CENTRI FUGAL WET GAS COMPRESSI ON OR EXPANSI ON W TH A SLUG SUPPRESSOR AND/ OR

ATOM ZER CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This application

cl ai rs t wohenafbisoof U. S. Provi sional Patent Applicati @eaTako@6453v14 fil ed

25 Novenber 2009 entitled CENTRI FUGAL WET GAS COVPRESSI ON OR EXPANSI ON W TH
A SLUG SUPPRESSOR AND/ OR ATOM ZER, the entirety of which is incorporated by
reference herein. BACKGROUND OF I NVENTION Field of the Invention [0002] The

subj ect natter di GENTRIFUGALNWETa@AISI COMPRESSIQN®GR EXPANBIONOgy utili zed
in the conpression or_expansion of a mnul télﬁhase fluid in a fluid handling

system Description VIRdASEYGSUPPRISHOARANRQRAFOMZER ended to

i ntroduce various aspects of the art, which may be associated with

exenpl ary enbodi ment ggdsé R I IRERGE if?vlqﬁﬂAqrED AV disSEMsSi on is believed

to assist in providing a franework to facilitate a better understandi ng of

parti cul dP0@dpecilbisorpplivetipn edams thev bendfibnof AbSorfdovigioyal Peatesha\ipdiciéon

necessar 111 Ae el 23 SRLEBFPR) o ARBR IR VE Ay TPMHEsS 10N

under st 0qOR tETAP A NSIONI WIgHI A CSITPG ESISPPISE SSOR aSNBXPRIAEOMIGEBRNGlic Batirdlyeof
liquid slugs and thus it is assunmed that they can only handle a fraction of
one per ceRtich isqusaperpteddyupisrentpbiercim many appl i cati ons expensive |iquid
separators, dehydration processes and/or unit scrubbers are utilized to try

and reno A@k‘?ﬁ@”@@ﬁﬁwi@m‘@ftp” or to using centrifugal conpressors

or expanders. ese devices are en designed for specific operating
conditio n then limted in the range of Gas Vol une Fraction (GVF)

t hat canq@E ‘§%§§§H@aﬁPﬁ a given process flowrate. Even with this

expensi vg0e0z] compt subjpétoasssidigleadiipmEntapplidativhecletes 3o dcchbisldgn ukilighl Inevel
of liquids they can quickly saturate, fill and _overflow the liquid

separ at ortBe GRTBRICEHRI Pr Exapaeen §f & Brltphessi frid & efeiddwadlinewsiem - ng i n sl uggi ng
t he conpressor or expander equi pnent. [0005]1n general, multiphase punps
can be uddscriptipn of RelatedyArt hat the fluid will generally be bel ow 90% GVF

Centrifu onpressors. are. often.restricted .fo |ications Wt %F of

00, 7 or 0K "aaReReRof i Rl L ITEL ShE ARSI e Maditiche G
associated with exemplary embodiments of the present invention. This discussion is believed
to assist in providing a framework to facilitate a better understanding of particular aspects of
the present invention. Accordingly, it should be understood that this section should be read in

this light, and not necessarily as admissions of prior art.

[0004] Traditionally it is understood that centrifugal compressors or gas expanders do not
handle liquid slugs and thus it is assumed that they can only handle a fraction of one percent
liquid by volume. Thus in many applications expensive liquid separators, dehydration
processes and/or unit scrubbers are utilized to try and remove or separate the liquids prior to
using centrifugal compressors or expanders. These devices are often designed for specific
operating conditions and are then limited in the range of Gas Volume Fraction (GVF) that
can be handled with a given process flow rate. Even with this expensive and complex
processing equipment, if there is a sudden high level of liquids they can quickly saturate, fill
and overflow the liquid separators once their capacity for liquid is exceeded resulting in

slugging the compressor or expander equipment.

[0005] In general, multiphase pumps can be used if it is known that the fluid will
generally be below 90% GVF. Centrifugal compressors are often restricted to applications
with GVFs of 99.7 or higher and even this can cause problems within the machine for

stability and affecting the reliability of the seals and bearings. Therefore, for processes
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stability and affecting the reliability of the seals and bearings.
Therefore, for processes outside this small range, the current practice is
to separ awe 20ti66ds0i ds prior to utilizing a centrifugal PCOMSR@ESHE377€VeEN
with the design limtation with the associ ated process and equi pnent. The
same is true for gas expanders, which are functionally a centrifuga
conpressor running in reverse to extract energy in one formor another
t hrough aunidcdss spaRsatges th eprratrmasidehie toxpepnder the Tieds ppiar & atilizing a
scrubbers and dehydration units are not only expensive and |imted in
liqui d casaifgal aﬁ?&l%ﬁ%ﬁm Sthr sgdestan hfm@yman@&h s @ssogiatsd poEssspinidy
Laking URGGIARRAE Vehd Sahe ST AIE hiN ohOSRHIABS, SHEM afe HhdBRAR R BlhOR TR
subsea processi ng or ons ore aC|I§t|es hi'§ coupled wt h npl ex contr ol
syst ens amdumﬂwoﬁnmma@1auxv@sanyeﬁqu1pnagy1hmkeibnmpsano@guﬂmbmﬁsaphﬁmﬁi
controllers, nsmtters and %;Ii rs adds to the co and.likelihood
of fail urpéeséPret 8B GOy teyeXPangrTe X ArrpPRaTIPTS 2 S Yér PRIy 8duse
severe dayRgexPcRsisO MM llhlﬂeghtﬁlql;id\ﬁ’ﬁlbééhy CAE@ 'vﬁfu%neaﬂ(w I%If‘g%'bu@kﬂey%[sog@i%d wedd
stream service where a separator 4 is used to separate liquids fromthe gas
so that aceehtlkyf adyaig monmea@s’@rreaﬂ Estatedinplongtions speln as leéshdye plettodms,osubeess t
the gas and li.quid S%f f q % e t WO %retthen onbig d agai n tdéﬁ.im
order to HPHREPBPT OBUIR t45HBign Qlﬁo?%lé?iei e SOUPIEK SOBLE WA A tong! one
machl ne cemﬂﬁgb@qﬁpﬁsmtm(etﬂmpwgma&d}@ [eGeTRLARE 1S, AWinbnithas ad I BItE9 ey ical
great | uce the overall cost and conplexity ‘of the total system
[ 0006] So r%e seaplexin and likeliopdpit failpiegefi hescaystomst Aélnwnml%\sf pinrgcesy whigee
machi ne I if r o i ng
o mbal s R e B AR Gum PEE LA NG SRR ikl B B el TR

nmachi ne. sHowmveivict asliorig haarafownistinat ter aphare tighidoefréradiic eghs odo that a
prevent ed é sl owi ng down the |liquid velocjty at inpact points and
reduci ng AE! e%mogtpr%ssareﬂmh PHYP his cat §%enbé%ﬁw?<édacté>@swhee%na%rlrw@d by

i ncreasi rgg%#r%w | gyb qwbeéfé'tﬁerﬁ%%{ﬁngw%ﬁglhaahl“p Gltdef b %‘faflﬁ’?) nee ?ﬁe art

i nt er nal machi ne. [ 000 egol ng di scussi on

is int endnpblme ther pepesssgntealiiy e Iff achmachihakodd Heusteid ve tra]isqmmﬁieocg)ynmlhmit
woul d i nprove th ab|I|t of co essors or,. expangders to he

Mot phaglevt fé B Tt o) it TGRSR Sy<Ell Ghb R G O oL SE
current state of the art. would be of great val ue. BRIEF SUMVARY OF THE

DI SCLOsURE9G 008 Pame adeisipaal {atugs W[.*)tlhdb]uéi’?sar? Aoherfasiahyitrraf theomading bufiasor | ow

have beerbr%q&{ Sﬁﬁﬁﬂtlll%}’s Al Jhﬁ%h&g f@uﬂlﬁ@%@r@%ﬁlﬁgéﬁgw’ﬁﬁgﬁcﬁ if Wfl%{ld fa h or

atom zi ng device to enhance the 'upstream m Xxin qui d he gas,
t hus enablapoigzd Weile beihgicbnpalssaiomphe sizhinor Hovpardeesting Hastshewn Inlwncétcﬁslon

hi gher levels of |iquid. The atom zing devjce nay he.any .one of kno f|UId
ot o zer <o e avsry RraeesioRe Shvo Srig e Saresvadicid 3 GiHan sirt

This can pgudisethe drfpleXiisd 'F&Qhﬁ?ﬁh@&l% b&hRURcRr Rt&Eeh rérﬂ@ve‘aodmﬁl&%ﬁﬁﬁ%
expander fromprocess upsets with additional liquid volume or as a s and

al one dediqyd kcwclhebveghe Ansharaantgn effedfwashimgrteapniareals ety prashinesuch as t he
separator or liquid punp. [0009] The sl ug suppressor slows down a slug of
liquid ar[dOOﬁ]xes The foregding dﬁ;cwsroaaccfyleedl it the atferiictendedl to éxducpresdneativudatber

change in, den for t he, conpressor driver to sl pw down
as the t&lnahax Pg/tPVSaE e?ﬁwel ﬂ“FIHE’VFﬁE? a‘g?ﬁtw PrCQTRIET A VY| TREDGTS ©

reducti omaﬁale(%mﬁma@é 050 oF ﬂglddmﬂa ﬁ@u%h!éf libgH cbﬁﬂeﬁtscowa&?ed foaHé Bursdiidgaid Nt o
droplets or mist mxed in with the gas to better help the conpressor in

deal i ng wiftthe arthwouldchegd greutdelnei ty and | oad whil e reducing the inpact,
resulting in less erosion. Either product or both in series can be used in

a conpre r i j e there is a potential for sone
quurgs or ﬁUﬁ%@%ng‘)ﬁ339§@?$§9@%ﬁ@§§t of this disglosure the term

"at om c neans ce chani.sm f or . brea djnto
a fog. Z'm'@{"?ﬁv' The B PRem i R e A st Hoi SR S B hnudditisted

be under yjyop@liigs ABRNIS IR supﬁ!&%%@/o@aaﬁlt 4t6M@SnPlelibaw that?i'c@ @hd la stﬁe%ﬁlms

sl ug suppressor neans any ‘device that hel ps sl ow down the sudden change in
fluid derrmxmg of the liguerh withvibt ge$, thu&qamadvhm tthd ecrdrifygsl g.’zmmawpby)r mp@ndgr tohe

predom n ujid, f1.ow, W was flown ead of

beni na ¢ nstry et bz ymet Pafl oo A ratef BERLY B sbohy Rue

f eat ur es asdiztBGhdlndial oadvambe@Emdfing nozzles or a flow mixer device. This can be used
20



the present invention in order that the detail ed description of the
invention that follows may be better understood. Additional features and
advant agesoabittdeeosonventi on will be descri bed herei naf t @cTis2el/ofzyram t he
subject of the clains of the invention. It should be appreciated by those
skilled in the art that the conception and specific enbodi nent discl osed
may be readily utilized as a basis for nodifying or designing other

struct ur ds dxiytingadesighfdo didlp pigecs ale cPmMpiRESE Sorofxpafider Pik@8 eitbcdsh\upRits evith |t
shoul d al sqg. be real.ized by those skilled in the art that such eaglvalent

const r uctddgitonabligiid VBB‘;S%Fr Pr a5 & e &lags dosigndpdiel siyaingte sanee phifsricAvirdas
t fort I DESCRI PTI ON OF THE SEVERAL VI EWs OF
ThE DRaw P AP S BRBR R pEudlr OF lig i i

THE DRAW pwhlch are believed to be
char act er co he i nven th as r n|z |on and od of
hﬁ@dge t frl;lé% le\% tsHpRra%,stoﬁ nl’owlg%,ownad sl figwid Mi%& 1t VYlthb asbagt%%cﬁ]

operati Of{ er ‘objects a vantages w

under st oafle f¢aen foheddcelthowiddgn dmtge luptimny v&hﬁs\ alt®nsiime fetthe 0o PRBLE drider
wi th the acconpanying figures. is to he expressly understood, homever
that eadp sk den pp Higrtaiue or 6‘?%@8@856{5 oith ‘}li‘é ingiipgs6 3 [igRid; yolyrag patsdyeiomnd

descri pti g op| T’hé‘&?%z}g?@ gbé‘li&&%?ﬂel? t&nQﬁﬁld‘%ﬁ%so*ﬁtcPﬁr #;l’é?s {)(1' M $illd Hhe

present invention Is a ram o
mul ti phaseith the ghshtaristticn§elpytht eompfBRdrdihFde@ing wiith mesahhmm d:erdltﬁgndiﬂmanif

one enbodi nt of. a _multiphase fl ui handl.i n stem according to the
di scl osurdifs dwaﬂ%ﬂ&‘sgﬁ% AT BrSsecTPpig- 3'55‘%’ B HresIuet e-:{ﬁ%ﬂl- 3 SEISScHEKS: i ¢

di agr am Qqfsc@Rph REfpRIRRUrRPInRE aﬁplf@éﬁ&ﬁ RIRREthEIUL G A ARG SURLEqids or
according to the dlsclosure for expanding a multiphase fluid. [0016]FIG 4

is a schdmmid epsdespi ction of a slug suppressor and atomi zi ng device
conbined. [0017]FIG 5 is a nodified version of the nultiphase fluid
handl i ng [89Bilem &howwtcitnofFh(s. diclosure, the term "atomizing device" means any device or

mechanism for breaking a liquid into a fog, mist, or spray of liquid. The term "atomized" as
used herein is to be understood to mean small, discrete particles of liquid. Also the terms
slug suppressor means any device that helps slow down the sudden change in fluid density of
a high level of liquid within a gas stream by mixing the predominately liquid flow with gas

that was flowing ahead of, with or behind the liquid.

[0011] The foregoing has outlined rather broadly the features and technical advantages of
the present invention in order that the detailed description of the invention that follows may
be better understood. Additional features and advantages of the invention will be described
hereinafter which form the subject of the claims of the invention. It should be appreciated by
those skilled in the art that the conception and specific embodiment disclosed may be readily
utilized as a basis for modifying or designing other structures for carrying out the same
purposes of the present invention. It should also be realized by those skilled in the art that
such equivalent constructions do not depart from the spirit and scope of the invention as set

forth in the appended claims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

[0012] The novel features which are believed to be characteristic of the invention,
both as to its organization and method of operation, together with further objects and
advantages will be better understood from the following description when considered in

connection with the accompanying figures. It is to be expressly understood, however, that
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[0018] It should be noted that the figures are nerely exenplary of several
enbodi nents of the present invention and no limtations on the scope of the
present iwoentiwmsare i ntended thereby. Further, the fi goras2@oesygeneral |y
not drawn to scale, but are drafted for purposes of convenience and clarity
inillustrating various aspects of the invention. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON [ 0019] Reference will now be made to exenpl ary enbodi nents and
speci fi ¢ daamghidgefighirdd is peowideiior thd@spodelt illiigrasiamand descvibtibn Belvemdliehess
be understood that no [imtatjon of the scope of the invention is thereby

i nt ended. NaRdekad dehigition of (he beis AlF PrEaRtBYRILGR- t he i nventive features
descri bed herein, and additional applications of the principles of the

i nvent i orl08831descr itded 1 het sghamatip diesragpel akeyeumuitiphayedluyd hindiagisyisteme

rel evant gptyand haﬁfpngz E’soﬁss%ﬁéﬁl%ﬁ‘c Ialgi%sofd‘n%c'el%ﬁé‘&iﬁfe OF oL RGNS T Ger ed
w thin tr{e sJope of The i'nvention. Fu er’ D&t or'e parfll Sulfarelbsti ment s
of the prigaging $yRieanidcontigl ® tht gistlosgd fadnipessihihadultiphast Sluld be
understood that this invention is not limted to the particul ar process and

mat er i al dO081Yc| osedRede it Hdcwatn dirgirny 8F ynetheisgrpodimgnieef a pultighasg yid o
be under Q@{ ] 1 t:he purpose of
descri bi ﬁ%ﬁggl}%l cuFgaéb%grﬁﬁo%%loﬁg%]?%mg%ﬁg%gn%gﬁﬂﬂnn%%Hﬁ%ﬁgﬁge ul?'o be Iimting,
as the sdopwsjof t heFlpr dssnd schewenit i depictioh lofbe slde fsupgdssonlayd kiyorhhxengagpeceded
cl ai s andn&%t}n val ents thereof [0020]FIG 1 illustrates a known system for
handl i ng X} o phase fluid in a well head environment. Fluid, which may
include vgpes]. Oi | ,FI1&NY jgR%nddNcdSHRAM 6f theSndtipBat &did Hﬁnﬁliﬁ% GRS Sholvipd
then into a separator tank 4 via a check valve 2 and conduit 3. Water is
separ at ed’lou. and a punp 6 punps the water to a renote |ocation via conduit

7. Ol a ondensat e.col |l ected d pu 12 delivers the oil_,.and
condensat B0 Conaur Teids 5 pify o e Beis affe ety ottt ot piterelr 4
t o conpr essydirddnty bethe PRébittinitioh RBMN linPRESASor ME QEtHR FMHRCK Al KR erForand
is conbined with the oil/condensate flow at 14. A recycle line 30 is

provi ded aipigended dhaieles Fughgrethg figugescire gergpalinept ey tovseplge b@ire dodied ffahe
P . . ' =E ' . ot cal |
Phown | n T @t g a Bl e g s SR R TR ™ a1 s

directed to the apparatus by a conduit 50, check valve 51, and conduit 52.
The m xt DETATLEDGDESCRIBTHON @R{EHE INVENTIONT eat nent devi ce 55. The fluid
treatnent device nay be a slug suppressor or a known atom zi ng device, such

as one orjgmyle at orR&trfcdWAZAES bOMmade td OWNPlareembbllinierys @ldsPedific Fanguage
conbi nati on of these elenents. An exanple of a conbi ned sl ug suEp_r essor and

at om zi ngVidehe wed fte dessahim therpamedt will neyverithodesa de urersioed thak np dinetation o

107 and I i r:.C r B 1 pL.Qyi i.n

aal 1 5" or SEn P e Bub s PHBRE nklea. JRhirafihs 3 R PhOMRER o B 1
over i nt dntdneivgaatatoseduscidnd hersinMand dddétiagak applivasioas sifidbe prinopiaast than
liquid fl.owis slowed down by using me of the s, still in the s]ug.
suppr essdPan&OPéﬂd%“éﬂPﬁgh?rFﬁuW_ 1Ch YU OCAF P ﬂ%ﬁ%ﬁ#%@l%@@ At At Vitgner
end of t hesldsdyh 9 HIAFREbs AL AT 78hd Béhstdefil HiRdns chogx of thd iﬂt«anfoh.efgﬂﬁarj | ow
downstre mofS a tapered portion 109 ofS the gas flow path. The atom ze

li qui d ardfgapagicnkammbedintentsiod theopresamivintvianioangire cdovbhuéd anpbddstmped] 06s tofbe
typi cal sl u ssor. and atom zi ng devjce is available from FEr

Engi neer YT AROTAN TG i CPEP gt IS O BrEiSP L Bioe P g vael s Aglgsst er
rotating nepdih b6 Sich rhé%pé’a%gﬁ?ﬁ&ﬁé Hé’%e@gﬁﬂs R1sbQo Bk Gnd@stob ehaltnet tbininb B2y usd t he
fluid treatnment device 55 flows through conduit 56 to conpressor

58. Conpr dwsad if wsgid dot dgveepose ap desssbinggRrtidwtas ggvod vt enlg@nd pun@ inteadasheck
val ve 62 .and to..a distributiop.conduit .63 i ch,,del j rs the.c ressed
PG 2 B dltioRa” ho bt bt SR RO it St HRLASRER ohB%py APRERAR o

58 is prapiigedndbq@balbiathardyd] udes a val ve 67, and check val ve 69.
[0023]FIG 3 illustrates the application of the principles of the invention

in an [0020] FIG. 1 illustrates a known system for handling a multiphase fluid in a well
head environment. Fluid, which may include water, oil, and gas for example, is directed into
a cooler 1 and then into a separator tank 4 via a check valve 2 and conduit 3. Water is

separated out and a pump 6 pumps the water to a remote location via conduit 7. Oil and
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expander system A nultiphase fluid passes through a multiphase flow neter
82, a control valve 84, and a conduit 85 into the fluid treatnent device
55. Fromwbepa/aehesom xture flows through conduit 91, expamdse0198537¢ondui t
94, check valve 95 and distribution conduit 96. The expander 93 nay be
connected to a generator or conpressor 92 or any device that requires a
source of power. A bypass line 99, 97 along with a val ve 98 are provi ded
for bypas®hd¢hsenspandetlecQ3d aAd pyeipall idelitve@s que ol cidesdndend@ tRyoddwit 15 via
positi oned between the expander 93 and generator or caqnpr.essor 90, .

[ 0024] Corf9Pftitg !l baad dp- gt Alogf o) ssHaten fr BsSURPIEHAT 2k A SARGUhGY-dBen de
with tor Qe CAbIA cifick SRREDIEAHCLAR bitn ACEERSRANLABHOW 4 Gl A bR OF
overall density of the fluid would turther enable the w der operating range
for a cenimei30ugatovidedpriessmcludes edpadhtdenoleSpeend deck velve B8r t he conpressor
for exanple can be achieved by utilizing a variable speed drive as shown in
FIG 2. Aovzri abl e Epagthcilésvd theing MBI, ars Migdwas écropibodimént @b Beicmatically
nmechani cal or electrical drive, including but not limted to ggs no

. . ) tor,
st eam or YawntinfCng; Muylfinkse fluidhfar sxampletiiigifrom aj well fpachds digested ttgéhe
) : t e
Charryodpollye i Eihoe, SERROL O Ca, Al ARt 22 M ANE.E SRR i

the driv ressor el ecttron
Sui t abl e emexans ffuat treomentoddvided 5t HEheviduid atehenayp dedce may dermesiug nugipugisorsansor s

for sensing torque, load, fluid density, GVE.or input power. .[0025] Speed or
tor que cdfiPrdl aﬁﬂelnzas%_ drics: AP O GRMOEOHBTEAE LS PY 2 ¢ éﬁﬁhﬂéeg- lﬁa}a@ also
robust, tug doRfiRARhNEr fiRkd aRinhdnty a0 kadpe! @Qa%nﬁﬁiﬁé@@]%@l ﬁff)ﬁgeg&dd} MRL

services by designing the systemto better manage a |iquid slug
mul t i phas¢orhizong deFhéesiscshoiva ieFlappl.i édjuich aedumulgtpesn afnce ehambdru¥l and gas

conpress and expander a i i ons, where i qui ds ar .esent o

Cotont s An SRR AR, 1ER16O ARSI OB BT belber 1070,
conpr essilipwofor S¥MRNAAEZasch Nthmatassigqn ovMEhtodAE g IREDS 304 SniRREOIHIE as.
upstream and downstream processes. [0026] An option for controlling the

t or que i sThuirowgdem ingygsail liguiddloayues dowekdewn byrispigawameos! hgigag stihén YsD
drive. T i fi tQrs; . ' i at.ed
ARSI LR A R L b s

f1 ow contlfq@id clkdmhistr isemiae tth® 1iquiidt dhdegpraphhsiatof theanlosy d8wniteampef atigpeasd
inlet flow valve 84 or inlet guide vanes in order to reduce the flow as the
GVF dr opPosiieh 199 of dhg gas flogupythy dheptoniged Hgwd 31 gascteeamsy (98tNghH{q HRY ar e
to use a h @i nwe : : what
¢ i'a i HERER ephdul BOGE, RREAE ) M SRRy I B AR ARHEt AR
fl ow m xtfuore Fraras £ngincevingASpuA floewmerixeronayt mcbpde .colut®28}iflsngs tvows or kolItG 5,
the variabl e speed drive 57 of FIG 2 may be replaced by a fixed speed
driver 16?@“ﬁgﬁ9ﬁ$5hlic torque converter 101 may be positioned between the
fixed speed_driver and the conpressor 58 to allow for varying the speed of
conpr essdPOBH. [ oo Refamiaesieaiweivt FliGhve thg aixties lepyingdhe Huidcirsapaenti devicgedd

fol | ow ngygabadl duf L B R ar aidsyok ' rl iqghase
fluid conpri s?ﬁgﬂgﬁ (E%?ndél P?ér)g(% rggo {jéljs\lsot or cg{r?vgy%%%&?lhqg{ ?n%?%srg%ag{e&%# uil%d; a
sl ug supphesgbrocdnn@rsedlot ® theek Valvs tb2aaddaiatdistribution conduit 63 which delivers

the compressed fluid to a desired location. A recycle line for the mixture from compressor 58

is provided at 66 that includes a valve 67, and check valve 69.

[0023] FIG. 3 illustrates the application of the principles of the invention in an
expander system. A multiphase fluid passes through a multiphase flow meter 82, a control
valve 84, and a conduit 85 into the fluid treatment device 55. From there the mixture flows
through conduit 91, expander 93, conduit 94, check valve 95 and distribution conduit 96. The
expander 93 may be connected to a generator or compressor 92 or any device that requires a

source of power. A bypass line 99, 97 along with a valve 98 are provided for bypassing



a centrifugal conpressor connected to an output of the slug suppressor; and
a distribution conduit connected to the conpressor for conveying the

conpr essenorni twaepisase fluid to a desired | ocation. PCEMisodiome3tr4 B. The
apparatus of enbodi nent A, further conprising an atom zi ng device
positioned in the first conduit. Enbodi nent C. The apparatus of

enbodi nent B, wherein the atom zing device is a flow m xer that includes at
| east twaxpandet ©8. svhyliatlc WRGES c@iveaOUIT Biay et isitivgcd betwce® $he expander 93
Enbodi ment D. The apparatus of any of enbodi nents A-C, wherein the driver
for the é@ﬁﬁ?@@g@Fofgnﬁmeepé89rlc or gas notor, gas or steam turbine,
expander, gdraullc t ur bi ne. Enbodi nent E The apparatus of any of
embodi merdP8244- D, f (Famkiningorrsr orsboth of anslagssuppicsOs A I MARIZINE d@ﬁﬁ?)l’v@‘élsor

speed bas ngug %oRtr@dourCs%%e& PGrdﬂgt?dn W%ﬁcéhn%%alé#'d % dcfe l]_.t%['u%j%leverl‘uolrtolvg 35 e 1ty Of the

nmeasur enen e a para us o

enbodi neMuiB wsul€, fu\Mhetr ena‘blt héie sividgr sypprkies SI@flge'irfdr at egntdfuggl dembeSsorr 6r
conbined in a housing having an inlet and outlet, wherein the housing
conpri sesexpander.r Specdreanel 1910 heagQmiRFaIsar ifpig SXaglf fan esatigrgd c'ﬁ/a#tslé%mg dr

accumul atdaﬁgblg%?eedadrpxleuisaslllb WY iR @aﬁf lAe§ r?ﬁt }['\ﬁ)%g'(} G 54 Kf%}g?r&qcﬁ &S 8btor

chanmbers for OW ng accunu ate Irst cha to spi over
into the csextlmndn@:lhambﬂrqr eaasuthcal dl‘lVe, 1nelu¢b1lng romk nbtyhmttechta)gziszm@r nmam esgas

| ocat ed at the end e first cha Enbodi nent arat us
accor di nd"tP¥ % nBean nﬁ‘ygr etP R tﬁecwgﬁ g% &&eﬁgmpteétﬁft%% Aﬁﬁ%t T t he
outlet. mechaniGRPOS TR e ARG B ‘éﬁee%lcﬁé’c(w‘ébﬁ‘ghé QAriRBY afd BMPRALSERLS B G
further conprising a recycle conduit connected at one end to the output of

t he corrpreé®$®mcahyidratlhq, 08 nt@phéencaénétuttdolt heafiy fog fcontoriting the variable spedsbodtiiveent

| : Appar at us. 0_enbodi risi a recycle val ve
i the r dBYOPETRRNTIPE OERBOTE AL 3%'%85@#0@%%};%?%% B8 BRhRga i ¢ phass
fluid co i ng: st conduit for conv the nmul ti phase f1 uid;

sl ug sup&Bé@or co%‘?@@‘i 98 19790¢ franeoly Rglpe Bikticen trifppab CATRESIOTR SHAEEPEFD an
outl et OfyReoBhiginpy Qﬁ)crr@m reh‘ﬁﬂﬁilty and reducing maln@enﬁﬁép%stt it aaehedsty the
expander for conveying the multiphase fluid to a desired | ocati on.

designing the system to better manage a liquid slug and multiphase flow. This could be
applied in all types of centrifugal compressor and expander applications where liquids are
present or potentially present in the process, including well head services, subsea
compressors or expanders, LNG expansion, wet gas compressors and other upstream and

downstream processes.

[0026] An option for controlling the torque is through a hydraulic torque converter in
place of using the VSD drive. Then conventional fixed speed motors, gas turbines and

associated gears could be used for the compressor driver.

[0027] For an expander the flow control could use a two-or three-phase flow meter 82
to operate an inlet flow valve 84 or inlet guide vanes in order to reduce the flow as the GVF
drops with increased liquid level, as shown in FIG 3. Other options are to use a hydraulic
torque converter 90 between the gas expander 93 and what it is driving or any other method

to measure the fluid density, multiphase flow mixture, mass flow, output power, or torque.

[0028] As shown in FIG. 5, the variable speed drive 57 of FIG. 2 may be replaced by
a fixed speed driver 102. A hydraulic torque converter 101 may be positioned between the

fixed speed driver and the compressor 58 to allow for varying the speed of compressor 58.

[0029] The present invention is further described in the following embodiments:

Embodiment A: Apparatus for compressing a multiphase fluid comprising:
-6 -



Enbodi nrent K: The apparatus of enbodinment J, further conprising an

at om zi ng device connected to the first conduit. Enbodi nent L: The
appar at uswoh2oemiseo nent K, wherein the atom zi ng devi ce PC3/US20100987m xer
that includes at |east two counter swirling vanes or counter rotating
vortices. Enbodi ment M The apparatus of any of enbodi nents J-L,
further conprising a generator or conpressor connected to a power out put

shaft of the expandefirst conduit féndoadeyigntheMuliipiasafipar, at us of enbodi ment K or
L, wherein the slug suppressor and atom zipg device are conbined in a
housi ng havi ng an inlés SpREPSERItcPBRECtHHE thadSheridiy conprises a first

chanber for 1iquid; T=tofel(] ﬂg?ﬁr Lt QGEY t BB : ) a
plurality of baffl eas&ge?ﬁv\geﬁoﬁﬁe I rcsot %n%l geg‘glrlllg’tucﬁangglr%gfsglr)prg?slogvﬁnﬁg
accunul at ed | i qui d a rligtheutfonr sbndhtarbencdtal pi the ovm@pressolr ofdrheosegmgd the

chanber; and a pluralit f. atomi zing nozzles |ocated at the end portion of
the fi rstco&?“ri’é?ﬂ%gjrr.nutlplhagle f&H‘BBB‘i‘ ng?ca%tbar atus according to enbodi ment N,

wher ei n the haughRBmtAPE! STHS HPath& diiBbodiRehN’R, AHtHRomprising afHQHIAENt
P: Apparatus according to any of enbodinments J-0, further conprising a
bypass calsdigsetpositamscindlk ftst oomglugnd to t he output of the expander and at

its other end to the first ,conduit. Enmbodj ment .Q ar at us_accor di ng
o enbod ment. BRORIREREE S TR SRl of et tre & uir o B T BRERL
Enmbodi mefloviRini AR Riddt i dsdcd GERA itWE chghtayvifiinganherbrinher dtédingl voitidier
conprising nmeans for controlling the expander or the driven equi pnent speed

based on produgeepdiveefud; Thsapparatus of afenai engbodiments pnbs vheredntheedisier dorent
or ot pu"th@?%ﬁﬁrgg%@s%%% : Wic & o rﬁro%xhg?s of st@a%?ﬁﬁ@'&g%@daeﬂ%é/%ﬂaﬁngﬁﬁ folbui d

conpri sing eps providing a ug suppressaor om zi ane'
devi ce; directEmgodmbhtoB: OfhdvupgarPhase ahy W dnibotendnie ASDUGureiep RORPBESIhE OF

at om zi ng devi ce; ) directing the output flow fromthe s|ug .
suppr essdPed fag eentalling thevioamwresapioserd ihgseken pedurgshtaques ladmblus dgsity and
conpress 'Iﬂﬁltibﬁ'&%e Mk fPRARENdnk b gutput power.

Embodiment F: The apparatus of embodiment B or C, wherein the slug suppressor
and atomizing device are combined in a housing having an inlet and outlet, wherein the
housing comprises:

a first chamber for accumulating liquid;

a second chamber for accumulating gas;
a plurality of baffles between the first and second chambers for allowing accumulated liquid
in the first chamber to spill over into the second chamber; and

a plurality of atomizing nozzles located at the end portion of the first chamber.

Embodiment G: Apparatus according to embodiment F, wherein the housing tapers
from the inlet to the outlet.

Embodiment H:  Apparatus according to any of embodiments A-G, further
comprising a recycle conduit connected at one end to the output of the compressor and at its
other end to the first conduit.

Embodiment I: Apparatus according to embodiment H, further comprising a recycle
valve in the recycle conduit.

Embodiment J: Apparatus for expanding a multiphase fluid comprising:

a first conduit for conveying the multiphase fluid;
a slug suppressor connected to the first conduit;

an expander connected to an outlet of the slug suppressor; and

-7 -



Enbodi nrent T: A nethod of conpressing a nultiphase fluid including |iquid
and gas conponents conprising the steps of: separating the liquid fromthe
gas w t hiwoaotigsisng; atom zing the |iquid; redirectingpPChasatonsed |iquid
back into the gas flow, and conpressing the resulting m xture of atom zed
liquid and gas. Enbodi ment U A nethod of expanding a pressurized

mul ti phase fluid conprising the steps of: providing a slug suppressor or
atom zi ng devi ce; di ¢@clultngnaediddoty et crphddep fi@s@nityhg thainaltiphesesflvig to a

suppressor or_atom zi ng devi ce; directing the output flow from
the sl ug st losdm. or atom zing device into an intake portion of an
expander; and gxpanRdLngkt hey I £ t thH n tEnieihod
of expandi ng a pressurl zed n%nfh%ﬁa ﬁggg fefnlegl |erlllc n???%hgﬁ %ng agégg

corrponentck:vmercpnn@tetdgottl’meﬁrstc&mﬂumf separ ating the liquid fromthe gas

within a cha tom zi the 1 qui.d; dlre the atom zed |i.quid
back i nto the gatoding f'aﬁgeé‘%%{ﬁt&? 0§ cinged %@ “ﬂ%r SR T o
l'iquid anghy@asxer that 1nch§f§§@fjlegﬁ@\tvo WuntbeswWRINAEn &S orfihe@E ARAIngSorfiddst her

conprising the st directing the nultiphase fluid through a flow m xer
prior to its Hdan mglmq)Mas déd .apparatus of any of embodiments J-L, further comprising a

generator or compressor connected to a power output shaft of the expander.

Embodiment N: The apparatus of embodiment K or L, wherein the slug suppressor
and atomizing device are combined in a housing having an inlet and outlet, and the housing
comprises

a first chamber for liquid;

a second chamber for accumulating gas;

a plurality of baffles between the first and second chamber for allowing
accumulated liquid in the first chamber to spill over into the second chamber; and

a plurality of atomizing nozzles located at the end portion of the first chamber.

Embodiment O: Apparatus according to embodiment N, wherein the housing tapers
from the inlet to the outlet.

Embodiment P: Apparatus according to any of embodiments J-O, further comprising
a bypass conduit connected at one end to the output of the expander and at its other end to the
first conduit.

Embodiment Q: Apparatus according to embodiment P, further comprising a bypass
valve in the bypass conduit.

Embodiment R: Apparatus according to any of embodiments J-Q, further comprising
means for controlling the expander or the driven equipment speed based on produced torque,
load, fluid density, multiphase flow measurement or output power.

Embodiment S: A method of compressing a multiphase fluid comprising the steps of:

providing a slug suppressor or an atomizing device;

directing a flow of multiphase fluid into the slug suppressor or atomizing
device;

directing the output flow from the slug suppressor or atomizing device into an
intake portion of a compressor; and

compressing the multiphase fluid.
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Enbodi ment X: The net hod of enbodi nent S, wherein the conpressor is a
centrifugal conpressor. Enbodi nent Y: The nethod of enbodi nent S,
further cwoppigicoFot he step of using an el ectric or gasPODIUSR)10983770r St eam
turbi ne, expander, hydraulic turbine or other driving device to provide
power to the conpressor. Enbodi ment Z: The apparatus of enbodi ment T,
further conprising a nmeans for controlling the conpressor speed based on

produced tor quembddiadnt T:| Airdetbedst domprodsidg phmaBphhdeoividbasidigiqiid and gas put
power. Enbodi ment AA: Apparatus for conpressing a nultiphase fluid
conpri si rfgMPENENts QMpiTiRg the st<gp °Bonveyi ng the nulti phase fluid; an

at om zi ng devi ce C?%ﬁ?g?ﬁ%mﬁgﬂhﬂ@ﬁ&hﬁﬁ§gﬁ%ﬁﬁﬁﬂEgoﬁ? npressor connected to

an out put of the a Ice; a stribution conduit
connected to the catpnessahe figuidconveyi ng the conpressed nul ti phase fluid

to a desire location,. . Enbodi nent. BB: The apparatus of enbodi ment AA,
wherein the atonizﬂﬁ@“ﬁ@ggggfﬁﬂﬁﬁFggﬁldgﬁékHFOHﬁr SHO¥nPY ng nozzles or a

flow m xer connect ednlRessing thd fesiltif® Rkt of atomizeFNTRRH B r@ﬁs. CC: The
apparatus of enbodi nent AA or BB, further conprising an electric or gas

nmot or, gas or Embehmeir Ui n%,m@h@hnﬂexpanﬂiylaraamemﬁtzec? biutigphase Buidegongmrisuigng
devi ce tqhg%gé% power to the conpressor. Enbodi nent DD:. The
S

apparatu “of enbodi nents AA-CC, further conpri sing means for

controlling t he quﬁgwgﬁgum@m§ ﬁ£§ﬁQﬁaﬁﬁﬁﬁﬁgngerque, | oad, f!uid
density, GVF or input power. Enbodi nent EE: Apparatus for expanding a

mul ti phase fluid cohiseiing ggflow ofi myktipbesediivid iy theosluesuppressee omAtemizHEs e
fluid;, a e@&gnizing devi ce connected to the first conduit; an expander
connected to an output of the atom zing device; and a

di stribution conduidirecomneetothut dlotvhtorxpasidg sufpeésseiomviayiining deiexipanaed
mul tiphase fluid to_a desired | pocation. Enbodi nent FF. The appar at us
of enbodiifBke PEEONOfiAR FENdERAR] sing a sl ug suppressor connected to the

first conduit. e RSk Ese fillg appar at us of enbodi ment EE or FF,
further conprising(ﬁgans or coﬁﬁ?%fﬁing the speed of the expander or the

driven equi pneithbdiiment ¥n Aomgthed prfockperding Iaoladssufi!za:d chudtgrieisd fipidninctudptease
o o e Yl UL BOLB gyt o oot . The apparatus
connected to a powegpaufiiiihe Sinafdfrath s SXNRRANE8hamber;

atomizing the liquid;

redirecting the atomized liquid back into the gas flow; and

expanding the resulting mixture of atomized liquid and gas.

Embodiment W: The method of embodiment S, further comprising the step of
directing the multiphase fluid through a flow mixer prior to its being compressed.

Embodiment X: The method of embodiment S, wherein the compressor is a
centrifugal compressor.

Embodiment Y: The method of embodiment S, further comprising the step of using
an clectric or gas motor, gas or steam turbine, expander, hydraulic turbine or other driving
device to provide power to the compressor.

Embodiment Z: The apparatus of embodiment T, further comprising a means for
controlling the compressor speed based on produced torque, load, fluid density, multiphase
flow measurement or output power.

Embodiment AA: Apparatus for compressing a multiphase fluid comprising:

a first conduit for conveying the multiphase fluid;

an atomizing device connected to the first conduit;
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Enbodi ment I1: The apparatus of enbodi ment HH, further conprising a bypass

conduit connected at one end to the output of the expander and at its other
end to theof2nrigiee@ondui t . Enbodi ment JJ: The apparatras2ab/ossrhodi ment

I'1, further conprising a bypass valve in the bypass conduit.

Enbodi ment KK: The apparatus of any of enbodi nent EE-JJ, wherein the

atom zing device is a flow m xer or one or nore atom zi ng nozzl es.

Enbodi ment LL: Theo@ppssortcusndeicdanyn ofitpandiitle awatisingdeRee;¥ndor DD wher ei n
the neans for nonitoring or caontrolli % a stated paraneter is conprlsed of
a torque sensor, 2&1ygHONCORdEE Coralefsqeé %tlt?e«‘r%mrw%fmpnveéﬂw £ COMRESSYd ow

nmet er, aqnﬁﬂﬁﬁ%698ﬂ§%2§ S501ocaflod OF que converter, a conputerized contro
systen1 an | t or outlet control valve, recycle val ve, a vari abl e speed

drive, a per neirebddimagnieB: rifiteoapparatiot dfeemisidimbiar A dewheein {ROBGHIZingstouded be

understood that the precedin reI det.ai | ed descri on of speC|f|c
enbodi neﬁpglp&rse%qﬂesor.waﬁ%%naﬁa Iy@r@ﬁ%é%i&% Rl t IEF‘D%ES?? ftons, and

al ternatives t@nbQgmdhSCLoserh %ﬁgml%bscﬁﬁlehﬁmaﬁlsw FRYIEQT DaPEeRinY 4nh
the disclosure herein wthout departing fromthe scope of the invention.

Rat her, tdestee op@a@frnqthle gapvogntt¢aom tirbineo chpandet, drydiavdid torbine by othee daypended
clains a i val ent@lle CLAIMS | claim 1. Apparatus for

conpressﬁ%ﬁ“ﬁ %BFV' HPRRET ] P §OUBMSY si ng: a first conduit for conveying

the nul ti phaseehbedifient@DB! UtheSdppRia@suTTang ONB@GbEhchR ANCE] fusthelCOMPHisirg @
centrifugal conpressor connected to an output of the slug suppressor; and a
di stri butmms é@rnfmmﬁpllmgrth@éme@d of i paanpresseF bassd onftaiquedagd,fivg dematy, GVF
conpr esse ﬁﬁh%b ase fluid to a desired location. 2. The apparatus of
claim1 fur conprising an atom zing device positioned in the first
condui t. Embodiment EE: Apparatus for expanding a multiphase fluid comprising:

a first conduit for conveying the multiphase fluid;

an atomizing device connected to the first conduit;

an expander connected to an output of the atomizing device; and

a distribution conduit connected to the expander for conveying the expanded
multiphase fluid to a desired location.

Embodiment FF: The apparatus of embodiment EE, further comprising a slug
suppressor connected to the first conduit.

Embodiment GG: The apparatus of embodiment EE or FF, further comprising means
for controlling the speed of the expander or the driven equipment based on torque produced,
load, fluid density, multiphase flow measurement, GVF or output power.

Embodiment HH: The apparatus of any of embodiments EE-GG, further comprising
a generator or compressor connected to a power output shaft of the expander.

Embodiment II: The apparatus of embodiment HH, further comprising a bypass
conduit connected at one end to the output of the expander and at its other end to the first
conduit.

Embodiment JJ: The apparatus of embodiment II, further comprising a bypass valve
in the bypass conduit.

Embodiment KK: The apparatus of any of embodiment EE-JJ, wherein the atomizing
device is a flow mixer or one or more atomizing nozzles.

Embodiment LL: The apparatus of any of embodiments E, R, Y, or DD wherein the

means for monitoring or controlling a stated parameter is comprised of a torque sensor, a load
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3. The apparatus of claim2 wherein the atom zing device is a flow m xer
that includes at |east two counter swirling vanes or counter rotating

vorti ces.wo4niilieeosappar atus of claim 1 further conprisi rgTAISE@VI08IT€ Speed
drive connected to a power input shaft of the conpressor. 5. The apparatus
of claim2 wherein the slug suppressor and atom zing device are conbined in
a housing having an inlet and outlet, wherein the housing conprises a first
chamber fsefisoace Utaid alchdiy bdngok, d; maltipheenfloehasherarf Bipuapowstkaliong gagic a
plurality of baffles between the first and second chanbers for allow ng
accumul at®8vetgu gomRUicHacd pondtol shgpBern iRetsy putlchrantrelnyadve, pecyslc iy 2
chanber; ralg.t WA the end portion of
the fi rstv’%l?:i %lﬁggéréd (ﬂlé{e’ %B%{aﬁag%rgrsﬂlﬁgg%?g@ﬁg% tg%e{:ﬁqg]?%nlege%érei n the housing
tapers fr he inl t he out .l . .at us or di,n l. al. m
further c[glrir%pdr]i si ng Iggl}oélg%/% ém@%r%taﬁ‘.ﬁ E[ha(t:gl}le Afgg%{é&afs n&%égleahget? %e({ %eesg%ﬁtloﬁlu?lf of
t he conprspssfic disbdirhentt Sofothixe inveRtiod @ntl haff ntStrobondhdhges, nfodif@pidnat asl
according to claim7 further conmprising a recycle valve in the recycle

condui t . altgrmapgesafoathgsdiscdpscd xgmahdimegnts Cambe i PiiesE 29cardaneompthi e rhsclasurg r st
conduit fior.. i ' Mok ; to
the 111 st SrYE Al O oo b len or Ko RO BPR BT L TARARLA S
suppr essao be dndrrained ndlyi Hy tho apyeatiediclhons dne teoipandedieiftar conveyi ng t he

mul ti phase fluid to a desired | ocation. WD 2011/ 066050PCT/ US2010/ 053774
10. The apparatus of claim9 further conprising an atom zi ng device
connected to the first conduit.
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11. The apparatus of claim 10 wherein the atom zing device is a flow m xer
that includes at |east two counter swirling vanes or counter rotating

vorti ces.woOXB11/06besoappar at us of claim9 further conpri siPO/US2¢e0863734 or oOr
conpressor connected to a power output shaft of the expander. 13. The
apparatus of claim 10 wherein the slug suppressor and atom zi ng device are
conbined in a housing having an inlet and outlet, and the housing conprises
a first aifemntdg for |liquid; a second chanber for accunul ati ng gas;

a plurality of baffles between the first and second chanber for allow ng

accunul atl 1P”iqwd in the first chanber to spill over into the second
chanber; and Hﬁ&lf}¥]ﬂh atip IBQ alas d at the end portion of
the first cha%ggb' f 7 g}ét a rd?zngltgh@fgﬁl 13 wherein the housing

tapers fromthe |nhﬁﬁthHMheﬁmuKMEtwngﬂﬁrnwmpmmaﬂuﬂiaccordlng to claim9

further conprising al%% ass condui t conggcéed at, gone end to the output of
the expander and at® {¥&SWPHSOrERBNGCEdRENG is5¢0nd8idui t.  16. Apparat us

according to C|a'”k&%nﬁﬁﬁgh%Bm@RﬁRﬁ%%mﬂgﬁﬁtgﬁﬁ%%&uY@f%@sm@shﬂﬁe&%?%%é
conduit. 17. Apparatus according to claim9 further conprising neans for

control ling the expardsdribyront jgen ivgnn@muip@eﬁm spuopisisaséa  oonvey mgu ded
torque, load, fluid densit a flom/ rement or output power.
18. A method of coﬁﬁpgg§§(%mﬁﬂﬁh eﬁgﬂig ﬁ?%ﬁ ﬁ% |S|ng provi ding a sl ug
suppressar. or Bt pafing oUcldRy iICRithell E@fprisigy an fakc@ﬁvzﬁag desdel pRamacd linie
into the slug suppressor or atom zing device; directing the output flow

from t he f§plignduippr essor or atomi zing device into an intake portion of a

of compr e&si ngl 8 A e BAReR R PR bR UG BER Rob bl el otV o
conpri si Ngast ﬁﬁpadlmterrs@uthhg vhi@lor doiintorfotdiiag gagicas.t hi n a housi ng;
4. The apparatus of claim 1 further comprising a variable speed drive connected to a
power input shaft of the compressor.
5. The apparatus of claim 2 wherein the slug suppressor and atomizing device are
combined in a housing having an inlet and outlet, wherein the housing comprises
a first chamber for accumulating liquid;
a second chamber for accumulating gas;
a plurality of baffles between the first and second chambers for allowing
accumulated liquid in the first chamber to spill over into the second chamber;
and
a plurality of atomizing nozzles located at the end portion of the first chamber.
6. Apparatus according to claim 5 wherein the housing tapers from the inlet to the outlet.

7. Apparatus according to claim 1 further comprising a recycle conduit connected at one

end to the output of the compressor and at its other end to the first conduit.

8. Apparatus according to claim 7 further comprising a recycle valve in the recycle
conduit.
9. Apparatus for expanding a multiphase fluid comprising:

a first conduit for conveying the multiphase fluid;

a slug suppressor connected to the first conduit;

an expander connected to an outlet of the slug suppressor; and

a conduit connected to the expander for conveying the multiphase fluid to a

desired location.
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atomzing the liquid; redirecting the atom zed liquid back into the gas
flow, and conpressing the resulting m xture of atom zed liquid and gas.
20. A nmetwoaonfoseospandi ng a pressurized nul ti phase fl ui @#CTArspo0O5ITG4
provi ding a slug suppressor or atom zing device; directing a flow of
mul ti phase fluid into the slug suppressor or atom zing device; directing
the output flow fromthe slug suppressor or atom zing device into an intake
portion of0. an Expapdestus ahdax vafidiheg céhipriding bh phaseinl dévibe cohhectéd m@thod
of expandlng a pressurized nultiphase fluid including I'iquid and gas
conponent érs’c‘??ﬁﬁwm ng: separating the liquid fromthe gas within a chanber;
atom zi ngp it he HGhdrands QOGNS B 9ShAsie ibabl RLOphRCES,
flow, an expan(?odﬁ?g "he T esu tll ng lext ure onﬂze% ﬁbl qui da gag
The met hod laakt t@ioa:lounthszhmgmanesorm:runsarmcgatmg vattésng t he mul ti phase flui d
t hr ough ro mxer priqr.to its. bein ressed. 23. The met hod of
cl'ai m 18 Pur ¢ AR a@aﬁraqusq?ﬁ&lm&sﬁlﬁae X e § oNGFaIQy Cﬁﬁ)paqssorgcggn%ﬁiedgfpé’am
t ur bi ne, ng@ﬁt sHandrany dxpahdirbi ne or other driving device to provide
power to the conpressor.
13. The apparatus of claim 10 wherein the slug suppressor and atomizing device are
combined in a housing having an inlet and outlet, and the housing comprises

a first chamber for liquid;

a second chamber for accumulating gas;

a plurality of baffles between the first and second chamber for allowing

accumulated liquid in the first chamber to spill over into the second chamber; and

a plurality of atomizing nozzles located at the end portion of the first chamber.

14. Apparatus according to claim 13 wherein the housing tapers from the inlet to the
outlet.
15.  Apparatus according to claim 9 further comprising a bypass conduit connected at one

end to the output of the expander and at its other end to the first conduit.

16. Apparatus according to claim 15 further comprising a bypass valve in the bypass
conduit.
17.  Apparatus according to claim 9 further comprising means for controlling the expander

or the driven equipment speed based on produced torque, load, fluid density, multiphase flow
measurement or output power.
18. A method of compressing a multiphase fluid comprising:
providing a slug suppressor or an atomizing device;
directing a flow of multiphase fluid into the slug suppressor or atomizing device;
directing the output flow from the slug suppressor or atomizing device into an
intake portion of a centrifugal compressor; and
compressing the multiphase fluid.
19. A method of compressing a multiphase fluid including liquid and gas components
comprising:
separating the liquid from the gas within a housing;
atomizing the liquid;

redirecting the atomized liquid back into the gas flow; and
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24. The apparatus of claim20 further conprising a neans for controlling
the conpressor speed based on produced torque, |load, fluid density,

mul t i phaswof2bovwemsasur ement or out put power. 25. Appar @CWaISkaw/0639mpr essi ng
a multiphase fluid conmprising: a first conduit for conveying the multiphase
fluid; an atom zing device connected to the first conduit; a conpressor
connected to an output of the atom zing device; and a distribution conduit

connected to thecaapRigssok réitinganikeyt datohtzoddhpicasegsmul ti phase fluid
to a desire location.  26. The apparatus of claim 25 wherein the atom zing
devi ce cofpri se&cdind Afexpardingat pissiiged mytiphase id SompEingi xer connected to

the first condui ngﬁn%ggﬁ'? &%Byérﬁ%nﬁ¥mggmw%éi further conprising a

vari abl e speed drive connected to a power Input Shaft of the conpressor.
28. The appar at udiredtingladiow @6miiltiphherfludd o ilei shgz svparessdror awantinglkdeving t he

speed of the conpressor K based torque, load, fluid density, GVF ar input
power. WD 2011/ BESORERES A Tor0 e e e SUQRBGIGR B AIPBHZIBY SEKIF Aoz

mul ti phase fl ui dif oS 6F anfexbhdRt; ap@ndui t for conveying the nultiphase
fluid; an atonizing device connected to the first conduit; an expander

connected to an oxmapdingdhe mubiphessriluiiing devi ce; and a distribution
oIt cneok b 1o GRRRIST L GORYRIARL TR FIR0IEH Pl FER
conpri si n@npofittgcsHpNiI@ESOr connected to the first conduit.

separating the liquid from the gas within a chamber;

atomizing the liquid;

redirecting the atomized liquid back into the gas flow; and

expanding the resulting mixture of atomized liquid and gas.

22.  The method of claim 18 further comprising:

directing the multiphase fluid through a flow mixer prior to its being compressed.

23.  The method of claim 18 further comprising:
using an electric or gas motor, gas or steam turbine, expander, hydraulic turbine or
other driving device to provide power to the compressor.

24.  The apparatus of claim 20 further comprising a means for controlling the compressor
speed based on produced torque, load, fluid density, multiphase flow measurement or
output power.

25.  Apparatus for compressing a multiphase fluid comprising:

a first conduit for conveying the multiphase fluid;

an atomizing device connected to the first conduit;

a compressor connected to an output of the atomizing device; and

a distribution conduit connected to the compressor for conveying the compressed
multiphase fluid to a desire location.

26.  The apparatus of claim 25 wherein the atomizing device comprises one or more

atomizing nozzles or a flow mixer connected to the first conduit.

27.  The apparatus of claim 25, further comprising a variable speed drive connected to a
power input shaft of the compressor.

28.  The apparatus of claim 26 further comprising means for controlling the speed of the

compressor based on torque, load, fluid density, GVF or input power.
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31. The apparatus of claim?29, further conprising neans for controlling the
speed of the expander or the driven equi pnent based on torque produced,

| oad, fl WO 2deme6d59, mnul ti phase fl ow nmeasurenent, GVF, @eCTast@osoner .

32. The apparatus of claim?29, further conprising a generator or conpressor
connected to a power output shaft of the expander. 33. Apparatus according
to claim?29, further conprising a bypass conduit connected at one end to

the out pu9. of AfRrexphndesandig ahuitipiastfied cangridieg:t he first conduit. 34.
Apparatus according to claim 33, further conprising a bypass valve in the
bypass condui t2 firsgepndyy forgepxedpg deapuliphaseflagl. wherei n the atoni zing

device i's a f1,qulThXy @i RBn At A RMHdNg, noz2! es.

an expander connected to an output of the atomizing device; and

a distribution conduit connected to the expander for conveying the expanded
multiphase fluid to a desired location.
30.  The apparatus of claim 29, further comprising a slug suppressor connected to the first
conduit.
31.  The apparatus of claim 29, further comprising means for controlling the speed of the
expander or the driven equipment based on torque produced, load, fluid density, multiphase
flow measurement, GVF, or output power.
32.  The apparatus of claim 29, further comprising a generator or compressor connected to
a power output shaft of the expander.
33.  Apparatus according to claim 29, further comprising a bypass conduit connected at

one end to the output of the expander and at its other end to the first conduit.

34.  Apparatus according to claim 33, further comprising a bypass valve in the bypass
conduit.
35. The apparatus of claim 29, wherein the atomizing device is a flow mixer or one or

more atomizing nozzles.
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