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COVPRESSI ON SYSTEM W TH MULTI PLE | NLET STREAMS New gas

I i quefaction and ot her gas processing plants are being
wale®s@sAEdo f or ever-increasi ng producti on rat esPCTIE2G04058

to realize the favorabl e econom c benefits associ at ed

with larger plants. These |afger plants have |arger

refrigeration duties with higher refrigerant

ci rcul aCOMPRESSION QYSTEMWATOMULTIRLIEINUET STREAMS

conpressors are required. As gas processing plants

becorre | arger, the maxi num achi evabl e production rates
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ratesemayrbenipadsd bp the maxrpmesmﬂahﬂapamptqssoﬂ\ﬂazgs

refrigeration systens utilize multiple refrigerant

streans at different pressures, and these systens

genéihah Ia)smgm tefrigerantrpomesessosishased ntgesuintiepked refrigerant flow
rate!sﬁtgﬁ li fqt I% & rl}rH&%lfe?sﬂvg@@h Egr t @Tgb%eﬂgqg{ggpér% &Fg\évgll Fassings, and
increesaxrhiales velncifiec@rthé ynmjiee dd h‘hecsules oamecmnrpmewo comparents

are lrgcﬁ%ﬁs%?gt%e do‘ mcp(? S%P{Nhl @'ﬁluhb e}?&lﬁ)}rﬁ'%ﬁ{ cg%lis and this will

i'S | schena |ca
fix tﬁhfnaxg&mratplosableymtrmnessor eqraese nMan)arqfngqrptmméystems utilize

e B HEEAPL et o e ibeeloshd e e Bplany oaure

conmpresdotehavehg mykipket intenstage sndtlbn pllets t €hg eranufacturingragd dnstallation

o kbR, SRR aERAF B TSI I G b resor

. sizehieateasechangers at four dlfferent pressures to provide

refrigeration in four tenperature ranges. Four
vaporized refrigerant streanms in lines 3, 5, 7, and 9,
each caventiond rertistagemefrigerant compresaprtis divainated ISOhTﬁmatically in

e L s e
multiglp eefdgergnbsirdanes peespanzedat dérodnt ptesearm leweigtd ;wwase
refriﬁ%?%i%ﬁ rhrg mlnﬁlB%rteﬁﬁg%art r];e{rérgg{eegsggrtl &tg{]e){(l%nﬂg%ﬁﬁg§etdg%ﬁ %9&{85‘1‘1*1
utilizessfogniafréepbrars stroamp thed swer eapriagkinfappidgiate heat exchangers at four
. ' [ f,

il Qi LS R RS L IGALEL AR Bl Dol
refrighianh stiegmb les Bghat., @md@s eadvat andifeneptibraseurpr s sithdrawn from
syst%?ﬁaggngare-rm?rom&la'iht‘attﬁé E’Egéébiemultistage compressor 11 at the

appropriate locations depending on the pressure of each stream.

The lowest pressure vaporized refrigerant in line 3 is introduced into the inlet of
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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pressure refrigerant streamin line 7 is introduced
into third stage 17 of conpressor 11, which may be
waolemsgsmated as hi gh-internedi ate pressure stageCTiAB206w04058
hi gh pressurerefrigerant streamin line 9 is
i ntroduced into fourth st ag'@‘lQ of conpressor 11,
whi ch may be designated as hi gh-pressure stage D Each
refrigerapfestism inding 8rip Merodueedinip fowtpstage 189&conpiesse 11, which may
r-es [
be A e R L B b SRS LOpIERSS: P PoRprie
one grlmpce ma*lﬁlg@f‘dtwlﬂ) poprese AN Incraasingmess flavoaf gas: duig
( ss flow
combflte s R En Y8 9uA(id o PR obBohSyL i fross 1 o
pressure st age B (second stage 15) is the sumof the
Mg He | o Rk Preks S 123 thirstistd 281 TS e h AW il
hi gﬁeu"k er'nglglt"g{Jg pre l-spur'lie} s{ ge C %thldir%d 3‘s?{?f\ge 17) f|Os
entetinginsling Htha messifiew irf Iowvisteemediaternjessure stage BIseendzataepe 15)
rass Sy
is thgsuﬂ'}gige).'l%ag?ﬁih/g e&ylﬂﬁlnhlﬁgQB%nﬂ% P‘L\?@ﬁsem W Bnl'(lémlnﬁ&medlate
pressinaestag®, C Bthird staged 79is theeuwnied thegmesiiipves mjemngpnnémss dg® and
IV, L
7 ar B RS Mo it e e P B B SR ol e R s
flows erstenmg:mulmns 3i b, 1.l@@d&er odynani ¢ shape factors and fI ow
factors which are used to design the conpressor
impel lers. A speed reduction gear or a slower speed
dr When using sihglenmudtinte-stage compresseral Tnata fixedghiver enesdsthe total
flow 'Egﬁé?o\ﬂ tﬂe?@ﬁﬁgraagﬂlggsg rﬂ&oﬂmwg?t{ l’g}s gétsri% sclﬁmlléaéesrog?rgatmlc
shapree‘actots @d fipvatactossy whishyere usﬁdetOtdeelgnéhmmm@r&ssqromeeﬂmsl A
speet%ﬂgéﬁn(g@h%eﬁa gr{ a 5@@@?9{5@%@%&9( ma ?&rﬁﬁa%eg g%\’r{/es?rg]sn?sglg Fome
casesolromeysba spteageedwtlsmgaaraw&y@d eanital cost pad oesult in megeamcal
e
oL, AP BRCa | AluRfin 4 0% ool lelife Mebpali rsiona
constreintssof the ggmpreesnmwmmam Q@n@bmm@e énenahianicpl designnjéhe
systdifi e SAlr Soodfrfifien sl O 12Ky T oftalb MR Rglfe e casing
sizeparshlasged impeltens vieh wid add @mnésentlyatp@@th@ﬁrqagéal &Rt installation
I [ r i
cost, o PH e Bl L P ATy B L&y g e by
any efdhesecdasigrsfahiog.ng a common | nI et suction pressure
source, common internedi ate suction pressure sources,
and a common outl et di scharge pressure. The piping
sySeesrs! aliesative mathadsdgyabgen erorosagindss grido goRiprass large

refnﬁérﬁ‘ﬂ%@%%ﬂmﬁ@%v‘ﬂ%ﬁ g%ﬁ%oﬁ%bﬁ@ﬁ\ecbﬁé)sélﬁ% |§’€5 Lh'se two identical

nes operate wt saime flows th roug
half-szege@"ekcmemfﬁph@s%a sommep lmlﬁbwcn%alleaﬁ% S@ét%@mmon

interndBiatd' QL EBAPFRIARY Soubhds! afPye6mAdR Rtiet di§charge pressure. The
piping systems around the two parallel compressors must be meticulously designed and
balanced so that both machines operate with the same flows through all stages of the
compressors. Any flow imbalance between the two 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, will also

contribute to flow imbalance.
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units to reach surge (flow reversal) prematurely.
Slight differences in manufacturing tol erances between
wo besismierachi nes, such as in the casings and PCT/IB2004/004058
inmpellers, will also contribute to flow
i nbal ance. Anot her al ternati¥e method to conpress | arge
refrigerant flows in a nulti-level refrigeration
syArtadimeriaitediativé oedtbdita compessadarge neftigerabt fiayest in @muiblevel
refrlggﬂa{tlé4gg$eé%s QQEIOE%@ fn Iht{éﬂaﬁ:%ﬁ%dbﬂca‘: fiof" Wé I/znl fBH'A% and |
essure vapori ze eran
illustrated|in hig. 2. |h$thlmltemdatwedthemwmestt heassnrlee/capoleéd neﬁtgesaragelme 3
. } ed,..
s ineBcctfIhE ST 38 157 SR B ol UbRIERIN & B prboure
stager &fafifiggd campressoreﬁn The Ihi'gmmtérmainat@prasdweerafrlgntamt sieeamn ¢h line
7is .rﬁﬁn%ﬂ&(?.%m Mohh it PO WARR AL o fihRLPL: hERATEMHidte
essure stag - f1rst cdrrpres r
pressluoa/\stage (s aéﬂismoenmesgs dbe Thelaw- g@rmdlaée p@aamnerteirlgar@ns
streaﬂarcin le% 5?sdﬁ?rgguc%e%tietofffrgtihaggtﬁg ﬁ/h?cﬁ alé’éﬂk %g&?l\gtgd §§
esi ghated as Tow I nter pressure
Iow-nrztemmddate prgssesstagesd, of Beeorid @mmem dte Tmﬂvgfgwesmtre
[ | C
refngétIaEF%F@anmmbﬂn%? |§ nJltF‘oduQ%d %gou%eecgﬂbg gs?g’f g/ﬂs p%%g% §g's'fjgnated
as highoprese.86 cstagla]:) oanrhIpasaqe1 1ofEanbrqﬁaMmomp266$am253andT&y may
comp?%%é%éfrﬁ\é%ﬁanﬁ{ellg%ra%d V\W@ rJnSIIeEs Qﬂ%c\‘\éésmlg%%’é fow oiaéhs Final
compresied gefrigeranges Steaowis Itmes 35 m3BSreaam1t3ﬂechatw returned via
. M d ned via line 39 to refrigeration
line 3?%2?%@#?%%;5%@@ flow through | ow pressure stage A
(first stage 23) is the mass flow entering in |line 3;
t Ik
(I;\'z\ggﬁac‘ f[oI\APt\P{r%P%\g'ﬂ{ sghrgu %Rt(iﬁ'stpsrtgéegﬁf‘? 95 ﬂearggsschow
enteriegtrelinend; the masadewan high- lﬂtermetmataws@smeowang (second stage 27)
: | ' ' 0). iS4
s o A FRBIIPLE REFRM b2 & o 1513000 o

ow enter

: presshiegstage BSfnst stage 2g)xis hg mhss fiow enlgen@ B) linesd, tahd theipass flow in

high érggsd?ggt% Ellfg&@gﬁgéﬁégg)qs e édnqgfsthg n?%% f%ws nﬁ]ﬁh 'llrtues 5 and

ressg rovides a ne
9. Thisrm)hsqsczmpraadori antapgewehigupyigespa omtlmsto(ﬂhnmaﬁgﬂ@ dizg g@ intet

0 n
vlooPRRH R s Bl S R Dl p B Ath
problejnsoUts\mderabavmlf $ex cempregams Hisquesed@bowdy and ot her
gas processing plants are being designed for
ever-increasing production rates in order to realize
t IRechussogasdiquetsctionand othenegds processingdrlante arewbeing Hegigrad for

ever-i {;{%QEI?&% é)%otugflmfét%(se ('ic?rqg ?eé'ﬁ efﬁgr?rg?ﬁe%c‘ah?rmc%@ﬁts

errs or sin [ ar ge
assoaateh Wik sarger. plantbmjtenmﬁws nwﬁhquearp needast to|erhvm1att¢ the sizgsand

inlet \gﬁ)%ﬁ{/ Erb%ﬁjen%{n A erﬂg?a €§£6rﬂ§r@s§’(¥st Bfbohifidhts AL phedehf W

e an a
mventlon as described below and defined by the claims that follow, provide an alternative

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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met hod for the design of refrigerant conpressors for

| arge gas |iquefaction and processing plants. An
wendsadsTent of the invention includes a conpr eBeDIB2004/004058

system conprising (a) a first conpressor having a

first stage and a second st a‘be wherein the first stage

of the first conpressor is adapted to conpress a first
conpasssanis adaptesidc oontpstsa geconibirtdtien fof aﬁur'hhogmmrtdsammtdrmemate

com%g&%teﬁg %@8 Hg?gsgétaggsogg% Egtc'oonrpréjgstoﬂ eanﬁl{l[)fs? g?oéméiacog}pressor

havinga ffrstrstaga:amba escsmd stagedwiidrinadhe Brsbstdge ohfheesesomd compressor

s RNA0R Brldibal s SLARE %R RECONfl SIS ELEL A B pressor s
adaptedio esrepe@ss ecm»rrdblrm@n ahd tnuhiegaseamdm |Bteaged|efe ctdmepressed gas

t nat | O
v P T AL RIS o TR

secdn‘rdega‘s isgt a sea:gtd présdune h@bemdn dmfpstqzresnure The trfmdrgas isata
thirdgg‘ gg%ﬁe %igggs [ ?rﬁﬁ g%c%ﬁa#)% s’ﬁu ehgn(? Iﬁfégf?ﬂ'g? §§% 'lff’aé%tf{pﬁ%h pressure

highehthadtlgjamms)reﬂsueethl rd pressure higher than the
second pressure, and the fourth gas is at a fourth
pressure higher than the third pressure. The term
" s{Thgdérma'staged ds lused hereite@nsgnsaa camprress@ar compressor segment

havi\ﬁggﬁé I%Is ﬁ'}%ﬁe ﬁn%qg%t Imqullnqget‘ ‘%%g? ﬁgw {51% ffuﬂpt% JP}%F greased in the

Y'ow of €i ng Cco
stagelhecatistaye throughothetstage. t hr ough t he stage. The system
may further conprise piping neans to conbi ne the
di scharge fromthe second stage of the first
coffpesgstom raaylfurther corsrisermeng means ecasive thesdisc@rgd from

the %eggpé %%g?%f (LY c}%%e%s%r BB? ﬁ{edcﬁsc%a rﬁ%rﬂ ?Yg‘? IR %Isa%%q)f the

her e I nve |on eS8 0
secaretdoogpréssor tpagroidearcaginet commpesssedggs(a) conpr essi ng
a first gas in a first stage of a first conpressor and
conpressing in a second stage of -the first conpressor
a éonthenanbodiment af the lin\'tehticgaslaaeﬁjtoammbﬂrtodrfuregﬁsmoenpression

comBeR %S%pgeasimfgrao: { R' rfﬁétsz-} q’aq’ rst J?)?‘n rég %ﬁ‘ and
ol faes T o S

sor,
comptessiagirf a eamdrtdests@:ofnde ﬁtsag@nprbssdrea chmlsnatmrqj rae‘esnth gas and

on SR 435 0o AERORT, A0S LBafof K S bABethe o
withdrawirget finsticaropres exkgas dreaonfiom &ie satood stagetuf the @'atscoammessor-
(b) c%ﬁlg'r({gsﬁ{gﬁgéc%hs Igéggﬂgé first S%gg %fﬁgé%ﬂdtc%@réés%‘% 55 386pf¥ssing
ina senmd@m@obfglmsenonda:rmpr@sm & eorsbioatiah @‘taa@ed gBs@hdan
interﬁ\%ﬁ%?éjcompressed 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. The firstgasis 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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conpressor; and (c) conmbining the first conpressed gas

stream and the second conpressed gas streamto provide
wa@2dosnsdiiconpr essed gas stream The first gas PGI/BER20@4/004058

first pressure, the second gas is at a second pressure

hi gher than the first pressufe, the third gas is at a

third pressure higher than the second pressure, the

f oukiyhofdhss firss setored, ftiuird; ahd (m:e&sgases hiagbera ltefrigerarﬂcgas provided

h f| nal re
rom 3 EfPefPR Sisin g i el OPRsS SR ST SoAr iy B/ £ EhbRssea
refrigeess gae pranidedfto tﬁwefrlge&!ttlpnsgsienmd, third, and fourth
gases may be a refrigerant gas provided froma
refrigeration systemand the final conpressed gas
st r/&rwthesraa;nkimiimerdmfrmeeiswdion afdudge raarfriggesiop rsgstechefdr providing
t st.e ot,her enbodi nent of the
mf"?ﬁ%é'ﬁtg g)ﬁ’glﬁ ﬁ% %@ei?% 'Y e%'(}rnl%grdt IS3¢ system for
pr oa) dicogprestor gyste foppravidimgib compeestedmedngerantegdsewbérein the
risin conpressor systemfor providing a
comgg?%oeg% %ﬁ%%‘l“%&er ant gas, wherein the conpressor
syst em i(nrh ik sorhp)esaorf havity a:ﬁlﬁpstege;amd aaecorgl stage whérein the
st.a nd.a. second_ sta { . St of
ﬁrstts&ag%qu?gq ﬂrgb?%p%rgg%qr i %gaé)\é‘gcg 0 Céan}p(gess anfbrrsgreéru e?%nﬁ 92p and the

secoraf stiage phihe figst compdedsheis seapted ts tagpres$ atdoenbinatish of a fourth

N IR

first cefmpregsparndgas fromthe first stage of the f| rst

ctage: and) & sBRhcpuPedE BRI REURIandR byl shigb Wnerein

the filsestage oﬁtﬂnecsenmcésmnpresmrasﬂaqiﬂpmd tocconpmeEs ses secaansieeﬁugelrant gas

o515 85 A, S GERLE, 280 B aGE hmpnaton o

a thirdh re‘fdgerrelhtrga;emlran IQMmadIdteaammpneﬁeﬂeelﬁriger(antgaimﬁr@nsmjﬂrst stage

refr fromthe first stage of the second
‘ Ofthce ‘i%‘g?‘}”‘%%% pi pi ng neans to conbi ne the

di schar ga) ;[)lpmmméwsstecomdlnettla@élsdiarg@ fommithesecond stage of the

first cﬁg‘g eg:%gro %‘n g_paﬁ&?ﬁa (J?’ﬁ[h% secér%%t%gg o?ﬁ%%gor‘?& &g"ﬁprggsor to

ess 0 provi npressed

- providd thegmnmnessgdsefngbrantagas the first refri ger ant gas is

at w31 %a?ﬁe ﬁ)r'éﬁse?rgeﬁantﬁgg 'S‘ﬁ ?tﬁfésgurcg%@géco(?\%ﬁfefr@?%ﬁé\t gasis

pr essur essur é
at atslacmmu pressurg dighet thgaasthe ﬁrsapreasurhj the trprdssfrlgeearh gghérat a third

pressn%nhléngr tﬁgr? %Ssre?éﬁé ?e sgureegﬂd t'hE‘?oJ urre?rlbt f]az'rt {ghlgfsrdﬁ%t fourth

Ssur
pres;snaslsughfer than the third pressure;

(b) a compressor aftercooler to cool and condense the compressed refrigerant
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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(b) a conpressor aftercooler to cool and condense the
conpressed refrigerant gas, thereby providing a
weondesHed refrigerant streany and (c) a refriPer/mB20M04058
apparatus adapted to provide_ refrigeration in four
tenperature ranges, wherein ®he refri gerant appar at us
conprises (1) first pressure reduction neans to reduce
t he pr edSuheat@kchangegueansiie edporizerthe tirshrefrigarartanortian of (2) at
f . i di
ine A RUEl REESSV o DEEARN RO a0tdiporps e on
providieg the feurtli Lofrigarantrgpsireans to di vi de t he
reduced- ' L Qi
br essur 4] SN BpesslLid BBLARD hodtesd ok e RNERS of the second
refrigefant pertiamof @dfromdhe &urthisessoine torthe thirispressuf) thérehy providing a

‘red@éﬁnﬁg‘%ﬁr i ré\r?r a}(ﬁrgsprﬂré ?{Ptsgﬁref irst refrigerant

portion of ( oufth pressure, thereby

provi di §) piginginranattd dividerthe réduced-prassprerrefrigesant tinige at the
tir I ot o BHE B ot 2 8 BRperc hoR AR e i
pressgeond refrigerant portion of (2) fromthe fourth

pressur ?%): Redk I@Qcﬁéﬁ'g%??éy g3 %&Jriztg E@é ﬁrﬁ?’rreﬁ{g%)‘éelg?ﬁﬂgﬂ of (5) at

reduced-'pressure r gé‘r ant at
the thiy ppegsiurey theselnsproviditigvetligetation ineal sewdd jermperatuse range and

proJridg{gé ?“%%‘%fef@%e??“}‘%@ the third pressure into a first

geran and a second refrigerant portion
at the t(R)thidd pressererredugtion niess te reshvan dfee preasigetod the second

refri%j%lgﬁ{]ﬂcﬁ'ﬁorlf 8@(5 i’r&%tthé iic/iipg&rsﬁ%toﬁﬂé%%d reés'a'e,alﬁer% gproviding

pressure, t her e providing re eration In
a redensdrptessen eafagaraet atdheysecand ppessviedi ng the third -
refrigergnt: . ; ' . j
o O TbipaTiednlho LRI O BSOS ABTE A5 boe
secayfd greysure o & fiest réfrigerapt pastion and @ se¢andgetrigatdnp pedisnabthe

roviding a reduced-pressure refrigerant at
sec#@rgg%ﬁéﬁd pressure; (8) piping means to divide the

r educed<{Prhest axchange meges anvapdrigethe st refiigesant padion of (8) at
ot i cet cefri ! ;
the %c?ﬁ(? gFeesshR-z, E)he‘?et;)) oﬁrﬁ%d(ng ﬁéef’ng@rraﬁ@ﬁ PPty Q&n’ﬁé}%b@e i@?g%d

€ erant porti‘on at econd pressure
proviginghhegecondiedrigesantgesri ze the first refrigerant

portion AP&) f&?rlh Blesb I8 rSAIRB4 n%%ﬁ?ﬁylre%ucé RS 5#8¥%ure of the second

providing refrigeratron in a third tenperature range
refriggrent portion of (8) from the second pressure to the first pressure, thereby providing
a reduced-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
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providing the second refrigerant gas; (10) fourth

pressure reduction neans to reduce the pressure of the
wageasnds7mef ri gerant portion of (8) fromthe serONTB2004/004058

pressure to the first pressure, thereby providing a

reduced- pressure refrigeranfﬁat the first pressure;

and (11) heat exchange neans to vaporize the

r educed- (@) edisicempiespord@avingta first stage and asepenskfagewherein the
_ o o : . .
s SR 1 QYRS LS ARG 0o d UL ohger gos g o
secepat stage of theffirst gemaraseer igpdaptet is comprese axgapination of a fourth

o5 B4 SRRt LA o O st o
firstiegpredsog@edprior to |iquefaction. Another enbodi ment
of the !(5V§QE<§&H doMer M85 h A S it A S1a3k AR S RGAF Stage wherein
conprising (a) providing a conhpressor system "
the finst stadé aihe)seacnid easopressns isadaptedhiquiompressfd seaondirefggerant gas
r £ -
ono 9Bt SRR TR RRCHIGE S £ Bgbied 1o Bplech Stamonaton o
a thirefefiigarantrgasnd amrnterrhediglecompressad eefdgenahbgds fram the first stage
oftr}%osrg%ﬁ&gg® le3s@dapjed to conpress a conbination of a
ourth retpi gerant gas and an internedi ate conpressed
ref ri ger@hpipiggsndansiie corbing it dischegee fiomithe se¢anststage of the
s CHRRISSSEng BRCRdgp RAFARL-COPAGEE Bl ORLEHR At
provideea sempressedraigesaigass adapted to conpress a second
r efvsyHegﬁﬁ MY firderes g'gpantt B?S RER A st é’&%ré),fthé Q&o§99%gerant gas is
conpressor 1s ad pted“to conpress a conbi nation of a
at ashtordl pressurgbighar thgadheafirat riassune ¢hertididaeigetand ges ised a third
. | .
resh RGN 82514 bBRAL 4T g AR Bl SRR e
presgurschigiteydhdn tenthirdepressised st age of the first
Co | o8, f .
PSR A Rt AP0 A L SRR TIAE8 B

res e a conm

" compegissed eafigrranfgas; wherein the first refrigerant gas is

o (Ol o BB g WIFCRABSA LR 30, 780 Brcflng o
condemised refageragksteeam. ga8 is at a third pressure higher

S e e b A

pr essur é1) regycing hernressurgoizhe epndensed refrigerant sireareto the fourth
presSOfP IHePSHY proviging ™8 rebiudedlprbSs ks AMtigkGaft liquid at the fourth pressure;

(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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conpressed refrigerant gas; (c) cooling and condensi ng
the conpressed refrigerant gas, thereby providing a
weondesaed refrigerant stream and (d) providi PUI/IB2004/004058

refrigeration in four tenperature ranges by (1)

reduci ng the pressure of thg condensed refrrgerant

streamto the fourth pressure, thereb prow di ng

r educed{Pr@eeizing iherfrstyelrigatant pertior obE) ahide s E’rﬁSSUfe
therdbyQ76UHiRg réfﬁ%;er@tr&rﬁ M gedoh@ tdRERISRAs RINGE Mt roviding the third

refrrgerant iquid at the fourth presSure into a first
refriges@ntiggér ant portion and a second refrigerant portion

at the {gueddriny B8 prsBurd the/ 8RIntZbMGelaRepdrtios bf (5) from the
er ant ortron of 82) at the fourth pressure

th'rdtpﬁ“e?sé%?ytoﬁp%\? AMPressuFe. draraby Bievidingz fedpsed-pespeiedefigerant at
the seaf@fpr@BsLrer ovi ding the fourth refrigerant gas; (4)
redu0|n t he gressure of the second refrigerant

por t i on(BAIDY9 thedrdyees- HF%WW%'FQ%QFMH'QUld@tﬁ%SQ%W(ﬂ"’essure

into #fiSS Ffi giarar‘ithﬁhﬁihyar@lr@é(édéhﬂ !Befﬁgérﬁﬂlur%’rﬁ’orpétetﬁ@ 's!é@ond pressure;
refrlgerant at the third pressure; % divid the

r educed (S veryizing tf‘@frfﬁt @%ff'%eﬁf’”q F?Qﬁ'LRFbIOfa( attke ﬁﬁ‘FQ"rﬁI’ pressure,
therelel idifg rdtfigeratidn |F1~°451tthfr@fern'\rilf?ét@l’lat raPgé bh@ Brcﬁ'mngath%%‘ée&ﬁjd

rrgerant portion at the third pressure; (
refrrg\e%g $ing the first refrigerant portion of (5) at the

third pﬁ@?Eéﬂu@rngttﬁ@br%@k’urﬁro@mecﬂe%gmﬁ ?Jfﬁéé}%t%drt% d)fr(8)afrom the
second tenperature range and providing t

SeCOP%PrquPéﬂrh@fﬁt pressure dherebn erqvnﬂénqaa é%dwra@rpéersspreerefngerant at

the fistpRIddurebind gerant portion of (5) fromthe third
pressure to the second pressure, therebg provi ding a
A

r educed 1) ¥RRizing the radyeediRtesayrerpiEigg@abakths fiest orassure,
thereb$ pralidimdighiydrfon’if AU6Geh RADRPINIR raRid hEpANIdid Mkt

at the second pressure into a first refrigerant
refrigg@ Pe%h and a second refrigerant portion at the second
pressure (9) vaporizing the first refrigerant portion
at the second pressure, thereby providing

r e?*r% BFesSi BaY fURthar ¢amRriseconiiisr an aditiongn gRMeriggsed refrigerant

gas b@ftﬁ)é/ tetiigatidieprogiaedth 5teré:r§t 8Ré 8Nthedinst; sdcbRY, thiRd WHd8urth
ressure of the second refrigerant portion of (8
(oD S B (0% DR AUENBER GORPLRSSPE Horat qHeBsy, e a mixed

refrrgérhﬁf éB/ccmtzﬂanltWQ of miofSEERsoriRn&Sseis Red Rbiftfdg@Atamt

ressure; an
hydrocanons havrng from one to five carbon atoms.

The process may further comprise precooling natural gas prior to liquefaction by
the refrigeration provided in at least one 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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(11) vaporizing the reduced-pressure refrigerant at
the first pressure, thereby providing refrigeration in
w@2dosnstiio t enperature range and provi di ng t he PCT/E2004/004058
refrigerant gas. The process may further conprise
cool i ng an addi ti onal con‘pr'@ssed refrigerant gas by
the refrigeration provided in at |east one of the
fiFgt 1 isecsomjnatidiﬂqmddiagnam dfeumihi-leeripefrigerantecangrgssor system
accoT&‘ﬁ%gSmt l%pgh conpressed refrigerant gas nay be a
P efT ri'gerant gas containing two or nore
coﬁrgnﬁema schahatint feav dingnarmoftanotien nattdlehgidebigardnd nempressor
five carbon atons. The process may
syst%ﬁ E@rd ngqm%]‘gé&%rnecool ing natural gas prior to
li ﬁlgeﬁas:alsomerbgﬂotﬂw diegnampefraamiitileyml cafrigkzednt congiressmasystem
accopdlfi o1 2 Be b lifthy offik Aedent R L ondhigh fourth
nf)erature ranges. e corrpr‘ésged refrigerant gas may
beF@ giisgh exemuipm'apﬂlcamhexttnedsdmmesdw dysiemrdi&igs 3 in a

t f ons. Alternatively,
refnqeﬁé’tno'ﬁg%g[egrg}so(g\ég?l&%rtl rr%cn? 5 §9€ 'ﬁ%y conpri se two or
nore conponents sel ected from ni t rogen and
hy 0 ] -
fo%%%\?\nm t%pﬁgr?gtlééglg\{vfe% plg%%&ge va? lz¥$ ré}?%grgﬁ elﬁli)ﬁ?% is, wggduced
into thietitet &fffiest stage 410 whivh ramcbm@emgnat@i ds bowi prgssuné stage A, of first

com@%&&‘j%' yl'h%rh(?@'x glreg%lrs ’FQfPS'éHgﬁ{‘ét?eta% in IJHS 9I gan%tdhg& l]nlogsecond
stagerﬁﬁtwhlbleveiy beafasignetedrdas igmpressige rstag;esﬂ) &]ﬁflE&t comgrasgort 48.

. g , f
The Iou/ PEenlngBlaPe{ ;BreFé:d g efa%ér?nptgsgr%%ﬁelﬂgih%rl;é ‘Sngr\élggées)gibgmr& stage 47,
whlclamayrbia depigratachas lpwrioterraediatefirgssuse stage Bs oheatanhd cofmpmessor
49. ‘Fﬁealgipgnatgim@d ﬁglpﬁ'éngghﬁ reélfr rgl;[e?%n;t 's?%grﬁnr]i lite 7 R it e dlc 52@5 %8%nd

according to an r &sent” T HVent
stagahtl igh mayibe masugeammsa‘ngh-amhied@te pressdretstegge C, of second

* comiaNRL 550 e KRR lleo 4o JEREL BSFBHOBYHEN

Or cooling roce Streans. rin

" impetlérs and\mH;COrppress anénoveqsing mess fley of gas: drinalicomiprassed i s

] t inl t

g 33 S8 e Bl s 1 cbiybea Sy b YRS TR

refrigecationeaystem 14,3. The hi gh pressure ref rigerant streamin
line 9 is introduced into second stage 45, which may
be designated as high pressure stage D, of first

c ohipr ees® flow Bhrodgrelowowesswre stagd iAa(fiest ptagesid) & the mass flow
enterirf‘d;irdieliggr??{hte rﬁggsef?om iinrhiéri ﬂ'@s&ré §taig@t[5 &%Hgﬁdjstiaaé 25{ i.% rtl'?é sum of
the mass flows entering in lines 3 and 9; the mass flow in low-intermediate pressure
stage B (first stage 47) is the mass flow entering in line 5; and the mass flow in
high-intermediate pressure stage C (third stage 51) is the sum of the mass flows entering
in lines 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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whi ch may be designated as | owinternedi ate pressure
stage B, of second conpressor 49. The

whe@sosnter medi at e pressure refrigerant streanP@mIB200w004058
7 is introduced into second stage 51, which nmay be
desi gnated as high-i nt er medil&t e pressure stage C, of
second conpressor 49. Each stage of conpressors 43 and

eachl@omprgsswgtagesie tenms arepresentativeahassrfiovaratesiri, Fs, F7, and Fy of
.conpr.ess_an 4 [ ss flow of gas. Final

ref”%eor% "éigeésdg’rééﬁ‘:%géelrga% p%a'gelgtrearrs in lines 53 and 55
are conbined and returned via line 57 to refrigeration
system 1. The nmass flow through | ow pressure stage A
(first stage 41) is the ndsblefl1 ow entering in line 3;

the nmass flow i nd& '%rig’&?éﬁ%% EfB98inkant second stage
45) is the sum of € WS Fids PYRgentering in lines 3
and 9; the mass flow iTﬁ‘UVé‘I"ﬂTET‘I’TE' di ate pressure

-

S el ddi >t ST AUT A T) RS Mo Matd PISyARAEL 0 T
e S " = ] N
p¥es'§u?%gst age Cr_‘\ﬁt E.('ﬁ’%ﬁ% 5' ﬁ)‘.%(‘?@ .éﬁgfu':ﬁl;f ﬁge—a——
s S B: (extsring imlines |5 and ;.3 This split 3
oconmmmroacacny Arrhnanannnt nrov Ao A ol & Ay ot ot bhad
A AN DI Ul L .J.Ilycll 1 PI UVT gCTo all U CrIiratd \AA>3 LILA *3 1TTUU
R 2 ”F?W}?(%[aget he si 2é"End inllet vel b&j ty propbl erms Fof
si RLEBUSE)e cbapressor 11 (Fi-g—withottHRedEring
g isler i’aﬁ@ probi}:g!+ 5t twq idenﬁ%&l hal { - si zB5*T7
corfrelSrd _di scussed above—The—epbodirent-of—the
. D .
HigtRiessiredDdcl i bEerFabbvEsi s con‘paF@ °to the pri B Far t
gs—1 -and- 2 in -Table-l-below—The—Table

shows the nass flow rates througheach conpressor stage
in ternms of representative mass flowrates F3, F5, F7,
and F9 of refrigerant in |jnes 3

, b, 7, and 9 _
" edpe I rangRpeflicign Rebagh o 4co et T dRermined
largel¥ bt tHel 818t fidw abétfideSIGMArtes rativBeneeMact Atimer dfassh fridwdual

o e e S e P P o
the dais HRirRpcoMie$dd driddhe lgabmempei b émpdieratts/infed+F7 F5+F7
Pressure (O

The impeller tip speed Mach number or equivalent tip speed also is an important
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 inlet 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 27"
Turbomachinery Symposium, College Station, Texas, 1998.

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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H gh Pressure (D) F3+F5+F7+F9 F5+F9 F3+F9 The tur ndown

range, efficiency and flow capacity of a conpressor
waemsadstier mi ned | argely by the inlet flow coefPdTiB2004/004058

and the relative inlet Mch 1nun‘oer of each indivi dual

i mpel ler. The relative inl &l Mach nunber is a direct

function of the nol ecul ar wei ght of the bei n

in PrewvER G0EH MURHing HEIVG i Brfgur PreRBLTe 9 € Kof 25BSi {320 to 860
kPa) 'alﬁld%tr?dmﬁd 'lr{Wﬁbéteéxcﬁér%ens BS ShdYBRhnE HThGEra® vaporizes a}nd
uivalent tip speed al'so I's an I nportant measure

provudﬁ@&fr iggratiQny progessestrgam §1. overaiiged reffjgeraat retirgswd line 9
P o e e R e S e T Fhge 45 o
comprgpeil4gt ed at the tip dianmeter of the inpeller. The

inlet flow coefficient and inpeller tip speed are

functions of the inlet volunmetric flowrate, the

r ovayansraed g tefigeramdronhpeatiexehanggr 6hés Withssawe via line 69 and
red ué’écﬁﬁ‘?}r@srsu re“a&bgﬁhirétﬂ’iné 95!%’ 7h %8l ‘t‘t‘ﬁ?d brBSsird 'E:F‘Q@YW?(LBQS 5275 to

| npe 1gh flow coefficient and

480 @%@@dmtwupewm h%t @(Plaﬁngéaﬁédfvwelaﬁhe Fedrigarpel waéprlzes and
providiBd fefliGerdfsHCo BB Fhrblesd s@t@@ﬁlr7§3ﬂ’on;| hegt e@h@ﬁ@f%@ RlapBlized

presented at the Proceedi ngs of
refrigecant inwighirawn Jromythe beataxcharger éfg@tlSﬂait thtm refrigerast gas via line 7

to highStBssu® cbinbHkbAsth Q815 P b BdJraation of the
© lcor‘r‘p?sess|Con|psystem %ﬂscrlﬁgnﬁabo&e Is givenin Fig. 4
for the use of propane refrigerant to cool a process

Stuﬁ?éﬁbr&éh ﬁ(ﬁ)lére@rﬁb?rérﬁ?é WRHra&R Wérlﬁésﬁd réo?xﬁéd @@%ure across

t?asm I ne to 250 psia (1,
throtyirg vajue €9 taa geedideasaie Phethivall rsiz (Mﬁg}@ ﬂoégpﬁb and '“thdUCGd

into Ma@%é%&%g O’Ig@p JRRasY tH&%frig@?dn@Oépo?FzE@ QHB b%vkde@@eiﬁéer@ilon to

10 to 0C)". A portion of the condénsed

cool preressyriream 81§ §0Wétﬁ§‘é @mhanwre%?s W@%é?%@éﬂgfﬁﬁ'@iﬂ% withgrawn from

- the htlé%tj é&%h% Qo FethiPY §dtoRl RsFFYEranias Va fir 4 frnigs! 'wﬁ‘er&%%@ate

a) and introduced into heat exchanger 65,

' press\mp@mﬁreﬁﬁ@ stege 4geh @mpreesesAPzes and provi des

refrigeration to cool process stream 67. Vaporized
refrigerant returns via line 9 to provide a fourth

r dgnvagerizart ligyicsrefriagrant isswithdrawn ¥ig-inaBSy FRskped in pressure across
throtiPAIFS8PTo & HRYBreASRlora TR PSRIeS B 148MM8AF Aloduced into

iquid refrigerant from heat exchan iI's withdrawn
heat emangerefi%gfhsrﬁjn thedgliggrant vapesizes pe af,qws@:fz refrgefetion tacool

procéé@ls‘t’r@a%]g 1 forR kBt é)@h@ﬁg%‘?%ﬂ r Q/aﬁf)rlf'é?j kﬁlg@%r@%té‘m@ e to
and i ntroduced i nto heat exchan

PrOV'%érf'é‘it ﬁeff'a%raﬂbsa%ﬁ 199w REESYUSFOMPERSSRR lage 3\1 iof egr’npressor 43. A

final dEd%fIéd Sr8E&dd frahPis GRPUraNORS /S 8.1 eam 75 from heat
exchanger 65. Vaporized refrigerant is withdrawn from

the heat exchanger to return a third refrigerant gas

Vithd firBesdcdn@, hirlNartf REAK FEriGIRY R8SHeams 913,87, and 9
conpr essor 49. . .
are compressed in compressor stages 41, 47, 51, and 45, respectively, to provide

compressed refrigerant gas in lines 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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Unvaporized liquid refrigerant is withdrawn via |ine
77, reduced in pressure across throttling valve 79 to
wa2@eosnd pressure of 20 to 30 psia (140 to 20BCKBER)PO4/004058
and introduced into heat exghanger 81, wherein the
refrigerant vaporizes and pV%V|des refrigeration to
cool process stream 83 from heat exchanger 73.
mixegdipeidirefddenant at iglermediatedemperatirasvand a gas exranyearefrigeration
r s via line
syt BB et Rtk PP S SRERR TN B ATOS age 47 of
conpressor 49. Unvaporized liquid refrigerant is

X hr%?l re\f rgﬂl oﬁénalwgfﬁg pt)c{@g%éﬁ?é&)@%n?ﬁ{e?gﬁbffss stream
95 wperiein sacqnd ppntsvnkCFFéf)e censignsed refijecand in tinepd hisaeduced in
pres$ifé Q@Pﬂ@ﬁhrégm %%ﬁiﬂnttn@mr..ﬁa rORL AN 7ABAR5ZRE, (&aﬁm 860

provides re rlgeratlon to cool” process stream 91 from
kPa)@eannt@d@h@mg@ hegt exvkgnaer 3@dvheseinitiperedigeranitvapadzesi and
1 r | I
provihfehyd G Bl sHeaftls \ABEANLY i odinl B v fres
101 arsl? tedoprioiegnedigteraompressonsteaelddwn via |ine 93. The
first, second, third, and fourth refrigerant gas

streams in lines 3, 5 7, and 9 are conpressed in
c odmvaposzed lsm!;@rlgmantmm meiat exelengsr 99 sswithskrawrvig ling 303,

redu&rdgx ggeess W&S&Ssstﬂgotﬁlﬁ%](/%lggﬁ %‘%ﬂesﬂ?lh{‘prlehaﬁé oP30 to'sj)‘a@ psia (275
Focess stre or exa

to 48A&Pal, aindgrtrodsiced ite hh@ttexp%armeé &@blw_lter@n iths rqfrctgerr@nttwaé@ﬂzes

and &g\qu&f aédn%gtapparbeé(}s@yr G RIS FEhBAL Aeneh 89!

zIng a m xe rlgerant or by a hybrid
Vaporiged refégesantds withedrewm m}b\eu heiahexchiapgerangaetrneshvia yigese i |

and g Hib? bRGSATI SR dsapbAgE 8 r | gerant at intermediate

tenperatures and a gas €xpander refrigeration system

at | ower terrperat ures down to the liquefaction

BFI%F Cqe%}ﬁlls ﬁﬂ#&ré\gﬁ Frok 1t QQEHa‘Hg@} 107 WBY¥ine 113,

be pr 6 ool ano rocess stream erein
reducedsie pegrsufsoRardEtheftting téaltt@ﬁ&igtvs@é seednd pyepstie of A0 [q Jxpsia
(125 @olzdzﬁkﬁ?%dé'ﬁcﬁ trbBudBRD He 5t 86 é?d’h%ﬁ&e#1*’1"70%1;:1eﬂ9th\é&}ém§er%ﬁt

ourth pressure o psia (52

vapolizs)angrpfovides wiigasatiando @0ﬁ|é&PCQ§§@H§ﬂ'@e1r1 9dmm hﬁ@r&é@hﬁnger
107. t\ﬂa%oh?c%& et .y@ﬁﬁarba,ﬁ%ame%%)@ﬁgné&% r&lBined 5&dnd

(ofo]o) rocess stream 95. Vaporized re er ant
refr 'QEEﬂnugﬁ%V'@I“ae$ itAtend 6 1o high- '@e[fﬁed'@iﬂmﬂPﬁSéfW%@ésor stage 47.
conpressor stage 45. Unvaporized liquid refrigerant
from heat exchanger 99 is withdrawn via |line 103,
r ddnieparized suisssliigerant iowkhdrawp vial lingd 23 alegecadih RressuFe

acroésnhlro‘i’tgr% @%\%“@5 &f thé%ét‘ﬁre%@uu@sdfadtgﬁgi’ pfs@\ CELS KE@)(Pa)aQﬁ’d
I nt roduce

Into excnan 7, ereln

introdused inje haﬁttema@reﬁﬂrz'laé \afweque/ r%@@era@fwapg@%e&tar@rpr%des
refrigBRfRibn RS 858 Procets 888 Q99 FoRThdie 8kcrng AR vAbrized 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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Vaporized refrigerant is wthdrawm fromthe heat
exchanger and returned via lines 111 and 7 to high
WEe®@sesmie) conpr essor stage 51. Unvapori zed | i gRETIIB2004/004058

refrigerant is wthdrawm from heat exchanger 107 via

line 113, reduced in pr essuré across throttli ng val ve

115 to the second pressure of 20 to 30 psia (125 to
compO§ng Radfriganation aystemudtibzing atuxdreimuicrefigenadat termediate

ri

temﬁ!@?{u?éégarr!ig85§{a>gdag1§%f%tfngggé§§s %?%&n@nqiqgﬂ¥hg Fanure§ down to the
llQU@a@harigepem()ﬂe Vapor i zed refrigerant is withdrawn from

t he heat exchanger to return a second refrigerant gas

via lines 121 and 5 to high-internedi ate pressure

coiyriledbe embpdigent 3f thelinvaption isdltlstratgdiadorve faritigee cempression of

V 0O r r n Q\IQ
four P e s 4 s ottt of B S PECRO S SRR sygtem.
the qeenesidn $yste Bs kiPagribedmoiy et useditoedmprass fhigragas streams
Y4 ri r

cont GG e ges AT br Sind e roPE Ao NG e BB syptom
may tbeatsedm hempeesss Blrmxed/eqjmerar@wseeﬁrr a gapareconapressien tyipa of
refrlégr%a%yécoowgﬁé rﬁ %gecg)ﬁ'dé’rﬁsﬁégm&gd Fe‘?rrq)e{;%rﬁsfg (/aéotrﬁgﬁ aflfo?Jr
differe@BprePsareess stream 95 may be, for exanple, a

conpressed m xed refrigerant streamin a refrigeration

system (not shown) that is used to further cool and

| i Gbefoflowingrexaowesiillnsttale anbgdisests efdne presentdeventipa but do not
limit He”iﬁvé’f?ﬁong% Eﬁ& Pﬁnb‘éﬁbéﬁfc BétQ‘Fse cﬁbéoeﬁﬁ%’}e%? may be a

ressed med re er ant reamin a hybrid

ref rigeration system (not shovvn) conprising a

refrigeration systemuti m xed |iquid

refrigerant at inter medlEI e ?er atures and a gas

expander refrigeration systemat |ower tenperatures

Aot el hdubied ach bR ERIPEIROH SinoffibhFebf18500 kavean)

I nv nt|on 'S 1 Ius rate

- with theeccepropudosiabil roiflioh denlyeas {900k vaar) efdigusfliaderatwleum gas (LPG)

usmg@&?&o‘%‘ﬁg il cddidd rﬁ(x@&ﬁvefﬁé&%ﬁﬁTq%éfafcﬁ%r%cé rﬂ%%r@éér%‘

e conpressi on-system as

' refrlg%@wntsysmmmfr%984 isaised dmpresooldberfeed @as arini todi rahgoqhygend

lmueﬂictn&?sto l&ﬁgld[hé %mg@és&ﬁj Fr@%%erefng@ n?)%%ﬁ'%lls%’ totpﬁgvude a%f(mary

ressi on sys to conpress
refrlgeeatrqnge thenliquegastion nlaat vamyanoeé@irpﬁoesm mﬁrlgqrp@t fiofv rates and
e X °
cond] Bt oREREIchONs JSETARRS By RGmERAT BT ) K88 canc) anc
16 pSiaé¢1 TokPajat kg |Ebeatqibws)re$slur5$tag¢ 41,8374 lbeotes (04,58H&gmoles)

per HBE ST R 2BRELTT 22 bef T tmr s ea il BY AR Ebide pressure
stage 45; 33,480 Ibmoles (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 delivered 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°C) 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 impellers, and compressor stage 45 has
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EXAMPLE 1 Natural gas is liquefied at a production
rate of 4 mllion ton/year (3600 kg/year) with the
w@eoeopnsduct i on of 1 mllion ton/year (900 kg/ yEer/JB2004/004058
i quefied petrol eum gas (LPC—% usi ng a propane
precool ed m xed refrigerant'Tiquefaction process. The
propane refrigeration systemof Fig. 4 is used to
two ipireliens! Thae@réeasd pgeasngiersandtaalculated payeriireqigreaments are
sumh‘r'aﬁy&f ﬂcltéb%nZ TRe ?\Qer r'egﬁrre%%mé Sn%sﬁ%eﬁ]o%%erage individual
rerri erant ‘and rovide auxiliary
impetlef efﬂgenqes fonlarge cwepnessmew\dmhr are cpiremity. avaiable frpor ¢amgiessor
refrigerant flow rates and conditions are as
manﬁfa?ﬁr?&g 16,909 | bnoles (7,670 kgnol es) per hour at
-36F (-380C) and 16 psia (110 kPa) at the inlet to | ow
pressure stage 41; 32,042 gr%l es (14,534 kgnol es) per

hour at - 13F [ a) at the
inlet to |owi AR crpd: bl Ié(ﬁ>45 33, 480
| brol es (15 186 kgrrol e ) per h ur) at +200F ( 70C) and

54 para \OIU) at—ttre t ot o tTet

pressure st age 51; an %%# ‘Zwéﬂ ( 5.@1 Stage 45
Oy dimB et R gt 700K {10%d egi 136;9;%"5“ 3500
%Efg"j C\?ghgn et L‘EF 29oPr ¢SSPl dsey! A0€ e TTe (1.102)

%L‘j\}_ %ﬁ C Uli a bUII}. ) !JI Upalg I CI LI 9%4 81",/@6

'3 he reflri gePati ¢ ui tis v, i ne

E{gj ' cooHRg—+ aftergJ “qe)‘er 58“': 263 bret-e 0)
SLRIESRUROINR)) pdr W) af ( 44021%%%3 20??§’§§
235 kPa) . Inthls E&drle, c )essor s e 41" )
hroo 1 all orco coHpPLesSsSor bt A A7 A nAno il ool or
T Iy I’JI I, JT \I.ugb = 1 TR O AV ) W Ay T'IIJ\,I \ 3 | ]
,HWFFéQQ'H’rpeQ?rége 51 |has 3 wo i mpel lers,| and com:res r
<t ana A5 h" o Lnm !! S T'\Ie Nr 0cess—baraet-ars nrl
InigtElows ed [dEReverlod i POTZnt L o010, prar (0038 1" 10 13
goeffigien G MPERALZ ¢ eB09Tar b hased o aPditlye | 0.085
i ndividual lilmeglersy |af 8i08¢%anci es for llar ge-conpressors

npelier Aire admpeiarty |avai2%nl 6 frh®9co nr o528y 0.83
eef.act ur arlepetesid ¢ 2 Tchhmpr essor- Par mar'lepﬁ fqr 0.82
MeshNoe 1 (Repelertd |Fi @.9%) Staae-41 3 -
Bowae HF5 Sucti on Vollune,1%Q / Ymi 8,928, 950 @95,7%0 ,
B8YPO0 M3/ nmin (2,179) (10296755) ((8,658b) |( 129.628) I|n(184199)
Pressure, psia 16 28 54 106 (kPa) (11Q) (195) (1370)
730
( The) inlet flow coefficient, o, is defined as

@ = 700Q / Nd® (= 405,000Q’ / Nd’®)

where Q is the impeller inlet volumetric flow rate in actual ft*/min (Q’ in m%min), N

is the rotational speed in revolutions per minute, and d is the impeller diameter 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.



Qutl et Pressure,
(1,435) (1,435) Nunbe

r of

psia 106 54 208 208 (kPa) (730) (370)
Inpellers 312 2 Inlet

FI ow

wo pebsaio 1 0. 077 0.110 0.098 0.115 Coef fi ci eneGT/iB2004/004058
I mpel ler 3 0.044 -

[mpeller 2 0.051 - O.
Impel ler Tip I npeller
| npel | er
~ - Power,

066 0.0
% 09 1.20 0.83 Speed,
| npel | er

11.25

2 1.11 ~ 1.08 0.82 Mach No.
HP 14,170 8, 928TI3ble®8 15,018

3 0.93 ~
kw (10, 567)

(6,658) (29 678LCcrmnresmPanameters|fetExammis oef ficient,

f , is defined as f = 7@Befer tadig. 2= 405, 000Q / Nd' 3)
where Qis the inpeller inlet volunetric flowrate in
actual ftvmin (Q in [nStaded3 |NStaget2f: y Gtagd 2ha| Stage 33
gpeed in revolutions [per mnutie, and d Is the inpeller
diSuctoreWolumei fities (d' T®H9%0) .| EBBRBLE P F488F1 ¢ 150aH0
épdatimdd usi ng the prii o2, 9% qonm&43or| a2 Bdyeneni 480)
Fig. 2 and the result|s are given in Tabl e 3. Tablle 3
Comiptr RPressure Ragianet er § f orl6Exanpl e 28 (Refer 340 Fi|g. ©6
Sl 23 St aae 29 St dae (210)St aae (335)Suctt i dB7%pl ume (730)
fitvmn 76, 950 86, 680 {74,996 50,510 (nB/|mi n) (2, 179)
DUABDIPredsdradpsiéd 1, 430) | mket PresstBe, [psi 2086 28 5208
1QePA)kPa) (110) (195)| (33M)) (730)78mt | et Pré3Hurle,(1,435)
psia 54 106 208 208 (lkPa) (370) (730) ({1,435) (14,435
INiNURster of Impgielsl ers 2 2 221 2 2 1
Inlet Flow impeller 1 0.090 0.096 0.075 0.063
Coefficient, ¢ | Impelier 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
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

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
turndown range 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 impeilers. A
second impeller could be added to stage 33 of the prior art arrangement to reduce the



Inlet Flow Inpeller 1 0.090 0.096 0.075 0.063
Coefficient, f Inpeller 2 0.080 0.062 0.050 - Tip
W(Sp(meAﬂsnlmpel ler 1 1.19 1.19 1. 20 1.11 Mach NOPCT/IB2004/004058
Impeller 2 0.97 1.09 1.09 Pq HP 8, 707 18, 728
30,888 19,561 (kW (6,493) 3 966) (23,033) (14,587)
The split conpressor arrangenent of the present

Impelmrélntsp@edq@bé thigewouwd fceasse the tlow gerificiend od thedfiiet impeller to near
the BTaRRLGH allobIC FRaE 'aﬁé! sé%rﬁlg%lt%@ﬁ&ﬁ cQﬁac‘itP of that stage
conpressors conpared prior art systemof Fig
2. The hydraulic head or pressure rise across the

' nd'sfécgueé m@ggt.ﬂ Rhnor g&fg@érﬁ f&ﬁﬂh& ﬁodue%r%ﬁaggrég natural gas

stage (I.e stage 41
(LNG) mn@wmpreeqéntﬂmr@ngm int Exomaie i@@la CHe At YETHOMN qﬁwyblhtar than the

nrioPS Eg%t?rq d;f]gx?ﬁ\gle?/ ?nee%ﬁ:mn 'nfiH(:Ym;Bllgq tZt ez |I¥E\Anﬁ) rSRRGAS lower

for ers. di ate
spegfﬂes@uereoegwg@o?'&g)a@ éN@pr@ﬂuthuﬂg@ thg systamf Exarple 2 wihyen lower
r |y the sane as
Lchﬁ%ggbtﬁﬁertg e pri o@ur?cﬁ?}??}%@gﬁ fep%?'grgs 2 (stage 27),
and both woul d provide essentially the sanme turndown
range and flow capacity. The split conpressor
arrangenment of the present invention provides a
slightly higher turndown range and flow capacity in
the lowinternedi ate pressure stage (stage 47 of Figs.
3 and 4) than the prior art system (stage 29, Fig. 2)
and a significantly higher turndown range and fl ow
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 inpellers. A second
i npeller could be added to stage 33 of the prior art
arrangenent to reduce theinpeller tip speeds, but this
woul d i ncrease the flow coefficient of the first
i mpel l er to near the maxi mum al | owabl e val ue and
severely limt the flow capacity of that stage.
Because the split conpressor system for the production
of liquefied natural gas (LNG for the present
invention in Exanple 1 has a greater turndown
capability than the prior art systemof Exanple 2, the
system of Exanple 1 typically wNI' resultin a | ower
speci fic power per ton (907kg) of LNG product than the
system of Exanple 2 when | ower LNG production rates
are required by the plant operators. CLAIMS 1. A
conpressor systemconprising (a) a first conpressor
having a first stage and a second stage wherein the
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first stage of the first conpressor is adapted to
conpress a first gas and the second stage of the first
W@ IsNERHSOr i s adapted to conpress a conbi nat i POT/TB2064/004058
fourth gas and an internedi a conpressed gas fromthe
first stage of the first coﬁ'ﬁ?essor; and (b) a second
conpressor having a first stage and a second stage
wherein the first stage ofCtA®MSecond conpressor is
adapted to conpress a second gas and the second stage
of the second conpressor is adapted to conpress a
conbi ALompressor aystem camgdsinand an i nt er nedi at e
conpr ess
Conpr ess%ﬁ ag\?ﬁecfroeﬁfb'?él i sisﬁféh%\hﬁié firgk %ﬁg%ggtaa Féﬁ&@t@@e wherein the
firsistegssofrthe fish gompEasaer igadapted &a cqn@re@@ﬂ drshoas god ¢he second stage
e abihdt f
o} B35 RS IEphUE) LR S HRBCAN U SR8 g8 r
lntermedratmqnhprg%@edu®Sétonathlecfu&=ttﬂta9ﬂ@§fsmﬁrét ¢angpressarnand t he
t h| rd pr | ' t .
npri se@ﬁge@on@%%@rség%%%ﬂ% aﬁlé&tsﬁgeg]edél(@ igrd‘dgﬁf ¢ wherein
the tf l_Fﬁé S?@@(ﬂﬁ @hesseatged ePMpiesserip adaptedly exmpesiA éewﬂ@ gas and the
secggﬁgggég)gﬁetr %'Ebfrﬁ%g? g@g@% l%&%ﬂe@fo EJﬁﬁ‘p)erggéé%Egmbmagon §f a third
gaSrmtdrammfaumeglaga mnmewsil ans feoonihe fg$tr$gt;eqea9f tfmméwmressor
a fMiérE.nQﬁé fl}s?ggs 'Jt%tfrﬁﬁ&%ug ftl’:?e %écro?a Igﬁgfg’éteasﬁ%né?%ssure
conpressing I n“a second stage st conpress
higheer dlarbtha dirst presstirea theothird lgag) assatmalr@nraswr@rhmr ¢ghan the second
r f (e
e RO U TR Bl e,
stream fromthe second stage of the first conpressor;
(D)2, C)S@gét@ﬁsdf@alﬁl ﬁ@/ﬁ%ﬂqur@%? cbﬁ‘\ﬁﬁséé Bipi g%é%%@ t@f:orﬁbmeghe
secon ressor an ressi In a Second sta
disthaeg%fmme ganepd stagerof thee Uﬁttﬁqmrewr end the disehargrafsommioe

the sécond conpressor raw ng a

corrpressed gas streamfromthe second stage of the

SeCONE AR 7 §9¢ corPidstion cEMPRLiAG N9 the first
co%ressed gasast (r:%a% Séls ﬁeBEé@%nd conpressed gas
st r eam t(@) peroRiegaing afﬂfﬁzﬂasctfbﬁrﬁﬁ%@é@ ofadirss cpmargssor and

| secBfd 5L LR S%E8n§95mﬁr%§§cﬁg \%ﬂ)ﬁ/#gré)%rﬁﬂﬁeé E(Ser@%rﬁggéﬂﬁan

conygcon ntd&cbhd §{ag9%?tHeSﬁr§\tcoﬁ1pfré§s%F ﬁ%%ﬁm‘éﬁ of%‘ﬁ)urth gas and

gas 1S at second ressure her t
an inferrsedipiecensmpressedigastion tlnegf@%t Stagecal the iR smpreEsRsLAng

wuth@\'% tf#ﬁ%oﬁ??es%@ﬁ Sgﬁ stédm %Fnethetsgé‘orfooé{éé@oﬂﬁé fibs? cé‘hpressor

§res ure er than the third prtessure,
the fi na(lb eonpiessisga sga@ncggaseamf irst shagesoffq Wnﬁp@@ﬁmsgm and

corrwnégéﬁ{g ih %CBH@ 3{1 gH Iof thedeS /Y E&n&es&r%&ﬁ%ﬁn&fon% 3l tm'c?gas

erein an?/ first, second, third, and fourt
andga@gggrmgdla e 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.
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a refrigerant gas provided froma refrigeration system
and the final conpressed gas streamis a conpressed

w0 edosiogAan@nt gas provided to the refrigerati onPCYEE200M/004058
5. Arefrigeration systemf r providing refrigeration
at nultiple tenperature | evg s conprising (a) a
conpressor system for providing a conpressed
refrigerant gas, wherein the conpressor system

i NEl HiSsndddf Gafm B WheFONBREEEHE fiRAVIEREN@ third, %hd?rdi(ﬁrgﬁgases is
and a second stage wherein the first st

the
a refiigerant gee M \edadifom @ raligpradian systemmpadag f ?'g?ﬁFPF@fessed gas
streahPk'd &ﬁﬁﬁ@és&@@fr@@%nﬁ bas pevRed tsiegaefrighratibe sfdtemt
conpressor Is adapted to conpress a conbination of a
fourth refrigerant gas and an internedi ate conpressed
r &4 I h 98kiabhatiSR syt Toridisviding $4frigdrageh & milbgiefiémpérature levels
corrpress%r and (2) a second conpressor having a first
Com%lsa@e and a second stage wherein the first stage of
é%%ﬁigpes%ems?eﬁﬁ ®r prSvidAGRICBAD P&sé@?@‘ﬁ%& NBgREeWABRIN the
er Fgas and the second stage of the second
comm@mréw@m indudafapt ed to conpress a conbination of a

third rahbirggcBmMpraas: ﬁévﬂmcﬁ@fmsngtagaaduats@c@mégémdrem the
refrlfgerant gas fromthe first stae e secon

first stegfpefdle Hist CRAressyr @aﬁzppﬁ@d IReCaRapre reldagragt gas and the

secoﬁ’di sehe' @ thel & BohipResiRf %%aﬁfe@gﬁ c@ﬁwpfé%@ af ¢drﬁdmat|on ofa fourth
onpressor and the discharge fromthe second sta

refigerRnt S0 N6 MpAsiayp COBPISEOH 0 aeRN GaRpIPES RSt Stage of the

ﬁrstcfo?rfpfré%%‘i’aé?{d gas; wherein the first refrigerant gas is
st pressure, the second refrigerant [

t .
a secon@®) prsesanst eorpprgs hanag afiiy stagesingyp %%%Hfiéltasqeﬁ’éhere'”
the lesjﬂ 'sfa@erﬁiﬂe' &%Bﬁé‘t:orﬂﬁésb& |§bd?}té@ kd ébrﬁ;ﬁr@§§§%@c6ﬁ(9’@&rgerant gas

second pressure, the fourth refri

and tgg§ep@daita@p pldhie SACHIALORARSIT IRIaPiSTA COMPTESsi Fgpmbination of

a third'r&f é’rra‘?lt §3ndﬂarﬁ7 PRRRIRES cathprebsaiefigetaht §88 fromde first stage
con nse The conpressed refrigerant gas, thereby

ofth@semndm@paes(?@h@@ﬁsed refrigerant stream and (c) a

refri ge(3§%)|p% REAN RicembitaRk AbchargRTv the second stage of the
refrigeration in four tenperature ran wher ei

st ostare he¥ ae ThepBanAr SRS oD Fe08Y GHaerd s SePBL SPBreseor o

proqu@%édrﬁ&eM%frtg@rér@@H&e the pressure of the
ondensed refrigerant streamto the

© HWRTB{ (e B0 CHHGEranGabdt ST BISL P gHEe Bh Bednd Teiigeran gas i

at a second pressure higher than the first pressure, the third refrigerant gas is at a third
pressure higher than the second pressure, and the fourth refrigerant gas is at a fourth
pressure higher than the third pressure;

(b) a compressor aftercooler to cool and condense the compressed refrigerant
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
(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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refrigerant liquid;(ii) heat exchange neans to
vaporize a first refrigerant portion of the first
wo edgosdipr essure refrigerant liquid at the foPet/iB2004/004058

pressure, thereby providing refrigeration in a first

tenperature range and pr ov'r*tﬂ’ng the fourth refrigerant

gas; (iii) second pressure reduction neans to reduce

t he pr efis beat exthandei medrs toeaporizerfinst rgfigenant portion i thef first
redu%&e rfeﬁgtﬁ'% ééfgigé'r‘éﬁ?l q%{cﬁac’tstt‘f% ?ourt‘?aﬁf ?Jés%gte?gﬁer{a%wggiiljfr{gorg}ntgg%tion
ina fpstden@eragura rgregroard mrewdmgdhepfoenﬁe uefageraht gager ant ; (i v)

heat ex f f

ne O BRE e ERIL 8 S e BE ARSI e
secotith eeftipéraat poréwsofitee fitsh eadebgd- pressmrelraigger@ht ilqm‘ tomndine faurth
pres o 56 B EBREERe BB L2 BE el ieball Fergegent

r educe ¢|\r)dne|at @sﬁnan@e okeass ta \cgppdzesecﬁcahobfn@rantgmrmtt of the
seco&? Fédu?ﬁd %Eenstsn% r%ﬁégg}:ﬂ}t 8?@*8?@%6&%2%%% %{egg ?b(ﬁ/ﬁ(fn efrigeration
ina stebemdate;npmramrednange and bravalingettia cict efregesant gas,

refrige eat

first Q? eor éé%stupe &d ?@%ﬂﬁ?gﬁtﬁgﬂ%e C}Re }S?e%gﬂlje ot ae}lqwd
secon@cbfn@ejam;msmlrca‘ tm@éeaogd rediicediprédsareskefgedan fressiedhird
presstJPee[ o ang&? gﬂeg&ré et{,géegg i) % 5 2 fhi grlé!r?%et% 6r8£%?% ?élfgféeerant;

f ou r th @ bsamxehar@&uneartsrto veporizetafirsrelrigerart popios ©f uhe third

of 0 .
recu g et o i ER A oA PRISUR Her i RorkidE ek pton na
third tengesatuee taoge Iaed providingthe ssoorg refrigerartbgapr ovi di ng a

fourth [

or essur@%qandd?r?/% ﬁ.?é ﬁe[eogltc{lcg{(@ gﬁsr f;%r]'ted@ée t‘hp?réés[l?et of a |IQUId
secomdeefrigstantgebripmed sthe ¢hirdegecioge r@mt:edﬂpretslseref rlefrtgterant from the

‘ secor% ﬁ,rée%%'ur 'to E%eﬁrgtgyregsru(?g 'tﬁiérjagép%(/rd' r&;eé ?)tu'rtﬂ I’rleé @ Jrgééruk?

rst eran

'refnggmt aBtheArste)fessg@r atndlon systemof Claimb5 wher ein the

ngnr;:r gg@@ Jl pXe gepg%#é%ng Yo w&g%e @Fgée@a?r?g%}rg%fp%erant at

the fist pisaiine &evd’neyrmowdmg eefngérailcg*emaat foorth tgmpraratucesrange and
provi ﬂ& eﬂ, fn%fr e? q Esnatural gas prior to liquefaction.
err

n-process conprising (a) (1)
conpre55| ng a flrst refrigerant gas in a first stage

of6. a fréfFiSéra&Ws?eﬁ'ﬁ Bf Claim 5 wherein the refrigeration apparatus is

adapted to cool another compressed refrigerant gas.

7. Arefrigeration system of Claim 5 wherein the refrigeration apparatus is

adapted to precool natural gas prior to liquefaction.

8. A refrigeration process comprising
(a)
(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
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and conpressing in a second stage of the first

conpressor a conbination of a fourth refrigerant gas
wanasasriint er medi at e conpressed refri gerant gaBCT/IB2004/004058

the first stage of the first conpressor; and(2)

conpressing a second refri gerQeQnt gas in a first stage

of a second conpressor and conpressing in a second

stage of (2heowpEsangeFesred milgerantgabimafirststagk ofa second

otrﬂ#régsorr &hé 'cgr‘?\g@%%irng %g rﬁ)nst%ég ?lr tﬂggé?ﬁn% ébﬂ\;ﬂ?é%%?g%ombmatlon

erant I'rTs the
of adhipd eefsgﬁrantagﬁé a(r@)aruoﬁebhadlatg aohmrebssd tiefrigerant g@as frére the first

St?ﬁ%ﬂﬁ%%‘%ﬁ Epptr?&opg t conpressor and the discharge

€ secon the second conpressor to
provi de a(%owpblemdue distharge frant thg seconsheiags of thiaérst compressor

arfdl the b 5cﬁ£ ]gbgr%'iﬂ% s385nd §ta§’é b 1sbdnd?) dfroeﬁp?fgé%r td Er%va a

secon rigerant gas 1s a second pressure
compaessedaefrigerant gassssur e, the third refrigerant gas is

at %ﬁé? bqh@fn‘:& Féfr?%rgﬁt%grls éﬁ?ﬂs{ Eﬂ%ssﬁﬁg C}Hg s?ﬁ(ﬁﬁﬁéfr?e;aent gas is

and the fourth rant gas at a four
at lau sgisend ptteaaﬂureimnehutham the éiest me@sur@bwedmcﬂ te;frgzeaam gas is at a third

pr%%xﬁ?ﬁi?;h@rgthgnﬂw d%r?g ﬁﬁe% urreegrr\d 9\%&3 He@ﬁgeéélﬂed’(agk?élatafourth

a con ger ant St reany- an
pressove bigher thar theqetrapresnunen four t enper ature ranges by

(L) BTG R P BUR LS Bt AP bbbl o
cohfensedrretiigerat pressg;ard refrigerant liquid; (ii)
| Zi-0g: j 1t the first
¥ e ELAEUA rohgSlarbii 10t Her Bl o 10t
pr essur e, (i)treduaingthp osdsdrenef the tendposed rafigarantstieamsto the fourth
ProsRE b o ARG S| ROt bl fet Bitah N g
ref ri ger diYvaporizinga fost refigerant portior di wdirpt redgendepressure

AT 0 D DS Bl 0
temadlawdr@mwrmowémgn@eeioaﬁh ref(igerpniggsori zing a first
refrigerg § @ghpg ?Fes%tlﬂ'@ o?goﬂgﬂlq s"e‘égr%:l%‘f]nqyr&ﬁ WHfon of the first

refrigera hird pressure,
reguagdipiesayre afmgagemtdrnu@rfrqrrmm fg@réfon@swnﬁ@ khet tmr@ preéﬁgr@ thereby
pr@ﬂ&ln%%‘%\éb&‘ﬁdﬂ%d F@sé&’r g gf ant gas; (v) reducing
ressure o IqUI refrlgnerant portlon of
t he secorlty) w@;@njtzm@ﬁrét@urg@rarépprt@ém seicqod epducednpressure

refriBErahfiidufls B RS $fcorkSsr8 8n&86§ BRviding refrigeration in a second

temperature range and providing the third refrigerant gas;

(v) reducing the pressure of a liquid second refrigerant portion of the
second reduced-pressure refrigerant liquid 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;

(vii) 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 a third reduced-pressure
refrigerant; (vi) vaporizing a first refrigerant
w@oeosiosTiiof the third reduced- pressure refri gepamniB2004/004058
liquid at the second pressure, thereby providing
refrigeration in a third té%berature range and
provi ding the second refrigerant gas; (vii) reducing
t he preési)vepoizing thedeurth reducrtdpressure erfrigeranioirthe tist of
f s e r :
preshilS e LSRG FerPOSH o BLke BEf RIS AP ahé BBdiG the
first efrgeratitggsa fourt h reduced- pressure refrigerant;
and(viii) vaporizing the fourth reduced-pressure
refrigerant at the first pressure, thereby providing
r e8r Ageocassmi GlaimaB woiah furthee npeprigesrogolingareadditpnal

com%@%{éﬁgﬂ#}%ﬁ g%% b9 thd r%ffrg?pgaq.{oﬂ?rom in%t 1L3sPERESERe Rlst

urt her ¢ rises cool i ng an additional’
secoodntpirésseidourt tanyparatate igagedy the refrigeration
provided in at |east oe of the first, second, third,
and fourth tenperature ranges. 10. A process of Caim
9 theAgirocashef Gthintd weitindoerpdditicrad coropresged afigegent das is a

e S 5 SO0 903, AN QAo IR TRER gigen an
hydrbeavborg Having foome one td fixeecarberbatomat ons. 11. A process of
Claim8 which further conprises precooling natural gas
prior to |iquefaction by the refrigeration provided in
at 11.eAproasse obClaime whicks furtheecarmierises preagolingaatiicl gahprior to
iauel IR b U Bl BRARR provsedn Bl REEPHANS 1A N<PREclla il BRe
fourts tengperatuiperpEongent sel ect ed from hydrocar bons havi ng
fromtwo to four carbon atons. 13. A process of any
one of Clainms 8 to 11 wherein the conpressed _
r e12.i fereoess ghanyompefi Cleins §utp b wherein the eponegssed refrigerant

~gas ig %Ls?rf%@ %@é&g@aﬂg Ls)%l%gt%t@ gwsﬂfﬁ/d?ggrt?&%rﬂmﬂ@ fREY WPt 68 arbon

‘atoms.

13. A process of any one of Claims 8 to 11 wherein the compressed refrigerant
gas comprises two or more components selected from nitrogen and hydrocarbons having

from one to five carbon atoms.



