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WD 2005/ 057110 PCT/ | B2004/ 004058 -1 COVPRESSI ON

SYSTEM W TH MULTI PLE | NLET STREAMS New gas

| i quefaction and ot her gas processing plants are being
designed for ever-increasing production rates in
order to realize the favorabl e econom c benefits

associated wth Iarger pl ants. These Iarger gh%g}@mw

YAWPIMer refrigeration duties with 5 hifdfl
refrigerant circul ation rates, and therefore | arger
refrigerant conpressors are required. As gas

pr ocess icRgpRES §kﬁ4 SeSRIR WA %[TIPLEmesf%'ﬂby t he

achi evabl'e production rates nay be limt

maxi mum avai | abl e conpressor s| zes. \Wen a Si ngI e

refrigerant ressor i s use

o (o ruaal S¥e hes oepeene BeTE P BEng ApeATeg
evdirdricréabigh prodiction @(es édarderltareglre tenfdvdrible denomia bbnefits

as%%éétfag Rith I%H]%Sp! & rﬁ%§§%rdofl;1?r‘its H&Je‘?é}lpér ré’fﬁ dr&ich ABties with

ESSO conponents
h'ﬁﬁ'eé r¢rmamg@ulauqnﬁétesmﬂ thessiere lagger refrrgea?@hcqmpéessm are

rehUiRAa RS @E@ﬂ)ro@e%&lﬁéjwﬁﬂgbé‘coHe%rQ&, thé ﬁﬂx.trmrﬁacwebdme grbductidne
'afeémyé’érlg‘tt?w tgﬁl@?’éﬁm&t’?iﬁahﬁQO'RFFSTSP?/W"@ refrigerant

streans at different pressures, and these systens
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Inters age “suc acturi
rafes sacylire @rdepimpelss witteligher ty speedsriaraer Qﬁ%@@k@dﬁb cesingsrand

ind? €530 Thied vl Btitfels ?c?tﬂ& inYpelIBE. eAthEEiz%f&h@&n@%r%ﬁﬁ@énents

Si ze i ncreases. conventlona multis e refrl ant
arg. {9RTSARds e cpmPreso[ el reach fis LpdRmantal pePexp g limige) aps Es"s wil
lxlﬂﬁé; MaxFRra bbs3iblesysiipessdr caﬁamyesmmysefaggrattoyn Besterhs utllize
r.elril eratl .
e s A et Bl G St ofeh, B heoe o £héreRfl Rbie.
coppessatehdyingaiultipipgntatstaga suglioninlets. gihe maguigetudng and installation
of f@%ﬁ@e;‘w?\h&éﬂ&oﬁ?%r@ pecoRb rslgﬁﬁéﬁﬂ*] RBreificuR @ sompressor

our - refrigerant streans that are vapori zed

- SiZBNCEFSPopri at e heat exchangers at four different

pressures to provide refrigeration in four tenperature

an %gn)/eﬁt%iillrai V ri Z gqeggnt ragr%éré%gf] ?ﬂﬂ:st?attétﬁs%ngrnétf&ally ines

Flg/vﬂt Relinaemndnrsmstemsysnresmm aap wpapérefngemmetgmnmw@cn he
m”ﬁ%c EtUL E‘“ 55""535@95’9099&1:& @St phdssale 16VaR to RAESDT i at e

pressure of each strea
refwtqoemwmqﬁ *@@gaﬁa r&,I2peRst %@'Sreé?m?'aéﬁf&ﬂ?fa‘m FB I3 i s
utilizBé road@mgslrahmreammac &t edpofifed i3 Bpprbgriate Hetigrehahgderswahioah
G e e e e
refligerant stmamcmhnesl 3j ;i7oarsist; each ataalgferemsprﬂsurm Afsrvdtbdgwn from
sysw!?ﬁ ?Qnm ..ﬁr%dg&a w&%s@ oﬂnﬁmt‘s'td@& R5ARELRE &1 ARSSUr e

h-1 nt er te pressure refrigerant
ap@@m@mwonﬁmem'n@nﬂm Pfé%ﬁytee?f epeftePMi rd stage 17 of
conpressor 11, which nay be desighated as

hi gll:heI IQ\}fees pressuza?let \?apgrlze l*ngeran mq%e gls lﬂpc?dugécﬂntome‘%ﬁlgwf e
first stage 13, which may be designated as low pressure stage A. The low-intermediate
pressure refrigerant stream in line 5 is introduced into second stage 15 of compressor 11,
which may be designated as low-intermediate pressure stage B. The high-intermediate
pressure refrigerant stream in line 7 is introduced into third stage 17 of compressor 11,
which may be designated as high-intermediate pressure stage C. The high pressure
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WO 2005/ 057110 PCT/1B2004/ 004058 -2 refrigerant
streamin line 9 is introduced into fourth stage 19 of
conpressor 11, which may be designated as

hi gh-pressure stage D. Each stage of the conpressor
may conprise one or nore inpellers and will conpress

%@#@é@?@ﬁ ng mass flow of gas. Final conpLessedeesess

nt gas returns via line 21 to refrigeration
system 1. 5 The mass fl ow-®hrough | ow pressure stage A
(first stage 13) is the mass flow entering in line 3;
retrig@rantB:tr8arh irQive de ihPddut&d ieto Rseth 3lage PF efomp@ssdr ddevtih may

DTG A pRetre e et oS, gt pqistody APoomprise
orleiog moterinpelieescind twil compesss an creasingemas(flowiof gpssFinge 17)

) ' ' oA : 35
colprce iy BHELAY dRRRUTRS T 2t RGBSt s . 0”2t age D

(third stage 19) is the sumof the mass Q flows

enlt :rhé fhﬁssi flowl thidBh 18w phessufe sitaghd? airstfw_&g@ 13)3¢ thg nmisalve

muli t)] pl e-stage C [ essor . a I
enfedes e sy BRgn G el aiispeis B che SigEfs
is ihe sl iof the chabsyflavessinteriog indines 3 andtSh thearase gw righ-intsrmaadigife
pr%s%&r% (rg[éaé% g:tﬁiifrg Etgp\% i?:)gg tﬂ%§urﬁ"8f tHEmIELROMS BRtekiny iH AR 51 4

np . speed reduction gear_ or a
7; andshe masgicudn Bioh pesssuia slagn b hiphgtase 92 MBS R i n
flow®BReringdSMes 3HOVENRI9. a speed reduction gear w |l add
capital cost and result in nechanical power |osses.
Al so, a speed reduction gear nay conplicate the
e cWhan osiig dinglesinaitizié-stagocmmpressorn 1§ ada fixdradriverapeed; thertotal

flo %agmyﬁ%g%ﬁ%@%% SR IFRS YesiAktiofS Rt adhbdyhdific 20

r speed conpréessor stage in such a
shapeJecters and flow faefais whicharepesed kodesign thegoppeessgs impellpige f
spééﬁn&%dcﬁdrﬁgegw acs?ov?lﬁlr ls{:e_eﬂdlﬂveﬁ hﬁ? ieﬁﬁli_ﬁi_f]tﬁ IHB??] tensteinis irt doene
capital and in ation . .costs.. u e [axi sl ze
casge: HPHEHEE APt 15Aetep aese wildiR paital sostepe eyl iTtheladiga |
powat losaeyy Ao, hispesel redatigrgehamspcanpli@ie Be wechanical torsional
. 0
oLl EampEbely ERichF s BBRARERGthal il BSpRbe
systasi.r Theclaner speed pempigrsarplagesip isugh asysied wihreguiee larggr casing

sizéI5HUArGeH impdnals] whktH RillRad ShdifantBQEB6R SRapitdnand ingallation
e Source

common I nl et suction, pressu conmon .
coste, YR EEMARENUER 9 &) ingleadiplecstags fimpiessat 11 by og mied by
anyOdftesé delignoiatorge pressure. The pi pi ng systens around

the two parallel conpressors nust be neticul ously

desi gned and 30 bal anced so that both nachi nes operate

Wi tSevelabalierative nethedsthave brsn peanosadt in fheartde cempress large
refrigeFaRf BRI & mufil¥vel fofielaifipdyaRme OreisuRfdn i$ fcusk W identical

conpressors W ll cause one of It he i uni ts |j‘:ao r ea%a'nmon
hal ralled GoIPPeaSSRYT Baving a,7omman ol syctios pesRyre P4rrS PRTITRY
interedite sdation pressuge sdundes; and @esmoen nelist disthargemsessughiThes,
pipiRg G ted%s drbunaMfe GRTaRHAS BRPresPEMLE b melibuidusidBSigned and
balanced so that both machines operate with the same flows through all stages of the
compressors. Any flow imbalance between the fwo compressors will cause one of the
units to reach surge (flow reversal) prematurely. Slight differences in manufacturing
tolerances between the two machines, such as in the casings and impellers, wilt also

contribute to flow imbalance.
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contribute to flow i nbal ance. 35 WD 2005/ 057110

PCT/ 182004/ 004058 -3 Another alternative nethod to
conpress large refrigerant flows in a nulti-Ievel
refrigeration systemis disclosed in International
Publication WO 01/44734 A2 and is illustrated in Fig.
2. Inthis alternative, the | owest pressure _vaporize
VerRpge¥nt in line 3 is introduced into fﬂgﬁﬂ]ﬁ’g‘f” f
first stage 23, which may_je designated as | ow
pressure 5 stage A, of first conpressor 25. The

N1 Ok EIE%%%b@ﬁnEthBé B%%Mg:%d Sﬁg"e'r&ﬁ%é‘éﬂt nSkd ifaMditieldi ne
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r eran am | n [ O rs
s s s Vit P Choop 2ol rare SR AT A ol Bl et o7
stagier &3 frsEcomipaegeorizS. dhe bighvnieimedtiatp pessuoe redigeranhyreamdhline
7 |serqt?)§i§&rd?nt& gec{oﬁg Ha@%é?a %\Rﬁﬁ Fr[] af ﬁérhéibnlatfﬁ%s %lghﬁntérmegigéu IC Sﬂ

secon nat ed

pregauesssiagedC, of &fgfecompr@ﬁOf@énﬂS*ﬁ%'ﬁ%ﬁGfmd‘aEﬁwsg@éﬂ gnt
stre@ﬁmr‘mlf iS58 lirﬁrog&eaﬁﬁo firdt StHRY 20 GENION disdas GdbRynaled @B € | f
ellers and w CcO S an inc ow O
ow e TmeRBln Y5 08 ES SO ER FPOBPAY ° o L LR,
refrigbrastsstrdam amnithe 37s imtreducedrbiorsecbrarsthge 88 uwhichomay ke desighated3 9
as tq% Verr Js“e%grg%td %Pco%igs?qﬁp 1%: gdch s@gb% cgg?ﬁpr&s%\% éﬁ'r"rﬂgggg hay

ressure st rst ‘st naaﬁ)w
comnsemnemg rmore mm@rsandtwﬂécmwfan #rraasing maes fav A ga ot

conﬁFe%%ﬁlgérfa s StréatRGR ﬂ%s%!i A8€ 3240 comBinkd\éndsrettimad vhh e
mass fl ows en erlng inlines 3 and 7; the mass flow in

line 33 i@ PRPHALIECE 1 pressure stage B (first stage 29) is

the mass flow entering in line 5 and the mass flow in

2010 A5 AE . BlRfislRe Clabl Afnst B8 37 olenddgfod um
ent%lpﬂ intline 3rthe ewsHfiovein mnm@ia&smwe@age Féﬁ?ﬁ?ﬂd ?fage 27)
is the |shfﬂ‘of‘ﬁfe EndsE fovd ifferRB th 1inBd Shnd ¥ AefiddsifoRliPibvantBrmatiate

 espve Ssae BRI 5 GRS R i P B9

highGPERLRS&RE D Hiratiys a8) iathe sam oPthe Baxss lioves esing in lines 5 and

o TR B e S ey
g

velocitygheoblanes of singledarge bampiressor ‘a1b( Bdthewtiincursiag dej hakencing
pr neeggg?‘{‘eg‘“%'thla"}sﬁé 8&hpridsBRidicustkl gbdvat | ve nmethods are

o elimnate the size and inlet velocity
probl enms of single |arge conpressors. Enbodi nents of
t hBedéﬁQ@@ﬁhquéfﬁMﬁﬁbh@ﬁﬂ'!e@s gdesessing piknisarabeiandesiyedd faed

B0 | héhB kit 30
everﬁéc(r??&@gfpgnrcfu?ﬁog ratgé in o%er?o%al?g th efg\garr]@b @Jo ?‘é‘ss ors f or
assdciategovith dargéri plamts, algetrn\ayne mpiods are needed fo ellminate the size and
inlet velocity problems of single large compressors. Embodiments of the present
invention, as described below and defined by the claims that follow, provide an altemative

method for the design of refrigerant compressors for large gas liquefaction and

processing plants,

An embodiment of the invention includes a compressor system comprising (a} a
first compressor having a first stage and a second stage wherein the first stage of the first
compressor is adapted to compress a first gas and the second stage of the first
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processi ng plants. An enbodi nent of the invention

i ncl udes a conpressor systemconprising (a) a first
conpressor having a first stage and a second stage
wherein the first stage of the first 35 conpressor is
adapted to conpress a first gas and the second stage
of the first WD 2005/057110 PCT/ 1B2004/ 0040‘?% o0 posgss

WOAPRYLYr i s adapted to conpress a conbinf
fourth gas and an internedigate conpressed gas from
the first stage of the first conpressor; and (b) a

co%fp?éyag mﬁ QE%Ee%Sté ecsmpr&%\é' daebﬁaaﬁdnro?s fo%hﬁgss RtarBnSRrcaRk

he Second conpressor
campraRasgRfrTine @ﬁbﬁ‘@esof o JeRt v margs&gr 47(5) P&e<oag Bprgpressor
haf¥Ing Gefr. @Etab@@d&ﬁmﬂﬁh ﬁwf@me st 5a@ﬂ|ﬂte%écdirm compressor

s BRa A B B e bR any 8 setrh fieBRE B PacPRe poppresspr s
adahted secconpeess arwpmbisation of T thid fag ard ayatgemdate @miprassed gas

frcﬂ{ ﬁ"‘nﬁ ikt ??1%3:] &tﬁﬁa s%? GRNAmPRSsdr STRY ré\ﬁ%? fsQip s%f Fresdtte the

rst pressure, EU% IS at a
sefxmdrqa*s fr 2 856008 RregFEe hrshmmnﬁ%e @"é‘@&?&“fﬁrlﬁg §as iggha

than‘kﬁ‘eésQ#éf HidheB@&n ihe sadond pfe@silré, and tHRISUHNGas R 23 B ddurth peI3sure
10 The term "stage" as used herein

thjr pressure.
“‘%&W@"@E Hﬁf?&r& or conpressor segnent having one
nore inpellers wherein the nmass flow of the fluid

be' e eﬂgﬂgﬁasséuaea hbraR me;aheg %oanﬁreggapat&mpr&se&euehem he
stage her conmpri se |n% nmeans
hayiag ensrasimpse m@ilw y&?fﬂf‘ ge mass few phke E!% Beig etﬂgtj%s 8¢ inthge

stahk §sSdon SaRIM-ESHAke 8¢k t he di scharge fromthe second
stage of the second conpressor to provide a conbi ned

conpressed gas. Another enbodi nent of the invention
I el Bteesystem rmayfatier dorhmise giping CE@Aps exsmbine tiRGliscbarpe freing

the(s%):ortb%‘%rgo?ﬁa'e%t @orﬁﬁdrés%r Hdhd Jiscﬂarfgla "frEFn e E6nPétadd of the_

ssin second stage o

seqonécemmrgﬁsoc@mmvede@qomneemmmaﬁegsa%f a fourth gas and
an internedi ate conpressed gas fromthe first stage of

he fi d hd

corfbiaies ebaiBes of Be ivFrignaiies Lectriiprags Greprion
corfiprisiip (S)apmpessnyg 4 firs{ das ircofirplr stageiofig fiest eempoesdorme i n a
corirbing 1} 89886 5805 STl COPIeERR A coRDHlaEATPE i B4 40

Fressor a
an @memete p@npre$sed gesirery thgé‘@t slage efiihe FrptcompRgsar; and
wuttﬁ:f?é’ﬂ?ﬁgﬁ ﬁt%ljoo@rﬁﬁesgéd)éﬂststi@arﬁ frof iheSdeddif s¥dgetdf heTast Gtﬂﬁbressor

ressor, ﬁ r aw n a seﬁond corrE ds re% S
(b) E‘E”F 3?ﬁ"?9r3cﬁﬁ°?'?ﬁ’e9a§é‘b% gt 398§ "“8?°°P EOTRRIREHRGand compressing
in aCsRbTdessyerof tMrsdednd)compm@ona ngmbihatioh iof & third gapargswed gas
itehATATLARSIoLAE 0SERAR he FOER %&‘&ﬁﬁ o185 SfFAI
ream Irst gas

resse as s
wnthd@vmg asecond compressed gas stream from the second stage of the second

compressor; and (c) combining the first compressed gas stream and the second
compressed gas stream to provide a final compressed gas stream. The first gasis ata
first pressure, the second gas is at a second pressure higher than the first pressure, the
third gas is at a third pressure higher than the second pressure, the fourth gas is ata
fourth pressure higher than the third pressure, and the final compressed gas stream is at

a final pressure higher than the fourth pressure.
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30 first pressure, the second gas is at a second
pressure higher than the first pressure, the third
gas is at a third pressure higher than the second
pressure, the fourth gas is at a fourth pressure
higher than the third pressure, and the fina

ressed gas streamis at a final pressy i
Wﬁé 5?ﬁ%“¥ourth pressure. WO 2005/ 057110 Koo dbilse
PCT/ 182004/ 004058 -5 Any gf the first, second, third,
and fourth gases may be a refrigerant gas provi ded

f rO'TAr?,, Jfﬁ\ferﬁrﬁ%ﬁgc;n'dotﬂrr@%ﬁ& BN y Bé B Péﬁ?éa%?@ﬁh

ream na resse ger ant

frpm@\rpfdwattoe srsﬁeﬂ ped the @ea* a@mrerﬁﬁsgglsawafs W&@ﬁépmpressed

rétigersht S Hrovided tdRe relRAdtibEystert! udes a refrigeration
systemfor providing refrigeration at multiple
tenperature |l evels conprising (a) a conpressor system
f or Arother enbglineent ofrtps iessntich indlideis geefigrratipa syster & eioniding
1) a first conpressor
rtf&%rangrpmr%rﬁtﬁ)%%méé{@{r IR 1) AL
10 f(ﬁ}%’éﬂﬂlﬂf%ﬁg@! Sawtemrﬁ@ prqwdsm accewareé%@d?f"wﬂfa@aﬁt@ammhe

,ssﬁs@mf,,r,a@gsrefrr gerant gas and the second stage
of t he ted to co

t
conbi nat Hﬁ% f@? c F?r"gﬁs":fgf'{?"{"a @3 Fs?ggqea?’ﬁd et 555@{1“‘3393 Hﬁlerern the
firbtretazjeve thi fitsecarpnemseards adbpteeflo capgpressta figa sefiigecant gassandithes t

se%gr%pﬁaegges f Heerrst E&rﬁ&gssﬁpig.@?fﬁ%% corﬁﬁrrl'gss(azeonﬁ:ir%gﬁpﬁq fourth

a second_st age
remgeraet ges amsan ht@rmedras@ c@mgse%refrrgn@n%é'ﬁa‘ the)firph kage of the
firsttoMPRBR GO conmpress a second refrigerant gas and

Lo o s S raTmeRec s ST S G Qb AR
the gt mgei dithersetahid ab@pressup [sesismel foebmpryes asacogd efrigerant gas
oy il el R BRESHS A 6 Sfen it o

a birdicabigefant gas and gn intareediate SPPRISEH reémf&ﬂhea&:fr%ﬁa figbstage

ofﬁl’fe%b&rlﬂl%o&ﬁfe@% ahgage of the second conpressor to

provide the conpr essed refrigerant wher
P et r o) pigs Mepmja combine, e Sepfaria i e B6HPRY sBaad
firgt ee:aprdssroeéﬁd the tiscHargeefon the serbndstagecalthe qrewsbmmprdsscgm:er

- th e fir the third refrigerant gas is
pr%w‘:?er}h? ﬁ(f"i‘prﬁess%s g?rggf;‘aﬁ %a%hl gher than the second

pr esbenein theafivst reftigerini gns is at 2 firsi pyessuie: thg gecond refigegant gas is
at b QU pressiié ﬁ@ﬁéﬂtﬁanhb@ﬁfﬁr prd<Ba8, thé\@irll Rt rap Q&SQ&Q thiedd)

orasena NG 5F 9B B, 380 FOTR BB e 73t Bl

préxaid eighectharethe tgepaRburst ream and (c) a refrigeration
ap ﬁ,ﬂ)@ %&#rﬁp%gsa R L e dor Y 8l 53 chifdesPRE Borh8sdel rdfidbrant
gas thereby providing a condensed refrigerant stream; and
(c) a refrigeration apparatus adapted to provide refrigeration in four temperature

ranges, wherein the refrigerant apparatus comprises
(1) first pressure reduction means to reduce the pressure of the condensed

refrigerant stream to the fourth pressure, thereby providing a reduced-pressure refrigerant

liquid at the fourth pressure;
(2) piping means to divide the reduced-pressure refrigerant liquid at the

fourth pressure into a first refrigerant portion and a second refrigerant portion at the fourth

pressure;
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ranges, wherein the refrigerant apparatus conprises 30
(1) first pressure reduction neans to reduce the
pressure of the condensed refrigerant streamto the
fourth pressure, thereby providing a reduced-pressure
refrigerant liquid at the fourth pressure; (2) piping
nmeans to divide the reduced-pressure refri

VP3UWSG 40 the fourth pressure into a fi rs'tg(‘e[r"%E]Otomow‘"8
refrigerant portion and a second refrigerant portion
at the fourth 35 pressure; W 2005/057110

PCT/ | B20@h@@40&3nge fedndlo \!;b%ﬁzeﬁwé?man@rﬁgmrpsmb@of (2) at
vaporize the first refri erant {ed% ndthe
Ip G Rresae R ey R p el p L EPPTguie T en
prfsmmagthbwﬁrraﬁgwmgwge and providing the fourth

et ger AkedAs babille ARGOBS nBL RIS ifiod BUHRARof FRRRons

to reduc
repueranmmrtmﬁ of 2) fmm @mfom presaure ke the third greesure twehwnﬁwddng a

el c%ﬁ SsSure F%e?é?ﬁ'atﬁﬁ@fﬁlr@br@gsu?e reduced- pressure

refrigerant ressure; means to

di vi de t P& PipiBg Mmears gdivide eg@pg?@ééug%{e?qg%m?@ugtatﬁ‘ﬁe
thitdpresbuRy iR AU réfiijetantpdriidnsind lasskedng esfagerant podioroat tenttiirdy

second refrigerant portion at the third pressure; 10
pr?%;yr heat exchange neans to vaporize the first

r ef ri ger @hbegdexdhange rofang &) vagerizethedicst refrigerant eaden & (5) at

thé (A5 BRYsU, B K'b@ovfo‘ﬁfgrréfgé‘érﬁbh @a sdtord @MPOMALre range and

enperature ra providing the third refrigerant
Pr@’éfgngtt‘q)'"rﬁfﬁf?ﬁfrﬁﬁ%%ure reducti on means to reduce the
pressur 7pthird B@sﬁﬁ@féﬁﬁh’noﬁ e.faansge reainte the ptessune offthe §gcond

ottt BTt P8 B BB g RO prBRS ity proviin
a ratlucethpresace radhgeraﬁssujheeﬁecéf&) pregsgieng neans to divide the
reduced- (@{ E@ﬁé’ 519?55% 'iﬂvﬂ@ P%%ddcé&lt)ﬂeﬁﬁé refrﬁ@ranﬁ%ﬁi@ Rtlthe

pressure eran ortion and %ﬁ"g
semﬂrpr@éwrarmo st refﬂseraﬂt RORigN a%%@ B?Feﬂ‘bfeg@g{ﬁnbp" jagh3t B8t

se&RE @gg@erreans to vaporize the first refrigerant

t 20 th
B ovi i i) heeFrfines resh 2B R Mol olieFar botBertiy a
thessedondpressim| thgrebin prosidiog refrigeestion iperthirst teqyperatursi@ygerasdr t h
proWd &cﬁrﬁdﬁéﬁééﬁﬂtdﬁans to reduge the pressure of the

rant. portion of s fromthe se d
pr essur d1Q)do é’fffﬁs'#@tfe%'ﬁ'@é‘s!‘ﬁﬁaés o rRdHCR MR RIPIYIEA ﬁ’ﬁ secpn
refﬁd%?éﬂ? BSHiIGH S$8)Ufokh the EédoB@ prasdureto tiidTiestipressdre hersisipreviding

a reduoed—pressure refrigerant at the first pressure; and
(11) heat exchange means to vaporize the reduced-pressure refrigerant at

the first pressure, thereby providing refrigeration in a fourth temperature range and

providing the first refrigerant gas.

The refrigeration apparatus may be adapted to cool another compressed
refrigerant gas. The refrigerant apparatus may be adapted to precool natural gas prior to

liquefaction.

Another embodiment of the invention includes a refrigeration process comprising

(a) providing a compressor system including



10

15

20

25

30

R refri
comRiEsse PR

25 (11) heat exchange neans to vaporize the
reduced-pressure refrigerant at the first pressure,
thereby providing refrigeration in a fourth
tenperature range and providing the first refrigerant
gas. The refrigeration apparatus nmay be adapted to

cool anot her conpressed 30 refrigerant gaspcr]iﬁfommomss

‘F%f‘f”?’&séflﬁnt apparatus may be adapted to precoo
natural gas prior to |iquefaction. Another enbodi nment

of the invention includes a refrigeration process

conpri si pgag r(s@&ongi’réob\éd%mag 8104 (ﬁw/agrsemtsm wherein the

| udi WO 200 4
gt of B AERBrooRas 500 1 somPra ager BSEni e v
sesbraigetagette theifirst tdnepressonis tdaptedge cafiprédse dombatianaip fasts or

re ngerggtgﬁg ?ﬁld éﬁrnéﬂﬁ%a?eféon@{gs'sédsgafr fo&hht gglg graxggh@ﬂét 5@& of € |

conpr dE<or
frﬁ@ﬁppfewraﬂnéon‘ol nation of a fourth refrigerant gas

f‘ﬂd ?_n i ? h S LERRHA é\inﬁ:r@s‘é&ﬂfaeﬁ§§ﬂrs! ﬁﬁéd SRrdekoricsta Ervﬁh&?eln
e firs

st age ,of ’?dts €sso é
e, RR 2 8 B0 PR S 209 Sl ST Srsons Bliaty oBs
and tregecartiicstatienf the Becohd catipredsage addpt&d‘te carepressch combination of
L e e R
of the apecsd compresrepia@ds a conbi nation of a third
refri ger@pipiffmestito edhtinditRS &‘S@ia%b%oﬁﬂﬁ@%%‘éﬁ&ﬁa e of the

ST ok RS e
prodids alvem@rsédaoenipdrantgesond stage of the first

¢ DeRhGER Yo B forhdbfanf bRGE A fer F LR e SRERTRAREAACOARs
at 3 sfoondypreaswre kjgher thanh thedrsh PEGH%JNF ithesthirg @fﬂQP@Q‘r%@ﬁt’S gadhids

pre@&uré‘hl hérthanth&SethhEp reésh% Wﬁ@%uﬂﬁfd?ﬁg@%%ﬂs g fogrth 15
econd ressure gher than the first pressure,

P’eP‘%ef“ﬁF‘?"dh ‘?ﬁ“tﬁ%?’&?ﬁ”"egas is at a third pressure
hi glpéontgiéssing Aeefgearn dadin esusmpresaadystéve of @yitotpnovide a
I ger.ant l_lgas is at a fourth pressure higher than
Lre; (b) conpressing a refrigerant gas

in (EMOQWGQMEHSIBQ/@BGmmss(eg)‘em@W 684, thereby providing &
con‘ag B?éfﬁ%ﬁad’tgﬁ-éd"g%ﬁ@nt gas; 20 (c) cooling and

enS| ressed refri %qr ant gas, thereby
prd@l Q[PH@“%”“QSSWQ&S"F’@WPF&E? gos% eam and (d)
provi di ng réRicihg gRIpAéssond of mei:mdenieim’éﬁgahmrstmmmgbsfoblyh

predsie HEACIAGHAIE BLESS BeSe L ibBraPRARR B dithhelea"
(2) dividing the reduced-pressure refrigerant liquid at the fourth pressure
into a first refrigerant portion and a second refrigerant portion at the fourth pressure;
(3) vaporizing the first refrigerant portion of (2) at the fourth pressure,

thereby providing refrigeration in a first temperature range and providing the fourth

refrigerant gas;
(4) reducing the pressure of the second refrigerant portion of (2) from the

fourth pressure to the third pressure, thereby providing a reduced-pressure refrigerant at

the third pressure;
(5) dividing the reduced-pressure refrigerant liquid at the third pressure into

a first refrigerant portion and a second refrigerant portion at the third pressure;
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pressure, thereby providing a reduced-pressure
refrigerant liquid at the fourth pressure; 25 (2)

di vidi ng the reduced-pressure refrigerant liquid at
the fourth pressure into a first refrigerant portion
and a second refrigerant portion at the fourth

ressure; (3) vaporizing the first refrlge
%89?‘15@?7"(% (2) at the fourth pressure, %‘?‘2@ 004/004058
providing refrigeration in8a first tenperature range

and providing the fourth refrigerant gas; 30 (4)
r educi ng(sl; momreﬁwrret r@fﬁgérﬁi& p&ﬁﬁr@bftdsmtrrei tiyer medsure,

d
nbiBhi P elrbrali h 0P bt istag i orb Ridie bl
re&m@nMggsant at the third pressure; (5) dividing the

reduced-@{ r%ﬁtﬁ:‘l”g%é &Eéshgﬁff ?ﬁtsebdng YatAgerdnt bbrBord b Aﬁ)q‘rom the

pressure I nto a first er ant ortlon an
thfsde%ﬁartarlemsg@naﬁfesw t“?%?PYd’PthH'@ arrﬂwca BreaLe FarigeRp 2t
th@%&dd}ﬁgghﬂ;& PCT/ 162004/ 001058 -8 (6) vaporl zing the
first ortion of
ot essur 4o} KRB PRt e o By i R fefonst rrassure
inte a fipstrefrigenant poetiog endm seqondrefrigierapt nolrt@ntahlhﬁ gecond prasgreiant
gas; ( 7)oy apbHzin p%etfia& i &.&Iofgé)et ﬁh@%@é@ﬂd pressure,

refri erant por t'i on ressure
‘“Bﬁf’ytpffé"dg'éd%fﬁ%’?f% iy fhied teﬂner@mramwdoﬂww the second
refiRednt g4k pressure refrigerant at the second pressure;

8) di t.h duced t
(8 e S DS BB GO R Bl o
seqood piessuratodhefirstemsadte  thérehymoiding podudedmpressureeliigasant At

9) vaporizing the first refrigerant
theggs??éggnﬁ é at the second pressure, 10 thereby

provi di ﬁ‘g‘) vmlzigequd@ﬁemes&uceﬂﬁfnem@ﬁb@?QESEP@S%%ge

theﬂeB?l pliliavg ehfmrdnble.nsaa@memﬁerétefermmraaatpuwﬁug thle frdt0)
red Uflng the pressure of t second refrigerant

refggani Y of (8) fromthe second pressure to the first
pressure, thereby providing a reduced-pressure

 ef7hb GRICANL mﬂ} fuﬂﬂep Songﬂgfsé Eoo%ﬁ 5% éﬁaﬁPnQ régm&éséeﬁufﬂ%erant

vaporizing t pressure re erant at
Qasthrt‘lﬁtfeb%@%Qﬁ‘rR‘éOV'de@ lieatdanst el thaifire spw: thied apd ot n a
temE&'HquJ‘raﬁéHE{J %@hw@nél%sﬁsrea&aa réffigaran lgtagmtaghee & et
i geran a pProcess r.t her
et g oo i o ere ORI U RR B0 g
hydtm;zarbbrsrraeihgfrgmroae todive parbon atemds.i n at | east, one of the
first, second, third, and fourth tenperature ranges.

The additi onal conpr essed refri gerant gas may be
m Jbe process may further comprise precooling natural gas prior to llquefactlon by

the refrigeration provided in at least ane of the first, second, third, and fourth temperature
ranges. The compressed refrigerant gas may be a single component selected from
hydrocarbons having from two to four carbon atoms. Alternatively, the compressed
refrigerant gas may comprise two or more components selected from nitrogen and
hydrocarbons having from one to five carbon atoms.

The following is a description by way of example only and with reference to the
accompanying drawings of presently preferred embodiments of the invention. In the

drawings:
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refrigerant gas containing two or nore conponents

sel ected fromnitrogen and hydrocarbons having from
one to five carbon atons. 25 The process may further

conprise precooling natural gas prior to |liquefaction
by the refrigeration provided In at |east one of the
first, second, third, and fourth tenperat %&({BEO@U&?@S

WA essed refrigerant gas may be a si
conmponent sel ected from hygdrocarbons having fromtwo

to four carbon atons. Alternatively, the conpressed

ref g gg?g%haﬁa%cw draermrdfammavewefr@eraa: RTPRRBETRYQem

sel e fromnnitrogen and 30 hydrocarbons having from
acgaing & the T 8%r bon atonms. The following is a
des F@I PlsiaahdnyatioRyw ea‘ag@mawrp:hmsa ffﬂujll-lmwrem:g’eianr@haf ressuée
ace g drawi ngs of presently preferre
sy%tﬁrgga?%?ﬁlg%g)prpﬁ%& nvention. In the draw ngs: WO
2006ig0%iE klsohdP@ic 162 00grade4 8 58iti-le\®| @frigerant Gogpgessor system

acé&mﬁﬁtén%nfbba)ﬁeﬁiﬂo@%%s@rﬁ uﬁve%'nténdl evel ref rit gelr:iant )

essor system according to the prjor

ft.,. g
i9c4 B AN appligatiay PHRG SAMRAPRSPHAYSIEM AT F19: 3 By

refﬁﬁrétioﬁ@ M fof BHANR@ERProcesydlegms.accor ding to the prior
art; ig. 3 is a schematic flow diagramof a
mul t| -I evel refrigerant conpressor system according

t o Befeeind wdiigndnthe tdwestrressure yaprrizedreigetantin ingdis Ftrgduced
intd ?\e 'ﬁ'ﬂat %?‘I%&@ta@éh %?&H rﬁé}?ﬂe%siﬁrﬁatéch& tSﬁPﬂ'sﬁﬁé BagP N o ﬁ?ﬂi

I geratio stem cool I
coprer 43, SThedigheressurergaaran RPN Br? Isgirodieed nigaect
taBé 85 Which nYa%I%Heﬁ@:ﬁbtéd%fsﬂﬁW?@&relsfagb Dnef figst lcsmpnasmodij ced
S
Thza gll-uétﬁrg%egateacgeqsaw rﬁﬁng rsgeagl? %353 iis H&Hdﬁpedrmx ﬂEFstage 47,
which mMay &6 sesignated aslmv-ihteghedintepresaue stag‘erB gésezand enMPERSRPT n
ey 'th @-nhérr{né'&dgté) gﬁé%&g%llefhpgraﬁt%ﬁgm in IRk E?@@mfh?iu}gwlhﬁ@eéﬁﬂ

essure stage D,

slao R MBishOTRY 53 doTonB AR NG PTGt RIS SiA9P . o Second
corhftE4so88d. attich §n‘a§@amohardssd3§4:5adds49l rﬁayrd@dimswonerur mofe r St

* imelars pnd il Rt resaine st By OTyRs o FindiBemprgssed

refriyerapt §830eamgi lindsg3 dnid §b arentoebined aad retymnassia ling 57 to
r .| t,streamin line 7 is introduced into second
refr@?gaéérggf,%ﬂ'v\]ﬁi ch may be designated as high-internediate
pressure stage C, of second conpressor 49. Each stage

of ﬁ@lmrss ﬁ&@gh%uﬁﬁ I teskOre BRage FONRI $tage NS the masH flow
entﬂgg?n 'Fﬂ%:{gihgg'&ﬂ?ﬁ lfl%vg wr%eﬁsgﬁﬁs%g E’alﬁ?c%agglgg??@ is tms &% Sf
the Imiase BowsXntanitlg Fines B anddrithaveassda in Iewmmmatewmﬁswe 57
stagseoB (ﬁrrsqfs{a'gegg‘;)% {h8 Thagy ﬁ&@gﬂt&ing in line 5; and the mass flow in
high-intermediate pressure stage C (third stage 51) is the sum of the mass flows entering
inflines 5 and 7. This split compressor arrangement provides an alternative method to
eliminate the size and inlet velocity problems of single large compressor 11 (Fig. 1)
without incurring the balancing problems of two identical half-size compressors discussed

above,

The embodiment of the invention described above is compared to the prior art
methods of Figs. 1 and 2 in Table 1 below. The Table shows the mass flow rates through
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The mass flow through | ow pressure stage A (first
stage 41) is the nmass flow entering in line 3; the
mass flow in high pressure stage D (second stage 45)
is the sumof 25 the nass flows entering in lines 3
and 9; the mass flowin |lowinternedi ate pressure
stage B (first stage 47) is the nmass fl ow j '
Wpﬁ SB3MUWNG the mass flowin hi gh- mterrre%gedon&"'dsg
pressure stage C (third stage 51) is the sumof the
mass flows entering in lines 5 and 7. This split

eaﬁﬁ%?'ﬁgfréégr stéﬁer nﬁf&rﬁmﬁ RéAaifleRaANonrIrétes PAF], ¥FE an@Fdusd
I'mnate _the si ze and inlet velocity problens of

relgipgrgntén F"&Paes go?ﬂﬁ’rgeée%?c“ﬂy (Fig. 1) 30 without
i ncurring the bal ancing problens of two identical
hal f - si ze conpressors di scussed above. The enbodi nent
of the invention descri b&ablabove is conpared to the

prior art et hogsm@disdd GEiq. Sdientn Tabl e 1 bel ow.
The Tabl e shows e W8S Fibs QMnaat es t hrough WO
2005/ 057110 PCT/ 1B2004/0 -10 each conpressor

T agRmpfesE&@T 5| Of T Epr ERgitésdhiatie MEST Idw Rates at es F3.
FS, Fgtagend F9 Q*igllﬂ(eﬁd’rlﬁ@;erarﬁig.l_Z’(PﬁdarM . 5 Fi@3 and

,Lomaﬁatgmyel abFg 1 5 [ConparFson of [Fig. B
Enmbodi ment Wth Figs. 1 and 2 Conpresso

dpwestemaiate’ €] MassFFFow Rat es StBge Fig] 1 (Hsior
Art Preswgie (B) Priior _Art) -Flal 3 low Pressure (A E
FHiigitloterrhetiade nedi dfaeF#BrF5 5 FsFs*Pressufe (Bp*Fr
Hi gBrebswre(@ediat e F3+F5+F7 E3+E7 ES+F7 :mcc#?_(_g.
HiHigh Aressuea (P {( D)F :ER+EREF7+F9 Fobetbe F3+Fp 10 FrHe
furndown rangd efficiency pat-ty—eft—a
conpressor are determned |largely by the |nI et fI ow
coeffi cient and the relative inlet Mach nunber of each

i.d
3 RS R A o B b
armsbydae ingpt Bovyrefcietand rteh@leg@etr?éa¢y\umbeftqﬁ eaghripsividuat
lmp%‘leH ‘rﬁf t{]‘étgg inlet ﬁla&h&n‘d{@ Rl drectifiiRtigPstash Magdulan waightrof O

S0 is . an. |%Errta nmeasur e of
me.gapéeln@f:ommwe@mmaﬂggneéfﬁd’f fe 0P Land is used
in the initial S|Z|ng of conpressors when the inlet

geope! |m¥ellle§tipusnpegg W3eh Autsber b eq?:ﬁglgﬂ i BEEb YIRS Sn iortant
measure of impeller turndown range and flow capacity and is used in the initial sizing of
compressors when the inlet geometry is unknown. The tip speed Mach number is
calculated at the tip diameter of the impeller. The intet flow coefficient and impeller tip
speed are functions of the inlet volumetric flow rate, the rotational speed of the impeller
and the impeller diameter. A high tip speed reduces the turndown range of the impeller.
A high flow coefficient and high tip speed also limit the flow capacity of the impeller. This
is described in a paper by J. F. Blahovec et al, presented at the Proceedings of the a7
Turbomachinery Symposium, College Station, Texas, 1998.

IT
w

An illustration of an application of the compression system described above is
given in Fig. 4 for the use of propane refrigerant to cool a process stream. In this
application, compressed refrigerant gas in line 57 at 150 to 250 psia {1,025 to 1,725 kPa)
is cooled and condensed in heat exchanger 59 to provide a condensed refrigerant stream
in line 61 at 50 to 120°F (10 to 50 °C). A portion of the condensed refrigerant is reduced
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O calculated at the tip dianeter of the inpeller. The
inlet flow coefficient and inpeller tip speed are
functions of the inlet volunetric flowrate, the
rotational speed of the inpeller 20 and the inpeller
di aneter. A high tip speed reduces the turndown range
of the inpeller. A high flow coefficient an i [
WOeBaT Yo linit the flow capacity of the ?%2%2’1964(’&
This is described in a paper by J. F. Blahovec et al,
presented at the Proceedings of the 27th

in %Qﬁ%&ﬁésﬂ%ﬁlm@%ﬁlﬁ@&! 1018 fodel dr@.@@re%? 78 to0a1s péreme 1o 860

An illustration of a i,cat i
(RS BGTHGRY 1 S5 o U PBoeERb DR I era YR ao 589 . 4
pré»&ﬂestr&f&genabn of caol mpasestreafr§7g atapartzed cefrigeant mtuprsoiding 9

T T L 2

coinpresel4@d and condensed in heat exchanger 59 to
provi de a condensed refri gerant stream in line 61 at

SATEC O S
redicdd inpd3odre QB4ESBrottinvalve 7 p tocsthind presstrendf 40t Thpsid (2hgto

b AR fhef o g
provides esifigetation toopli pyenesgatream I8 fomdeatarghangp s éBOﬂzed

refﬁ&‘é?édt AS4ifbiIaRA oM 1ORat &fcﬁ&%&ﬂo&éthﬁ%uﬁﬁeﬁl&&ﬂﬂf dag ¢id line 7
refrigerant returns via to provide a fourth

to high pregRUFFAMAGRESORMage S chogwp(q;s? % i nt er nedi at e
corrpressor stage 45 of 5 conpressor 43. Unvaporized
liguid refri.gerant e [
i S0 PRl e e bR IR eabad e s"“dé[
throttihg ealv&l7% to agecdnid pekspyre o620 te 3@psmo14ﬂéo 205 kFa). and mgd

mto%t gfcﬂgnﬁpﬁh NT]’l EfefAHE RftighahO/aRSddes Sﬁ&ﬂﬂﬂ@@r ref?@eratnon to

rern t gerant vapor| zes an r.ov]
coq' ewopﬁjara@m ] hewcwwg’és §Rq"é%ﬂﬁeff'§e?ﬁ Né%tw" from

: theaaéstfaembeﬁs ret)f8 B @eEoha Gefrigeant gay vimlinel Ssto Wghtirderanadiater om

uriy a third refrigerant gas

) eat exch
pref??“ée??%esforﬁ%geﬁﬁgqﬁcfﬂ?'&%sure conpressor stage 51 of

conpressor 49. Unvaporized liquid refrigerant is

Wi tLM'é?éfHEe&’ hc%lld rbf?igerzgt is ﬁﬁ@%ﬁﬂnd ffhe I%Bers.&db’é& magﬁ'éééﬁr% acrbds

thrott ve to a second g ure

tsipavave 4 o 8 Nisberessnen of TAIRE) RRE QAR (b, o Figaded o
hed® $£dhanse BY, Sﬂ'uerél)hﬁé fifiigetnevapofizas gad providesnebigemation taabl
rati on COO0. om
progeesa lrmﬂgﬁ bgaefgxcr\?g%eér i Z\efa Q?aoﬂéf?g?%ﬁttré&hg@@llﬁg’ﬁd’
profidearirst nemgaeatgasm:bumgessure oommsﬂonstag%wﬁampressor 43. A
ﬁnaf@d‘ofédgs%cﬂgg st3M iYivithdrdwieviaing@3hi gh-i nternedi ate

pressure conpressor stage 47 of conpressor 49. 20
Unvaporized liquid refrigerant is withdrawn via |ine

85, Thie GiFbtl GB6bnkthipd, @R& fbURh RATgeRMt gdsidtredrhd infigesdBVE aBF 9t 0

are Cﬂ{lgl)l’rsgqtfg gqsn?ﬂl?l%sesorostages 41i O472&1 %ﬁﬂi gs Qgs%eétr%l} 4'6_’ p#&e QQ and

compressed refrigerant gas in fines 53, 55, and 57.

Process stream 67 may be, for example, a natural gas stream that is precooled
prior to further cooling and liquefaction by a refrigeration system utilizing a mixed liquid
refrigerant or by a hybrid refrigeration system comprising a refrigeration system utilizing a
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heat exchanger 89, wherein the refrigerant vaporizes
and provides refrigeration to cool process stream 91
from heat exchanger 81. Vaporized refrigerant returns
via line 3 to 25 provide a first refrigerant gas to

| ow pressure conpressor stage 41 of conpressor 43. A

final cooled process streamis wthdrawn v
WRPYYP  second, third, and fourth refri é@p{g‘inpﬁooﬁgs
streans in lines 3, 5 7,.1a2nd 9 are conpressed in
conpressor stages 41, 47, 51, and 45, respectively, to

mn@ﬁ ‘P(‘:{duﬂi%fr @raﬁmmmsmet fel'a&ﬁé@éﬁd RS eparidenresig&atonss,

oy e BB IO S O HURTBTBE = [ or Lo furt her

cool i ng and I [ quef action by a refrigeration system

Ut i 4 dofibfud {e?noié}s?ﬁgnq?étﬂoﬂéhg%ay 'b@F)Fo'vﬂgé B holYnot¥r Fodb¥Psttedm

refri gera eration system

are
95 whergin zusa@pnd PV@QQIG'M%?&@@ P@@P@EUO&?@@&*@S@WQQQ ni xed
pre&éu%‘éc‘?os‘sﬂr&ﬁl@@flﬁﬁt g7ab tfieﬂ&@!h'ﬁ?&b@b of 1Rnes @5!&1 (529 t@f6d a
ander refrigera
(P it B S LEio g P RreS, whiths e e Miorags ang
proAdii refrigerationtefool grecess stoeanogit. | apadidey refugerdnt returas/viajngst o
coql i C 95 wherein a second
101pag'9t9it%ﬁ%"§kgﬁmegra%o& ﬁ%géé%&@?r?ger ant inline 61 Is
reduced in pressure across throttling valve 97 to the

f OlUnWboHEeﬁﬁﬁh'iHGe @qera%@frsfﬁ hééiéxmh@erea@ R0with@raB6 Qia (kPAD3,

d 99
s 0 RiREsHHFIGS BYSAN et 05 Y Pk eesturs Pioiadp B 2ge
to 480 KPa) ENAGeSEucet Irt@hedd Bxchiageo 107 etiereiafte ngtﬂgemot wae@rl;sh s

and Sp{ovndel‘. ﬂagu:fg &%thoao%gl 900%95 tr%wfn' 108 %tﬂ?ngé@x&aﬁﬁg@r@g ?n S (Iz(raat

rize quid re eran
Vapemu aefigarary 5 mf@dw«n ﬁgmawe@t exchanger meﬂmee Miadiegs 11

dF S RN bfesflré Sshiprédibiddeisag val ve 105 to the third
an pres@u?esof 40 tro 70 pdsn a (275 to 480 kPa), and

i ntroduced into heat exchanger 107, wherein the
r ei.mmﬁz'vauuqmn peigezambis withdtayom forh teat ex@fangqydﬂbvib éme 113,

redn\?gtg &d?e;sggr%r%g@?? gm?o?:mrg}%&g 1\"}“9 {L}j:ﬁggémr ol t 2890 301&.a
(125:t0 @05 kRpr andrinrodened iime beay pxchpngee 4171 wherelnribe fr-'frtgeram gh
vap&fz??‘ﬁw ﬁoﬁ&gpéfﬁg“e?élfon ! &ﬂﬁpr@éess Slragapopireatheat @Mhahger

erant is Wthdra 107

t
107, vwnﬁ*srefngweefu%wdrwﬁmfo&% H‘%a 3??“85@(99P%'Fg‘mr? PERG" aI ve

refridakant ig@s Vil ines @20 BAY PtoafightinterntddiatpressufiCcoppressordage 425
to 205 kPa), and introduced into heat exchanger 117,

wherein the refrigerant vaporizes and provides
r eEnvagenizati liguid tefigeto! is pitdrawns via tinecterh reduped inpre§RuER:

acro éﬁhﬁtﬂr%e»ra ve 49¢ to t}{@ﬁ’r@f ﬁré@grer drhi lcﬂzelr&ﬁt(% ﬁ: ‘Wﬁtkhd)f avin
romth eat exch ang’?‘ﬁrg 0 re urn

l"tFOF'eqeﬂuffﬁ%P%ﬁﬁﬁxcﬁa@e\f/ il 0 "ﬁff Qﬁ‘a‘“‘s"a{’@‘m Gnd provides
refrigiirgtion tdécor prochise bieeant E29koncheabefthageot17s Vapeized refrigerant

returns via lines 131 and 3 to low pressure compressor stage 41. A final cooled process

stream is withdrawn via line 133.

Process stream 95 may be, for example, a compressed mixed refrigerant stream
in a refrigeration system (not shown) that is used to further cool and liquefy a precooled
natural gas stream provided via line 93. Alternatively, process stream 95 may be a
compressed mixed refrigerant stream in a hybrid refrigeration system (not shown)
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0 25 Unvaporized liquid refrigerant is withdrawn via
line 123, reduced in pressure across throttling valve
125 to the first pressure of 14 to 21 psia (95 to 145
kPa), and introduced into heat exchanger 127, wherein
the refrigerant vaporizes and provides refrigeration
to cool process stream 129 from heat exch

W@ﬁ@?@?gg refrigerant returns via lines ?%%ﬁ%ﬁé&éu?%
| ow pressure conpressor st@ge 41. A final cool ed
process 30 streamis wthdrawn via |line 133. Process

coﬁ‘l Pgmelr%a g%ﬁorpﬁtsteﬁ%mﬁr?éaémﬂxgd liqBid FE¥NgEr &t §ﬁﬂtefﬁté@ﬁi§

t stréam |narer|gerat|onsste o th

te@mw#spwb@ 9FsexQAle” PhioPAFIHY RS IWEH AP °5" o the

liqlTegiolepPerattéd. ur al gas stream provided via line 93.
Al'ternatively, process stream 95 may be a 35

conpressed m xed refrigerant streamin hybri d
r ef Whieetha embodimgrs obhe (wentios mmyatmm@w tw Tomgression of

fouff gﬁde%@?ads/ s@rgérgéﬁrovldé@at?lm&! p?ésl%greé‘ frbtﬁfarréﬂ?ré‘ﬁdn%‘]stem

1zl ng refrigeran

the] GompraFeiEn gstem aﬂ?ﬁgibaﬂ matége aa‘-ﬂﬂ' 10, CQIERIESE 01 gaR preams
oﬁt@iﬁ.hg GW@&d STRas Mskigenany plrpoval Foesramplal the eampglassiontsgsterhe

ction te
malyil? “F?Ff}aﬁ?'f‘%'ﬁsﬁ% |XF${?E@§?P§'§\£ELOGV‘§$P {Hggég{éﬁ egfél on
refdgeratibo systanefhdrgia ﬂmrmntMsectmwe@wﬁwpfﬁow vrpgrizad afouf er ent
difflefiSi s, froma refrigeration system the
onpr essi on system as described may be used to
conpress four gas streans containing any type of gas

us eﬂ1effélrowﬁ\1§Ex@tﬂbl@@ﬁ@btra{é@’mtﬁmﬁﬁﬁds @f thé b@seminveriss botrdo not

sed t [ es d refrigerant
Iamlaéngppftog?%gy&fﬂp rcé%g? 't%(/géﬁn’%(ﬂo refrigeration
system wherein the condensed m xed refrigerant is
vaporized at four difEQa@BLepressures. The foll ow ng
Exanples illustrate en‘%l_m‘sﬁrs of the present
invention but do not |imt the invention to any of

th tewamlsucgaé tsq.qdﬁealai éSprG@lﬁ:ﬁéri Recbit mrm ton/yelel (FBHANGTdar)
ur a

E w:tl"ﬁhp £o-gied %IFW 9fs 1a'i“'"' g rg@@pe@l;%ag\xf Lq)eﬁ é)e%lgurf? Eas (LPG)

usirgpe Jiropehe Grdcocledmixid rafigeranhliquetattios aroceF0Jhk gropaes ) of

' refrlaer%ﬂ %yggmpoqk k%%(?%}rrééoaﬁ)le feg@ é!ﬁiriﬂgto%nﬂrc&ﬂiﬁﬁﬁnd

act I on process. The
liquelactisarte cpel the @mpmsswg%neswﬁ@ﬁt mdgalscmfo Peovide ayditary
refr@én%ﬁ&?tb trgdlﬁuéf&t&gn gggt R"hb Qipdriged prﬁ\ﬁne eamderamﬁmﬁtes and
conp@gr?qeaé%;%}ﬁ{?oquamgoa I%o!?%&éggglagesjaﬁr qug?ty-36°F (-38°C}) and
16 pshf (11 @KPD bt B8 inled td 1be pl’elsqueﬁtagé 4132 péabmoled (14,534 somnolesid
per %L?r%?n% I[‘?Eg I erd&\ Eg psia 8 §‘f5 I'(é‘ lsthgun?at to low-intermediate pressure
stage 45; 33,480 lbmoles (15,186 kgmoles) per hour at +20°F (-7°C) and 54 psia (370) at
the inlet to high-intermediate pressure stage 51; and 32,772 Ibmoles (14,865 kgmoles))
per hour at +60°F (16°C) and 106 psia (730 kPa) at the inlet to high pressure stage 45.
The resulting total compressed propane refrigerant flow defivered to the refrigeration
circuits via line 61 after cooling in aftercooler 59 is 115,203 Ibmoles (52,255 kgmoles))

per hour at +112°F (44“0) and 208 psia (1,435 kPa).

In this Example, compressor stage 41 has three impellers, compressor stage 47
has one impeller, compressor stage 51 has two impeliers, and compressor stage 45 has
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conditions are as follows: 16,909 Ibnoles (7,670
kgnol es) per hour at -36F (-38C) and 25 16 psia (110
kPa) at the inlet to | ow pressure stage 41; 32,042
| bnol es (14,534 kgnol es) per hour at -13F (-25C) and
28 psia (195 kPa) at the inlet to |owinternedi ate
ressure stage 45; 33,480 |bnoles (15, 186

- BOPHEAFI: +20F (-7C) and 54 psia (370) e L ST
to high-internedi ate pressta-e stage 51; and 32,772
| bnol es (14, 865 kgnol es)) per hour at +60F (16C) and

two YBpelels 2 The' HBcdsFparambtetd WadicBlb@ited Pover lyuperasteare St age

45, 30 The resulting total c ress r -
symBiarizesip JAbE 7 00 ety (Rh e THERRER Busads idividual
impéllet siffitisnciss dorlldrgeecaripresbtre which ate cugenitiy avdilakle from|compmgsor
rni S §r203 | brol es (52, 255 kgnol es)) per hour at

PPEICFAC) and 208 psia (1,435 kPa). In this Exanpl e,

conpressor stage 41 has three inpellers, conpressor

stage 47 35 has one inpghhigp, conpressor stage 51 has

{wo [ mpel | ers, coRgreaiPanmits ot Bepiht has VO

2005/ 057110 PCT/ 1 B2004Refed0%®. 4y 14 two i npel l ers. The

process paraneters and cal cul ated power requilenent
gre summarized in [TStdge . r Stage Bl r|ctogg 4d ar e
Hased on averﬁgge i ndi vi dljwal i@g}ég{lﬁl [ %ﬁﬁ:iiﬁpi pntl ns [ or
I ionc@igmes §¥0ins  whi €éR930 e| c t | dbl=a-¥FY om
c?ﬂ%ﬂiessor manuf act uPe78) £ 1h485 7 gé}ﬂgopz)
Pdnletrfiressure, 8 Exanpl e 18 (Ref 8 t o |Fi 83'5204) St ég&) 41

LN =

o1

SR 47 St age 51 tpe (1) sLct {18 vdiy R T 0
qOwWePresusiesas, 900 AW mih ( 67%79) ((gmg 5) Qg %gﬁ;
d1%P02) 43 1niet Prisdi®R. bsi 86 38 54390q (1413
(1L10) (-195) (370} (730)—6ui+etPregsure—psta§06—H4
A0WBRot MRS’ (730) (370) [1,435) (1,4%5) |NunBer pf
IbpeHd-—ers—3—1—2-—2 At Fpwnpettreryiad- 07 To¥isl T
ci%gé:éﬁb“ 115 MEGIEr S, i%% ARA AN > g&) 1568 OB6
Q. GES PRI RS & P4 g == topetijer_TT p fmpetier] 1
TSI RS I Inpeitér 99| 1.25 7,09 120 0.83
Speed, impeller 2 1.11 - 1.08 0.82

Mach No. Impeller 3 0.93 - - o

Power, HP 14170 | 6028 | 3,798 | 15018
(kW) (10567) | (6.658) | (29,678) | (11,199)

The inlet flow coefficient, o, is defined as

o = 700Q / Nd® (= 405,000Q’ / Nd**)

where Q is the impeller inlet volumetric flow rate in actual ftmin (Q" in m*min), N
is the rotational speed in revolutions per minute, and d is the impeller dlameter in inches

{d’ in cm).
EXAMPLE 2

Example 1 was repeated using the prior art compressor arrangement of Fig. 2 and

the results are given in Table 3.




Speed, Inpeller 2 1.11 1.08 0.82 WMach No. Inpeller 3
0.93 - - - Power, HP 14,170 8,928 39.798 15,018 (kW
(10,567) (6,658) (29,678) (11,199) 10 The inlet flow
coefficient, p, is defined as 9 = 700Q/ Nd3 (=
405, 000Q / Ndi3) where Qis the inpeller inlet

tric flowrate in actual ft3/mn (Q
qq?zqug/g'lﬂg rotational speed in revol utions pe?B{rélﬁlr’}dgma
and d is the inpeller diamdber in inches 15 (d in
cm). EXAMPLE 2 Exanple 1 was repeated using the prior
art conpressor arrangenemap@f3 Fig. 2 and 20 the
resul ts are gi vesmpmssbabarematers\id EXa0BE@57110
PCTI | B2004/ 004058 - 15(RedolteFig. Zfonpr essor Par aneters
for Exanple 2 (Refer to Fig. 2) Stage 23 Stacie
Sfage 27 Stage 33 SuBtagedd \[olStaee 29f { ﬂéﬁﬂlﬂi
86, 680 74,996 50,51 (nB/miin) (2 179) (2 45% )
( { Sagp Volurmec®/nin es qurid,350si|a 6658 5471-%6 kFQ;?
(1{oymipLos) (370) ('sd? 17Dl e€2-4|5?)es;ur2e?, si al's4% g6

208 208 (kPa). {370} {730} (1435

‘-l

Q) 1’40E\ [ T
of NGIPEsFURPsE 2 2 1 ﬁ‘b }g gl | ?’ 10, W
{696)0. 075 0. 063 o ol ti gn ?5#.1) | 02003 462

[eNe]

4 950 B CCu, T e ni’ ’l J.U 1 I i . J
Vh gg rest:E eqs[é %? do 17 35 ] PP?OSL P éﬁg 07
18 30, 888 19, 56] 6, 49 (L3, QEE; ‘3 033)
QO (FfiumBaror imperiers 2 2
Iniet Flow Impeller 1 0.090 0.096 0.075 0.063
Coefficient, p | Impeller 2 0.080 0.062 0.050 --
Tip Speed, Impeller 1 1,19 1.19 1.20 1,11
Mach No. Impeller 2 0.97 1.09 1.09 -
Power, HP 8,707 18,728 30,888 19,561
(kW) (6,493) (13,966) (23,033) | (14,587)

The split compressor arrangement of the present invention provides a greater
turndown range and a greater flow capacity in some stages of the compressors compared
" to the prior art system of Fig. 2. The hydraulic head or pressure rise across the individual
10  multiple impellers in the low pressure stage (i.e., stage 23 of Fig. 2 and stage 41 of Figs.
3 and 4) of the split compressor arrangement may be adjusted to achieve essentially the
same tip speeds for all the impellers. in the high-intermediate pressure stage (stage 51
of Figs. 3 and 4), the flow coefficients and tip speeds are nearly the same as those in the
prior art system of Fig. 2 (stage 27), and both would provide essentially the same

15 turndown range and flow capacity.

The split compressor arrangement of the present invention provides a slightly
higher turndown range and flow capacity in the low-intermediate pressure stage (stage 47
of Figs. 3 and 4) than the prior art system (stage 29, Fig. 2) and a significantly higher
20 turndown range and flow capacity in the high pressure stage (stage 45, Figs. 3and4)
than the prior art system (stage 33, Fig. 2) due to the lower tip speeds of the impellers. A
second impeller could be added to stage 33 of the prior art arrangement to reduce the




The split conpressor arrangenent of the present

i nvention provides a greater turndown range and a
greater flow capacity in sone stages of the
conpressors conpared to the prior art systemof Fig.
2. The hydraulic head or pressure rise across the

i ndi vidual 10 nmultiple inpellers inthe lo ,
WPAYST 0 stage 23 of Fig. 2 and stage %ﬁ%?oﬁiz%(gss
3 and 4) of the split conpt&ssor arrangenent may be
adjusted to achieve essentially the Q sane tip speeds

infpRlier &b kpdel§ blitRiE Wogl ﬁwcrelaﬁe ihb fowd ceitcient efntEftitampeller to near
pressure stéj(_?(%jl st a flow

thE e 2l etﬂnﬁ S@‘ﬁé"é’ﬂ@“ Etﬁgﬁ%aﬂpﬁ vl é‘“&%&g

those in the prior art systemof Fig. 2 (stage 27)

and Quswlél glut%@ﬂﬂf.gs% ?3%%} @la Ip%gﬁﬁﬁi@n Eﬂﬂﬁeﬁ%@ natural gas

turn vvn ran npr esso
(LD &Jng\smntdfveﬁtm :rpﬁ)@gm mmeatemurmw C&B@P“ﬁv than the'

pr%'r hrg L-‘}skéhw of@x&h&é 21 tHé %@Woffﬁ&ﬁﬂsteam,fb.d‘alsmn mpmmlatwwarn

oW i nter a e

SPPF@%W“?’ Befdeny kﬁﬁ?ﬁf‘ﬁé’fﬁ%‘ﬁafaﬁ'ﬁ’ E’S"P'agzew Jower

LNG |roda&):oraradasaresnegmeﬂ ibg wtplant bpegdters. 20 t ur ndown r ange
and flow capacity in the high pressure stage (stage
45, Figs. 3 and 4) than the prior art system (stage
33, Fig. 2) due to the lower tip speeds of the
inmpellers. A second inpeller could be added to stage
33 of the prior art arrangenent to reduce the WO
2005/ 057110 PCT/ 1B2004/ 004058 -16 inpeller tip
speeds, but this would increase the flow coefficient
of the first inpeller to near the maxi num al |l owabl e
val ue and severely Iimt the flow capacity of that
stage. Because the split conpressor systemfor the
production of liquefied natural gas 5 (LNG for the
present invention in Exanple 1 has a greater turndown
capability than the prior art system of Exanple 2,
the system of Exanple 1 typically wll result in a
| ower specific power per ton (907kg) of LNG product
than the system of Exanple 2 when | ower LNG
production rates are required by the plant operators.
-17- CLAIMS 1. A conpressor systemconprising (a) a
first conpressor having a first stage and a second
stage wherein the 5 first stage of the first
conpressor is adapted to conpress a first gas and the
second stage of the first conpressor is adapted to
conpress a combination of a fourth gas and an
i nternedi ate conpressed gas fromthe first stage of
the first conpressor; (b) a second conpressor having a
first stage and a second stage wherein the first
stage of the second conpressor is adapted to conpress
a second gas and the
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10 second stage of the second conpressor is adapted to
conpress.a conbination of a third gas and an
Internmedi ate conpressed gas fromthe first stage of
the second conpressor; and (c) piping neans to
conbi ne the di scharge fromthe second stage of the
first conpressor and the di sdfarge fromthe second
stage of the second conpressor to 15 provide a

conbi ned conpressed gas; WAHE the first gas is at a
first pressure, the second gas is at a second pressure
hi gher than the first pressure, the third gas Is at a
t hi r d. px ewspressoh sytem complisiithe second pressure, and

the f 0‘” t Ea QR st c%nﬁires@.of U n?fh mﬁneswéreﬁxdm &Htend tstaga whaeain the
third s)ure 2. A nethod for 4 stage
ftf%i@tﬁgieyf thg fwycoe'lafpﬁpg@gg(ﬁﬂft%p io;compr gg ﬁp%@s F’f"a g}e second stag

e o B oy oasor 5. eorbl oal  on of

oAt o R estRd oasomHpe AL e & Bn A ESTREREL °F - o

t hehgl rst( tgtaa@?omf ?ddweésor pavimparfirststage ancha decond stage wherein
r aw irst co

tg%@ra 3@9 qcopagor]n‘: S:t;o%ssgéé Hdito %l’hé%g%% I58B3rid §as and the

conpressor
seconirsta®i owm@emb neimprassor js adaptedde camprges QPOE‘bE@E%Bf a third

S'JR& gr? Rtdrm@BRte &9!??5&3 589 frbf tRe ﬁr%@élﬂ% (?ftdtﬁg gesév‘ngt:gﬁtgaessor.

983¢0n npressor ination of at
andtermsdl ate conpressed gas fromthe first stage of
the secong) cRfHy meaRte c&ﬁﬂlne!ﬁddiﬁbhahy'eﬁ@mﬁtmwmﬂ stage of the

conpressed gas str amfro t he se
fiesh BQIARIESSOH AR M.,e. h(a@’acggﬁsg oﬁéﬁ?ﬁec‘&ﬁd tcglt%pressor to

rm@aﬁmqﬂmmgaﬂd the second conpressed gas
\‘7\;1 ; EQF}{ ﬁ-.ntge ﬁ}’s’} g?s a ?‘%t g{éggﬁ)r%ftrﬁé sgc&ﬂ%\?ié &ad"%]econd pressure
higherthah thadirst pressues, mdturcdgqsrlegm pérd prﬁsgh@rhismrﬁh%wfee second
F]elsa%é.r dﬁ gtag‘?s 5t hardfRséite Righér th’a"#'l it tRFrEpREsRe.

secon pressure, the fourth gas is at
a fourth pressure hi gher than the third pressure, and

br asZnmhdlfita e GRY B e R et - Ay

SHEET - 18/8) gompressing, 8&'52936’]' ‘ﬂ%?‘%’ dhatadirst °8ﬁ§%%?9¥ fnd
cémﬁrﬁﬁsmgsiﬁ%é@ond Biagel of ta dirst comprosgaaea mibination of a fourth gas and
aéﬁ&!@g@r %nt %%spﬁﬂow grggn é& RHE} ee Bf thd gfsg%rg&eﬁ%?t &g’
witiefréigg & dinst comprassed patestrean frame theeeaco@fbﬂaw egtag;ﬂﬁt eampressor;

>4 AT S(H é@&é!ﬁgﬁ?% ﬁrBafs‘iK a RfsPith§é B second compressor and

refriger tenperature | evel s
campressing in@ second stage of e second cOMpressor a oombination of a third gas
and an intermediate compressed gas from the first stage of the second compressor, and

withdrawing a second compressed gas stream from the second stage of the second

compressor; and
(c) combining the first compressed gas stream and the second

compressed gas stream to provide a final compressed gas stream,;
wherein the first gas Is at a first pressure, the second gas is at a second pressure

higher than the first pressure, the third gas Is at a third pressure higher than the second
pressure, the fourth gas is at a fourth pressure higher than the third pressure, and the
final compressed gas stream is at a final pressure higher than the fourth pressure.

AMENDED SHEET
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(a) a conpressor systemfor providing a conpressed
refrigerant gas, wherein the conpressor system
i'ncludes 10 (1) a first conpressor having a first
stage and a second stage wherein the first stage of
the first conpressor is adap% d to conpress a first
refrigerant gas and the secoitd stage of the first
conpressor |Is adapted to conpress a conbination of a
fourth refrigerant gas and an internedi ate conpressed

refriges ﬂ'l&hcﬁ%g Cflalrﬁ Q“,Z\gvﬁ@eﬁi dn?b(fj fHadmst, stcohd) ehird, e fourth gases is
conpressor, an secon 0 r S avl n a
5 fefrgerant sg%vrgwae%gwé @dﬂ@'geﬁaﬁa?s swafﬂvngviﬁ‘eﬁ?ap%% sed gas

shlea@ds afcopresserehigecmipdssodded & thel sgfillgatation systept ess
a second refrigerant gas and the second stage of the

second conpressor is adapted to conpress a comnbi nation
of  a. tArefmiperatibn sgsterafor ppavidiagnebfiigeration ot mutiiplettemperature levels

c%ﬁlgﬂéiﬁésed refrigerant gas fromthe first stage of
t setond conpressor, and 20 (3) piping neans to
conbi(@ea eanepressot sustene for pravlding.a exnrRrrssediraiigergnt gage wherein the

cghgﬁgssﬁogyg{eﬁﬁﬁaﬁd@nd t he di scharge fromthe second
stage of "t he second conl_pressor to qurovi de thée in th
conpr ess el hadisticgoprassordiying afisst slageand agecapd stage wherein the
ﬂfseffsfhbg oF MBlfirdg aé‘mil)@sﬁr tisaacfdptaito RO®PRISE & flrst hefrigerantrghs and the
refrlgera s ls a c
stracatie o g soiorebhafle AFFROY SR iy Cylifoh 378 fourt
reftigaraht g25 apd es #ntermetiatgheampressedréfdgeranigns fiommethe firss stage of the
h refrigerant gas is at a fourth
ﬂ%gg%%}rgggq%gg@er than the third pressure;, (b) a
conpr essof2) afspeansiscompresser aying afiret Yearindasqaqead stage whersin
th%‘?ﬁgg %f‘a?%gﬁ tHeSfebbistdoibressdA R adapRE ¥ YorRhe¥s & 58¢bna refrigerant gas
condensed refrigerant stream and (c) a refrigerati %Ii] on of
anghihasaceny eeanf e $a5ond BUMBressasis ?éf@;%tPaﬂmPF? g fombination o
a iHanefigbrahEgasHhdlaANiefmedidte tompresbe rotfgeiamegasirom the first slage
rises (i) first pressure reduction neans

arat ys co
°'?€£?%‘i?ﬂaé’°?’ﬁg%§?ré§%re of the condensed refrigerant
st r eam t o{3) pipinf means tpcanshing the didebarge fropy the sdcang slage of the

i B T BORE ofhG LSh i oo RScsort
proyide theraomprepsed raffigasentioss; of the first
r edygeAain URSHreY Brp6iaht S8 i3 8t a hilsfipledsib, théSedonlrbffigerant gas is

pressure, thereby providing refrigeratjo in.a fjrst
at aaepeRdpiEFaire higher tgﬁmthﬁg’&f%ﬁ%ﬁ the thlgd aitigerayt p?@@rei Aythird
préitie Kighénth&rPHe BEcandaisssufs, bad Uil foaith rekigesant gas dit @dfourth

t he pr.essuyre of liguid. 5 second refrigerant portion
pr?ﬁsu[qqlggl?qrﬂéqn ﬁgﬁ@ﬁg‘fﬁ"@sur e refrigerant. liquid from

t he (bacsrhpressor aftercooler to cool and condense the compressed refrigerant

gas, thereby providing a condensed refrigerant stream; and
{c) a refrigeralion apparatus adapted to provide refrigeration in four temperature

ranges, wherein the refrigerant apparatus comprises
(i) first pressure reduction means to reduce the pressure of the condensed

refrigerant stream to the fourth pressure, thereby providing a first reduced-pressure

refrigerant liquid;
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pressure to the third pressure, thereby providing a
second reduced-pressure refrigerant; (iv) heat
exchange neans to vaporize a first refrigerant portion
of the second reduced-pressure refrigerant at the
third pressure, thereby provigding refrigeration in a
second tenperature range and providing the third

refrigerant gas; 10 (v) third pressure reduction
to reduce @h@%ﬁé“ﬁ@ﬂﬁ%mﬁﬁnsatolvﬁa‘?ﬂf@ a fyglraiigerapt Poren gﬂﬁe flest

%&éo%}e&fu ré RerigepsANgLid 8BAHE ﬁﬂmﬁrp%s%ureetrrem‘uylpz@nmng refrigeration

fromthe third ressure essure

mefrr%tﬁemwaw‘amge ang provig nﬂé%@@@ be?

][ efriger ?rrtn; séeahd bmakurexmn@emm rbducaapopueamra of a liquid
irs I r

st figsrart paten oERp izt hRbedpRpie Kivasrant auid fomthe fourh

prassuedio the thirdhresguree theredy patviding & second teduckd-paessure refrigerant;

Loaper ot MGy eI sorinfe Riegis & Aol RECARIGSH boBH B

gas; (vi) sure re I on neans duce
3ﬂ¢e"¢mdsmlm'esﬁurarqfﬁgmrm at tbe dhirdpressure, g@r@tm Prab'#hﬁ Gefrigeration

.@ s%%dttghzggmﬁ}?E%e%ﬁ@ﬁ%nﬁtﬁé%%ﬁ@é@h@ﬁsﬂm from

secon ressure to €SS

rst
provi di ng (@1 '%PrPPFW%Eﬁ?H@H’ﬂﬁP%ém %dup%f Ryeseure o:ga{ liquid
del3snd refrigbraPk SN 6F the Bsboat réwcad-pmmreembmgerm #vesthird

to va or|zeth reduce essur
AU 9 s SaspBd PRETBOISPE g & BF FgPad pfiyoins Wirgorant;
fourth t e () erat exchangaemaearaiia vaporiae dirst geftiperant postion of the third

PP ReRle PBBriuachd BohaErA S ngthY SRt idion na
thiotempensture rangerapd pravising the ﬁagmdaﬁfﬂggragt g%, A
refriger af\}l)%urﬁi( ﬁr‘e@éﬁr@?ed%t?d%éansw Pideicl tﬁeﬁﬁassurs ofa Il?uld

refrigera he

1 on aratus |Is atedto rec al
sgeandsPigerantpariof et We dhick sooat AUGRCRIBPUGR RGeS TomT

sBERRIGTEssERBthS fiEpreésie, (HereByOproviding afourth ﬁedueéd—pressure
refri erantgﬁ%as in a f%rst stage of a first conpressor

refriger PeIHC,88% cond stage of the first
conpr esso(vu}ahem elchange meand toovaporzat the reduiced-grasaurne rgldgerant at

L
pravidhdipEe QHEEFIQWBQGPCT/ P10222W0 - 0812005 -20 (2)

conpressing a second refrigerant gas in a first stage
of a second conpressor_and. conpressin a seco

st agd Afefigeralienastent etipjaydoyhaseip Hr%ﬁ'&@f%'ﬂﬂ aBPafaﬁJS Is

addptédio"cBbl dridBier BbmpRSse YafrR@rdnb &y, medi at e conpr essed
refrigerant gas fromthe first stage of the second

conpressor; and
6. A refrigeration system of Claim 4, wherein the refrigeration apparatus is

adapted to precool natural gas prior to liquefaction.

7. A refrigeration process comprising

(8)
(1) compressing a first refrigerant gas in a first stage of a first compressor

and compressing in a second stage of the first compressor a combination of a fourth
refrigerant gas and an intermediate compressed refrigerant gas from the first stage of the

first compressor; and

AMENDED SHEET
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5 (3) conbining the discharge fromthe second stage of
the .first conpressor and the discharge fromthe
second stage of the second conpressor to provide a
conpressed refrigerant gas; wherein the first
refrigerant gas is at a first_pressure, the second

Pa450; RCERHI22dWO 18812005 3 secPd pressure higher than
the first pressure, the third refrigerant gas Is at a
third 10 (pyesmressirig aesond refigerant geeinairsisteassefrasecond

! Inati
Sbtatbeoiin i A5 (8o Tl sore b sese 8 e
@fwdhiﬁbmﬁrlgﬁ'sar\h gaa ard ablpisreedialg coaprasged refrigesand %@Wéﬁ% first
&rj Véfgﬁé“&cand E&Hﬂ%gfd?darfdef ri ger ant str e?m and (c)
ing refrigeration in ur e

PEOUL) 1 adbiepmgiinghg dscharae o e e ates of et Bhpressor
drthe ssger@?ge fodrh GRN@dcond ktegd otthé becond eampressortth eraide a

rovi r? first reduced-pressure refrigerant |iquid;
%mpfe% ?ﬁf 98%first refrigerant portion of the
fir stwheeelkutmdnrsl wefigaraet gas & stiafirstpnasstiveq thecsegond tefrigerant gas is

4 B Sl ohFRREH s MY it Géb A g Birt iRbgiohOhe' afa i
prasisuieddghenthagdke seond pres;urpewcﬁm @wthéefﬁwgame@ gt g fourth
plrésg ﬁ%?%qtf',@{hqrﬂ%% <8lie; Portion of the first

uce ressure re erant |i |dfromthefo iding a
br e fcebing srHeonAeeing e STTPESSAEBRRN g7t feEppravaing

ﬁ&éﬁgg’d fe?fgémsﬁéaﬁegﬂde ref;| tg(ra]rant (iv) vaporizing a
er n .o

r'eéﬁicere tkciaPgerdie I B Bmpe RS FERAE oY ne ¢ i
pr essure, (i} meu@lng/tmmaasdmg thastﬁmldgmedtrefdgerani stresguiorite fourth

t
PR3pvBLRp Ry S Espladu b rekdiBrinkidly: | |
second r efiiy vaporizing apf@ttrefggprgmt rorion of thefingt reduced-pressure
rerfﬁ%ll‘grﬁ ﬂgtﬁ& gﬁl‘ﬁHrf@urfI?ﬁrééﬂl% Mreby ;ﬂ'é\!vl@iné e dritfort IR iarfidst

fpressure t hereby providing a
tqrnneraiurﬁéermrtqdrre%igfug éhe( eurth A8 888 ) " vapori zi ng a
first refdgi)asiveing tﬁé’bkb@ﬁe ef a liguid &dvond refrigerant portion of the first

SEESHaES Fab o ST Bl B S nro
:be[uihgraaeteoom redoced-predsyre mfrighrarg t he second refrigerant
Pt ti gor i VERIEIES ArpipPhERA BusH orine belihd 1oRE8 prossure

refrigorant iquichat the thiidcpressure, thesehyarrov "@N!Elmﬁ@ niig agggond

tolrphHhu e rwapgpagé hiRg &Yﬂd&kﬂﬁg&s :f ggg; N o1

uce essure re
(viii) vépﬁﬁﬁﬁ@ﬂ@tmf%eﬁsﬁ[ﬁ@fﬁ‘ liauig regen [ portion of the

sdcBhd tedRbatpredéurb a¥rigdraatiquid from the third pressure to the second

pressure, thereby providing a third reduced-pressure refrigerant;
| {vi) vaporizing a first refrigerant portion of the third reduced-pressure

refrigerant liquid at the second pressure, thereby providing refrigeration in a third

temperature range and providing the second refrigerant gas;
(vil) reducing the pressure of a liquid second refrigerant portion of the third

reduced-pressure refrigerant liquid from the second pressure to the first pressure, thereby
providing a fourth reduced-pressure refrigerant; and
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pressure, thereby providing refrigeration In a fourth
tenperature range and providing the first refrigerant
gas. 5 8. ~ A process of Caim7, which further
conprises cooling an additional conpressed
refrigerant gas by the refrlgiratlon provided In at

| east one of the first, sec third, and fourth
tenperature ranges. 9. A process of Caim8, wherein

the additi (siirvanooiripg ﬂ'@sfgmnreﬁmag@rasqur@@glgegmﬁ at thg first
ihifle rtﬁ%r&b@ﬁfo@ﬂfn@%@?g&@mrﬁh A Bt t%‘\pgfatﬁm réhge and providing the

onponent's sel ect om ni trogen and hydrocarbons
frgtefiigeranbg@one to five carbon atoms. ' 10. A process
of Caim7, which further conprises precooling natural

025 PR Sen 4B Sl ph e Rt

EomibréSueti sfrigdranigyms by aieretrigemtige provitixd ifatdesst ene ofthe argt.
ny t he conpressed

?eé:PP‘?é@%aﬂ?moé'ggtt?@pee{atgfe 'gf'@ ¢onponent sel ected from

hydrocar bons having fromtwo to four carbon atons. 20

12. A Plotass d&fCI@WB NhEreft! theadkitiEnal o&rﬂp&gsed’%ﬁfg%#dht gas isa

t he con‘p esse er ant gas conprises twy or

rolseptafigerant gas emt@afna mrphmmed"@m»oaw Rolactee érPﬁ'dHfgoge" and
Hy@chbond haVREémbRe td e dafidaGiomé.oms.  AVENDED SHEET

10. A process of Claim 7, which further comprises precooling natural gas prior to
liquefaction by the refrigeration provided In at least one of the first, second, third, and

fourth temperature ranges.

11. A process of any one of Claims 7 to 10, wherein the compressed refrigerant
gas is a single component selected from hydrocarbons having from two to four carbon

atoms.

12, A process of any one of Claims 7 to 10, wherein the compressed refrigerant
gas comprises two or more components selected from nitrogen and hydrocarbons having

from one to five carbon atoms.

AMENDED SHEET



