanfeJ Svekiid 6@%@&:@3@&6’&@m@n%£@e 1041 e %Eﬁéﬁiﬁlg?l\éﬁ'?%e

the fluid would swrl I'n a vorte SW T produces nt flow
t hat suspends iaesed dyede thgiretation of the vesse]iof pushss & steagmadiallycoutyardly taverds

i nventive sol ivlill 9bf ¢bsSQFA! hOthe SRedP Bhtals e Débsl ool Iticiftrd G dFARL GW at e
matter against, wa 2 of yessel 6 \/\Qere It IS subsequently renoved.

|| ) 0 from

By passi ng théh?qnﬁl'rsalggﬁlﬁﬂﬁﬂ)ﬁ.ﬁmeﬁit%gué‘i vepseb§f-channel s 218, swirling of
thg f1uild : Is slubs_t Ihé ﬂ@slxbmﬁdéém_malbeﬂmjxﬁf ileel;e‘d:dﬂoqis et&'dfcﬁvﬂlhﬁiﬁ,iifﬁn% 184 were g
substantial | y_Laninar w.wherein the id rqotates. at the_.sanme .speed as
vessel 60. As a7 esufte ﬁ‘ﬁlg“ St e ﬁ?sflaq}b’ &5 ﬂﬂgg‘fv?lﬁ# AR ARG §P‘g" W’tﬁ"ﬁgn t he
liquid is napredugasd turbglenttflomcthat38spendsopagicies avithisthe flpidi Asidiscdssedttbvar ound
disc 176 al ongd; ' 4 s Ay stream
s Subj ected s ieattid 54 8604 Somated 1B 1 scllild P piSIEE maler bl (T
rotation of t fel\@efesssebl fram where ititsubssauendi rroved nBiprssing té fluid thaoughr eam
flows ragiall M]:é&ﬁc%ﬂﬂxﬁcﬁéﬁx&él@llk,%ﬂﬁﬁ?ﬁftﬂ@ﬂﬁ& lscsaﬂawilﬁslyelﬁdlﬁae&i e hidial Y

i nwardly or stays on tqp. Because o e centrifuygal forces present in the
solid-1iquid “?é ﬁf"a%é‘ﬁfmaﬁaeﬂé( I"B‘V“éhﬁf%lherm&%%@mst@%nwwd@at 2, 000
g's in this ewvbsed 6&ntAs 25esult) sheapitertial Yorcsuttiihg tparticuiatel Witkiatthoigaid ishe
f1uid conponent c.gu*:s and a low liquid content of nore dense particul ate
occurs in seconds. e solid-liquid separator 10 of the. present inventi.on
can thus achi eve i As steori8entelsthavessel it ivfored peuad dise] Z6laking shesdivettich dfank

separat g tak I G ' ﬂg Skt %gl% SRl LSl ate tter is
forced 53/) thegﬁgta i'gﬁ 0 @c&%ﬁs@éﬁe soltszi'gtﬁl 0 qgggé‘c:urﬁ? 'ﬁ%ﬁirﬁogfeswall 92

at equator 97 immesed ok dhetotherotasionof thevassel 60 Ths, thesmore dense compahentsof
nderfl ow 224, ' ' [ and
e 24 ity g b e iy

the clarified,water 226 radially | Spose . Jnder fl ow 224
is allowed t3PHECY O FEYLOnINR BetaviR.elyhe conerifngal forpescoresantiin thealididiayid| i ne
228 is | ocat edepatdlérahnl yverdgl PdpraXimMBe 500 @’ sk6 Gbotf 2000 £96 A bnitBRTni 60 (2
COI’IdItI%I’.IIHUSl;I‘a%%?In Fi ure 1(2. . .
5 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
30 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 vessel 60 through extraction
tubes 160 as described below.

L
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35 Underflow 224. is subsequently extracted from pressure vessel 60 through
extraction tubes 160 as described bel ow. WO 01/ 10562 PCT/USOQ 21392 18
Water flowagrmseund the edge of disc 170 through axial POT8R0¢AIBage 174
can stir up underflow 224 that has deveI oped at the |l argest dinension
radi us or equator 97 of pressure vessell860. This strrrrng, caused by eddy

effects, works in |tJonto 0 f t i d-1iqui.d, separator.
Therefore, not chesa’g °‘?£’§g\7’°HB‘E gg%éi?sgﬁz? g’%’“&ﬁ %%Bﬁé%&dq\‘rﬁ regar d
to Figure 6 nayupenderflow 224tthat has deeelopedrat the taegestalimetision radhs®r equaer DL hes
mnimze stirrin sc 170,
t her eby reducPrnEﬂf(‘h‘yesse?gbl lfﬁ? s{Lt}ﬁxg, %}uge% @L dtdggﬂg% orltslziﬁgfp ﬁa%&r gh%oundar y
| ayer 228 bepumpess anﬂieerlldrhrq@QZBemocl dhiercfore] notchey suchoas wypatchest 2Hn

functi 0n§ N9 1 0re9HBAY alsclsi Mm %’ﬁ?o n%{h% 6vrﬁ£y Bt ﬂ'tﬁ&&terﬁﬁ:ﬁﬁe&i" bedily di sc

10 170 unction to  assist In enmoval of particulate matter. That
is, all flui dli%éﬁhen@ﬁkeéﬂsnwwnsbyrﬁ@?%?hﬁ\ff’fé’r?WWF‘STQRWEPB%@S% he

outer edge Of 1, tereby Rdffigah @eddﬁreﬁ'% €Dhué the V-266Rds 200maiiaird BokdiRg ks of the
fluid to flow.to the outer. ggfmgg}?ﬁlfjﬁsc 1792$1t equat or 97, aII of the

fluid is subj &t beyeeprindgriiow; SAYE%2for ce produced by the rotation
of vessel 60, theAmmﬂmﬁonggtdmppdrtmeﬁmngshemMcsmdadesc

ti t [ d f I
Posi 1 oing of . EERHES 1o A8 Sl Ninoldl 6 e Ml THESERN Suicbey |
flows radiall wtémmsedw@mdstagwmh@ua@ afoundhthe outetrdgeefaisctl AR befbre dtcan it
radi al mve”evésee@%ot otclnk 'aﬁof emestsﬂom@ﬂre%ﬁpeageefmgmm ebpfborfoly Ui d

wi thin the vess {5‘5 he centrifuygal force
~ of the vessel refthaﬂumgém?rérq Wrmm%f%egéncrd%thearpﬁmn%rt.on
- of the parti cidsadl 60, Atkdbg inshiSng’ ekt&oﬁdént?dﬁbﬁbﬂﬁﬁlﬁd(ﬁte?ﬁrﬁmdlﬁﬁﬁm

however ., the inyentiv I separ.at perat ed w t the
use of the d|§‘€§‘°°’ﬂﬁ‘ﬂ§“@8 Fj&&q‘ g’iesl?,y o @‘5?5@29@‘2’2‘83 Sgléé‘kqte%ﬁgl ly be
found in the disd KO, méﬂmdrﬂb@&admllgmwat@dbutﬁﬁﬂasrtu;ovéai:etweabtlmMﬂ:e’[Wr s 90

on the inlet si qf gtmﬁ ??fvtgggah uﬁ:geas fifre ﬂeﬁ fé&@&émefvﬁrhﬁ within/ S ves

barri er between e out sid e vessel i ance;
gases found 2temby mibjecting:the ﬂl"ét t°§b¢ @amfmaﬂ forepcof gheyesspl fora langerdetied 9f on t he
inlet side. of ;LDCAYLRSM, 2 Blher PG RRuBletndiekiS tefndved. D seerakRd before

the liquid passes._ through axi al fI ow 174. | nI et st eam 38
continuéd t o embadimest.howeyst. e myentiye S‘Ei}drléﬂ!r‘?d(f pean ssage

174 into the. @étok'ﬂ{ed&cglgaﬂf:ulﬁﬂmedly@smel 60. The Irqur d or vvater 226 fr s

the 30 outlet si of vessel 60 and.the t hr h effl

channel 132. O ar i P5Ee RPLRUES %M?Wés %ggq 833 197, d
separator 10 inby fonglabou the bxio90 mu&bhﬂet&ﬂéoﬁhdvesmﬁkgmmelmeﬁmivehyabms 136.
Pressure relief ,val VE. 136&%&5 %ﬂéth &ikt%ﬁeeotlﬁgel s As&fgmrf | ow

outlet 134 ov%sracb s it spring or ce ere ERsur ng that

a predeierm wehinph@mbus@amswmenﬂaﬂmbﬁfqun%mlﬁ op dhesialet side Ofﬂie gessell @er nat'i ve
enbodi Ment, pecause 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
30 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,
35 pressure relief valve 136 can be replaced with other operating systems that perform the
same function. For example, pressure relief valve 136 can be replaced with an
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35 pressure relief valve 136 can be replaced with other operating systens
that performthe sane function. For exanple, pressure relief valve 136 can
be repl aceWOoMadsean | Al Il WO 01/ 10562 PCT/ US00/ 21392 18CEVEVRIBAI cal Iy
operated val ve and a pressure sensor. The valve *%s.el ectronically opened
when the pressure sensor senses a predetg?nined pressure within vessel 60.

Boundary 11ne (?IZZE?I%%}I?'%pem gﬂepﬁ d at f%ﬁg?‘% &gorl efﬁgL/?lgé/ h%ﬁerc{r&g#]ﬁg gnegpenl ng
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of vy, “such ae s ogdhed aﬁ"‘%ng ] T e e
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under W shapgae! s
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under f | ow pas agsel 600pder prassure,ang 1mppmg exdtaatinay tybesi 160 tomgapambienf prassuat.| y

constant l evel thr RH&J@Q%fgftﬁheﬂmeﬁighﬁé*&E&ibﬁﬂi‘b@sﬁo %ﬁ&ﬁﬁi e1 ofihQﬂ@ﬂ
alternative egﬁodl ‘bi) envi sioned that an, xtr ction tube 160 can

be feed to ea ét@’S“F ling 228 Iq’i°Rsh‘i“s Fhsppels 21 arss not
necessary to. hﬁﬂﬁ'ﬂbh@%ﬁ@é}ﬁﬁﬂﬁd 12@ bbﬁtde@elﬁhefdze\m Giess e Shahh8ls 229 ddp

Vessel G to MBI ZACmm uRRSTEN aeAmYsATR AR Eropeily Fivewlon e ”Sﬁérough
orifice 164 ofto rphnngxnlﬂﬁmehdam lire 228 At ulg;bnerahhymumsmt ilevel whrbighoetrtheal

channel 130, Thisurikd bfe 41 N WAFIRESLSS b3t B hSURQL A

antici pated ga nrou I'C opening of

val ve 148. ouw:ac@omhelmmbefeedm&smteﬂgwrohm ﬂsylsﬂ\!ﬂetmhydmt,as to
enabl e suffi C'1€i@hot¢1fe@éﬁ’sa‘?§‘to@iﬁ%ﬁ&&r' aka dé&%%eé@@nﬂ&w%ﬁﬁﬁl‘ﬁzwderf | ow 224.

Thus, the size of orifice 164 dep en S Ln parf upon e constituency and
nature & the fl ui dvhepdnderflaw eéﬁé’ab’ﬁﬂéﬁllmed 8RY E?sc\!l“i hashyilt yp aded

di ameter of appssePdOTBicink gas Byér 23064l frim&iBiely beghl éstapthgdifough vitficé 16469
OrIfICEISth‘I;Pﬁqug 0.all w nlnsertwhreb t.h rf|c di gpeter, may be
reduced or evédP# ?1%’8 H’mlﬁé’ﬂﬁ?ﬂj‘f”ﬁb“ﬁ% 4;?‘?5‘ R0edbus gpfica 14 30 An
insert maybe tshouldpleférablytbe sized fuck thatldng aﬂic@ated@ﬁﬂﬁuld@ﬂﬁiy’wémmdﬂfmﬁéhe
pressure vess acce bl ﬁ?l exit
orifice 140 aﬁ%epreggr%lgg C% g’ﬁ%el*lé 1@36)1“%?1 adj usfra%tf elen%aet ﬁﬁgeg Y Corifice
di anet er25al | ows tasmable suffiden draw dneextradtion rabes F69ito retiove andenflowt 224, Thés, thes whi | e
using the sam;,sgfédhick 164 tdperiis AP Won Hd-constimency 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.

30 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 10.
In one embodiment of the present invention, spherical vessel 60 has an inside
35 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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I n one enbodi nent of the present invention, spherical vessel 60 has an
inside 35 diameter of about 19 inches (48 cm and is capable of processing

* approxi mam0 1882l iters of water each mnute. This proVFi¥801¥si dence

time of approximately 1.5 mnutes in WD 01/10562 PCT/ USOQ 21392 20 the
solid-1iquid separator 10 while subject®®g the water to an average of
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The pri b8 ar ot catating ey etk Sb he Sorsiieieitad St BRROmAKC AR oo °

descri bed hermethodao;hll(buasﬂol id-1iquid separation in a rot ating vessel by

to

use of centrifugalp] sﬂﬁcﬁwﬁ%sga ﬁ&lgggeh g% u{,}R Qﬂ tor |n edoffthen

'partlculate contalnln nmater

sol i d-1i qui d @emmrameﬁandﬂp@b&rﬂltem@@lmgwdmmnlxmﬁmﬂwmlon at a
rate .that- Eg@égt umincrease conpared to traditional thickeners and

hi gh-rate thlc eners while occu y|n footprint th s . practical for
virtual # any applﬁr‘é‘&tth%ﬁqfegﬁnﬁd g“p‘f@f"ﬁﬁa?eédh*’éfpﬁéaﬁér\‘éﬂ‘[“g S‘Eﬂaraf‘?ﬁé?the

sol i d-1iquid seRaliatatiobverddites i séﬁmﬂ@ansmmm,smmodm&nsom a

liquid such t t t he conpacte has ntet of _the. total -
parti cul at e- cHSRTH YRR %@#dﬂﬁfe&?%evfﬁogﬁ'l lqnmgroqéﬁlgpercent

or | ess. Depi %&dby use Ef@unmﬁsgallﬂ)rcaradd B direating the flowwbthe lpmmlabfcomhiaiqgr esent
[TvSDU1 O R, e bttt WY RO Moo S Rty |
contras®sto swlifdighidogpatatiompatraatats thmlsmauant\m increase °°mpare to traditional -
thickeners and high-rate thickeners while occupying a footprint that is practical for
virtually any application. Finally, preferred embodiments of the solid-liquid separator of
the present invention separate solids from a liquid such that the compacted solid has a
liquid content of the total particulate-containing liquid feed material that is about five
30 percent or less. '
Depicted in Figures 11 and 12, another embodiment of the present invention
relates to 2 liquid-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 separate a mixed liquid of two or more immiscible liquids such as
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oil and water.

HELIM



primarily designed to renove particulate froma fluid, liquid-liquid
separator 244 is 35 prinmarily designed to separate a m xed liquid of two or
hor e i nmi swidmigeset qui ds such as oil and water. WO 01/ 1086PUSQ/2139300/ 21392
21 Figure 11 illustrate a subassenbly 232 of |iqui:d-1iquid separator 244.
Subassenbly 232 includes a solid inlet stde minor disk 234 similar to inlet
side mnor disk 176 depicted in Figure nter d 36 is depicted as
havi ng a plural ity Figee Jdr iysey gl %Q%BSmglF"e% Q&el&ﬂr\‘é‘i E%B‘?QFPW‘F 't he
passage of thesubhdgethbly 251 @ichides D5t inlet siibcthinbodiat 234 siilarasl idl@tside inigorni nor
di sk 240 is al C a hav orat | 38

ext endi ng ther‘iﬁ‘h%&fﬂ gé % eg %tgﬁiaﬁa#éé% lftﬁg g é’lyrab\%'
subassenbl y Z%rmmionm&/mtauom 23Rtalloy feuﬂnawssa&al of tB3Rquids tersthosgh. ar e
substantial |y S . ' Iy 0l e

solid-1li qsﬁl d s‘}éép?gr 3’?@?‘? % uh@ dé%ﬁ]\é} ﬁgg 240 Ilégér%%o?\ﬁﬁ‘g?dex% %a@mlrgl %g@h%h o%y i ke
ref erence charpstforations Zslaremgdmgﬂhereﬂlrmhal ternatives discussed above with

regard to solid- 'Iﬁgtaeslc&aﬁﬁfgwxolﬁle%ﬁmﬁaégfa&a&geﬁatylzaztaadme%sssé: {d quid
separator 244. _Liquid-11quid-sep arator 244 al so otﬁerat es Inh a manner

sinilar to solWwhich P%R?F%“&’Bbﬁ?%ﬂ%#‘sﬁ@ed psy substangsily thesppe @ dbat | presieustt at i ng,

g ge Im xed i qm%msa wum&dﬁmmduﬂh@keﬁaia%& 190 A@%uémhf:é ity \dre iuehﬁ@aa shgft
al ong _arro on reachin ent r anc Vess xe

liquid etiter sv%r%‘ gh% %@3‘3 Yeé%yf“sé?fgahﬁ?’% Fﬁsgaf fill

t he vessel 60. toAahchhq\ﬂ&sdphrami-lomatselappshcﬁhlgaihq\m-h@nqbsepdmma%y the

rotation of vessel t

di sk 234, the mi xedﬁg'dﬁ’?@*& &%"Mm ﬁ“@‘@a#g%#“ﬁ?lﬂ 9?*‘9%3? g4, o

vessel 60 and sepasatpniOd; gkw@mple whlevqsseké@rqtathguthpmm lsaumeednytolmlqm d 241

and a |ight |'ﬁ%'sgagfb%ld’%@&&t?nl?&lﬁwsﬂgﬁgfﬁlnﬁgaﬂwmﬁ '@Ji‘ioﬁréaﬁhﬂ%ih\é%n%@é’mt'es

Where the m xed |1 I.ncl udes nore tha I mm Sci b ul ds, heavy
liquid 241 or Yerghe memﬁﬁlm@eem@eoaﬁpﬂﬁwhmelsﬁ&@swﬁm rrocgadsone
l'iquid. The drigm @k fvedskiso. dad besultBF'ﬂ\éd&ﬁ dii&@dby th¢i rotaiciof

subsequent | be sed thr ui d-| epa th 244 éo
as toqsepar ;teefsﬁggq*f“ail? ! % ﬁ&g g’é‘lﬂ'fh%%{ ﬁi
centrifugal fcpmhadrhdidWOdtwardlydoﬁ&dswmb%oﬁ\@thD mmllakounaalskmtquator 97. .
Light liquid 243 fl h vsel

As a result, a boun ;ﬁ&"@ﬁ;gmij,gmﬁ Wg{ﬁq‘%&)?v\een léé‘lth dz 8’1“25 “nd

ljl ght |i2fui d defiged Bbﬂwu'alelﬂwer dﬁ;lsm Whemthmmﬂddmw inhludesamomnym tyio Iradl al
i stances away i ne
245 i s anal ogo'ai’“?%“‘% Q8% hopligd o8 %‘%@‘% 44 f e %%**&P@" HHL ke

sol i d-1iquid shemeligyd 1ﬁled¥wrtqm inglydes mere thap qug liguid qan sebseawentlydar y
line 245 is poggrbcseRd ﬂ%u%x d Rl uqdmtq%m:@?&a@mmo%wg@hm%& did$d I ange

from about 1/5 to about t he di stance between rotational axis 90 and the
maxi mum  di angPFitat equator 97, preferably fromabout 1/4 to about 3/4 the
di st ance2s even nor e\s a result of the applied centrifugal force, heavy liquid 241 flows toward wall

92 at equator 97. Light liquid 243 flow toward the center or longitudinal axis of vessel
60. As aresult, 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

30 228 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 a result 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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preferably fromabout 1/3 to about 2/-3 the distance. 35 As a result of
perforations 238 extending through discs 236 and 240, Iﬁ’gﬂ{mé g . d 243 and
gas 230 ca¥PeWi8¥2t hr ough di scs 236 and 240 and out effl WiHRel 132.

Si nce WD 01/10562 PCr/USOCOL21392 22 gaé 230 exits with light liquid 243,
there is no need for a gas escape orifi 2 at inlet end 131 of exit tube
128. Inthis g LR f upports’
for fins 184 & rrggqlq %?ﬁ@u?f’ égl@%el%ﬂ(ggénp Q&{Jdrgggeﬁéﬂé%%cg%nlgﬁ ‘\i/ngl Y,

di scs 236 aanlzerfOexuambebesr elmhré@mbgdlmawlspa %ﬂﬁ Pd 249 function pHNAEIYE #50m
vessel 60 thr AR G84 S thusRESblRY davidd Sorifiguration) Q1k2Rrivel)) afses d3ger e are
f ewer extractélelgﬁ&gts ﬁas 160 t han di scrgte fl ow channel s 218, éN]underflow
passages 190 and24P sanksdemeYeieen di screte flow channel s 218 so that boundary
line 245%is Constqlﬁavyfmrmﬂdl 1§x’emwvddfﬁ@ﬂnehﬁlmltﬂmu§ddimbﬁwb€kalr69ahdm 245 is
typically clos I tudi axis. oundar n econd
end 163 of eXtPg%HSi %KL i3 ai% We&ﬁ‘“&%ﬁ“%%beﬁ@@oe‘g‘m&?‘sé tgﬂ%' ﬁ%‘ﬁ‘ﬁ‘g? Eél nal
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Speci fically, talning two scib
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di scussggl abo&ggbemgggbsesmgmﬁgd,&%udes a first pressure 15 sensor 246
coupled with a corresponding first valve 248 each Iocateg? }2 first

outlet stream 250%P |“EF’GH”&I Byjs one embedimentf acoptrol systeny Fhoying 5o

| ocat ed on fiihekeparatdd md§fr6ﬁdfqhﬂ5l§l}md°seﬁﬁﬁtﬁm4vatecﬁic%6 aisspplpsteam@oon - -
second outlet stream 258. .A.Si $na.l 2n 254 Psm t ? wg}gl from second
IS e p

pressure sensHtay3e typ mpisGible to h%d' Frgepior AAE wherg the two
i nvention, a lquidssne sspakiafedl es dincussed abeveriiontroli system 280 insbxes Dfixst pressarev al ve

220 P Cor Nkl T, i S 50T s e R BrTE 1

boundary l'ine stance_from di nal axis 90
such that onl streamPS0h dadisiondlly. i gecoud pressuresserser §32)is alseilecatedion firstputletj ¢

outlet streanyeahsend e vlulveﬁ% isNdcgiedl &n Béésn&ermress&e%czss hAGignkliaiat

channel 132 (second outlet eam; That | t her.e %lgrqs no pressure :
differential , 2¥dteneaisa yignakirom secong p %%l{fe*ﬁm% 'ﬁsg"é’fl X6 235 apl es,
t heoreti cal y ext %ﬁmwﬁepﬁbdntmmbmwmsme&mammmbmm resul t,

out It &) bam SAbve s B srpoBrhve i iy stallCHiteplill B otliRals 5,

the rot ati onabounddrpiing 45 avh dbﬁr@drruﬂidlldmﬂnde fromp dongitudingd axis 90 wechdkatonlyy of t he

e

differential liguid243 eemjlmopdmﬁh}ﬁnmhi%ﬁﬂmdcﬂ“ﬂ@ﬁm%ﬁ)l'HPaF!sdfﬂ"?fef i rst
valve 248 i s Sn%t %u{-}pﬁff@feﬁnﬁtb &Ar?slfne@ﬁ§§§éj'r Qepehlliff onSseleki vai{ablég| ve 248

mai ntains first et stream; 250 he first Ssur e V\/ril E gnabl i ng
first o¥let @F‘PTMIQS’GW%MWU%‘P ?P’SW‘FH’F%?E@ A5 g 1gulty beth be
Accordingly, Jiduid 8 dnh Ghiquid 243 twonld flev ot itireugh fR5tGutlacteam56, first val ve

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

30 pressure differential can be emplncally determined. For example, initially first valve 248
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 mamtaln the first pressure. The amount of

35 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

T



248 cl oses a corresponding anount so as to maintain the first pressure. The
amount of 35 first pressure is in some regards arbitrary since it is the
pressure dwbfognesei i al that control the position of boun8ETHsew21392245. |n
one enbodi ment, however, first pressure is I NIt~WD 01/ 10562

PC1' / US00121392 23 typically in a range2between about 5 psi (3.45x104 Pa)
to about 500 psi $3 45x106 Pa) with about 15 psi (1,03x105 Pl,%)é to about 60
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ext reme Woer ath® E’Q"eé Wé“ oBY mopiirpe thes | v e
256 at the pOIH&mScM&ﬁWtEodgh@MetbﬂdﬂﬂSdS(?zﬂﬁZﬁsmheéﬁemﬁhgpﬁssfufecdﬂswdhdﬁmvéI rst

tlet st 250 d 241 f t start f | f d
outl et ot cam 758 RaRB FRnbsed 3hé Pospf ot ool Sewndirg o B ire
bet ween the t s detetmivsie Thesssuemsopefiting pressarce are themperting pressmes afléecaret r al | y
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tﬁb\ggegGO eTﬁe regg?%?trl]egi E)Ar%?géﬁ?gggﬂg@grzé%@re tween {;‘grog?g\t/a‘f %%@agnhon
second Vil ve 258 apbhiepyieliquidiéd] firet starttedlew wtefaqwm%nuﬂetzs@a@?ésosmvam que

benefits of thBgigmaVet M%pﬁﬁé&ta@HFiésuké &t@&hlméﬁhoteﬁu&ﬁer?@m%m?xac&&anges
eam

in the ratio ft U|ds|n

exanmpl e, an ‘%&‘t] %‘ﬁ?& élf‘%ﬁ ‘Flda?ﬂ"’s@ﬁ‘&?%l@ 244.
Th/e oi | /wat er ts egﬁcﬂ?ﬁmwao :me k&uﬁniﬁﬁieﬁﬁrdﬂxﬁhuﬁ@beﬁveeﬁ fﬁdtrbelﬂe gwmd t he

50/ 50 m xture sudde I ences a ange to 10% oil and 90% wat'er.
Wiere the rotatte 5?1"%%?%@7% Pﬁeﬁﬁ‘ﬁ?@%?fmm?d 25 separator 244 remmins
subst ant20al | y const(hxnbfthamnqmeﬁmfﬂnmmnhv@iysmmtmitsahﬂitytdcmmi)eﬁsate ferause
boundary |ine ' [ t he
orossare | sensaaiet fliio SAROHD R BMENR RN slopt s ittt o,
252 i ncreases diéuatersepplf stream 30 fagds lisais-liqyid sspasaton 294 Fhe oil/ witersupply stredml i qui d
separ at or 244. 3oe§ago/5@ﬁ+b&areowtafgﬁveﬁ iEHaOthS 50/36 @ﬁ&lfeﬁlfeﬁ-gtrr@ﬂgesﬁggad second

valve 256 will automatically close5|%{ |rst w

aut onat i cal | y Opeas @1} g’hmlfnd/@‘%’aw@&m her% H’é reﬁép%ﬁluvs@cw of digniddiqpidy

val ves 2348 anepaér 248 denidies RbRERHIEcohisthhtitiitlealed BRLWRRP Wil WiFtend#® and

256 are cont| el lobodiel G kel Lrel 1uSoShas 21500 | RO S! BLLS "

- 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

30 valve 248 will automatically open slightly. As aresult, 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
35 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 liquid-



continually change. A 100% water supply stream 30 or a 100% oi |l supply
stream 30 may al so be 35 controlled by maintaining bou 245 ]
Wi t hin th@v‘bg %2 ed di st ance range from rotational axis é’é d&ﬂfi exanpl e,
where a 100% oil supply stream 30 is fe 4to liquid WD 01/ 10562

PCT/ US00/ 21392 24 liquid separator 2447 first valve 248 would eventually

shut entirely, déﬂisgﬁaqlﬁ{yrﬂg m%?ﬁ'ﬂs%hﬁelvérﬁﬁﬂlﬁshﬁt‘lﬁiu‘égllﬂbﬁfefﬁ%ﬁ%hi n the’

preferred di stAnce’ r ange away fromrotatiopal “axis Accordi ngly, where
al | 1iquid i rtheligid-jiqud intesfaeapt ithig the;pref ﬂm‘épﬁwema? WWW?‘W@%XY
l'i quid-1iqui Ob(ﬁ%e&aingﬁ whete ﬁubc‘f‘ﬁcﬁaﬂ@hﬁl)} $tresvh BO L6, BB il momdﬁ@vwlt}irhxghhe wat er
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I nc. I'S appr eci a t hat in the
art woul d al sdifferentinbpressen regwiatorstéheas atRjsher98D. vEtiesesialven areymady by Fisher

confi gurati O Corfi B mé&ﬁ&@? 1RE, dt3fstall tmﬂ,tmh ﬁmpﬂppec?a?eq thbhdkiigdd sensors

246 and 252 are shown 1n ure 13 as bei ng coupl ed th  first outlet

stream 250, iin tmﬂa’lfquéiﬂ%’tfie%“@ﬁ%@a‘i mm&%@mﬁ%‘@“&ﬁ ogHCach be
coupl edjgv th aqﬁ,o&ngem%@}olgygi@@mo?% I n yet another enbodi nent depi ct ed.
in Figure 14, a controller sed t he separ at ed
fluids fromliqui d\the %@?%gﬁ%ff&z mép%qtﬂséstg ﬁ%"WF “from
first pressurfist cfissshearn 260,y amsleemiwaemboﬂanent t senqoss 246 tand z%@ntehmbe
oper at es, by vva l; Jnilarly,
first valve 2“4?&? &%‘Eﬁlecto aﬁéélggena by élh&eﬁll rs /%b%%ﬁ\}rgl er. 264
also with a u,2Contolisr g6Gkan b nsed to mh@rew\xbt? sepprated fluidsrfoam fiquig-liquidy
cont 1 ol 4 51 9nalepfhof 24D NGRIFRS A 3RS frdin Bl Bhesdufc QBRI AMEbY bbedf apbrve 248,
m

Second outle ea I's also 20 conf |gure w th glon g@ressur sensor

252 a secondiransmiten62 that opgmtes bycway i moy-timting %@Pled’ﬂ guhiienalp
converter 268&&&@?@: 0alvé 48 thsRitesagal bywserf b fiFst /Pleoivesed 264 dlsd ivithur bance

occurs within e fir essure s nd
pressure sens%?%@xoséﬁﬁt gﬁ“iﬂ’aﬁ‘{j’g‘:ﬁ?ﬁ ﬁ?ég'be |ve5€ressur%é€g%n%et8%n

heavy liquid mamauitgsxgrtaﬂ imglderflo opérate first walve 248 Hecasiputlsicstzgn 2@ is|alght
l'iquid SsSi ara@‘%' resent -
i nvent i on, ‘g’ﬁ% %%}h% 389 Bance @ngg%%gg y %%6? %eg(r)ﬁ 2 &and
respective vﬂiﬁemdm@ndrld’ @geerter 248. be adj usted in order to maint al n o

boundary |ine 245 Réhen & A is@iba: feaﬁgm axis -
90. According to t am%b&%ghgﬁ%t%?@h% L

pr esent mven%lyeg g&ymgressure
di fferential $tsam§|0nﬁ1§t pressurs\sensar2465md sepond prefsuresienspr p 3% desersa f® second

val Xe 25ﬁ Acﬁf e&lv@% éésurés@@hﬂe@&ﬁl&h&ﬂylﬁwtbﬂdﬂwuéﬁ figst Sutfet sRym 260 4 nt ai ned
within the pre

per 1 cuPlr acpasbgE BeRRE reGl e i 5, AREHBEI, B el e

l'i qui d- mvenuon, such aload dlsturbance 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

30 and second valve 256. Accordingly, the location of boundary line 245 may be maintained
within the preferred distance range away from rot_atiéha_l 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
35 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



| iquid separation systemis the ability to separate inmm scible |iquids that
have a specific ravity difference of |ess than about 5%« ch,,0t her .
The preseanoi”H@/@ﬁgi on is useful 35 for separating inmni sci%?)cgsﬁlﬁg%izds t hat
have a specific gravity difference in a £§nge friom about 5% to about 0.5%
nore preferably from about 4% to about 075% and nost WO 01/10562
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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

30 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 comprise 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.

35 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



disclosed in United States Patent No. 5,133,861 which for purposes of

di sclosure is incorporated herein by specific reference. 35 Accordingly, a
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at a gjngle separator. can be configured to si neousl v separate both- é
two or %re i ‘fé)’E"F?t?P g ¢RmPgRents{p so %ﬂf‘@%ﬁ‘%‘@%'ﬁ’%ﬁ#ﬂ#ﬁpﬁﬁﬁ steam - |
-The separ at or iscdispoked betwekh gachdih 184 s subadserably292.i Dhethis iembbdiment tnaleeflow scl osed.
in Figures 10z and 11. Jn this odi ' ve t igul at.e matter
col l ects at tﬂgwfpﬁﬁs?gfe?p W? oéﬁ%ry%ﬁe@%éﬁ}%rﬁ@by f’lgg;#' é‘;"@g‘g‘gﬁ he 30 i
| i ghter of th® thepresemhinyvertiohgsdoublewiudeatasicohe2t0xdepistedtin Figures b6 and Iimaby axi s, !
and the heavi . L S8 L WM S 4 6Ql ﬁ,tm;. et ween t he :
particul ate ng%?éegg “%%’%ﬁ?%éw?#%‘g‘?E#%%fjolkggyh@ﬁv\%ﬁ@e%g at éot} sets of
extract 2dns tubes Hryet ggether qmfodiment it J envisionsd dhatfo fingle Sepasdor can be

configured to simultaneously separate both two or more immiscible liquids and

particulate matter from a fluid steam. The separator can be configured substantially

" identical to those disclosed in Figures 10 and 11. In this embodiment, however, the

particulate matter collects at the farthest radial distance from the rotational axis, the

30 lighter of the two immiscible liquids collects about the rotational axis, 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 previously discussed with

regard to Figure 10. The second set of extraction tubes extends to the heavier liquid for

35 extraction thereof. The lighter liquid exits in the same manner as previously discussed
with regard to Figure 11.
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particulate matter for extraction thereof. This is simlar to that

preV|oust di scussed with regard to Figure 10. The seco

extracti on"PMWe®%xt ends to the heavier liquid for 35 exPegﬁﬁﬁ%ﬁL?hereof

The lighter liquid exits in‘the sane nangg; as previously discussed with

regard to Figure 11. 11111C WO 01/10562 | USCO' 21392 27 The present

I nvention may be eqy, Penflls ﬁ;gl; W from
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its Spll‘lt or essential aracterlstlcs eto
be consi der edrqmp itg qplrﬂe@p@éqnswloﬁhapac%sm uEleEr aftsw‘zs mqmem%gnermchq ve.

The scope of tdagsiddréwy @nkil eugpéess orll{ @s ﬂh@frﬁweldﬂd'rﬁﬁ}e@ﬂlcﬁife t ifRe scopenRdest cl ai ns

rat her than by the for descrl t|on one, mnthln
the meani ng an'FHfYE %‘greéﬁ% iigdiFatsd “deé: “iﬁ‘ %&E

within tiseir aiesqnpuod/walcha@eebvhichadnewﬁmﬁi&ﬂxﬂ@ﬁﬁrB@IbiEEﬁlﬁrhEﬁé}&fthe% 1. A
separator conp i Vi ri pheral wall boundi ng a chanber,
t he chanber é%ﬁ%%%ggﬁ Iﬁﬁax?ﬁagﬁllnfg¥8§hannel and an outl et channel, the
vessel being rotaﬂﬁh¢6<&wmqima rotational axis extending through the
vessel; 5 a plurality of fins disposed within the chanber, each of the fins
outwardly projecting fromthe rotational axis in substantially parall el
alignnent with the rotational axis; an exit tube disposed along a portion
of the rotational axis of the vessel, the exit tube having a first end

di sposed within the chanber and an opposing 10 second end in fluid

communi cation with the exterior of vessel; and an extraction tube disposed
within the chanber, the extraction tube having a first end in fluid
conmmuni cation with the exit tube and an opposing second end disposed a

di stance fromthe peripheral wall. 2. A separator as recited in claim1l,
further conprising a first disc disposed 15 within the chanber, the first
disc outwardly projecting fromthe rotational axis 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 fromthe rotational
axis in substantially perpendicular alignment with the rotational axis. 20
4. A separator as recited in claim2, . fu ther conprising a plurality of
perforations extending through the first disc. 5. A separator as recited in
claim2, wherein the first disc has a perineter




edge with a plurality of notches fornmed thereat. 6. A separator as recited
inclaim2, wherein the first disc is disposed 25 adjacent to the

extract i orwoan®s627. A separator as recited in claimil, fREWYSI2¥¥prising a
plurality of spaced apart discs disposed within the chanber, each disc
radially outwardly projecting fromthe Zotational axis in substanti ally
perpendi cul ar aligpment, with the rotational axis so as to intersect with
each of the plural {]ty d} SPRRIPT COMPFISEE: A separator as recited in claim1,
wherei n the extracti on d visesl rhading lal periplaralvwwalll bqundingj 2 chambir, dhe thambexi t t ube
SO0 as to be substa Is rator
as recited in clai %W%ar“?ﬁ%c% lﬁ]lréil %\%ﬁgh&;ﬁj gtFét Chﬂgemg%e?gglﬁ I oh tubes
outwardl y proj ect i ltptadlenboutasotatie mmtendmgshrwghﬁhﬁvm@ chamber, each 35
extractign tube having a}l&mwaﬁm shked il (5eQRRHE CALH Hihoirk BuiaRTLX t

tube and an opposing cond osed di st ance fromthe heral
wall. | 1111111 C mrmectmgl from Fhel\YP@M‘?ga’PF mun?‘aﬂm? y ppraliciali gﬁét‘?

PCT/ US00/.21392  29ctliondhagigpar at or as recited in claim1, wherein each of
the plurality of fins has ut er ontion.@f each outer
edge bei ng di sposed adfﬁ&ﬁ‘ﬁﬁ‘gf ‘s???gd ?‘b‘ﬁé‘?"aﬁ\%ﬁo atl Bal%'s%&f’g?ﬁ?cl
plurality of di scrieexit kibe/haviagadirs end&sp@e&wﬂhm&hnchmbaa@mmppomgzl aim
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di anet e enC|rcI|ng axi's passage €xtendi ng between
at least two of the di Soexirastion tube dispasedanitsingpe chamberthe entraetion tube haviag:par at or

according to clai ”&ﬂrstéi’{ﬂ‘i?‘x{ﬁnh&c&rﬁﬁuﬁéﬁﬂ@%{mﬁﬂ%ﬂamwﬁﬁﬁ%b&iﬂgﬁecoﬁ@eﬁher' cal
configuration. 13. A se ar ator accordl n &’Jéal m 1, wherein the chanber
has the conflgura‘i‘ﬁR?ﬁe 'one. 14. A separator
according to claim.1, fAJEdp&Qformﬁiﬁfeﬂﬁjdkﬂmatlﬁﬁherfcbmpnilﬂgﬂﬁfktdi&cdlbﬁh@e&i r st
end of e exit, tube the orifi tatJ n catlon betvveen
t he thanb@m’&ﬁge%%?xﬁf g g‘%’étj{) g’s? %%?@eadnl Q%% m 1,
wher el n the vhnersbthhmhbf@uphuhﬂtx)offmser ate under a pressure in a range -
from about 6.90x104 Pa A&RQQBP&chlﬁg’ﬁx]c%uBawh&%nth%f‘é&%&%ﬁﬁly@ﬁmﬂéﬁﬂ ted i n

claim1, further corrprl Sl ressure actla
projects from the rotatxonal axis in substantially perpendicular alignment with the

rotational axis. .

20 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

25 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.

30 8. A separator as recited in claim 1, wherein the extraction tube radially
outwardly projects from the exit tube so as to be substantially perpendicular to the exit
tube.

9. A separator as recited in claim 1, further comprising a plurality of
extraction tubes outwardly projecting from the rotational axis within the chamber, each

35 extraction tube having a first end in fluid communication with the exit tube and an
opposing second end disposed a distance from the peripheral wall.
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val ve coupled with the outlet port of the vessel. 20 17. A separator as
recited in claiml1, further conprising: a first valve coupled with the
‘exit tube;waovesend val ve coupled with the outlet channePCEPSWABRessel; a
first pressure sensor comunicating with the exit--tube prior to the first
val ve, the first pressure sensor being e?%®ctri cal | y connected to the first

sval ve; and 25 a segond pressure sensor ni catin t.h t ube
prior to the first? chal va s r%@&?ﬁ“bf’]@&% g‘b‘ﬁ% B“E‘iyé’é sn g (RY,
connected to taheukeadpé at lekve pordibn oﬂeahpamtedge being dispbsed adjacent 20 thel7,
wherein the first valve and the sec conflgured to maintain a
pressure diff @FEpRe Fail aﬁﬁ%?%'t?&%%ﬁlw%g%of sc';&esfg%’gr aeh-2s recited in claim
1, further conprisihg: Aae;ﬁdratatasvaitetbimllédﬁmhehcmﬁmlmit tube; a second
val ve couypled with the el o b £
sensor c§rmun| cating V\n@h%'ﬁs{% exfh? g;{t%ﬁ\%)@ﬂ?%%_ m?f%ﬁte?/a{ §H%
second pressure serdgionglargimdati ng vmth the outlet channel prior to the
second valve; 110 1111} gikdok Skibrfkh borweel VR 160kt thdR theRE SR Hhafds a30 a
controller in electrical communication with the first valve, the second
val ve, the first pF}&FQH*F%r sensor, and the second pressure sensor.. 20. A
separator as reciteg InAcécﬁarﬁtbﬂaccdmiﬁgﬁidhﬂ\hﬁwhdﬁéxﬂtheemﬁhasiam&faﬁﬁﬂ@ed at
a first nd of %ehe ve and the outlet channel is disposed on an opposing
second &ld of SPAFTICHEO % "21. A separator as recited in claim1, wherein
the rotational axi §3extAns@aratdnrmgﬁingttol claiw la whareinothe odhamnber hadl e
channel and t%ni?rﬁﬁ%tﬁho?gﬁ&mém&gted@bﬂgm hod of purifying a

one

mul ti pI e- COI’Tp xture conpri si ng renovi ng an or ganl Cﬁi)h&SG

fromthe fluid m xd#re; Aﬁ@amt@@mmﬁow@m syshey comprigngrantorifise frmpd #t t he

fluid m xturemape eﬁt%ﬁh@&:hf‘ﬁbé e drifie Faclitiding! Muidl BéRmBnibRIoR beRREE dRhase
and a |l ess dengﬂ_B pﬁﬂi@f" y. u e of a solid-liquid separator including: a

vessel Having gkit boundi ng a chanber, the chanber
conmmuni cating wit hlan IAIsepmﬁdaamﬁbnamd cﬁhquwlﬁienﬁﬂa%ssbl isicbefigul&l toessel

bei ng r ot at abl g ahout 3, £ oL Ak LONBL, AL 1636k 8BHLINARE I UL 150 eSSl
16. - A separator as ;ecxted inclaim 1, further comprising a pressure actuated

valve coupled with the outlet port of the vessel.
20 17. A separator as recited in claim 1, further comprising:
a first valve coupled with the exit tube;
- - a second valve coupled with the outlet channel of the vessel;
a first pressure sensor communicating with the exit tube prior to the first
valve, the first pressure sensor being electrically connected to the first valve; and
25 a second pressure sensor communicating with the exit tube prior to the
first valve, the second pressure sensor being electrically connected to the second
valve. '
18. A separator as recited in claim 17, wherein the first valve and the second
valve are configured to maintain a pressure differential therebetween.
30 19. A separator as recited in claim 1, further comprising:
a first valve coupled with the exit tube;
a second valve coupled with the outlet channel of the vessel;
a first pressure sensor communicating with the exit tube prior to the first
valve;
35 a second pressure sensor communicating with the outlet channel prior to
the second valve;
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a plurality of fins disposed within the chanber, each of the fins

outwardly projecting fromthe rotational axis in substa gt@é‘h’é% raI | el

al i gnnment W@ @IH036Re rotational axis; 20 an exit tube di SE t

portion of the rotational axis of the \ ssel, the exit tube havi ng a first
end di sposed within the chanber and an-Opposing second end in fluid
conmuni cation with the aving a
first end influid comﬁﬁ%@ftepfn C?Jmcﬁp&ﬁunﬁeagg(ﬁ?h%g{éﬁghﬁg%é %%%Bdgl ng
second end di sposedlvs, @ Ststipretsutersensor.iqad thsSPIOPH BIEATIISSERIOr- 23, A net hod of

acconpl i shing sepy@t i \sepirartr Mtb@in%‘léﬁﬁqpﬂﬂéﬂhﬂfe'1Mét¢haxﬁieKi%ldfs§o§é@ﬁ@r' Si ng:
feeding the fluid mxture.-Into a (Lavessel throsgq&a ‘#ﬁé
channel di spo%ﬁﬁt%d%ﬂﬁ"ﬁsﬁl%@e@f‘ﬂqt%@‘%é% fposediAn an oppQsing syeana &nd ok | g ng
a heavy sconpggebdsetand a |ight conponent, the vessel having an opposing
second end with an out | et channel sed.t herea £ wal |
ext endi ng bet ween 4lhe ¥ FPETAIOE A T Hﬁéf‘ﬁ@%b’o‘gg é‘% rggagg%%gw %Q'Eéé ing the
vessel about thrdughat lessbaportizn of the indat dhangeltand thegitletichanpelssel 35 such t hat

1 13111 1ot @ e s RRe %%%%%&@ﬁ“%ﬁ&%%@%‘f‘%& SRIEE from

the rotational axis andeméwing angganic phappieere the fuid mxdre  toward the raci al
axis; regoving the lig }ec Sbived ot emﬁmauielfﬁﬁdﬁb@l&eednd and

removi ng the heavy co nt t roua}h .a condwt di spos Wlthlg %
chamber, the conduit eﬁ?%ﬁnﬂ dhe Higfmpixire,inia 3, me B Pt tgss qrase

rotati on_al axi s aﬁjﬂsaytusetfdibﬁdnﬁﬁﬁ%bparﬁérmdudiﬁg hod according to claim 23,
further conprises: renoving_t

ht co uously
fromthe rotating vessel; cfssfl) éﬂ%\?’ én%pp Wég&éa%g#po lel%?l%&n%éﬂl
| nt ermttently fromt hehmﬂmtomgmmemmamﬁletmlhmﬂmﬁbtdwlﬁhﬁ claim

furgber comprises: oo gl iBhl & ARRRRANS t dhthuH the

contl nuously fromthe ro vessel ; and renovi ng the heavy conponent
substantial Iy conti nuowesspl; from the :

a plurality of fins disposed v«nthm the chamber, each of the fins
outwardly projecting from the rotational axis in substantially parallel
alignment with the rotational axis;

20 an exit tube disposed along a portion of the rotational axis of the
vessel, the exit tube having a first end disposed within the chamber and
an opposing second end in fluid communication with the exterior of
vessel; and

an extraction tube havmg a ﬁrst end in fluid communication with

25 _ the exit tube and an opposing second end disposed a distance from the
peripheral wall. _ _

23. A method of accomplishing separatlon of a multxple-component fluid
mixture comprising:

~ feeding the fluid mixture into a chamber of a vessel through an inlet
30 charmel disposed at a first end of the vessel, the fluid mixture including a heavy
component and a light component, the vessel having an opposing second end with
an outlet channel disposed thereat and a peripheral wall extending between the

first end and the opposing second end;
| rotating the vessel about a rotational axis extendmg through the vessel
35 such that the heavy component collects against the peripheral wall of the vessel
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15 rotating vessel. 26. A nethod according to claim 23, wherein the act of
feeding the fluid mxture into the chanmber includes the heavier conponent
i ncl udi ng wobimissz 27. A met hod according to claim23, fuRGESO0RBMArising
pressurizing the fluid mxture within the chanber. 20 28. A nethod
according to claim13, furt her conprisi A4 channeling substantially all of

“the fluid m xture between t perlmeter e of a disk outwardl
proj ecting from t Hadiplht 8‘8?” jrong \thesrolatign h’g‘l i‘Sﬁﬁ‘&é‘F’ gopnponenicLollacts o o g

of separating a | itguhrdthd radiilchxist Xt ure, conpri si ng feedi ng continuously the
liquid-liquid mxture into.a of a he id liquid

m xture including a heé%ové?%fﬁgﬁgﬁtcc"gﬂ?f‘egt Oaﬁ}?{hggﬁégiﬁmei GAJ vessel
including an inlet, a Iréemdmingthejheavyrtompobdnethrougha @n&aadlypasedmnthmrﬂm out | et
a first yalve regqh%t l'i ght
corrponen% outl et an gé}glé%:%ng& ai v(afnﬁ %%%?%(g’yt Eg g{;&ﬁ%w%:!?h%%ﬁegﬁ\}g
conponent  t hr ougtexisiead petofhecisaggbnent outlet; 30 rotating the vessel about

a rotational axis ﬂxtewmgﬂo&WcQMQQtBhﬁlﬁ{%%ﬁlther% ideflat the heavy
conponent col |l ects agai nst _t he perl pheral wal ﬁy e vessel _radially

outward from the rot at FEReHngRs lighteompopgnt sub HHP‘T’@E?FEg t owar d
the radial axis; sgbdel;Ragdthe first valve such that the Iight conponent

continu steX|ts 35 therethrough at a fi.rst Su and . l1L1IILI T11hII
11| LU 1111 C P@%%ﬁﬁ?ﬁge%%ﬁmwﬁgﬁiv “‘Sé?‘?t‘% $#e second
val ve such that t Has. hea\/methodrmmdhtgtoohimﬂmd‘uﬂteycmpﬂses t heret hrough at a
second pressure, the s Hddhs ' . pressure
such that a boundary I?ne beﬁ%ee@itlv{ mﬁﬁe@%&%ﬁpﬁg&nﬁ an%%?ﬁgm%lﬁgﬁl
component is obtaiveeshbwnd hi n the chanber at a radial distance fromthe
rotational 5 axis. 30.efiofiRf RRINATY 'cBmbbith kibsh@dlY dodtinfdtsly@5mi@e! udi ng

control |ling opening and closing of the first valve and the Second valve
such th&d the bourf@®HBEYsssRl i s maintained within a distance range fromthe

rot ati onal haX| S V\/rml tfPaneﬂioHQcéB‘r&th/MaﬁQhﬂﬁQmﬁin thHehet bfﬂbdmlg:ﬁ{éﬂgﬂ@o nt
entering the vesse a nmet hod as reC|t claim

wherei n t he a@tﬁw ‘Egﬂ’(e Mﬁb"%‘%&%ﬁ&“ﬁfﬁ?‘&%ﬁﬁ ‘ﬁ Edfl rst val ve and
the second val ve i2¥c| udemetbaddccailing trgclamei] fogher oainprisingpiresgurizingtthefidid r st

Xglﬁ;gﬂgz? them%&&?@ﬁth%%é’&a%%ed solely on the fluid pressure of the heavy

20 28. A method according to claim 13, further comprising channeling
' substantially all of the fluid mixture between the perimeter edge of a disk outwardly
projecting from the rotational axis and the peripheral wall. '

29. A method of separating a liquid-liquid mixture, comprising:
feeding continuously the liquid-liquid mixture into a chamber of a vessel,

25 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;

30 rotating the vessel about a rotational axis extending through the vessel
such that the heavy component collects against the peripheral wall of the vessel
radially outward from the rotational axis and the lighter component collects
toward the radial axis;

setting the first valve such that the light component continuously exits
35 therethrough at a first pressure; and
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32. A nethod as recited in claim30, wherein the act of controlling opening
15 and closing of the first valve and the second val ve includes controlling
openi ng amd owdosii ng of the first valve and the second PATHS0RAIRY sol el y
on the fluid pressure of the 1light conponent. 33. A nmethod as recited in
claim 30, wherein the act of controlling2opening and closing of the first
val ve and the second val ve incl udes, con
pressure of the |ight ceHpphesreonh@ves
recited in clai m 28erethiviuflnsira secont pressuregthp azendyredsine bhiag greaterthaytbeifirst

through a hydrocycl one. Jbddslvohiday 1ibd vetwdeh e heaby bdrhponedt and the light
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2

component is obtained within the chamber at a radial distance from the rotational

axis. _

30. A method as recited in claim 29, 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.

31. A method as recited in claim 30, 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.

32. A method as recited in claim 30, 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. . '

33. A method as recited in claim 30, 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.

34, A method as recited in claim 29, further comprising passing the heavy
component through a hydrocyclone.
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