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{(57) Abstract: A separator includes a vessel
having a rotational axis extending through
the vessel and a peripheral wall bounding
a2 chamber communicating with an inlet
port and an outlet port. Disposed within the
chamber are 2 plurality of fins (184) radially
outwardly projecting from the rotational axis
in substantially parallel alignment with the
rotational axis. The fins (184) interact with
the peripheral wall to form longitdinally
extending discrete flow channels (218). An
exit tube (128) with a first end disposed
within the chamber and an opposing second
end in fluid communication with the exterior
of the vessel is positioned along a portion of
the rotational axis of the vessel. A plurality
of extraction tubes (160) having a first end in
fluid communication with the exit wbe and
an opposing second end disposed a distance
from the peripheral wall radially outwardly
projecting from the rotational axis within the
chamber.
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One aSpect of water purification that is particularly time consuming and/or
equipment mtenswe is liquid-solid separation. Traditionally, settling ponds, or
thickeners, have been used in which a large volume of particulate-containing water is
allowed to reside in a quiescent state. With the force of gravity acting on the mixture, the
particulate, even those in the Stokes flow regime, will separate from the hqmd

One disadvantage to the use of thickeners is that they have to be extremely large
to have any significant flow capacity. Thus, their use is not practicable in crowded urban
areas where the need for such water purification systems is often the greatest.
Consequently, thickeners have been developed that allow for a continuous flow of
particulate-containing liquid into the center of the thickener, producing a clarified
supernatant liquid and a compacted sludge. The compacted sludge, exiting from the
bottom of the thickgner, 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
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.p'ass through' the sludge which acts as a filter medium. By using the
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vessel . In a first enbodi meswvOARNE OF ERENENVRNXGTDNGD. the separat or
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'l%e present invention relates to separator systems, namely solid-liquid separators

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

In a first embodiment of the present invention, the sepdrator system includes a
solid-liquid separator or clarifier. The solid-liquid separator is designed to separate
particulate matter from a liquid. In this embodiment, a plurality of fins are disposed
within the pressure vessel. The fins radially outwardly project from the longitudinal axis
in parallel alignment with the longitudinal axis. At least a portion of each fin is disposed
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alignment with the |longitudinal axis. At Jeast a portion of each finis
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tube i s disposed. S(\)NI t obeOthFathg\rfr g@%&?&?sﬁ ‘channel . In one enbodi nent,

there is an extrRispbisd alanigahé bmgitadinal a‘:detﬁélaék@@Ils ah BxiR B! tﬁ@r&%@ﬁ%
enbodi nent raction tube for two or nore ow
channel s. I}rlé?ﬂlﬁle dt%r?mgl%%aﬁ?‘?ﬁﬁw THEe Yeise ant ahopiel sa¢ 8vidonpledwdth t o
provi de fl uthg ettemnnfthawsmi Reetiaibesuri/hrdyy ﬁz’aﬁﬂﬁﬁé foklt | d}%nﬁﬁfgaf@ﬁ?%&

e sposed.

Sut o il 2 Lol "R S, et L L
parti cul at enlet end of the exit tube and an opposing second end disposed a short distance from the
wall of the vessel. The second end of each extraction tube is disposed. within; a
corresponding flow channel. In one embodiment, there is an extraction tube for each
flow channel. In an alternative embodiment, there may be only one extraction tube for
two or more flow channels. In this latter embodiment, the underflow passages are used
- to provide fluid communication between flow channels that do not have an extraction
tube and flow channels in which an extraction tube is disposed.

During operation of the solid-liquid separator, a liquid containing particulate
matter is pump under pressure into the rotating vessel through the inlet channel. As the
liquid enters the vessel the liguid is channeled into one of the flow channels defined by
the radial fins. The positioning of the disc within the flow channels forces the liquid to
flow radially oul;fg@;d toward the vessel wall. At this location, the liquid is subject to the
maximum centrifugal force produced by the rotating vessel. As a result of the applied
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The solid-liquid separator is particularly well suited to creating substantially
quiescent solid-liquid separation cells (flow channels) between adj acent fins and against
the inner wall of the rotating vessel. As such, turbulent transport phenomena 1s resisted

and the emulsification of organic liquids, inorganic liquids and suspended solids is

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

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

substantially identical to the solid- -liquid separator discussed above The primary
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i nner  di ant¥EF ﬁ? htqude’ %‘8|ra‘@ﬁ’é?r°8fj‘ﬁ{8q?‘ﬁ%fd| %‘ﬁd’lefﬁ?g PRl A3 eSUHRE thS ght er
| i qu: d andbwtfdeﬂhﬂrﬁugw&rg?shé heawker llQu1HHEJv@ﬁtBtaﬁd cbllectd @ W@ﬁlgﬁ!munﬁ&d hn@r
result, a bogun ne is for et ween eavier qu nd the
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the lighter uid and%‘gas flgw t hr ough t he (gerfor ated discs and exits t he

channel thr‘&%ﬂj ey the heavigratiquid agd the Lahter JiguidThesboyindary fiae i3 sejpetirely

l'iquid, theggtiofledoith@Ls défcddafi@sStréhithd RRAgRMMAINKEAt I Ng W th the exit
tube. The heavier liquidis drawn through the extraction tubes and exits

through the exit PPuBg repovaldjorsrthe veweb ibe lightee liqwideand; gasi Bow ithugingh the
separat or i SerRRSedRds MfSlitsahe ERMARhR %%Wa?ved sfrfce }?er%ds%k:ts @Ytﬁtﬂ?én that

mai nt ai ns tthe boundary |ine, such as an [ / wat er |nter ac
preferred k%mfgel id, eaan@nquam@sgasrqmﬁce wemnwn@ammwnhnhmmum Thre
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vessel to handle catastr I sturbances, suc
oi | / wat er nW&Yy ﬂﬁaéﬁcphéwaly%% 0| I or 100% wat er, while maintaining the

boundary line w ghi Hqﬁl'flﬁhd?;‘i’& kép%ﬂit&ai@ %ﬁerated under an inventive pressure differential

system that maintains the boundary line, such as an oil/water interface, within a preferred
range of radial distances from the longitudinal axis of the pressure vessel. Specifically,
the inventive system allows the pressure vessel to handle catastrophic load disturbances,
such as a shift from an oil/water mix to either 100% oil or 100% water, while maintaining

the boundary line within the desired range.

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

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

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

outwardly projecting from toward the rotational axis to toward the peripheral wall



conprising: a vessel having a peripheral wall bounding a chanb
vessel being rotatable about a rotational axis extending through the
vessel, the chanber directly conmunicating with an inlet and a first
outlet; a plurality of fins disposed witshi n the chanber, each of the fins

. . . a . .
radially outwardly projecting fromtowdard the rotational axis to toward
the peripheral wahlexB t@bdAiéppeaiYalbag arieaskiat pirtibe of thpasetioahliongds aif theast a

portion of the rotational axis t he vessel ., at Least .a,portion._qof fhe
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extraction tube di sposed within the chanber, the extraction tube having a
first end iﬁes{sgaf"ﬂffcommni cation with the exit tube and an opposi ng second

end bounding a secematidutthsd dishbRASEEEAInS dhdBberDBic ek tALENP R Bividk a
axis, the first outiet bei ng di sposed cl oser

di stance frogmthe . rqQtati onal
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According to a_ second aspect of the invention, there is provided a nethod
of acconpl T¥HiNG! axisathe: fish optietbaing disppredcelngssiterthe rotatienaliaxisuthen the
conpri si ng: [ fih 441 Gt LemhiAt rpugh an
et channaicond ot {2h thit ol ol il uRdd AR an e RhEE Betnde iR

peri pheral {igt rutetnd filee seeamdbevtietal so communi cating with an outlet channel,
the fluid mxture including a heavy conponent and a |ight conponent;
rotating the vessel about a rotational axis extending through the vessel
such that the hAsssrdingriponsesond espcetcofsthagavention; therepisrrpridedih method of t he

vessel a0 Ak AU e OO 01 2L 850l PR AR St corponen

According to a first aspect of the invention, there is provi ded a seEarator

coll ects towar _ I onal ax Bsed within
t he chanber radi fetliingdhe Harddingxtupriofoet thamrmaof ewasskl] tireuglotatnlenedanaxli s t o

toward the ri r wal | h th at least a portion of e fluid
mxture is Q‘.&%’%@%&%E@lg&é rlléat%ﬁga%]lag& éﬂoluflé/e%?y f; I}]egif)g\gﬁa? melr d;{i‘leo‘fpm&f“t he
vessel ; rendsd ngniomeni¢atipgt withnpooeti¢t thanaeighhé Hid uhixeire dhelndielg; a diedvy
renovi ng thg0 he‘%‘\éﬁ C%ﬁ@ﬁnt throrﬁgh a conduit disposed within the
chanber, t h&RBWEHF 9% dPHEOPYEm t he heavy conponent toward the
rotational axis rogatihgotht v@hsel ABomes &fthtional 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
rotational axis; a plurality of fins disposed within the chamber radially outwardly
project from toward the rotational axis to toward the peripheral wall such that at least
a portion of the fluid mixture is disposed between the plurality of fins during rotation
of the vessel;
removing the light component through the outlet channel; and
removing the heavy component through a conduit disposed within the
chamber, the conduit extending from the heavy component toward the rotational axis

and out of the vessel.

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

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

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



According to a third aspect of the invention, there is provi de&lﬂ ﬁﬂoﬂ ﬂir
separating a liquid-liquid m xture, conprising: Feeding the Ii dei u'g
m xture into a chanber of a vessel, the liquid-liquid mxture including a
heavy component and a |ight conmponent, the vessel including an inlet, a

| i ght conmponent outlet, and a heavy co nent outlet, a first valve
regulating the flow of the |ight conporent through the |Iight conponent

outl et and zmalveaegdating tHeARoR00# tixb hemal vempegut ahiongh tthe Hehwweompbint heavy
conponent thr?éigh t he heavy conponent outlet; rotating the vessel about a
rotational He ext endi ng through the vessel as the Iliquid-liquid m xture
is fed into the ehatdethestesde] bbait 4 hrathmal ¥xis eRRAdDBIth&ALh €6d Sessal0mi tAst t he
peri pher al i outward fromithe rotational axis and

], of .the vessel .radiall
the |ighter Y}g‘cﬁ'ﬁb‘%’é LS @e"{ﬂé inig,(hs 81\4% TrHER Hiat 256 Reavy comprpeRtirollests st
val ve such ugahstithepdrightal GRIPEMBE el f3idIRu@ldOMe tRE rdtatiddal 8tis and
pressure; and S%Eaé' ng the second val ve such that the heavy conponent exits

t her et hr oug edtg Y@E@@HﬁltﬁP%@ﬁF@a@ﬂ?@é%%ﬂpressure bei ng different
than the first praasyiRe sikENalatuch thROBRAMN dohiMonbRt WERNLEREDEAV Xt 2
conponent and the light conponent is obtained wthin the chanber  at a
radi al di st SFEETSFYR ae rotational axis. These and other features of the
present inventiofeiMhd by g?}{ga" Sichyhd '
description and appeéndeeg’%c al s, orc rraytx%ég_ﬂ%ggfcﬁgl © éﬁ{pﬁgpg}eg%ﬁogghgg? t he
i nvent i on agecoad prespurn, the seqomd fpreasureRRIMERIiBESORIRTI BNAGE pTasErDRAH tEsa | n
order that cﬁﬁp i i -Lecl angd .o van and
obj ect s of Pﬁ%‘_l vgir?%iﬁgﬁwégﬁeﬁgbﬁegﬁg'@%\ﬁgn%@réer{dgglretlll ﬁl%’?ﬁgggg%rﬁp ﬁ%ﬁé%f t he
i nvention Withif thy cHamber dyedadiblodistanéd fromghe srigteomebiadiy. ref erence to a
specific enbodi nent thereof which is illustrated in the appended draw ngs.
Under st anding that these drawi ngs depict 3 0 JAN 2004 6 only typical
enbodi nent s of t Adesernndmtlico featumes afities prosent hwemfonrvelltbecdire moresfulle npyghrénd be
limting of zits . the invention wll,be described.and gxplai ned wth
add 1 onal . HEpEEFRRrpk AfsrRUBTine iy AFintS G Be RS Rb G S Tieg
dr awi ngs i nofithedhivenfiog as eetfoith hareidadiek di agr am overvi ew of a process that
uses the solid-liquid separator of the present invention; Figure 2 is a
perspective view of one enbodi nent of the solid-liquid separator of

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
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



the present invention; Figure 3 is a cross-sectional view of a éi
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of the solid-liquid separator of the present invention; Figur
cross-sectional views taken along |ine 4A-4A and 4B-4B of Figure 3
respectively; Figure 5 is a perspective view of a partial assenbly of the
interior of Yetipicatembodiments of fisodivension anfl arheorabérefbrd ioghl ebnseleAAbMe Of

t he present j td I; tyon of.the fin and disc assenbly,;
Figure 6 is 12&%@38653& ?c\r?gé[\?t? éwﬁ%Pﬁgn gﬁ?lt?ea?esﬁgg%%?‘{/eﬁlaWﬁ@ With addigpngt  t he
vessel -of tsheci§eify ahd daail draghahanmrofithd axonpusring Ardviigy @ whjckeveal i ng a
nore conpl ete porg;j fin _and disc assenbly; Figures 7A, B and C
are plan views ofﬁIF?r% g&b%éﬁ?érﬂl%gr%q}oovgﬁv%\p/tozf%gppé tﬁﬂrﬂ-’“é%@hﬁahﬂ“@ni ch
may be uti | isgeatatonof the psmbitdavdntiohd separator of the present invention;
Figure 8 is a perﬁg_‘er%bi.ve vi ew.of .a p?rtial (gifsenbl of the interior of the
vessel of the sol'id-Trduf EFrSEpRYatsY of PRouSTPatiegys of U splifdiquid seperatdriafy a
conpl et ed f rihapdsalit Sovend@genbl y; Figure 9 is an el evational cross-sectional
vi ew t aken al ong&g.i ne.9-9 of Figure 3; Figure 10 is_a cross-sectional view
of the solid-liq r‘%l”%ébsaar%{f’%‘*rseﬂ??f@gvlﬁa@&nieﬁibOﬂﬂir@m@f the solidnigejdtshparator

sol i d-|i qui &f depaeskhbinvemionper ati on; Figure 11 is a cross-sectional view of
one enbodi nent O%_.a I i&gi d-liquid separator of the present invention;
Figure 12 is a per@Pettiviassdossorcionshiicns takpsdong linofAidie and#BrdBof of
the vessel Figuré B gebipecthviefyi d separator shown in Figure 11, revealing a
portion of the fin and perforated disc assenbly; Figure 13 is a bl ock

di agr am showi ng Ef’ﬁ'éméﬁ%@l’?f’é?ﬂcuﬁ? VEEW e a/partiglassdonbly of dretinekibt offtheivesded 1 ow
i nto and oubf af eblRdirhaidi L gt di; - _Fil.au 1S bl ock .di agram
showi ng anot her errbggdilﬂﬁer?? ﬂ(l)%‘ g%“‘g%‘?‘gg%g@sfg‘r%|°§l“9€c%‘§#lgﬂ‘¥eﬁ§° i qUFIE dw
into and ouPoRenohéhe finendHdips spsemblyepar at or; Figure 15 is a bl ock di agram
overvi ew of one pjf § : i t] tha uses th

li quid-1iqui lg sepaérﬁgfo?s ﬁer%ﬁt}ﬁ_ﬁg%t@il%gﬁ&fvﬁ é}%& %‘ aﬁ%@}b&yhhgﬁggengr ?JtetﬁlﬁNe%b4 7

Fi gure 16 i 8tHe solgkliqud seaeatenillvatratedan Figured trevaaling ¥ mosarbadpleRor@én of
separ at or, thatTey SlduitdRssihier i cal pressure vessel has been replaced with a
doubl e frusto-conical pressSure vessel- and Figure 17 is a perspective view
of a partial assBigbres % B ared Crareplaorvio#s ofifin embsdiments and an alternative fin

embodiment which may be utilized in the solid-liquid separator of the present invention;

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

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

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

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

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

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

Figure 14 is a;lf:lock diagram showing another embodiment of a valve assembly
controlling liquid flow into and out of the liquid-liquid separator;

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

~ uses the liquid-liquid separator in connection with a hydrocyclone;



of separator shown in Figure 16. DETAI LED DESCRI PTI ON OF THE PREEE
EMBODI MENTS The present invention relates to a systemfor clar 5:‘;6 ﬁﬁazgﬂ#
that has been contam nated with particulate nmatter, including organic and
I norgani ¢ contam nants. The present invgntion also relates to a system for
separating inmscible |iquids such as oi I /water m xture. Reference is
now made to the q;r qggs\émecrtsain ik ref nunbers refer to like unit
operations or structures: - The &F%{Wnﬁggle&'r F’?é‘flld'?)éfntb@d@@nt@fa@amtmt iC
and/ or schenveren sindsphescal afresseressad] iday b@lézﬁi«’&iblatc@d S&dl £ d%lg%tot p%’ca% o be
limting of Eggurgges]sgf,va{ﬁd scope of the present invention are ]
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wat er whi ch l.ﬂ:. oIIutants |i ke oil, bacterlal contam nants
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can be e c corpo ted herein I's reference
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that typi Ca;trbgmhamaymﬂgeﬁdtéﬁ@ﬁﬁnﬂhﬁﬁal%cﬂxﬁ@é“dﬂilﬁ%%fonﬁgt ér%cé rf“clrﬁt o> Of

| onger. While in the devel opnment tank article si Btcul ent
grows. The “G&0& BHHEEL PWIE?IM%@ﬁfeagp‘Flésathﬁ ggtroleum industry, etc.

Feed stream 12 supplies surge tank 14 which acts as a holding tank to store 2 large
inflow of water. Surge tank 14 may include any commercially available surge tank, an |
earthen pond or other liquid holding vessel. From surge tank 14, the fluid follows a flow
path 16 to a trash strainer 18 for eliminating oversized particles which could clog the
system. Exiting from trash strainer 18, the fluid follows flow path 20 into an oil/water

separator 22 that divides an oil stream 24 from a water stream 26. While a variety of

oil/water separators may be employed, in one embodiment an oil/water separator such as
those separators disclosed in U.S. patent nos. 5,387,342, 5,582,724 and 5,464,536 can be
employed, which patents are incorporated herein by this reference for all they disclose.

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



supplies the solid-liquid separator 10 of the present invention

Solid-liquid separator 10 generates an underfl ow stream 40 congtmtdﬂiN&ﬂm&
‘the particulate matter and gas that has bgen renoved fromthe effluent
stream 38, and an overflow stream 42 constituting the clarified water or

other liquid. TheAdbagilhiedffit@h@freht 32% h S schar ge
either directl %iﬁor tagﬁro h a posrte Fil tgﬁr;ﬂdéle \élfig{?{lﬁ}gﬂgenﬁ\%n?(o’ﬁ%%ﬁplﬁﬂlé{gﬁzﬂ ow

stream 40 i s® EGffReedane phirammappitane s ive minmuies arongdrt d¥hilwinehe déverpme8 and
a filter cakend8hepatidereealrad. | as.and residual oj]
collected in the t%p l01‘ devel o&%ﬁ%l%iﬁﬁwgg@g%g@gﬁq %Egleﬁ'ﬁf’ Wrat $8
through | i neSW8lesthe pelidekiquid sepprators] Cdfshe propmeivatieh. t $eltd-liqiill sRERbr 10
separat or 22gen8l@GhA | : evel.opment tank 36, separator
00 and f11 5 et en ARl FeAT My SO bt el 65 e as
by the appl i €BOVehirowfthaeSuemy stream 38, and ah averflovestieastiels oadithiihe s aMoN

the system T V. =1 N_one.or re of the conponents 22, 32,
36, 10 and 4%&2582@? E gl VT %t\?\%c?‘r’%’a%éérf PYgiog; esam bhis dipgharged pithep

one embodi neditecy ot theougblai mhst fileaidd ts dpanairoimd. WfndefRoWERSENED id sﬂé@l’i‘éd on
I's illustratgd. | idskiquid separator. 10 ingludes a pressure ssel 60
which is drt?\%eﬁrmldn?/‘sz‘%ﬁ‘llotg"%“rlc Ferﬁfi?%ﬂéﬁnt%eaﬂé@i iler|cak #8iatesneratedr of t he
present inventi orlneasembedimentfoasind @eidial ol d6REeEEd th GE té?:ic?f%vel{)é}ﬁerg?ﬂkd ed
enbodi ment i i 0 proce approxi mately 40 liters/mnute. I'n such
an enbodi rren:)?, %@9@%8&%38%%& tkﬁf’&‘@glﬁﬁl?/l‘gg‘ioeﬁ i 16 nitid plse appiseiatedi thav ed.
The pressur @iVessebepafatos2Nreticaoabliy compunk@BNILRIG, e:ﬁ.‘i%[lg%cg%ﬁ%a%%f Q86|4

| ep peopl e

nmerely provi a,shroud or housing,as a safety nechani sm
and obj ects agglgi;ter ?q??ﬁ’?\ Lt g% PSR g 88 glevated pEasatre smich s by He applicattonat ed

enbodi nent , of afpuane sassenat¥itat® Bedied BloNsiBRR: Iofeld t 415
mount ed vi a.npunting fi One of. skill i %B@i%ér’]‘é;hg:ﬁ, %ﬁ%&]@%y@

ns 68.
appreci ate tHhaL° B &éﬁ@e BHPAIGTS el 26 S 36y P @Bd 4 o a8 toaesine] flowtihdesifedane
assenbl y 66 dimctiongari ety of ways. Frame assenbly 66 is further configured
to provide supportd:t.o t motor. 62 and the bearing structure which
supports the predBdi8i§essne eabodimenises the-soligtliqnid egmratoni 0 of Ghd prkeages a

stationary iimleatiohi iisishgted0 ThO &S 5 inlet line 72 ..
Simlarly, .a st%i)i onary eout I e?glkﬁﬁés@ﬁsép%ﬁ@gﬂpﬁr{@\ﬁ%ea TR hE™S %‘ﬁ%’ﬂ% end
of the pres&fFTLepdysanoign62 Althpnekrthe solighliquit separatonnfdier freent védtih dahne 76

and an over bk avinedchs: | I: 0 recejve the effluent
stream 38 and pr.ovi detect1 E}%ﬁ?gﬁ@ﬁ%@@@@%&ggﬁgg{jw&fg CLEE’@PE’EOOWO?&?S
t hrough i nl 8PPrPYimatery 40 fitprpmamiie r bswoh an embefiichergnt 253 haespowd8 3480 RPNt

line 72 sucblethRtméBEcaPbd Ghlidegui d separator 10 operates under such
pressure. 3 0 JAN 2004 9 Hence, punp 80 nust be capabl e of punping effluent

stream 38 at t he Thp pwssuse wessel §8ds prpferably mounted within a guard 64. Guard 64 merely
provides a shroud or housing as a safety mechanism to keep people and objects away
from the spinning pressure vessel 60. In the illustrated embodiment, a frame assembly
66 is provided to which the guard 64 is mounted via mounting fins 68. One of skill in
the art will, of course, appreciate that the guard 64 may be configured and attached to the
frame assembly 66 in a variety of ways.

Frame assembly 66 is further configured to provide support to the motor 62 and
the bearing structure which supports the pressure vessel 60. The solid-liquid separator
10 includes a stationary inlet housing 70 configured to receive an inlet line 72. Similarly,
a stationary outlet housing 74 is provided on the opposite end of the pressure vessel 60
to which is attached an underflow outlet line 76 and an overflow outlet line 78,

A pump 80 is used to receive the effluent stream 38 and prévide the stream 38 to
the solid-liquid separator 10 through inlet line 72. Pump 80 pressurizes effluent stream

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



of the solid-liquid separator 10 while maintaining a desired pressure. In
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is fornmed abnefudhaheidwid endBSEked tggethg’r gan‘]bAéNuszeg.o %ir}uqmy, a vessel having a

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

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

bolts, or other conventional methods such that a seam is formed at equator 97 of vessel
60.
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shaft 94 at its inlet end 96 which is rigidly nounted to theﬁ@ss‘%&ge[’"’

Drive shaft 94 is configured to engage Mbtor 62 (Figure 2) as is known in

the art. Drive shaft 94 is mpunted within a hollow shaft 98 which is
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hollow shaft 98. Mechanical pump seals such as are available from 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

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. '

The outlet housing 74 and the outlet mounting coliar 124 are each configured with
a hollow interior for receiving an underflow exit tube 128 having a removal channel 130
therein. As illustrated in Figure 4B, the hollow interior of the outlet housing 74 and the

outlet mounting collar 124 and the exit tube 128 are configured such that an annular



3 0 JAN 2004 ii effluent channel 132 is defined therebetween. Effluent
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comuni cation with an overflow outlet 134 configured in outlet houSing 74.
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orifice that communicates with channel 130, thereby precluding the need for plug 162.

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

In yet another embodiment, extraction tubes 160 need not radially outwardly
project from exit tube 128 such that extraction tubes 160 are perpendicular to exit tube
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addi ti onal arbnﬁgl&aﬂﬂrﬁsadihﬂﬁ ouRidéd 8B plug 162. The outer edge 172 of disc 170 is circular

(following the curvature of vessel 60) and is configured to provide an axial flow passage
174 between the edge 172 of the disc 170 and the wall 92 of the vessel 60. Flow passage
174 extends annularly about axis 90. OQuter 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 isina
range between about 0.5 inches ( 1.3 cm) to about 4 inches (10 cm). with about 0.8 inches
(2cm) to abqut 1.2 inches (3 cm) being more preferred,

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



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, azﬁkjﬁﬂazw#
204 are used in part to facilitate assenbly of the solid-liqu S

10 and to provide structural support du[_é ng operation thereof.
Alternatively, the solid-liquid separator” 10 can be assenbled 3 0 JAN 2004
13 with fewewitlofewgf Ebdrefite MR So Ok 33 tSGS. It.is alsq envisioned
that the i nvep{ii ve,. solid-liquid sesbar afggt%olgizsfgs%@vgmg%l?éfl’@dnwrttl’féut

di scs by secqrfniguidhsenaraiar 1Qsan e sonsseded ettt disceby | scirhgeitiet fifue 128

and/ or wal | d2uekd¥eRSelieQ _&xltkggf%%gﬁor%@fggéggﬁﬁ and 6, discs 176

and 202 include central orifices &0 collects at the

center of the vedsdllugmtedindigwrss 5 and 6gdisdi lslﬁsanﬂmﬁii@udez&ﬂﬁﬁhﬁif%cg‘&h@” y

configured Wiith £ I i 182 slightly |larger than the outside

di aneter of _exit }t%t%éeﬁizagléblzdr%feé%gglf cﬁ’&%ﬁﬂﬂgﬁé{%ﬁsﬁ‘g&oﬁaﬁ&@@%ﬂde@ﬁdﬁrlé’ﬁghd of

underf | ow 20bare sigiladyronfireed ith canyraberifieisneo, s@ﬁﬂ? I%Eexbt}ﬂafﬁlenﬁltéigger
ches ' the

cut, into o : isc 170. These v-not nimze

di stur bance:}%)f:téﬁeycgﬁﬁé% fe)jcig ﬂ’ﬁ"f‘%ﬁ’cﬁ%%@%&%?%sw thersthbueghi 6fi ederfidver
fl ows aroun ilge. Y7Atntchen 200magp bsb GshmaN$uch b z ar at
the edge 17g¢@t fijoser %Zé)v_hovi r?gnia. wi dt h u"?n agfgﬁfé‘f%@%‘fam@ﬁ‘%;%%edtﬁé?? I nch
(0.25 cm ;ﬁg@a%]g;;f_ df ] ngﬁ E‘?S E}WJZEE? WSS rﬁhﬁcqllaﬂgda?dlﬁtudaemmﬁgao
0.1 i nch (0aBe claifitcbowarbfiows droimd b : of v-not.ches :
that are cuf,i.nhQ eéEQBZ§\Rgis} %QZB v_sf)et mgﬁ%ggﬁhg%?#%?{eﬁﬁgmf&f%ﬁbare
typically in a ran disc Lpbhavipgaad Wdﬂ@h’é@getbetwbmﬂboueo.ghhcm@);:_cj'les.
Al t er nat i vetm) totabeutnivinbie (2. Rad) sidezed I{lﬁ%ﬁ .can_be i ncreased
or reduced. Re} irhigi n 0#10\(Nt %:i gur eé%hfso |%¥P%§’g9§%§é‘?é‘[‘°§ (&;% gntp

I

i ncl udes a ?)Efoﬁl cm}. 5 fhepurpersof nerotclsc f that &8 4utiaso Sdmtdriiidcdeyedge

186 whi ch ilsstgesmesaclh bair o 1188 ks &85 . ' inal. axis 90 and an outside
edge 188 Whlélfq geﬂerg ly foll ows lﬁﬁﬁr%%%%&g@q%bé'u%(@@é’é‘?’%%tp abals, in
the config MBHres: 1A &dmasively, the pumher and sigeiof these $nbehésHD CHEBSRredLdi S
enpl oyed, tdrecditksi de edge 188 of the fins 184 has a sem -circul ar
configuration. In the enbodinent illustrated in Figure 8, two types of fins

184 are used: t riSTREWE HOMHE lﬁ&@eénﬂolidﬂiqmidnephrﬁﬂomoalké.ingmdegg@ﬂm dM
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188. Qut si §@sddgendomtiimoledds 21t As depicted in Figure 7A, each trimmed fin 212
includes a subgtantially flat inside edge 186 and an opposing outside edge 188.. Qutside
edge 188 includes a substantially flat side portion 187 orthogonally projecting from each
end of inside edge 186, a centrally disposed substantially flat nose portion 189 disposed
substantially parallel to inside edge 186, and a curved shoulder portion 191 extending
from each side portion 187 to opposing ends of nose portion 189.
As illustrated in Figure 7B, each untrimmed fin 214 includes a substantially flat
inside edge 186 and an opposing outside edge 188. OQutside edge 188 includes a
substantially flat side portion 187 orthogonally projecting from each end of inside edge
186 and a curved face portion 193 extending between each side portion 187. A centrally
disposed semi-circular notch 194 is formed on face portion 193,
An alternative fin 215 is illustrated in F igure 7C. Fin 215 has substantially the

same configuration as untrimmed fin 214 except that notch 194 is replaced with holes
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configuration of the vessel 60 is complete as illustrated in Figure 8. Slots 198 and 200

are simply one way of securing the fins and discs together. In alternative embodiments,
the fins and discs can be welded, clamped, integrally molded, or otherwise secured
together using conventional methods,

In the depicted embodiment, twenty four fins 184 are utilized in vessel 60, as
illustrated in Figures 8 and 9. In alternative embodiments, the number of fins 184 is
typically in a range between about 8 to about 144 with about 12 to about 48 being more
preferred. As best depicted in Figure 3, 8, and 9, the assembled fins 184 radially
outwardly project from longitudinal axis 90 in substantially parallel alignment with
longitudinal axis 90. Each inside edge 186 is spaced apart from the center of longitudinal
axis 90 so that a channel 219, depicted in Figure 3, is formed that extends from inlet end
96 to gas escape orifice 164. Channel 219 has a diameter typically in a range between
about 0.25 inches (0.6 cm) to about 2 inches (5 cm) with about 0.25 inches (0.6 cm) 1o
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exit tube Hmd84san be offset fomplignuntwith Idhgitutinel ixis 00 aed stABSE@RkiNed if position
encl osed v fheriehamber 95 of vessel 60. In one enbodinment, vessel 60 is
conprised of two halves which are secured together, such as by wel ding or

bol ting V\At th h a ¥eétithe finpand siispsw?lé?dmboﬂx- gxmglbﬁi1§9@§|ﬁﬁ15{5§@a§;?§;egwgp,: 6(E)By
covering ; 8 . Elgur in wa of vésse :
the fins anﬁmé%rgélgsgﬂ%%g?&{%é %gmthg’ %&8‘@’%?% vessel 6l dpiope embgdigeament and
no wel di ngrepss! fdisonprisechal toivot Hadwas veldchifre seSRELichbG). ke %sbgﬁ‘g lfifegd i n
Figure 10,5004 Wﬁ'&%}egosrrc%%gg %%7? of each.fin ar e ch spose a(ﬁ acent to
nmounti ng fl andes and 4 BRI Ruo-Tng shispesed besebemisen.s Bystovering theed fi ns
212 are dilntgmaéasseuibiicenFiguce Swalithird@all Sorgs! ﬁésls%GOCﬁEeVﬁﬁ érgfc‘ﬁs Plob 193

of untri mi@éi(chitgseagﬁ‘ pare allso di sposed adj acent fo wa 2. %i de I%‘&tions
187, shoul der ~ pof T ST I Eelatiye e gEngyand g woldings isfricadedl 84haldrthérn

directly Istaaw®d agai nst vessel 60. Alternatively, a small gap, typically

| ess than abou 4 1nch, .can be fornmed between vessel 60 and portions
187, 188, and tfé’%é‘%ﬁ%ﬁ% s 8%&19‘35 é‘ﬂﬁ&\“ﬂ‘bé}ﬂés‘@? petiionp 387 of eavhrfin ¥4 are

disposed adjacent to mounting flanges 104 and 122. Curved shoulder portions 188 of
trimmed fins 212 are disposed adjacent to wall 92. Similarly, curved face portion 193
of untrimmed fins 214 are also disposed adjacent to wall 92. Side portions 187, shoulder
portions 188, and face portion 193 of fins 184 can be directly biased against vessel 60.
Alternatively, a small gap, typically less than about 1/4 inch, can be formed between
vessel 60 and portions 187, 188, and 193. As illustrated in Figure 9, the positioning of
fins 184 adjacent to wall 92 results in the formation of a plurality of discrete flow
channels 218 through vessel 60 along the longitudinal axis. Each flow channel 2118,
however, is partially blocked by the intersection of the various discs 170, 176, 178, 202,

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

Returning to Figure 10, an underflow passage 190 is formed between flat nose
portion 189 of trimmed fins 214 and wall 92. Underflow passage 190 enables fluid to
flow between discrete flow channels 218 at equator 97. In one embodiment, the
maximum gap between flat hose portion 189 of trimmed fin 214 and wall 92 is in a range
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n notor 62. Mdtor 62 typically causes vesse : !
?ot ati onal to\F’é‘P%éhI&mithgaﬂ{ ange between about 600 rotations/mnute to about

- : i ' ' out 3, 600
10,000 1o Sy M R i A St o
whi ch punpsbYstrEBgPB 810t 62. tMetos GRitgbitaltywadses vessel 60 to rotate with a rotational
velocity in a range between about 600 rotations/minute to about 16,000 rotations/minute
with about 1,200 rotations/minute to about 3,600 rotations/minute being more preferred.
A stream 38 is received by pump 80 which pumps stream 38 into the solid-liquid
separator 10 through inlet line 72. Stream 38 is preferably pressurized by pump 80 such
that the pressure is maintained within vessel 60 during operation of the solid-liquid
separator 10. One embodiment of solid-liquid separator 10 operates under a pressure in
arange between about.15 psi (1.03x10* Pa) to about 600 psi (4.13x10° Pa)with about 75
psi (5.17x10° Pa) to about 125 psi (8.61x10° Pa) being more preferred. Stream 38 may
include virtually any liquid which has been contaminated with a particulate component
having a density greater than the liquid. For most applications, however, the liquid will
be water. Thus, although water is referred to herein as the liquid being clarified, it will

be understood that the solid-liquid separator 10 of the present invention may be used to
clarify a variety of liquids.
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or stays on top. Because of the centrifugal forces present in the solid-liquid
separator, an average of approximately 500 g’s to about 2,000 g's in this embodiment,
substantially complete clarification of the fluid component occurs and a low liquid
content of more dense particulate occurs in seconds. The solid-liquid separator 10 of the
present invention can thus achieve in seconds the amount of separation that a static tank
separator takes hours to achieve.,

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

Underflow 224 is subsequently extracted from pressure vesse] 60 through extraction
tubes 160 as described below.
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: as a barrier between the inlet side and the outlet side of the vessel 60, Hence, gases found
within the inlet stream will generally be found only on the inlet side of the vessel 60
because they are likely to be separated before the liquid passes through axial flow passage
174.

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

same function. For example, pressure relief valve 136 can be replaced with an
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the periodic opening of valve 148, Orifice 164, however, should be sufficiently small so

as to enable sufficient draw on extraction tubes 160 to remove underflow 224, Thus, the

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

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

of water each minute. This provides a residence time of approximately 1.5 minutes in
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material. Such embodiments also include a solid-liquid separator that accomplishes
solid-liquid separation at a rate that is a quantum increase compared to traditional
thickeners- and high-rate thickeners while oceupying a footprint that is practical for
virtually any application. Finally, preferred embodiments of the solid-tiquid 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
percent or less.

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

primarily designed to sgparate a mixed liquid of two or more immiscible liquids such as
oil and water, '
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As a result of the applied centrifugal force, heé.vy liquid 241 flows toward wall

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

60. As a result, a boundary line 245 is formed between heavy liquid 241 and light liquid

243. Boundary line 245 is maintained within a range of radial distances away from

rotational axis 90. This liquid-liquid boundary line 245 is analogous to boundary line

228 depicted in Figure 10 for solid-liquid separator 10. In contrast, however, liquid-

liquid boundary line 245 is positioned at a radial distance from rotational axis in a range

from about 1/5 to about 4/5 the distance between rotational axis 90 and the maximum

diameter at equator 97, preferably from about 1/4 to about 3/4 the distance, even more
preferably from about 1/3 to about 2/3 the distance.

As aresult of perforations 238 extending through discs 236 and 240, light liquid

243 and gas 230 can flow through discs 236 and 240 and out effluent channel 132. Since
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is no pressure differential, boundary line 245 may, depending on select variables,

theoretically extend beyond wall 92 of the pressure vessel 60, As a result, both heavy

liquid 241 and light liquid 243 would flow out through first outlet steam 250.

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

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

243.

is set to operate at a first pressure. That is, first valve 248 maintains first outlet stream
250 at the first pressure while enabling first outlet stream 250 to continually flow through
first valve 248. Accordingly, if the flow of first outlet stream 250 decreases, first valve
248 closes a corresponding amount so as to maintain the first pressure. The amount of
first pressure is in some regards arbitrary since it is the pressure differential that control
the position of boundary line 245. In one embodiment, however, first pressure is
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separator 244 remains substantxally constant, an increased amount of water will tend to
cause boundary line 245 to move toward rotational axis 90. Accordingly, the pressure
sensed at first pressure sensor 246 and second pressure sensor 252 increases because of
the increasing:water volume within liquid-liquid separator 244. As a result of the signals
from sensors 246 and 252, second valve 256 will automatically close slightly and first
valve 248 will automatically open slightly. Asa result, the operating pressures for valves
248 and 256 and the pressure differential between valves 248 and 256 are continually
held relatively constant even though the ratio of liquids in supply stream 30 may
continually change.
A 100% water supply stream 30 or a 100% oil supply stream 30 may also be
controlled by maintaining boundary line 245 within the preferred distance range from

rotational axis 90. For example, where a 100% oil supply stream 30 is fed to 11qu1d-
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syst em 290respective pressures between the heavy liquid passing through first outlet stream 250 and
the light liquid passing through second outlet stream 238, According to the present
invention, such a load disturbance will be noted by controller 260 and respective valves
248 and 256 will be adjusted in order to maintain boundary line 245 at a preferred
distance range away from rotational axis 90. According to this embodiment of the

present invention, the pressure differential is maintained by the control of first valve 248

and second valve 256. Accordingly, the location of boundary line 245 may be maintained
within the preferred distance range away from rotational axis 90.

One particular advantage of the present invention relating to control of the liquid-
liquid separation system is the ability to separate immiscible liquids that have a specific
gravity difference of less than about 5% of each other. The present invention is useful
for separating immiscible liquids that have a specific gravity difference in a range from
about 5% to about 0.5%, more preferably from about 4% to about 0.5%, and most
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and 252 can each be coupled with second outlet stream 258. In yet another
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comprising the water or heavy component liquid may have an oil content of about 100
ppm. Liquid-liquid hydrocyclone 270 provides a purified heavy component liquid stream
272 that has an oil content in a range from about 0.1 to about 100 ppm, preférably from

about 1 to about 10 ppm, and most preferably from about 2 to about 5 ppm. A recycle

light component liquid stream 274 is drawn off liquid-liquid hydrocyclone 276 and is

blended with flow path 20 to form supply stream 30. Typically, in a 50/50 oil/water flow

path 20, the content of water within recycle light component liquid stream 274 will be in

a range from about 50% water to about 80% water. Hydrocyclone 276 can coﬁpﬁse any

. hydrocyclone know to those skilled in the art. One example of a hydrocyclone is

disclosed in United States Patent No. 5,133,861 which for purposes of disclosure is
incorporated herein by specific reference.

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

configuration depicted in Figure 14 may include one of the controlled embodiments
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Fi gure 16 dﬂpWMaggﬂ?ﬂﬁﬁdgﬁb; by Wgﬁ%{%ﬁ%ﬁ%&%@?%&a@d&e Acearding ¢ he
ggﬂlb?/gl ent s dgp Ipx(':c;[sgnt invention, double truncated cone 270 depicted in Figures 16 and 17 may

be used with either a solid-liquid separator or a liquid-liquid separator.

In yet another embodiment, it is envisioned that a single separator 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
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 previouély discussed with
regard to Figure 10. The second set of extraction tubes extends to the heavier liquid for

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



truncated cone 276 is provided with a bolt 280 in order to assﬂe%@m4
truncated cone 276. A gasket or an o-ring (not pictured) may I

bet ween mating surfaces of flanged edge 278 in order to achieve a
liquid-tight seal that holds under the pggessure contenplated for the
present invention. Figure 16 also depicts the axial flow passage 174 to be

more angul ar due Tm pﬁ‘dfl;ent isvenpien efay dewhibeditd Hﬂ@tﬁ&%ge&ﬁ@ %r&? dehgﬂ?d %ﬁt I,nct

advant age o% dou {uncated cone 276 . is ence ecre ﬁb flow
sl ope. In othép* FIHE‘ OF F859H RS ré‘ﬁ@”%%%ngT%ég%Cklbemmbcﬁlﬁnmm canmsdi aat for
solid parti eohsiiercdd ta@ll reGpecss v ! %S

vessel wall .92 in the dlfgﬂtloﬂﬂ 5&&?9ﬁ?§@?a dé&?#%%??%ﬁ t B8 SEPREN? §‘166
Figure 17 i SNE0HRR & &harsigee. jndigated by ﬂ@‘emriad&drclslmsasﬂerrﬂiam Melfmg@iﬂg ng
addi tional di tig®241 or dpsk.s center
di sk 170. ﬁgir‘pe&g#lg%cgt@%sggg Pﬁr)lltng Hgﬁnd tﬁ gg{l@{eainggo %ﬂ“‘f#ﬁi‘ﬁye % or m
with the doﬁlﬂ”@s tﬁ?el}ﬁ@atembracedméthsmﬁpg Socbpepr essur e vessel 270. An additional
di stinction betwsgn, 8@@&%A nply 292 and correspondi ng conponents in
solid-liquid separator i's that an extraction tube 160 is disposed

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

fl ow passage 190 need not be forned between adjacent flow channels 218.
According to the present invention, double truncated cone 270 depicted in
Figures 16 and 17 may be used with either a solid- l'iquid separator or a
liquid-liquid separator. In yet another enbodinent, it is envisioned that a
single separator can be configured to sinultaneously separate both two or
nore imm scible liquids and particulate matter froma fluid steam. The
separator can be configured substantially identical to those disclosed in
Figures 10 and 11. In this enbodi nent, however, the particulate matter
collects at the farthest radial distance fromthe rotational axis, the
lighter of the two inmm scible liquids collects about the rotational axis,
and the heavier of the two imm scible liquids collects between the
particulate matter and the lighter liquid. Two separate sets of
extractions tubes are used. The first set extends down to the particulate
matter for extraction thereof This is simlar to that previously discussed
with regard to Figure 10. The second set of extraction tubes extends to
the heavier .liquid for extraction thereof. The lighter liquid exits in the
sanme manner as previously discussed with regard to Figure 11. 3 0 JAN 2004
27 The present invention nmay be enbodied in other specific forns wthout
departing fromits spirit or, essential characteristics. The descri bed
enbodi nents are to be considered in all respects only as illustrative and
not restrictive. The scope of the invention is, therefore, indicated by

t he appended clains rather than by the foregoing



description. Al changes which cone within the nmeaning and range of
equi val ency of the <clains are to be enbraced within their ch?fLavuR52994
claimed is: 3 0 JAN 2004 28 1. A separator conprising: a vesse I

peri pheral wall bounding a chanber, the vessel being rotatable about a
rotational axis extending through the vessel, the chanber directly
communicating with an inlet and a first outlet; a plurality of fins

di sposed within the chanber, each of the fins radially outwardly
projecting fromtoward the rotational 3&is to toward the peripheral wall;

an exit tubeldisp sed atlon at .l east a portion of the rotational axis of
the vessel, ™at | §Par3058 PSP%f the exit tube havi ng a first end

di sposed W thin t hecGEHIRRE ARFipAttal WRPBSiHAheSLaRRthe TEe Vdsd] lbeing rotatable
comuni cation with the extérior of vessel; and an extraction tube disposed

wi t hi n abmt e ietatienal axikexterding thrpegh tha lyesshla thiernlpamber digactly spmumnidating avith

comuni catign with the exit tube and an opposi ng second end bounding a
second %W%@P&A&tjﬂgo ggtond outl et being disposed at a distance fromthe

rotational axis, §hAufalifsbf @ikl @iposb@iviithidithOQReRLEE, QHBh dfathk Nens Ridadiiyonal
axi s than the second out’l et such that during use a fluid boundary |ine can

be f or nedtveedlweesetting ffom saward theabtatinohl takis te tvemd theyteripheralowallh separ at or as
recited in claimi1, f. her co ising a first di.sc dj sposed. wi.t.hin he
Chamber . the {1 18 BFL BB SRER Ao et § Peyiios OE BeblaR ARl ARt i Yossdach
of the plwhald brth & Me-exd: tube IBPRALA Bkt aRd" RIS Withist iR Bhanbaphleinn the

first disc radially outwardly projeCts 1n substantially perpendi cul ar
al i gnmenpposingsecdrsl endtin flushaimamiisatioh. with thegateaippof wssalpaidt ed in cl ai m 2,

furth i Si I | i ty. of I ti t [ t h the first
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as recited in claim 2, erein the first I's di spose acent to the
ext r act datlett thbaeecond outlsepangtisposad a acdistentei from Ithd mtdjorhlatihehe Costpnitlst ng a

lurality of, spaced apar di scs .di sposed within the chapber,. each dj s
P al 1 bing i rloR Rl toe riahnr) ke Beder DAoL e deBE aan 2 tuid |
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2. A separator as recited in claim 1, further comprising a first disc disposed within
the chamber, the first disc outwardly projecting so as to intersect with each of the plurality of
fins.

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

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

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

a plurality of notches formed thereat.

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

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

of the plurality of fins.



8. A separator as recited in claim1, wherein the extraction tube radially
outwardly projects fromthe exit tube so as to be substantial@%&ﬁM@N 2004
perpendicular to the exit tube. 9. A separator as recited in Tlai ,
further conprising a plurality of extraction tubes outwardly projecting
fromthe exit tube within the chanber, each extraction tube having a first
end in fluid communication with the exit tube and an opposi ng second end
boundi ng a second outlet, each second outlet being disposed at a di stance
fromthe rotational axis. 10. A separagdr as recited in claim1, wherein

each of the glural, fins.h opter .edge, . at.. | t a. portjon.of
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claim 10, further conprising: the vessel having an equator with a maxi num
di anmeter encfrcl iA@@ﬂﬁ@oﬂfﬂmﬂe@ﬁ‘a‘ﬂalgkl:ﬁm@ﬁéompmaéérabm@@@ﬁmob&bWen at
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has the configuration of a double truncated cone. 14. A separator

accor di oaflet.caeh sgeand outfei beingdisposgst at sidigjanea fioni thegetationakesisat the first

end of the exit tybe, the ori.fi,ce .f.acjilitating,fl.uid,c i.cation between
the chamber Ahd t feebusiptestisiied Thaifinl ook g of ettt oy hep an pyter
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from about 6.90x104 Pa to about 6.90x105 Pa. 1I6. A separator as recited in
cl ai m 1formu pliatitycofrdisdrele Algwachanesds ur e act uat ed val ve coupled with the

first outlet,of the vessel. 17. A separator, as recited in claiml1, further

conpri si ng: 1 fiﬁﬁpgaﬁsog;gs E%Hﬁﬁlglda%?'fL ot léth%ﬁo{nppﬁ%_f a second val ve

coupl ed with an otfel\eiseE RARMEAn ecfd&%br%fﬂ £l AanRedrRecitdlink!tké fhtational |
et; a

communi cation with the first out first pressure sensor comrunicati ng
wi th thexigyahd tube prior to the first valve, 3 0 JAN 2004 30 the first

pressure sensor being electrically connected to.the.first, valve: and a
second pressure s8mé gggm%nggﬁter\(ﬂegenﬁtﬁ%s{%%o 8&&? qlﬁfﬁ%te&q%phatnge@ﬂgﬂ?q rst
val ve, @rsecond pressure sensor being electrically connected to the

second valve. 18. A separator as recited in claim17, wherein the first
val ve and t hé2secohdepahios according to claim I, wherein the chamber has a substantially

spherical configuration.

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

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

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

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

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

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

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



are configured to maintain a pressure differential therebetween. 19. A
separator as recited in claim1, further conprising: a first vglﬁqugqp)zm
with the exit tube; a second valve coupled with an outlet channél?

outl et channel being in fluid comunication with the first outlet; a first
pressure sensor conmunicating with the exit tube prior to the first valve;

a second pressure sensor comunicating with the outlet channel prior to the
second valve; a controller in electrical comrunication with the first

val ve, the second valve, the first pré&sure sensor, and the second

ressur 0 r - reci i gl ai , erein the inlet
Ps di sp%lse zggt;f%sasué grelél%%rZ)g%%oe?&%%aﬁi?gg@éé#e%gﬂcﬁh'? ﬁg?ﬁgp?’%tan utlet is disposed
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parallel alignment with the rotational axis. 24. A nmethod of acconplishing
separ ati on ofi% md sépptator@e mgsitae int clainul durthertcomprisiognpr i si ng: feedi ng the
fluid mxture int oéta chanber ff a vtgsse.l hrough an inlet channel, the
chanmber being at [%48 Vazvffr(‘tof'lg_eflwlﬂ"o ﬁ&@ﬁm&?’ a peripheral wall and the
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i ncluding a heavy conponent and a light conponent; 3 0 JAN 2004 31

r ot at i ngpmumpnigetéaewith Bmfirstoutlet;at i onal axi s extendi ng through the vessel
such that the heavy.conponent coll ects.agains he .peri pher al |1 of the
vessel radially o&%&ﬁgﬁﬂll&ﬁe{l% com‘ﬁfqag‘ﬂﬁl‘”";%b%e’%‘ﬁ@i’? E@"‘T 'iod}ﬁ‘\%\gﬁt E‘%ﬁﬁonent
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towar d gdeengealvgheral wall such that at |east a portion of the fluid

m xture i s disposed between the plurality of fins during rotation of the
vessel ; renoving &Retallghin pabiggAvitHae St valve.dhasesend valyri the
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renovin 0 r h conduit di sposed within the chamber,
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and out of th® veaseparatdPasrecited in claim 1, wherein the inlet is disposed at a first end of the

vessel and the first outlet is disposed on an opposing second end of the vessel.

21. A separator as recited in claim 1, wherein the rotational axis extends through at
least a portion of the inlet and the first outlet.
22. A separator as recited in claim 1, wherein each of the plurality of fins is

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

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

parallel alignment with the rotational axis.

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

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

a light component;



and26. and 27. vessel. A nethod according to claim 24, further conprises:

renmovi ng the |ight conponent substantially continuously from taegrjhaalm‘r
vessel ; renoving the heavy conponent intermttently fromthe r¥Yt%ts

vessel . A method according to claim 24, further conprises: renoving the

| i ght conmponent substantially continuously fromthe rotating vessel;

renovi ng the heavy conponent substantially continuously fromthe rotating A
nmet hod according to claim 24, wherein the act of feeding the fluid mxture
into the chanber includes the heavier &onmponent including solids. 28. A
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vessel as the |i grntbvirgiik HedVydodiRnbss thiedgh BondueliRePRithBURE chdder! he

heavy conponent col | ect's against the peripheral wall of the vessel
radi al | thesonduitrestendisgiionethe beayyicompbnenk foswasthie rotafidnakgxissnd oohefdhevessel.

collects towawd the radial axis: settl he first valve such that the

| i ght conpon&ht e‘Q‘ir?gtﬁ?‘Lgcrcgfcﬁ?%[?g(aalg’[it{;%f“ih?%fc?mﬁfl%?sur e; and setting the
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pressure, the second pressure being different than thé first pressure such

that a awbundary |ine between the heavy conponent and the |ight conponent
is obtained within the t@h nber at a radial. di nce, fromthe rotational

| .
i o, 51% et holmayine B RERS! qoRinoRet3isnistenty BP% e g vesilt fol 11 ag

openi ng and g4, 0Si Alnethod according to claim 24, further comprises:
removing the light component substantially continuously from the rotating vessel;
and
removing the heavy component substantially continuously from the rotating
vessel.
27. A method according to claim 24, wherein the act of feeding the fluid mixture into
the chamber includes the heavier component including solids.
28. A method according to claim 24, further comprising pressurizing the fluid mixture
within the chamber.
29. A method according to claim 24, further comprising channeling substantially all
of the fluid mixture between the perimeter edge of a disk outwardly projecting from the rotationat
axis and the peripheral wall.
30. A method of separating a liquid-liquid mixture, comprising:
feeding the liquid-liquid mixture into a chamber of a vessel, the liquid-liquid
mixture including a heavy component and a light component, the vessel including an inlet, a
light component outlet, and a heavy component outlet, a first valve regulating the flow of the
light component through the light component outlet and a second valve regulating the flow of

the heavy component through the heavy component outlet;



of the first valve and the second val ve such that the boundary_line is

mai ntained within a distance range fromthe rotational axis v& JA«NrZzﬂU
of heavy conmponent and |ight component entering the vessel changes. 32. A
method as recited in claim31, wherein the act of controlling opening and
closing of the first valve and the second val ve includes controlling
opening and closing of the first valve and the second val ve based solely
on the fluid pressure of the heavy conponent. 33. A nethod as recited in
claim 31, wherein the act of controlli % opening and closing of the first

val ve and the sec : are] S |: | n oSl t he
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i ncl udeBe Wk (of thesvepsel Faglially outwart drop the sofpkdonsd axis rd the dightes 6opporRant and
t he heagane%%m%%?ﬁa%%aﬁsnet hod as recited in claim30, further
I ng 3)

conpri sing pass eavy conponent through a hydrocycl one.
setting the first valve such that the light component exits therethrough at a first

pressure; and

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

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

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

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

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

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

through a hydrocyclone.



