Transcrifical Refrigerant Vapor Conpression System Wth Charge
Managenent Field of the Invention [00011This invention relates
generally to refrigerant vapor conpression systens and, nore
particuIa?Y??m¥Q@?§?rigerant charge managenent in a re?FF@@?ﬂHYmW§por
conpressi on systemoperating in a transcritical cycle. Background of
the Invention [0002] Refrigerant vapor conpression systens are wel |
known in the art and commonly used for conditioning air to be
supplied to a climate controlled confort zone within a residence,
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[6001] This invention relates generally to refrigerant vapor compression
systems and, more particularly, to refrigerant charge management in a refrigerant

vapor compression system operating in a transcritical cycle.

Background of the Invention

[0002] Refrigerant vapor compression systems are well known in the art and
commonly used for conditioning air to be supplied to a climate controlled comfort
zone within a residence, office building, hospital, school, restaurant or other facility.
Refrigerant vapor compression systems are also commonly used in refrigerating air
supplied to display cases, merchandisers, freezer cabinets, cold rooms or other
perishable/frozen product storage area in commercial establishments.

-[0003] Refrigerant vapor compression systems are also commonly used in
transport refrigeration systems for refrigerating air supplied to a temperature
conﬁolled cargo space of a truck, trailer, container or the like for transporting
perishable/frozen items by truck, rail, ship or.intermodally. Refrigerant vapor
compression systems used in connection with transport refrigeration systems are
generally subject to more stringent operating conditions due to the wide range of
operating load conditions and the wide range of outdoor ambient conditions over
which the refrigerant vapor compression system must operate to maintain product
within the cargo spaice at a desired temperature. The desired temperature at which
the cargo needs to be controlled can also vary over a wide range depending on the
nature of cargo to be preserved. The refrigerant vapor compression system must not
only have sufficient capacity and refrigerant charge to rapidly pull down the
temperature of product loaded into the cargo space at ambient temperature, but also
operate efficiently at low load with excess refrigerant charge when maintaining a
stable product temperature during transport. Additionally, transport refrigerant vapor
compression systems are subject to vibration and movements not experienced by

stationary refrigerant vapor compression systems. Thus, the use of a conventional
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condenser and the refrigerant pressure within the evaporator for a
refrigerant vapor conpression systemoperating in a subcritical
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Summary of the Invention [00081A transcritical refrigerant vapor
conpressi on system having inproved refrigerant charge managenent

i ncl udes QNGQ&ﬁfﬁﬁéion device, a refrigerant heat rele?E&Rﬁaﬁ%ﬂﬁmm
exchanger, #rlgerant heat absorption heat exchanger a
refrigerant- to refrigerant heat exchanger econom zer and a flash tank
di sposed in a primary refrigerant circuit in series refrigerant flow
relationship internediate a refrigerant heat rejection heat exchanger
and a refrigerant heat absorption heat exchanger. A primary expansion
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val ve. [0010]In an epbqdi ment, the bypass flow control val ve nmay
conprise a refngerant circuit in operatlve association with and upstream of the refrigerant heat

absorption heat exchanger and a secondary expansion valve interdisposed in the
refrigerant circuit in operative association and upstream of the flash tank. A
refrigerant vapor bypass line establishes refrigerant vapor flow communication
between the flash tank and a suction pressure portion of the primary refrigerant
circuit downstream of the refrigerant heat absorption heat exchanger. A bypass flow
control valve having an open position and a closed position is interdisposed in the
refrigerant vapor bypass line for controlling the flow of refrigerant vapor through the
refrigerant vapor bypass line.

[0009] The refrigerant-to-refrigerant heat exchanger has a first refrigerant
pass disposed in the primary refrigerant circuit downstream of the refrigerant
cooling heat exchanger and upstream of the primary expansion device and a second
bypass disposed in an economizer circuit refrigerant line that extends in refrigerant
flow communication from the primary refrigerant circuit to an intermediate pressure

stage of the compression device. An economizer circuit expansion device is
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t hernostati c expansion valve. In an enbodi nent, the secondary
expansi on val ve may conprise an el ectroni c expansion valve or a fixed
orifice expansion device. [0011)In an enbodi nent, the conpression
device may be single conpressor having at |east a first conpression
stage and a second conpression stage. |In an enbodi nent, the
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[0011] In an embodiment, the compression device may be single compressor
having at least a first compression stage and a second compression stage. Inan
embodiment, the compression device may be a first compressor and a second
compressor disposed in the refrigerant circuit in series refrigerant flow relationship
with a discharge outlet of the first compressor in refrigerant flow communication
with a suction inlet of the second compressor. In either the single compressor
arrangement or the dual compressor arrangement, each compressor may be a scroll

compressor, a reciprocating compressor or a SCIEW COmpIessor.

Brief Description of the Drawings

[0012]) For a further understanding of the invention, reference will be made
to the following detailed description of the invention which is to be read in
connection with the accompanying drawing, where:

[0013] FIG. 1 is a schematic diagram illustrating an exemplary embodiment
of a refrigerant vapor compression system in accord with the invention,

[0014] FIG. 2 is a graph illustrating the pressure to enthalpy relationship for
the exemplary embodiment of the refrigerant vapor compression system of the
invention illustrated in FIG. 1 operating in a transcritical cycle;

[0015) FIG. 3 is a graph illustrating the pressure to enthalpy relationship for
a prior art refrigerant vapor compression system operating in a transcritical cycle

with a single refrigerant-to-refrigerant heat exchanger economizer; and



[0014]FIG 2 is a graph illustrating the pressure to enthal py
relationship for the exenplary enbodi ment of the refrigerant vapor

conpr essi Qp ssiHROf the invention illustrated in Fl Gegu9Refdbicdd
in a hanscritical cycle; [00151FIG 3 is a graph illustrating the

pressure to enthal py relationship for a prior art refrigerant vapor
conpressi on systemoperating in a transcritical cycle with a single
refrigerant-to-refrigerant heat exchanger econom zer; and WO

2008/ 130358PCT/ US2007/ 010066 [0016]FIG 4 is a graph_ illustrating the
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flash tank econom zer .
w? a rsrljngle flash tank economizer.

Detailed Description of the Invention

[0017] Referring now to FIG. 1, there is depicted an exemplary embodiment
of a transcritical refrigerant vapor compression system 10 suitable for use ina
transport refrigeration system for refrigerating air supplied to a temperature
controlled cargo space of a truck, trailer, container or the like for transporting
perishable and frozen goods. The refrigerant vapor compression system 10 is also
suitable for use in conditioning air to be supplied to a climate controlled comfort
zone within a residence, office building, hospital, school, restaurant or other facility.
The refrigerant vapor compression system could also be employed in refrigerating
air supplied to display cases, merchandisers, freezer cabinets, cold rooms or other
perishable and frozen product storage areas in commercial establishments.

[0018} The transcritical refrigerant vapor compression system 10 includes a
multi-stage compression device 20, a refrigerant heat rejection heat exchanger 40,
also referred to herein as a gas cooler, a refrigerant heat absorption heat exchanger
50, also referred to herein as an evaporator, and a primary expansion device 55, such
as for example an electronic expansion valve or a thermostatic expansion valve,
operatively associated with the evaporator 50, with various refrigerant lines 2, 4 and
6 connecting the aforementioned components in a primary refrigerant circuit.

{0019] The compression device 20 functions to compress the refrigerant and
to circulate refrigerant through the primary refrigerant circuit as will be discussed in
further detail hereinafter. The compression device 20 may comprise a single,
multiple-stage refrigerant compressor, for example a reciprocating compressor,
having a first compression stage 20a and a second stage 20b, or a single compressor,
for example a scroll compressor or a screw compressor, adapted in a conventional
manner for injection of refrigerant, for example via an injection port, into an
intermediate pressure point of the compression chamber of the compreésor, whereby
the first compression stage 20a is upstream of the intermediate pressure point and

the second compression stage 20b is downstream of the intermediate pressure point.



Detail ed Description of the Invention [0017] Referring nowto FIG 1,
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of the primary refrigerant circuit downstream with respect to refrigerant flow of the

gas cooler 40 and upstream with respect to refrigerant flow of the evaporator 50.
The refrigerant-to-refrigerant heat exchanger economizer 60 is disposed in
refrigerant line 4 of the primary refrigerant circuit downstream with respect to
refrigerant flow of the gas cooler 40 and upstream with respect to refrigerant flow of
the flash tank 70. Additionally, a secondary expansion device 75, such as for
example, an electronic expansion valve or a fixed orifice device, is interdisposed in
the primary refrigerant circuit intermediate the refrigerant-to-refrigerant heat
exchanger economizer 60 and the flash tank 70.

[0022] The refrigerant-to-refrigerant heat exchanger economizer 60 includes
a first refrigerant pass 62 and a second refrigerant pass 64 arranged in heat transfer
relationship. The first refrigerant pass 62 is interdisposed in refrigerant line 4 and

forms part of the primary refrigerant circuit. The second refrigerant p_as§64 is



The first and second c-onpresSion stages 20a and 20b are di sposed in
series refrigerant flow relationship with the refrigerant |eaving the

first conuwesakassst age passing directly to the secondpe@iRiea6io0s
stage for further conpression. The conpression device 20 may al so

conprise a pair of conpressors 20a and 2013, connected in series
refrigerant flow relationship in the primary refrigerant circuit via
a refrigerant |line connecting the discharge outlet port of the first
conpressor 20a in refrigerant flow communication with the suction

inl et port ofinteiispesed hgiriesrept inesigrand dasms prreofanpserosizn siraita Teehd 20b
may be Scr ol lecsmumise sRe@itTe g6k fVing QD R6:@BEO irSre flg@Rh {6 &drhrihication
conpressors, r. tar.X %ZC:)QHPI’GSSOI’S or ap% ot her IXBG of @{)‘ggress r or a
conbi nati on JF A RTBPEE SBES O R EIPISHIR" PEFF Ty PXeH@

rej ecti ng heambediolzandpeictedln R/ 1cthepednemizar ¢ircnit edfrigande lihe 2 coarahtonger
42 t hrough LE . hi . . I ! J:

exchange re},\gtbﬁ %@ﬁige\t}vio?ﬁwgh g% Ileﬁlgg% %{jc}l%%i%%ét{?&%gﬁrﬁmﬁ?; m%foent
air drawn t hreligerantfloweishe Fiesn¢les! herefigempitodeftigenatdeatieyshaager 44

The finned tuRgendadr 66%Ad\EBBRENeS fREYant AEP AlkRnatilOlY, tRX &J¥RbRizerditk il
and round tube_heat exchange coi mm_-ghannel t ube

| qor a fin a flat.
heat exchangdfMesBpIne My cPpusRup rgfmesrans lipgs PF'S‘%P’&W?W\?%‘B FEEPBS si on
system 10 of wilterespevian téfdgerann QbwaE thedfirstphysi6d ©f thareftigernefto-rafégeaamt heat

exchanger ol e SQsaHifhiste bb AML Ak loh il AR ARG SeT i €5

refrigerant flowr tionship 1n refriger "I ne 4 e primary
refrigerant cEfigeiant resfif theapitigerpt-teaetisigerantihgatcsshapgss ceavemizentl) of
the gas cool ahaylt smfzedRS b pAaIB] HolvhestRfRA e feRtibrRhipiod &1 Astunikt gow of

t he evaporatqr 50.. The refrigerant-to-refri.gerant heat changer
cconom ver - 60eFRxEbpElTonh B e ied ZHE R ettt et
refrigerant c60rmoay e adnavad plaedwataxtimnpespmbe-in-obe kdfat exghanged a fubewn-of

the gas cool %%A%a%;g#ﬁ?éi&gg{;@]mrhmg Lhanfer’ €f rigerant flow of
. Addi [

the flash tan ronally, a secondary €xpansi on device 75,
such as for R8Il e, afAnEPUEMiIEHFECUEERRATSTB AeXier Gpds dispoged infed ori fice .
device, is i ndcBhchisRRueE: deftigeRAt kilel 1TRipYtrdafiwittO8spRttto Edffiednk flow of
intermedi ate t&he refri g@{afn -t 0- reftrl g[?{n'ant tglﬁatt ?chan?er ecopom zer
50 and the 11 SEFEePRHRETH oTptrs Bt r RPN TEMPET FFORPURT Choat
exchanger ecoR@¥Hcaemifd cirii] axg@sion device 65 meters the refrigerant flow that passes

through the refrigerant line 12 and the second pass 64 of the refrigerant-to-

refrigerant heat exchanger economizer 60 in heat exchange relationship with the

refrigerant passing through the first pass of the heat exchanger economizer 60 to

maintain a desired level of superheat in the refrigerant vapor leaving the second pass

64 of the heat exchanger economizer 60 to ensure that no liquid is present therein.

The expansion valve 65 may be an electronic expansion valve, for example as

depicted in FIGs. 1-3, in which case the expansion valve 65 meters refrigerant flow

in response to a signal from a controller 100 to maintain a desired refrigerant

temperature or pressure in refrigerant line 12. The expansion device 65 may also be

a thermostatic expansion valve, in which case the expansion valve 65 meters

refrigerant flow in response to a signal indicative of the refrigerant temperature or

pressure sensed by the sensing device (not shown) which may be a conventional

temperature sensing element, such as a bulb or thermocouple mounted to the




a first refrigerant pass 62 and a second refrigerant pass 64 arranged
in heat transfer relationship. The first refrigerant pass 62 is

i nt erdi sposedodsnsosed ri gerant line 4 and forns part of tplre/RbGoFBIoN66
refrigerant circuit. The second refrigerant pass 64 is interdi sposed
inrefrigerant line 12 and forns part of an econom zer circuit The
econom zer circuit refrigerant line 12 connects in refrigerant flow
communi cation with an internedi ate pressure stage of the conpression
process. hi the exenplary enbodi ment depicted in FIG 1, the

economi zer crafidgerant fing |3 dosyngiiean ofithe spoondgrsied thethsatexehapngrs eeavomizene 4

of the prinagy. Tefeir@efaaiNapbi gaSsihd thdhFBE cttRSiniLAM Mt tdrigRaRiRd 12 O
refrigerant flow of the first pass .62 of the . .
ref ri ger ant - ISdUPEFY infRetPe FemmESSIon SR UERANAL AR ENSSREHR BresHiee RaiRy of the
est abl i shes ta@hpreghgiidcess Gk datmplendthecempresdidredesizo R0 8 az@bltictage Ui t
refrigerant || . ' Qe | ary
circuit dom%tc&g(?fm vﬁ ‘fcc%&?ée‘sg%’e%t&%egmrltka'%ﬁ?gg%%%{egﬁf%egaﬁpgﬁpg{]ﬁé Jf'h% {rﬁgot pass
62 of the refriniEmedistepeesyuat sagef dstredipreqation edvepterser betusso e fiest 60.
The first retshgedsttstagadsa £4 thdcdndRomfetithh sfa%@&Olg%%tcoﬂg@%i&A of
the refrigerant-to-refrigerant heat exchanger econom zer '60_ pay be
arranged in 2eeHZip aFinglF 5Ho N SUPPEREH AGR B SR OB dhe feffiegrant
count er fl owmihert diexeheffigeratitahpdriingt 3 injectiGispatadithcdbmpidigion device
refrigerant-to-tefriger [ f. ate
heat exchang%%'i?e,nlgn t{)u e~ ﬁhsﬁﬁgéq?g%g@?% ﬁa‘ﬁ‘g%??aﬁdﬁgﬁcﬁgi%n‘?‘éﬁ%d (taeat
exchanger or pessredf| thaemipresien Regess el dirangeressipoda e 2 ivcemroki zer
circuit expapshssdR\os,20850t &gagxﬁfbﬁ%,ﬁ@f sdolt EnpRESEE, B 4GEw Cl I CUi t
refrigerant line 12 upstreamw t resgect to refrigerant, flow of the
second pass BAMRIESSPIFEONTEFPROGALnG ROMPrESsPrss GoPRRsted it SHES O 2 XiBBENger
econom zer 6eciplératitg asmipiest@rhacing @ first bakpad s se@ondlBank ©f cydimdergttier S t he
refrigerant . . . . ' ' and t he
Gecond pass Lo ARtmpRRART: iR SRLE L IEATk D Rude "
econoni zer 6Efiigerantdine Brtivangsts thedisahpign spHah Pott efthe fiest pantnresgr2imin
passi ng t hr oughedrift Ao BinmR@Rauf witiiBe SRA5N RIS PSR Re RLOHTPREsRO 10
maintain a dg@l red | evel of superheat in the refrigerant vapor
| eavi ng the Rond pass 64 of the heat exchanger econom zer 60 to
ensure that (024] qui d Tis fhsketek?0 ishsedisposed ngefigpantdine @ of dlepeinBly may
be an el ectr Q. i . . [ i .
13, in whi chopaa e Rane s g_aﬁééa‘éﬁ"%%&:@éé%%ﬁ s
response to &esrigeantie eeRheriskeheneer g newizan handivesteamedihy ed
refriger ang &@Haeg@gtemgemafﬂw g&ayé\t@ btﬁtofﬂzfo![r&%i'\%ﬁﬁe Jemgeraﬂ.eﬂol“me _
expansi on devi ce ma sg be a thernostatic.expansion valve, in
whi ch case t REOWBRTRTEFER Hngid & EoNEY SFRnHER AP Rt MArOPoRtl ' s ponse
to a signal ircfdgaaitiline 4of thelpemanfreiigenarircticdqyeisatan eithrespieesur e
sensed- by th‘%ef?igélé %“ﬁo%‘{ﬁe%t(‘gﬁl% ea&%%psz‘%gh@}eﬂg&a&%%fﬁg&ﬁﬂ%O”a'
I uch as I'b or t

i
tenperature sen |ngt elenent, s a bu ernocoupre nount ed
to the refricye1Bger esqramizepoQiayhpstreamiyiBr respset te exdgrarnd 4e¥ ofthe fie heat

exchanger ecqa@Eif&a tafd70. Tiigh pREJutdefiiaBlantwapétpaiddiSthidgel Ripd@ht lde

econom zer cir.cuit frigerant line 12 is injected_jnto the.

conpr essi on ddvFPansy a5t Heffﬁﬁtﬂé"rsﬁ’é°d‘|‘]:'%‘i’ 8"‘6?‘8@%%‘? °ep?8i“h? s‘%’F“‘E“ﬁb

conpr essi on presgesand tboperatueerisfarg the teftigreant paspesasteitierflagdietank 20. 2Thei s a
mul ti-stage rechBLOEAhign ERIRBI e ah SibLddR! APinslohW8ivd 2udi s€Ct S
refrigerant vapor directly 1nto an'internedi ate pressure stage of the
r eci-pr ocat i nd!usEatse SEIG: 1 Ha txhisdisaserthe sepqndary c¥PARFian ¥3lv5,7SMel§E 20a and
the second coeepassi W HlrePnsd @ sipdal frbil aceRGUIRE 500D nAGitis 2deifted S A
single scroll conpressor or a single screw conpressor, the
refrigerant - line 12 directs refrigerant vapor into an injection
port of the conpression device opening to the conpression chanber of
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refrigerant circuit downstreamw th respect to refrigerant flow of
the first pass 62 of the refrigerant-to-refrigerant heat exchanger
econoni zerw6Qowmneb3spst ream with respect to refrigerant pclrasdboiobe
evaporator 50 to receive the refrigerant flow ng through refrigerant
line 4. A secondary expansion device 75 is interdisposed in
refrigerant line 4 of the primary refrigerant circuit downstreamwth
respect to refrigerant flow of the first refrigerant pass 62 of the
refrigerant-to-refrigerant heat exchanger econom zer 6Q_and upstream
with respect "HHEF Y PlgRrRTeipgaRtdine f WBsteAmYIth TesPegt o Tefrigerant Agwk of7 0.

Hi gh pressur eherseédhﬁgybﬂmhswmmiceaas ThegcoitapugParsidhideges Bvhay diste 4 i s
expanded as i Ve cond ion dev ce 75 to a,
subcri ti cal p’r tsls%’r eﬁ’geﬁgm & exilgnsf ur%‘%e’f 08%‘ ﬁ{éserth &gl,a ’étrﬁmsf)‘ggg‘es
into the fl as¢rigasit lings umamembmmwuewﬁaqgnbﬂMMc:@cwamy be an
el ectroni ¢ exPaRSbOfewdR!7S il gu&nat@a%aeké,ugL;;o%taﬁﬁl,én{lcoﬁhﬁmslm'u{e whi ch

case the secondary expanS| on_val ve ers refrigerant flowin
response to Zfaggipyfloyviibe indgrenthymetered imercord Witk the magnitydesfdhe e
refrigerant preessedifedemitial @érbdsqRd i okiibe 4 upstream with respect to

cxpans on del @8 75 ol IRE0RUR Y IGHBEN Sopru e hor e npieh o
devi ce, in wekeindelasigtigt floefsial gabariicabpresyisrand separash iritgaliquid | i ne 4
upstream wit l?eﬁx?éﬂﬁ?&mbﬁ’ﬂﬁ?édilb&?fnﬁﬂé xowepmsr@én Selthe Bk RRE 36 ¥ndik %ﬂS' on
device 75 will Tluctuate

endj ng upon anbi ent condi tions an
refrigerant MPRERPEFIPT hRECY 'ﬁ‘ﬁ%?‘é}‘ﬁ ?RPeﬁ%‘{'%?'b‘tf theflash tagk 0 v t}FH’@““’

magni t ude of Ié:viwiﬂﬁﬁ!ﬂﬁlﬂ%ﬁh tehinkf T2 rik,ithd {84 t:ok J0 filietidds xe 8 redéivéd f61e .

100251The fI n ti0 nt o .whi ch

t he expan de d T e éﬁ u%d 7691?& an wﬁénee‘ergﬁeg %%'%rera pvag?racomgléegsx?nesygtﬁrg 18

separ at es i nwoperatirg] aanftheff thatgloesonot raquire the systems ﬁélabﬂnee'ag charge-he

| ower porti ofggk) t he fAan Ichthr%Qﬂnt' \Bh& Bm! &9&& &Eﬁl'l}%&e? g
| qU|

collects in the up POI"[IOH ‘of th tan 0 above th

l evel within f‘ffﬁée‘?’}té}% 'éi‘ﬁ'l@s‘?b“s‘h%’ﬁg“ge’f"‘ﬁéﬂw %ﬁ“‘f‘é’f"?@?bﬁt‘i"’ﬁﬁ?&‘? Wt as
a receiver feanksoand REidetaatiist 6 ¢ithd geﬁayntemwlemecrmﬂahep&&fdowgafeaﬁt
vapor conpress S REl 8t D capaci t does n
require the syglte éﬁ?m gem"? owgét:la’ﬁ uﬁat‘ Fmee a?‘ﬁfﬁ'?éi&ﬂ%ﬂpf%eﬁg'l ' the
refrigerant vespent tmﬁ}zresﬁsﬂqmofspmlemn mblt ts’dbtsccmnr@hpn devicar?0. | i ne 14

that establ i $gfpefaal Mpgleaoaeéun% lrPifle ?&@m Bf ﬁ@has%rh}%%&rz thd Wquid B9
tank 70 and refrigera I|n§ he primary refrigerant circuit at

a point downHSFEnRASSGS TP e %%‘t“‘WW‘E?Pﬁb’é &ﬁﬁ{a"‘? s &9 entgfdhegriimasy  of
t he evapor at e¢fripBailcuifts retera o ﬂmb&npxesspﬂmevﬁ:eza ek lﬂbgebﬁtﬂﬂ vilvogs Bf

the suction inl erant. vapor
col lecting i n 1@“‘%%? {"t}g%&gwlhgg%‘?&;?gﬁ! ?(ﬂ%o% o ?%ap?ﬁﬂ(ﬁrﬁfl | evel
therei n passé&efigganhling &4 49 @gﬁswmmtamnhwgmqumgwaapf the flash1 4 t o

enter the prigARr7 at EEH@%%}Essﬁieﬁﬁgie% mLQchﬁ&wﬂJ;Srst&zQ hhaﬁx nttiBinfene Soly
device 20. A flow c ntro%f’val ve 85 Is lnt}eﬁeq‘es posed in refri erant

line 14 to r &SRR P BAPRIISCT 215G 2 e hagpe? ﬁ’fsh?‘i‘}ﬂgﬂs‘?%‘fﬁ“figer ant
i ne 14 as neew®ad albyedipositisn, ichian fdrhearﬁp'i@amaﬁdtdxmte&mnbﬁ.nsemm t he
flash tank 7 t i t ressure.
In an enbodi r?neoﬁﬁﬂa?efi hegﬁxg\%ﬁ%g r%n ?‘g?ﬁﬁ&q}r\%&ﬁg@ﬁ&w tcé}l%[égialf&e §50 e‘(ﬁm d

val ve havi ng campme@ebp@wmpwwahﬁd a second cl osed p05| tion, such
as for exanpligp27put nm,qélamﬁlgaadt@oneauwh% matﬂanrm%w@éﬁdihmenm d
valve. In an enb0|m=7= OW_con %ﬁvali/e 85 may rise an

el ectronic epHIRENEH /QRestes ] eﬁfﬁ‘?‘iﬁhﬁ"éfif 5 et %ﬂ‘ilt“a(‘fB‘F‘Ts RHRATY n

t he | ower pomtfrigeramfcirtdiesxpamivdhn vala Bsmam)zmanmc@aﬁse@aﬁdimr\aiweom
through refrigerant line 4 and traverses the primary refrigerant
circuit expansion valve 55, which nay be an el ectroni c expansion

val ve
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or a conventional thernostatic expansion valve, disposed in
refrigerant line 4 upstreamw th respect to refrigerant flow of the
evapor at orwbQoosAsosshi s |iquid refrigerant traverses thechiusssorniooss
expansi on device 55, it expands to a |lower pressure and tenperature
before entering the evaporator 50. As the liquid refrigerant passes
t hrough the evaporator 50, the liquid refrigerant passes in heat
exchange rel ationship with a heating nmedi um whereby the liquid

ol U 1 o coBt BTHeH TBBH Harraretoh A dATat ot BUeBBHGETA ut es a
finned tube opiticarth@ath respedtanpéuigeddt flow ofthagvapotaton S&nAs thixuindidt ube heat
exchanger or _g-:fJ kPl - G t e
heati ng fl ui H&E%ééﬁ‘égg‘%ﬁ; ehg%tﬁr‘g'fc aé’%g‘g reeasrtsiu#(;%g_ﬁﬁ@s t%g?%qgggguw ahl
refrigerant femrerié&rebepisicatesnrs tho cyapprans S&iAs the Had pyrgamnapasensi at ed
fan(s) 54 fr awouphthd dBp&atePsU, iRllqeM rEffigérhRPARBY in heMGRcHARgerelationship

i shabl e/ f t iated with at t
ef ri ger at | o ATERtTgAg R R B g g e iigert b aeirad e P Ao i al
est abl i shmensypedieatad ind thelheaging owdiomtis aolvd. ds anenbsditienj théleaporatot
condi 1 0ni N9 55 Y51 ifles bR} G0l AGeadRhaliEn 3 AliVacdl AL LS
c e nt. e | ow

and thence réturned to a clinate contro envi ronmne [ .
pressure ref Ffdargsner a/Bpend fabayiphehamed tubg hesd peohenges 0 Thehaatingsfividr ough

refrigerant bhddéd i@ hbst ekétingdielatiOhipWitlithdefriddRnCA MY S85dBr Shadyar 20.
[ 00281As in c.ogventbl onal gr aﬁﬁ%@ﬁ %zpe pcﬁ.l mary e ﬁ;?nsmn val ve 55
meters the r 8FATIENH 2PoBREH T G FERe SR SRFalltd epyifoament gich as

mai nt ai n a deperishablé/freedn cafgoFtnpape kot assoniated avithaf trangeirtaafiigerati@r unit,

| eaving the gy 2RAHALHGy SPuBEk RESGHa GBI UERNLA AMadide 6 1o
ensure that no [iquidis preSent In tﬁfq refrigerant 1eavi ng he
evapor at or. AM{pHiZeRe #epcirted Withen aif qopditignipg syteat trbocapled and eengipllpe an

el ectroni ¢ eXRaBeHuAidifiad, WRd theite\Wbtingbd GASTnaltLof¥AIRA ShARNMBAY §nd S
neters refrigerant flowin res(?rgnse to a signha fromﬂ;j?}locgntﬁ oller 100

to maintain X HRET PSS REEEPORPY TR TP BT Eh erpy
refrigerant Mlinnétcthesmctibeindas of the norspressiopidetibe20c onpr essi on devi ce 20.
The primary gRgpsi on ﬁ@i\lnlcgﬁ\veﬁéoma?ica% inftary F';g{a{rﬂe?(?&% velssERG(IS! on

val ve in which case the expansion Vvalve 55 neters. rigerant ow in
response to #hedpigigemnt fayy tequel thegefrigerant ling 4 fayapintain a degigrsilaveliefe or
pressure sens@iryt ih iR SRPEIaN0/apR\ It g tUvEFbrABY 500 d PakRB\IGBighonal
tenmperature sensing.element, such as.a bulb or_thernocoupl.e nounted
Lo Lhe refri GAPRTRT (M8 Seersire dRLnS Faidis SPo M hery BPE 81| ot
WO 2008/ 1303 58ipCratddSAG @dted b BGthe PORSylerpankion exlendd maybearxdatiromiat  of
the refriger antiBR Oy HBRER 150 the SL AT Ty AL GLE Yesti Perkilt Fow b
operation of the refrigerant vapor conpression systemrTs controlled
by a control r$pdisetn 1 fighel fram|asqazolisr L0e maintain 2 depired pstion tepppryture
associ at ed Wot kuctiiepretsQi¥ ifi QdHigedint Vidd & 6n BO sildibeEide S1BS &finprébsion device

refrigerant | 'bn%n14.and t he .econom_zer cjrcui %l}eex ansi on devi e .65
| nt er di sposed®t P RITPIE EPRRTOK 57 73 Maplso B8R MEBTHERC FmaPL B YR
control oper athichvagsithe inpardiaciahedis cnctsrpafrigiennt S inosspbbseanelsigil t he
conpr essi on geidafiGe he ARGk IAEEmBASnAr BRSsé sendd b&%ecsgﬂséf 4 Rpal

practice, in addition to nonitoring anbient conditions,
control | er 100ishagayhearonpisitionn Empspgrenyperlepeiguphtsataids by
means of var itdsocRpBMdInRAES Ak refeteyant BROCinahedcinity bf thbievapsrador Ol | er
100 and di spostzq at selected | ocations throughout the system For
exanple, in R e'exerrpl ary enbodi nents depicted in FIG 1, a pressure
sensor 102 may be di sposed in operative association with the flash
tank 70 to sense the pressure within the flash tank 70, a tenperature
sensor 103 and a pressure sensor 104 may be provided to sense the
refrigerant suction tenperature and pressure, respectively, and a
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[ 00301The refrigerant vapor conpression systemof the invention is
particularly adapted for operation in a transcritical cycle with a

| ower critw@adospsusss refrigerant such as carbon di oxi decThwstoomenoal so
be operated in a subcritical cycle with a conventional higher
critical point refrigerant. Wen the refrigerant vapor conpression
system 10 is operating in an econom zed node, the controller 100
controls the econom zer circuit expansion device 65 to neter the flow
of refrigera por fr mre er h the econan zer
circuit refr ?%erg | i ng’e i7" la'g' m%SErjl’énem{]gftéere @Fﬁagt arating ooen

condi tions amt@aﬁh@qmoyedrleéﬂﬁ rlenmmtmn ONBmeftlegarsysnoemmses;pmrsmwmg in
a non- econontszc%qumesy afcbﬁnﬁgﬁternphﬁ%ctt@é; aChRfsiR: IROPEGRAM 2€r

circuit expansion valve 65 so that all of the refri erant passi ng
fromthe gas2¥egped vibh ﬂFH}O&fQ’H“?‘éPt"F&é r‘%fFFf“sP‘?sﬁ‘é ‘M"-%'&%‘?%‘é‘“? Af éﬁfbﬁe t he
secondary expéedudinider €itvit@paffionddlideleanaerdisposed ihefrigeAastlineadk THO. | n
el t her the eCO OO er ﬁ)g aPso nor&mtroqcono %%’len-?e(}&oﬂlc hgns(l:t%n\;alive g? dloo
controls the prl mary expansi on va Ve b5 O ¢t a

of refrigerafd,ths qmrdeselutl depicet 2earfd the fans #thdnd753. |Aﬁlmgslpmaalmmcn¢ee

sensed syst e QAL &Gmﬂﬁfn@ lgﬁ,t,emsoon&%nﬂ@mtﬁongpma rne-@sa% olnfiGlar ge
tenperature, to match the réfrigerant charge denmand the system

(00311Addi t i SARQUS yverftﬁe PRBEreT Pyapeans of vasiehs %9P%°‘W§WV%¥1 p398Cided t he
fl ow contr ol withlthecolfolicn i o didms&datﬁbwc&tmmgmsxamtm&ghaa thdsybtem.
restrict the f}&\évmo]‘ I ed‘1 nten\{a g’rwn%hc% lcteg lf-‘llt h trasnk 70 in
response to tF e SRS press Q’ pse & att o ERATEEF™F1 ash
tank 70 so ad02 G!ayrmMSW'&Odesﬁ\ree@SwgmMﬂléalﬂaﬂtfa@hmtamstaﬂsssure

As the ratio %sxﬁ@&fd\ﬂ%{emgh ﬁhﬂ% Qtérgpe'}ﬁaxle'sgﬂB@fb% a{@PPlesRfSIRRE 1N
the flash tank wi || depend upon the_ subcritical pressure level within

the separati ¢f¢ E‘ﬁé%@‘P"‘dﬁ‘h@ SF'rsaéfr? refgigRrapt suction temppRAuTE AndBIRISETS) | ed
t hr ough posi késpédtiRgy Qindta Mn;fehﬂm SaRb 105 aWdh vﬁssﬁﬁs sﬁﬂsoﬁﬁ(}arﬁay{lfeod uce a

sel ected refrl flow
valve 85 is €0 ﬁeﬁuostfgg ﬁﬁ Xmgﬁﬁsc{’ f& 5"é’§_§181rre ea"v(\inpﬁﬁv’s“w’ c?‘lv gh% Ank
with rise topmssuipgsasors lQﬁtO‘bﬂOQ mey baepnyentional ppessiessgnsors, pichtak orf | ow

control val vexﬁﬁpw DresQUM triHiQNS)sY arfRRdkem E&%m&reﬁs%wm%& fsmde flash
tank 70 will fall to a | ower pressure, but above the suction

pressure. Th&°REpHempl 'ﬁ?‘@%‘%‘ﬁfee‘e’éﬁ% 1B At fos PramnleuheFmeREPIBT Bs s ur e

W thin fl ash thealstordld suctl on pressure when the flow cont roI val ve is
fully open w e gov. the size of the or i

particul ar fI[J)d Eont ro ;]Q, A ”‘?ﬁ'@rcssmrtsryotﬂnegthalnévg tétor“g‘se of
refrigerant warsioulafly mpﬁﬂéorhbﬂsmmamtmmﬂmﬂ* oyrighwitled lowgeeritisal doime 14

to suction prr@tﬁ%éfﬁﬁ shéh ae%%&t aigkia, Mt B m@terupeatea ik meeﬁﬁc%ﬁwce
within the flash tank. Therefore, the controlle may al so

cont i nuousl| y "B sonysRtional Bigher srififal poiptyefrigersat. b‘@’i‘?ﬁé@ﬁ’ef’t@m(’}b‘é’ﬁ"%nd

cl osed posit icamsrets@oxs@ktemtmv:edppwagtdﬁd ecbxtwuieldaﬁhlettaéwonprbmasuo e. This
mani pul ati on I nt ol
val ve 85 pr ovcl8 gédggﬁ Z¥r Q’%’gg ?F’ln#ct%t?g% %nt? é‘pﬁ?&' 09 \E/el y
manage refri g’éP%rftOﬂtWﬁrég@ﬂW@r‘* thmﬁml@e eeangmizgr citsyis Fftftlxﬁm@t btmtﬂ ml ons

even when t h@esfp@rﬁs%lt&@rs@ﬂntop‘éﬁﬂﬁg c&x@ﬁi&ﬁ@a’iﬁlc‘aﬁhcﬁy?ehﬂi%xrl&tsl W%{eatl ng in
a transcritical npde. Addjtionall ng thli refrigerant into
its liquid aﬁ?js‘%bgo‘?pe'b‘ﬂ%'é‘sa@ﬁ ef?fé’mf‘?eg dFa‘h?( opgolstd O EREE Y only the
liquid refri g:eomhzdr biraitghpdnkien ealao 63 s that, allwifi the eefdparaitphdsing fifoen tapor
refrigerant 9'48 tthr%%é:é&?tnmlft?l& LT @a& UcondaBPLYYRE! NE

effecti venes eat ex e evapor a
devlce 75 and thence mto the flash tank 70. In either the economlzed or non-
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WO 20081130358PCT/ US20071010066 100321A conpari son of the pressure to
ent hal py rel ationship presented in FIG 2, which represents a

char act er iveo c@spsmsssure to ent hal py rel ati onship for tlpeTrstonir/geoant
vapor conpression system 10 of FIG 1, to either of the pressure to
ent hal py rel ati onshi ps representati ve of conventional refrigerant
vapor conpression systens presented in FIG 3 or FIG 4, illustrates
the capacity inprovenent associated with the refrigerant vapor '

conpression systemof the_ invention. FlG presents a charagcferistic
rebsure {0 EHPRAE PR ORI RBeoulfc BREraarngen e b
transcriti cameteethe corecamhowna phHiefrigorapt lapiid @n ohthe iflagh tanksT0nig kedponse to

refrigerant-},0- i . i . El 4
presents a cparairs bEH kmalf ha i 0AGRBRISAREEE vt 1o,
convent i onal tepergtureg te mateh iheaefrigerantichares damnpad afthe yetam. conpr essi on

having a si ngﬂo@uf | ash AdafonS160 BRYoAEler 100 Ba&8s Phsitiontd of dredlowA )
represents the

s . heat. rejection process thin ga ool er 40 and DE
represents tA@ g?'ﬁe%t'“’ﬁﬁé@?iffli“bﬁ%ﬁe@@@é’? 4‘?5?*‘??%&‘6 VY 9 BHIAHEEt 50.
In FIG 2, KGépoefomskflah tdnk 70 iroegRase/b thei sansell pressure within the separation
ref ri gerant - Lokl BlASIAN HSAk SXFHAIIE . SEANANLE AlerGhGHLluanA M -
represents the process withrn the flash tan -to-.suc?s| on é’vaporat or
bypass ci r cuthe ratjorpfiegfigerant liqgdrepriidgeeant wereheressnbisdhesflash tank wilt he
refrigerant- Hé}seﬁ@fu%drﬂﬁé SUBErith AP re e NABDWHhiL BRRGWHARR chdnitetlitle flakid FI G
4, JL represents the

rocess thin g flash ta conomi zer. cjrcuit.
The” evapor at BKPIRTTRRY i septoied idughsosBpriok ahibe Faweauist iy A
evapor at or I hmeaarmspcéegl&ced_wﬁrigéraxsiqphey up eixpansjoni Tithafléw sinngl alve
econom zer Sy Rendofl) Rl bSWIIHERSE GaBVAROLM AL EFf gkl VoNeSS
associated wth the refrigerant vapor conpression systemo e
i nvention. [ bo®3f terpsecapiqripressnrs. rif thgdloyroontigl|valve 82 ispantimopshuerepany
variations meye ResFRAGhinQhd fMh Rk t70 Gl Al 6% IRk reYsuRTBAAbERThes
descri bed herein. V\hlleﬁttﬂr;e rlesent I, entl)?en has _been Earll.cHl rly
shown and deSETiPBBIFSHG TP &F R dRwERre Qiieratal RERSPLMS PERGHY i 2l
illustrated tamktahdswiion'pragsre witen thel flowbmntioldelve iofbtly byenovi be kovetned i n
the art thal pyari-oNse GRARAES L Hfidit aBRLoRE) Gl EaLEIThIIShENTY
W t hout departing tfromthe spirit and scope of the invention as
defined by t dischargg ofgefrigangnt @ppgr fsom the flash tank 70 through refrigerant line 14 to

suction pressure is essential for maintaining a low pressure within the flash tank.

Therefore, the controller 100 may also continuously cycle the flow control valve 85
between its open and closed positions to selectively control the flash tank pressure.
This manipulation of the primary expansion valve 55 and the flow control valve 85
provides the controller 100 with the ability to effectively mariage refrigerant charge
over a wide range of operating conditions even when the refrigerant vapor
compression system 10 is operating in a transcritical mode. Additionally, separating
the refrigerant into its liquid and vapor phases in the flash tank 70 and sending only
the liquid refrigerant through the evaporator, while diverting the vapor refrigerant to
a point downstream of the evaporator, improves the effectiveness of heat exchange

in the evaporator.
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1. A refrigerant vapor conpression system conprising: a primry
refrigerant circuit including a refrigerant conpression device, a
refri gerarwoe@dlisoagp heat exchanger for passing refri geramuse@reinned
fromsaid conpression device at a high pressure in heat exchange
relationship with a cooling nmedium a refrigerant heating heat
exchanger for passing refrigerant at a | ow pressure refrigerant in
heat exchange rel ati onshi p with a heating nedium and a primary

expansi on de i nter fant ci.r UIt
downst ream o¥d°§g d r ef'gl ge %% J(’:é(ﬂ)h(l) \QQSSR{? tg?ﬁdal a%hg'? ?ﬁdesﬁrbt% ream of
said refri gngﬁ,tZ whigsh gq:gequ@:g_g c@(@mqgepressure to enthalpy relationship for the

refrigerant - {Gyipddtvaiir 6thpre&fn s?%&HQOQPFI@QQB%{ﬁ&%PmQQ%Eéﬁ%t@ first
refrigerant pass disposed in the primary refrigerant circuit

downst r eam oF“‘g%fP%I“ﬁ’aé‘PP?hg‘@r’%‘fse%‘b‘f 9{§°W€%‘E°“é&‘6’”?§ﬁ¥j@r“8ﬁ’fd’°ﬁ’ﬁ'§§%‘%m of
sai d primary spxaagesented vMIIGe3 antiGad SBestiatds ¢ pagsitylingpOs@nd N an
econom zer CI I a flash.tank dis

Che pri mary. PEpenba Wb oSk Atn BB compressio Ty bp R oA BESEE T
pass of sai dpresénts yehamaterists-pressue gemmpyerﬂlemge forarrdnyeptonabpmnr gft

sai d primary oGXRARM Rtk Cpor %&csfsioﬂﬁl&bxﬂ Lﬁnggiéfﬁ% . t-Eb éﬁ'&@faﬂ{ I-on

chanber wherein refrigerant in a liquid sta in a lower
portion of sHFt XdIasearIBATERG n‘%@r 4 BRRpnfsErShagelPrsic Pressue toSpdRIPE L at e
in a portionr@iticsstip f&aRanwhti@al friva ah ehans2606e rdfhigrdnt qa#odcd‘anré’slslgﬁl‘ ant ;
a secondary expansi.o eyi disposed.in th rir efrigeran
circuit in og‘e?“’é%?\s/%& 52‘3%c&§ﬁ°8n "W ih In “8;‘ FFI?; r e%%f&}v%l3 R O?I%Sté.l €°f 1 ash
t ank; hegtadieqtign pragesswithisy gab gonder <0 Ianﬁ@Eemreﬁbms Yisigagheatf ri ger ant

fl ow communi ggdonRidnPedciRentmitht PRSbralP56. BIFIS! 2,385 fpRSHR AL boFess
chanmber of said flask_.tank and.a suction ressure portion oMﬁald

primary refrivgRinthe cdigeRntto-gHsert ]éeﬁFﬁ"S? ngef eﬁ°?°é'f‘?‘°1’ GiErultand

heat i ngheat emdmaﬁtg €ie;pravash within the Aadhytpkse-shtin eeaidtat@lbypab viecuit. In

i nt erdi spose I id f | ow
control val v% a\7| ng‘%ﬁ'%;{e gtf.@ rgéeﬁp%'g%?‘ﬁeogﬁ&%ﬁrgﬁég mé%é%?’ligler ant vapor
may pass thr @aghnseaﬁ@pnemowwm Ingigad.JLiremesent thepreseesorithin fasbd

posi tion whehgatech it 8fr@ii THE Pipotator hh@gbeldﬁd QR BASS iF afehr ough

sai d evaporator bypass |ine.
respective evaporator lines associated with either of the prior art single economizer

systems, indicating the increased evaporator effectiveness associated with the
refrigerant vapor compression system of the invention.

[0033] Those skilled in the art will recognize that many variations may be
made to the particular exemplary embodiments described herein. While the present
invention has been particularly shown and described with reference to the exemplary
embodiment as illustrated in the drawings, it will be understood by one skilled in the
art that various changes in detail may be effected therein without departing from the

spirit and scope of the invention as defined by the claims.
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WO 2008/ 130358P0T1/ 132007/ 010066 2. Arefrigerant vapor
conpression systemas recited in claiml wherein said flow control
val ve conprises a solenoid valve having a first open position and a

second cl osed position. 3. Arefrigerant vapor conpression
systemas recited in claiml wherein said flow control valve
conprises a pulse width nodul ated sol enoi d val ve. 4. A

refrigerant vapor conpression systemas recited in claiml wherein
said fl ow controVemayve conprises an el ectroni c expansi on val ve.

5. Arefrigerant vapor CORR{EISHAD: YRS itk CthhiSle:i N claim |
wherein said pri rrar:}/p]?x?h)_ang; on device conprises an ef ect r oni ¢

expansi on val ve. preingeep i deliipe 415158 S el dgticedy st em as
recited in cl ai nifligepdneroeling hepgxghapger frapagsingygfcgesinonceed/fraesadonpri ses a
thernostati c expamstsfith déateh@a high pressure if healextHahdeir @Rl RRH WHRP Qbling

CONpr eSS 0N SYSLERLAS, LEGHE Healifh 18)e BlMnber WISLEL N 5AL L S6GQNdar ¥
expansi on devi ce conprl ses an e eCtI’OﬂIé expansi on vaﬁ ve. 8. A

refrigerant vap8FeSUBTHFEEYY thiheal sxshangn refatiopshipwith g heagingpediv wd@her ei n
sai d secondary expamnsipansioddwice tecdinped is @8 pamiry xeddkeani ditigle expansi on
devi ce. downstream of said refrigerant cooling heat exchanger and upstream of said

refrigerant heating heat exchanger;

a refrigerant-to-refrigerant heat exchanger economizer having a first
refrigerant pass disposed in the primary refrigerant circuit downstream of said
refrigerant cooling heat exchanger and upséream of said primary expansion device
and a second bypass disposed in an economizer circuit refrigerant line;

a flash tank disposed in the primary refrigerant circuit downstream of the
first refrigerant pass of said refrigerant —to-refrigerant exchanger and upstream of
said primary expansion device, said flash tank defining a separation chamber
wherein refrigerant in a liquid state colleets in a* lower portion of said separation
chamber and refrigerant in a vapor state in a portion of said separation chamber
above the liquid refrigerant;

a secondary expansion device disposed in the primary refrigerant circuit in
operative association with and upstream with of said flash tank;

a refrigerant vapor bypass line establishing refrigerant flow communication
between an upper portion of said separation chamber of said flask tank and a suction
pressure portion of said primary refrigerant cireuit downstream of said refrigerant
heating heat exchanger; and

a bypass flow control valve interdisposed in said evaporator bypass line, said
bypass flow controel valve having a first open position whereat refrigerant vapor may
pass through said evaporator bypass line and a second closed position whereat

refrigerant vapor is blocked from passing through said evaporator bypass line,
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9. Arefrigerant vapor conpression systemas recited in claim!]l
wherein said econom zer circuit refrigerant line extends in
refrigerant flow conmunication fromsaid primary refrigerant circuit
to an internedi ate pressure stage of said conpression device.

10. A refrig@P&WF”@gﬁbr conpressi on system as recited i ACEVSPIF0L0066
further conprising an econonizer circuit expansion device

i nterdi sposed in said econom zer circuit refrigerant |ine upstream
with respect to refrigerant flow of the second refrigerant pass of
said refrigerant-to-refrigerant heat exchanger econom zer. WO
2008/ 130358PCT/ f r 82007/ @Le6GErant vapor corhifressin kfeiri gaécitad inéBRON wherein
conpr essi on Sy §4igfd @ Sortfof bdiefbotmBrisel #5dintd WIS hHALE o5k GEARAM £
circuit expan5|on(6§V| e conprises an electronic expangl n val ve.
12. A refriger &fP" ﬁ%&pﬁﬁﬁﬁression systemas recited in claim 10
wherein said econom zer circuit expansion device conprises a

then-nostatic ex pa n.is.i on Avl_%h‘}ﬁgrant vapt.Tr g‘(l)nrlﬁr%szvoﬁs;sgmisg&h%ﬂ{l ciéﬁlq ? I;‘vherein

conpr essi on system as reci ted in_c erern sal conpr essi on

devi ce conpri s&dd How popiiobvalysiremptssy PHiseUTidH medulptedisolenpidyalyenpr essi on

st ages. 14. A refrigerant vapor conpression systemas recited
in claiml wherein gaid,C Lasson VLGS & [ SE8. Al e85t 4,Lwo
conpressors disposed in t‘%gf%r e?rfa erant Sm?@%%‘"lsﬁecé slé‘flaérré§Whemm

rel ati onshi p withiewaspset valys compriseyut lgstromiq gypansion valve.

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

said primary expansion device comprises an electronic expansion valve,

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

said primary expansion device comprises a thermostatic expansion valve.

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

said secondary expansion device comprises an electronic expansion valve.

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

said secondary expansion device comprises a fixed orifice expansion device.

9. A refrigerant vapor compression system as recited in claim 1 wherein
said economizer circuit refrigerant line extends in refrigerant flow communication
from said primary refrigerant circuit to an intermediate pressure stage of said

compression device.

10, A refrigerant vapor compression system as recited in claim 9 further
comprising an economizer circuit expansion device interdisposed in said economizer
circuit refrigerant line upstream with respect to refrigerant flow of the second

refrigerant pass of said refrigerant-to-refrigerant heat exchanger economizer.
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15. A refrigerant vapor conpression systemas recited in claim1l
wherein said conpression device conprises a scroll conpressor.
16. A refrigerant vapor conpression systemas recited in claiml

wherein said I j on device conprises a reciprocating conpressor
17. A refriggﬁgﬁﬁngégér conpression systemas recited i ggpg@ 010066

wherein said conpression device conprises a SCrew conpressor.

18. A refrigerant vapor conpression systemas recited in claiml
wherein said systemis incorporated in a transport refrigeration
system for conditioning a tenperature controlled cargo storage _
region. 19. VA r &t FfigsrattarrLpmpressinmpydass psgerilsy tciaima8 reci t ed
in claiml8 whevieredn il edoryiideLeNcoid ExXpatisddh deticEcompabts @h blbdtoai o£phalith

WO 2008/ 130358RG(, U52007/ 010066 20. A refri gerantvapor conpression
systemas recited in claim 19

12. A refrigerant vapor compression system as recited in claim 10
wherein said economizer circuit expansion device comprises a thermostatic

expansion valve.

13. A refrigerant vapor compression system as recited in claim 1 wherein
said compression device comprises a single compressor having at least two

compression stages.

14. 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.

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

said compression device comprises a scroll compressor.

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

said compression device comprises a reciprocating compressor.

17. A refrigerant vapor compression system as recited in ¢laim 1 wherein

said compression device comprises a screw compressor.
18. A refrigerant vapor compression system as recited in claim 1 wherein
said system is incorporated in a transport refrigeration system for conditioning a

temperature controlled cargo storage region.

19. A refrigerant vapor compression system as recited in claim 18

wherein said system operates in a transcritical cycle.

17




wherein the refrigerant conprises carbon dioxide.

WO 2008/130358 PCT/US2007/010066

20. A refrigerant vapor compression system as recited in claim 19
wherein the refrigerant comprises carbon dioxide.
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