METHOD AND APPARATUS FOR MANAG NG FLU D FLOW W THI N A SCREW PUMP SYSTEM
BACKGROUND OF THE | NVENTI ON [ 0001] The enbodi nents di sclosed herein relate
gener al | ywoaon/gessew punp, and nore particularly to | ubPCTatS2@0/026%d3 pr ocess
fluid managenent of a nultiphase screw punp. [0002] Screw punps are rotary,
positive displacenent punps that use two or nore screws to transfer high or
| ow viscosity fluids or fluid m xtures along an axis. In an enbodi nent, a
twin screw punp nay have tvvo i nt er neshi ng counter-rotating rotor screws.

The vol unes or cavy and a liner or
casing transport a g‘% ;”; ?&“g% rﬁs\l%\‘%\%a’ggﬁiﬁj direction around
t hreads of the screws. k\gv‘tﬂé dEy ¢ ﬁé"glfﬁé T¥Yi d vol unes are
transported froman inlet to an outl et of the punp. In sone applications,
twin screw gg Eﬁﬁe‘«u‘f%ﬁdﬂﬁ’ Wt he extraction of oil and gas from
on-shore an Sea II'W| N screw punps | ower the back pressure on the
reservoir and thereby enable greater total recovery fromthe reservoir.
[0003] | n ni@Rglicadds enbhdvens nsshrahhqenpelaaypebealbsed sospamppaaul ti phase
fluid from Forr? U%ﬁfgﬂ‘yv‘t:"({ fLﬂ)Mﬁ&tﬂ m‘ﬂ" 10@&%5 HB%%Q@%%%&)?DP& Rx(agﬁﬁaste Qge{\) etrol eum
products. AcCor confirgure 0 prevent the

fl ow of propesgs fl ui ds i nto the bearl ngs, timng gears, notor, environnent,
or the like. In particular, twin screw punps nay utilize a shaft seal on
each end of h rQt.Qr f [ e shaft
seal s al so 6{gélica e mmtflh ?‘Ieee‘laﬁe E)g%{“eé dc?)%I chlﬁélbiﬁ%g\ mllﬁlste 8 g}%’-g m t hat

mai nt ai ns tdvewsub ttsnﬂ{efrén@smdm txmos‘edlmdmsgns”ym mmlwheamamda\merﬂwes heat
from tne Sedhlaird 868 Sueh WRH BN il IR CAIRLE LR, RYSH o uSed
to lubricat® th s of stem I'ncl udi ng
beari ngs Cmstpslvesd tie tdﬂmr@bxocms{msémegum nﬁmmwhmaaﬁtmw\l mzia& licoponent s and

mai nt enance, arat e atlon.s
c:asmD tlanspoR a \peu n, xo ume Qit luzd 1 &1 axm dneglon alounﬁ threads of the

screves.  As the screws rolate the fluid volumes are transported from an inlet to an
outlet of the pump.  In some applications, twin screw pumps are used to aid in the
extraction of oif and gas from on-shore and sub-sea wells. Twin screw purmps lower
the back pressure on the reservorr and thereby enable greater tolal recovery from the

reservols,

[0003]  In many cases, the twin screw pump may be wsed to pump a nwltliphase
fluid from a sub-sea well which may be processed to produce the petroleumn products.
Accordingly, twin screw pumps mav beg configured to prevent the flow of process
fuds into the beanngs, tumsng gears, molor, environment, or the ke, In particular,
twin serew pamps may utihize a shall seal on each end of each rotor, thereby requinng
four seals in total. The shaft seals also typically require the usage of a tubricant flush
svstem that maintamns the rub surfaces of the sealing svstent clean and removes heat

from the sealing surfaces.

{0004]  Further, in the example the system used to tebricate the vanous parts of the
twin screw pump system, including bearings coupled Lo the rotor serews. may require
additional components and maintenance. This separate lubrication svstem adds costs

and mamtenance to the screw pump syslem.



and mai ntenance to the screw punp system BRI EF DESCRI PTI ON OF THE | NVENTI ON
[ 0005] In accordance with certain aspects of the invention, a punp system

i ncl udes wol2eto/ebenber s, an outl et chanber, and a pl ur alPCTUSeF10024963 S

di sposed inside the inlet chanbers and the outlet chanber to punp a

mul ti phase process fluid fromthe inlet chanbers to the outlet chanber.
Punp bearings are di sposed adjacent to each inlet chanber. A shroud is

di sposed around each rotor in each inlet chanber adjacent to a respective

bearing. A r. ther. 1.s canfiqured tq receive a portion of the

mul ti phase %ﬁ@ée@é&%ilm%ﬁ% %&L\gﬁféﬁ\é the portion of the nultiphase
process fluid through the punp bearings to lubricate the punp bearings. The
shrouds ar ejooadif i du me:dnhm,epeﬂmeﬁmsmc@foﬁ thhénpotidn, o pwad sitshes imikitdsphase

fl to l,eak thr t.he t d | at f
Part | cul at dnithECEen ot AUR APEteEHEBEP T Gbgay VGG B rs0

provi des a ¢mibed sfl@I[leﬂﬁLladeﬂ@bramﬁmm (SM&I&@HISL QORI R Goth me&ﬂmng a
process fluid into inlet cq an inlet. ressure

a
ey ati niaabat B I e SamBo; ity BisBEmes ARPRE: AaBLImEea a0 mump

the processchhhibd £ siabad BQishHe@broth@BRBISof B Ath D bimehanRen: hacat ed
between the inlet chanbers, wherein the process fluid in the outl et

chanbers i slHICHYE BiffiPst ﬁr%‘“s“sd wnberpis pBeeed 19 e & rartactledef r om t he

outl et chanhgiptRe dreeRANA A SANLLFErRdpdrRes SPAE 8L PALL protsahigiamat t er
fromthe process fluid, and a portion of separated process fluid is

directed frémuehdhsapapaberingo o lgigriechanbenw dpavle plip shiPudfpatsear i ngs
are |ubri Ca&ﬁﬁm}f{)‘eéhoﬁzbﬁnp%ﬁé Bﬂﬁ%f po?f?&%@ih%d) JQE&BI@@@%)IJC% i g d& nemdhe gear

chanber. Sone he portion of the separated process fromthe punp
bearing is theakkdhe pmtheajingselo fémﬁﬁém@wman robu)wms}mﬂowsr wothe edeice

accumnul at i \%”I\& articulate matter in the inlet chanbers. BRI EF DESCRI PTI ON
OF THE DRA rFOOO?] These and ot her features, aspects, and advant ages of
the present invention will beconme better under stood when the fol | ow ng

det ai | ed del®e®Gipt i1ba ihsentigadlyi plevides a method for operating a pump system,

comprising directing a process fluid into inlet chambers of a pump casing at an inlet
pressure, and rotating a phuality of rotors disposad inside the pump casing to pump
the process fluid from the wlet chambers to an outlet chamber located between the
inlet chambers. wherein the process fluid m the outlet chambers is at an outlet
pressare.  The process {luid is directed from the outlet chamber to a separator
configured to separate particulate matter from the process fhad, and a portion of
separated process Ruid is divected from the separator 0 a gear chamber of the pump.
Puntp bearings are lubricated with the portion of separated process fluid from the gear
chamber. Some of the portion of the separated process fluid from the pump bearing is
leaked to the inlet chambers via rotor shrouds to reduce accumudation of particulate

matter i the inlet chambers.

BRIEF DESCRIPTION OF THE DRAWINGS

{0007}  These and other features, aspects, and advantages of the present invenlion
will become beiter wndersiood when the following detailed description i3 read with
reference to the accompanving drawings in which like characters represent hike parts

throughout the drawings, wherein:



reference to the acconpanying drawings in which |ike characters represent
| i ke parts throughout the draw ngs, wherein:[0008] FIG 1 is a

di agr ammewpealo/neg@gnesent ati on of a screw punp syst em an@Ca/yseadueddsdn
platformin accordance with an enbodi nent of the present technique; [0009]
FIG 2 is a perspective view of a screw punp system as shown in FIG 1,

i ncluding a separator, in accordance with an enbodi nent of the present
technique; [0010] FIG 3 is a schematic diagram of a screw punp system as

shown in FI @H‘Hﬁ i.n ,I di na} : steépfor separ Jﬂ(g and directi ng process
fluid throu t the ”‘fsiﬁ‘ RHEY RSP Got ST BARCEPI AT AR® @mbodi ment
of the presgbucties ﬂamﬂan ab@Bdkdhte WiGan dnbRliAesdet @b betdnpREisRest i ve view of a
screw punp system as shown in FI G 1, in accordance vvith an enbodi ment  of

t he pr esent hni [ 001, a detail ed ex oded w, of a screw
purp” syt oriVE8 "SI s praRer o Wt B WA A BHOBIE Nt of “t ho

present techaugugs biiﬁ.ﬂsii’p] !llF{L(GJ‘d'&GLJ ﬁxﬂﬁmﬂﬁiﬁ&iﬁhﬁfﬁht sf e pri@wesinigrrponent s

Wi thin a screw punp system i ncl udi ng rotor screws, gears, and rotor
shrouds, in or | b t echnj.que; [0014]
fe T s aoiffiol P Db Relhe SRORR M e el BhR e nant E IO o scr ew
punp syst ennclagding howmemnoF képarabing iamd aﬁmn@l@mwmndnﬁ&nu@ﬂtmoﬂe resty of the
present techni 0015] EIG 8 d end vie rotor shrouds

B Ehin o ScREW Doy REminrs LB ALREE R € i SHSHUGIIA of the. present
technique; [0016] FIG 9 is a detailed side view of rotor shrouds within a
screw punp ®gstiemri@asd shawmiled pdhiGoti &, view oic sotd amne switdoh sarharbadi nent  of

the present hni and. [ 0017 ..10 and 11 are schematic di agranms of
2 St ew purgCeyst amiTher **Lal g Y A 6uM "The mul 11 phase

process fl ui d as it enters inlet chanbers of the screw punp to prevent
settling of{op&iti dl@ds] iy mcamtﬁimia]mdm Vit ol anncesbpainentenofis Elh@npinesent

t echni que. %;A L Q DI!Em \l’ ( dTI1-I‘E ENTI O ’L00138e] FIG 1is a
schemati ¢ di agram’ b‘f““ S e gw%% Ot RaE Y be
[0013]  FIG. 615 a detaled side view of components witlin g screw pump system.

meluding rotor screws, gears, and rotor shrouds. i accordance with an embodiment

of the present technique;

[0014]  FIG. 7 15 a detailed perspective view of certain components within a screw
pump system, as shown i FIG. 6, in accordance with an embodiment of the present

techmique;

{0015]  FIG. 8 15 a detailed end view of rotor shrouds within a screw pump system,

in accordance with an embodiment of the present technique;

{0016] FIG. 9 is a detaled side view of rotor shrouds within a screw pump systens,

as shown i FIG. &, in accordance with an embodiment of the present technique; and

{0017]  FIGS. 10 and 11 are schematic diagrams of a screw pump svstem including
a configuration Lo swirt the multiphase process floid as 1t enters inlet chambers of the
screw pump to prevent setiling of particles, in accordance with an embodiment of the

present technique.



provided with a production platform12 to punp a fluid for processing,
storage and/or transport. As depicted, the screw punp system 10 nay be
connect edwbaotoesgnoduct i on platform 12 via a conduit oPCEitses10Dhd696hat nay
be used to route a process fluid to the platform The process fluid may be
a multiphase fluid, such as raw petrol eum based fluid froma sub-sea
drilling rig. In addition, the screw punp system 10 may be | ocated on a sea
or ocean floor 16, wherein the screw punp system 10 punps the process fluid

the sa 1 ook ARPERESE R R TP BAAIO < om 10y be 1 ocated a -

di stance 20 fromthe production platform 12, wherein the punp is used to
create the josysunéGands fiaticmaneddgdint of puniwt henpneres s fauindytte t he

surface 18. |n another enbodipent, the screw.punp syst em 10 ma .be located
h & T act or DI EDRUNE LAY by B8 SEHR I B HP et Ul ¢1 phase
process fl uﬂ;-;d;ﬁ;ﬁim. Pﬁmidqgcﬁ-:%nms i&ft}l\@tphﬁlﬁ SkletCllones bercopfieass ng gr ul
storage. In the .illustrated exanple, the screw p system 10 may be usefu
dur ng. t he ERAHER PRITOGH | of b SorthBE O 11 Gt SUbVE D MBIt o P Fduce. back
pressure angidssiusd plafofhde TeX thedsl PRd Qhayt Bea Qhdii@Rgl Alidgash dnatihe

depi cted enbodi nent, the screw punp _s)ystem 10 uses two internmeshing screws
to punp t hePfFrlse@ssad iidirons subraeachidlifst o TPREVERT S SR UREEY BECY ef er red
to as a tw iy §6f eWIRURR-on[ LA oFHE BEE W RUIBIRSYSEEM JﬁQmP_r,&@ewga% sever al
conponents that” may require lubrication and may be susceptible to wear and

tear due toPwkldsuPEcesy Tpdrte pourdaeieompitfam Ygatipg An fahecosr sedss 1B @i d.
Spect 1 Cal | dchbiBP1cSHE NI A MebiBE SRE EYP HER SYSAPTD Al BYoBRg GOUP! ed to
bearings that require lubrication in order to performproperly and avoid
br eakdown. dBpEeveriron Regoriceerbpaivrent?s yvhemw thabwbe &t dsoh tsysite henay
require a S}%Q&%‘[&:‘Etf@)d %gém gl}c:mfe\’:ﬁ) Wg&%{%ﬁtﬁ, ?XQ *SL HQM‘ GARL Surkdd: QL d84 ah@nd" OPer ly
| ubri cate the punp. epl cted, the Tubrication of punp bearings nmay be
achi eved byemigdtang theheravupiniplyalse priogdssofdaditd athicoughchemoiat gastt  of
condui ts anaqxldaﬂm%y bset &%{;&é@ PeBalA % h{ﬁﬂxpg%retpln?uléls L§d tof ﬁﬁzgﬂié ?@%kp LOSkeS fluid.
The process Tl ui"d may fubricate e

structures for processing or storage.  In the dlustrated example, the screw pump

system 10 may be useful during the extraction of oil and/or gas from sub-sea wells, to

reduce back pressure and assist in the extraction of the oil and/or gas. In the depicted

embodiment, the screw pump svstem 14 uses lwo intermeshing scraws 1o pumyp the

process fluid.  In the example, the screw pump may be referred to as a twin screw

PUmp.

{0019]  The screw pump svstem 10 includes several components that may require
lubrication and may be susceptible to wear and tear due to exposure to particulate
matler within the process fluid  Specifically, the screws within the screw pump
system 10 may be coupled to bearings that require tubrication in order to perform
properly and avoid breakdown, Moreover, in some embodiments, the lubncation
system may require a separate set of components and lubncants in order to properly
lubricate the pump.  As depicted, the lobrication of pump bearings may be achieved
by routing the multipbase process fluid through a cirewit of conduits and a svstem for
separating particulates from the process fluid. The process fhud may lubricate the
components within the screw pump system 10 after the process tluid has been treated,

routed and directed Lo focations within the screw pump system 10 to make o switable



conponents within the screw punp system 10 after the process fluid has been
treated, routed and directed to | ocations within the screw punp system 10
to make iwoxoiowrkésef or | ubrication of the punp conponenP€T/Us2e1002663 t he
particul ates located in the nultiphase process fluid punped by the screw
punp system 10 nmay cause danage to conmponents within the screw punp system
10 if the particulates are allowed to settle in certain |ocations.
Accordingly, as discussed bel ow, enbodinments include gears that nay be used
to grind the rticulate matter to cru dUCIn th

bar 1 cul at CoRRRTEHaR SHTs PeH Sorbesss Meieter: BE PRy THER S 06 abl e 1 or
| ubri cat i onmgtiphdie peerP PR (I;\ilﬁzp@ﬂlﬂx BRl:ake Pniphiy ﬂuhhﬁ DR r@w&uﬂiﬁu&mst em 10.
[0020] FIG 2 |s a detalle erspective view of an enbodi ment of the screw
punp syst enfoPongRds *aw&ke*ﬁwweee%w Punpredypdtaiiier ors Heratigselet wi n screw
punp 22, whinGhrihinahasdes:. t WocoP@h@WSasOdisdu@l@M31cMS @hbb@ ik ety RrAcess fluid
at a hi gh pressure to a downstream | ocation. In other enbodinents, the
screw punp B9 Haybd wel ddarb e PRRKHIEWBNEE ie s Haedidreethren of Bepunp a
process fl U;BQmuQLeQO x‘hﬁmf‘ﬁﬁ\'éEfl\fﬁc,mYm@q}u%QpranQmI R sglig)ﬁé Wk Mgbrzhght 24,

whi ch may be coupled to a notor 26. The notor 26 and the driving shaft 24
produce a rdftia imanensianguetonseting e gipy euap dvsiapt Hy rotor that i's coupl ed,
via a gear, to drive a driven rotor, thereby producing the necessary
pressure angpi®r cgid;0r dig RESicd paq&u@eeﬁ@\ bl 4 dnglRnnst bedRscdRguRipoCcess
fluid, such as a petroleum based nmultiphase fluid, may enter the twin screw
punp 22 vi aSlew I i dapededothe SppsrRICHLSY Gt IRendedm iy It a8 ELt he rot or
screws, e REOGRARe isthel® ool el EAMENENLULNOSAREMBH IR SR i @ a f1 Ui d
outlet 30. The fluid output may b e directed to a conduit an thereby to a
separ at or wdt*xmhéeesebﬁamamoﬁn stzein*avbﬁen%@nfheguueedwmBrerwviécladmr}mei on of
part! out at el LAMAE M LERRART, B E35uckltils. DHE LBl ckhe saghar at of 32
may al so be con |gured[ o reduce ont ent fhe mil t'1 phase process
fluid, ther@my&ﬁnnaémemm@mﬁﬁe\HhQUmd»pmwmpbduniwmhe~®rEMEs®atﬂUKd

Al ternat| Veb ’dTIEII;’]lfe’ SREP? Jf' A t:SaZmHQXmQ out )up %dué 9 du \{gtogthal ﬂu' d
portion of € process rect i on YFhe process fluid

dommstrean1mma%a.@mmd&wimamxgAmndepnmﬁﬂﬁmxbhmmdmqu&bn&&wﬂnymbﬁumouted to a

downstream %e‘vlg‘:?c% t%rdxye@{ EHe ploceS\ (ﬁnc} Qm\x?\lream ll‘?ﬂnproces,s fuid, such as a
petroleum based multiphase fluid, may enter the twin screw pump 22 via fhud intakes
28, By rotating the meshing threads of the rotor screws, the process flnd is driven
from the twin serew pump 22 via a fluid outlet 30, The flud output may be directed
1o a conduit and thereby to a separator 32, The separator 32 may be configured to
remove a portion of particulates from the multiphase process fluid. Further, the
separator 32 may also be configurad to reduce a gas content of the mmdtiphase process
fluid, thereby increasing the liguid portion of the process flwd.  Altemnatively, the
separator 32 may be configured to remove a hquid portion of the process fluid to
divect a gas portion of the process fluid downstream via a conduit 34, As depicted,
the conduit 34 may be rouiad {0 a downstream device or unit, such as the production
platform 12 or another processing unit. The separator 32 may be conligured to divect
a portion of the separated process fuid downstregm via conduit 34 while directing
another portion of the separated process fhud 1o a conduwd 36 which may be used to

re~circulate the separated multiphase process fhud.
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platform 12 or another processing unit. The separator 32 may be confi gured
to direct a portion of the separated process fluid downstreamvia conduit
34 whi | e wDOrenyi2egfoanot her portion of the separated pro®esastéwiodsssd a
conduit 36 which may be used to re-circulate the separated nultiphase
process fluid.[0021] In the depicted enbodi nent, the separated nultiphase
process fluid directed through conduit 36 may be joined with process fluid
directed via conduit 38 from an end chanber of the screw punp system 10. As

Do our ey 100 208 el BPOTRERT W el AR anes) 0 ey be

used to coodirdhe dgbigulealdings Jnubw: _mtgmnmf ;Ly@w\gt Auibelireast a6d u«m@uaaconduit 42
to an end chanber of the twn screw pu As depi ct ed,

re- ci rcul at TYR 2 PRAWCBbE ot FB7Y BYME Re hnp@bﬁér‘é‘t %@*%%%é@w&m“w rected

via condui t 38 chifiuHS 8ol NG Widil B, hhove B8 6d £haWingr 8PREMLEs3Ret O
re-circul ate the process fluid througgout the screw punp system 10 in order

to | ubri cat&rcoAPYReTEROH hps bhised ﬁwl%ﬁftﬁ@ﬁ%élbﬁ&’WPéW‘a‘Pé%? Wi t hin

the processyflolivf 3 ARgdiesetd Bedal Radlel: %'1 s G PWend P@mﬁ@f‘du& tyspidRd fluid
circuits may be utlllzed to reduce settling of particulates wthin the

process fl uf @Iw*@ﬁ@?’*@b’yﬂif"éd’uélpﬁgloé@&\ﬁm*ﬁ@fﬁﬁhmmq? floifl dipee C@;bilfiewltblurrp system
10 conponents;, \IE'LH A4 1409 10500l AT BE1Usefel %ugﬁf%@ Qg OCESS

fluid between t he end chanbers of the twin screw pu erein the
condui t 44 droughas e gepapavpdyiuh tmpha}s@rm btbexs@e fcmmp@em@ Withor ibeat e punp

b [ t b t h LW 22.
[88;'2]”9; G Q el a¥1d Rl hﬂ?u&ﬁbgquﬁuu%%rn e el u?J A &wYHbQ u?@a{hgi’r;{]m%{rf’ncl Ldi ng

conduits t htat uardeﬁu&eldhﬁd)mduhunuis bomﬂumﬂmfatcﬁm sbmlmgaér;nml@nlmmnﬁlmf t he
screw punp g e co f| [

i sur e,
processi ng a%&“’éi% iy m "5?(!;1{"“{?%8‘8%1(1‘8’7 t's \éfh E:% nﬁé“snuml “h“lﬁ)mﬁﬁe screw
punp syst enaohqmemabl Ia cmhatys:y@tzﬁm 4Dmbe bt u&mﬁlmaﬁ'ﬁﬂbtwmume {pirdeessnf | ui d

whil e reduc&gq aﬁ gulaggg‘oﬁnqggganinagé gk, n th%ﬂp ggess fluid to
i mprove t he"pifpiAY P PALTORY ™ ASTH PUBR P4t 8gerePhibe (s &F & Hudp 22
includes flubglaledtalkeshadd pphibghiigir @clublifi®e RPLOE ERSrikdsUigthrdth OMstngt 0 1 nl et
chanbers 46 and 48. The Hnlet chambers 46 and 48 are configured to receive
smooth operation of the twin screw pump 22,
process
[0022] FIG. 3 15 a schematic diagram of the screw pump system 10 including
conduits that are used fov fluid communication between portions of the screw pump
svstern 10, Specifically, the configuration, flovw, pressure, processing and onentalion
of the condusts and chambers within the screw pump svstem 10 enable the svstem to
be lubricated by the process tluitd while reducing particulates or contaminants witlun
the process fuid to improve the pumping operation.  As lusiraled, the twin screw
pump 22 includes fluid intakes 28 which divect the process fluid flow 45 to inlet
chambers 46 and 48, The inlet chambers 46 and 48 are configured to recetve process
fhad and are encompassed by rigid structures or walls, such as bulkhead separators 50
and 32. Further, an outlet chamber 34 1s located batwesn the inlet chambers 46 and
48, The oullet chamber 54 15 separated from the inlel chambers 46 and 48 by the
bulkheads 50 and 52, which enable the manggement of pressure within and between
the respeclive chambers. The outlel chamber 34 may be confizured to direct the
multiphase process fluid oul through the fluid outlet 30 as the process fluid outflow 33

1 directed to the separator 32, In addition, the mlet chambers 46 and 48 may also

6



fluid and are enconpassed by rigid structures or walls, such as bul khead
separators 50 and 52. Further, an outlet chanber 54 is | ocated between the
i nl et chawberw/rr6esand 48. The outl et chanber 54 is separaras2dwondshe inl et
chanbers 46 and 48 by the bul kheads 50 and 52, which enabl e the managenent
of pressure wthin and between the respective chanbers. The outl et chanber
54 may be configured to direct the nultiphase process fluid out through the
fluid outlet 30 as the process fluid outflow 55 is directed to the
separator 3 dition, the inlet. hanber 46_a 8 may .al sosurrounded
by bart er SRR LY BHHER SpR AP ST RGP dREE Semihid 1 OULH CFIRRa  bear | ng
flange 58. §£023% The barriers, including bearing flanges 56 and 58, as
wel | as bul kheads 50 and 52, enable the inlet chanbers 46 and 48 to be

ted f t d ch | i fluid
T ow and. pr LG8 ef#ﬁ%‘&ﬁ%ﬁgmﬁlﬂwg TBROEEES il ier wHINCREER B0 may be

coupled to ::ixﬁeV’U@p@k madimkmb@&m AQarfdl ANG Se 3G arbdirdsAieyadi Redtavas end
chanmber 62 is coup e to th% { di al. beari nlg fl ange 58. The end
. by offi 3‘8

chanbers 60° ’Qn‘a}‘% 15 085 i B af1dn BEssupen TRRSTIE S oSt h
rotation Ofdefphcesds&{ Wer ;\!Mdtdﬂhxnbé[h@ rhaM c%GﬂSi&Y\{oﬂhlé’fm a%?mdiﬁh@eaﬂuﬂﬂmbﬁar Ings are
| ubri cated re-circul ated process fluid COﬂAUItS of the punp system

10. For exa?fbl%““f“f‘\ﬁeUﬁb%"rm’éﬁ(’i“@%ﬁﬁé? “‘6@1%9 theeptigadial psapeg BaB® of  punp

bearings, wherglatngartniReadd NG d2SnEoUR) & &@p&yh,%ébﬁea{ «E8dseQmog@ch of the
rotor screws. Further, the | ower end chanber may contain a second set of

punp bear i nig&tienwhIe serev h‘élhlnoWér“‘éhé%f%fPU@‘lh’e@ otioe meHelgrinFhateheari ngs
may be any l%Hx'léﬂ?éaltﬁ REALLINGS é}'&essaﬁh& hﬁ@t:&m%hﬂﬁm%%ﬂ& QE'{emSMChE(ﬁS journal

beari ngs. For exanp e, journ beari ngs may suppor e'rotor shaft where
the shaft, by ekm\bmveagmhf«l]mmmrﬁl mamayluded Arst vt af bewr baagngsh whe@inl ayer of

oll or 'Ub”a%lﬁ'ﬂt rinG RALAII G, nh\e%‘éP%;ﬁﬁrotf%zéh &fOIH%PouU L A%R @ﬂlx gf fects. In

an exanpl e, {'UBri cant used ournal bearing nmay be process fluid
with reducemnpamkiduhé@eﬁhuﬂxemmﬁ@uﬂgﬁpmﬁhﬁCWQMBWl&mwmsh@uweiuﬁﬂwnay al so

i ncl ude a pl%\\ o1 nd[s 9§2h8 m ELELN eg?ehba%%ng LR Cl?ugxlseguﬁta&ua\rém%];q l%f the
rotor. The gears rans orce an pOV\BI’ rom

facilitate shaft mtanom such as joumnal bearings. For example, joumal bearings may
support the rotor shaft where the shafi, also known as a journal, may turn 1o a bearing
with a laver of o1l or lubricant separating the two pasts through fluid dynamic effects.
In an exarmple, the lubricant used for the joumal bearng may be process fuid with

reduced particulate matier.

[0024]  The lower end chamber 62 may also include a pair of gears, wherein each
cear is coupled to an end of the rotor. The gears transfer force and power from the
driving rotor to the driven rotor and may be referred to as timing gears. As will be
described in detad below, the gears may be utilized for crushing of particulates within
the process fluid as the process fluid flows through the gears, thereby enabling the
process fluid to be suitable for lubrication of the pump bearings. Afler crushing of the
particulates within the process fluid, the process fluid may be routed 1o fubnicate the
pump bearings within the end chambers 60 and 62, Thus, the gears serve not only to
transfer mechanical energy between the rotors, but to pump the Jubricating fluid, and
to grind any particulate in the fuid o an acceptable size for fubrication and wear
avoidance. For example, the separated multiphase process fluid may fow imto the

joint 39, wherein the fow in condwit 38 joing the separated multiphase process fluid



driving rotor to the driven rotor and may be referred to as timng gears.
As will be described in detail below, the gears may be utilized for

crushi ng WO 2pawvi2besal ates within the process fluid as thecprusecess26%ui d

fl ows through the gears, thereby enabling the process fluid to be suitable
for lubrication of the punp bearings. After crushing of the particul ates
within the process fluid, die process fluid may be routed to lubricate the
punp bearings within the end chanbers 60 and 62. Thus, the gears serve not

bt i cati ngonPGr A CORRA Do et oRat ErCvace in vhe iurarebtEn |

accept abl e l%lxé@mfthmhb&l’(aPClﬂE efile pRENBRH0MO IRNGE: (IO threiB TR @arst he
separated nul tiphase process fluid may flowinto the @m nt 39 wherein the
flow in contitifh “@8‘*‘]“8%‘1%‘ t(h@ugbﬁa&aftﬂé&idw*Wptﬁa%émw BSEUCHERIHS form a

conbi ned fl@hiAAdhd potest MGid 0MBE @RUHGNATRE parB il bR fl.OWhRE pkRt@ the | ower
end chanber 62, the entire portion of process fluid may flow t hrough the

gears whi chfl %ﬁié“%é’ﬁﬁ‘i‘%‘r‘@d“ltfb’“@rﬂu%l?‘r“‘f%‘%eaﬂwst‘f‘8U‘P Hedavertend cember 88uci ng t he

particul at epghge (W {hids Q. RLOGRS e (!IHblhgd pBiE @RS HYS hl!lﬂQmemlUP@m
particul ates, the nmultiphase procéss fluid nay be routed to lubricate the

punp beari N comduiiidn te e Wowetndahambhditbehersn, therprogdse tluidtindirpreciess f1 ui d,
i ncluding the gG@H%h@ﬁl}cPﬂﬁ%&‘& \Aﬂﬁe{ﬁe uIRY oA SRfRE: 6(9”&?31 Vil Ry LG gQndui t 44

to the upper erein e process flurdis dlrectedtothe
punp bear i niggubleatiedppkitdni nhzmhi@: ﬁ@xpevmte(nuo fohaprbeass 60id Wiy lrehdrebiedii d

circul ates oy nt he. process
fluid may bchiBH hl[ ¢ ltn %n c, Cf;}%ﬂ]%gsrﬁl?lpggme ?}Qﬂm% ﬁ&d flggpttg erlul(t phase
process f | ubckofdigiy. ctbmdqunm 36 ih%cfmmrqugdhytp Btﬁhmldj Eﬂ manquaocfonhﬂm af r om
conduits 36 akdlﬁ“ bec .rculation flow within

5 'E:ré)fﬁl%ﬁ‘m ') c(u Y’qﬁ[}glbz‘gf‘??(ﬁ“mgd? %mn h"wﬁ){arn ers between the

the fluid co
inl et chanbers 46 and 48 may be configured to enable | eaks 64 and 66,
wherein t heit)mfdce§s ddtiumion hayezbeheftmrmi glar ot tabainbak for ezmti temendechanber s

60 and 62 i otnﬁ vme(?m w@&laﬁgl Q!ja‘n:p mc w;eﬂ iflt: hoégg ﬁmfdlrﬁa\ be c]'mll!' %?}Ja%(% 64 and 66
are sone Of i Ol’tl on sep ara ase rocess f is

utilized ftoluhmbr(mcamee Lhdha_hpmhm be}amlmgﬁ amd thd hﬂmeim\ﬁmmy mﬂcnude reduced
size parti C&%eﬁ Ewsb\lxa?etfo 6}{(&6(9 at:g Sf}npeenf“q![leogoenslgn of sepamteé muluppaggrplmré the inlet

flnd that is utilized o lubricate the pump bearings and. therefore, may include

reduced siye particulates as compared {o the process fluid flow entering the inlet

chamber 45, Accordingly, the leaks 64 and 66 in the barners mav enable the process

flud with reduced concentrations and size of particulates to nmprove flow within the

inlet chambers 46 and 48, along the rotor screws, and o the outlet chamber 34, For

example, the process fhud wmeluding reduced particulates, mav stir up ov reduce a

settling of particulates within the incoming flow of process fluid 45 by nuxing with,

and diluting, the incregsed particulate fluid 43entering the inlet.  Altematively, in a

configuration withoutl leaks 64 and 66, the incomung flow 43 of process fhad mayv

inchude a lasrge amount of particalates that may settle within inlet chambers 46 and 48,

thereby impairing fuid flow between the nlet chambers 46 and 48 and outlet

chamber 54, Further, the setthng and/or buildup of particulates within the inlet

chambers mayv cause breakdowns or require manienance within the screw pump

svstem 10, As may be appreciated. the industrial environments where screw pumps

may be used emphasize a need for nuntmum downiime and mamntenance.



chanber 45. Accordingly, the leaks 64 and 66 in the barriers may enable the
process fluid with reduced concentrations and size of particulates to

i nprove fwowow/i2kisn t he i nl et chanbers 46 and 48, al ongPCRAIS2@DOREISETr eWs,
and to the outlet chanmber 54. For exanple, the process fluid including
reduced particulates, may stir up or reduce a settling of particul ates
within the incomng flow of process fluid 45 by mxing with, and diluting,
the increased particulate fluid 45enteri ng the inlet. AIternativer, in a
configurati hou eaks incom ng flow 45 rocess
Ul d ey | AT, T eRnS R HRCe0 PABi i cUl ST SEH P 7 R <Seld S thi n
inl et chanbefis AenandifFovd fefDIul A (hio0ghoul ik dhifl sovniRipeRn ke | nl et
chambers 46 and 48 and outlet chamber 54. Further, the settljng and/ or

bui | dup of By rgaeah trher A ke @ Hé’ﬁ%&e’i‘%“%?‘ gatise “d‘r“gé‘i’lédoms or
require nai ghenECRWsbhhR HhBgoser & BURDS¥StRM LQbleAS sWR% BewaRpr eci at ed,
the industrial environments where screw be used éenphasi ze a need

unp
for m ni mun§aBRmTH pReo i wa'rcmteh&hée.%&g*r@rdﬁgr\y?/h“rrlréﬂr@ar@.cwg of reduced
particulate and particulate size process fluid via | eaks 64 and 66 inprove

process fl ujodadyl ovwhi hcaughasb thkremt \m rmfsscme&v;ﬂrﬂ{m 2 2preRinkereli@EHaiRNg
mai nt enance. Furt her t he makeup npensati on of .process fluid via

conbi ned f | Gwigwed ks ansg of 8\}6&“%@* e%h‘ﬁerﬂrwr%w entighesny Gewldy f1 ow or

conpensat i ofy Ok filkibth:fht &L%&QH@R@EQB ok el RakepiBfpRd B8 Wisthin fehe fluid
circuit. [0026] The screw punp system 10 may al so | nclude a pressure

reducer 68 ReHRiedetusE tSormppleya ﬁéﬂ@ilO@fﬂfﬁJHféS‘MEﬁ%!eﬂutfw}%aitﬁm'fnr@ﬁﬂ@ﬁe
separat or 3%, | I&Rr heend eﬁ&‘@ﬁ%ﬁ{a %d»lel WRtfakeds »\gﬂ% R Ré%&% reducer 68

may be coupl ed separator 32, wher ei n t he pressure reducer enabl es a
reducti on ofupy 839t wazaged e contuil diutd Has aitton ghec oinmii tEﬂT%M@n]d 42 into the

end chanber 0 MIGRURL o ASHBERSo 88, Mt N hEGh N SRLSMPHID 22 ar e

managed to Cont urd flow wi He Clrcuit. e pressure
within the petshetw ldmambemlelamﬂms\ﬂn 4fmyd e Isi thsfm@aase Inyprgrwa‘t émmtman t he

pressure w tﬂ' Fnﬁtﬁrcl%.:s' 15 hie. pm%m?r?} a%l rrbufef{] lv»n?%uens i;l;bid rimn f??lﬁwe
pressure, from ause I ori tw n

screws. | n aidbtibomyd tlhzerbprsesrsmrde(\zmﬂ hmm ﬁvlaehgnbt m*ham)mms ﬁﬁzOpraH"*lerGZ, P3,
may be sli gx?ﬁr'n}{ i) nﬂat_ Snmtbersr]‘ih ang 4§)r ?Ssll‘llns, pressure difference between Py and P

may coniribute 1o {eaks 64 and 66, The pressure Py may be significantly greater than

the pressure Ps, causing a nead for the pressure reducer 68 10 be located batween the

separator 32 and end chambers 60 and 62 within the fwid Jow circuit. The pressure

reducer 68 may be of anv switable type, such as a recirculation valve, a lined

geometry orifice plate, and so forth.

{0027]  FIG. 4 15 a detatled perspactive view of an embodiment of the twin screw
pump 22, In the embodiment, the twin screw pump 22 includes upper end chamber
60 and lower end chamsber 62, The driving rotor shaft 24 is configured to enter the
upper end chamber &0 fo drive the screw rotors. In addition, the upper end chamber
60 1s coupled 1o the upper radial bearing flange 36, Similarly, the lower end chamber
62 i coupled to the lower radial bearing flange S8, The bearing flanges 56 and S8 are
gach coupled to a central pump casing cover 70 which may contain the inlet chambers
46 and 48, as well as the outlet chamber 34, The wnlet chambers 46 and 48 may be
coupled to fluid mlets 28 which route the muitiphase process Hluwid from the sub-sea

well or other flurd supply it As will be discussed 1o detail below, the Dud inlets

9



within the inlet chanbers 46 and 48, P2. This pressure difference between
P3 and P2 may contribute to | eaks 64 and 66. The pressure Pi may be

si gni fi camOI2g10gre@dber than the pressure P3, causing a neeu/useronk@epr essure
reducer 68 to be | ocated between the separator 32 and end chanmbers 60 and
62 within the fluid flow circuit. The pressure reducer 68 may be of any
suitable type, such as a recirculation valve, a fixed geonetry orifice
plate, and so forth. [0027] FIG 4 is a detailed perspective view of an

enbodi ment of the tvvl cre np 22 t he. enbodi ment, the t screw

ot 50 nof e Sassty SR B Besrsh P OREr AR eh A HBEATEEE "The  dr 1 vi ng
rot or shafta&%iausmggm uglunm@xﬁtm RN Qlke ﬁtﬁ&%ﬁﬂﬁ%rm@gﬁ 1&&1@%@;5{';1:@@ dna dL ive the
screw rotors n_a ition t he per cha er 1. S COU tOt e upper
radi al bearPRg 1aﬁ’@‘6‘€8]6‘e SHLEE LS iﬂf"wﬁhg“‘l‘dﬁé?““"éﬂh“é‘l‘i%&‘srﬁ%‘i‘ biddupgolc coupled to

the |ower raghiad até%Qﬁrzhd"&lJt l.BHER:O8 adhes beas inoe fuenges &@pl@ﬁ‘@w g8 are each
coupled to a central casing cover. 70 which nmay contain the inlet

chanber s 460%1%‘?*74‘8“3%%4 wed Is cqaligad Budirest thérme@@r figd to ¥esepHpEt 32hanbers 46

and 48 may fguePURkREs tifcfididl Suddiiess W8amhiLchy Hﬁutb@ LEJ&?WE@A' ih! tﬂ%@@se process
fluid fromthe sub-sea well or other fluid supply unit. As

di scussed |‘h e dupeEy Uendhmt thee i e mrepsdB larebroaisgdnt $L§M ymm}?cat ed with
respect to { 0&{1' D Ealnsah W?nf)h}h ﬁr‘d%eﬁﬁxﬁ'i@gdz@mt GhoRdi ngly, the fluid

inlets 28 SWI g e process t her eby agltatlng and m xing the
particulates within the process fluid to prevent settling and bui | dup of
particul at eI t KéGi Allata dvjaferdloded aimdy 48 therhanf jogavd PBERI €t 30 i s

coupl ed t0 e QUidealiif Q@&bﬁv&;nﬁ%ﬁﬁ%«iﬂ% & "l:fhk&Uér@datﬁd dor 81, eﬁ he 4pr ocess

fluid to the separ at or her, conduits, including conduits 36, 38, 42
and 44 may eirdanbipgersed coverdity ebrtadﬁﬁ@ﬂp&:@@e%%ﬁt‘thrb@dmtm&uﬁrm BN screw
punp 22 to I, cat e..S I-khec ti phase
process fl ur{"gml K¢ S%‘é\%ﬁﬁs%brlgg%v&uﬁﬁm ?lgrggg?e% dskﬁ@qlﬁg {}é dke‘ g)l;le; Agylkxpl oded
view of t hecluswqadslbw gwqatmxpwﬂﬁ cu@ii;wakeqbnﬁcg:xed pattivelataninaites oy pwegpsl ipid22

contains engd, chg ou‘%gjh g nd, egugeaxﬁe Mok Lor % & R &2 A%@PI@F‘% gl
I n addition, gears ‘b 1°0C4t ed *i Rs) B9 géar "houst ichis
| ocat ed wi tlbiated kighih dweirmand\d&haﬂhe 162 GRd mAs bp mx‘ml@ijslﬁyh gear bousing 74

and lower radial bearng flange 38, Rotor shrouds 78 mav be coupled to the lower

radial bearing flange 58 The rotor shrouds 78 mav be configured to allow rotor

shafts to rotate within the shrouds and enable a leak of process Huid from the lower

end chamber 62 {o the inlet chamber. The rotor shrouds 78 may be of certan

geometry with clearances to enable a controlied leak to the inlet chamber 46 As will

be discussed in detail below, the upper chamber 60 may also include rotor shrouds to

enable a controllad leak to inlet chamber 48.

{0029]  The drive shaft 24 may be coupled to a drive rotor 30 ywhich is configured
to drive a driven rotor 82, wherein the rotors 80 and 82 are disposed within rotor
shrouds 78 and are each coupled to the gears 72, Accordingly, the driven rotor 82 18
meachanically driven by the rotation of the gears 72 which 15 inttiated by the rotational
output from the driving rotor 80 and the shaft 24 that 1s coupled to motor 26. The
drive rotor 80 and driven rotor 82 may be referred to as rotors, screws. threads or a
combination thereol, which are meshed together and rotate to drive a fluid through the
pump 22, In addition, the twin screw pump 22 includes a pump hiner 84 within the

central pump casing cover 76, The pump liner 84 may be disposed around the rotors

14



di scussed, the gears 72 may be configured to grind particulate matter as
process fluid flows through the gears to reduce the size of the

parti cul ave10A2gesar plate 76 is | ocated within the | owecTarsdoiohagvber 62
and may be coupled to the gear housing 74 and | ower radial bearing flange
58. Rotor shrouds 78 may be coupled to the |l ower radial bearing flange 58.
The rotor shrouds 78 may be configured to allow rotor shafts to rotate

wi thin the shrouds and enable a Ieak of process fluid fromthe | ower end
chanmber 62 to the inlet chanber r shr 78. may be of certain
qoonstry-wi YhOREapanEs oo B ram Whdne SHEY BRTRETT SAL POSAS FIPEE Chanber
46. As Wil | pbgpili pousseth kel dd pdg) R she iRl tchrinbepi=6® my al so

i nclude rotor, shrouds to enable a controlled | eak to inlet chapber 48.

[0029] The ‘@fhpad shapichoupialys B Lthreibeo hayh a charlss dowhien is

configured 1 fihy8nd G b¥eIndQLOL sBZ 8 WRSEL Ay tREFALOR§HBAnaNI82 are
di sposed within rotor shrouds 78 and are each coupled to the gears 72.

Accor di ngl yehatohe 7 pydier #bioend the preehnfidalol Jowrngdhe byiot HEexdbt at i on of

the gears 71%@:’64\' kaf‘tb! §0 giutﬂpﬁ{UEdF ek ee &Q&aﬁﬂe@ al mﬁuhl%nmdtfdgm&@ driving
rotor 80 and tHe shaft is coupled to notor 26. The drive rotor 80

and driven vwatloenagles hpypube tp efosess dyid e flay quopbibs pume Hpigs’? t¢ Heeatdd or a
combi nat | Nk BEEEH ana tbGh AL %uﬁ%ﬁ;'ﬂﬁdad CaRYD8E RNflakatgl it Builihye a f1uid

through the punp 22. In at dition e twn screw punp 2 i ncl udes a punp
| i ner 84 wipasg metxhveerc@ﬂmlr mﬂﬁp@ﬂm@a‘s’m thyuse dvamg Hdate ?ﬂ@nqbuﬁpm Phern84 may be

di d . f th
pIurSTBOIS?ne?r\g%Q lhtr{l.?i B n?f \?égg ﬁngng%m%]g 15@1){& I}m?s%( bt'%ngryﬁ%gr%d Llp%lnngt ﬁe puﬁp

i ner 84 ismmdmaﬁsnﬁﬂt@oﬁnﬂ”bmubﬁédoﬁmuUMEsEMMKhﬁadM@Qﬁwhhcﬂuswparates t he

outl et chanper. ¢ et,,C 46 a The pu

"nel ude” o srorn g it il 25t PREL BeiRad i ene S mRL P aee 6 ana or
48 to enabl@ 1.mdte1dr¢hmﬁt&$ st),f\,llm}dnﬁ;\obéihmvmu,ﬂtb@ mehe-c..rraﬂm.td pocgalsid. t her eby
enabl ing a punping. Further, the rotor liner 84 may al so include slot 88

whi ch enabl @ﬁ%&d‘ggrﬁéwpﬁ’ 13‘1 &OQCS&% 1{*\|h§f t?FEmgqu F’fl%?hﬁ )zm%nk :n% 34 m' ner 84 to

t he outl et 4" an Fou he"To ors 80 and 82
i ncl ude shahb&amhamugm3$iﬁhe%u&m&mdrmdmmbnbmamﬂmgrﬁhdﬂgﬁuﬁ@ju&@must beari ng
mmeQOaw, mmmw%mwﬂmMMWHMmNMMme<mmmnmmmm
configured to intermesh, thereby driving the driven rofor 82 by a rolational and
mechanical oulput of the drive rotor 80, Further, the gears 72 are configurad to
reduce particulate matter and process Thad and pump the process fluid throughout the
twin screw pump 22, As the process {luid 1s pumped throughout the twin screw pump
22, the process [uid may leak through an upper rotor shroud 96 as well as the lower
rotor shroud 78, Accordingly, the process fluid that feaks through rotor shrouds 78
and 96 may incluade reduced particulate content and size, thereby enabling the leaked
process fluid to stir up and reduce a settling of particulates within the inlet chambers
46 and 48. As previously discussed, the screw pump svstem 10 may be configurad to
direct process fhad to enable a lubrnication of components, mcluding pump bearings,
and to enable the process fluid o enhance process fluid flow by reducing particolate
size m re-circulated process fhuid.  Further, the re-circulated process fluid, including
fluid directed by the conduit 42 mav be wihized to make up or compensate for the
leaks of process fluid mio the inlet chambers 46 and 48, Alternatively, other

mechanisms may be used to leak the process fluid from end chambers 60 and 62 nto

11



upper thrust bearing plate 94 may couple to the thrust bearing plate 90,

t hereby enconpassing the collars 92 and ends of the rotors 80 and 82.

Accor di ngwg,20t/ieedshr ust bearing plate 90, collars 92 an@&Crhisesw/ ob@as i ng
plate 94 may form an upper bearing set in the end chanber 60, which may be
| ubricated by the re-circulated process fluid. [0030] FIG 6 is a detailed
side view of the enbodi nent of conponents included in the twin screw punp
22. As depicted, the rotors 80 and 82 nay be coupled to gears 72 which nmay
be | ocat ed ft the ends of each of the‘rogor shafts. ﬁge,gears 2 may be
confi gured 10 T HELPHRY ﬁffs“}téﬁ‘fé??“fétf?v diT GRPE R85 vaN S BRigPe BBy Y &
rotational geduRREREAGRNOVE Qstuel mevhige WilizErord@karor 8k phitedsiREd 1ot he gears
72 are configured to reduce Particujate matter and process fluid and punp
the process*HRFY ‘*‘t”l’oﬂf‘o‘ﬁtjﬁ%‘f‘ R EEHINA C8E dl i Bt TAl @8 ieBEss f I ui d
i's punped tHkiRUEBaWt70tR ol MuRISE @WuP UM Reids NTERENREAS a&SpnhliichrdmRy | eak

t hrough an upper rotor shroud 96 as well as the |lower rotor shroud 78.
Accor di ngl yedggme pieBdusy merigplgiethat | eaks through rotor shrouds 78 and 96
may include reduced particulate content and size, thereby enabling the

| eaked procgesif | witd. t 0y Stdefailbd padghctiedues & sebbhbddderdforpambhiculsat es
within the inlet chanbers 46 and reviously discussed, the screw

48. As p :
punp_syspeﬁP@G*ﬂdVﬁﬁé“@bﬁ¥?§ﬂﬁ@%EEOAaﬁﬁé€¥¢ﬁ?%Eé§%f$1%W6”Wﬁ‘€W§5@e a
| ubri cati ony ot GRRRANENHSre thRGIUHLTAGPMIR P RIINESHoANE dhiQe §PaRLE the _
process fluid to enhance process fluid flow by reducing particulate size in
re-circul at &dd radbs gl Fyinperspitronfdf near Hie neariard parianed h vEBsE @ ui d,
i ncl uding f&tﬂl%gciﬁfnﬁfi@#?ﬂ»cgﬁ%(d E&Ftlx@%&ﬁ%&' d 1ol 1R Gadbidd, béa@éj%:i R BRke up or
compensate for the [eaks of process fluid into the inlét c an%qrs 46 and
48. Al t er natiupief o angrHef rovee RarEisionayh partiogelds vl Ureake thdioprbbess 1 uid
from end chagher £, O0.An £2.JRAARA% EEGH bALIRUIRICGARA NEOUE Hdds_FOr
exanpl e, one-way val ves that are opened via pressure ditferentials and/ or
condui t s nejuitheberthy ¢rachettbe pioree fhudrto lidakatp bevegsthi are doupbedohamber s wi t hi n

t he central _punp..casi. cover ,7Q. . As. such  the fluid eaterjn unp casing
cover 70 1 <RANPrGEPLIRAEKET odHipice Hpl Wi BB P P B .

t her eby redudisngplars@toblol thg robrsiRarant 60 ttrels: enpB0FThe froess Buidse dodet ai | ed
perspecti V651x\1/¢:!0§1\.1\§ly %fm%ﬂ theertﬂ?:geq,l przr,l%{{:rt S\gtfemClBrTP:? i?ne e'.’xl’]gbsodi,memc the gears 72 may be
comprised of a suitable durable material.  For example. the gears 72 mav be
comprised of cemented carbide, such as a cemented fungsten carbide, wherain the
gears 72 are formed and configured to grind particulate maitters within the process
fluid without erosion or destruction of the gears 72 duning g grinding process, The
teeth of each of the gears 72 mayv contact one another where two teeth from each gear
are i contacl, causing a high stress contact (o crush particulates in the process fhud,

Additionally, the gears 72 may be straight gears or another suitable geometry,

[0032]  The twin screw pump 22 also includes the rotor shroud 96 which may be
coupled 1o an end of the rotors 80 and 82 and may be configured to enable a leak of
reduced particulate process fluid into the inlet chambers 46 and 48. Afiler the gears 72
have crushed particulates within the process fhid, the gears mayv be configured 1o
pump the process fluid to fubricate pump bearings, wherein the process fuid is then
leaked via rotor shrouds 78 and 96 into the inlet chambers 46 and 48, thereby

reducing a setiling of particulates lo improve a flow of process fud.



included in the twin screw punp 22. As depicted, drive rotor 80 and driven
rotor 82 are interneshing, where threads di sposed on rotor shafts interl ock
to drive wopnocessofl uid fromthe inlet chanbers 46 andP¢8/usea@o/ ozdéves

peri pheral portions of the rotors to an outlet chanmber 54, |ocated near the
center of the rotors. In addition, gears 72 are each coupled to an end of
rotors 80 and 82 to crush particulates and tine the rotation of the rotors.
The gears 72 are configured to crush or grind particulates within the

process flujd,. thereby. enabli the process fluid to |ubrjcate hearings
Phat care colifild FCedisR Btebihd e PR anat e 55 iedsdges Bt he- pump
bearings argoigomtd@urednd @ sopRafidal anGuenaling degbadidainofach Beplkaiiors 80 and
82, thereby enabling the process fluid t%‘Ff | ow snmpot hl y through the screw
punp syst em™H E“F‘rﬁ’-é‘ﬁ"fé%é t frent ‘,“"hlehém@"e? Qidy 32 F?%f%/-’{b‘é“‘?c W’i‘&"éﬁ] ‘Hf a

sui tabl e duga@bl iRt @hiRhenid RiniSX MR Bt HREISAT De IRnifR¥ddE £empli sed of
cenented carbide, such as a cenented tungsten carbide, wherein the gears 72
are fornmed EHECBBHATRGERITEICIEOGICHE PEITTEARAPET FAPIEIE NAHi WeRhE process

fluid w t houti @FQS bOROr ERMIINGH Qa8fe LR GRAMS, Al shRYUdS7OLNdi ng
process. The teeth of each of the gears 72 may contact one another where

two teeth fPomredehcogwardapfentndicdin awtetacaudi agsiainkisgedt rBysraggnt act to
crush partigulates aadﬁwmgm%%ggﬁ of H.!n?ﬁczﬁ‘ggé:fﬂd%ggi),lxﬁg{Q@.*;‘»&%rtlﬁ’d?Z may be

L
strai ght gears or anot surt e geonetry. twin screw punp 22

al so i ncl udiesenghle erdt of tshicbudh@® whpash trayehbide cbiwpied Aceordinglentheof t he
rotors 80 and 82 and.! ne..gonfl.oured & 0l & ol 8ak, 018 dnGed
parti cul at e&%irugébegs} ) ‘P%‘?ﬁc{f "?}%n? ga {nﬁg ilhﬁﬁe(tﬁggﬁ%ﬁ%{e‘&s&ﬁg&gnagﬁ}glgl%g«#ég g’r t he
gears 72 haand t€rug hedbpalatd cuilliatasralwutiy sihheoypr dic eBs: ledkingdh( ptdvessgear s may
be configured to punp the process fluid to |ubricate punp bearings, wherein
t he pr ocessﬁz it d{ioocifp i"rg'})f" ien ‘*F’eﬁﬁé‘a‘ Ut & gﬁ“oi‘(mé“}r?‘éju%’sgsg“%gg “5‘% FHES the inlet
chanber s 46heanebnd8mpbirateyyvdieduainagng iteetdshiragyafin parstitanl ahesidro | nprove

a flow of proc fluid.[0033]. FI 8is, detail ed end vi of an exampl e
o e P PR RS T2 e b8 e andigs fmskry T 88 srs gt ot alieh Hkaud o o

structure amehdess g BadngEyn@act be Pl aged r@br @o@RA7208ndr ot @fss B0 and 82.
Further, rotor, Shr_ouds 72 d 96 gﬂiy be conposed of two sepﬁa\rate conponent s
ont !

joining at %?’3}318 N §EEWHr WHEY Yeo plakly wppipeg p}ﬁ@l}aglsms to' the radial

bearing flanges 56 and 58

{0034  FIG. 913 a side view of the rotor shrouds 72 and 96, The rolor shrouds 72
and 96 include protruding portions 104 that protrude into mlet chambers 46 and 48 of
the twin screw pump 22, In addition, the rotor shrouds 72 and 96 also clude
protruding portions 106 which protrude into the radial bearing flanges 56 and 38,
thereby enabling the flanges 102 to be coupled to an miterior swface of the radial
bearing flanges. The protruding portions 104 may have a diameter 108 of
approximately 14.5 inches (36.8 cm). Further, the protruding portions 106 mayv have
a diameter distance 110 of gpproximately 14.23 mches (36.2 cem).  The shroud
openings may have an inner diameter distance of 112 of approximately 11 inches
{27.9 cm). It should be understood. however, that other dimensions and dimenstonal
relationships may be used.  As depicted. the rotor shrouds 72 and 96 may be
configured to enable a leaking of process fhad, with a reduced particulate sire and
content, into chambers within the pump casing 70 to dilute particulates from incoming

process fluid and reduce a settling of particulates within the inlet chambers 46 and 48,



conponent wherein the two circular structures are part of a single overal
menber which may be cast or forned by any suitable neans. Further the rotor
shrouds AROant/@6650ay be conposed of any durabl e mat eri &CT/UGsoet/ 026963
stainless steel. The rotor shrouds 72 and 96 including a pair of

cylindrical openings 100, which are configured to enable each of the rotor
shafts to pass through the shrouds. Accordingly, the openings 100 are
configured to enable fluid conmuni cati on between end chanbers 60 and 62 and

the chanmberg wi thin.central punp casing cover 70. The. |leaking of_ process
Fluid 1 rom QRPlchiiBeros §6bmi e SRRy B EORTPBIT Ul By 61 6PURRSS and

spaci ng betwgeling QRO NRAE:S onaSle\@anbas JIBRAGRNAHE RSeRRES BN 85w hi n the
system The rotor shrouds 72 and 96 may also include flanges 102 which are
used to attHth R POUBHEAP dtiEd & Boewe i dlont &hdws SsBemRtass. The
rotor shroudfiid? 1Akt 28R REROMP| RELoWIIRL1S Gf @M&niabdSon 0F4 Qliligr suitabl e
coupling nmechanisns to the radial bearlggéTlanges 56 and 58. [0034] FIG 9

is a side vihewBrnedipotiembanroad 49 2nai osrorse lughigsvahabigde72 and 96
i ncl ude proghELR%RAELE 8P10&0habRARY 10T Ak TidAek NhonbR BliekDRIPEHR 46 and 48
of the twin screw punp 22. In addition, the rotor shrouds 72 and 96 al so

i ncl ude pro¥radi hgewor thonsivosd Wi ehetpthombedeld md 98 hierehdisgitathear i ng
flanges 56 apd. p. i Y 802D LG GRS L 1Q P8 » GOMRle to an
interior su€€g3§§éf&&_%%?%ﬁggﬁ“?gggfﬁg@?faﬁggggm%ﬁ%dgg%g?Gd?ﬁg{ﬁgrtions 104
may have a pirambtesrwitlos tof papipcloxileet eBy imatoSingribh escégehsd dojv. avlur t her

th trud DOLL nate seihing Hhe tangdnn .-e w%_m:’ ttlb wlé'arozm fiem'
o b mat el T bl Ty SR £ DR MR TR, O T BREE e

appr oxi mat el openi ngs may have an inner
di anet er distlamgeoof flRnof tappoexigmpti@inradd bhdhesviG25%r@y qgmgup BE shoul d be
under st ood, ,however,  that other dinensions and,dinensional relationships
may be used%“ﬂgﬁﬁgbi%%éﬁ¥&%ﬂgﬂ?3mggﬁgﬁpﬁur§09gﬁ%ﬁg g%d%gvyﬁ(“%ﬁﬁ%igured to
enabl e a | ealicthgp@hpip deqsscekd Mitd fromi nlet abangaucadaparst iocwtlat dhasbae and
content, into chambe §ﬁmﬁ%bin,ghe‘ ump ¢ sing 70 to dilute particul ates
from i ncom ™ “@Fﬁ%@é@;@Wﬁﬁﬂgﬁﬁﬁmﬁﬂ%ﬁ@ Y88t i ng of particulates within
the inlet chanbers 46 and 48.[0035] FIG 10 is a schematic diagram of an
exanpl e of At WFGSEY @wa ppnpe@ 2y the schematic diagram shown in FIG. 10, Asg

depicted. the tangential location 114 of the process fluid infet flow 43 enables a
swipling flow 116 about axis 118, The improved flow characteristics and reduce
setthing provided by the tangential inlet of the inlet Dow 43 enables an improved flow

of process Quid throughout the screw pump system 1,

{0037]  Technical effects of the mvention include reduced wear and maintenance of
screw pumyp components. Further, the embodiments also lead to simplified assembly
and maintenance of screw pump svstems by elimmating dedicated lubrication svstems
and components.  Moreover, the disclosed embodiments may improve svstem

performance by managing the pressures through the system to control fhuid flow,

[0038]  This written description uses examples to disclose the mvention. including
the best mode. and also to enable any person skilled in the art to practice the
invention, including making and using any devices or systems and performing any
incosporaled methods. The patentable scope of the invention 1s defined by the clauns,
and mav include other examples that occur to those skilled in the art. Such other

examples are intended to be within the scope of the claims if they have structural
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including inlets |located on inlet chanbers 46 and 48. The inlets 28 (also
showmn in FIG 4) are configured to direct a process fluid inlet flow 45
that is twogemizedsoin relation to inlet chanbers 46 andP¢8/Usaaooeedshgly, a
tangential location 114 within the cylindrical inlet chanbers 46 and 48
enabl es the process fluid to swirl about the chanbers, as shown by flow
patterns 116. As depicted, the flow patterns 116 swirl around a central
axis 118 and the inlet chanbers 46 and 48, thereby agitating particulates

within the [ocess uid t id flow and reduce a sett]ing of
par 11 cul at eBUTERH e SUfs TERb e el Bt o0 HEEn B UPd 11 ow
and reduci ngppateti Gik@ke csabit Mg imnshhentiangeaticat frbaliedtiibacatdens 114
reduce wear and tear and inprove efficiency in punping perfornmance of the
twin screM/ﬁUWpLQQE Accordingly, the process fluid flows through rotors 80
and 82 as the rotors turn, thereby punping the process fluid frominlet
chanbers 46 and 48 to outlet chanber 54 and out of the chanbers as shown by
outlet flow 30. [0036] FIG 1 1 is a top view of the schematic diagram
shown in FIG 10. As depicted, the tangential |ocation 114 of the process
fluid inlet flow 45 enables a swirling flow 116 about axis 118. The

i nproved flow characteristics and reduce settling provided by the
tangential inlet of the inlet flow 45 enables an inproved flow of process
fluid throughout the screw punp system 10. [0037] Technical effects of the
i nvention include reduced wear and mai ntenance of screw punp conponents.
Further, the enbodinents also lead to sinplified assenbly and nai nt enance
of screw punp systens by elimnating dedicated | ubrication systens and
conponents. Mreover, the disclosed enbodi ments may i nprove system
performance by managi ng the pressures through the systemto control fluid
flow [0038] This witten description uses exanples to disclose the

i nvention, including the best node, and al so to enabl e any person skilled
inthe art to practice the invention, including making and using any
devices or systens and perform ng any incorporated nethods. The patentable
scope of the invention is defined by the clains,



and may include other exanples that occur to those skilled in the art. Such
ot her exanples are intended to be within the scope of the clains if they
have struwwoundleb@rents that do not differ fromthe |itecalusc@nge@ee of the
clainms, or if they include equivalent structural elenents with

i nsubstantial differences fromthe literal |anguages of the clains. CLAl M5
1. A punp system conprising: inlet chanbers; an outlet chanber; a
plurality of rotors disposed inside the inlet chanbers and the outl et
chanmber to punp a nultiphase process fluid fromthe inlet chanbers to the
out | et chan@E&iigunp beari ngs di sposed adjacent to each inlet chanber; a
shroud disp"§e3 round each rotor in each inlet chanber adjacent to a
respecti ve bearing; and a gear chanber configured to receive a portion of

t he mul ti phase processpunhpudeandpoisiegr cul ate the portion of the multiphase
process fluid th&gﬁgqm£gg punp bearings to lubricate the punp bearings;
wherein the shrouds are configured to pernit sonme of the portion of the

nmul ti phase processufidivhantien | eak t hrough the punp bearings to reduce
accunul ation of particul.ate matter.in the jnlet chanbers. .2. The system of
Craima compri g At SEBFatEP el s bSa bR R e Rt s
process fl uicGuinpamiifigastishels ud oo thepb ainbieans tlewhadiehsmlidg.er fromthe
mul ti phase process fl uid. §.<I€e”§¥sten%%f c!gilin}Zz wherein nmul ti phase
process fluid fPSMPORYEE AEPAEESRUNEEHO FEFINEFBRPY cul ate matter is
directed to the gggasuchspRel f@ngapersat & &en ilkticthnper Rijkted$ @ | eak by
the shrouds. 4. The systemof claim2, wherein the gear chanber is

confi gured FHFEE Ewgﬁamﬁghbination of separated nultiphase process fluid
fromthe separatQfecaofddnBeROhlihiRR Bfredileld RRASE I MQRGEFh:ES prothst figin t he punp

beari ngs. . w e :
and to cirenlate the portion of the multiphase process fhuid through the pump bearings

to lubricate the pump bearings:
wheremn the shrouds are conligured to pernut some of the portion of the
multiphase process fuid to leak through the pump bearines 1o reduce accumulation of

particulate matter in the inlet chambers.

2 The system of claim 1, comprising a separator contfigured o receive
the multiphase process fluid from the outlet and to separate particulate matier from

the multiphase process fhnd.

3 The system of claim 2, wherein multiphase process fluid from the
separator with reduced particulate matter s directed to the gear chamber to

compensate for fluid permitted to leak by the shrouds.

4, The svstem of claim 2, wherein the gear chamber is configured (o
receive a combination of separated multiphase process fluid from the separator and a

portion of multiphase process fhuid from the pump bearings.
3. The svstem of claim 4, wherein a portion of the multiphase process

Huaid from the separator directed 1o the gear chamber comprises about 0% o 209% of

a total flow of the multiphase process had from the separator.
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5. The systemof claim4, wherein a portion of the nultiphase process fluid
fromthe separator directed to the gear chanber conprises about 10%to 20%
of a tot avof2bovzedsot he nul ti phase process fluid from t hecsasaranesss. The
systemof claim1l, wherein an outlet chanber pressure is greater than an

i nl et chanber pressure. 7. The systemof claim®6, wherein the outl et
chanber pressure is greater than pressures in the bearings, and the
pressures in the bearings are greater than the inlet chanber pressure. 8.
The system of claim 1, conprising gears coupled to an end of each of the
rotors inside the gear chanber, wherein the gears are configured to reduce
a size of partiqul at gheet®f of Babhe Whbréih PRAGE RRARIRS Srdkhiit & Byaidl owi ng t he
particulate matter through the rotating gears. 9. The system of claim8,
wher ei n t helPybdt @ehtemdgnttytited to punp nul ti phase process fluid

t hroughout the punp bearings. 10. A nmethod for operating a punp system
conprising: directing a process fluid into inlet chanbers of a punp casing
at an inlet pressureb stk algclainph nlgran eortiptehapler drepse Ba:'Pidi de t he
punp casi NGkLD RIS iNehPAGRS Sardd! HE refLAMIL AR deBligls LDIIREN Baf Mean outl et
chanber | ocated between the i'nlet chanbers, wherein the process fluid in
the outl et @lehehseber pressae. an outl et pressure; directing the process fluid
fromthe outlet chanber to a separator configured to separate particul ate
matter fromthe process fluid; directing a portion of separated process
fluid fromthe depar dhosysten of dear!.chapben: pfarst deepipdipan sndlissdt dfng punp
bearings with the.nortiop. of, separated progcess flukd fLromthe gear chanber;
| eaki ng sorrtlie}Lb (r)(%t&tg ﬁ%ﬂ{ﬁﬁ% ?“bdﬁ L%‘ﬁl?l{%ﬂéﬁé’g%iég}é“?&é’%bE‘ft'otéﬁe”‘sxgj ‘H ﬁ}i Iaabg&?g%?%he punp
beari ng to theticnlset mahanbée sultiphasoqtrarssshhnd brd slotvrgridpreecudee owtidrat | on  of

particul at e‘through the rotating gears,

9, The syslem of claim 8 wherein the gears are configured o pump

multiphase process fluid throughout the pump bearings.

10, A method for operating a pump system, comprising:

divecting a process fluid inlo inlet chambers of a pump casing al an inlet
pressure;

rotating a plurality of rotors disposed inside the pump casmg to pump the
process flud from the inlet chambers to an outlel chamber located between the inlat
chambers, wherein the process fluid in the outlet chambers 1s at an outlet pressure;

directing the process fluid from the outlet chamber o a separator configured to
separate parBiculate matter from the process fluid;

directing a portion of separated process fluid from the separator to a gear
chamber of the pump;

tubricating pump bearmngs with the portion of separated process fluid from the
gear chamber;

feaking some of the portion of the separated process fluid from the pump
bearing to the inlet chambers via rotor shrouds to reduce accumulation of particulate

maiter in the inlet chambers.
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matter in the inlet chanbers.11. The nethod of claim210, conprising joining
a flow fromone set of punp bearings to a flow of the portion of separated
process fwoi2diopeesn t o directing a combined flow into tireTgsarionb@aber. 12.
The met hod of claim 10, wherein the outlet pressure is greater than the
inlet pressure. 13. The nmethod of claim 12, wherein a pressure of the punp
bearings is greater than the inlet pressure and the outlet pressure is
greater than punp bearing pressure. 14. The nmethod of claim 10, wherein a
plurality of gears in the gear chanpber are. each.coupled to an end of each
bt 'The plural ey lof - 15t GRURE G TEar da cpobEiTa s § Tt BB fe e

separ at ed prEgGeSSuifidsubd 1 eNabherian bubphert ippReaf b piRUIRIREREIaNgs by the
separated process fluid. 15. A punp system conprising: an inlet chamber
with an inl @yrddeiraiodisyssddw Pisi de a punp casing:; an outlet chanber

di sposed inside the punp casing; a plurality of rotors disposed inside the
inl et chanber and out] et chanber, configured to direct a nultiphase process
fluid fromthe i'Al et TenakBef of ganhi). gliersy the pelsh Bressuighis REsRisT R f6ut | et
chanber hasy,ap,Qutlet pressure and is configured to direct the nultiphase
process fluid {o a separator; end chanmbers coupled to flanges on each end
of the punp casing, each chanber containing a punp bearing and having a

punp bearing pressur gy, ‘M%ﬁ{o@o@ ol IEP{IH%{QQQ{ ;%rIQ% readi_‘eih&gtgﬂs géf'{n%& j0 _be

| ubricated by a portion of the separated mu ase pr Gid from the

gear chanbegeatandanwierialiehpsone ofl thheupomrdsone of sredler Saparap ddermgl t i phase
process fluﬁgwh% configured to |l eak fromthe end chanbers through the
fl anges chanber to the punp casing.16. The system of claim 15, wherein the
outl et chanber is disposed between a pair of inlet chambers and the punp
bearing pressur G4 S HE afxt:e"fﬂdt fpla v.r*}aithb %U, wherein a plurality of gears in the gear

chamber are each coupled to an end of each of the phurality of rotors configured fo

crush particulates in the separated process floid to enable a lubrication of the pump

bearings by the separated process fluid.

150 A punp syslem, comprising:

an nlet chamber with an inlet pressure disposed inside a pump casing:

an outlet chamber disposed inside the pump casing;

a plurality of rotors disposed inside the inlet chamber and outlet chamber,
configured to direct a muluphase process flud from the inlet chamber to the outlet
chamber, wherein the outlet chamber has an outlet pressure and 18 configured to direct
the nudtiphase process fluid 1o a separator;

end chambers coupled to flanges on each end of the pump casing, each
chamber containing a pump bearing and having a pump beaning pressure, wherein the
pump bearmgs are configured to be Jubnicated by a ponion of the separated
multiphase process flud from the gear chamber; and

wherein some of the portion of the separated multiphase process flud is
configured to leak from the end chambers through the flanges chamber to the pump

casing,
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inl et chanber pressure. 17. The system of claim 15, conprising rotor
shrouds di sposed about the rotors and each shroud is coupled to a flange.
18. The swetermwviabesel ai m 17, wherein the rotor shrouds c@EpSSEAN6I63

el astonmeric material. 19. The system of claim 15, wherein gears are coupled
to an end of each of the rotors inside one of the end chanbers, wherein the
gears are configured to reduce a size of particulates in the nultiphase
process fluid by flowing the particulates through the rotating gears. 20.

The system of claim the gears ar e confi d t.o punp .the
mul ti phase proceSs fljlg? c?‘*tlﬂ*r’o\fnﬂr“f‘h &~ sy OPEH fﬁ Pt %E%l“?‘ t‘ﬁéﬁsﬁg%ﬂ beari ngs.
21. The syskt@m@fa gdiadnkd cheQRRr dndithg p@nﬁ?@hﬁﬂ@@ﬂ;&hﬂ@ﬁg separ akeset he inlet

chanber and the outlet chanber, wherein the bul khead is configured to flex
a rotor |in® ‘%W“&P’éﬁf%ﬁt“@a bi ndi ng between the rotor liner and the rotors.

17, The svstem of claim 15, comprising rotor shrouds disposed about the

rofors and each shroud is coupled to a flange.

18 The system of claim 17, wherein the rotor shrouds comprise an

elastomeric material.

19, The svstem of claim 15, wherein gears are coupled to an end of each of
the rotors inside one of the end chambers, wherein the gears are configured to reduce
a size of particulates i the muoltiphase process fluid by Howing the particulates

through the rotating gears,

20 The svstem of claim 19, wherein the gears are configured to pump the

multiphase process fluid through the svetem to fubricate the pump bearings.
21, The system of claim 13, conmprising a bulkhead that separates the mlet

chamber and the outlet chamber, wherain the bulkhead is configured to flex a rotor

liner to prevent a binding betvveen the rotor liner and the rotors.
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