Charge Managenent in Refrigerant Vapor Conpression
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refrigerant charge managenent in refrigerant vapor
conpression systens, including transport refrigeration
refrigerant. vapor co sSion ste usi nq carhbon
0 oxi (e MATGEPHAGT B R EBErt WAPOT | CHRTeaR SHYPEs
_cycle. Background of the Invention [0002] Refrigerant
Fieldgf dhe bweptieBsi on systems are well known in the art
d co i tr [ ' -
1008815, § oot it PR C R ARIRAL Lo LIILIEL A PBimpregsion syseems
and} @ ofeqraddidil 21 enéffeakilh e et gergt chppe enafg@mént e kefrigerant vapor
trailer, container or the |ike for transporting frozen
compyespeps¥HamP-dN¢It e IARPOF, TgIeaHIiop AFfHecaBnIPes S Bpression
CQ 3
o BE3 YRR Al R PO DR TR Rl ot
super mar kets, conveni ence stores, restaurants, and
ther co cial, establishments for refrigerating air
Baé&ﬁHBPF@ﬂﬂggEEWQHHQB roomor a refrigerated display
[0007" chandigBEerh@vapbioddnedsiRZE el aReK LS RARY SIS @Ot and
Items. Refrigerant vapor conpfession systems are al so
comgurnmipned indwadsfoorreladition applagtiaiy for eefbgerstippiir seppliod to a
climate-control |l ed conf.ort zone within a residence,
emrpBk St RyeSpE St itk ohgist oPladilaf BRUREISS: ner
tranbgiitihg frgzenloHpetighdble iteblC MR EFAEERMEFPBE cohdBYsion systems are also
conpressi on systens include a conpressor, an.
comgnenly Besidea commegtieleGigeedion érstaligepaisserizied withsuperanarkets,
con S@énegéﬁ)p&n %%{au}[gﬂ%sg anf &ﬂ% doRitReBial Qstﬁ)(?{gﬁjl%gf?tg For rgfrigeratin g air
subcrirtical operatron and as a gas cooler in
supplicalns arcotd 10am @pathigenied displey meghaaditerfendtodorpidanng
heat exchanger, which functions as an evaporator, and
perighnblsdoaf drmh. BelscEint ¥RRATGAMPeasiPh &Y Bt e jatogpmmonly used
for @dn%&IJnﬂ{gt &ir %’1{%%518 120 %3l Fithat AL SRFRE cHRRIT SHDwitMih B
respect to refrigerant flow, of the heat accepting
resithame, kichbnffbng, ospitihwnisdal easmwobhnt dretliee ddcilitg] Eggicaly, such
fheat exchanger. .These basi c refriserant s.steT
refrigG gL VRN SORPESTIAR BFERHBER Y BYMPEFI i ARt O hY -
cooRdGE@Ri38%n! RAPrdj&kibh B8At@REhMicE CHhich f@lkiBRISt ddhdseP
Wi th Known reffigerant vapor conpression cycles.
subgriy@eBYpeTateng and@n algay coqiersin tihsaritissleoperstion gevehmgery hoat

accé:p%rrrlg lilggtsf:lxglli]ansggrs, tw%rﬁl f%gcet{oants s an evaporator, and an expansion device,

F—gemd

commonly a thermostatic or electronic expansion valve, disposed upstream, with respect
to refrigerant flow, of the heat accepting heat exchanger and downstream of the heat
rejection heat exchanger. These basic refrigerant system components are interconnected
by refrigerant lines in a closed-loop refrigerant circuit, arranged in accord with known
refrigerant vapor compression cycles.

[0003] Traditionally, most of these refrigerant vapor compression systems operate
at subcritical refrigerant pressures. Refrigerant vapor compression systems operating in
the subcritical range are commonly charged with conventional fluorocarbon refrigerants

such as, but not limited to, hydrochlorofluorocarbons (HCFCs), such as R22, and more



at subcritical refrigerant pressures. Refrigerant
vapor conpression systens operating in the subcritical
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for only a single desi
each other. Consequently, refrlgerant pressure can be optimized for only a single design
operating point. Therefore, at off-design conditions, the refrigerant vapor compression
system operation may be sub-optimal as the refrigerant charge will be either higher or
lower than the optimal refrigerant charge at those conditions.
[0005] U.S. Patent Application Publication No. US/2005/0132729 A1 discloses

a transcritical refrigerant vapor compression system having a refrigerant storage vessel

containing a variable mass of refrigerant, whereby the capacity of the system may be



operating point. Therefore, at off-design conditions,

the refrigerant vapor conpression system operation may
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either higher or lower than the optimal refrigerant

charge at those conditions. [0005] U.S. Patent

Application Publication No. US/ 2005/0 132729 Al
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syst’em on a permanent or tenporary basis. Sumary of
[00@die | nvdntanespecO0B} invanten, aseleigeraof vapoe compesdiorosystean

. .refrigerant vapor conpression .systemjncludes a

inclpdis  BHEAANt FORBIESIT BTy iofed PO EUAN hip} fejshiah fied] gxphanger, an

expARiGCdavRR, NRIBL reXEhAN B84t abddlpENPRS bRAhaAEN IdEPos@NH sérial
refrigerant heat absorption heat exchanger disposed in

refrigerangilow epmngpmication in dwloswshivapirefageont dirpul, alicpdgatantstypage

rant circui a nt, storage delvi
11

refrige It refrige CE .
devi e G Tatorfis: Sl oSl BRAL R ot Rl o
confn@frii¢agien anth the BRsédlobh wéfdigeanmaifuitadndonflow bntidllevice
. closed-]loop refrigerant circuit, and a fl ow control
integgisoged Inrfhertdpaspoucisiiigeraniding: The ey copEokdemidedias amppen

L . . ' .00OSI. i
ro ST SN Ay FHLOPHEATAN REO RO gy
closeéposigen avhtreln reé&igendion icblosled fpaaiflomamg thin@rghithe at least one

refrigeration is blocked fromflow ng through the at
refrigggrat s I BRMGFRTY: 4 SOREOIF AN e rahEobocjated With the

flove OHtfoPHEBEe TR YelP&ivRRES Rt A Vi@ BID R oRtELdWideln teﬂlﬁeor&l}n%‘ﬁfen

control device for selectively positioning the f
positiontor ol a desddgmsitionei t her an open position or in a

e T N R ST
connected by a single refrigerant line in fluid communication with the closed-loop
refrigerant circuit at a location on a high-pressure side of the refrigerant vapor
compression system upstream, with respect to refrigerant flow, of the expansion device,
which is disposed in the closed-loop refrigerant circuit downstream of the refrigerant heat
rejection heat exchanger and upstream of the refrigerant heat absorption heat exchanger.
In an embodiment, the storage volume of the refrigerant storage device is connected by a

single refrigerant line in fluid communication with the closed-loop refrigerant circuit at a



connected by a single refrigerant line in fluid
communi cation with the closed-1oop refrigerant circuit
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respect to refrigerant flow, of the expansion device,
which is disposed in the cl osed-|oop refrigerant
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[00@¢8nnect dd abyspecsdinile enveetion, gaetaigerant yapor porhipighdon system
inclﬁ?e@mrg.rf %Hn?@or\rll\'i rtets] i(t)rp chl;cl:eog?e I‘il a9 tﬁe%E rrei'e%'t%lror{il ﬂt at%i)«r:ﬁ:alflli tr an
atodl'odat O “8nP'a™ ow—preSsuregsi e of {He T et geraﬁ%’

exp MBI de& WRPARISEeBilg et hein BOMPEdH B ex dMahFerld@ppeatintsérial

refrigerant flow, of the expansi on device, [0008] In
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operaéively gesoainted witle eadhad theofiirst frel debawl ftoncomtol deviceeor has
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a refrigerant heat rejection heat exchanger and a refrigerant heat absorption heat
exchanger disposed in serial refrigerant flow communication in a closed-loop refrigerant
circuit, with an expansion device disposed in the closed-loop refrigerant circuit
downstream of the refrigerant heat rejection heat exchanger and upstream of the
refrigerant heat absorption heat exchanger. The method includes the steps of: selectively

withdrawing refrigerant from the closed-loop refrigerant circuit of the refrigerant vapor



control devices in a closed position. [0009] In an
aspect of the invention, a nmethod is provided for
wOorewag#a3g ref ri gerant charge in a refrigerant REPUS2009/043770
conpression systemoperating in a transcritical cycle,
the refrigerant vapor conpression system having a
refrigerant conpression device, a refrigerant heat
rej ection heat .exchanger and_.a refrigerant. at .
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refrigefahdf/@w copresgert aytenh.9n a}h1§ embﬁdll:i’feﬁe@f th@nielidd, refrigerant is
~closed-1oop refrigerant circuit at a |l ocation upstream
withgrawn Eogndpa ploreshlogaveieigerapooncyjt af p lecation en pilgepsgsure side
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rigerant e at location on a pressure si
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to the
this embodiment of the method, refrigerant is withdrawn from the closed-loop refrigerant
circuit at a location on a high-pressure side upstream of the expansion device and the

withdrawn refrigerant is returned to the closed-loop refrigerant circuit at a location on a

low-pressure side downstream of the expansion device.



cl osed-loop refrigerant circuit at a location
downstream of the expansion device. [0012] If the
wo gdopirggsraant st orage device is connected to thBCT/US2009/043770
cl osed-1oop refrigerant cycle at two | ocations, one on
a high-pressure side and the other on a | ow pressure
side, then the refrigerant is typically wthdrawn from
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first exenplary enbodi'nent of a refrigerant vapor
conpression systemin accord with the invention;

00 Fi qure IS a schematic diagramillustrating a
Deté@%ﬁﬁgscgwgmﬂo;@e g‘HﬁBﬁP?fent of a refrigerant vapor
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' 016] Figure 3 is a schematic dlagran1lllustrat|n8 a
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system 10 i ncludes a conpression device 20, a )
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erred to rein as an evaporator, “connecte
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refrigerant line 4 downstream wth respect to
depicefdrin @G anlt3.fthoex paofion Hevice§y cqeprases ahelttrorgf expansion valve.
HO\’D&’%}', ifis %‘ B gr(lec{ersztgochl tli]lgt the expansion device may instead comprise a
thermostatic expansion valve, or a fixed orifice device, such as a capillary tube.

[0018] When the refrigerant vapor compression system 10 is operating in a
transcritical cycle, such as for instance when charged with carbon dioxide refrigerant and
operating at a compressor discharge pressure in excess of the critical pressure point of
carbon dioxide, the refrigerant heat rejection heat exchanger 40 operates at supercritical
pressure and functions as a refrigerant gas cooler, but does not operate to condense the
carbon dioxide refrigerant vapor. The tube bank 42 of the heat rejection heat exchanger

40 may comprise, for example, a plate fin and round tube bank, such as a tube bank of a



upstream wth respect to refrigerant flow, of the

refrigerant heat absorption heat exchanger 50. In the
weeodinsent s of the refrigerant vapor conpressPCHUS2009/043770

system 10 depicted in FIGs. 1-3, the expansion device

55 conprises an el ectroni c expansi on val ve. However,

it is to be understood that the expansi on device nay

i nstead co t hernostati c expansi on
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40 operates at supercritical pressure and functions
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associated with the tube bank 52 of the heat

compression device 20 may be a single, single-stage compressor as depicted, such as for
example a scroll compressor, a reciprocating compressor, a rotary compressor, a sSCrew
compressor, or a centrifugal compressor. However, it is to be understood that the
compression device 20 may also be a multiple-stage compression device having at least a
lower pressure compression stage and a higher pressure compression stage with

refrigerant flow passing from the lower pressure compression stage to the higher pressure

compression stage. In such an embodiment, the multiple-stage compression device may



absor pti on heat exchanger 50, whereby the air is

cooled and the refrigerant is evaporated and typically
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communication through a refrigerant line 12 with the refrigerant line 4 on the high-
pressure side of the refrigerant vapor compression system 10, that is at a location
downstream, with respect to refrigerant flow, of the refrigerant heat rejection heat
exchanger 40, and upstream, with respect to refrigerant flow, of the refrigerant expansion
device 55. The lower zone 63 is in refrigerant flow communication through a refrigerant
line 14 with the refrigerant line 4 on the low-pressure side of the refrigerant vapor

compression system 10, that is at a location downstream, with respect to refrigerant flow,
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[0024] To remove refrigerant from the closed-loop refrigerant circuit of the
refrigerant vapor compression system 10, typically during operation, the controller 100
positions the refrigerant flow control device 65 in its open position and positions the
refrigerant flow control device 75 in its closed position. With the refrigerant flow control
devices 65 and 75 so positioned, high pressure refrigerant vapor flows from the

refrigerant line 4 through the refrigerant line 12 into the upper zone 67 of the storage



lines 12 and 14, respectively, to selectively position
each of the respective refrigerant flow contro
w@leova€s70 N an open or a closed position. The PCT/US2009/043770
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receiver 60. During operation of the refrigerant vapor compression 10, addition of

refrigerant into the closed-loop refrigerant circuit from the receiver 60 may be carried out

by simply opening the refrigerant flow control device 75 so that refrigerant will flow

through the refrigerant line 14 due to the pressure differential between the equilibrium

pressure within the storage chamber of the receiver 60 and the refrigerant pressure at the

10



refrigerant line 4, but high pressure refrigerant
vapor can not enter the receiver 60 because the
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of the refrigerant are independent from each
refrigerant vapor from the receiver 60 back into the closed-loop refrigerant circuit, and in
its closed position to block refrigerant flow through the refrigerant line 16. During
operation of the system 10, when the controller 100 determines that the refrigerant charge
is excessive for the current operating conditions, the controller 100 opens the refrigerant
flow control device 85 to allow refrigerant vapor to flow into the receiver 60. Once the

refrigerant charge has been reduced as desired, the controller 100 closes the refrigerant

flow control device 85, thereby trapping high pressure refrigerant vapor within the

11
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different at each environnental conditions. [0028]
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refrigerant flow control device 85, t ereby trappi ng
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pressure from the compression device 20 for a particular operating point, by selectively
positioning the refrigerant flow control device 95 in its open position to pass liquid
refrigerant either from the closed-loop refrigerant circuit into the receiver 60 or to pass
liquid refrigerant from the receiver 60 back into the closed-loop refrigerant circuit and in
its closed position to block refrigerant flow through the refrigerant lie 18. When the

controller 100 determines that the refrigerant charge is excessive for the current operating

conditions, the controller 100 shuts down the refrigerant vapor compression system 10

12



charge by sinply opening the refrigerant flow control
device 85 to allow high pressure refrigerant vapor to
weswapesthe receiver 60 through the refrigeraneCT/UsmoXe3770
into the refrigerant line 4 of the refrigerant
circuit. Wien the controller 100 determ nes the system
refrigerant charge is sufficient, the controll er agai n
oses t r nt f1 ow control device 8
and B AR et P e B P Bt e R e, s the
refrig@f@t MW BRu¥MRNick 8 tb afisw gﬁhé&tantvt@% h Qﬁ§fe@1ngerant line
system 10 returns to operation. Er evi ously not ed
18 inteethe etppllvmgw o0ngsi the rﬁfbger@mte:ha@feﬁnag gearedided as desitsduthg
congo err%)gh a8 rft: n%er%@ﬁ‘c? L ESmH l%e\%l 9 %ertngg?ﬁ}Eﬂing refrigerant

vapor =conpre sPon Sys

Vap&exﬁlﬁlﬁlhltlﬁkgreﬁﬁ%ﬁ@ Elll(ﬁhe3efr1|g8rahh€ap©i( S(B‘Eﬁblaﬁsyorﬁmwﬁh D Rdsumes its

of the refrigerant vapor conpression system 10
opegiipn.c PaEng RBsTation of the refEsipiterapgiocompessian ysiepglo. the

108

conNAB0E (oo itelh B O CORTHN B8R ol Jing b he
systtineefrigkrangeliagt by/ampﬂy ompTeahs rafngaysttﬂam déhtral Slev1ce 95 to

conpected in refrigerant flow comrynication with

alloy| 8K granb P &9 Ficges RATCEIeE OY {hrpreh e rfrfaaprﬁpte@w@emto the

refr%’e&%t R ¥ of (e QUEBY Boop r@ﬁleg%ra'h?&?élﬁte NRREn theBndSlid-aB9! Ng
I'nto the refrigerant [ ocat1 on downstream of

detelrlhlmeevlazp&ysiatrmefr@cpam shapge walulfeciGs, thadontpdler egmm ofosdshbe

ref r er ant | eat exchanger 50. .A
rereegrap] G5 Rhbrel Bt SRaharbGloras sfr RliRHE Ao from the
recdPR¥ 6D Ayadt) thedasy @%ﬁ)@am& tRMefrielant ﬁﬁéhg@&ﬁ@ee hilywik€e on
refri gerant line 1 The controll'er 100 is operatively
the lpswpreharesidoot e r¢feigerant Yaper eqrnpiesaon ft:s@twr HP devi ce 95
[005&22\”3ﬁleeég{evrfe:tlr%f)an?hgxlv%gntro c}e%%fes:jb%gféra : on Blégﬁ)rrnprlse any
flov bdrirot aback frenis ,selte&ﬁfe@}opﬁsﬁtidrﬂablre id @0leadd jp W ttSopbh o dfidiWhereat
of the refritgerant charge circul atij n% t hrough t he

refrigeabppay él@rzv Efugh gla;frrﬁﬁigeéw &g in whishi hﬁe@owyomtﬁ@l device is
dlspro%cf dalnglei's% lgseeﬁ éj%sm%n t re"ﬁ? Mt FRRAY% Jc%eﬁrﬁ'{qgﬁgq{ tle
esire ant ar ge pressure rom

refrxgem]nt Bﬁes1namh1dlemecfh)vs260rﬁmﬂ dwlpamtdlgpulsm Hapekahplageach of the

poi nt, by sele |ver ositioning the refrigerant f
flovg, goptsol eﬂw.éé 9%58 3 44 sm@io%ww iattwer?otswoagglgn?lﬁdaiva%n an

embof{thd H86aNbwabE Bl FEQR LM oLbOSE geflqg&ﬁntr a%fl(;dng?rft@@ Yefrigerant
circuit into the recei ver 60 or to pass Iliquid

storpgf deivgpertlirthe flpwrhineh é2 nedlei Iemag fortlzaakplerttecequipped with an
RO PR ST B S AR R o e
migh#foh ipd6deadf thé fefdSeraifAnd/BLout of the of the refrigerant storage device
60, thus allowing for more precise control of the amount of the refrigerant in the
refrigerant storage device. The orifice can be a part of the valve construction or a stand-
alone refrigerant flow control device.

[0033] The refrigerant vapor compression system 10 can also include, among
other features and options, economized cycle with provisions for vapor injection into the
compressor 20. The refrigerant vapor compression system 10 can also include provisions

for liquid injection to provide cooling to the compression process within the compressor
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controller 100 determ nes that the refrigerant charge

i s excessive for the current operating conditions, the
w@omwneisrer 100 shuts down the refrigerant vapBCT/US2009/043770

conpressi on system 10and, during an off-cycle of the

refrigerant vapor conpression system 10, opens the

refrigerant flow control device 95 to all ow

refrigerant to flow throygh the refrigerant |i 18
20. 16 do PRt Rawere nC e sRREg it Fior PiegBy it +4 i GemHyalso
conPB8E plhB PG AR gdRSIds &Hch zlsh@at@@&tg%ﬁldl esludOR ifheseschdige
refrigerant flow control device 95, thereby trapping
relatiefshipgeithtie refiperanhiir¢vlatingttbrough dhovdeseddoomiedrigaant circuit of
the it 85" AR YARRLEATRLESSIoN System 10 resumes i ts
opera I'onD ﬁhrﬁhg operation of the refrigerant vapor
[0034Pr essTHRfoRySingMeddiptibhes Gnexanplary KWk eathifi@lofiti
~ refrigerant to the closed-l1oop refrigerant circuit to
qumﬁeneib%setqf ordipay skilkiathg e walhtecegrirgdapyarigugpiagifications and
Varigi]ﬁ)(ﬁﬂ'rﬂ% l§41ﬁa&eetforth9§ﬁ@1%onf els% ecﬁﬂ&ﬁfy es&ﬁ)\éhcfl%re?r? ar&cgequivalents
allTow refrigerant vapor to escape-the receiver
thertbii oitigiut téyeartief fromahasdirit amiescdfe ofitheitveetisredsrdegi@ediby the
line 4 of the closed-loop refrigerant circuit. Wen
follpw@eckifol | er 100 deterni nes the systemrefrigerant
charge is sufficient, the controller again closes the
refrigerant flow control device 95 thereby bl ocking
refrigerant fromflow ng fromthe receiver 60. Again
the tapping location for the refrigerant line 18 could
be anywhere on the | ow pressure side of the
refrigerant vapor conpression system 10. [0032] The
refrigerant flow control devices 65, 75, 85 and 95 may
conprise any flow control device that is selectively
positionable in at least a first open position whereat
refrigerant may flow through the refrigerant line in
which the flow control device is disposed and a second
cl osed position whereat refrigerant flow is bl ocked
through the refrigerant line in which the flow contro
device is disposed. For exanple, each of the flow
control devices 65, 75, 85 and 95 may conprise a
two- position sol enoid valve. In an enbodi nent, to
allow for nore precise control of the refrigerant
anmount in the refrigerant storage device 60 the flow
lines 12 and/or 14 may for exanple be equi pped with an
additional orifice or a capillary tube. The orifice or
capillary tube would sl ow down the m grati on process
of the refrigerant in and/or out of the of the
refrigerant storage device 60, thus allowng for nore
preci se control of the amount of the refrigerant in
the refrigerant storage device. The orifice can be a
part of the valve construction or a stand
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al one refrigerant flow control device. [0033] The
refrigerant vapor conpression system 10 can al so
WO p@bads70 anong ot her features and options, ecPCDOP202043770
cycle with provisions for vapor injection into the
conpressor 20. The refrigerant vapor conpression
system 10 can al so include provisions for liquid
W [ %eqtion to provide cooling to the conpression
“pridtss within the conpressor20. It is to be
Und¢f3tQ@ﬂﬁﬁ?ﬁﬁnﬁﬁ@oﬁ&ﬁﬂﬁgﬁkﬂ1%&@hﬂxﬂﬁ%hﬁ@:dEVlPes 44
and 54 may al'so conprise punps circulating |iquids
suctretiszevt epmpiesgP1y dolices alreftigenst heat regsation ket angfanger for
pos LA B2 R bl R LR S Al PR LB
excNRRO el MUTRRIPSHkION cS) BleeRedldhn, IdQ34righhet hestaBirp@on heat
description is only exenplary of the teachings of the
exchangeinfior aRssimereigeEnt ghradioianrgssyra inheptexehanggrelaygnship with a
mecfil?rﬁqg BL 5@0&&&9&p3’sﬁ& Ty é’é‘?‘iam@lli%ér&ﬁtﬂog\pcso gni ?Hdnahlamgd—éoop
may be nade to the invention as specifically describe
refrizgeramt ciraixg equi val ents thereof w thout departing from
the spirit and scope of. the invention as defined by
t héMfEPRBYRNG VEL A1 WO S ANHf RTed 1 OGRS RRI&HISRE dgapream of
saidGRfHYeER® h&t 1 'é((,stfo%rﬂeﬁt()&gflé@epgﬁd s[r@:grﬁ lLEEdid Rfrigerant heat
conpression device, a refrigerant heat rejection heat
abs@potrahgeexdhanggrassi ng refri gerant received fromsaid

conpressi on device .at a.high pressure in heat exchange
I HET BRE §Ofe A4t O G AR e Rrard Py 8 B one
refri}@fht BRSQITALH 68mARalca8NE RARGEH dRbd-PpSelithel ot EirdBt aRd
at a |low pressure in heat exchange relationship with a_
meditefrigesnbowsontd! divigsastetlisnesekinisald at édast uerrafigerant line,
sicge Pl FOTTUN SRR I 1 1%L BORUG Y A BB Mecrant may flow
throag o sdat leaf ohefdfiigat@ineint Quidsed pwsiss @Benehf refddethtion is
refrigerant heat rejection heat exchanger and upstream
blogked &igiyflowmgitlhyiop g paith alleash 98 FRHEUANtHESt exchanger; a
refrigerant storage device defining a storage vol une
connected by at | east one refrigerant line in fluid
corruni CEteirefinigeranhv g dompeseaos ke neferitgkinaidim 1 further
circuit; and a refrigerant f|low contral devjce i
compip @R di SPBRET APRraEelY agtociatedsyity ad Feéflg?r@@rfjam CQtppd device

for &‘fl’écﬁvélg]:%)%isiﬁgﬁiﬁ@tsaitl'r@fﬁg@ﬁm 19 HRYAIGRVRAY Bithe®An P& position
positi wherein refrigerant may fl ow
or in a closed position.

3. The refrigerant vapor compression system as recited in claim 1 wherein
said at least one refrigerant line connecting the storage volume of said refrigerant storage
device in fluid communication with said closed-loop refrigerant circuit comprises:

a single refrigerant line in fluid communication with said closed-loop refrigerant

circuit at a location on a high-pressure side of the refrigerant system.
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t hrough said at |east one refrigerant |ine and a
cl osed position wherein refrigeration is blocked from
wo b@witeng7a hr ough said at | east one refrigerant PCT/H82002043770
The refrigerant vapor conpression systemas recited in
claim1 further conprising a controller operatively
associated with said refrigerant flow control device
for selegctivel ositioning said refrigerant fl.o .
cortt ol v EitrahC Lireh ot wssGe it oo el wherein
saidCdt @28ChRAsfriok ARt life cobfBetif the ABFARL OMARASE SGRINBIRS NP forage
systemas recited in claim1l wherein said at |east one
devicefir flgidrcantmuniengion ovithesatd ¢glgsedHeop rebi gayantegicuitreompriseai d
refri. erant. stanage %ev'ce in.fluid.conr qjc%tion .t h
.adsn% € Ic Iagefran 11 11% 11d com umcatlon.\¥1 Sald ClOSE —1_00%1‘6 ngerant
sai osed=Toop refridgerant clrrcuit conprises:
circBit BOA Bchted dri€Toxn prebdudesitd of theirefrigammtidyiseat.i on Wi t h
said closed-loop refrigerant circuit at a | ocation on
a high-pressure side of the refrigerant system4. The
refy i ger@gnt i it [ :
i m 1 hcy S I Bl lo PR A p PR eASE i i Ewhercin
saidcan feaetcdriengfrigens link ag@estdlguhe stofags abhnteadfrshiglatfrigerant storage
storage device in fluid caonmunication with said .
device &5 Epid o EFatiog Y Al §pecdr por B ggran Sircyit spmpises:
"1y GeleARerd ik R Lol PORTRIPL&Rh P el of aid
cléged-Fgg%rrefr?gergntzg?rc itBat aologatf&% on aeo Sm
refrigermpstesigedevisé teflwofl comenmehriogeunthntidsyseehoophefrigeent circuit

ot dqaff? 5 ARishar s SR e s Pe SR SRPR g ant 1 1 ne
conNResidNGrideeans lifé etV JURWRE psiodl o‘fﬁfe@t&ﬁgﬁ%lume of said

storage device in fluid comunication with sard o
refrigessbsiotagogeyied i ffjad gammaingeation weth rvpidi cdesed-leppf fiefregerant circuit

at a'ifcfa[ib%ﬁ . S SRS MGG RL AR B ROT | 01 of the
st orage volu or sal rerri rant” storage device in

fluid conmuni cation with said cl osed-1oop refrigerant
circuit at a |ocation on a high-pressure side of the
r ef® i gerdStreliggraBhyapon OMPLeT oM ey steh Ay geitechin qlaiped wherein a
' | : i : r : :
rer GRRAPALY indol RURE IROKLPBh it FRR AGSABLMIPIR o1
compiribés: sai d cl osed-1oop refrigerant circuit at a
location_on a | ow pressure side of the refrigerant .
sysatagérﬁﬁ refIZoH o gef {eeV RSB ROSTHINe LS %ﬁg@meé%ﬂt 4%
andrecited in claim5 wherein a refrigerant flow contro
device interdi sposed in said at | east one refrigerant
| i mesecardyefrsgesant flow control device interdisposed in said second refrigerant

line.

7. The refrigerant vapor compression system as recited in claim 1 wherein
said refrigerant vapor compression system operates in a transcritical cycle at least for a

portion of the time.
8. The refrigerant vapor compression system as recited in claim 1 wherein a

refrigerant circulating throughout said refrigerant vapor compression system is carbon

dioxide.
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a first refrigerant flow control device interdi sposed

in said first refrigerant line; and a second
wo gdopirggsraant fl ow control device interdi sposedPCHUSA0L043770

second refrigerant line. 7. The refrigerant vapor

conpression systemas recited in claiml1 wherein said

refrigerant vapor conpression systemoperates in a

transcritical cycle at least for a portion of the

time. 8. The refrigerant vapor conpression system as

regj ted A Reffibahm vhp¥h&ngBsson' §hend@ndsingt r cul ating

t hr oughout said rePrlgerant vapor conpression system

i s aoatigsrandrorpigesion deﬁvlcreelfawn@eer J@fmge\vw dischagppedatianna
refnﬁ%ranﬁ sgucglorrqg t? % ge?gﬁ%rarg, {Tl%eegcg o B%E‘?e (!hea%%elrcfnr gaes\slllng ?efrlgerant
recei @IdIfr @R k@l coMmPedsion devibeit a la gl pfel§$1@@ froldat &&xhhnge relationship

rejectlon heat exchanger for passing refrigerant
with peeqlipgdngdigm 4l arefiegepné @@4@&%@@@@%@%%%6@ ffor passing
refr%gﬁtc‘ é&raelo rgs%ﬁlte iff )ﬁg!&a&gﬁa gk@’éﬁ ? Bﬁdﬁln? Q)Cﬂe' d881ed

a refrigerant Teat |on t

dlspexmarsgml réﬁnrgemasﬂowgonmimh@abam a albscm looqusfhgasmrc&rdun

heat exchange rel ati onshi a nmediumto, be cool e

di SPSERIMSFH @ameéiﬂsppﬁdrmg% %{ﬂiedflpw%m% clgpit SHWPﬁfeém of
sald%ﬁ“%%ganlt RER @étfdngl%ﬁta&fch&ié'é{: Mid upsBBarR HP 1S r AN AGN{ Gt

I sposed I n he cl osed p refrigerant C|rcu§

MB@@MM@hmmanﬂmhg@amﬁlrefrlgerant heat rejection heat

e BLECE s Bk Raryanod S onPREaR anpS apps aybe lover

zon&l@Nd Ghed %Merudﬂgeaecm;aﬁr’ﬁ@s& rdtRYEAs 131k (HPRES corPiBnieftbndwith a
'ower zone, the upper zone connected by a first

high- Elfeﬁfiug‘éiﬂéﬁpf $aichelopagl-foppirafriggyantaiice il @ Fpoaiiethupstream, with
respectQO rgflérlegglisa}’ll{ ﬁ?vg) Cogfsalginexggns?onc e%%ceedthte(fo rrz%fnfr: I gl%enreg{f]:d bya
secdrﬁfréfr@efa@ﬂhné InaoWvid Gf)mﬁﬁhﬁa&drpafﬁtﬁla(lﬁwqﬁwsﬁl%,81de|‘tﬁ‘ shidVibssed-
zone connected by a second refrigerant line in fluid )
loop pshgfAE 1A aLE IoRation) downsireasa.yiEh kepppst by refrigegant flow, of said
Dsegheap refrigerant circuit at a location
ownstream w th respect to refrigerant flow, of said
expansi on device. 10. The refrigerant vapor

conpr es stemas recited inclaim9 f
nl%. lehe refs Péerant vapor compression system as rec1teci'I n clalm 9 further

exp

comprising:

a first refrigerant flow control device interdisposed in said first refrigerant line;
and

a second refrigerant flow control device interdisposed in said second refrigerant

line.
11. The refrigerant vapor compression system as recited in claim 10 wherein

each of said first and second refrigerant flow control devices has an open position and a

closed position.
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conprising: a first refrigerant flow control device

interdi sposed in said first refrigerant line; and a
waewondsref ri gerant flow control device inter dPGPUSEA/043770

in said second refrigerant line. 11. The refrigerant

vapor conpression systemas recited in claim10

wherein each of said first and second refrigerant flow

control devices has an open position and. a cl osed .
oat  ort ESClHEREIF SATEF GORRI ULPOI T LGS TIgy S whrein
caclR8f {aRFFifs€shd fcEhPielidelatiRMel SR8 iRk c8RbHsdsi af Slendifvalve
second refrigerant fTow control devices conprises a
havinglaarepeel positiveattby¢lagedaesisigen position and a cl osed
position. 13. The refrigerant vapor conpression system
as recited in claim10 further conprising a controller
opesat i VElette@psamt ddmd chinpRsgak bysefm sateditdéd inSdlaidnd further
second refrigerant flow control devices for
compeis e ) apairgligopratively agsasieedor it gach of ispidtirstiad secosdd
refrl; gI It ﬂg&/%gfltr(f)llcf% c%?fbtrrsgllectﬁ%lé% ﬁc%ﬁldnﬂl%a&eo&%gld%§ﬁ 14%0cond
&nd si il taneous y selectiv posi ti oni hg the other
refrigkranaflowfconsdl denites mcanspen @bsitige haditinful torneonelytselettively
devices in a closed position. 14. The refrigerant.
posifigRine R pihFe st st Ander ! iPBgeraab Py condplAcy GrhaY 2flased
posi¥idhd refrigerant vapor conpression systemoperates in
a transcritical cycle at |least for a portion of the
time. 15. The refrigerant vapor conpression system as

recited. in claim9 wherein a.refrigerant. cjrcul.atin )

{ hridughdlTE E R e S aRE VAR or o fprbLs] Biftufd Effprein
saidl SfrERIAAP Pafbr @S PRssidH systerBh&tads P4 (rhBoAGEAN Gycle at least for a

refrigerant charge in a refrigerant vapor conhpression

portegnsefethe bmer ating in a transcritical cycle at |east for
a portion of the tine, the refrigerant vapor
conpressi on system having a refrigerant conpression
deviisce, Thelréfrige@@t ddpor B&Rprek 8pE Sfstcdin ahRaite EMAMAMIEWherein a
and a refrigerant heat absorption heat exchanger
refrigesmpbeiechlatingdbionghout sqid irefaigaint YapeucUBPHSEHP LR eahisicArban
dioGhiosed- 1 oop refrigerant circuit,

16. A method for managing refrigerant charge in a refrigerant vapor
compression system operating in a transcritical cycle at least for a portion of the time, the
refrigerant vapor compression system having a refrigerant compression device, a
refrigerant heat rejection heat exchanger and a refrigerant heat absorption heat exchanger
disposed in serial refrigerant flow communication in a closed-loop refrigerant circuit,
with an expansion device disposed in the closed-loop refrigerant circuit downstream of
the refrigerant heat rejection heat exchanger and upstream of the refrigerant heat
absorption heat exchanger, said method comprising the steps of:

selectively withdrawing refrigerant from the closed-loop refrigerant circuit;

storing the withdrawn refrigerant in a refrigerant storage device; and

returning the withdrawn refrigerant from the refrigerant storage device to the

closed-loop refrigerant circuit.
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wi th an expansi on devi ce di sposed in the closed-|oop
refrigerant circuit downstream of the refrigerant heat
WO 2j0ea4i30n heat exchanger and upstream of the PCT/US2009/043770
refrigerant heat absorption heat exchanger, said
met hod conprising the steps of: selectively
W thdrawi ng refrigerant fromthe cl osed-1oop
refrigerant circuit; storing the withdrawn refrigerant
in a refrigerant storage device; and returning the
W tipdr awher REthbORS RBked @Mk wefEihger ant st orage
device to the closed-loop refrigerant circuit.17. The
metthosiepof sedastively withdedvaingnrafe govaet fsom the ﬂeseﬁtle@p tsfirigerant
ClI'CU. 1see%<t E:Vtgcli Xur%tgndor %\Il'\g.tp Cr glferolf eerl% Ijl; efrarn O C m ressmn system;
]Iosegllloop r St ant errcirt 78 eSxEcy pe& quPi A i ’
andoper ating cycle of the refrigerant vapor conpr eSSI on
system and the step of returning the w thdrawn

r efth§ gfep ahltetwrm@mﬂ@wlth@fiwng@frlaﬁ&ansfr@mé@%reérégqr@é stogagerflevice
o U ASEHIVNAPRILEL 1 SREADH, SloeRlblod BBl SXREHEEIle of the
refrigerqat eg®ir oompiestiemsysidn. The net hod as reci ted in claim

16 wherein: the step of selectively w thdraw ng

refrigerant fromthe closed-loop refrigerant circuit

I's gxecufidndhbd AdreBifeARLIA! IB0vEYEhe of the

refrigerant vapor conpression system and the step of

r etthe stemgft $eﬂ®t1wltyrvdﬂahwwmgfr¢fngelaatnﬁromrthmwlbsted loop refrigerant

rant stora ev ice tq the.c
cireh 3 SREH B P BT P eaiele o & BUTEeRaT SAPSRpmeyFetign system:
andt he refrigerant vapor conpression system 19. The
met hod as recited in claim16 wherein: the step of
s eltb‘tﬁtﬁpl ef lssatumina dlafawith@awefreﬁﬁ@elraahfromrtwetfrtﬁgerant storage device

to th (foseg 100 fngrl eergr{ 1err alms e():( cu fl:’lcl au s a%xo ¢ c%e ofj tlflle r&% erant
O Focycr® th Y
er e ger an vapor- conp

vapéry@ir@féssamctytthm step of r_etur ning the W|thdr _avvn
refrigerant fromthe refrigerant storage device to the
cl osed-loop refrigerant circuit is executed during an

2551[923 fighe i &thS & relifll ih @idiAR Pl APOT  COMPr essi on
the step of selectively withdrawing refrigerant from the closed-loop refrigerant
circuit is executed during an off-cycle cycle of the refrigerant vapor compression system;
and
the step of returning the withdrawn refrigerant from the refrigerant storage device
to the closed-loop refrigerant circuit is executed during an operating cycle of the

refrigerant vapor compression system.
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