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[0006] It is also common practice to incorporate an economizer into the

refrigerant circuit for increasing the capacity of the refrigerant vapor compression
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ambient air. In a refrigerant vapor compression system operating in a transcritical

cycle, the refrigerant heat rejecting heat exchanger 40 constitutes a gas cooler heat
exchanger through which supercritical refrigerant passes in heat exchange
relationship with a cooling medium, again most commonly ambient air. The
refrigerant heat rejecting heat exchanger 40 may also be referred to herein as a
condenser/gas cooler. The refrigerant heat rejecting heat exchanger 40 may

comprise a finned tube heat exchanger 42 through which hot, high pressure
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compression stage 20c. The first and second compression stages are disposed in

series refrigerant flow relationship with the refrigerant leaving the first compression
stage passing directly to the second compression stage for further compression. The
third compression stage 20c is disposed in refrigerant line 12 in parallel refrigerant
flow relationship with the second compression stage 20b.

[0023] In the embodiment depicted in FIG. 2, the compression device 20

includes a first two-stage compressor, for example a scroll compressor, a screw
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interdisposed in refrigerant line 4 and forms part of the primary refrigerant circuit.
The second refrigerant pass 64 is interdisposed in and forms part of the first
economizer circuit refrigerant line 12. The first economizer circuit refrigerant line
12 may connect to refrigerant line 4 of the primary refrigerant circuit either upstream
with respect to refrigerant flow of the first pass 62 of the refrigerant-to-refrigerant



refrigerant flow relationship with the first
conpressor 20A. The conpressors 20A, 20B and 30 may be
W@ 2008/13036DNPr essors, SCrew conpressors, reci preCHEUB997/010067
conpressors, rotary conpressors or any other type of
conpressor or a conbination of any such conpressors.
[ 0025] As noted hereinbefore, the refrigerant vapor
conpression system 10 of the invention includes a
refr| erant-to-refrigerant heat exchanger, econom zer
encBprast e 9P 11 IGPahEnd 195 AVBHERSVY TRy

fe?tfl eI ﬁ@Wonth St 1%>as§i 818 5the eatipsthitiorefigeant leat exchanger as
refrl er ant % t he condenser/gas cool er 40 and
depiqte ‘é?rﬁ Gt Ha pect to refrigerant flow of the
f0apPr at or A $st eE&ﬁ)mleérrebcgmswmvalve 66 @ disppesedint thé St
exchan er. econom zer 60,4

T gipremge iy line }4 gg?%ﬁt%v il ol §E%Zo zglerq{rl éﬁg@ W
Eeabcdnﬂ@asfﬁelrofrtbd: wefiiigemaititprefigrarit hp@teXﬂ@fflgﬁge@@%ﬂle‘Hz@s
S‘§ %ifc’st %acrgnﬁrrngzlé Q)g%i%goh Q?l(fg Eg !m%%&@tﬁlé réth@raﬁ]t W&E@ﬁa@&s

erant circurt. The second

tebughghe mﬁ!tlgqmgslmsﬂ jiand mqtseqoml PpEHAPLihe EHIESFEEHs part
%ﬁ‘l&%}gnt Hel Sk R onépoﬁ&{nz&l doFiinkat RERIngE Eéﬁﬁonls}hﬁ ithdhe

I'rst econo zer circuit_refrigerant line rgg)(
cefrigerant m@ﬁll?%ﬁqul’@é ithagnfirst pagpofhe peat ﬁ’é"hﬁ’f‘$"1‘fﬁi"§}’°mlz"‘r 0

ehdthid 'R Btedab vl UF bupRitehan ﬂibﬁ%frfg@ﬂlm Wﬂoh leaeing @ed set@nd pass
refrigerant flow of the fjrst

A 1 s RO PBIEEH 0 S5 RN LR & RigsP ey
AR rotddBefote,aRélerdansion U41wW63 megbe witichmoestizandadsion valve, for

refri nt. flo the .f.i.rst pass
earprias e BaR fidict s PO R RS haRs ot g
Iréfngéxﬁﬁ. fidv Anespbns§ BOXGnalinlicagte cﬁ"dbmmﬁmgeeam e@(mm!lre 19t
sk ggnsecfbf{h%ggxi ;%a&cg%% Lo hna§ S8 A iofill ihekature
eran stream w t espect
rsetﬁsnng}r}ﬂmm ducloas @bulbweﬂ@enmpb@wnm t@ﬂhetrn@lgerant line 12
é%%%%%ﬁ?&ithé Qschfid ésg SF A helt@RLn83&G RPN z&XRN AR ZET
i rst econ m zer expansion valve 65 neters the
rexparisiparvalve 65|mey al#rule grelecsonicierpAngionviAlYes fOF PXARRI AR
ldeﬁﬁtellan 2itsk e i3 KA LaRASS eRhnSibn Hilee 65 meters refngerant flow
erant-torefrigerant heat excgw er eco

60
ip rorRaSe AR FgARdTame P SPRtENER{nGt Thorm) fordaintan ¢ G puction

R8s pérA@d cki'rsﬁbw:hl préufel ifi $dfr1§éi51$t 1ok 12loa tllimbnmxmhmotgha
econom zer. 60

ntajn a desi.re uper hea
icﬁmcpﬁeegs?réalorq‘: %tﬂq‘%\?aﬁb °IC@RYIRYt %%g S%Ogcoorf epca(\’s & r%gi{%
tdeeicbealiFrxahanger econoni zer 60 to ensure that no

elj)?g%“d I S eS e it g}agteva%Br conﬁ? S@%B% Stg‘ﬁflero@ the ln\eentlon also .

SI on va ve erm) tatic expansi on
viatludgs af ftash tank economizer 70 disposed in refrigerant line 4 of the primary
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receive the refrigerant flowing through refrigerant line 4. The refrigerant-to-
refrigerant heat exchanger economizer 60 and the flask tank economizer 70 are
disposed in refrigerant line 4 of the primary refrigerant circuit in series refrigerant

flow relationship. The flash tank economizer 70 may be disposed downstream with



exanpl e as depicted in FIG 4, in which case the
expansi on valve 65 neters refrigerant flow in response
w0 2008/1303§nal i ndicative of the refrigerant tenPEr/HS290E010067
or pressure sensed by the sensing device 67, which nay
be a conventional tenperature sensing el enment, such as
a bulb or thernocouple nounted to the refrigerant |ine
12 downstream of the second pass of the heat exchanger

6 TIh a on 0 be an
e‘?sg’c b onq{élgeergntaﬂnog‘? %ﬁtﬁgar}ééﬂa‘f%?' %{ﬁﬁ?fﬁﬂi@a ﬁtscx&ﬁmgsf ed in
Fc@®mizer30 such ashdepictabinghd mmlamambmﬁm\mis weF KIS, 1e2 afids4.

' f,
AR e e cLSTRRIAR F0 kit Be AR up B it oot
tte spfEeaentilowoef the mfhmatyﬁes@gerammea@fxphmmm suchne 12
Qi%pfcﬁ:% ig Hﬁ%‘x&ﬁpﬁ&ﬁ&n&fdﬁq@zﬁ ift gg&g ressor 30 (FIGS. 2 and

or the conpression sta of the conpression
d 8e 20 drpither gse, ¢ gro aryrwawan%m flqyigeatftis dispesed in

C‘r@mgéﬁﬁﬂhm SOtRS PR, xeﬁlgmﬂt é&b\éﬁ%&%@%ﬁﬂ rdsP&ds ers a

htakeﬁgn Qm zer 70 disposed in refrigerant |ine

e 9“?@9@@%%8%“&9 eERand ﬁmmera@amsmngh
rtﬁﬁpgcfeﬁﬁgérﬁlﬁ fliat 9@ aMdwdrlpassié aﬁchz?lo%ﬂ R elhg &3 fore the

ler 40 and .u thres o refrigerant

PO topt B s it A P ropn R gDy d 6 ARSopERTS e
fdewige MY ntaliibe ag klecwbmic gepaasibn valne o14s1m'p'713& fixed orifice expansion
r&liL g I I atexha r_economni .z
et DBl b 8 el B YR AN o B AR v 0
rvethin theflaph tank geonpmytert’Aethp pxmdgd refigerape sepatatasiinto wiliquid
| Bfri®SlahBortied ﬁ'nh&ﬁﬂl@@tg if %19 Wg&e@ Ifg@lttfo %?Merhasﬂ_%%kfelc&?olﬁnzer 70
tank econom zer

I sposed downstream
Ve e 8 yarar Ppﬁlqnethfftucg e the enpeoportipreof the flash tank

le@bidngiSdrF0tabb @ the ﬂl&hﬂ%@ﬂ tvith&athe ﬂﬁ%hﬁﬁ%‘bg&ﬁ%% zer

ch as deplcte he exe Iments in
Aoead’®
52 VARer mgiriggrant pofleciingingt emmorf pEtp flpgirtenk
ecovdizet 0 abOvaThy ligeiddeveP asRsh pHISds TRATIWIflall (6R BeSHondifr
nt fl qw of the refrigerant-to-refrigerant
70 2o B seniond SePommines s aEpTOTed I itia e Ribomrapsion
elﬁbodﬁm mﬁrrﬁdzdi?ate @reshﬁ@ 28¢e 6ﬂ’th@%dnﬁ'1ﬁéssibg§ﬁoce§s If, as in the
r is disposed in .,
r{f%gern gtsn c?}ene %fké? éezpﬁerﬁgwrersﬂg’i‘ ﬁ‘@@?eagq is @ singlf. ¢
mlpétl-ﬁt?amwplhssoaetbesﬂcond)eqoaémwgmlantt réfriguvandlidehia i nl et
t frigerant passi
CRmbiiculod ik dealt SERARSLRIGe i DIRHAR pRESS, 9y
[SEBRIeL IE s epmpIRsaion de Hee2q ise mufistage resiniroqisg esmpressor,
rétBigbbAhet1ankic68 MRPEZR dirt Pty TSR RARNGRLY preSRie §ta 8dlot

the reciprocating compressor. If the compression device 20 is a single scroll

compressor or a single screw compressor, the refrigerant line 14 injects refrigerant
into an injection port of the compression device 20 opening to the compression
chamber of the compression device 20 at an intermediate pressure between the first
compression stage 20a and the second compression stage 20b. If, as in the
embodiments depicted in FIGS. 3 and 4, the compression device 20 is a pair of

compressors 20A, 20B, for example a pair of scroll compressors, or screw
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poO3TRI Y As in conventional practice, the evaporator expansion valve 55

meters the refrigerant flow through the refrigerant line 6 to maintain a desired level
of superheat in the refrigerant vapor leaving the evaporator 50 to ensure that no
liquid is present in the refrigerant leaving the evaporator. As noted before, the
evaporator expansion valve 55 may be a thermostatic expansion valve, for example

as depicted in FIG. 4, in which case the expansion valve 55 meters refrigerant flow
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first pass 62 of the heat exchanger economizer 60, such as depicted in FIGS. 1 and 2,
or at a point downstream of the first pass 62 of the heat exchanger economizer 60
and upstream of the secondary expansion device 75, such as depicted in FIG. 4. The

refrigerant passing through refrigerant line 12 first traverses the first economizer
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expansi on valve, in which case the expansion valve 55
nmeters refrigerant flowin response to a signal froma
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tenperature or suction pressure in refrigerant line 6
on the suction side of the conpression device 20.
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S0 EL B  RRRITEY TORER P gl e
Alrpisiconaspizerfcinchig rqfogﬁrm linefi 2 ipgepsihrough tior sepasisiyngmpressor
t30roMek ophtbd BGRANE dvfﬂ{l&e%dnﬁrybéiﬁﬁéegorffmﬁetzge first

econom zer circuit refrigéerant” [ine rom t
89351 ger andn thegabadizenhdspicied in BI6; ftthe prfigasanhdivertad

BSREE fefligerit ihé U2 isa0hubihrwa $fto ttﬁl’,eprfrhzf@ E'eﬁqgéilt@?rcﬂt atan
t.he heat exchanggr econom zer, 60, such icted In

Pitegnediaty pressyire Fage ot the ﬁ?&?mfsswam%qeﬁeﬁm erateneswr? st

ﬁﬂﬁﬁmﬁﬁaté) thetsh@teti @@l sid¥ RANEE 1RGORABE iLds (ROs1RA6N pressure,
é%gean1of .t.he secondar¥%ﬁﬁoa |on deyvi ce 75, such

e i G S Hra e PR R A U Aliohirge PifPBUGHLL te
nefrigeget passing imenghzhd ﬁlfSSécohmeEf eqandibievilid 63 has been
GO0, ZEL ) wherein the refrigera
i 88 expande g?é?s%ge do W\{lgé a Ip\erg ggruétexém%{] ate njection pressure, I%he:
refrigerant passing through refngerant line 12 may be injected directly into the

intermediate compression stage of the compression device 20 without any further
compression, such as depicted in FIG. 4. However, if the refrigerant passing
through the first economizer expansion valve 65 has been expanded to a pressure
lower than the intermediate injection pressure, an auxiliary compressor 30 may be
disposed in the refrigerant line 12 to compress the refrigerant to desired intermediate

pressure, such as depicted in FIG. 3.
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| ower tenperature vapor. The expanded refrigerant

vapor thence passes through the second pass 64 of the
woews/1886hanger econom zer 60 in heat exchangePCT/US2007/010067

relationship with the refrigerant vapor passing

through the first pass 62 of the heat exchanger

econom zer 60 to further cool that refrigerant vapor.
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CofbrstioR e Al 20D HEE g%ﬁhé}ttg ﬂfersﬁét?&{ fale? BP@AS ﬁ?sft c&l;lSressmn

conmpr essi on progess, press
isfaee Oen taite wrtonsiplst efith @Wt spleterep?rte QQ&r e al so

'[@fﬁ! red tenas ekélﬁpl%‘%‘iﬂb%ﬁmwn@§§ E‘?efng&g tLJ&S JS Fdlion

% side pressure, also referred arge
23

1P depipted mEIG. 3y hegepanteni seosomizer f9 wgwoswmrram
DG MIIOsPeZ et rem@&aﬁﬂ W ¥ty e r%&ob@ﬁ@eﬁﬁmaaﬁé&mt&e@
pressure so bove the | #ernedlate |n%ect|on
BFSetirs SOrHBen B gaPHr™ paSdbr PRI GREP ST dPRited in
FIGS. 1,2 amay; W&fdrﬂjlgaﬁdveda HIG. Oieliygerdi: disthRgds T tRedi at e
.St devi ce 2Q wi t hout

SIS B0 T RGO RS, A bl
Iqwmleweﬁ‘lgetartt tige 2 &f aridghmoagh thedsst exghangecidt theh@sfcbélet 40.
%%qg@fgﬁ%gé’rarﬁ )$9ﬁd?§a9&ses%é/ Eea?éxc%angcr QE & 788, Ee%?n vapor %

press
cooled as 1t passes in heat exchange relationship with a cooling medium, most

typically ambient air drawn over the heat exchanger 42 via the fan(s) 44. The
cooled refrigerant vapor leaving the heat exchanger 42 thence passes through
refrigerant line 4 and the economizer expansion valve 75 prior to entering the flash
tank economizer 70. The refrigerant is expanded as it traverses the secondary
expansion device 75 te a lower pressure and lower temperature liquid and vapor mix

prior to entering the flash tank economizer 70.
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| ower than the internediate injection pressure, an
auxi liary conpressor 30 may be di sposed in the

WO edosiigssant |ine 12 to conpress the refrigeraP@T/U82007/010067
desired internediate pressure, such as depicted in
FIG 3.[0036] The refrigerant having traversed the
first pass 62 of the refrigerant-torefrigerant heat
exchanger 60 is expanded as it traverses the secondary
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pressure stage of the conpression process.
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fth&ﬁ:b tla@étking EIRNA T A FefARrAATHESL é}ﬁﬁfxﬂf)ﬁ omzé 515 PldHo passing
rant line_4 and Lraverses & g
ropt e derarrpraf, Misphiebioghvapar lravisk thrsvporpigr 50 passes
phmgln eftigarantdine ohe tlﬁ:\saﬂmhahbf ofafie céﬁhﬁreﬁﬁfrf de@ﬁ:& 20/ that is
VAR M L PR3 eSS 2 GO otion o
ﬁﬁntsgnMﬁﬁ@eQ@@e 20, that is either to the suction
of t '
SO0 ' 1 PEporbi br BRFRAER Rakbssih Sor YA lsed Migoran
tline 4z ivgtted iptethe Susteenonyser civenit wftigcgmt line 1% Gpwrthe
GRIpeRARS 14 &Nasa&ms&gansi 8PhE 8 ﬂaﬂk Eddomzer 46 End' QRO

tank econom zer 70 di sposed upstream w th respect
tpsrean Wil resrectity Eﬁﬁrlsﬁrartt Rewrafithg fist pass 62 of theheat gaghanger

heahoktel 60 gk . 96&9@6’%25&&1@ Of el patd @ oriiat &&ﬁmg%%
in the, exdg¥ enbodj nents depicted in FIGS. 1 2 and

FCORBRIEEY 3 ¢ the primary expangionaiatvediss dihg rejegerant
fgaemg mougarfm@sammede\ﬂrgtemz&s@@ma ﬁ?dt gaﬁi@frﬁ.&sf Hi[ﬁnsmrtl
enper.at.ur e .vapor. an ses t hrou refrigeran
I ‘l’agvé:’ éf WSTERY ‘ﬁ?&ﬁﬁgﬁ? Pﬁépwgsfwe%(’ewgﬁgfé sugganglo %?fe gas
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KBRS o{ Gt pd N FERBAAPLAMbmIARRO 1l ool RStasPipfpetin
rieith tnerefnigenant vapor passing through the first pass 62 of the heat exchanger

economizer 60 to further cool that refrigerant vapor. Having passed through the

second pass 64 of the heat exchanger economizer 60, this diverted portion of the
refrigerant continues on through refrigerant line 12 to be reintroduced into the
primary refrigerant circuit. In the embodiment depicted in FIG. 3, the refrigerant
diverted through refrigerant line 12 is introduced into the suction inlet of the

compressor 30 and recompressed to a desired intermediate pressure stage of the
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typically anbient air drawn over the heat exchanger 42
via the fan(s) 44. The cool ed refrigerant vapor
WO ewsi181354 he heat exchanger 42 thence passes tPCDU§N07/010067

refrigerant Iine 4 and the econom zer expansion val ve

75 prior to entering the flash tank econom zer 70. The

refrigerant is expanded as it traverses the secondary

expansi on device 75 to a |lower pressure and | ower

teggeraturell i d. apd vapor, mx rior toeterw%the
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t{m]é%gfé erant -to-refrigerant heat exchanger 60
oﬁé R \73??1 ng the primary refrigerant circuit
e[ﬂ@‘ﬂﬂ& on \Pabompﬁﬁom of the ptessupasintiglgyehtighshigy@esented in
nt v or q.8avi.ng the
GBS, ik repsq B btk Aol RO oliRohel r e,
sefrigemnt vamloe cormﬁressmm systemr lé)ssz@G blev eitiesr 20 thetphessure $o
gng}g&gyzrg%ﬁ%%ﬁtip% %%{é&gﬁ%?% gttn coﬂt/?{etitggal frlafl-%%raﬁp&gg)me §0§ﬁﬁgss1on
csyptome presentedin FIGO 6 R9FIA TpBlustrates thé carlaeity prevement
rREdiAET A thaPRIed %ﬂt’?@dp@ﬂc&xﬁﬁr@ééﬂa‘ﬂ s&&éﬁa'o‘i%{e%\trenlnbﬁ‘ er16. 6

is diverted intothe first econonm zer circult
rREssepi§ @rchpiacteriphe prosspredperthalpy eflatjogehin fer 4 Gopuentiongl paior art

CleiE tan€ ddPoP Eorh PRssh brilavingth Bin 8 RIRGIBr & fto-Fllrigétnt@ichth er
éreamvvlth respect to refrlagerant flow of the first
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process w1th1n the flash tank economlzer c1rcu1t and DE represents the gas heat

absorption process within the evaporator 50. The evaporator line DE in FIG. 1 is
longer than the respective evaporator lines associated with either of the prior art
single economizer systems, indicating the capacity improvement associated with the
two-step expansion, dual economizer refrigerant vapor compression system of the

invention.
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tenperature vapor. The expanded refrigerant vapor
t hence passes through the second pass 64 of the heat
wWeehasigsy econom zer 60 in heat exchange rel aRCDOSINP010067

with the refrigerant vapor passing through the first

pass 62 of the heat exchanger econom zer 60 to further

cool that refrigerant vapor. Having passed through the

second pass 64 of the heat exchanger econom zer 60,

tﬂ;a di verted porﬁlon of the refrigerant continues on
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i nter nedi. at e ure st age of .t heconpr essi on
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| exmnmesders forssugle fwakiage cahigessadortviscagrsah@he weftip@tnt-to-

|
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phor e Reabsisherden ar ¥ shellang @t&%w&twéel\mn dnytdiiger type of heat
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associated wth the flas tank onon1zer
cBtiInat i onwb%med’éesanftlw%@baSéa@plan%rn@ﬂa@y mrrﬂor
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@’e 4 fr gq&the C, genserlggz cool er 40

APEPEIGE D @ne Phided Bt he gRMehvarigp s’eanémrd@gash B#y be effected
sthetednwitiioutt Hepairtinpefdh e dpititegd 8¢ops oBithe \Waventi6Pas defined by the
eﬁgan5|on process with dual econom zer circuits to
prOV|de a system having inproved efficiency and
capacity conpared to prior art systens having a single
step expansi on process and either a
refrigerant-to-refrigerant heat exchanger econom zer
or a flash tank econom zer. [0041] A conparison of the
pressure to enthal py relationship presented in FIG 5,
whi ch represents a characteristic pressure to enthal py
relationship for the refrigerant vapor conpression
system 10 of FIG 1, to either of the pressure to
ent hal py rel ati onshi ps representati ve of conventiona
refrigerant vapor conpression systens presented in
FIG 6 or FIG 7, illustrates the capacity inprovenent
associated with the refrigerant vapor conpression
system of the invention. FIG 6 presents a
characteristic pressure to enthalpy relationship for a
conventional prior art refrigerant vapor conpression
having a single refrigerant-to-refrigerant heat
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exchanger econom zer. FIG 7 presents a characteristic
pressure to enthal py relationship for a conventi onal
WQ@erisn3mse refrigerant vapor conpression havi nRCEUS2007/010067
single flash tank econom zer. In each of FIGS. 5-7, AB
represents the gas heat rejection process within gas
cooler 40, KG represents the process within the
refrigerant-to-refrigerant heat exchanger econom zer
circuit, JK represents the process wthin the flash
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be a braz eg eggnogrﬂé?r cirg ‘glr%ch Qi earﬂatsﬁ tatxﬁégg&{bm&émﬁsplaﬁtm

exchag&r™ exchanger, or any
ahéeefrigeype cﬁéulhmnsa'&ﬂh afigpad re’ﬁm gevand pp@m@ﬂy’ea@xghqnger and
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tlﬁ)e resen nve en part | C ar | Yy shown and
oS geinbbth- mfmgermweﬁmm@r dispesad iptaist refrigsrriiEHenibig a series

'Jeh-iﬁ%{(arnﬁl&g r?%m{rﬁglpggrmm ngs, it wll be understood by

one s art that various changes .in_ detail
may be sepdndencrrpenrigredayionidimoed in G5 AriERG Nt HEsH i gperative

S&k&c‘xiﬂoﬁ%ﬂ%ﬁ%s@an{mbf‘éé@cﬂﬂésﬁﬁarﬁtsecdﬁfm@ad by the
claims. W& Claim 1. Arefrigerant vapor conpression

system conprising: a refrigerant circuit including a
refrigerantA edApR@Sapsr ddaipkdsion Syskead ad Geitainin clmmlll wigerein

e e RS BB B0 40 (R L RIPI g
eﬁé@ﬁbaﬂ@&eﬁ-@baht g bif thefirstirefzigeaat paﬁgoﬁmdl rgfngeamt-to-

refrigerant heat exchanger.

3. A refrigerant vapor compression system as recited in claim 1 wherein
said flash tank economizer is disposed in said refrigerant circuit upstream with

respect to refrigerant flow of the first refrigerant pass of said refrigerant-to-

refrigerant heat exchanger.
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refrigerant heating heat exchanger for passing
refrigerant at a |l ow pressure refrigerant in heat
W@®RasGe rel ati onship with a heating nedi um PBEEUS2007/010067
primary expansion device disposed in the refrigerant
circuit downstream of said refrigerant cooling heat
exchanger and upstream of said refrigerant heating
heat exchanger; a first economizer circuit including a
refrigerant-to-refrigerant heat exchan ar 4659 om Zer o
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eSUIeANEEE CIra biop FicoBpressing Tt VRROZ PAjSHTe é‘ﬂ}éﬁ"c‘ %ﬁ?
20shomhing QB fepidetARtaNt pass disposed in heat
exchange rel ationship, said first refrigerant pass in
refrigerant flow communication with said refrigerant
circumt and rgﬁigdraiemdcérﬁlﬁregsgﬁr@mémms&weﬂ in claim 6 wherein

refrigerant flow conmuni.cation with said first
Sald FEPROFUFCT CPTIRTESTOr comprises an independent compressor

8. A refrigerant vapor compression system as recited in claim 6 wherein
said compression device comprises a single compressor having at least three
compression stages and said economizer circuit compressor comprises one of said

compression stages of said compression device.
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5. Arefrigerant vapor conpression systemas recited
in claim4 wherein said first econom zer circuit

wo eooBha3sconpri ses: a first econom zer circui tPCT/US2007/010067
refrigerant |ine passing fromsaid refrigerant circuit
t hrough the second refrigerant pass of said
refrigerant-to-refrigerant heat exchanger econom zer
and reconnecting to said refrigerant circuit, and an
econoni zer cir.cuit expansion .devis&e i nt ertéj(i%pg)sedl Jvﬁ‘erein
sai d ¥i r stA EEORBARYEPOTEOPIRISEIOP SYPTR 8 Rt ve™
$HRS tdceM Rhohizer dran Mikthet tompetea atseq@nd sc@fongzdr dircuit

refrigerant-to-refrigerant he exch .
g R e
fhshi taRlGechhisthizer and anpteshadiptapresuonsagexdsaid goppression
ggeratively associated with said first econom zer
Wit for reconpressing refrigerant vapor passing
t hrough said first econom zer circuit refrigerant
|1ne-1d-  ARSHELAR ABb: AARALsRATHIERS AdiBY il TS
recited in clafm erein sald econoni zer conpressor
wheysiti:ses an i ndependent conpressor. 8. A refrigerant

vapor ¢ 60 §R% EspibRikes Yish@iPuRBer cBfiptiSst d firstCdcBhdthiGendiRuRi N
sai d conpression device Qongélses gFSI gLe coqgrgfsort
FRIGETTERIAIe DA% AP B0 BT L ETEH! DroHEBanS SRqon ey Boen
SERNPAIE %ﬁ@érﬁﬁ%ﬁ&cﬁ?@iﬁﬁﬁ&ﬁwxcﬁmf écDASm el res@ingcting
conpressi on stages ot said. conpression - -
SR Err BT G 12 ﬂfﬁ?‘é‘?@.‘?‘g"n‘g@m 5 SleR 188 bk 6 Somtession
dedcenaddwher ei n sai d second economi zer circuit further
COMPI 138 Rechnd £& og%iz%g A Aftherd an)yi'sés d S%E&dd%[)%izéll ne
est abPTSRTRG” FErrT ger ant vapor 10w communi cat i on
atwiesigsint lid exdblishing refoeranti vaper fiavdcemmppicationdgice
Egiﬁ%lsagﬁ 8B LIS er 2R £h HRTRESSRIRR 8 HaEE of shidt cofnpression -
rerrigerant vapor conpression systemas recited in
clewicen 1 wherein: said first econom zer circuit further
conprises a first econom zer circuit refrigerant |line
passing fromsaid refrigerant _circuit thnoggh t he .
secondlref & r@@}%}:ﬂm PAROE COMPISEIR system as recited 1n claim 1 wherein
rs8idr doBpradibn igviéddni@RE Ssingle abmpxedoa RPang fAeRotwE er

and reconnecting to said refrigerant circuit at an
iRPRFIRaT SP8%Sconpr essi on st age of said conpression

12. A refrigerant vapor compression system as recited in claim 1 wherein
said compression device comprises at least two compressors disposed in the

refrigerant circuit in a series relationship with respect to refrigerant flow.

13. A refrigerant vapor compression system as recited in claim 1 wherein

said system operates in a subcritical cycle.

14. A refrigerant vapor compression system as recited in claim 1 wherein

said system operates in a transcritical cycle.
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devi ce; and said second econom zer circuit further
conprises a second econom zer circuit refrigerant |ine
w@2108hBbi3shi ng refri gerant vapor flow comuni caP@CDES2007/010067
bet ween said flash tank econom zer and an internediate
pressure stage of said conpression device. 11. A
refrigerant vapor conpression systemas recited in
claim1 wherein said conpression device conprises a
si ngl § sConpyr eiior havi n% at |l east two conpression )
st ages. RIMESFAN YRROLYOPIESHPT 5B TEsits 18 glama dyvhgrein
rtbe retffiegbram cahprises tarbbwe divixitesai d conpr essi on devi ce
conprises at | east two conpressors di sposed in the
refrigerant circuit in a series relationship with
r esped®- t o 4 xefiigerpat yaptor chmpressidn sybtemedsrregjedamtlaita P Gherein
GRmfRe) BtbaRliSh B AScduifilshEth kel b duiSRIN S
system operates 1 n a subcritical cyclé. PR
refrigerant vapor conpression systemas recited in
clai mi¥ \Ah@fl%ﬁ{keﬁﬁlt qaﬁ%%&ﬁp&?ﬁ&{ %ﬁsﬁﬁl ds'ke8ted in claim 1 wherein
transcritical cycle.15 A tefrigerant vapor
Sty srpagsier deNigecomprisesdthermaestatic wxdangion velve. t he
refrigerant conprises carbon dioxide. 16. A
refrigerant, vapor conpression systemas recited in _
claim % wh &y EITHECEaRE YaRoY CARPIPSURhaNEmH recied dpclaim 1 wherein
codprcaEsry@apalsiaide ot Cot Rl Sh eRciYaHiy &ipaﬂsZon Mulve.
refrigerant vapor conpression systemas recited in
claim1 wherein said primry expansion device
conpril8es & refiperans vator compieadis ©Bteyds\tecited 8n clAim 1 wherein
refqrd . on stemas recited in
S LA iR DL AR B S Ao vic?
conpri ses an el ectroni c expansion valve. 19. A

refrigeraniy MARRFanfIPRY @éxﬁiéxggsi&y el a%%ec{igg il/l% %lgin% 5 wherein

claim1l wherein said secondary expansion
SO PBEZY cirPybeKPapsien devieogempsisesranciseitonic ezpansian valve.
refrigerant vapor conpression systemas recited in
claim ? wherein said econoni zer circuit expansion
devi cé 'con‘g"rrf’ Tanh VAnOE EQIRRIRFIOTESYBIAIAS Gerited iny/elainp5 whekin
isaifi ebgrndRd citefIDExpaMNiPH @&SdeUdmpYiSdse thétndsBAk bfHnkibn valve.
claim5 wherein said econom zer circuit expansion
devi ce conprises a thernostatic expansi on val ve.

22, A refrigerant vapor compression system as recited in claim 1 wherein

said compression device comprises a scroll compressor.

23, A refrigerant vapor compression system as recited in claim 1 wherein

said compression device comprises a reciprocating compressor.

24, A refrigerant vapor compression system as recited in claim 1 wherein

said compression device comprises a screw compressor.
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22. A refrigerant vapor conpression systemas recited
in claiml wherein said conpression device conprises a
W@ 200818036 npr essor. 23. A refrigerant vapor coPEF/ESHITN0067
systemas recited in claim1l wherein said conpression
devi ce conprises a reciprocating conpressor. 24. A
refrigerant vapor conpression systemas recited in
claim1 wherein said conpression device conprises a
screw, conpressor. 25. A refrigerant vapor caonpression
syst er%%as S e??%eaaq§ NeRYE §PWPTg§Aﬂ%?yéFeﬁ‘ aspgitedya clam il gvberein
| saGloTyptemais edoiporatedt in arsypepdrt ﬂeﬁfgefa[gleﬁ ?sjt@llﬂ o 6h@RbAIAE a
ition erature controll ed cargo storage
?ggﬁ %r%é.u%%)ggﬁﬁ?%%?&g%&gﬁ? F90or conpression system as
recited in claim23 wherein said systemoperates in a
transceii ti gal p€ . Il gerant vapar. .
conpr éssi on g}?g%égﬁ%g? rzggl P {eeggu:;ﬂngg{egll ar%rﬁﬂg\%ﬁ’éflémz?he
rveerein &3ig AYsterd AparRisein cuarsoniticd] epclede.

27. A refrigerant vapor compression system as recited in claim 24

wherein the refrigerant comprises carbon dioxide.
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