COVPACTED HYDROCYCLONE APPARATUS | N VESSELS | NVENTOR: NI CKSQON, PETER
BACKGROUND OF THE DI SCLOSURE [ 0001] The present disclosure relates to

appar at uswbaniivaepszoved arrangenents or orientations of pcunaskemioessof
hydrocycl ones, and particularly relates, in one non-limting enbodinent, to
vessels with orientations of pluralities or groups of hydrocycl ones that
reduce the total size and footprint of the vessel housing them [0002]
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sort liquids and/or particles in a liquid mxture based on the densities of
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appreci ated that
tangentlally, and a conical base. The angle, and hence length of the

conical section, plays a role in determining operating characteristics.
[0003] A hydrocyclone often has two exits on the axis thereof in
opposing directions: the larger on the underflow or accept and a smaller
at the overflow or reject, for instance in the case of liquid-liquid deoiling
hydrocyclones. For liquid-solid hydrocyclones, the liquid overflow/accept
is the relatively larger exit and the solids underflow/reject is the relatively
smaller exit. The underflow is generally the denser or thicker fraction,
while the overflow is the lighter or more fluid fraction. Another way of
understanding a typical hydrocyclone is that it includes an elongated
tapered separation chamber of circular cross-section, which decreases in
cross-sectional size from a large overflow and input end to an underflow
end. An overflow or reject outlet for the lighter fraction is provided at the
base of the conical chamber while the heavier underflow or accept fraction
of the suspension exits through an axially arranged underflow outlet at the
opposite end of the conical chamber. It will be appreciated that the terms
“accept” or “reject” are relative and may be reversed depending on the
relative density value of the components being separated.



"accept" or "reject” are relative and may be reversed depending on the

rel ative density value of the conponents being separated.[0004] Liquids and
suspendedwpantiioBsg are i ntroduced into the chanber vi aPOmaISEE10/89483
tangentially directed inlets. These are adjacent to the overflow end of the
separation chanber to create a fluid vortex therein. The centrifugal forces
created by this vortex throw denser fluids and particles in suspension
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concentration of denser fluids and particles adjacent thereto, while the
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the fluids through the inlet ports of the hydrocycl one. As noted, denser
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core, remain in the liquid and exit at the overflow through a tube
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Fi ner particl ggnnat 'fr'act“‘tﬁis ﬂﬂegfr@secatrﬂec‘i '&t\ﬁ@ratyefhréh"drﬁ% bl@yoR! utless dense
than the liquid, but they nmove outwards nore slowly and thus nay not

have time to Egéafﬂﬁ;avt%ep%ré@l?%rco@&%e de 5’?9'@&3@”9{ @?ﬁ)ﬁ]te"lfPfeW\a“ Width@el oci ti es

within a hydr ﬂ?d’r@b%earaﬂdhé@ht@ﬂwuﬁékst B@iwérﬂl? @lhﬁ“@@ anﬁé?ﬂ&ﬁsoﬂre@duced
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forces on thelmePaby. ¢gA forpes a@ﬁ%ratﬁf}@va@@%é@cqﬁrﬁ%e? ®fore be
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Hydr ocycl ones are co }I&% arranged in [arge banks of several dozen or even
n

several hundr Bartigiedr et gggrme[ fowaIde albrewahtfak evepipat fxBwiaahg under f | ow
assenbl i es ar yageRew! @hilst the less dense particles and fluids migrate towards the

core, remain in the liquid and exit at the overflow through a tube typically
extending slightly into the body of the cyclone at the center. Finer
particles will not migrate to the center unless they are less dense than the
liquid, but they will move outwards more slowly and thus may not have
time to escape the center core of liquid.

[0005] The fluid velocities within a hydrocyclone are high enough that
the dynamic forces produced therein are sufficiently high to overcome the
effect of any gravitational forces on the performance of the device.
Hydrocyclones may therefore be arranged in various physical orientations
without affecting performance. Hydrocyclones are commonly arranged in
large banks of several dozen or even several hundred hydrocyclones with
suitable intake, overflow, and underflow assemblies arranged for
communication with the intake, overflow, and underflow openings
respectively of the hydrocyclones.

[0006] Earlier separator systems involving large numbers of
hydrocyclone separators commonly employed complex systems of intake,
overflow, and underflow pipes or conduits which occupied a substantial



comuni cation with the intake, overflow, and underflow openings
respectively of the hydrocyclones. [0006] Earlier separator systens

i nvol vi ngwbangaosusaber s of hydrocycl one separat ors conmpairyuSennplosssesl
conpl ex systens of intake, overflow, and underflow pipes or conduits which
occupi ed a substanti al anount of space and which required costly and conpl ex
support structures for the piping systens involved. It is desired to reduce

the space occpiogfit f Bysbcowel anfcrRsegnirid Qﬁ)sﬂi?'darﬁtl QdnfifleR éuﬁp@w vely
conpact arrangenent, especially in the petroleumind ustgg where of fshore
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A conpact arr gpgeeaty | &dc Ié\*lé“a%@embﬁ’eé?%% fovidee a euutReRnt and
i nprove flow distri butw tf;lo % drocycl one i nl etg %0007 Difficulties
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di aneter of the vessel internals. Further, the inlet nozzle size my be
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di fficulty inecg@phieRfandingdrbes 16w afstibifioh i@ MarsE cloRelife! € an increasing
nunber of chanbers within the vessel. [0008] There’'is al so | oss of

efficiency duld0Pdl pddfiictiliendefnwRonvenPRRBWATRIgesaNts Pt FRNTIGUFRLIRDE 911 ow

through the vessg b;{] &@suﬁaMd@%e?‘&Bt See eyl figw oabaédy MBEbE Mehite8yor mance.
The efficiency of ?/ rocycl ones dimni shes as the fl'ow reduces soO there

cones a poi nt e PRakTiea h@ﬁ@"ﬂﬂe?'ﬁ&%n@éhﬁmeﬁsﬂd'ﬂteﬁ% Spabet itain'®ns. while

it varies frophsasesit® p@s;,e et Mlﬁhl‘éé' |b¥ 'tﬁe OIQﬁ?‘ﬂhS dﬁhﬁ'{é tﬁ}%réd elwnks from
about 50% to about 75% of "the vessel desi ow. Flowi’'s reI ated to the

number of hydAgeliendiyethereisrdifficultysiaseping 'U\ﬁrﬁfé?réof‘ﬂ@“ﬂ"?fb?‘@h%fﬁéh%f@fl ned

herein as theasg IncrdaRg\thisdr o‘ﬂhﬁérﬁ@é{@lvﬂﬂﬁbhe Jeagéll y isol atabl e
conpartnents are desi rabl e to enabl e i nproved turndown characteristics

[0009] It woul090BE drre ipRiec igssi eéfﬂf-‘ﬁl%t%’@ ReI0QT HE0dQWy T HEOWHUI d
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woul d permt smaller dianeter vessels, which have smal | er

footprints, Still meeting performance. The efficiency of hydrocyclones diminishes as
the flow reduces so there comes a point at which the performance will not
meet specifications. While it varies from case to case, typically it occurs
when the flow is from about 50% to about 75% of the vessel design flow.
Flow is related to the number of hydrocyclone liners in service (where the
liners are defined herein as the small, individual hydrocyclones). Easily
isolatable compartments are desirable to enable improved turndown
characteristics
[0009] It would be desirable if an apparatus were devised that could
provide a configuration or design of a plurality of hydrocyclones that would
permit smaller diameter vessels, which would thus have smaller footprints,
e.g. to occupy less area on an offshore platform. Smaller diameter
vessels would also dramatically reduce vessel costs in the amount of
exotic materials required, e.g. stainless steel, duplex, or super duplex
steels.

BRIEF SUMMARY OF THE DISCLOSURE
[0010] There is provided, in one non-restrictive form, a hydrocyclone
separation assembly that includes a vessel, a first group or plurality of



e.g. to occupy less area on an offshore platform Smaller dianeter vessels
woul d al so dramatically reduce vessel costs in the anount of exotic

mat er i al swoequiaes2 e.g. stainless steel, duplex, or super/usaqpo®s948s eel s.
BRI EF SUMVARY OF THE DI SCLOSURE [0010] There is provided, in one
non-restrictive form a hydrocycl one separation assenbly that includes a
vessel, a first group or plurality ofhydrocyclones within the vessel, and

one or nore ag rbb)Rﬂ@desg\WMﬁSth@rveBEélr @hutdneOBr Mé%ﬁﬁldﬁﬁﬁ@rd@p&%rn t he
vessel . Each o sal d ocvycl ones i nvol ves a tubul ar with an inlet

section havi nglusly PEPYWPS ngs Wifn dhe xpeaeht iEaeh s‘?icstai%ﬁy 8eY4Res second

di ameter, whefgokBE af tubSihr Bb&fTRitR fani ifle® EEGIORA hdvitR a tiRg ofRr&BEadd anet er,
where each separation section has an underfl ow nozzl e, and where all

under f | ow nozSPRATALAN BeRIoN; havingyr seREoRA JiAMmatal Nere the, fist diamateniss

communi cat es Widaferahhh isd s6QAIDMNaBdted ewhdidee nbspRAradh dlctbhhs nof
hydrocyclones is simlarly disposed in a generally parallel relation to one

anot her and t §NgefEOW nozglepianpavigre Uﬂ%ﬁ%‘ﬁmzélﬁésof the BUPPUBE st i | |

further SUbseFMﬂﬂﬁy Bl Hycﬁbwdlc%sqfonwdm@&mglv@meénrétfcommﬁ@&.de The
Cor r espondi ng each sai d hydrocycl ones_in the additional groups or

pluralities i ﬁ%@ﬁ?&é@”tamt‘(ﬁym %Jrh)t%%‘iyc neR IS giMilariydisRosed om aeanerVa fir st

di ameter and faa@ﬂénarreeénbﬁnomtaméraaﬁdn@ tﬁe&ﬁ@tomdramyadmwrocy\er@ﬁé@ the first
dianeter is greater than the second di amet wher e "each separation section

has an under f P‘%WOHE’Z% il fﬁﬂﬂems@q‘éﬁﬂt pM@'&@FI%wVWSEW%%GSof W%”&econd

group or plur %krbgpﬁdlﬁr@'ﬁw%fwvd%?@éné@ inhtha MMMI @%U&rbrgw de. The
first comon guide and the second conmon e are in communi cation. The

first common WT%@e%dQC'H%e%ﬁdW%o@ddsW@ﬁaﬂhé’i"?héeﬁw hBYiBd e rfé¥ nateri al

to each addit yRAftedahd Q. sepachtioResbction dabin sécfbr@r@am@fbﬂ Whbld the
enbodi nent the vessel is oriented vertically as are the hydrocycl ones in

the first and'ShFaBfIRNE Pealpainen;the sgrongt @a&eter[ Bhere1gachnPREtion

non-limting esfiRA HEAN @ﬁ@@ﬂfléwn&ztzré tahe vﬂfe@é%mtur@bﬁ@mpﬁbliﬁes”@b/th'end ude a
hydrocycl one separation assenbl g{ rising: a vessel configured to receive
s bt

a first cassef®@NIn@ wPs&FopiHral y@lonpﬁecommunlcates with a”second
common guide. The first common guide and the second common guide

are in communication. The first common guide may be understood as
channeling the more dense material to each additional guide, and then to
a sump. In one non-limiting embodiment, the vessel is oriented vertically
as are the hydrocyclones in the first and subsequent pluralities or groups.

[0011] Another non-limiting embodiment according to the present
disclosure may include a hydrocyclone separation assembly comprising:
a vessel configured to receive a first cassette and a second cassette; the
first cassette with a first diameter comprising: a plurality of hydrocyclones,
each of the hydrocyclones comprising a body with an inlet section having
a first diameter and a separation section having a second diameter, where
the first diameter is greater than the second diameter, where each
separation section has an underflow nozzle, and where each underflow
nozzle of the first plurality of hydrocyclones communicates with a first
common guide; the second cassette with a second diameter comprising:
a plurality of hydrocyclones, each of the hydrocyclones comprising a body
with an inlet section having a first diameter and a separation section
having a second diameter, where the first diameter is greater than the
second diameter, where each separation section has an underflow nozzle,

4



first cassette with a first dianmeter conprising: a plurality of

hydr ocycl ones, each of the hydrocycl ones conprising a body wwth an inl et
section haoi2ag/@s432r st di aneter and a separation secti oRCHABR20MG/03948ECcoNd
di aneter, where the first diameter is greater than the second di aneter,
where each separation section has an underfl ow nozzle, and where each
underfl ow nozzle of the first plurality of hydrocycl ones comrunicates with

a first commoangundes eweumm n@@aé@t iR $¥coRd %I&@ﬂ?@ﬂh%r@@iﬁﬂ&fes
conprising: a &aural ng rocycl ones, eac rocycl ones
conprising a B an?\SaW'th SECQR (OB YR SIS é("'?qr?st{‘edlrﬁtnﬁ "BMOANnd a
separation sega.ueranaawé BEchoSRPRAEN dLIABRIE I coMvalgichiish.first dianmeter is
greater than the second dianeter, ere each separation section has an

under f | ow nozB0d2hnAnaRaTe neadIMiting 3 TPRAIMRBY AGSOEHNG He R opf@SPMtural ity of

hydrocycl ones jee@BlrR fay asciidd B @&@@@Me%ﬁi%mﬁ%é@@mb%@érﬂpﬁ& first
common gui de and the second common de are in comrunication 012]

Anot her non-| ﬁrﬁeﬁﬁ?@o@ﬂ%&f’ﬁ%ﬁ?c%\@c%rf'fﬁtr?és%%tetw rsesen C%ﬁsﬂiﬁo&@r e may

include a hydrieysdRne wigPafiat uram@érsmﬁmé EpluFdIifdef HydvegeRhegoNt i gur ed
to receive a fII rst cassetteland a secon cg?;et{) |ﬂ9 rfﬁy,l r(g:t? cassette with

a first di amef8sh ebisrsreRyclonep camprisng aobodww»tfa)epdmlshwtloeér@wln@f t he

hydr ocycl ones aGipdtRiidribted add Badyamitibh saBtidmMhRling&ebisHy damela, whérer st
di aneter and a separation section having a second dianeter, where the first

di aneter is gFf@atf'é?t diREIRIThIS SERaRHd thAmAR] ssecong fiamelfsn Wiesareadon sect i on

has an Underf%@Hérﬁﬁk?r?%@ctlo%nﬁlaé’\/aﬁr&d%ﬁﬁﬁv HBQﬁéférﬁaNWﬁ@?ezbﬁchfunB@rﬂoW rst
plurality of hydrocycl ones conmunicates wt first conmon guide; the

second casset NeZ3} tdh the sféétoﬁ'é!rai"[)éﬁét@ﬂm%%’ﬁ?%|Cﬁ@‘mlé“‘iﬂt% Wit § Tigst

hydr ocycl ones coafan Qlidé: htﬂerﬁé@bﬁ&ﬁéﬁé@ﬁ‘l@%lﬂp%écéh@gjléi‘n&@ﬂb!omfpﬂiln@” inlet
section having a first di ameter and a separation section having a second

di amet er, wheP@YREYOf hygrogyEprase Facks ObV@diyé*foqyﬁ@ﬁe% ReMpESBad A% et er,

where each SeRRhadn et 86&tIcANhARSy & fikiARAhbRY dHZ &l SepatdtfbrinBedtRneach
underfl ow nozzl e of the second plurality of hydrocycl ones conmuni cates with

a second conmBAVIgYidESCANeFiaMe. WNesr e M HIyDPEE iaMFae"88cHRd comon

guide are in eesBRAN&MBIePWhere each separation section has an underflow nozzle,
and where each underflow nozzle of the second plurality of hydrocyclones
communicates with a second common guide, where the first common
guide and the second common guide are in communication.

BRIEF DESCRIPTION OF THE DRAWING

[0013] The Figure is a schematic, cross-section illustration of one non-
limiting embodiment of a hydrocyclone illustrating two or more groups of
hydrocyclones positioned one above the other.

[0014] It will be appreciated that the Figure is a schematic illustration
that is not necessarily to scale or proportion, and, as such, some of the
important parts of the disclosure may be exaggerated for illustration or
emphasis.

DETAILED DESCRIPTION OF THE DISCLOSURE
[0015] It has been discovered that hydrocyclones may be installed in a
vessel in such a way that vessel size and footprint is reduced and the
process system is more compact at higher flow rates. This vessel size



BRI EF DESCRI PTI ON OF THE DRAW NG [ 0013] The Figure is a schemati c,
cross-section illustration of one nonlimting enbodi nent of a hydrocycl one
i Il ustratwogotmmwsse nore groups of hydrocycl ones positi eagdiSene/oasye t he
other. [0014] It will be appreciated that the Figure is a schematic
illustration that is not necessarily to scale or proportion, and, as such,
sone of the inportant parts of the disclosure may be exaggerated for

1 ustrati on_ iouermnas dooRETNoGEB) BERACP BhEN Chofé feyBbACLERIBE 0015] |

has been di scovered that drocycl ones may be installed vessel in such
a way that ve%\é’lpss"i‘%ea%g ripng YGSSS?'edlE@@HJF%dettH@ B‘P’H@é‘@'oﬁystem is
nore conpact  @eludle@he Followiny: rat es. This vessel sizereduction is
acconpl i shed by stackln? one or nore cyclone packs or groups above each
other in a vessél .Theabillyel® pAcki MpEe eyenaguini Roynalies diaTeeteh&essslll owi ng:

The ability to pack (R ifde Qégetﬁelﬂgm a&'f@i’olrﬁ{atQé@éEFt er vessel, which
sel

i ncreases the flow capacity for that ve | nprovenent in flow turndown
charact eri sti cs *bylmpfievesagritnig flow tordosm oharae@glellcxbamberre@smgathenay be

| solated or selected, umEQﬁng%Qél%raﬁ’ide?é‘th B élﬁteﬁf@’éggec?eda' | ows the

use of smaller nozzle re secure, sinpler sea I Ng may be provi ded

bet ween the charfbe'Fhr—: incarppmatidneof muitipéy chdmberssalosvsnthe e pesmialidred for a
parti cul ar process. %1[%" The probl ens addressed and i nproved upon by the
desi gn described herel clude inproving the vessel flow capacity

previously consiedemec |degutegdsiplgpr 864lingalmaye drarpreadedarativesy theanet er of
vessel internals. Addhtl gnal Iy, sealing between chambers is sinplified and
i nproved. Further, ifi ¥iSous designs inlet nozzle size was linited by the

l'ength of the Cyclﬂr@ﬁalleé\lrﬁﬁnbd?r@wv&s%@ amy Bé riitedoe fstya QRtiduParpOOr
process.

[0016] The problems addressed and improved upon by the design
described herein include improving the vessel flow capacity previously
considered limited by practical mechanical handling diameter of vessel
internals.  Additionally, sealing between chambers is simplified and
improved. Further, in previous designs inlet nozzle size was limited by the
length of the cyclones. Also, previous loss of efficiency due to poor
turndown is improved.

[0017] In the present design, groups or modules (also called pluralities)
of hydrocyclones (liners) are stacked one above the other in a single
vessel. Having more than one stacked chamber in the vessel means that
the number of liners in use, and thus the flow and the turndown, can be
reduced by simply isolating one of the chambers. Two stacked chambers
means that flow may be reduced to about 25% to about 38% of the design
flow. Three stacked chambers means that flow may be reduced to about
16% to about 26% of the design flow if only one chamber is active. It will
be appreciated that there may be as many stacked chambers of
hydrocyclones as are practical and useful.

[0018] There are other, conventional ways of reducing the flow,
including taking out individual liners and fitting in blanks, which requires
opening up the vessels. Alternatively, a single layer may be divided into
separate sections, e.g. like a slice of cake or segments. However, this



turndown is inproved. [0017] In the present design, groups or nodules (also
called pluralities) of hydrocyclones (liners) are stacked one above the

ot her i n wo2nnglogs3gessel . Havi ng nore than one stacked ebardsesioiosvsshe
vessel neans that the nunber of liners in use, and thus the flow and the
turndown, can be reduced by sinply isolating one of the chanbers. Two

st acked chanbers neans that flow may be reduced to about 25%to about 38%

of the desi gnpieify |sTBﬁmﬁ1ItStba§é‘éPdoéf\hééW¢ﬁ§ cﬁﬁﬁhﬁérsﬁ BAd i IrdwnERY ol reduced
to about 16% to about 26% of t he desi ow if only one chanber is active.

It will be apfs¥iied & tyaahapmiere ,ﬁ{y%g}gargggwwh%tp&%%@a e¢thpH@nd of

hydr ocycl ones gasigR o siiet hé&kn %nﬁaﬂﬂe‘sl#‘elatlbéwje?a]sy-ﬁbege%l @éﬁve@nhfhb
conventi onal ways of reducj ngg the flow, including taki ng out i ndi vi dual

liners and fi €04RBSRUINIARAKENY RRRlEN '?@Hlﬁr’r @@V%H@Y g sgpeehenyBhe's) s.

Al ternativel yondsficR&d gbd,\a;ytﬁé oifRe¢. be divided into separate sections, e.g.
like a slice of cake or ments. However, thismethod is difficult to seal
bet ween t he cWQﬂﬂbrsSfHWH‘ i” heSigHie IIS/2 SANgMAG HIKSiEation af & hYOEaMer s. An

advant age of 586 RfiGH 88deniBy ABhaANE) é’@éé@'ﬂﬁ%ﬁfé@@@ﬂ‘%cﬁtdﬁ H§ dnat it is
relatively easy to seal between the chanbers using O-ring seals. Further,

there may be §iEégevall 18hafvhde St iSneotsnepersary dbal vessek 18threpf cylowiioal Shown in
the Figure i 5sﬁap’i&cﬂﬁﬂ%tlbﬁ%lfddllr‘ré?ta&i%téd)r\ i9fex %&Xg‘iﬁ%ﬁ%%ﬁ%esar’n%?@%m‘tb'eon

assenbly 10 having a ve tom1 side wall 18.
VWile it is ntwoméeIGS%an%/cqﬂvaﬂtlmmaiabmzatb@ndfhwsila ndrical shape with a

| ongi t udi nal 2 : p| cal
since it is c t?l;)hnéafJar‘néuI??(E?I cg)?celédééﬁé %ﬁm@aé{%@ﬁwo hae§%aFrr i cul ar
hydr ocycl one sb@abeﬂ BOraras s esesiond Idhaimieer A, ialibbugth asbenevidoslgmbted.second
chanber 40 ey ers
present. hasmg‘:% a?ﬁ@%r%&?%el Eﬁ{?gdgg)ﬁfg oﬂgéﬁg%nw hi n
chanber 30 andydrresmktne]sZ 32nheitren t blear’nbe*r (BQ/camme\zes’Sél arx whnepar thel el

rel ation to R %afq $1neer§| %%aﬁ%lq Ha%ﬁ Tq?aépna’[o one anot%er m?t |srreexrf)te%ltte'dons the

hydrocyclones
that in most implementations the hydrocyclones 32 will also be in parallel

relation to the longitudinal axis 20 of vessel 12, which as shown in the
Figure, are oriented vertically. While other orientations are certainly
possible, it is expected that the vertical orientation shown will be the one
most often implemented since it would occupy a minimum footprint on an
industrial site, such as an offshore oil platform. In some embodiments, a
chamber may be configured to have another chamber stacked above it.
The chambers may be sized to have the same diameter or different
diameters.

[0021] Similarly, chamber 40 has a second plurality of hydrocyclones 42
within chamber 40 and vessel 12, where the hydrocyclones 42 are in
parallel relation to one another. Again, it is expected that in most
implementations the hydrocyclones 42 will also be in parallel relation to
the longitudinal axis 20 of vessel 12, and thus will also be in parallel
relation to the first plurality of hydrocyclones 32. In alternative
embodiments, one or more of the hydrocyclones 32 and/or hydrocyclones
42 may be nonparallel in relation to the longitudinal axis 20 of vessel 12.
In some embodiments, hydrocyclones 32 may be nonparallel to
hydrocyclones 42. In some embodiments, the pluralities of hydrocyclones



relation to the |ongitudinal axis 20 of vessel 12, which as shown in the
Figure, are oriented vertically. Wile other orientations are certainly
possi bl e,wot0i108spect ed that the vertical orientation Phoas20%ioBo4Be t he
one nost often inplemented since it would occupy a mninmumfootprint on an
I ndustrial site, such as an offshore oil platform In sone enbodi nents, a
chanber may be configured to have anot her chanber stacked above it. The
chanbers nmay Bg 4 294 g dtrhfb SRJERI1ES Wtﬁom@? tﬁﬁtfrﬁé‘v 8BtioweREEt er s.
[0021] Simlarly, chanmb er has a second plurality of hydrocycl ones 42
within chanbernthQh%fﬁGer\$é%§’@lVe§Eel where the hydrocyclones 42 are in parallel

relation to ofgoanolinh orAfBijardclbReS ¥PaMHeH hbRkielduBRRY dofplserent at i ons

t he hydrocyclones 42 wll also be’in parall relation to the [ongitudinal
axis 20 of ve%hlamwetawtlpﬁ@? \mawngaar‘smleie% rﬁnﬁaadlrfﬁte@laﬁ@leitaﬁmato t he
first plurality QEtu&T’Qé&fb}ﬁ P R&N @% ddnd!di Qf%tr,'wﬁezr@@%%ﬂ' none or
nore of the hy rocycl ones 32 and/ y rocy ones be nonparallel I n

Leljat i onI to t Isectloor@sumw@arﬂ@wm@zizzle 56f Hﬁkg@rclﬁms 32narmb4r% atsoteaghent s,
42 |
ydrocycl ones ﬁrdgaé'n gﬁerﬂ&”p&ﬁlg{ h§ drth%y@?/ogé\‘g@? ,egjrg%e ﬁrstt) gﬂrrglﬂg%g 4 into

enbodi nent s, 5E pluralitires o group
cassettes (notnaermeMtr)e shae amyr bdferevdred thethydotacbees in thet becondssel .

I e g R e i N
separ ati on seappamnerih rmamoﬂg)yaummmudpdrt amarhiesr, 3dvhad et elae foveeepardat | on
section has aﬂ}e}rjqre]cgerfl W nozzl e dro cIo s 32 an 42 "HSO each

i ncl ude an ov w Y utP e 5%rpp9r t ondd® PECRR ¢ PRI Ry al ity 32

may be the sahpdrasydiinedi 42 a¢ eald @l"acbhﬁ mdumwmemer@ftmeu gsrond
plurality 42. The first plurality of drocycl ones 2 hel d |n pl ace at
t he upper end SURRRSH é‘@ﬁmtbé} fhprd & &ﬁb%rlgw%rﬂﬁgﬁ t§greQ obya OWeheSYRAREr ends

thereof by Iow@rmﬁérmorrthe@e@bgbo@ﬁrenﬁzeessacwdrmrméh{awéf dneggigeycl ones
42 is held in place at the upper ends thereof by upper support menber 44

and at the | oflel PEREs W'Weﬁté@af'afb?pﬁ@ﬂ& tlgupprNImodate the corresponding
portion of the hydrocyclones 32, 42, where O-rings (not shown) seal

between the support member and the hydrocyclone and prevent the
passages of the mixtures or phases therebetween.

[0023] A mixture of a relatively lighter phase and a relatively denser
phase is injected, pumped or otherwise transmitted under pressure into
vessel 12 and first chamber 30 by first chamber inlet 62. As shown in the
Figure, the flow of the light phase is shown by white arrows, the flow of the
dense phase is shown by the dark arrows (both after separation by the
hydrocyclones 32 and 42), where the mixture of the light and dense
phases is shown by the gray arrows. After the mixture enters first
chamber inlet 62, it is injected into the first plurality of hydrocyclones 32
via inlets 53 and separated in the hydrocyclones 32 by the known process.
Each underflow nozzle 56 of hydrocyclones 32 in the upper or first
chamber 30 communicates with, empties or exits into a common first
solids guide 60, which is shown as a cross-section of a cone in the Figure.
In the particular embodiment shown in the Figure, the first solids guide 60
channels or directs the dense phase or solids through a pipe or
passageway 68 through and bypassing (no communication therewith) the

center of second chamber 40 and communicates with common second



menber 46. These support nenbers 34, 36, 44 and 46 may be generally fl at
plates with circular openings to acconmopdate the correspondi ng portion of
t he hydr owpehoness332, 42, where O rings (not shown) sealPChatsasen3d4he
support nenber and the hydrocycl one and prevent the passages of the
m xtures or phases therebetween. [0023] A m xture of a relatively lighter
phase and a relatively denser phase is injected, punped or otherw se

Lransmi tted ugeefs qigs 70! RnkAlifay SRR ndd A lsro%twaaha@w sidf viaw i rst

chanber inlet 62. shown in the Figure, the flow of the |light phase is
shown by \/\hltéaé?ﬂ’%%@”?he flow of the dense phase is shown by the dark

arrows (both gio?%ht anr(f]g?g g‘ﬁﬁs@%eb%téwgygﬁeg ngiﬁa@@oﬁﬂwré@;)oloﬁ&aere the

m xture of th hases 1s ray arrows. After
the m xture eRR&xHds pverﬁowmdﬁﬁ@ int® gememN firgt O@rilqw é@@@dﬁ‘ﬂ methichtiRe fir st

plurality of O : L2 Ly i

hydr ocycl ones%zﬁgg%tq%g{]@%o e%?%égf;ﬂsl@f @aéﬁo un ér @I@?ghgsets%ﬁtgf

hydr ocycl onesvésel h2 viadirstmbamber ofiileth6. chanber 30 commni cates with,
enpties or exj i nt mﬁn I 0 i L.S.shown as a
cross-sectiontoc&))?sL c%rr@a'pﬁ eolﬁ—%%ﬁéne?r? sq%gmbgfaﬁtap%ﬂegﬁgg%pn@m shown
in the Figurethe hn'a(tt[mer@‘ta $@Jhii\£ﬁy QgghtdlepmecbIMameiatloelydjeneem phadeeisdense
phase or solids throu sa y 6 throu b sing (no
Pommunt cat | on LY Pl BBefis? 3R HER wn et 5T YR dRun 2at o
wi th common san@@d&@td dISargberdeo‘bQ secbn@lchambeslmmlm haster tt%mnﬁtaresi de wal |
as the side wall 18 of ve b 92 4]. The |ight ﬁlﬁaf pa ated by the
first pluralif)e5 Sﬁ%“rdo(fﬁ%m Rledlefo &yl 1iS ”39@? 'BW n‘?fo common
first overfl ow@pagsorfed athiighniers 531@n&ls§pa|%técﬁ|nl metﬁwrdwaehemztb of first
chanber 30, and the |ight phase exits vessel 12 via first chanber out | et

66. [0025] Si He %ﬂo"‘trbprloﬁ%s%p%@% HRReriiow Negzle S804 yeiocsgonemdt KetMeporti on of

the mxture OTov@rrd?'s@ﬁ:bﬂcﬁbb{amb&hl@boﬁhﬂﬁw%a@é@wﬁhr&hé{‘iésV%Héx@@ﬁﬁ@b phase is
i njected, punped or otherwi se transmtted under pressure into vessel 12 and

second chanbeﬁommoﬁyseé?@ti@ﬁ@“@%ﬁh#ﬁ@ﬂq mhégh Teshommnt *§ atcressngection €f a
cylinder in the Figure. The dense phase from both first chamber 30 and

second chamber 40 may collect in sump solids collection area 80, which
may simply be the lowest portion of vessel 12 in the non-limiting
embodiment shown in the Figure. Sump 80 may be drained or emptied by
solids outlet 82.

[0026] In turn, the light phase separated by the second plurality of
hydrocyclones 42 exits overflow outlets 58 into common first overflow
space 74 which in the Figure is in the upper part of second chamber 40
and below the conical first solids guide 60, and the light phase exits vessel
12 via second chamber outlet 76.

[0027] It will be appreciated that in most versions or embodiments of the
hydrocyclone separation assembly 10 that many more hydrocyclones 32
and 42 may be used in the upper or first chamber 30 and lower or second
chamber 40, respectively, than are shown in the Figure. Only a few
hydrocyclones 32 and 42 are illustrated for the sake of simplicity.

[0028] As shown in the Figure, the first plurality of hydrocyclones 32 and
second plurality of hydrocyclones 42 may be in a parallel relation to
longitudinal axis 20 of vessel 12. Also, in one non-limiting embodiment,
the first solids guide 60 and the second solids guide 70 may have their
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enters second chanber inlet 72, it is injected into the first plurality of
hydr ocycl ones 42 via inlets 53 and separated in the hydrocycl ones 42 by the
known prowezsil/d@sssk underfl ow nozzle 56 of hydrocycl one®C#AaSee1ot0bess ower or
second chanber 40 communi cates with, enpties, or exits into a common second
solids guide 70, which is shown as a cross-section of a cylinder in the

Fi gure. The dense phase from both first chanber 30 and second chanber 40

nmay col | ect i gwhAUsEht@P bl ¢§n2dFtQH||nQPbk@§‘ r@é@@en&&y, Wnlcq‘ahar@auotsgéﬁalratetye the
| owest portion of vessel n the non-limtin nbodi ment shown'in the

Fi gure. Sunp 800w e fewreRagayse g}%tqrg&h%§ar§g|qr§§a§;ak\{vm regpecti9o26] 1 n

turn, the |i gaécrpbt?qé?aﬁ@ﬁéfcﬂ{aﬂﬁa% Iéﬁ'@tuﬁ%%?ﬂs Qb'é)'f #d Jassef1yicagycl ones 42
exits overflow outlets 58 into common first overfl ow space 74 which in the

Figure is in €@Rralgydpngiudinahfaxgshrie disingrdids 4nidgh §0bibe: BRCAEGNI cal
first solids QH?%%L?OOZ?]%’?)I BRo HeItBnsRIASE 1P i aV élfél rdidiiod & #econd

chanber outl et w 'l be appreciated t I n nost versions or
enbodi nent s ofongH@dlhgdcﬁX(ﬁogQ:Dfdhévgéﬁﬂﬂatl on assenbly 10 that many nore

hyd I 30 and
"over o secolt2gharbaft BEadtiedaed, b3 W oBRR et cheRtaRRRICRE, O O
Only a few hydvdroyyﬂlon%s 382arahdl24ih dirss alhdi L&ﬂcoad edhaioers (30 sak ed@f

si ol city. LAGERLAR, SR8 bBune FL Ao 08 bRk Phaahk gt

hydr ocycl ones econ rocycl ones
parallel rel ahydmcyainnasn@asludpermltsavars)usa)fdhe wgslsees P theld wspectiveone

non- 111 t1 9. eebGkREbe dialh bohicSRlddla B0 300, JiBnaaRAN ol i ds

gui de 70 may I rown ~c inal” axes, respectively,

whi ch are not ( r:membwhkloy thbomrts 62 tahd 72, gasmedieapused/ohte sespettive sane or
coaxial with retzqu%§ g ach other and optionally also |ongitudinal axis 20
of the vessel &0 Pentral or | ongi tudi nal axes of the first solids
gui de 60 and [0030Fed®wrdnstaht¢e] Soguilfided GSe,nahyingl the preductivailiepedntadl be in a

B e e B AR B by e R G P 20291 1
as the flow begins relative lower and increases over the years, the design
and configuration described and illustrated makes it easier to match the
number of hydrocyclones to the flow.

[0031] Having separate chambers (e.g. 30 and 40) that may be isolated
improves the flow turndown. The individual liners (e.g. 32 and 42) are a
fixed length and are mounted between the two plates in a vessel so that
the nozzle diameter may be smaller than the length of the liner. The size
of the nozzle that fits therefore limits the number of liners that may be put
into a single layer in the vessel. A vessel stacked with groups or pluralities
of cyclones, such as that described and shown, may contain more liners
and handle more flow.

[0032] The hydrocyclone liner section of the vessel may be similar or
smaller in volume to those conventionally used for the same flow volume.
Vessel size is often more related to the amount of solids collected in the
sump (e.g. 80) under the hydrocyclones, and the time the operator
requires between emptying the sump. Thus, it is expected that in most
cases, the individual vessel will be a smaller diameter than conventional
vessels that may handle the same flow rate, and thus provide a smaller
footprint, but taller than such conventional vessels. Stacking the liners in

10



hydrocycl ones 32 and 42 in first and second chanbers 30 and 40,
respectively, and the optional inclusion of nore chanbers containing nore
hydr ocyclwoesi/mssizl y permts various of the cycl ones i RCThisSee10/08BpRCt i ve
chanbers to be engaged or di sengaged by the use of conventional valves (not
shown) on the inlets 62 and 72, respectively, and/or the respective outlets
66 and 76. [0030] For instance, for oilfield use, during the production

life of an oi khihebd, oﬁdﬂeab@wumte &helabQlitsPiodying dicds ttbtat heinidr dfncr eases
with tinme. Thus, as fl ow begins relative | ower and mcreases over the

t he
years, the de¥?iﬁ?'satf’?d‘3@§lﬁ'ihﬁﬁ|r°¥i’twr@ﬁh HEYGNRPE8 OHAHIME | (dhe ¥eeIRes it
easi er to mat giadehPor UWWPRsioRl rdRlstf G steRAIBSsUCA ééﬁgtaml@é& ste@03Lpigkavi ng

separate chanbers (e.g. 30 and 40 that may be isolated inproves the flow

tur ndown. TheSieRHIA| SHPSI FyRker SIQEd. Qeraﬁaotg:z)c,te;,lsé 3eexedn I8ngth and are

nount ed bet We@l@hiflb@nttd@t @é\ﬁﬁqbsby US|ﬁg ‘éﬂﬁe%@él Wwith éﬁ‘@bertah%nﬂfﬂélzblﬁn@t@mt er my
be smaller than the | ength the [Tner. The size of the nozzle that fits

therefore |i r‘rp?%a“tsﬁé)fﬁﬁ?rtf}élrvﬁﬁel qi'ﬁ@}e@rtfﬁageﬁﬁpqwék 6@?a$9rlﬁl85‘ére§ﬁ'?el e |ayer
in the vessel otner¥e@p6heritsacked with groups or pluralities of cyclones,
such as that described and shown, may contain nore Ilners and handl e nore
flow [0032] [A983hydRodyRttishe I n@te sBeRiBHingt qARP@E8k| dvHRR b¥esi il ar or

smal l er in vokgmaruchort hﬂstﬁecﬁﬂ}f@%k:&féabébfaréﬁ&ﬁ ds88mblye e%@HEgrBhﬁbeV()' ure.

Vessel size is often nore relate o the ampunt of solids collected in the
sunp (e.g. 8Oj‘yft*fﬁaﬂoﬁerﬁ‘émﬂ@@r%ﬁé‘?mb@%%“ts'gﬁd’ft“F\%Vﬁ%%ané’rQﬂp@ﬂdﬂc?ts requires

bet ween erfpty'a'&rthb@‘e §§'§§?an9_ hE%ch 'chrtr'@geeé‘éé%ﬁ{tﬂﬂwﬂlhﬁve'td? sERISdgHRtE @S, the
i ndi vi dual vessel will be a snaller diameter t'han conventi onal vessel s t hat

may handl e th@”%éh‘%dqq Bwtheavall Qirfﬂe tVR8SepiNsUeiaee inespelsider dirBeiPront , but

taller than sudgkh éé’rﬂw&tééé@ﬁiblwmﬁ%f%'c%as@tf%lﬂdiﬂtottftﬂtdm MEthe VieB&dlagber s one
above the other results in usin ess total number of vessels to handle the

f1 ow whi ch majheyRasgdhrevelh the Wﬁl%e@'f‘” Berd r\*ﬂ9§§@lt§eé?ﬁés Aaene-f FRIBITRRM osi on
resi stant mat ﬁ’KéIﬂ&béléclﬁrg%scr%r@'eﬂh%nétb?%erhﬁbﬁo‘@)fo 54'q6le @r1.5Wper dupl ex

steel (or other exotic steels), there can be a

difference for each layér.

[0034] It may thus be readily seen that the design and configuration of
liners in a vessel as described and illustrated herein may increase flow
capacity, increase flow turndown and decrease equipment size, as well as
improve the ability to adapt or change the number of liners on line in one
or more vessel, as compared with conventional designs or configurations.
The design and configuration herein will also save space and weight,
which will be applicable for future applications of cyclones.

[0035] In the foregoing specification, the disclosure has been described
with reference to specific embodiments thereof, and is expected to be
effective in providing methods and apparatus that pack more
hydrocyclones into a smaller diameter vessel to increase the flow capacity
of that vessel. However, it will be evident that various modifications and
changes may be made thereto without departing from the broader spirit or
scope of the disclosure as set forth in the appended claims. Accordingly,
the specification is to be regarded in an illustrative rather than a restrictive
sense. For example, the hydrocyclones, solids guides, vessel shape and
other component parameters may be changed or optimized from that
illustrated and described, and even though certain additional features are
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significant cost savings by using a vessel with an overall smaller dianeter
because of the full vessel dianmeter flanges or quick rel ease closures and
ot her comporzent®s43p0033] In practice, in one non-limtirgTAsR@diosEas duri ng
t he construction of the hydrocycl one separation assenbly, each group of
hydrocycl ones will be assenbl ed outside of the vessel and dropped in as a
cartridge assenbly. Each cartridge assembly will have to seal against a

ring wel ded t@qot @9e&%dlly0fdehh@d/€€ﬁ3ﬁl|ed they %faﬂfcﬁlatrhﬁys@é’fﬁsh‘?@hgd agret er  of

each cartridge asse decrease fromtop tq omin the vessel so
they pass thr éﬂ%aﬂﬁed%%’( H%@i hereige Hieyr vayd *?eor'"”l"ﬂféat%é@ R ¥iBIN H8i s is not

likely to be §cép’ér getidarReRsiie. dFaMmERIhce PRENARE M, EQrféée@,Oc@aﬁr@sl 3 cm
di fference for each | ayer. %0034 | t maé/ thus be rea |Il¥1sseen t hat the

desi gn and coARY §ERERGTHABY Of INREISECHRPoCAIRRAENSHANYBLEPTIBRLVEE OFl | ust r at ed
herein may inexeasel fo'ﬁ?WLﬁﬁiBﬁé?ddUe ehé&ﬁ@aﬂs%edfbwﬁv; hygsa%mmaﬁﬂ Cper ease

equi pnent size, as well as inprove the ability to adapt or change the

nunber of | i nEPRfigyration@Nd H‘e(tﬂ%’ gesahippe 3\?€§§L@tr3t%§’sh%r8ﬁ’p§r@@eﬂeﬁht°

conventi onal g@@ggﬂﬂﬂsré@‘ard}éggféngéﬁf\xﬁ@m@g Rh@ gesi gn and configuration herein
wi |l also save space and wei be applicable for future

appl i cati ons k03 l/cI-B]?e‘gordPOGQ@Pr@'ﬂgtW fC@F'@gﬁ'é?%ga%‘r.'ﬁﬁﬁ hreughpghthet he

di scl osure hagaheen tdanenrdied .%mbm@qa‘u@h@nmtéoqospem fic embodi ments
thereof, and is expected to be effective in providing nethods and appar at us

that pack mor 0BYHr ohecPreRent displesuse siay 9rUétﬁb'r)l|°<§?ﬁ‘H3c”§? CASE(0r €ONSiFIcr ease t he

flow capaci tYe9§erﬁ|Hm} of"tﬁé%ﬂmeﬂ‘[@ﬁ%ﬁ%&ed lghd Whdy bé)ﬁra%ﬂéébeﬂtthé BBdencar | ous
nodi fications and changes nay be nade thereto without departi ng fromthe

br oader spiri ©f o selgpenbf nethdisfiagedosufer desigage.f drt ANG nn@ﬂ‘rém Bended

clai ms. Accor dinpghimert: thépﬁyderﬁ@édeorsebarénenbgsé&gapde&ng.gtsaaf I ustrative
rather than a restrictive sense.” For exanple, the hydrocyclones, solids

gui des, vesseﬁ't%rﬁab\ée%ﬁ@ln%%tﬁeqssﬁ'@ﬁ?ﬁ%rférﬂnl)bﬁ’l’%lﬁb’tr@'ﬂ@srﬁWYS‘éOCdﬁléﬁg%d or
opti i zed froy 4 hgh- rbdthitier Mefthtiod de i tine RRdemBRLRYRE dRUERsisRr tai n

additional features arenot specifically identified or tried in a part| cul ar
system net hogsntially of three pluralities or chambers of hydrocyclones although

more pluralities or chambers may be used.
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apparatus described herein, they would be anticipated to be within the
scope of this disclosure. For instance, the materials, surfaces, coatings
and treatwenos/@mss2of the descri bed conponents and equi peEniS20w00Bdshe
expected to find utility and be enconpassed by the appended clains. The
configuration and nethod described and illustrated herein is expected to be
useful regardless of liner type (e g K G etc.). [0036] The words
"conprising” gpAimgonpri ses” as used throughout the clains is to
interpreted "including but not limted to". [0037] The present disclosure
may suitably conprise, consist or consist essentially of the elenents

di scl osed andwmy id8apicrciti ced in the absence of an el enment not discl osed.
For instance, in one non-limting enbodi nent, the hydrocycl one separation
assenbly consists of or alternatively consists essentially of only two

pluralities off hydsagyekiiese sdghraidttitseRBly édrhprikhgal ternative version the
assenbly consists of "or consists essentially of three pluralities or

chanbers of hydroc¥e¥®bs, although nore pluralities or chanbers nay be

used. CLAI M5 What ig sgsapiRdity o nydrdtyBBAEOGYHIP AR SRB3SIALER GSHRMDI Y
conprising: a vessel; a first plurality of hydrocyclones within the vessel,

each of the hydrocycl olWErSypiBReS FARPESIRGaPoRy Witham INiek eectivaavind havi ng a

first diameter and a sepafsldidiieter @hb o sBaarafish 3e8RFPREViAG aMBd®Ing Where the
first dianmeter is greater than the second dianeter, where each separation

section has an under f | Si@MeLE e, and where each underflow nozzle of the
first plurality of hydrocygbRn@fe GREMURNAEESs Wrbdter thah StheCosaHMA gui de;

diameter,

where each separation section has an underflow nozzle,
and

where each underflow nozzle of the first plurality of
hydrocyclones communicates with a first common
guide;

a second plurality of hydrocyclones within the vessel, each of the
hydrocyclones comprising a body with an inlet section having
a first diameter and a separation section having a second
diameter,

where the first diameter is greater than the second
diameter,

where each separation section has an underflow nozzle,
and

where each underflow nozzle of the second plurality of
hydrocyclones communicates with a second
common guide, where the first common guide and
the second common guide are in communication.

2. The hydrocyclone separation assembly of claim 1, wherein each of
the first plurality of hydrocyclones is generally parallel to the other
hydrocyclones of the first plurality of hydrocyclones; and each of the
second plurality of hydrocyclones is generally parallel to the other
hydrocyclones of the second plurality of hydrocyclones.
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a second plurality of hydrocyclones within the vessel, each of the

hydr ocycl ones conprising a body wwth an inlet section having a first

di anet er wWoQoH/®83ar ati on section having a second di anePemr/Usadienav4she fir st
dianeter is greater than the second di aneter, where each separation section
has an underfl ow nozzl e, and where each underfl ow nozzl e of the second
plurality of hydrocycl ones comruni cates with a second comon gui de, where
the first common gui de and the second common guide are in comuni cation. 2.
The hydrocycl gne sﬁggratlon assenbly of claim 1, wherein each of the first

plurality of Rydro IWH@Y?'Q”%«&W@?@“PQ asseqIahe of (daifme. SveaeInhigr ocycl ones
of the first pldbeydidnesodf thﬁdﬁ'ﬁ%@ﬂaﬂl‘?@ hy@FtQ:y@I@ﬁ@s afe b@@rﬁ%?é\@ll@l urality

of hydrocyclones i's genera parall el to the other Y rocycl ones of the
second pl ur al Mt g Yﬂf@?ﬂﬁﬂ?ﬁ&ﬁ&e COAPIHYHY SEHIBRCYEBar at i on assenbl y
of claim2, wherein the hydrocyclones of the first plurality of

hydrocycl ones are generally parallel with the hydrocyclones of the second

plurality of HAydrolRhyieayclone seRardiprasseotne daipas MethhesEsadll v of

claim 2 wher elstélﬁﬁndr‘ﬂz%ﬂiﬂﬁlth'asloﬁg(lddm ia&id|and th8 nas,tlpqngmwﬂhmbcmrﬁesand the
first plurality of g/dr ocycl ones and the second plurality of hydrocycl ones

are in a paraPP@fhe8cend pHralifepepyirogyclongs %?/H‘f%@?‘@i"%'ﬁ@' %H?eé?'ioon assenbl y
of claim3 where the first common gui de and the second common gw de each
have a central axis and are coaxial with respect to each other. 6. The

hydrocycl one Separ H19 GHVREERNA FeRRratommafteM é?fé'%'ﬂb%’éfﬂﬁr?éhed%@s of the

first and secep@infRNgide @HHARE seEEnd BommdA gliti€leat®nalk ANcdrird ARis
| ongi tudinal axis of the vessel. 7. The hédrocycl one separation assenbly of

claim 5 wher e2P$i8re 6348l WiRdesnss! 19 9aqh YREl- second conmon gui des are

coaxi al .

6. The hydrocyclone separation assembly of claim 4 where the central
axes of the first and second common guides are in a parallel relation to
the longitudinal axis of the vessel.

7. The hydrocyclone separation assembly of claim 5 where the vessel
and the first and second common guides are coaxial.

8. The hydrocyclone separation assembly of claim 1 where the first
diameter of the first plurality of hydrocyclones is the same as the first
diameter of the second plurality of hydrocyclones, and where the second
diameter of the first plurality of hydrocyclones is the same as the second
diameter of the second plurality of hydrocyclones.

9. A hydrocyclone separation assembly comprising:
a vessel configured to receive a first cassette and a second cassette;
the first cassette with a first diameter comprising:
a plurality of hydrocyclones, each of the hydrocyclones comprising
a body with an inlet section having a first diameter and a
separation section having a second diameter,
where the first diameter is greater than the second
diameter,
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8. The hydrocycl one separation assenbly of claim1l where the first dianmeter
of the first plurality of hydrocyclones is the sane as the first dianeter
of the seworrdimgloss3al ity of hydrocycl ones, and where thePseaseraodssset er of
the first plurality of hydrocyclones is the sanme as the second di aneter of
the second plurality of hydrocyclones. 9. A hydrocycl one separation
assenbly conprising: a vessel configured to receive a first cassette and a
second cassette; the first gasgetdaenWsdphratidd rsektish R @h CAaPHbR Ng: a
plurality of hydrocycl ones, each of the hydrocycl ones conprising a body
with an inlet section having d'%P€s@"di aneter and a separation section

having a second di aneter, whAeR bAéh uhbsfklof REEAEL LS ife GFRadIGRIityhan the
second di anet er, where each separation section has an_underfl ow nozzle, and

where each underfl ow nozzl e of"YIFREYFIOPSS CRMMUANGAISE With R EebeYBIMGRes

comuni cates with a first compgyygui de; the second cassette with a second
di aneter conprising: a plurality of hydrocycl ones, each of the

hydr ocycl ones”’t?o?ﬁ?PP@iCﬁﬁseéteb’Hﬂyaqudﬂamﬁ%éﬁo@@%'ﬂ@n having a first

di aneter and a separat i0pIFeRY | &N hi@bcPdomess esaitd ofli BB hdrocydisied the first
dianeter is greater than the second di ameter, where each separation section
has an underfl ow nozzl €OMPHAINGhEr BOGG Mt RIErRILb\$esHYY | RAVHTD tthdirdlecond

plurality of hydrocycl efigsetepamdiRisephsiotsbdtion HEHYWss@maRlarfttiele, Where

the first common guide and the second commobn guide are in communi cation.
10. The hydrocycl one separ at'8i¢ s HighIAarBelet IRiohsaier ey B1enseeonds i r st
diameter,

where each separation section has an underflow
nozzle, and

where each underflow nozzle of the second plurality of
hydrocyclones communicates with a second
common guide, where the first common guide and
the second common guide are in communication.

10.  The hydrocyclone separation assembly of claim 9, wherein the first
diameter of the first cassette and the second diameter of the second
cassette are different.

11.  The hydrocyclone separation assembly of claim 9, wherein each of
the first plurality of hydrocyclones is generally parallel to the other
hydrocyclones of the first plurality of hydrocyclones; and each of the
second plurality of hydrocyclones is generally parallel to the other
hydrocyclones of the second plurality of hydrocyclones.

12.  The hydrocyclone separation assembly of claim 11, wherein the
hydrocyclones of the first plurality of hydrocyclones are generally parallel

with the hydrocyclones of the second plurality of hydrocyclones.

13.  The hydrocyclone separation assembly of claim 11 where the
vessel is cylindrical with a longitudinal axis and the first plurality of
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di aneter of the first cassette and the second di aneter of the second
cassette are different. 11. The hydrocycl one separation assenbly of claim
9, wher eiwoeatnosfd2t he first plurality of hydrocycl onesPC3/Usenenad4By
parallel to the other hydrocyclones of the first plurality of

hydr ocycl ones; and each of the second plurality of hydrocyclones is
generally parallel to the other hydrocycl ones of the second plurality of

hydr ocycl ones hydrdeycldesharl Preysdceng pﬁﬁ‘ﬁlﬁ?@? ih?@ro@§(§@rﬁ€§ Yreah él‘)é‘riaﬂéllly
wherein the hydrocycl ones of the first plurality of hydrocycl ones are

general |y par QT L8Ot he hydrocycl ones of the second plurality of
hydr ocycl ones. 13. The hydrocycl one separation assenbly of claim 1l where
the vessel is cylindrical with a longitudinal axis and the first plurality

of hydr ocycl ond4" antha REIreeYRNe pRRATATAN §SSeMy F 6&ife | TenwiergrBeifiista paral | el

relation thergb@mohdguidd AnBHE @e¥EMPBEMARIEG AHE @AcRM08T Yerftfal Gkal m 12
where the first common guide and the second common gui de each have a

central axis 8hd 2K erEANMIBIresRachiy PPt o each other. 15. The
hydrocycl one separation assenbly of claim 13 where the central axes of the

first and second common guides are in a parallel relation to the
| ongi t udi nal aRi s B1e tarQreclore  separatipRe apsRIPIY y@ll 188N sED VREP oRCassendl y

of claim 14 whertealtd@sVersaR! fidh&EnbhsedontiSéoniien SRR afOATBNpAdlIsles ar e
coaxial. 17. The hydrocycl one separation assenbly of claim9 where the

: | one :
first di ametefel@fortiadhg jangttuding/axs Qfyhe¥e$iglir ocycl ones is the sane as the
first dianmeter of the second plurality of hydrocycl ones, and where the
second dianeter of_the first plurality of hydrocyclones is the sane as the

second di amet 88 of TR &VEEXYHANY | AP 8ESEHRIY otly ElebRett Wihpere pthe

hyd_rocycl one ey ahd e fﬁ§ﬁ£1@éééoﬁ@@§ﬁinﬁiﬁ@.iidé’s aesakiaconf i gur ed to receive
a first cassette and a second cassette; the first cassette with a first

di aneter conprising: a plurality of hydrocyclones, each of the
hydr ocycl ones 1gonprie hi)drocyclone separation assembly of claim 9 where the first

diameter of the first plurality of hydrocyclones is the same as the first
diameter of the second plurality of hydrocyclones, and where the second
diameter of the first plurality of hydrocyclones is the same as the second
diameter of the second plurality of hydrocyclones.

18. A hydrocyclone separation assembly comprising:
a vessel configured to receive a first cassette and a second cassette;
the first cassette with a first diameter comprising:
a plurality of hydrocyclones, each of the hydrocyclones comprising
a body with an inlet section having a first diameter and a
separation section having a second diameter,
where the first diameter is greater than the second
diameter,
where each separation section has an underflow
nozzle, and
where each underflow nozzle of the first plurality of
hydrocyclones communicates with a first common
guide;
the second cassette with a second diameter comprising:

16



a body with an inlet section having a first dianeter and a separation
section having a second dianeter, where the first dianeter is greater than
t he secomlodnamesse, where each separation section has aoTarsdewf/Bass nozzl e,
and where each underfl ow nozzle of the first plurality of hydrocycl ones
communi cates with a first comon gui de; the second cassette with a second
di aneter conprising:a plurality of hydrocycl ones, each of the hydrocycl ones

conprising a body wi th gapirakt ofS BgéioRRcl&E, Neach fof rpe AYREBjcRInaaNd a
separation section having a second di aneter, where the first diameter is

greater than the secondOBPERBIeR, DAkt Ah iglepaestion having ioritfas an

underfl ow nozzle, and Ubﬁﬁ&e?éﬁd‘a%@ﬁ@rrailb@‘éé&%zi{aﬁ?/lr@fa sdrnaefagep! urality
of hydrocycl ones communicates with a second common i de, where the first

comon gui de and the secondWEBihHIe Hipt FLABPIET i %%%maéa¥heo%90%§ The
hydrocycl one separation assenyiymefercl ai m 18 where the vessel is
cylindrical with a | ongitudi naI axis and the first plurality of

hydrocycl ones and the secon¥nBléurcdcht FeRATAIRMISEEYRN oiRsSs adr &NdfrTigWpar al | el
relation thereto, and where thgzhjel ghg comon gui de and the second conmmon

gui de each have a central axis in parallel relation to the |ongitudinal
axis of the vd¥§8E easly L’é]ﬂérf@(ﬁ’aﬁp@'e vaftthersaspae tPlurgliyngd AHPAIONSsd t he

vessel . communicates with a second common guide, where the first common
guide and the second common guide are in communication.

19. The hydrocyclone separation assembly of claim 18 where the vessel
is cylindrical with a longitudinal axis and the first plurality of hydrocyclones
and the second plurality of hydrocyclones are in a parallel relation thereto,
and where the first common guide and the second common guide each
have a central axis in parallel relation to the longitudinal axis of the vessel
and are coaxial with respect to one another and the vessel.
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