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]

Hydrocycl ones areO’Eﬁthbﬁ@W‘HYEh@C%@ONEVAWERi\?US'Iﬁs\ﬁEé‘;S’ELéepar ate or
sort liquids and/or particles in a liquid mxture based on the densities of

the liquids, or in suspensi dNVtEé‘bT&BoN|@K§Q!}br?§TtEFbs of the particles. That
is, a hydrocycl one nmay be used to separate solids fromliquids or to

separate liquids or fluids of different density. A hydrocyclone w ||

normal |y have a cylindri cBACKEROUNDOF(THHE DELQBURE | i quid is being fed
tangentially, a f{Rni a ., AN I gt he

coni cal secti E??Bq]m ays a{ﬁ%ﬁrﬁ ?%’ng{}%r %B%.:teﬁsg tgpgpgfrlﬁﬁ% clf arg@ er| sti CS.

[ 0003] A hydr eugegementsf toen otientations exfi tpiuratitiesheofaxiydradyeloees, iamdopposi ng
directions: h e I n S4m at the
overfl ow or rggrtlkﬁlﬁﬂforre@%%t @nclbggl hB? H@W{: seﬂﬁb‘aﬁﬁerﬁ gol qu !ic' g\étgi l'ing

hydr ocycl ones on@rﬁiatKMSqQﬁ plusdiliesdomgroups pé hmresyclcurms thayeddce vieg fdtaw accept
is the relati i § underflow reject is the
relatively srré F%nh%&?ﬁnfm tﬁeu?l%% kl ovﬁﬁﬁs generally the denser or thicker
fraction, whil080@he Fhydzodyictones sareheell ikgbwer bheyrare deviaesl 16 reéassifpn.  Anot her
way of unders r i S,..an
ol bngat ed tapé«%hgh%gog?% %’ﬂg&&é a'ﬂ% 3)%¥tfélé’s” ?.g& G%lxh}sresﬂeé%lea'%% thdh.
decreases in dewm%ettheohmhd%lczremfstmpeasmlame@mr fheoderwitibsi ofpile end to an

underfl ow end ve r ion is
provi ded at t ﬁ%ﬁglgge oihlaﬂgé n| c@kné%n%gbevﬁeﬁ tgﬁ?éh%g%\g/mésr ﬁ(rg{herf | ow or
accept fracti tquids ot t%smged@u@ﬁ astiuids thinfmlght densilyi & hydraeyctomged under f
appr oci at ed o Fit R ERE Bekg aBhdlcal SEiBRA A7 b FRR Iqud Bl 88 - e
reversed depetahgegtialy, thd ae:loalcak/basmnsTheyan@Buanobfhetme lengtpodfeties bei ng
separated. [0 i S. - i i uced into the
chanmber vi a og(grﬂléarlllsrergfrrgerp? aas(g%nrt%}éa y?%ﬂ}'@ﬁé éh&{aﬁﬁ%? ﬁ%all"%hétgc%are adj acent to
the overfl ow B003pf A Ha/dsm}yaioael oihemm'asb@mo texitsr emt theaaxib uthgraadr inex

T 1 . SPRSA HABLiohe” S RaE P indda Kpah by R igher 11 vl o
chanber, thusagihe ugerﬁowmnafejlet:r eion matante denisecase of dguiatiquigadaailiviges

o the chanber TR EIdERT SR AR o clE iR BkmbREbER 12, ent e
t owar ds t he sisalhe retadivelf Iarlger enhandirthe:laelrdsemderfimv/tej@’nﬂsathe‘ |redmlvekyns are
forced to nov d erent i h war ds the
reject outlet gm%f'er %X'{ ht-r‘(?r'c:’l rfc]aeg{l%??%ehgrai thé %\éﬁg& %'dm"ﬁ&} f%lrag&?hr ough the
over fl ow out | ahile The olvelatmwets iber lightdresr moreg rfluldefraccjmm Aadthat erag afhe
interior wall ia the
under f |l ow out Pe{jerggﬂfj%nal ﬁ%%@@ﬁ? ?Cd(gﬁe/ﬁe %gﬁg&tes 'ﬁ@gae%lr%\r/\g Oq'g&b\é the rapid
accel erati on tfpetdrbséparaitn cmamb@*mftdireuiank:mssmchm ufhld:mdemasescmcl one. As
not ed, denser i r. ent ual

exit via the un%gts 840%% Ska W%'ﬁ@%@éﬁ%‘ké%\@@ 'g@#ttgﬁ ﬁ‘gérgnhgérlﬂg?%s m grate
towards t he cene, Anecmaarfﬂow nr rdjectlaugjet tor ainel lightiet fractionhie ppsdddd ainthiehr ough a
tube typicall t he
center. Fi nerg?)%ér(@ ﬁc’&ﬂlcﬁ‘ +%¢e¥ Wrﬂ%g?éeﬂga\ﬁ% @@%&%‘é@?ﬁ&g@gy are | ess
dense t han t hef thecpuisgengion exltsettnrouglhlanmv@lyoaxtamedsmderfbwscbtﬁm gt hed t hus may
not have tine t e f il id
velocities w Phﬁ%ﬁg rfc;[ﬁggﬁﬁlgél (%} ﬁe? ﬁvédrll b@ﬁﬁ)%{#%ggﬁrleatgﬁﬁg%hg forces
produced t her &acept’ @rsmjémtclaemmlgtnm gihd tma)oberrem'reed rdeperhdlegtonohheany
gravitational t f O Hydr ocycl ones may

t herefore be 5%@3’%‘3%58{%\/%‘@? iBg@s? ({ooh sﬁ@g rﬁi %%@ﬁs wi t hout affecting
per formance. Hydr ocycl ones are comonly ar ranged in | arge banks of several
dozen or even several hundred hydrocyclones with suitable intake, overflow,
and underfl ow assenblies arranged for communi cation with the intake,
overflow, and underfl ow openings respectiyely of the hydrocyclones.

[ 0006] Earl i er separator systens involving | arge nunbers of



hydr ocycl one separators commonly enpl oyed conpl ex systens of intake,
overflow, and underflow pipes or conduits which occupied a substanti al
anount ofwepaceosssd whi ch required costly and conpl ex sSRPEPAISR0ISBU8E Ur €S
for the piping systens involved. It is desired to reduce the space occupied
by hydrocycl one assenblies and provide a relatively conpact arrangenent,
especially in the petroleumindustry, where offshore platform applications

and shi p- baSG[bobﬁF"%é@&é ane sQéBen@eHrp%mdé@ &8 IRRRkRed M6 HPSImSE angenent
woul d al so minjmze the cost of & prent and i nprove flow distribution

to the hydrocy@l ¢ifeor rﬁfl‘%?sta”SP%'@'?)] dlﬁ? £ dOlFts: edhese abhddiRepdinigl the

arrangenments @Verﬂ@Wférﬁ}JbﬁfHeoélﬁ)a@itldﬂﬁ/éHé?ﬁb(é?r|t@@@at'e%'flk!@evdrt@( fhardin.t hat
vessel flow cagam ty. may limted by the practical q% di anet er of

the vessel inf ?n%ﬁ”é”fU@%lriolﬁ%qs Cregéed B ethish¥o2Pe t@riOWed%%Prbe}“ @ded by the

| ength of thepamere@qugh%@%ior#&@lw&mdwd the) Rl df$héjb<5|‘ﬁ|béltﬂhfabhldeﬂ seal i ng
in other configurations where there are an increasi ng nunmber of chambers

wi thin the veld88I9VingasencaMeationial dgnsey fuidssang p@f'?'?%@ﬁ@?”ﬁﬂéreﬂ% poor

turndown. Tur GAMVLd REEIENEO 1ILIBS afd Brcmgm fowairg iy earalr éﬁ‘tﬂe\tﬁﬁﬁ@ert hat may
be achi eved whilst still npeeting Fer ormance. The efficiency

hydr ocycl onesAgith¢ APRsrRsdluids qr}qepqr iIgJap P%W@éoﬁ'rﬁlﬁe\“’érdédﬁ%§”@”p%‘P‘nt at

whi ch the peerrtﬁ@r‘&ﬁﬁldéﬂ | dhafRfer MRRE IiGRRE | fdcEiBhd Qe - foWiid @olrhoo»@rb(yes from
case to case, érl cal it occurs when the flowis from about 50%to about

75% of the vedd er’ﬂ'@bejﬂeﬂ‘ INolRie everkei direchpr iwRres theesiftindidiet.off e

hydrocycl one |igier ﬁabfbr%eéﬁé' ffus( ¥dHRE@ duﬂﬁar’dwnﬂfréugﬁf thedelemed Aafeei n as the
smal |, individual hydrocyclones). Easily isolatable npartnents are

desirable to éRapresvietppasiieas tqeniaewio (ﬁ%ﬁab@ﬂ% 19 eﬁewowgll 9ftthgoul d be

desirable if AfBBRIGHR taﬁdw@\v&t@eﬁwl &35 bnmarelgwna PROYAERI G Cotlet. gur ation
or design of a pluralit ydr oCycl ones permt smalle

di aret er vessmt%maWalC@H%/Wﬂﬂ' Prepriareraaneraipg oy dpe f%qu B?¢q4ﬁr§t'°’é°bthet 0 occupy

|l ess area on amgefthedighetrRl Midiopits SMBhé SiycdbGeRNE! WaSAGkS, WeHsét al so
dramatical ly reduce vessel costs in the amount of exotic materials

required, e. gPadicigsnPledyids: Bugrateyipyaids B wahdrr ANkl sxderid. theri EF

SUMVARY  OF THﬁn&irﬁ&hOﬁ% th® W] d iR Sarti@le § 20M | RS midlaRNBwARIE fhest rictive

form a hydrocycl one
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



separation assenbly that includes a vessel, a first group or plurality of
hydr ocycl ones within the vessel, and one or nore additional groups or

pl ural i t ywof2otwadssseycl ones within the vessel. Each of saiCu/usgainnssss ones

i nvol ves a tubular body with an inlet section having a first dianmeter and a
separation section having a second dianeter, where the first diameter is
greater than the second dianeter, where each separation section has an

under f 1 ow nozghunens wpeie ad wmaerrtehm\ém%éhgsm éd?*ﬁ’plékrﬁlpp@FtOUp or

plurality of her/dr ocy cI ones comuni cates wt conmon gui de. The
subsequent pl § 'é\“?ti“ie;? fof g HIRIRY SYBIRES YOl | 5§ yea'r%dp&é%ﬂq% téﬂegener ally

paral l el rel agpse bec@sied %Wh?@rbc?dl&é Casfs@mbfésf @hdPpreviel BYrePdtively
hydrocycl ones, as would be still further su seguent pluralities of

hydr ocycl ones COTPat, SEBATEMERY r BERRFIAUY nif] yiNe e REROISHTS ANGHSHY dr WRS/EI ones i n

the additi onabfteiQe Rphat@rmidgplidhtidns@md sHip-BEES) MstaRidray plediremitil an i nl et
section having a first dianeter and a separation section havin a second

di aneter, whePB SPAESf i/t SPMARGINRTAIOEMEY MM B AISPHARITIZE 18R C8RIWCHINGNet e |

where each sepgliipileANakEridreve NG dRRivimeR id tHRVydRFRtRne dgiswher e al |
underfl ow nozzl es of the second group or plurality of cyclones comunicates

with a secondlQ®8fhorPigigHles qfheowwe\ng@n%!owe@mrw% Ynerrtigeraliersnf conmon
guide are in ﬁ?d?ﬁb'ﬂl&féts'lﬁéludér bR ffabfﬁat Omﬂoﬂ%bﬁﬁclﬁﬂ?ia@@elﬁﬁﬁi%fﬂyow as

channeling the nore dense material to each additional gujide, and'then to a

sunp. In one H¥nPIACHEE iNRgdEediamedsrt of tf‘ﬁé’%%@%‘le”?aés OIFPQH?re&hQ/W‘Etl cally as

are the hydrogygl®ngsel Fharyh%ef 'Ilhﬁﬂeda'ﬂﬁ} %@SI@ﬁg'lﬁmofpiHér ayidkd§eloRks 9r oups.
[0011] Another non-limt enbodi ment according to the 'present disclosure

may i ncl ude o ARGRIPBRYe INeHe Ay Bt N AU AN C@BH%‘rﬁB‘i”ﬁgWh%fe\I@%@el

configured togfegfintRaBing H@ﬁb&%%ﬁé%@e@ﬂlﬂt% ’E'I‘n‘iécxiérslgeIC6155‘at te; the first
cassette with a first diameter conprising lurality of hydrocycl ones,

each of the hif9P8Lycihsheds %lé?rﬂﬂﬁssqfr?éf'%ert%d%“e\/iptﬂﬁ)oéwmgﬂ“’é@ $HAYOWA having a

first di ametefergfRtoans AMARRAN f%\/v%ﬂ’%gr?ﬂwehﬁééb@lghét r%QVB@Cécﬁie@@@Wﬂst where the
first dianmeter is greater than the second dianeter, where each separation

section has aftilLmeeHng Borformance. TRsdeiipieney ehkydrosvslanes SIMNSheE @sof t he

first pluralitie iw F%ﬂjrc@%G'ti‘?é}@%omelﬁﬁéte\ﬁth tHe Berfdrhrizincé WATRG gui de;
t he second cassette with a second dianmeter conprising: a plurality of
hydr ocycl ones MeghgRedficatings.hyHRilscy ¥ ropfe BOROFASE] 19i Ge§CalyBisaYY KiQCAUTEN i nl et
section havi ngngnfihé ﬁéwqé AR %o@@é%tosg&ﬂft%%)af fRCIdSe8) cﬁl%‘@mfﬂ)\@ second
di aneter, where the first diameter is areater han t he second di aneter,

where each seﬁ%tslréﬁt%%@t‘ihérﬂq%r&ﬁ hydi@syslone liners 7 BRvicedWhethidiee each

underf | ow nozgdrg £é de'ﬂﬁe@%%w aB'ﬂ%éae!rhélb{ .m.v.amrrgfav&dy@mﬁés CORR3|Ri cat es
with a second common i de, where the first comon gui de and t he "'second

common gui de BPEigkle c@ﬁ’fﬁﬂﬁﬂrﬁ%tﬁoﬁre P@@'![aé]'e Alﬁoteﬁé*PlentﬁTﬁPrPV?ﬁ tIHREIO¥Rbodi ment
according to bheaplcAs®at disclosure may include a hydrocycl one separation

assenbly conprising: a vessel configured to receive a first cassette and a
second casset 0909} helt woulk be pséable hiapharpaAStWeIPadsed kaisPLli ng: a

plurality of deécyewg%noﬁa&faeefgntd?ea &Mﬁéﬁ&%f efb%§c|69é§3fhb§wellda body
with an inlet section having a first dianeter and a Separation section
havi ng a secoREM} amalesdiamapier vegsess, hicky welild thisdhaviesroglea {ipiMan t he

second di amet ely $MGER9aEEs SPRATGH ANoRGRIE Qalhittn. ansafs” fibmparozzl e, and
where each underf ow nozzl e first plurality of hédroc ycl ones

conmmuni cat es MPQS@'%WPWSﬂlséo%@m@t'@%ﬂwdéedupﬁeV9§§@|oﬁQ§t%d@st etaMYtofa second
di amet er conpeisticNthatétiald Vé&l]lﬂeby _c? QMW&%YQEQI”%PI&G‘%P Ripek Reiplex

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

di aneter and &€8lSparati on section having a second di aneter, where the first
dianeter is greater than the second di aneter, where each separation section
has an underf |ow nozzle, and where each underf | ow nozzl e of the second

plurality of hydrocycl onBRIEDSHMMARYQF HHEDISGELIHRECcomon gui de, where

the first co ui 1 i e, icat i on.
BRI EF DESCRI PAQ %H%Q%WT\%FC' 13%C Eﬁ?%tgﬁ'rvgeﬂ°§’haasﬁ¥°%n‘§ﬂ e
Cross-secti onsewarawr as$ejnblwsfth@h@ch1@lﬁs g vessel.ny fiestoraupreitplemlity of

hydr ocycl one illustrating two or nore groups of hydrocycl ones positioned
one above the other.
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[0014] 1t will be appreciated that the Figure is a schematic illustration
that is not necessarily to scale or proportion, and, as such, sonme of th
| mpor t antwpantigoed32zt he di scl osure nmay be exaggerat ed f oPCITIuSa&w03448HN oOr
enphasi s. DETAI LED DESCRI PTI ON OF THE DI SCLOSURE [ 0015] 1t has
been di scovered that hydrocyclones may be installed in a vessel in such
way that vessel size and footprint is reduced and the process systemis

nore conpact  ajdBtgiéiesd WNih Ak 8RssdiNiahd V@RS 8 nfdré SadditRMdF hdlipsi &
acconpl i shed bMtackl ng one or npre rg%cl one packs or qgjr oups above each

other in a veBY&IlY REAYJIPEXCIQES Within dofn VP& -athash 9T RAILBEIPRXEIANGS| owi ng:

The ability tgvBRes aMRbglaf BEPARE dnhiet 8e&ihl ARingth AR IoRImates 88 a Whi ch

i ncreases the flow capacity for that vessel. , , ,
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 all underflow nozzles of the first group or
plurality of hydrocyclones communicates with a first common guide. The
subsequent plurality of hydrocyclones is similarly disposed in a generally
parallel relation to one another and to the first plurality of hydrocyclones,
as would be still further subsequent pluralities of hydrocyclones, if present.
Correspondingly, each of said hydrocyclones in the additional groups or
pluralities includes a tubular 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 all underflow nozzles of the
second group or plurality of cyclones communicates 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,
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| mprovenent in flow turndown characteristics by increasing the nunber of
vessel chanbers that may be isolated or selected. The incorporation of

mul ti pl e wbanmews43al | ows the use of smaller nozzles. MpCa/UsSea8948%i npl er
sealing may be provided between the chanbers. A smaller nunber of vessels
may be permtted for a particular process. [0016] The probl ens addressed
and i nproved upon by the design described herein include inproving the

vessel flow capgeineye BAGY LM IdW PORAE @err@sédoﬁatpﬁﬂaw ophfmcﬁ%né@,echam cal
handl i ng di aneter of vessel internal s. Additional sea 8 bet ween

chanbers is sPABMUNCBIESaMin; FHes0Rd) CoOmmerhgpide; HVW%\}P%JESH ANGRE i nl et

nozzl e size Wagidkiamyites s&dorid@rRogblidefaré hﬁccﬁﬁrﬁhﬁlﬁéﬁon Al so, previous |oss
of efficiency due to poor turndown I's I|o(g})roved [0017] I n the present

desi gn, groupt0d?] ninteey Mandeivag | ABbHIeE! | 3GCRYNGF ohyiR oRPEPHNes
(liners) are gisapked ﬁh@? |ﬁ<99d’@atrh'5@ir@é))&%rne'éép%raﬁioﬂgé&,eﬁ%%ﬁ%m ﬂ‘?l ?ng nor e

t han one stacked chanb in the vessel neans that the nunb iners in
use, and thusat%ésqll@W'%Bdtt%éeQ%@W Lcagshitenand aggeend B%S%Ftﬁpllh? i sol ating

one of the chambesssettdWatnsa %K@anéﬂ&@lﬁﬁ&sﬂ?ﬁ%plblﬁiy ofl HyardByioRss,r educed to

about 25%to about 38% of the design flow. ree stacked chanbers neans
that flow may©Be" PEHSCBEeQYCOREECOTEISING 2aBRfn Wihap dnlet sREUQBIIYINO | ow i f

only one chanfgfstidtarfétel ¥8d aldepuidiion REcHRaIFRGMPE 88cdritbdiamBairewndk be as
many stacked chanbers, of hydrocyclones as are practical and useful . [0018]

There are ot h8le fEdnd@meitnis oRAJR" H1any doicsesgnd HEameisl, Wheee Ry t aki ng

out indivi duaéeééraﬁ‘drﬁ s8&dnf had bﬁmdd@rfm\l\ﬂ%ﬁzle %&mhé@@aér@%n@mawng up the
vessels. Alternativel Xg fa si ng | ayer be di vided into separate
I

sections, e.gNoF3ge&fd Ir%tep'éa'fa'%l@é fUF’@é@J%?ﬁ SOMABIREGAERS WitRj & 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,
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



method is difficult to seal between the chanbers and is normally only
restricted to two chanbers. An advantage of the present nethod and design
descri bedwbepains43g that it is relatively easy to seal permsenonbasshanbers
using O-ring seals. Further, there may be several chanbers one stacked
above the other. [0019] Shown in the Figure is a schematic illustration of
a hydrocycl one separation assenbly 10 having a vessel 12 with a top 14,

bottom 16 andreﬁiﬁﬁoﬂ\ﬁé|acé§mpWHe|debytsta@Klﬁgobn@e&eﬁﬁ>?é Yeytloae pRksedr 12 be of
cylindrical shape with a |ongitudinal axis it is expected that such a

shape will be9fQpRScaPOVS| ARED |°thrs'”06n‘(?§ﬁ?'r O,Ifggtu(r%s f%ﬂhlscﬁ@@'géﬂfﬁi'oﬁandl e.
[0020] The paidciueid!the rdmpdirgeycl one separation assembly 10 has a first
chanber 30 and a second chanber 40, although as previously noted, there may
be nore chamber ® plrhkssehiity iChRARkeMOBD CYiaNes INig §tsrmll9railam@tebwe$§ﬁélr ocycl ones
32 within chamber 30,a0¢ iN&es Stjlﬁg,ﬂoW};érng,qmrhﬁg(,ﬁggétpl ones 32 are in
parallel relation to one anot i S expecte i n nost

I mpl ement at i ons et hiegemayicinofies BmdeWn charsotelisti¢sn bpainaisaeingr ¥eat i on to

t he | ongi tudi nal axi i i gure, are
oriented vertically. EV@BFP& %?Iedgra@r?try\magﬁs??}rezggé@tdaq?nHyé%be?ss| ble, it is
expected that the Ter incogloratiareot atuitrpxre shawbensi dllowsetheheseooesmabdr of t en

i npl enented since it ﬁ%ﬂl d occupy a mninmum footprint on an industri al

site, such as an offs ‘oil platform In sone enbodi nents, a chanber may
be configured te have eseoudeersiﬁwbeéalmam@d b @revitiéd heeehameer s may be
sized to have the sa aneter or different dianeters. [0021] Simlarly,
chanber 40 has a secgﬁ%imb?ﬁr ality of hydrocyclones 42 within chanber 40 and
vessel 12, whera thesradi afedINSs véshery %dynb@%eilrlnhtﬂid el atpRiicdisé one

anot her. Agal n, it is expected that in nost inplenmentations the

hydr ocycl ones 42 Wil prqjgeg% be in parallel relation to the |ongitudinal axis

20 of vessel ne]indfﬁeh%’ﬁob‘l‘éﬁné @dd¥8sde’ hAd ﬂﬁfp%\}e%ﬁ ub@rh by b tResighe first

plurality of hydrocyclones 32. In alternative enbodi nent's, one or nore of
the hydrocycl Sﬂ%‘é'bﬁ hgtginoinClvdar igyyeYiahdae A@Sﬁ%lyf'% %ﬁ‘ﬁiﬁlr RISVEUSlYn rel ation

to the |ongi tH&hé’@ére@ﬂinﬁte&obyﬁfprékﬁ@élePne%ﬂanlbél SEHERING MHRH B 1B Bt Svessel
hydrocycl ones 32 may be nonparallel to hydroc¥clones 42. In_ sone

embodi nent s, tr}'i%mﬁisur a"l\‘i’Q'ﬁ'Q!ka”bf SR BpbleRTe £hampers; s nyifPhiedy@dped i nt o

cassettes (nOIm;&rBOéW) FUMdr, mdreiBusd Q¥EHRIinidthezABarbelss limitddsy essel .
[0022] Each of the hydrocy clones 32 and 42 include a tubul ar body 50 with

an inlet sect je@gtrsgf H*&‘?/l%@'oﬁﬂsl nflgp. Bevigvs 1958 i ¢fsefligiPame R QnBoY
separation segirh@swibit ifprdvea. a second diameter, where each separation
section has an underfl ow nozzle 56. Hydrocycl ones 32 and 42 al so each

i ncl ude an ovEOVbw B¢ efessgt daHgn. HfauRTYcMeddss i(@ise kalled pPlgtalifesiral ity 32

may be the sagp h?éro@&cl@rﬁésf @fn‘éFg dre0abRRy Bﬁéré&w@'tﬂ@e&hbﬁlﬁ féesﬁél%ond
plurality 42. The first plural |ty of hydrocyclones 32 is held in place at

t he upper end¥e$sebr Ba¥ingynerggban 8up sickedrshdyapenia tﬁﬂde%wm?@”ﬁdb@r ends

thereof by | oy ngHBEOHT IHERIRE LSS andTihGs I8€ ABH a‘Honh@' tufndo@, ByeaCYCl ones
42 is held in place at the upper ends thereof by per support nember 44

and at the | oWHUCEREY SITEY SBHABY MR ihe GhBBRErSrohMeFlagked FhaBBeSUp por |

members 34, 3fheafid 1 doftmERYe Peddeaes abbt 45°8t0 9ﬂ)<§ﬁt%%°/¥\'bittlﬂe%le%®w ar
openi ngs to accomodate the correspondi ng portion of the hydrocycl ones 32,

42, where O-rfi9Ys I(¥RA SkaRkeehsharBRerseeanschat Hew SiaypRs fedvenb s 2Rt t he

hydr ocycl one ap4, ravenbeids tﬁé%%éi@ﬁf’flow if bhl? dReXdnahftser & advas apwill
t her ebetween. [0023] A mxture of a relativély lighter phase and a

rel ativel y deR8ePPRREgEeq dhathitkareemaypbfpas Blanyt FBEWRS chariiessi ¢ft ed under

pressure |ntohy@(§§)@§|orﬂe% @r&efdré@ka%wuﬁo by first chanber inlet 62. As
shown in the Fi qure | ow of the |ight phase is shown b%/ white arrows,
%

the flow of tI® ﬁ]ans'@%‘ha%@ idheyh R@RVBNtange WaYk Ar FRANSINChAR% #aW.er
separati on by ey ShREYGUORASIGEA sl LAl 1IRPKE blRs TN Gafost e |1

and dense phases 1S shown gray arrows. he m xture enters
first chanber OP@NiBg ugghe,vpsq;@s, rﬁ”@ﬁ’taé'tdelb/nﬁé'rtgllfé'aﬂlﬁf mayphwwdieﬂym@f

hydr ocycl ones s@gardicasd iR’ Se 23 1iRd SBBATHRE drlsddiferty difEskANAR 32 by the
known process. Each underfl ow nozzle 56 of hydrocyclones 32 in the upper or
first chanber 30 conmunicates with, enpties or exits into a common first
solids guide 60, which is shown as a crosg-section of a cone in the Figure.
In the particul ar enbodi nent shown in the Figure, the first solids guide 60
channels or directs the dense phase or solids through a pipe or passageway
68 t hrough and bypassing (no conmuni cation therewith) the center of second
chanmber 40 and comuni cates with common second solids guide 70, which nmay
sinply have has its side wall as the side wall 18 of vessel 12.



[0024] The light phase separated by the first plurality of hydrocycl ones 32
exits overflow outlets 58 into common first overfl ow space 64 which in the
Fi gure iswonotines4spper part of first chanber 30, and thecriusheiopbase exits
vessel 12 via first chanber outlet 66. [0025]Simlar to the operation in
first chanber 30, another portion of the m xture of a relatively lighter
phase and a relatively denser phase is injected, punped or otherw se

transmtted umOdwseaﬁwuﬁ ﬂoné@alv@ﬁﬁ@én e RREMBEEORAd qm{méuyfl@ngy second
chanber inlet 72, After the m xture enters second chanber inl'et 2, it is

i njected int orasiicieq F%ttwﬁl%haﬁlqef% A RYVRHRYR 10h AR PAesapt An¢thpdadds3 and
separated in HhgghREOMEY RERE E2(HAY it BerelafioNm ds9asseal Bagibaingher f | ow

nozzle 56 of h drOQéclones 42 in the_| ower or second chanber 40

communi cat es HNFAPSIENTINGO-rRG SRSt sTiTHies ek MANDR seupia! §BRMBSSgui de 70,

whi ch i's showgnh@sigrké&d a66veSBeldiedt. of a cylinder in the Figure. The dense
phase fromboth first chanber 30 and second chamber 40 nay collect in sunp

solids col | ect038] arhpvenin HaiFigvrads a schpmatipBustrRion RleshyderYclons of vessel
12 in the nonséb%ﬁémgs@mﬁiﬁmlrﬁk@wwem1§hlﬁth':é%ﬁ ¢4, 153110 46 Jmay be

drained or enptied by solids outlet 82. [0 J n turn, the |light phase
separ ated by tie waltd@d Wihile dl ist Qotomeqwawdpa werss! 42 ket sylngeall ow

out | et's 58 | Nt GORTRR IbhéiRIgIRY B! YiPRBockda Wi Ghch B dipeRligge 15 10

t he upper part secon ow t he coni ca rst solids
gui de 60, andtypieal singhit I%W@nmw@mﬁsﬁe ang handlesecond chanber outlet 76.

0027111t Wi | | 0BB0RPPHEChaEtal idrob RS Lo BR PSP TR NS, Of 1t he

hydr ocycl one sepa atlon as nor e ones 32 and 42
may be used i nhamleeruﬁpeamdoa gacosd ahlamiiee r403 Galthndgh @mpre@muslecrm’teld chanber

40, respectiv e | . ogycl ones 32
and 42 are il FHL?¥? a}yagc‘]é Flof ;ﬁ%ﬂ@eﬂﬁgb %%b%% kr?%% ! %%@F%Vaﬂh% in the
Fi gure, the fhydrocydlamesl |32y \mhntnydmamped Boesark? \aasdelseftz)nd«hprejrmlel ty of

hydr ocycl ones para Ie latjion to | udi nal is 20 of
Vhsser” 12" A BdroPTR 48t PRI o oo 2nF) 1UE EBeeBE Gur e oo
and the seconchaﬁlqﬁ rrdﬁth gnpldmeﬁ&tuaﬁe/tmwmrb@fudneﬁm erzilgoﬁbe gr pmnglb t udi nal
axes, respective ich are not se te shown in t i gur ecause
they are the SiANGI0 H’@ag’i"gﬂt“%‘ t?xﬂ%gﬁégtvetsée'e%ﬁ"’@%@rs ng"”oﬁtﬁ‘Snal ly al so
| ongi t udi nal  &juge, ZQreOBrléﬂil@dVﬁ-ﬁrﬁédll 12 WFl'l’ee%%e%Mérﬂétlst hengbfisidiynal axes
of the first solids guide 60 and the second. soli uide 70 may al so be

consi dered t oPBESIRIR, | '§)§¥%ﬂqt%’| thas thg Y%fHCEt"cP”LeH@“PBﬁ@ wodvih&e tﬁﬁloﬁeZO of the

vessel 12. 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



[0029] 1t will be appreciated that the design and configuration of the

hydr ocycl ones 32 and 42 in first and second chanbers 30 and 40,
respect i webyo11z2008432he opti onal inclusion of nore chanbePsTaSAM18i089488 nor e
hydrocycl ones, easily permts various of the cyclones in their respective
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. [0§§0hf%ay Bétg%l%d ih@y cadskibsl rﬁ’otbb?n%wnﬂlt'rﬁdtﬂﬁaﬁ be iweddction life
of an oil field, the "amount of water produced with the oll increases with

time. Thus, a¥@ RRAPPYRIMEW VRSSelel ative | ower and increases over the years,

the design angopontigushai A8 HBRRYHIBRE 88%nbl duipEiAborBRIRBoy s0asi er Lo
mat ch t he nunber hydrocycl ones"to the [ 0031] Having separate

chanbers (e. ngtBOathﬂeM€90tlpﬁa$2 faying ean mtas%candn@rfwve@ame@erfa at ur ndown.
The i ndi vi d“ageﬁér?ﬁéﬁs sé&'roﬂ'sf’ﬂa\ﬁﬂg a4§écoﬂgfdi§néfe¥e\9h%r@’%ch ﬁb@reﬂfoﬁ rmunt ed

bet ween the t ates in a vessel soO t € nozz I amet er
smal | er than S@Kélohdmjwtam ghdarfiew Inopzle .56THayddoyelanfestIeantb42 |ats0t¢aa;h f| ts

therefore li n]ncﬁgdteh& 8}%% c%ftl 5§er'lsnet rg\ac}roé%}/on% nﬁ"l’ﬁek&tt gﬂdg?lﬁ%%@ e |ayer

in the vessel vesse Wth s’or ur al Cl ones,
such as that deyche tlimjsanmd a;dqowd;ffem f(mntthe mydmcyclbne&armtmndedmddl e nore

sral 1 er i nvoP S B¢ e ERUAD RIS RicBhe o MRE Y pbficlol une,
Vessel size |sppénmdsmeeedfeiyammﬂert9uppm naaToibent 3d aing at itiks |omdrl @wised i n t he
bet neen ot ylRETnGYS R MHBEET FRrRey 3ot od ehaeoPt mb(aibhets, the
i ndi vi dual veawbcw|ddesb¢2ass1é&i ireuaéeaatem@ru;ﬁiea\remnt\h@rédquahpw@fssel s that
may handl e the sane flow rate, rovi a snaller footd)rlnt but

taller than s8¢PPELMRERRS oA aﬂf’eé‘ééh% |°§gﬁtﬂgpﬁgth?'??é’flt?yn@”‘éerlﬁ‘ PeHanbers one
above the ot hafenitRsWet STHeRe UBpp&H hfé?@oér@@ﬁ' 361mm{d47é rﬁé%*éeééwem handl e the

f1 ow which maﬁ change over tine. he vessels are nadé from corrosion
resi stant nat 8@ Qlaéessd\‘ﬂ*ﬂ §§CL§@ra|°ﬁP'”é'§§S sPedfcommpdaly Kieeeprresroadifer dupl ex

steel (or ot thrt@?ﬁOéf' %é%?@r‘o@?eloﬁé&e@ @an wRré GJrlﬁﬁéf héla@hoﬁﬁ’)ske@aw ngs by
usi ng a vesse an overall smaller dianeter because of full vessel

di aneter flanBeWesn Higi EKPRQI EBRMBORN 880eriBS ByftoRciEe é@@rﬁ%ﬁé@ﬂtsthe[ 0033] In
practice, in BR&AIRE o tHE thixiFeSBPOHIERMkerdbEIVRENT e

[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



construction of the hydrocycl one separation assenbly, each group of

hydr ocycl ones wi ||l be assenbl ed outside of the vessel and dropped in as a
cartridgewazsamoBis2 Each cartridge assenbly will have t@Csaskolagaisst a
ring welded to the wall of the vessel; therefore the outside dianeter of
each cartridge assenbly will decrease fromtop to bottomin the vessel so
t hey pass through the welded in seal rings for the ones above. This is not

likely to be §o||o%r@ﬁdél79n@ﬁ.chnng} @Wﬁﬂ;ﬁhavdoﬁé@ﬁ%dy\ﬁau &Qtﬁe( dide (W16 to 1.3
cnm) difference for each layer. [0034]1t may thus be readily seen that the

desi gn and cofPiohuessel % of Ilners in a vessel as described and illustrated

herein may '”@'oéﬁge ﬁieol‘férﬁ%‘i’t%éts&paﬂagds)@%ﬁ fils® Pluk MR BPWParBBhIGHRET ease

equi pnent  si z rove t 0 adapt or change the
nunmber of ||n62§Xt§$1overﬁ@w|wtlew%mtme@mmsfyét oveskove sppes 64 whiahhin

conventi onal 1 ion herein
wll also savgﬁzﬁggg% |§Lndﬁ\%gfd8%t’bérrtwh9ﬂ%t Ch%%éggﬁ"agﬁ | cabqw% ?ﬁ%ur e

appl i cations wésseyt2 viadist Ja0B®} butiet6®. f or egoi ng speci fication, the

di scl osure ha f G ci nts

t hereof, and ﬁ’s?agﬁpe%ﬁﬁ%r Obﬁb %é'%&éf.’ﬁi?ﬁQn%Sb‘%\?fgs Rh@?ﬁﬁa%hn appar at us
t hat pack nor éhehgniktareya a)meiatwem,t bgtaelspMSeeandjaawEItleely\MSeﬂ phasd iscr ease t he
fl ow capaci ty of t at ves Howev be evi dent that é\ﬁrl ous

it
modi fi onti ons MGHE P R onEBISR Fansinelt uice! Bré R Mo ViR BT L OvP
br oader spiri hn@rsee@upeha)ﬁbémeo tly sselcosdiichambes elletfZ2. t hftentrtehmmmpended

clainms. Accordin ification is.to b g dlna |IIustrat|ve
ather than acPEG SREIT ShEBRSE a0 ok dRpEcienBRh i By iuAly Ofsor i de

gui des, vesseh @rb@ﬁﬁo@t@mg)maamefsowan@rstep@@teimtmémyamcyaenwangﬁd or

opti mzed fromthat illustrated and descri bed, and even thoﬁgh certain

addi tional feMlQfOWnPEceRt EpRtuRdestow porzie #Bidf inudrosyclppesed? imthg

particul ar SYﬁiv@ﬂor%EMch‘ém@@rpm bR RRY ARPRIS or BRRYint®Yl d be
anticipated to be within the scope of this disclosure. For iInstance, the

materials, suFPEEWS, sesondiselids awde (H0e A vAINEShOMY 5 atCHeSSHRasHPN b8
conponent s andy,Gau} W@tlgg@i’é' driRe g8 ﬁﬁé‘é?e @'&nfddﬂq ikt IchhfbePB

enconpassed by t he appen cl ai ns. e configuration and netﬁod descri bed
and ill ust r at eeicdner @lamies 4xpay tcodeat an isempslids coberiiod|ases 88f whicher type (e

0 o520 eyl SOA) SOl SRR S "GescB o GOTRE BERmARgYSed,

throughout t he interprete n I ng but F'i'm

[ 0037] The pr eer@ndmbrttshwmrethmfyrglﬂm tSaimthQmayrbes@aurmdrmesﬂptmd byonsi st
essentially 01; It & %I E#I%nts di scl osed and nay be practiced in the absence
of an el enent >R '§t¥osed. For i nstance, in one non-limting enbodi nent,
t he hydrocycl [@026Fepar@itn, othea@ﬁnﬂﬂtatsecmratbd lof tlow sakdmed midraiel of consi sts

cosent Lol Y Ohy@BhtS B2 Thl dieRme o 6 YRR Rmol i Bihg T ct Ve
three pluralitpsse »4 whivhibehs m@urbydrromg:hmmpanabt Ssuopl dmanteplagr al i ti es
or chambers miXd belol\fvst(tat(tzzI 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

9



CLAIMS What is clainmed is: 1. A hydrocyclone separation assenbly
conprising: a vessel; a first plurality of hydrocyclones within the vessel,
each of twe 2nydssgcl ones conprising a body with an i nl @CTaSea1008948RVi Ng a
first dianmeter and a separation section having a second di aneter, where the
first dianmeter is greater than the second dianeter, where each separation
section has an underf |ow nozzle, and where each underfl ow nozzle of the

first pl urallanOéeHﬂﬁdbia%'rfdngam ﬁ%ﬁﬂ*@bp‘@étl@ély%fbhaak' ﬁ&ts@@m@w gui de; a
second plurali c ones wWithin the vessel, each

ty o
hydr ocycl ones S'&%/yh'bm @ﬁn@g RAFRUSH Hieyefie 1 Same dt CPBKaRMUN Fﬁjpsctrtpr st
di ameter and éa@r?@t%ﬂhh@ﬁpﬁcﬂ%‘ily9&ohé’1¥g|t@19|nﬁl 806201 tHeAMBRLEIN12. These

central or longitudinal axes of the first solids guide 60 and the second
solids guide 70 may also be considered to be in a parallel relation to the
longitudinal axis 20 of the vessel 12.

[0029] It will be appreciated that the design and configuration of the
hydrocyclones 32 and 42 in first and second chambers 30 and 40,
respectively, and the optional inclusion of more chambers containing more
hydrocyclones, easily permits various of the cyclones in their respective
chambers to be engaged or disengaged 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 oil
field, the amount of water produced with the oil increases with time. Thus,
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



where the first diameter is greater than the second di aneter, where each
separation section has an underf |ow nozzle, and where each underfl ow
nozzl e ofwoheligessad plurality of hydrocycl ones conmuni earas20wibo483 second
comon gui de, where the first comon guide and the second conmon gui de are
I n communi cation. 2. The hydrocycl one separati on assenbly of claim1,
wherein each of the first plurality of hydrocyclones is generally parallel

to the other ByshBsKCcbONabHoE thBeothbr FesuMsuimalsihyg REs My@r erividepngrs; and
each of the second plurality of h%groc clones is generally parallel to the

y
ot her hydr ocy¥¢eEstodiandigethg diownuniph me Ghapos rVeRHPec i dhe Hasels g

2011/ 008432PClidde26dh/ Q3417 redistaiiemAkeagcaehone seaedsaticern qpraol y of
claim 2, wherein the hydrocycl ones of the first Pl urality of hydrocycl ones

. y
are general | ySIggl &' 8Pk 4P SR} dPH SR80 RENIG IR, dRIBNEADHINGr 81 ity of

hydrocycl ones signﬂipaﬂi%shgﬁlﬁrﬁ?é’w 08iRg SERBEAtWitNaR 96N IsyhaMEr GlbAicidr2 Wher e
the vessel is cylindrical with a longitudinal axis and the first plurality
of hydrocycl oReSAUsRPTtthe fkyesss! ?Jﬁmegqriflay96$ OhJHEbEGERIhEeSHEs 3N a

paral l el rel abiepcbmpbeéfs. 5. The hydrocycl one separation assenbly of
claim3 where the first common gui de and the second conmmon gui de each have
a central axi 038k dPe REAGlERal iNni @MF r BAHEREINGo BREFIHEREr during the

construction of the hydrocyclone separation assembly, each group of
hydrocyclones will be assembled outside of the vessel and dropped in as
a cartridge assembly. Each cariridge assembly will have to seal against a
ring welded to the wall of the vessel; therefore the outside diameter of
each cartridge assembly will decrease from top to bottom in the vessel so
they pass through the welded in seal rings for the ones above. This is not
likely to be a large change in diameter, perhaps "4’ to 2" (0.6 to 1.3 cm)
difference for each layer.

[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

11



6. The hydrocycl one separation assenbly of claim4 where the central axes
of the first and second common guides are in a parallel relation to the
| ongi t udiwal20axios43ef the vessel. 7. The hydrocycl one separnstion3assenbl y
of claim5 where the vessel and the first and second common gui des are
coaxial. 8. The hydrocycl one separation assenbly of claim1 where the
first diameter of the first plurality of hydrocyclones is the sane as the

first di anetepopfs Péaﬁceﬂ?cmﬁtm@wr@l friey mf ah)pdft%hé@%n aninydnesre the
second di aneter o irst plurality of %3 clones is the sane as the

second di anet éPp%ﬂatL{Sh@esscé'E%%d‘eﬁ?'ﬂr m%yt\yowﬂ IpRip@riae wyhinathe

hydrocycl one §&Sb"éréﬁtl*ﬁmd@§@§@ﬁé| yF@rolfﬂiBfeﬂnéé nme rﬂatéﬁé%e%uﬁ@d@cs' %létﬁ@st 0 receive
a first cassette and a second cassette; the first cassette W th a first

di ameter conpP'4{REIMeNHAQY 8 'ihﬁﬂeéf?r't?ﬁiﬁd‘i%%]e@%%”d B¢ PMERL Wedd b

hydrocycl ones ogsuBasd ®l it @ilioshy Wé BRcdHipd2b8loy 38 hpSehdeavdidigsa Tfh'er St
di aneter and a separation section having a second dianeter, where the first

di aneter is gFeHtodFratioRaaNg ﬂ'@t@@c%ﬁﬂ:”eﬁ%ﬁ@f"épuStra\?@f?eh%reéh@he@@ﬁ??patpl on
section has apeWBseRN fdqgardeezatliter §PE (e g. K, G, etc.).

[0036] The words “comprising” and “comprises” as used throughout the
claims is to interpreted “including but not limited to”.

[0037] The present disclosure may suitably comprise, consist or consist
essentially of the elements disclosed and may be practiced in the absence
of an element not disclosed. For instance, in one non-limiting
embodiment, the hydrocyclone separation assembly consists of or
alternatively consists essentially of only two pluralities of hydrocyclones.
In a non-restrictive alternative version the assembly consists of or consists
essentially of three pluralities or chambers of hydrocyclones, although
more pluralities or chambers may be used.

12



where each underfl ow nozzle of the first plurality of hydrocycl ones

comuni cates with a first common gui de; the second cassette with a second
di anet er worepriy®s43g: a plurality of hydrocycl ones, eachPofi/ushe /039483

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

di aneter and a separation section having a second dianeter, where the first
dianeter is greater than the second dianeter, where each separation section
has an underf lcpwimgzzl e, and where each underf |ow nozzle of the second
plurality of hydrocycl ones comuni cates with a second commopn gui de, where
the first common guide and the second common guide are in comuni cation.

What is claimed is:

1. A hydrocyclone separation assembly comprising:
a vessel;
a first 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 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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10. The hydrocycl one separation assenbly of claim9, wherein the first

di aneter of the first cassette and the second dianeter of the second
cassett e wpeodidsseent. 11. The hydrocycl one separ at i orCadseotologo483 cl ai m
9, wherein each of the first plurality of hydrocyclones is generally
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

hydrocycl ones. 12. The hydrocycl one separation assenbly of claim11,
wherei n the hydrocl8 SWELCYEI0R separadion pagaerIly Wi iRy g JNREFIBNES ar e

general |'y par a{detyddrids éfhtﬂehvﬁrm@rﬁﬁﬂy%eﬁ/dﬂfqyblbﬂe§@f@ngélné}bw phraliy of
hydrocycl ones. . 13. The h}ldroc¥cl one separation assenbly of claim 11 where

the vessel isWdjitheRYqreeyclanesot 19 g bHrAHY OhRYHORHPeRe first plurality
of hydrocycl ones and the second plurality of hydrocyclones are in a
parallel relation thereto. 14. The hydrocycl one separation assenbly of

cl ai m 12 wher & t heT18 PYroSirRS S HONARGCIRY IR vosoIey®Sa? each have

a central axi & @NAdd=® wiRaXbAgitudindd akieerRthe st @ARAIItP ohBYdrocykdPonethe
hydr ocycl one se(wgr ation asseﬁ%l claim 13 V\A‘lg’ﬁg tﬁe c?ant r%cﬁa axes of the

. of . ]
first and secéf tf@oﬁﬁﬁ?@ﬁd@mra'gwﬁwrpwcépn@a@ﬁ ined PR IgkretgHoR &argle-
| ongi tudi nal axis of the vessel. 16. The hydrocycl one separation assenbly
of claim 14 where the vessel and the first and second conmon gujdes are

coaxial . 17. 5The HRINSEPEYIONE SRRAAURN SASHBRIKMSI GRIBE SAVRET B8 \IKEr e t he

first di amet ego@mdnhguidié mpll thE Weabhd ¥o@mdtyElias vakRMase isScéhal @/ as the
first dianmeter of the second %ural i t){1 of hydrocycl ones, and where the

second di amet 8nd gfe ¢qaxig! withresnast 1 $a9h YPehydrocycl ones is the sanme as the
second di aneter of the second plurality of hydrocycl ones.

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,

14



18. A hydrocycl one separation assenbly conprising: a vessel configured to
receive a first cassette and a second cassette; the first cassette with a
first di aweteri/msssprising: a plurality of hydrocycl onespCeasho10f3448e

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

di aneter and a separation section having a second dianeter, where the first
dianeter is greater than the second dianeter, where each separation section

has an underflow nozzl e, anghuhercrastpatastsy fdeeomaral anofunbi&foli r st
plurality of hydrocyclones comuni cates with a first comon gui de; the

second cassette with a second M2&8e®®¢ conprising: a plurality of
hydrocycl ones, each of the {yéf0ede! @RBSrflow 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, 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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conprising a body with an inlet section having a first dianmeter and a
separation section having a second dianeter, where the first dianeter is
great er twearotimessecond di aneter, where each separ ati onPSEAIS2@0/0BES3 an
underfl ow nozzl e, and where each underfl ow nozzle of the second plurality
of hydrocycl ones comuni cates with a second conmon gui de, where the first
common gui de and the second commobn guide are in communication. 19. The

hydrocycl one sefaegldriee ars@abiatondl phlraiitiol Bywdey@ohdieareinseharafiel
cylindrical wwth a |ongitudinal axis and the first plurality of

hydr ocycl ones &Pt tHe e cond plurality of hydrocycl ones are in a parall el
relation thereto, and where the first comon gui de and the second common
gui de each have a central axis in parallel relation to the | ong*j t udi nal

axis of the véésel ThBYHPEYLABPRATFHAIMAFSEPIL O CBIBre WRRIEHEE Ta¥d t he

vessel . common guide and the second common guide each have a central axis
and are coaxial with respect to each other.

15.  The hydrocyclone separation assembly of claim 13 where the
central axes of the first and second common guides are in a parallel
relation to the longitudinal axis of the vessel.

16. The hydrocyclone separation assembly of claim 14 where the
vessel and the first and second common guides are coaxial.

17.  The hydrocyclone 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:
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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 second plurality of hydrocyclones
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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