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BACKGROUNÞ OF TH:F: IN\'¡ïNTION

[00011 The stnb<xlimeuts disclost,d herci¡r relate generall¡' to u screu' pump, and

nrore particularly to lubrication nnd process fluitl nranaE'¡emsnt of a muliiphase screr.r.

punp,

100021 Screrv pur:rps ate rùtûry, prrsiúvs displocerrrent punìps llt¡t use f\vo oÌ mûrê

scte\\.s to tr¿ursler high or lol r'íscositt' fluids or fluid mi.rtrres olong an o¡is. In an

enrbodimeni, u tl'in sèrg\t'punÐ rnl"v have [n'o interrne.shing ccrunte.r:-(]t$1¡n$ rolor

scre\\js. 'l'he tolunres or cnsities betrreen the intemloßhing scretr* arrd n liner or

casing tmnspoil a sper:ilir toluüÉ of ftuid:in an arial dircction uour¡d tlueacls of the

screu.'s. As tlre sère\\'s rr)tÂte thÈ f:luid vulunres flê trrrr$ported froru a¡¡ irrlel, to ân

outlet of t}:e punrp. In stlme applicttions. t$'ín screw pütq)s ure t¡scd to uid Ín the

Èxtrûcfion of oil a¡ld gas tìr'onr on.shore ard srrb-sea rvells. Ts,in scrcrv pumps lowèr

the brck pre,xst$ù on fte rssersoìr ¡urd therebv enable greûter lÐtal recevel\i fiurn the

rùs0ñ'0tr.

t0m3¡ In man¡' crrses, the trvi¡r $cruu' ptuïp lnÁÐ. bc r.rsed to ¡rurp o multì¡ùrue

lìuid fron n sub-sea u.ell ñ'hich nray be processed to produce the petroleunr products.

,Accordingl¡', tl\¡in scret' Ilutnps mÄy bÈ configlred to pfÈ\'eüt tlre florv of process

llui<ls irto the bearinp. timing gears. motor. envimrnenL or tlte like. ln partículr,

l'ñin ,scrur¡' plnÌ)s nra¡- rrtilize u shnl'i se$l on e¿ch end of each rctor, therebl requiring

lbur sesls in total. 'Ilhe shalt sÈâls also Spically require the usage of a lubricant.flush

systern that nraintains the rub surtbces ol the sealing s)'slenl clean and renroYes heåt

fit>n¡ lhe .seâliug surfnces.

1000'tl Further'. iì the e.r*nrple the q'stenr used to lubric:ate tho r,miuus pftrts of tlìe

ft+.in scretrr purnp q'stem, inclutfing bearings coupled kr ths rotor scrols. may require

ndcìitional Èompoìuirìts alrd nraintenance. lihis sepaltte lubricatic¡r sy'slem adds ccrsls

and m¡lnænnure to thc scfew prmlp s)-$tenr.



BRIËF DESCRIPT'TON QF T'HE INVEN'IION

[00451 ln nccordance.rr¡ith ce¡:tain â.$!rocts of'the iurènliotì. n puùìp systÈm includes

i.nlet cl¡anrbers, üt orìllet châmber. and a plnralitv Òfll'otors disposetl inside the iület

chtlmbers ¿uld lhe oullut çhanrbur to pum¡r a rnultìphuse precðs.s fluid frnn the inlet

dlambers ta the ouflet ehanrber. Punrp benrings nre disposed ndjacent to each inlet

chailber, Â shroud is disposod ¡rromd e¡cl¡ rtltor in sach inlet clrflnbor adjacont to a

tes¡tective bearing, A gerrr cha¡rrber is corlìgurecl ltr receiye a poflion o.[ the

rlrltiphrue precoss lluid nnd to c:irculats the portion of the nultìphnse pnrcoss fluid

tlrrough the punrp bearings to lubricate the purnp benúngs. 'lhe shrnuds are

conügured to permit soms otì the portion of the nrultiphas* proçess lluid to leak

througlt tlte pttn4r bearing.s to rcduce accuuulation otlparticulato nnfter in tl¡e inlet

chambers.

100061 The invention also ploridss a rnethod for opernting fl pwnp syslenr,

compdsing directing .r procèss lluid irto inlet ch$nber¡ of a pump cosing ût rìn inlÉt

prÈ"\su.r'è, rud roluting cr. plurrrlilr. oll rclk>m disposed i¡rside the purn¡l cosing to purnp

lhe process flt¡id fnun the inlrrt chambers lo ¿n outlet chamber loc¿tred betrveen thc

inlet chnnlben, rt,her:eur the process fluid in the outlêt clrarnbers is itt ân outlet

pressure. T'he process fluid is directed lioür ùe outlet drsmbü to 0 sepürhtor

configured io sepârate ¡rrrticulnle il]âtte.r fì'onr the p.roces.s fluíd. and a portion of
sepa*rled proces$ Iluid is clirec.ted fì'orn the sepaftltor to à úie{u chumber of the prunp.

l'unrp hsarings are lubricate<l rvith {he portion ofseparnted pt'ocess fluid from the geor

chanrber. Son¡çoftheporlionofìtheseparote.dpmcesslluidflomlhepumpbemingis

leaft'ed to tl¡E inle¡ chzutrbers ria rclor shrouds to reduce occumulatior¡ of particulate

ìnatts.r i.n the inlot chamhcn.

IlRlË:F ÞE$CRIPI ION OF'l'I-{Ë DR¡\Wl}iO$

100071 Tlrese a¡rd othel features. aspects, anrl adr;utagos of fhs !ìÌesent inventio¡r

rvil.l ltt¡cr)nte betler undorstoc¡d lvhen the folloruírrg detoile<l dascniption i.s read rvith

referetrce to dre ncconrpan-ving drnrvings in nùich like characters represent like parts

tlu'oughor,tt the dl'on,ings, uùerein:

.)



100081 I'I0. I is a diogrnnunatiùal refrresentaüon of .î scre\\, pump s"r"slenr nud a

productiol plrrlfbrnr in ¡cco¡doncr r.titlr ivt erûbudiflrent of the ¡rlesent tecluriqoel

[00091 FtG, 2 is a punpoctive r''ierv 0f a rcre¡r, punt) s$slÈnl" ùs shor+n iu FIG. I ,

including ô sr.'pùrrifor, in nccord¿nca n'ith arr erìhotlirnent of lhe present tschnique:

100101 FÍC. 3 is a schemqtic tliogrtm 0f n ^scret, purtp s¡'stcm, ¡rs shott'lr in FlG. ?,

including â s)'siem l'ot sepnrotiug aud dilecting process lìluicl throughotù üre screr.r'

punrp asserrrbly, in nccordarce ruith Âû embod¡ilenl of: the prÈsÊnt la:hnitlue;

l00ll| FlG. 4 is a detailed perspective vie+r' of a scÌêrv p$nr¡r s!'stÈm. as shottin in

FlG, .1, in uccot¡Jance r'vith an elnbodinrent ol'tlre ¡rresoil techtriquel

l00l2l FÌG. 5 is o deuailed exploded r,ielr of â scrÈ\r, ¡:urn¡r q,stortt. ns sl¡ot'tt itt

FlG, 4, in ucoord¿mcc with an enrbodinrunt o,f the present lec.hrriquel

[ü0ß¡ FIC, (i is l detäil'xl side r.iew ol'cornponents withir'¡ s sstarv pìrnÐ st'st$n].

ittr,:luding totor sçrcÌus, geûrs, auú rolor sluouds. in accoldnnce rvitlt arr entbodiment

of the present teuhnique;

I00t4l fl0, ? is ¡ detailed ¡rcnpectite viarv of ce.rlain conrpononts lrithin il screrv

pump svstenl ¿s shonn in FlG. 6. in uccordance rvíth an ambodinlenl o.[ the present

tecturiquo;

lft0l5l FÌG. tì is a detailed ontl tierv of ro{or slrrouclo^ rvilhin â scre\r.' punlp s}stênl

in accordance rvith nn ernbodirnent of tlre preserrt mchtrictuel

10016l FlG. 9 is a deùfliled sidç r,iel ollrotor shrouds nithin a scre\r pu¡np syste¡ìl.

us sl¡osr¡ in FIO, 8, i.n accordanrce rvitl¡ an en¡bodime¡lt ot'the prese¡ìl technique; and

l00l7l FIGS. Iû nnd ll are schenr¡tic dirgranrs ollrlsc.rel puftp srstertt inclutling

Ir configuration to srlirl the multiphase procuis flt¡id ls it cnters inlet chanrbers ot'the

scre\\'Þutnp to pre\¡ent *ettlin,rrlof particles. in ascortlorrce t{'ith nn embodi¡neut olthe

presèüt technique.
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DË TAILËD DÈSCIìIP]ìON OF'rHË INV ËNTION

100181 FIG, 1 is a sche¡r¡atic diagram of a screrr,- putìlrt svsten lù t'h¡t rnay be

provided ltith a ptuductiorr pltrffìrul 12 to purnp ¿r th¡id for proces.:irrg. storâge and,or

tttut.sporl. As tlepictetl. lhe screli' ilìnu) .rT.sl{.ìnl lü nrav be conneçted to lhe

Þroduction platform l? vio n condút or riser 14 thût nra¡.' be used to rorüe ü procsss

tìuid to tlre platfonn, The procðss .fluid rna.v be a multiplrase fìuicl, such as rn$'

pelroleum bxed lluid fi'onr a sub-¡^ea drilling rig, ln addiütm, tlrc screry ì)unìp slslèm

l0 murv be locatcd otr $ seìr¡ 0r oci)urì fltl0r 16. nherein lfie screrv punlp ,i)rstern l0
punps the process fluid to a pro<luction pìatlorm llorrting on ân oce¡n surtbce 18. or

ancl¡ored to tlre sea floor. As depicted. the screw purnp system l0 rnay be locnted a

disti¡nce 20 lrom th* prorluclion pkftir.nr 13. rr,hereilr the purnp i.s usqd to creàle the

pre.\stÌre and tlorce nee<leil io punìp the proexs lluid to the surfhcc l,Y. ln another

emhodimeuf. lhe sqel pump .s1'stenr I il rnq.' be locate,d in a flactor;* or chenrical plant

md m*v be contìgured fo rJirecl a nrultiphase process Iluitl to holding fimks or oflrsr

struoturqr for procensÍng er sto,rnge, In the illustrgtrxl exlmple, llre screrr ¡rump

s)-$en l0 mny be useful during the çstrnctiou ol'oil nnd/or gss f¡'oln sut¡scn rells. to

reduce back pressuro anel assist in ilæ extractioil of the oil and/or gus. hr tlre depìcted

entbodintent, the sclerv pump systetr ì0 uses tn.o inlermeslring sc:reu's to punp the

procuss fluicl. ln the esanrplu. the .stÌrp$' punlp mu\, be rel'erretl to ¡L\ o l*in scrurv

punrp,

l0frltl T'he sclew pump sys(stn l0 inr;ludos ser.erul conìponurts thrl ma¡, rcquiru

lubrication and nray b* susceptible to near und tear dr¡e ¡o $(posurt to pnrticulate

üìatter vuithin tlre process fìuid. Specitìcnll¡'. t]re screrys ruithín ths .scre]t, purìp

s¡'slem l0 rnay bo coupletl to beuriugs thnt requirc lubrication in onler 1o psrtbrm

properly a¡rd aloid braahdorvn. il,loreover. ir: some enrbodiments- the lubrication

s)stenl tna¡'requite r¡ ssparntè set of conrpone[ts alìd lubric.mls in orde¡ to properl-v

lubricate the punrp. As depicted. the lubrisûtion olìpunrp bearirrgs may be achieved

b¡.- routìug¡ the nrultiphtse proc.s$¡r fìuícl through a circdt ofìcc¡ndrdt.s and a system.Rlr

separating p¿nticulatês fiorn the Ëroce.ss fìuid. llìhe proc+ss tìuicf urn¡. lubricate ilre

sorìlpolìùnts u'ithirt the scrërv purnp svstenr 10 otler the process l'luid l¡ns been treated.

rtrulecl ancl directetl lrr locatjorrs rvitùin the scren, purììp s.t'strìn l0 1o makc it suituble
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for lt¡brication ol the prlrup (ìorìrponênls. Mortor.'er. the particulates locoted in the

multiplrnse protest fìuid ¡rurnped b¡' the scrèrv punrp sYstenì l0 urar. cause darnagu to

co.rrpoüënts s,ithin the scì'ù\\, pr¡mp system l0 illtlre p*flicul*tes nre rllorr,ed t0 setllÈ

ìn certain loc¿tions. Ac.cortlingly, ¡u discussed belo¡l'. emhotlimeuts iuclude gears

thnt rna¡, be usedto.qrincl the parl.iculate mntt€r to crush i¡ reducing the size olìthe

particulale matter rr..ilhin the prùcs¡s Iluid. the.rebv rnali:ing it suitable lbr lubricruion

of the conrponents rmd rotors r.rilhin the screw purnp b'ysiül 10.

[ù0201 FIC. ? is u tletailod pers¡:r'.ctite rien 0f'sn en{hdimtni ol'the sc,rerç pttnp

.\ysten 10. As depicted, lhe scerv pilnp s-vstenr l0 inclildes a twitr scÍ911' punrp !2.

${rich inch¡des 1$'o scl'e$Ë or l'otors used to direct a process fluid at a higlr pressnre lo

a dos'ustreanr lt>cation. .fn othel e.nrbodinrcns, the scre¡r' pun4l 23 nrn¡-- inclucle more

than trvc¡ s(:revts that intennesh to purrtp Ír procçss fluirl. One ü1" lhç stit'u'\r's rnnv' be

coupled tcr r clrir¡ing shafl'?{, rrftich rnay be coupled to a motor 2l¡. 'llhe molor 36 urd

the drivitrg .slìár* 2¡l protluc.e ¿ rol¡tional outpul used to drito ¿r drir,ing nrtor th¡t is

ctrr¡plutl. via n. gcrr, to drise a driven rotor, theretx prcduciug the necess¿¡\ pre$surs

ând forca to <lirsct the process I'luid dow'nstream. 'Ihc process fluid. such ¡s s

petroleuln based rnultiphase tluid. nn¡.. erilsr the twìn scrè\\'prmp 27 vi$ 0uid ir¡tahes

38. B-r, rotâting tlre rneshing {hreads of the rr¡tor screrìs. {he ¡rror':oss fluid i.s ¡Jdven

hom the lwin scr¡rv purnp ?2 vi¡r r¡ fh¡íd outlct 30. The tluid orllput rnav be' tli¡;ectet'l

to a conduit und thereby to û separalor 33. 'lïe sepnrfltor iì2 nu¡' be configured to

I'srìrol'Ë fi por'tior of particulates tì'r:m lhe nrultiphase prooess lluid, Furthet, the

"sÈparâtol 32 mq, ¡lso be couFrgured to retluce û g.es colìtent rrf Lhe mrdliphnse proce,rs

fluid. therebl, increasirrg lhe liquid portion of the process tluit'|. Alte.m¿tjl'ely. tht¡

sepnr.ltor 32 rnu,v be configrred þ remor.e u liquid ponion of the process fluicl to

direct a Bas ponion ol'the proc+ss fluid dorustream.via s conduit 34, ¡\s depict+d.

thu conduit 3,{ rnay l¡e leuted lo u dorwrstrea¡rr dutice tlr wril, suçh a.s ûre production

pliritbrm l3 or iurother processing unit. The.selrarntor 32 rnav be configured fo tlirect

a portiou ot'the separated process {lui<l dowrxtream viü conduil 34 thile diructing

unothelportionof theseçaraled¡lrocessfluidtoaconduitSf>r.lhir:l¡m¿u.beusedto

re.-circurl$le ths sepura{ed mutiiphuse procxs fluiù

)



I002tl ln the depicted embodirnent, the sepornted multiphase process fluid

directed trrough conduit 36 mnl be joired r,r'ìtlr process lluid tlirecte('l r'ia oo.rrduit 3tl

l'rum ar end cha¡nbçr' of dre scrrelr¡ punlp .\.y*stùm 10, As <lepictecl- the joirring of flow

lrro¡n conrluils 3fi antl -311, t ia a joinf 39, nra-v be touled lo fr c.halhhðr 40 lÌ' processing.

F'or exanrple. ch¡rnbet 40 nìâl be used to cool the circulating lubrication tìon'to be

nrutetl via <r conduil d2 to an e¡:tJ chamber 0l'tlre trrir) ssïe\rr ptmìp ??.. As depicted,

l:ho re-circululion floçr' of a poriion r.rf the sepuated proccss tluicl directcd via conduil

^1(i is ussd along nith s florr directed via conduit 38 to re-circulato dre process fluid

iluoughout the sc¡el pump slslÈfir 10 in order to h¡bricate conponents r.i¡hin the

ïystcru arrd reduce pnniculotus rr.'itlin tlre Drùcess f'luid. As desr)ribed in detnil belorr;

lhe conduits r¡nd fluiql circnits rnnv be ulilizql to retluce settling of parliculates u'ithin

the process fluid, there b1' reducitrg dountime and n ear ot'the sclerç punrp s,vstenr t0

somponents. In addilion. sond$it 44 nxr¡ be used to circulate process fluitl betlreeir

tlhe entl chuntbe* of i.he iwjn ^qcrerv pnmp 22, r'i'herein the conduit 44 directs u

sopataled nttdtiphase prctcèsiì fluid to lubricüte punrp benrÌngs, therub.v insrring

smooú opÈraüon of the truin screu'pump 3,3.

100221 FI$. 3 is a schemalic diqgraut otl lhe. scretv punrp s1'stem l0 includirrg

conduits tllul uo rsed lbr lluid corn¡nruric¿tion be,tr,t'een portioris of the scrcw pum¡r

S'sf:enì l(1. Spr:cilicull\', lhe configrrralion. Ilorç. pres\ì[ìrç. proces.sing ¡rnd orientalion

of the cond¡.rits ¿urd chanrbers u.rthin üre screrv puntp s).stènr lt) en¡ble ths system to

bt lubrioated lÐ'' the procsss Uuicl u'hile re<{ucirrg particulates or contarniniulfs nithin

tlte proce'ss fluid 1o inrprove tha punping operulit'ln. ,¡\s illuslrate¡j. fhe lu'ilì s$gtr'

puntp 22 inclutles lluid intahes 3tl n'hich direct the process fluid flon' 45 to inlet

charnhers 46 s¡rd'18. 'lhe inlet chanlbers 46 and ¡18 nrc cc,¡rfigured fç reçeive proc€ss

tluid n¡:d ûl'e erìconìpnssed by rigid structures ùr rvtlls. such a$ Þulhhcad separa{ors 50

and 52. Furtlre¡ at outlet char¡rber 5,t is located be(teelì the inlet charnbers ¡lõ and

4fl. Ihe outlet chnnrber 54 ís separutccl f'rom the inlel chanrbcrs 4(i arxl 48 hy the

bulkhead-s 50 nnd 52. nhich enable the mnnagenrent oflpÌessure r.,ithin and befiveur

the te.spective chn¡nber.s. The outlet cl¡a¡nbe¡ 5tl nra,v be conlìgurecl to ditect tlre

nrultiphase plocess flui<l out through rlle flturl outl¡* 30 ns the ¡xoc.css tluid ouÍlorv 55

is directed to lhe separolor 32. ln ad<ìirion. the iulet chanrbers 4(i and 4tì moy nlso
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sun'ounded b"v banie.rs such ns upper radial beuring flnnge 56 n¡rd lorver radial beæittg

tìnnge 58.

100251 Tlro harriers, including bearing ûartge,s -5ö antl -58, trs t'ell ¿us hullihe¿ds 5(t

atrd 52, en$ble the inlpt chanrbe¡s 4(i Hnd 4l{ to be st:paruted fft¡nr the ¿rdiacsnt outlet

$rd end ch*mbers, the.l'eb¡" enntrling l'luid florv ond pressure milrogetrrenl .{s

depicted, ü nppÈl'end charnber 60 nray bo coupled to llre uppel radial bearing fl¿mge

56. Siruil¡¡¡l¡', a lorver end chanrber ti2 is coupled to {he lorve¡ riìdi¿l heariug flattge

5tì. The eud L'harnbenì (i0 ard 6? mn¡' eaçh contuin prmp lreolings, to cnlblu smt¡olh

rolotion of the scrç\'s within the hl'iu sqrs$' pump 32. 'I'he purnp bearings nre

ldbrìcated b¡' re-circulatod procè$s tluicl ancl condr¡its of the pnm¡r system 10. For

oxaruple, the u¡lper enrl chor¡rber 60 m¿ìy include a Iirst set of prmp bearittg.s, x'herein

e*ch betri.ug is coupletl lc tlre up¡:cr cnqls of euch ofì thc rotor scrc'\\'s. Further' (he

lorr¡er end chalnber 6? rnay co¡rtain a second set crf purnp bearings coupled to the

lorver ends ot'tlre rotol' sct'e\+'s. Tl¡e bearings tneiy- be ant' suit¡hle beadngs to

fr¡cilitato shufl rotaüon. snch us joumtl bear:ings. For exarnple. jotrmal benrings moy

support thç rotor shat't rr,'here the shaft. also krro\\,n as u joumal, nrn¡' tum in o bsaring

u'ith a la.vsr olì oil or lulxica¡¡f sepnrating lhe tu'o parts tluouglr lìuid dynnnric ellÞcls.

ln an exanr¡rls. the .lubrjcrult usetJ lbr the jeumal bearittg tuay bo procass l]uid u,ith

rsduc,ed particulate matler.

[00241 Tho lorver entl crhambor (í2 nrav also inclutlo a pait of goars, tl'hereitr euch

genr is coupled to au snd ol'the riltor'. l'he gears trarrsl'er force and por.ver fiotn tho

drivirrg tûtof to the úriven totot nnd nlav be telèrred to as ilnúng gears. As rvill be

described in cletail bulolr,, ü¡e gears uray be utjlized tìlr cnrshing of pnrticulntes titllin

tfte prcrcess fluid as the ¡rrocess fluid llolvs through ¡þ¡r gerfffio tfierebl enahling the.

procêss fluid to be suitoble t'or luhrìcation oJ'ùe punrp buorings. dtìer crnshing ollthe

paniculatos tithì¡: flre process lluid. the prc,cÈss llurid ma¡ be routed to lubricate the

pump bearirrgs r+.itlrirr the end clrnrubern ô0 and 62. Thus, the geals ser'\'s llr)t orrly to

lran.sfer mechînjcsl snr).rgl bstleen t'hç n)to¡s. trul to purnp ilrc lubricating.fluid. and

to grind fln"v pnnicÌilâtc ín the fluid to an acceplable size fol lubrication &ìd h'ea¡

.tvoìdance- For exnln¡rle, the serpartiled rrrultiphasil pror:e$s tluid mn¡' florv into the

joint 39. wherein drc flc¡r.v ìn conduil 38 joins the se¡rnraletl multiphase prtrcess fluid
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1o flor¡n a cornbined flotv 42 into the lorver erld chanber 62. upon llou,ing into the

lor't'er etrd chamber d?, tlte entÍre polliùn olì¡rrocess lJuid nra¡ florv tltougb the gears

rtùich are con.figured to crush the ¡:tuiiculates. therebl' reducing lbe purticulste sir.e

uithin the ¡rroct:ss fltdd. Afìor crushi¡rg crfl the plìrtiùul¿úes, the multipluss p¡'ocess

tìuid may be routed to lubr¡cotÈ the punrp bearings r,r'ithin the los,er ènd cl¡anber 62.

Frutlrer, the process lJuitl, including tlre ctushed particrrlates. rlrrry also be routed vi¿

lhe condujt 44 1o the upper end chamhe'r' fiü, rvhereirr the pmcess flr¡ìd is tlirectetl t<¡

the pump benrings lou¡rted rt'ithitr the upper cntl chalnber'6(). As the llui<l circulates

flrrouglrout tlre upper end charnber' 60. a Lrortiol¡ of rlre procoss iluid nra.v be directed.
'tia condnit 3S, to join the sepzunted mulliphn.re proce.ss tlt¡irt iionr concluit 36.

Accortlingl-v, the joining oli flos's from c,t¡uduits .16 nnd 38 rnay he ct¡n.sidererl a

nulieup or ru-circulatíon flow l.rilhin the fluid count¡nic¿¡üon ci¡.cuit.

100¡SI In ¡ddition. barders betq,een rùe inlet chnnbors 4d and 48 nrqr- be

conlþwtd ttl enuble lenks tu+ tnd 66, r"-herein the procuss lluitl nral' be contiguled to

Iaal¿ from. the e¡rd chamhers 6il rmcl (i? iüo the iulel chambers 4(i and 48.

Specifically. leaks frl ¡nd (i6 ¡ur.some of the portion of separnted rnultiphæe proc€ss

fìuid thst is utiliz-ed to lnbricate tlre punr¡: bearings and. úerefore, ruay include

reduced sir.e particulatqs as cotrtpsrad to the ptÐ(ìos.s llui<l llorv errtering lhu inlet

ch¿mber 45. Accordi.nglS', the içlks 64 ¿urd ô6 in the trsrriers nriry enrhle tlre procers

lluid u'ith reduced concen{mtions ancl siee of particulates to impror.'e flou' within the

inlet charnþens 46 nnd 48. along the rotor sürews. and to the outlet chanrbor 54. For

exantple. ttts procurs Iluid includtlrg reclucerl ¡ror{iculutes. rirÍty stir u¡r or rcduce o

^suttling of porticulater nithìn the íncomirrg flon of prccÈss fluicl 45 bv mixing s'irh,

and rliluting: the incressed paiiculate fluid 4Senteling rhe inlet. r\ltematively, in n
ct:nlÌguration withourt leaks lvl aud 6f:r. the iuroming florv 45 of process lluid rna¡'

jnclude I large nrnount tf palticulates ttraf mau seltle rvithin inlet clrambe.n 4f¡ zurt{ 'f8,
thereb-v irnpairing lìrid ,flclrt betrt'cen the intet ch¿nnhers 4(i rncl 48 n¡rd outlet

clll¡mber;t4, lrút1rÈr. the settling andior buil<lup of pa¡fjculates within the inlet

cl¡atrlbers m&.v c¡)qse breilkdor+îs or require nainteniulce rvithiu the .scrËlv puoìp

s,v$tènì 10. ,4s tnuy be appresiatcù ùe indusllial enrirorrmenls l'l¡ere scre\Ì pontps

lìÎsJ' hc rrsecl enrphnsiee a nee<l for nrinin:urlr do*'ntinre and msinlenance.
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Âccordingl¡,. üre luaking of redur,:ed palticulate and portir.'.ulule size prùcess fìuid l'ia

le¿ks 64 md ('r(r improve procÀss fluitl lìton' thtorçghout the ttuin screr"* pump ?2 rv'hile

reduciug maintona¡rcc. Furthe¡ the rnukeup or compenstttion ol prttcel;$ .fluid t'io

conrbined llorv 4? into the lo$,er snd uhenrher 62 nra¡' enahle t sterd¡' flott or

ùornpÈnsâlion ofì lluid to ôccußrt for ùe le¡l,is 64 and 66 within the fluid cirtuìt

10026ì Ths screw punrp s¡,stern l0 nra-v also incltrde Ã presst$s reducor 68

r;onligure.d to bè i¡ prrt of thu tluid flor,r patlr from tlre separator 32 tr) thÈ etttJ clta¡nbsr

{i2. As illustraletl, the ¡rrrssure retlucer (r8 nur¡' be cotçk'd sepnratrtr 33. $'herein the

presswe rçducer 6S enahlçs R reduction o[ pressure ¡s the fluid t'lows dong conduil$

-16 a¡rd 42 i¡rÎo the end chanrber ('2. NfcrreovÈl'^ the pressures u,itl¡i¡t the tnin scrctt'

pump 23 arc rnar:aged to control lluid Uort s,ithin ¡lle circuit. For exarnplg lhe

Fre,ssl¡rp lt'ithjn the oullet chanrber 54, P¡. ma¡' hc signifÌcuntl¡' qlrcster than the

ÞrÈssure nithin fhè inlet chan¡be.rs 46 and 4iì. P:. This irtcrease in ¡rressue, lì'r"rm Pz

and P¡, is coused b-l' the purnping ¡ction uU the trvin scl'e\\,s. In addilit>n. the ¡ltessure

rvithin the entl chnnbers (i(l sud (i2, P.r. mav be slightl-v greuter th¡rn the prossure

within the inlet chnnrbers 46 and 4fl, h. 'I'his pressure differcnce belrteen P3 und P¡

ruay contribute to leaks (r4 nnd (i6, Tlre pressure Pr mal be significantþ gleater lhan

thc pressure Pi, ç¿rusing s need for tlra pr$rslrre t'educer (i8 to be losntod betrvtxu lhc

separNot'll2 aud s,nd chumbers 60 and {i3 nitfiin the fluitl ßorv çircuii. Tlte ¡rressrtrt:

¡educer (i8 rna,v be of any suitable b.'pe, such ns n reci¡culûtiotl l'ùlve, n ùxed

gèorìre{-L\.. orilìce plate. and so forth.

PA27l FIG. 4 is a detsiled pe$pÈclive vigu, ol'an elnboclirnent ol'the $vin sùÞrv

pump ?2. In the err:ho<tjn:ent- ùe twin scren' ¡mrirp ?2 includes upper end shomber

(i0 und lo$'er end chumbc.r (it. The driting rolr¡r' shafl 24 is coniigured to ctiler the

uppur end chanber fil to tlrirro the screlv rotors. In ndditiou, the rpper end chambet

60 is coupled to tho upper rarlial beating llauge 56. Similarlr'', lhe lorver eûd chilnber'

ti? is cou¡:ted 1o the lûñ,el radial boaring t}nge -il|. The bearj.rrg tìanges 5(i and 5ll are

each corpkxl tr¡ ¿r ¡lentr¿rl punrp casin¡¡ cove¡ 70 r.l,fiich ur¡rr¡ conttiln tire inlet chtnrbi:r.s

4l¡ and 48. as ruell {¡s thÈ outlÈt çhanrl¡er 54. 'Iïe inlel rlìanbers 46 ûniJ 4tì rna¡. be

ccuplud to lluid inle¡s 2fi n'hich roule the rnultiphose process fldd tìorn the sub*e¿

weli or othsr .[uid suppll' unit. As r.r,ill bc rliscussecl in deltil hrdou'. the fluitl inlsl¡^
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3B nrc tangentiall"v located ri.ith respecr to the q'lindrical central purlrp cnsirrg 70.

Accordingl.v. Lhe lluid inlets 2B sr.viil the plorrÈss lluitl intnhe. tl¡erebl ngitaüng antl

nrisirtg i.he partìculates x.ithi.rr the procuss lìuid to prù\,ùnt settling antl builtlup of
parficuhtes in ¡he inlet clra¡nhers 4(r ¡nrd 4ft. 'L'he lìuid oullet 30 is coupkxl tr-r the

ùutlet chûmber 54 and is colfigured to direct the process fh¡id to the sepalotor 3?.

Furtlter, conduils, including conduits 36, 3t- 43 a¡rtj 44 urn¡.' bu conlìgured ro direr:t

tfte process throughout thi] [\vin scr$ly pump t1 to lubricatè lhe scre\.y pump

conponents md direct the rnuttiphaso fifocess lìui¡i to a donnstrenrr unit.

[00281 ËIG, 5 is q detûílÈd exploded tierv of the ttvin .screr.v pr¡nrp !3, As

depicted, the tlin scÌÊ$J ptulìp 22 contains e¡d cl¡nn¡trers 5{t a¡rd 6i), æ 1çsll its t
central purnp casilg corer 70. In addition, geors 73 rruy bu Iocated insido r gear

housiug 74, ntrich is loc$led rr.ithin the los'er cntl c'harlhçr (i2, r{s prur.iomly

discussed, the geatr 7? mo-v be configured to grincl particulate mütiër as ¡trocess lìuid

florvs througlr fho gears to ¡ocluce the sir,e olì ttre particulates, A gear plale 7(i is

lecalsd within ihe lovi'er end chf¡mbor 63 rurd rnu,v be coupLetl to dru geor housing ?*

nnd loler rndial benring flange 5S, llotor shrouds 7tl nm-v be coupled to rhe lorver

radinl bearing flange 58. The rotor sltouds 7S nra¡, be contîgured to alloru rotor

.sltails to ratate nithin tiw shrcruds a¡d ¡¡¡lable ¡¡ leak of. procûss l'llid Íion¡ the lorrrl'

srtl chatnbp¡' (i3 lo tlle inlet chamber, Tl¡e rotrlr shrord.s 78 nr¿r" be of certÅrifl

geornet4' \.ì-ith cle¿¡r¡utces to €ûôblÈ s contolled lenk lo the iület chsmber 4(i. As will

bo rliscussed in detait belol. tlre uppe.r cl¡anrber (il rnal' also include rotor shrouds to

enable a controlled leak to inlet ch.üubel'48.

100291 The drive sh¿rl}24 ¡n¡ü' be rroupled to n drite rottrr ill) lthir.'h is conligursd

ln drire a dritren rotor 82. rvherein thc rotors 80 urd 83 ¡re disposed n'ithin rotor

-sluouds 7.9 autl nre each coupled to the gears 71. Accordingl¡-, tbe driten r-.otor $2 is

mechonically driven h"r. the romtio¡ of the gears 72 rvhiih is ir¡itiated b¡. the rouiolal
o$put fiom the driving rotor [J{) ¡nd the shaf'l 24 lhat is ooupled tù üìotor 26. The

drive r,c¡tor S0 and driven rotor .Ì2 ¡nav be relì)r.rr,d tt) us nriors, screr\vs, thread,r r¡r a

cornbination thercof. r'n'hich are nleshed togrlhel and rotafç to drive a fluicl {hrough the

pu.utp 13. In ndditjon. the lr+iu scre.ri¡ puÌnp ?2 incf ucles a Þìltìp liner ö4 r.ri¡hirr the

ceutrflt pump ca"sing cor,er 7l). Thc purnp liner B4 mrN be disposet'l uro¡ntl the r<¡1or,s
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80 q¡d tl2 and mo¡, .flex to prer.ent binding olì the pump liner B4 to dre screts during a

pum¡ring procÈss. ln addition, tbe purnp lfurer 84 is ndjo.cent 1o and coupled to the

bulkhead 50 r,Ìricb scparates the outlet chmrber 54 ¿rnd inlet chambers 4ti nnd't8.

ìhe ¡rurnp linel B4 nn¡. inclurle n slot tl6 rrhicb mnv bu loc¿ted rtithin tlre inlet

¡;hânber 46 and/or 4S to en¡ble the process fluid lo tlorv info the îolor tl'¡re¡ds,

thetellr unabling o purnping- Further. the rotor liner 84 rtn¡' ulso include slot 88

li'hich enabh,s thc prunp le p¡oùess flrricl to tlou' out of the puurp lincr 84 tio fhc otûJÈ[

chamher 5¡l a¡rd thrrrugh tlie tìuid outle¡ 30. 'fhe rotors ttO nrrcl 83 include shal'fs that

pass the upper radial be¡ring llange 56, thtust beari¡rg plate 90 ntrtl collarx 92. ¡\rt
'upper thntst bearing plate 94 nxì¡, couple to tlìe tìrnrst bearing plate 9i,. thrrelx

encom¡rassing the collrrs 9? u¡rd ends of the roÌors 80 und 82. Accordinglt', lhe lll'ust

beurirrg plafe 9lÌ. collan 92 anrl thrust herriug plnte 94 rnn¡' lbmr an uppar bealing set

ir¡ the end chamber 60, which uray be lubr:ic¿ted by there-circulflted prcctss fluitl.

10030¡ FIG. l, is o tjetailed side riiçrv trf the ernbodi¡nert t: tf cornponÈtìts included in

the hvin screw punrp 32. As depictrrd. the rc¡to.n .!(l nnd 82 mar.'be coupled 1o geats

72 rvhich ma-v be located at thc ends of ench oltúe rotor shsfts. 'lte g*ats 72 rnu¡.' bs

contìgrrred to ilrtem¡esl¡. lheretry drir,ìng ilre drite¡r rotor ,.t? b¡' a rotarional alrd

mechanic¿l output o-f tht¡ ùite rotcrr 1ì0. Furtheii ùre goars 72 aru cortltgured to

redtce pilrticìrlfltù uìåìttßr rrnd proces.s fir¡id antl purnp dls proces'\c IIúd throughout lhë

twin screrv pump 22. As th¿ procêss tluid is punrpecl throughorrl tlu twin sç¡s1t purnp

22^ the procgss fluid rnq.' leali tlrrough an rpper rotor shrord 1)6 as n¡ell as üìe'low'Èr

totor shroud 78. Accorilingly, the prrrcess tluitl thal leals tlrrouglr rolor shrouds 78

nnd 96 may inclucle reduced particulate Çantcnt ancl siee. the¡ebç enabling the leahed

process fluicl to stir up srrd ¡çdilce u setlling of pnrticulates rr'ithin rhe inlet charnherx

46 ar¡d 4tl. As previousl¡, discwsed, the s(rreui prullp s!'slÈrn I(l nray be configured to

direct ¡rrocess fluid 1o er¡ahle a lut¡ncntion of cornprlnenl.^, ilrcludirtg ¡ruut¡r beuÌngs,

autl lo en*hlc Lhe proces^s fluirl to {lù¿ìnce preces.\ lllr¡id flou, b¡ re<luciug prrl.icul*te

sizo in re-circuln¡e<l process fluid. 'l'urlher, the re-circufulecl Ërocess fluid. iuclrrding

tluid direc.ted by the conduit 42 urn-"- be utilize,J to nrake up ot conìper¡s¡te tor tlìe

lealis of process fluid into the iù.let ch¡,unbers 46 rmd .18. .4llemnttvelS', ûtlter

rnschsrrisms na-r, be usecl to lenk the procÈss lìuicl frorn encl chambers 60 êr¡d 62 into
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thç cer¡tral punrp cæiug colel' 70, F'or e,rample, ùnÈ-\\'ô.\. valtes thn¡ are crpêned ïia
prestur:e difiïei'entinls ntr<Vor corduits ura,v bE utiliz"ed to direct c¡r le¡k proctlrs lhdd ro

ch¿mbers rvtiihin the contral pump ctsirg cor.'er 7(ì. As .s¡rch. the fluid entcnng pump

casirg cor,er 70 is conlìgured to stir up ur agitate Jluitl entcrríng rhe purnp. there\,

reducing 0 setlling of paniculates.

l003ll FLG. 7 is a detailed ¡ærspeclil'o vicn o[ an enrbodimenl of compouents

i¡¡cludetl ilt the tnin strsw nurtp ?1. As clepictod, clrive rotor 80 anii ildven rotor 83

¿¡re inlern¡eslring, ttheru {ue¡rds disposed on rotor shal'l.s interlock to clrír,e ¿ preoerj$

lluid lÌom the inlet chsmbers 4(i ¿nd 48 ne¡r the peripherrrl ponions of fhÈ rotorË to ûü

ouflet charnber 5¿1. localsd ¡¡eår' thÈ carter of the rotors, ln addition, gears 72 are each

coupled lo an o¡.td oflrotot's 80 ¡ncl t? to orush piulic:ulrles and tiule lhe rotòlion ol] lhu

nrton;. Ibe gears 72 ue confi¡;ure<l to çru.sh ol grind parliculates r+.ithin lhe ¡rroctss

tluid. thereb¡, entbling the prouess fluid to h¡bricate bearir:g:s that ¡re couplerl to each

end u( tl¡e rotor.s 80 nnd 8?, As depìctod, tlre puu4: bearirrgs ale oonligurcd to sunport

nnd enrtble ¡otulion of the rcrtors B0 and ll2, tberelry e.nabli.rrg tlre procrxs lluitl u flor.t

srnoothl¡.' through the screrv pump systen l.0, Iu ¡n cnbodiment- the gean 72 muy be

conrprised ot' a suitable durable nrtrlçrial, For ssarnple. the gears 7! nra¡' be

ccrnqlrised of c.entented catbiclg sr¡clt as rÌ celrìented tungstur carbide" rv.horcin the

gerus 7? are forntccl antl conlÌgured lo grind particuJute rnolters rvìthin the proctìstt

lluid rvithout erosion ol destruction of the geors 73 duling a grinding process. 'lhs

teeth ol'osoh of the gean 7? rna¡'conlnrt one arolher rr.'hore trvo teefh from each gelr

a¡p in cont¿ct. causing a high stress contau:l to cruçh ¡rmliculates irr ùo proce*s tluid,

Additiontlh', the geors 7? nu¡, bc strnight geans or another suìtable gÈonretl)'.

[0032] 'lfrÈ ¡$,'in scl'e]t pump 22 also includes the rotor shroud f)(i n'hìch mar, bc

coutriled to ur end of'lbe rotors igO ond tll aud rna¡i be conjÌgrrrerl to enable a lea\ c¡f

reduced pâüiculnte process tluid inro the inlet chanlbers ;16 and 48. After thc gears 72

havu cru.shed p{uriculåttùs nithin the process lìuirf. tbe gêflrs rluv be con.tigured to

prrmp lhe prece$s J]uitl to lubrjcate prunp bearirrgs, rçhereìn the ¡rroccss lluid is (hen

leaked via. rolor shrouds 78 and 96 ¡nr the inlÈt chanrbers 4(i ond 48. theteby

reducirtg 0 seftling of particolatea to im]r'ù\.e ¿ lIorv ol process Iluid.
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[00J31 ]IG. I is arJclailed end lierr of an exantple olthe rotor shrouds 72 artd Ð6.

Rotor slìÌoads ?3 n¡ld 9(i ¿re ìdentical i¡ slructule ond de.rign ortd mn"s each be placed

<ur ¡rn entl of rotors fl0 *ncl 82. È'urlher'- roÌrlr shrouds 7? ¿rrrd Ð(i m¿tl be cornposcd of

ttt'o sðp¡ìfo{'e ùonporleüts joining ut a joirrt 1)8, or ma.v be composetl ol'a single

ùotìIrolle.nt rvherein the twú cilpular slructures âre pa[t of a single oÏerall nrenrber

u,hich ma-',, he cæt or f'onned b¡' aq' s¡ritable mÈÀns. Further the totor shrot¡d.s 7? Qnd

,.Xr nr¿rv be corrrposecl of urr,v tlur¡irle lt*terial. such ns sttrinless sleel. '.[he rolr¡r

slrrouds 7? and gri including r pair oÊ c¡'lindricnl openings 100, rrhich are coufignred

to onablo each of the ¡:otor shaRs to pass üuough tlte shrouds. Accordingly, the

openings l{X) are colligured to e.u*bls tìuid r:onununication bètu'er¡n end ùhambers 6ü

and t"r? fl¡rd the ch¿mrbers *ithin ceotrül purnp cusing c,over 7ü, The leal$ng of process

tìuid fì'om en¡f chrmbers ff) ¿rnd 62 nrq' be controlled b.v tolernnuns tnd spacing

lx{r.veun cernponÈ¡ìtr. ns r.rell us mannging ilte pressures ruithin the syslem. The.$tor

shrouds 7! anrl 9li mn¡ also inclutle l'lnnges 102 u'hich are trsed to atiach ihe rotor

slrrouds to the bearing fltnges 56 antl 58. Ihe rotûr shrouds 73 ünd 96 may be

coupleú vio screrr,s, rtlds. or other suitable coupling ntechanisnrs to the radinl

bearing tìarrges -56 aud.-r8.

[00]41 FIG. I is a .side rierv of tbe rotrrr .shroucls 73 a¡rcl 9fi. The rotor shrouds ?2

anti 9fi inclutle protnrding pclniens t 04 that ¡:rotrurle inl<'r irrlet chn¡rtbers 4(r ¿nd 4fl of

the trvin screu' purnp 2?. ln additìon. the rctor shrouds 72 and g6 also include

protruding portion$ 106 n4lich protrude ínto the raclial bearing tìnnges 56 ¡ncl 5fl.

ùçrebv enabling the lìonges l02 to be coupletl to a¡¡ interior surf'ace crf the r¿cli¡l

bearing flanges, 'lhe protruding porlions lù4 ma¡' have a dinmeter lOtì of

ap¡rrosinratel¡' I4.5 inches (36.S crn). Furlher, the protruding portions [Ù6 ma.v h.tt'e

n dimreter distunce I I(l otl approximatel¡: 14.?5 inr,:hes (36.2 cm). The shroud

opelilngs nra.v lrave zu¡ inner diameter distance of ll3 of a¡rproxintatel¡' ll i¡rches

(X7.9 crn). [i should b0 undersiood, hor\'c¡,et that other dinæn^qions *nd din:rensional

telutionshìps nro¡ be used. As depicled, thê tþtor shrouds 73 and g(i rnay be

configure<l to enable a leskiug o1ìprocess fluicl, r.ritlr s reducetl palticùrlatc si¡.e ¡¡¡l<f

content. into cha¡nbç¡'s u'ithin tlre punp cusing 70 to diluter ¡lartícr.rlrtus flnrm i¡r'c¡ming

process flHid fird recl,uce n settling olìparticulates tithrn the inlet chanrbers 46 ¡¡nd .lB.
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100-ì51 FIG. lú is a sr,:henrnlic dingrarn olì an sxanrple of rhe trlin sçrcu' punrp 32,

including inluls locrúed on inlùt cho¡nbers ^16 ¡nd 48, The in.lets 2tl (al.so shoru it
FIti: 4) are conlìguretl to dirctt ¿ì proc$ss tìuid irrlel flon' 45 that is inngential in

relotion to inlstchanbers ¿f6 and 4tl. ,{ccordingly. a tangerrtiol localion 114 u,íthÍn

the c¡''lirtdrical inlet chaulbels 4lr aìd 4B en¡l¡les tlre procæs fluid to srvirl about tho

chantbers, æ sholtn b¡.'florv põ-llèms 1.16. As rJepicte<{. ûre llou'Þùlti}ms l.16.suuirt

¡r¡crr¡ntl a centrd aris I I ll antl thç inlet charnbers 46 snd 48. thffebt' lgitruing

ptìtliculÈìtes within the procEss fluiil to improro fluirl tJon' nnd reduce a settlirg of
pafticulatos r.r,ithin the punrp chnnrbon. B¡. in4rroving lhe procèss lluid florv ard

rctlucj.rrg pår'ticolåte settlin& the tangential inlet locuions l14 reducir wenr aud tear

and improte efficirr.ncy in prmrping perfi:.rmance ol' tbe twin soren; pump ?2.

Accortfingl.v- the process fh¡id l'lots through rotors S0 anrl tlz trs lhe roto¡s (um,

ü¡erÈb! purnpÍng ths process lluid from inlet cltambiir':i 46 and 4lÌ to outlel chamber

54 and out o[the chnmburs os shox'¡ by ourlut 0ow 10.

J0ù361 FIG. 1l is u top yierç of the sche¡nttic räagmm shorr,n in FtG. 10. As

depiqed. the t&rgontial location II4 of fhe process fluid inlet fìorv 45 enablcs u

swìúing l'lou' 116 about aris llfl. The inrproled flolv characterisrics snd reduce

.seftlittg provitlod ll)' the trurgential irrlet of ttre inlei l]orv 45 en¡bles ilt irnÞrov$d tlorr;

oll process lluid tlxoughoui lhe screTr Ft¡nÌ) s)'stt)üì I (t,

Ì005?l '.1'echnio.tl et'focs ot'the inve¡rti<¡n in<,lutlr¡ reducecl x,ear und nrainlenurce of'

sc,rÈ\u plìnp conponouls. I'urtheç the embodinents also le¿rd to simplified tssemblv

iuìd maiotenance ofì scterv putrìp s"\'stÈrtre b)' elinrinnting dedicated lubrication Sy$tèms

turd curn¡loneuls, ñloreorer, tl¡e di.sclosed en¡bodimeils mav inr¡rror,e syslem

perftrrmlncc fry nurnagíng the pres.surcrs thrrrugh (hc sïsteln to control fluirl t]orv.

[0tB8l This rsrilten description uses exam¡rlas tu rli.lclosc l,he invention- including

tho best nrode. antl also to ensblç $r). person skilled in the urt to plec,tic+ the

inventiott, incltcling nraking and usirrg anl' deuices er s$stenì{ and pertbrnring an.\'

inr:otporated t¡lslltods, tho paferfrrble.scope of the iuventiur is definecl lry the clairns,

ad miç include other exarnples tftnt (ìccür te thr.rse sltillerl in the a¡t. Such other

exanrples nre i¡lterded to be nithin tlre scope ofl the ctnirlrs if tlre--v have slructr¡rsl
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elements rlrat ¡Jo not diftèr tionr the literul langrnge ol the clairns. or if the¡' includc

equiralent.stmctr¡rÂl ele¡tents rrith insubsta¡ti¡l diflh'ences I'ronr the literal languages

of the gluims.
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CLAIMS

What is claimed is:

A pump system, comprising:

a pair of inlet chambers with an inlet pressure disposed inside a pump casing;

an outlet chamber disposed between the inlet chambers inside the pump casing;

a plurality of rotors disposed inside the inlet chambers and outlet chamber, configured to

direct a multiphase process fluid from the inlet chambers to the outlet chamber, wherein the

outlet chamber has an outlet pressure and is configured to direct the multiphase process fluid

to a separator;

end chambers coupled to flanges on each end of the pump casing, each end chamber

containing a pump bearing and having a pump bearing pressure, wherein the pump bearings

are configured to be lubricated by a portion of a separated multiphase process fluid from the

separator; and

wherein some of the portion of the separated multiphase process fluid is configured to leak

from the end chambers through the flanges to the inlet chambers.

The system of claim 1, wherein the pump bearing pressure is greater than the inlet chamber

pressure.

The system of claim 1, comprising a rotor shroud disposed about each rotor, and coupled to a

flange.

The system of claim 3, wherein the rotor shroud comprise an elastomeric material.

The system of claim 1, wherein a plurality of gears are coupled to an end of each of the rotors

inside one of the end chambers, wherein the plurality of gears are configured to grind the

particulate matter in the multiphase process fluid by flowing the particulates through the

rotating gears so as to reduce a size of the particulate matter.

The system of claim 5, wherein the plurality of gears are configured to pump the multiphase

process fluid through the system to lubricate the pump bearings.

The system of claim 1, comprising a bulkhead that separates the inlet chambers and the

outlet chamber.
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