Car bon Di oxi de Refrigerant Vapor Conpression System Field of the Invention
[0001] This invention relates generally to refrigerant vapor conpression
systens awm0,20mp9es0particularly, to a refrigerant vapor ®ORArSe@sios31$yst em
usi ng carbon di oxide refrigerant. Background of the Invention [0002]
Refrigerant vapor conpression systens are well known in the art and
commonly used for conditioning air to be supplied to a climate controll ed

confort zone within a;nRaisienaereRidetfk vVapht BbMgresfiBs Bididh. school
restaurant or other facility. Refrigerant vapor conpression systens are

al so commonly used in transport refrigeration systens for refrigerating air

supplied to %k%?ﬁﬁﬁﬁﬁh%hﬁm?ontr°|led cargo space of a truck, trailer
container or the li ke for transporting perishable itens. Traditionally,

nost of thes&00F ri gerBmtinvenon redasermeesslihoie refyistrantyappepapessen subcri ti cal
refrigerant ersm;b'ilﬁ,sfné’rg a&i&ﬁ%@?ké é/rekrgg%lra%@a[p%r So%ﬁ?ésﬁi%ﬁ%ster@us‘% denser, and
an Vi Cce, omo

an evaporat or’, expansi on nl'y an ‘expansi on val¥e, di sposed
upstream w tirboredipadd refrigeraef.r i gerant fl ow, of the evaporator and
downstream of the condenser. These basic refrigerant system conponents are
i nterconnected by refrigerant lines in a closed refrigerant circuit,
arranged i n Baclkground éfithk howntisref ri ger ant vapor conpression cycl es, and

operated in ubcriti.cal pressure range for the rticular refrigerant
P e ref BB ERE L iRt St S LS g e P aP Rh T B el Sl e
range are cogsmimbiyly akarfgechnditibhing 0if et suppld té 4 tlonae asdholed @hifoger ant s such
as, but not limted to, hydroghlorofl uorocarbon HCFCs), such as R22, and
more commonl §°Wﬁ6??{?6‘rd@{°§r?f§?ﬁsbu(‘ 0sp cgﬁhoé’i f tau??ﬁ’é%r ?ﬁszg%ﬂ&ﬁd R407C.
[0003] In toRapigsraiBvakél conPrefibebysteffs@resio dofnRalyNgeSMAAsor " nat ural
refrigerants, such as carbon dioxide, for use in air conditiaoning and
transport reffiigEionsyiey/Of ehiceraiiae ayqurpliedfoc PapsrYErcapTled pigRver

because car bggclbOxXird®, RARr, RohDNEDr e 18R forl RRRR@loWeRshaBRIems ef 1 i ger ant
vapor conpression systens charged
Traditionally, most of these refrigerant vapor compression systems operate at

subcritical refrigerant pressures and typically include a compressor, a condenser, and
an evaporator, and expansion device, commonly an expansion valve, disposed
upstream, with respect to refrigerant flow, of the evaporator and downstream of the
condenser. These basic refrigerant system components are interconnected by
refrigerant lines in a closed refrigerant circuit, arranged in accord with known
refrigerant vapor compression cycles, and operated in the subcritical pressure range
for the particular refrigerant in use. 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 commonly hydrofluorocarbons (HFCs), such as
R134a, R410A and R407C.

[0003] In today’s market, greater interest is being shown in “natural”
refrigerants, such as carbon dioxide, for use in air conditioning and transport
refrigeration systems instead of HFC refrigerants. However, because carbon dioxide
has a low critical temperature, most refrigerant vapor compression systems charged
with carbon dioxide as the refrigerant are designed for operation in the transcritical

pressure regime. For example, transport refrigerant vapor compression systems



wi th carbon dioxide as the refrigerant are designed for operation in the
transcritical pressure reginme. For exanple, transport refrigerant vapor
conpr essiwO 20pae4B8havi ng an air cool ed refrigerant hearCrajseasiostsiheat
exchanger operating in environnments having anbient air tenperatures in
excess of the critical tenperature point of carbon dioxide, 31.1 C (87.8
F), nmust also operate at a conpressor discharge pressure in excess of the
critical poi RfviRy ﬁﬁaswo%leh@éfrlg@falhcheat%@eﬁoﬂ%eatZxc?fﬁng\éPape(réc%Qn psia) wll
operate in a transcritical cycle. Inrefrigerant vapor conpression systens
oper ati ng i neRitoRRARE hiRgHNDIRAf air emperpsurpein exersy efrhe ¢retigal tppaetieon heat
exchanger OPELal Gafbdn diodfs, HO 87,4 A1 Mel 403PedieGPRURRTELoANd operates at
a refrigerant tenperature and pressuré in excess of the refrigerant's
critical poi dischapgsifressurhen exgess of te sritienppeiat pressare fer cpdpn dipaidant.3& enper at ur e
ang pressur et A AUPGH LAl u @aG.LA004L (ameabhangl. Subcri ti cal
refrigerant vapo ession systenms C ed wi th°convehti onal
fIuorocarboncwemﬁwgmmaﬂmss ymagsuaﬁmm@udahaCbemeﬁﬁegﬂdnmesadqu t he

r ef ri ger ant ﬁeat %XCh n%:ﬁl %étr eaaSrg]&eS COOQ, 6?1:[‘3&1961' en%ec()n&nger La{ﬁ)(%(t)pe %CS a(t)f t he

expansi on devi ce. ran rom condenser ‘enters the receiver
tank and set tdfegerim tdrﬂperaluﬁe aMrea‘suﬂehlee)tcasrslof thQSeﬂngemntrs agjitical antI be at

sat ur at ed te ure, refri erant or Wi | the space in the tank
e TR T e B B ot e Gh A e R Phuberr i i bR RERT LO o oft he

recei ver tankutyti¢dnenngxpansi on val ve which controls refrigerant flowto the

evapor at or . e opera t|n condltl ns of the subcritical refrigerant
vapor conpreﬁgp%ﬂ syst %Hﬁéu‘¥W% al CofHRYRNLVARATCPRREH Y YHF™E he syst em

wi | I change amggeddh@t dodivindoh® Yigbrotdibderigeis ey alsdiiclviclalredelvee or fall, as
appropriate, to establish a neM/egﬁilibriun1liquid | evel . [0005] U.S.
Pat ent No. 5dippoped phejredipgerapeireyitdlgypyiep o hecandents pahiPsyeavpt ®dnpr essi on

system for tEegRane devic®f LIRS R LAneRah ieabh@MSerbh@ks thdYebdidt®sanR af@NPr €SSOT
a condenser, and an evaporator, with a flash tank di sposed between the

conpressor afdtlestie thepapen af e tankefs iyelkiqud wil] kg sytwatsd tomperaeeh t ank from
the condense Eefﬁéerﬁﬁ%&ﬁo@%@ fift %q‘b&de(?ﬁ' the tzi'ﬁﬁl%o{ 1111% b?/fh ﬁﬁfréfn%@[raﬁtn tLl(Llﬁ'& o the

flash tank is controlled by selectively opening or cI05|ng a sub-cooling
val ve to nmai mfagetang is metered out of the receiver tank by the expansion valve which controls

refrigerant flow to the evaporator. As the operating conditions of the subcritical
refrigerant vapor compression system change, the charge requirements for the
system will change and the liquid level in the receiver tank will rise or fall, as
appropriate, to establish a new equilibrium liquid level.

[0005] U.S. Patent No. 5,174,123 discloses a subcritical refrigerant vapor
compression system for transport refrigeration applications that includes a
compressor, a condenser, and an evaporator, with a flash tank disposed between the
compressor and the evaporator. Refrigerant flows into the flash tank from the
condenser at saturated conditions. The flow of refrigerant into the flash tank is
controlled by selectively opening or closing a sub-cooling valve to maintain a
desired degree of sub-cooling. The flow of liquid refrigerant out of the flash tank to
the evaporator is controlled by a suction superheat thermostatic expansion valve.
Refrigerant vapor collecting in the flash tank above the liquid refrigerant therein is
returned to the compressor, being injected into an intermediate pressure stage of the

COMPressor.



desired degree of sub-cooling. The flow of liquid refrigerant out of the
flash tank to the evaporator is controlled by a suction superheat

t her nost avoco@xpasi on val ve. Refrigerant vapor coll ect ipag/useoosloslid ash
tank above the liquid refrigerant therein is returned to the conpressor,
being injected into an internedi ate pressure stage of the conpressor.[0006]
In a transcritical refrigerant vapor conpression system however,

control l'ing {dveeBYSt €nhhefahicBREAR SNt 980 SolPERidnANREBXRRFGUSE the
conpressor high side refrigerant |eaving the gas cooler is above the

refrigerant' §onkoilingdhg sypempefrigefanticharge isingorp gordplex bagagse (theqf@mgprestorvapor phase

and thus thenehaiefmREashaind dds ERAGTY MovDGE AffiSerih ALY BBinOf
tenperature and pressure which may not respond in a desirable manner to
syst em char gend @epaiis naistingt liquidsr vepergheseod thes d88hggopigiestindbes a

transeri ti calo el aGhann@BRbr EATRLESSLAMAYAL M IRkl DdAgd ash tank
di sposed between a gas cool er an n evaporat or and a contr er regqgul ating
val ves in r edpansle ntaondriesisenseadree edquirgeeant U SreggulNe. 6.38%140 gas cooler to
cont ol {1 ML o SRR DS LR IR IS | S LSRG, ABF RS ot
gas cool er i disposthbetivbashgas aoder aad e atapotatoe dndy canaglidratgubegingmalves- | | ne
expansion valve on the entr i.de ?f the flash taqk and t flow of |iquid
refrigerant fH6ROMHE esgwe%faeﬁﬁgw PIRESUER B 50T 55 6901740 COWE! BF PR By an i n

| i ne expansi efichagde\ie the Matt@nieiréguddtelthe @dfrifdrant pleasite inahdgas Bedled. gdeant vapor

collecting in the flash tank above the refrjgerant _liquid thereipis
returned to glﬂwio FUReFREFal ¢ “%‘?r%‘gé‘i?%ttﬁ%g?gf@’% nfof e%ﬁ?ﬁ%é%f%ﬁ"ﬁ%{)i ce. Thus,

the flash tapkrdgiRbhd &Nis-10kkpaaSioRal RCHNBEERABT sicded (i@ I8k tihPeicdme char ge
control device. Sunmmary of the Invention [Q007] In an aspect of the

i nvention, afle¥obéavidrdisaant frepythgErshitnkyagisevavmsrds ngrlled 8ttt ncl udes a

refrigerant ghs &hhsidiAMIVRDnand &fiefsl@F ARLIaGPERE. e RSFQBrafE@MbsEoolltingf I'1 ger ant
heat rejection heat exchanger for passi nqﬁr efrigerant received fromthe
t

conpr essi on #eif Bashdtnkabaygyhe frfidecsan Bquis tieesin is exemethigenr eredisitship with a
cool i ng medi Y@ difdelol BRcBAPreAEH delRe NPALs, &X FRANIA! fuhQlonPBSE h{'h

refrigerant at a | ow pressure refrigerant in heat exchange relationship
with a heati ng)np@meumd agnfdigarant charge control device.

Summary of the Invention

[0007] In an aspect of the invention, a carbon dioxide refrigerant vapor
compression system includes a refrigerant circuit having a refrigerant compression
device, a refrigerant heat rejection heat exchanger for passing refrigerant received
from the compression device at a high pressure in heat exchange relationship with a
cooling medium, a refrigerant heating heat exchanger for passing refrigerant at a low
pressure refrigerant in heat exchange relationship with a heating medium, and an
expansion device disposed in the refrigerant circuit downstream of the refrigerant
cooling heat exchanger and upstream of the refrigerant heating heat exchanger. A
flash tank receiver is disposed in the refrigerant circuit downstream of the refrigerant
heat rejection heat exchanger and upstream of the expansion device. Additionally,
the refrigerant vapor compression system includes a compressor unload circuit
having a refrigerant line establishing refrigerant flow communication between an

intermediate pressure stage of the compression device and the refrigerant circuit at a



expansi on device disposed in the refrigerant circuit downstream of the
refrigerant cooling heat exchanger and upstream of the refrigerant heating
heat exchasiogee/oofwobl ash tank receiver is disposed in theCrafSeeogosesme
circuit downstream of the refrigerant heat rejection heat exchanger and
upstream of the expansion device. Additionally, the refrigerant vapor
conpression systemincludes a conpressor unload circuit having a

refrigerant ldcRgorefivabbdafiidriig: kffobiadeiedNibsérbGOM KealaMRIncatdn@pRheen an
i ntermedi ate gressure stage of the conpression device and the refrigerant

circuit at aPbtaCHYhingbiSe rearessondrEce ant 1 yeadirchieHew 4DREY peiisn heat
exchanger ang;ypsh [necﬂéfhrﬁ!‘)adacngﬁ'i‘%}éﬁ@gl 4 lifed, }a 9?%£§%ﬁ9ﬁﬁﬁﬁééln%eﬁﬁy% ce, and a

unload circuit flow control device di spose the unload circui
refrigerant Rispeation viinthe efpaesion devise and dednlopd ¢psait floimcenad yalye.akbiecon wi t h

the expansi o, gL C6peARd if Itégpo‘dElJ tt%gle%t :E)gé;gg%te%Lo%@fégggfgd’rﬁhetgraslfbl\{s%d pyne

controll er operates’in response to at m oper ati ng’ par amet er
sensed by at aflemsbtneorasos Brrsbrtively meitien thewaload flowiconton deies amhapzainf | ow

control devi intain the refrigerant. .vapor,. [ esSi stem
operati ng at % e Ecnar oo orelBhE fePRlRhafCRdATRIR GERLF RPN *ht essure
I n an enbodi pestlgctddngppadingieplesper dt amgnipaliraenette semsed opératinggpeampdta, be t he

refrigerant discharge pressure.or the refrigerant discharge. tenperature.
{0087 1 - an iy BEraaw R ReBF iuite AR e P SR T O e v of 1 ng
oper ation of tempeardren di oxi de refrigerant vapor conpression system
including a refrjgerant conpression device, a refrigerant heat rejection
heat exchangbﬁ),ogiﬂ flagﬂ @ é?PRCtr"iH’éiW%@Pt}%ﬁ ”&Q’ﬁ&hssl?%ﬂg%‘g@if &%{tmﬁwa a
refrigerant bgaiticaksacibbOdiokigete@eeMaNGRF colhHRRRAdydtdn GRIUIRS af | OW
arrangenment in the refrigerant circuit. The method conmprises the steps of:
provi di ng a ESHEFYY SYPPERIBAGViEs rdtfrigcrHdedriRgion hrarrshgagest flash ne

est abl i shi ngdhRfdcb@er ANLxphh M QIR 6 3 fi08aR BENA BB bnInRS @k FRHEAL €
pressure stage of the conpression device and the refrigerant circuit at a

| ocati on dowAsPesedin ssfics iy premeraei dnihe Fréagerapb Sigrupt iTon Msdad cenetianger and
upst r eam of @ne%H:?E bR PrhvRirfela dfhppldt uﬁgﬁ@éiﬁ%ﬁliﬁcﬁh { ©fiigepifh@ unl oad

circuit flow control device disposed in the unload circuit refrigerant
| i ne; sensi ngstatlishiagefrigenant §pwe caminugicpandapteen anintarinedipte prestyes sizge at | east

one point in.fRe 5 EELRA RNk fld GiletieelREUl BRIt RRnGRAGRLAD ARV CE TO
refrigerant heat absorption heat exchanger and upstream of a suction inlet to said
compression device, and a unload circuit flow control device disposed in the unload
circuit refrigerant line; sensing at least one operating parameter of the refrigerant at
least one point in the refrigerant circuit; modulating the expansion device to
selectively meter liquid refrigerant flow from the flash tank receiver to the
refrigerant heat absorption heat exchanger; and positioning the unload circuit flow
control device, in response to the at least one sensed operating parameter, between
an open position whereat refrigerant passes through the unload circuit refrigerant
line from an intermediate pressure stage of the compression process to suction
pressure and a closed position whereat refrigerant flow through the unload circuit
refrigerant line is blocked to maintain the refrigerant vapor compression system
operating at a discharge pressure below a preselected upper limit pressure. In an
embodiment, the sensed operating parameter may, for example, be the refrigerant

discharge pressure or the refrigerant discharge temperature.



selectively nmeter liquid refrigerant flow fromthe flash tank receiver to
the refrigerant heat absorption heat exchanger; and positioning the unload
circuit fwowoom4ool device, in response to the at | easPConS2@80SBd9
operating paraneter, between an open position whereat refrigerant passes
through the unload circuit refrigerant line froman internedi ate pressure
stage of the conpression process to suction pressure and a closed position

wher eat refrhg@fﬁng%MQbe@@quuh%Qe unload circuit refrigerant line is
bl ocked to maintain the refrigerant vapor conpression systemoperating at a

di scharge pr 89883k e belRoha Srpeesisdertndias abHerinyanren. refpeaceritl be prdan
embodi ment, {\g. AFRSSAE &&ﬁé@&és&%tﬁﬂ[?ﬁ{ﬁ%tnﬁfenﬂf@ywm&% (SBAHRd £, be the

refrigerant discharge pressure or the refrigerant discharge
t enper at ur e. BrineftioDestdrthpadcompafyingisavidngiwihargs [ 0009] For a furt her

under st and ng)O(if) the i élli?ﬁtl iisoﬁschérﬁitf%rd?%a?n ﬁfuLtLatigg a'g%gr?né%a y.t he follow ng

detail ed desCription o e I nvention Ichist i n connection
wi th the accempehyem@f drdnganant vayee cenpie S®DGYstéin guaceord with the mgémsiont i c
diagramillustrating an exenplary enbodi nent of a refrigerant vapor
conpression systemin accord with the invention. Detail ed Description of
t he | nventi oDefailed Desdrigition iof thg Inoeution FI G 1, the refrigerant vapor

conpr essi on m 10 J ncl.udes ressi.on device 20 driven b not or 30
operatively TWIBE! o edtEpERY fo G Fabe Ry SRRt annsomaysiet i iy
exchanger 40ijncandeed ¢dngressioh dbead 20edvBei by nghobe 30 opatath@angssockéed al so referred
to herein as _an eyaporator, connected in cl osed | gop refrigerant circuit
in series refl’fﬁfeg"éﬁ\f‘a%fef‘?ge%t B93F G ERgeRt Wﬁ%‘}‘éF‘i%uér‘?f%e??‘ﬁg?aéﬁ Ofiites 2, 4
and 6. Addi t hedakdninget @ als8hdrb@er 8 RbreMARQh e CPORIER SDhARtedYS h Eldkel0 | Ncl udes a

flash tank receiver 60 disgosed inrefrigerant line 4 of the refrigerant

circuit downdopedReArIKIrFESIhatresrgTip i igurasipesreahP o ficREHErfer ant heat

rej ecting hegheseXghangehddiloNg HORESRAM Wipbhcdngr@soh sisteni 8 t@gsant flow
of the evaporator 50, and an evaporator expansi on device 55, operatively

associ at ed whlash ek seaayss PR dispossd in rgiriggaelnci4pithefpirgemardirctitne 4
downst r eam Wyt 0, @8R GG rEBedt & Feh@RIAMIo boe ﬁifri%é?ﬁlt hiRedifP ket €CEI Ver 60

and upstreamw th respect to refrigerant flow of the evaporator
exchanger 40 and upstream with respect to refrigerant flow of the evaporator 50, and

an evaporator expansion device 55, operatively associated with the evaporator 50,
disposed in refrigerant line 4 downstream with respect to refrigerant flow of the
flash tank receiver 60 and upstream with respect to refrigerant flow of the evaporator
50. A filter/drier may also be disposed in refrigerant line of the refrigerant circuit
downstream with respect to refrigerant flow of the refrigerant heat rejecting heat
exchanger 40 and upstream with respect to refrigerant flow of the flash tank receiver
60.

[0012] The compression device 20 functions to compress and circulate
refrigerant through the refrigerant circuit as will be discussed in further detail
hereinafter. The compression device 20 may be a single multi-stage compressor
having at least a first low pressure compression stage 20a and a second high pressure
compression stage 20b, such as a reciprocating compressor, as illustrated in FIG. 1,
wherein partially compressed refrigerant from the first compression stage 20a passes
to the second compression stage 20b internally within the compression mechanism

of the multiple stage compressor 20. It is to be understood, however, that in another



50. Afilter/drier my also be disposed in refrigerant line of the
refrigerant circuit downstreamw th respect to refrigerant flow of the
refriger awo 2b@av140ej ecti ng heat exchanger 40 and upstre&cTMiS2évsespect t o
refrigerant flow of the flash tank receiver 60. [0012] The conpression
device 20 functions to conpress and circul ate refrigerant through the
refrigerant circuit as wll be discussed in further detail hereinafter. The

conpr essi on dR¥bdiRerOthBBYmREssPnSeROt 20 Al tdmptisdd Baif ONIINHIEMrs P@vi ng at
| east a first |ow pressure conpression stage 20a and a second hi gh pressure

conpr essi on §thHW. 2OB 35 BneFde APHERIHRIEEA A EOBIRIPEsHOINE 2as i | [ust rat ed
in FIG 1, wagfigdfhRAE Ldndbdife %@%ﬁﬁé@&tfegéiﬂ()&%@f%t st Sod Iif St

conpressi on stage 20a passes to the Second conpression stage 20b internally
within the coimgassilow comoiashsmm wifh thiysuckion tnlgspert of thgeccouhgmaeseer 20. It is
to be unders oweyv ";mﬁ% L ' ressi on

devi ce 20 na%&ﬁgﬁﬁngg’aﬁﬂﬁr 0¥m@%§%§%§§%§§Q§g§ﬁ§E@m%%ﬂﬁﬂﬁﬁgﬁ as for

exanpl e a paiwouldfbedegémpryocanglagomo i eesgorly,asdvaiiedgn drivied relagenshit | i ne
connecting the, di scharge tl.et. port of the fihks ompressor. 20a in

erri gerant ProdeGHRER TR R AR eder bt 86 i fRL S Re. Second
conpr essor 20&ampresyotsieengtiasiag dfe campiengbdredavide 2D pdach sdnggessaoniibesisodn, each

conpressi on stage uld be driven b .single notor. 30 operatively
coohcrated | HeargrR f spguiet R T B ARSI e Bl B o of ¢ he
conpr essor 2@rivihgrdldtiengaseitoits onaesiodimeckaiiphessor s constituting the

conpr essi on vice 20, each conpressor will be driven independently of the
ot her by itsﬂ@ﬂh]dediégFé TP Y AR SPRPTeY T Sy HeR JOifut H”Fﬁmﬁfiving

rel ati onshi pcyplssot $nlG@AFREAEEINYRisiHR Ghembsant 1in001 3lar ihkgconsdcksd 4er ant  vapor
conpression system 10 further includes a conpressor unload circuit

conpri si ng alf@pedigePsssture Pojat in sherQBEPresHeproesihweh sefgerini ling Hratihat e

pressure poi Rlfrikdlardt BRCUHUTRHBHS QMsREAE GRA rddpddd td Bfr{ob QST @YW of hre 6 of the
refrigerant circuit of a point downstreamwth respect to refrigerant flow

of the evapoPerPeratBd0apduripein wihrabechrreliseent oy pidhe fugdpminict 2[®w of the
suction inl eth.2Rbekith &Q@Qﬁ?ﬁh%ﬂ ufBYd G8ve2fd qi@RELdaR idnRbPadadiye 75

di sposed in the refrigerant line 12 that 1s operative to control the flow

of refriger ant thahisoogrhtitelie congfot fhgdlomrmf r¢fiigesant Phrough the refrigerant line 12

of the compressor unload circuit. In the exemplary embodiment of the refrigerant
vapor compression system depicted in FIG. 1 wherein the compression device 20 is
a single compressor having at least a low pressure compression stage 20a and a high
pressure compression stage 20b, refrigerant line 12 of the compressor unload circuit
taps into the compression device 20 at a location 25 opening into an intermediate
pressure point of the compression process, that is at a refrigerant pressure higher
than the refrigerant pressure at the suction inlet to the compression device 20 and
lower than the refrigerant pressure at the discharge outlet of the compression device
20, and taps into the refrigerant line 6 at suction pressure.

[0014] When the refrigerant vapor compression system 10 is operating in a
subcritical cycle, the refrigerant heat rejecting heat exchanger 40 functions as a
refrigerant condensing heat exchanger through which hot, high pressure refrigerant
vapor discharging from the compression device 20 passes in heat exchange
relationship with a cooling medium to condense the refrigerant passing therethrough

from a refrigerant vapor to refrigerant liquid. The refrigerant condensing heat



of the conpressor unload circuit. In the exenplary enbodi nent of the
refrigerant vapor conpression systemdepicted in FIG 1 wherein the

conpr essiwO 20@vioc®020 i s a single conpressor having at PeadaiS2@8l06151pr essur e
conpressi on stage 20a and a hi gh pressure conpression stage 20Db,

refrigerant line 12 of the conpressor unload circuit taps into the
conpression device 20 at a location 25 opening into an internedi ate

pressure poi pfchfigel DEmMEP ERMKES b YRndd Q6EKSs exchdeed £, @lcha@s fRELInGRE, ant
pressure higher t%an the refrigerant pressure at the suction inlet to the

conpr essi on §egnwupdubnbeat sybrnacicar of hEn ped Pat gurihenist @83beae at the
di schar ge ougman%f. B GRIREGSShOsh s(;f?tgfnﬁg%l%%iorﬁ NGle LR e hidhRint A8

refrigerant line ® at suction pressure. ) When the refrigerant vapor
conpr essi on §¢ambiantB fassed gueughitheronfensersiQive hdat pxchhnge ydhteonshipavithef r i ger ant

heat rej et | 18 L AENA0CK: A0, THNGLLANS, ASpdu ELLA BR8N RpDgeNS] Ng heat

exchanger thro ssure’ refrigerant vapor diScharging
from the conpreabgicoaligdlit eudspagses i n heat exchange rel ationship with a

cool i ng nedi condgnse, the refrigerant in her et hrough from a
refrigerant \@6% to ?@?reiva é)rr%%rtﬁlcfa%?ud(% &Irﬁ%%?%fltr‘%é Orrgthr% hg%tndensi ng
heat exchangeexchBngenypudosisprcosenaorfal fimed tihelheatleeetanget SPanngess f62, such as for

exanple, a fin and round tupe heat exchan coll or a.fin d f] at

o channel CHugte KESEREbHERRCRA b FRRRE et Rl Bt Ao b o

appl i cat i ons hedt bechagel, idhgugrbdhicieipayded @cfapdrhe hbviag fraeass ed ckpaneivgh t he

condenser 40 in heat exchange relationship with the refrjgerant by neans of

fan(s) 44 op8F4ass Q%eﬂaffgeé E‘ieéflé?ﬁgweh%wﬁ]i‘ép %@hﬂ@%&% ﬂﬂ‘g’, Wfberg‘g@ttﬁ%r cool i ng

fluid, such agriyaieis va[)&@zﬁeahndrﬁyﬁicﬂwpéraémd. meﬁ@ﬁiﬁ% iffuldt RSsed i 1% | ger ant

evapor ati ng heat exchanger, such as a conventional finned tube heat

exchanger 52xaRas relatiqnpip @i BirgernhindbiP RRAIHET 1UBY Predit PEEEhange coi |

or a fin andgybnhtkh@apshiof @8y hehe oh@als) %gl@ﬁa@a&,asma@ag}ﬁhm ch expanded
e

refrigerant having traversed t'he expansion device 55 passes in heat
exchange r el 8Y3PO¥EHPP. tabe Roddednad cpmgonlyisg delmidiéisg. apd hepessappfisdant i s

vapori zed ang, £ ¥phfaldko BUREY &M & H2001en ek eIl UidigasR et hn heat
exchange relationship wth the refrigerant 1 n the evaporator §0 may be air
passed t hr ougtshtah éorevapple tafiiger8@! ¢ryfrozemiesd géms, siofagy z6up aggpsiatediwid ay
associ at ed Wtrgﬂpgllg ‘Ieefrigeration system.

[0016] The refrigerant vapor compression system 10 may also include a

control system including a controller 100 operatively associated with a plurality of

flow control devices interdisposed in various refrigerant lines. In addition to

monitoring ambient temperature via a temperature sensor 101 disposed in the flow

of ambient air entering the refrigerant heat rejection heat exchanger 40, the

controller 100 also monitors various system operating parameters by means of

various sensors operatively associated with the controller 100 and disposed at

selected locations throughout the system. For example, in the exemplary

embodiment depicted in FIG. 1, a temperature sensor 103 and a pressure sensor 104

may be provided to sense the refrigerant suction temperature and pressure,

respectively, a temperature sensor 105 and a pressure sensor 106 may be provided to

sense refrigerant discharge temperature and pressure, respectively, a temperature

sensor 107 and a pressure sensor 108 may be provided to sense the temperature and

pressure of the refrigerant passing through the compressor unload line 12. A



evaporator 50, to be cooled and commonly al so dehum difi ed, and thence
supplied to a climate controll ed environnment 200 such as, for exanple, a
peri shablwocargoissuch as for exanple refrigerated or fPoTAs260806131¢ ens,
storage zone associated with a transport refrigeration system [0016] The
refrigerant vapor conpression system 10 may al so include a control system
including a controller 100 operatively associated with a plurality of flow

control devi ¢@felaire HksN00 afhy bl pMAIde@Usseh&fthd @RIp&Aturd df8Bigerht addition to
nonitoring anbient tenperature via a tenperature sensor 10% di sposed in the

flow of anbi &gvinaihe refigerniigataheorpiag Py ercamecheatevar]getibfrrheat exchanger
40, the cont foh}&ine R0l Qr E@thte%:’p?ss\éés'éﬁ Byﬁle%&ﬁgé‘rﬁﬂt%lﬁld’er%a'v& (RAr amet ers by

means of various sensors operatively associated Wwth the confroller 100 and
di sposed at sedpeatasd0] docpresses setserUu§holPo, 108enay\betcepvenfignal piessysl e, in t he

exenplary e (916 ,SUCh %Bé;( & lei, stre transdufer ,eat fe @€ 9 Rbrs . and a
20 o e SO oL RO BE L 107 2

pressure sensor to sense the refrigerant suction

t enper at ure add 107 essli¥anayrtespechiival gmperatuenysesaay, swad as évseamdlds5 and a
pressure sengor 106 may be provided to sense refrigerant discharge

t enperature anﬂnpre%sure, respectively, a tenperature sensor 107 and a
pressure senfi71108 mekhelentprlowi@ecshntrds spma®ntofi chetcompesadrudenicadl pressure

of the refrigerant passi t hrough. .t he conpressar .unl oa i 12.
N ermer ot ur o aREsp RSS! R s  R L ER e R SRt kI UF S o
refrigerant keapka@ntdacics 8F,n gen andpeltiah ofdds Ganbun gnd®athrexctitamgelof | . e.

evaporator 50, for nonitoring. the degree of superheat possessed by the
refrigerant 8568W6F@59FW559W shoyahore tﬁﬁy§ﬁpmfﬁgdﬁF€§@u?B“@§n brs 104, 106,

108 may be ceshi@Nti WORhodAlaRS FelfecHORS OXFnsiShGdlvedsT th 0bntkX BI¥FI0; of Pr eSSUr €
transducers, and the tenperature sensors 103, 105, 107 and 109 nmay be

convent i onal "afesREEN firoreb refsigagntdine & iR theevaRgratendanf cleqtingly PBe 9H1 es or

therm stors. [;QQ4d unldd@ cHONE M) b&firol @i 986 &nfroPREfIBY 0P RfQderdnpe
conpressi on device 20 through control of the conpressor drive notor 30

operatively #seuskirgirieeraniiling 12-hEheemnpplas dP@moddyrede dow agg ofielflods oper at i on
of the fans 44 andndan hIERYARIRRBLERh e 555 FRARREI HERRRkRRE (ot shown)

operatively associated therewith. Further,
temperature sensed by the sensor 109 on the outlet side of the evaporator 50, that is

the temperature passing from the evaporator 50 to the suction inlet 21 of the low
pressure compression stage 20a of the compression device 20 through refrigerant
line 6. The controller 100 selectively opens and closes the unloader circuit control
device 75, which comprises a fixed flow area valve, such as for example a fixed
orifice solenoid valve, in response to the refrigerant discharge temperature or
pressure sensed by sensors 105 or 106, respectively, on the high side of the
compression device 20, that is the temperature and pressure of the refrigerant
discharged from the high pressure compression stage 20b.

[0018] The controller 100 determines the desired mode of operation based
upon ambient temperature sensed by sensor 101 and the various sensed system
refrigerant temperatures and pressures and then positions the electronic expansion
valve 55 and the unload circuit flow control device 75 accordingly. The controller
100 can unload the compression device 20 as necessary to control the refrigeration
capacity of the refrigerant vapor compression system 10 by selectively opening or

closing the compressor unload circuit valve 75. With the flow control device 75



controller 100 nodul ates the el ectronic expansion valve 55 to control the
flow of refrigerant through refrigerant line 4 into the evaporator 50 and
sel ecti vew 20pem98400r cl oses the unload circuit flow conPColUSA@BI06B8195 t O
control the flow of refrigerant through refrigerant line 12. The controller
100 nodul ates the flow area of the fl ow passage through the electronic
expansi on valve 55, in response to the refrigerant tenperature sensed by

the sensor 1@8mORflkQean®WMPotiowd 88 oPhn tRemEMAL M & FthQmpkdR@bn i S t he
tenperature passing fromthe evaporator 50 to the suction inlet 2 1 of the

| ow pressur e PESHHIESUENSHe cmagrssaro@logs byrfes isnigrivieseioecrarding & 2tex hr ough
refrigerant kj,g ?m@eed?dg%ln%fﬁ Hak klﬁ{hell&ﬂnpz%kegﬁih sl dh HOSRS BRPKigses the

unl oader circuit control device 75, whi nprises a fixed flow area
val ve, such aegd Y. dhamtigerant ivipes gassing fhirewghdld endendgrirguil seérigeiant iesponse to

the refrigergnt..i ?(%E@{lgg) th:égﬂﬁél?%&'é & tﬁ{ %o?ﬁp‘?ésﬁ‘dﬁ ﬂexﬁ&f‘ﬁﬁgbgﬁés ex?g;thr s 105 or

106, respectlvé?y, e of e conpression devic that is

t he tenper at bigb camprepri@ssage 0bind therehyedmeagagaint cadipseskian dedceef20ofhishe hi gh
pressure compy sl of ¢ ARG a08 20l AR« I 05, S00LT Ol .81, A0 detgrA] nes the
desired node 0 oﬁ%ra i on hase upoﬁ;aﬁ%leﬂ% %enperature sense y sensor
101 and t he dJevi¢eolbsnyersaglesystein regfonsegenaigh comppsesoatlisclasgeand pressur es
and then positi.ons Ehe electr?nic eX£a sion val ve 55 and tge unl oad circuit
f1 ow cont r ol "HAEAHE AL OF  GRRAC ’F?gu%‘é)ﬂtolf IR PR VERITUHIBad t he
conpressi on ¢wipre 20 ER coRpRSDALN v 100t60FY dpatatitdassocdted @il ki on capacity of

the refrigerant vapor c ression system 10 by sel ectjvely openi ng or
closing the S‘BWEIF%?E? ecﬁﬁﬁ%%fs th?? ressipgdguce,E) miy by #‘%Fé‘ PO BNt 1 ol

devi ce 750peBperktigfon@ivanfro apied frbQwseyPotvePfoure or AL GHIBRApasEMSHAGE of the
conpressi on process through the conpressor unload bypass line 12 into

refrigerant PPH#ING OnVakidAG-TregpgACHROBEE_RYTRYICIATRaT ! DEFT5E3F tRtHEY conpr essed

in the high piessed @z_itﬁg%_&é@ﬁéjfu@ﬁby%%ﬁso%%: fkR€cIngfrés@ehRPmokRBOs Passi ng
through the unload circuit refrigerant line 12 returns directly to the

suction si deaafriabifespeeshinpies shegoneller ¢@0 canialre cpYifA gisicApCith 8UtAvigH theonpr essi on
stage 20b ang.ef; ASLRDYHYBEAALLNG s|16n G0 BPLASRL AR ﬂﬁl\ﬂ&fc‘? offe pdRiES unl oadi ng
of the conpressor 20 through the conpressof tnload cifcuit flow control
devi ce 75 nayutbet frappihe mvatterBSi therelysoouiglling die apdefl ghthe opppresssodrivdi schar ge

motor 30.

[0020] If at any point in operation there is too much refrigerant charge

circulating in the system, the rate of liquid refrigerant entering the flash tank

receiver 60 will exceed the rate of refrigerant leaving the flash tank receiver 60 and

the liquid level within the flash tank receiver 60 will rise until equilibrium is reached

between the rate of liquid entering the flash tank receiver 60 and the rate of liquid

leaving the receiver tank 60 with the excess liquid remaining stored in the flash tank

receiver 60. If an any point in operation there is too little refrigerant charge

circulating in the system, the rate of liquid refrigerant entering the flash tank

receiver 60 will be less than the rate of liquid leaving the flash tank receiver 60 and

the liquid level within the flash tank receiver 60 will drop as liquid leaves the

receiver tank to the refrigerant circuit to circulate therethrough. The liquid level

within the flash tank receiver 60 will continue to drop until a new equilibrium is

established between the rate of liquid entering the flash tank receiver 60 and the rate

of liquid leaving the flash tank receiver 60.



refrigerant tenperature, or for capacity reduction or conpressor power
reduction. [0019] The conpressor drive notor 30 operative associated with

t he conprwestevm®ohani sm of the conpression device 20 may/useooa/ ofidted- speed
not or operating on power froma fixed frequency power source or a

vari abl e-speed notor operating on vari abl e-frequency power as supplied from
an inverter 35 operatively associated with a fixed frequency power source.

| f the conpremeer drive fBdQre38lslyS i@ rdfAkd i hvepct REB eI steiN® control | er
100 can al so control the capacity output of the refrigerant vapor

conpr essi on §8estEmIIBlapyd ff&ﬂp@rﬁf@omw@ oo ierredp sstherrpisicpdtierbeut put fromt he
inverter 35 therabyioeoRidugh Ldigve Hl%dlﬁ&ﬁ)%%f afe eﬁéa&oﬁ%iﬁyaﬁﬁ&%mw gsve motor 30.

[0020] If at any poi nt 1n-operation there is too nuch refrigerant charge
circul ating Pl selrstivyapering anddoying & thﬁfCOlmpwsq! upkend Cigruitdlow eontrelr i ng t he
flash tank r N . of i9g the
flash tank rgglg% ?’}Sgr @gnda%‘]\éﬁrtuﬁég@ﬁglu%g%%%gﬁt i a?‘(’In ﬂr(%%rglr}%%nlﬁt%t@gng receiver
60 will ri seprestuid seeqmiloff» Bt 2 paysus mmm@sirmweﬁortehmplaitbe ddfsirkd qui d
entering the fl C r nd the r | i ng the
receiver tanl%métgg%tie tgh%ecglclceag Olsp%rg ae forcarb%}l%lom%e Ofggg%ﬂat hegf | ash tank
recei ver 60. bark oam7atpy1a]om that at «ll ppes axtherefmg’mneCycﬂ;e tleaefiigthhtevapaf r i ger ant
charge circulatin |nthe ste t he rate. f d refrigerant entering
Che Trach + akpERirouriE a0t et PavuBifiel i PaindiGht HEGLT 0 | cavi ng the
flash tank reegpregdbr (ﬁﬁbhﬁﬂgépfeb@lrd beQiatir che lcainell pamtﬂ&esaurtam@r datvas liokalek recei ver
60 wll drop i | eaves th ecei ver tan ﬁjhe refri erant circuit
il

| i
to circul at ewl?li‘éqs&‘i H#‘aéf}&ﬁefngﬂé‘ frge feapeitdfy 3 f‘ﬂl?‘Fs e e aHt 1ank recei ver

60 will cont b&ﬂﬁteﬁ@e@ﬂhﬁk{l‘oﬂéﬂﬂbdn cﬁomv)fgqqrtl(gmrg @m i s established between the
rate of liquid entering the flash tank receiver 60 and the rate of liquid

| eaving the 14042h t ankhpedenyiEenigots HErersitls thibihe ampicaiAldaePsrauEhe

refrigerant apafopCRINRaE RAnS IS WERAQaRES it Setlthi¥s @d8Rtued tapkir Oper ation
wi th carbon di oxi ge as the refrigerant. The controller 100, through

sel ective mo@iifukatingrop¥ the pentiellediemperniuresapemIaahmannesd Gactaml bsel ect i ve
openi ng and GLASH A} clEnGATR RIRY sl BRG] duch bW GQMpIah val ve 75,

wi Il endeavor to maintain the refrigerant di scharge pressure, nonitored by
the case of the temperature controlled environment 200 of the cargo space within a

transport refrigeration container wherein a specific temperature is to be maintained
for the particular perishable items stored therein. Therefore, the refrigerant vapor
compression system 10 includes an auxiliary electric heater 90 operatively
associated with the evaporator 50, which when activated warms the circulating air
upstream with respect to air flow of the evaporator heat exchanger 52. The
controller 100 monitors the ambient air temperature sensed by the temperature
sensor 101 and the temperature of the air within the controlled environment 200 as
sensed by the temperature sensor 111 and activates the electric heater 90 when both
the ambient air temperature is lower than the air temperature within the controlled
environment 200 and the air temperature within the controlled environment 200 is
below the desired set point temperature by a preselected amount. The controller 100
will deactivate the auxiliary heater when the air temperature within the controlled
environment 200 is at or above the desired set point temperature or the ambient air

temperature exceeds the air temperature within the controlled environment 200.

10



pressure sensor 106, at a pressure below a desired |imt. For exanple, the
desired limt may be set at the critical point pressure for carbon dioxide
of 7.38 NPa20W@98t0bars or 1070 psia) so that at all poi RCI/USEOSI0E1319
refrigerant cycle, the refrigerant vapor conpression system 10 is operating
in a subcritical cycle. Maintaining the conpressor discharge pressure bel ow
the critical point pressure for carbon dioxide will ensure that the
refrigerant gjgaghar ge tRIBRAIHHTI® BAySR dnlcRS b8t BMull&, Gichhi £al  poi nt
tenperature tor carbon dioxide of 31.1 C %87.8 F). [0022] In such

envi r onment s Mifreprpeesys setisiler, phay ofhieecentisflernf he type RpratigRAly &S¢6d) dr op,
particul arly cGHiling vifbEoi-BlifE 1e SRS AN i Q rdRENEAEM: ESmPRsIAM LAl that air
circulating fromthe controlled tenperature environnment nay néed to
actual |y be Hexaxeapleningragsportiregfrigerptaneapnlicatiensd thsicprirplicet 00goildtbeaenper at ur e,
such as for SHATPIE™ ki EaRscQhr [ifohGRED Al HE SnoaRid.pliad snvi r onment
200 of the cargo space Within a transport refrigeration container wherein a
speci fi c t enpedeton M3 soded apalabifrnaCmedr Caporatien, Panatuse N4k, ieY.ilshabl e
itens stored.therejin.. Therefore he refriger r r i on system
10" nei udes. it SR RITETISEE et IS DEIISBELAN ot RERy SITEERTLRG W Th The
evapor at or 5@iscwkdddferambeforawith veapeedtowantsllet he @ay leulsad innbe efrigetypst ream wit h
respect to air flow of.the evaf rat or . heat . exchanger ,h 52. TEe ontroller 100
moni tors t he daRFaReRie el B AhE et i S IR0 LR BsMSH ST B¢ censor 101

and the tenpatvaitishe of the air within the controlled environment 200 as

sensed by th eratyre sensor 111 and activates e electric heater 90
when both t hgooéggipe nt eﬁorf'%‘ﬂ%‘ileéfrﬁﬁn@n i‘ssonl?%%ppiaﬁéﬁf[t higachines Pt%ﬁer ature

Wi thin the coRbt@nl @loRYofddmeikil QB andill Reogizk He@Ruat ure W thin the
controll ed environment 200 i.s bel gw the desired set point tenperature by a
presel ect ed AWfiiisetionyard wsigtionsnayrbe pepge (f the inyertioniay sitesificpldy deskitetlary heat er
when the airptemRges @(%di'&a@f;n‘(\ﬁ h&te st WiRuCRPAKiRL Rl ikt ARIR e 808 i s at or
above the desired set point tenperature or the anbient air tenperature
exceeds the #HIVentioarpdefied by thei folgwing plaingont r ol | ed envi ronment 200. [ 0023]
The controller 100 may be an electronic controller, such as a

m croprocessor controller, or any other controller of the type
conventionally used in connection with controlling the operation of a
refrigerant vapor conpression system

11



For exanple, in transport refrigeration applications, the controller 100
could be a McroLink(tm series mcroprocessor controller, such as the M.2
nodel , t hwoNh®oommdel or M.3 nodel, avail abl e from CarriPeT/USe0080O6B19 ON,
Syracuse, N.Y., USA. It is to be understood, however, that any controller
capabl e of perform ng the functions di scussed hereinbefore wth respect to
controller 100 may be used in the refrigerant vapor conpression system of
the inventi ofy@0Rih carrying out the method of the invention. [0024] The
foregoing description is only exenplary of the teachings of the invention.
Those of ordi narylski |Acarhort<¥@>ﬂéerlte Tgerant YapebheiDERSSIOn AYStapaeqnyising:

modi fications and, @k ettt QRS RN udd IRAFefaR dRGrdQURBLYQNa ASighae! fical ly
descri bed herein and equi val ents thereof” wthout departing fromthe spirit
and scope of hedteei¢oioreheat orehanrgeritof prseidg byrberhdiofide fepiderapt receiversirae Claim 1.
A carbon di O’édi&'&rﬁ@fesfslo%%ﬂﬁé at\é%éflr SRR PRt %hé%é‘i&moﬁﬁgg%ﬁ hNg: a
refrigerant circuit 1ncluding a é?rlgerant conpressi on device, a

refri gerant hedingnefdmot, kosfripeatt hest ebengion htwexgasgi fig pesimgearbdin oxi de
refrigerant receiv fr sai d r ion.devi t i .pr ure in
neat xchangdoF g KialrRL B nS SR RIRRAR ERH St e ol BRI L

absor pti on heatingxehangerd fncaxppapsidagecdispol iditloxefizeref dicger ant at a | ow

pressure refrigerant [n.heat exchange rel ationship wth heati ng medi um
ra an expandp SRaEy ok B Bl EEi PR piCr EhiRgErihe e f P Gownet r sam of
sai d refri gerdnteranatiting hteeakchexeeRanger and upstream of said refrigerant
heating heat exchapger; a flash tank recejver disposed in the refrigerant
circuit dommstreaﬁﬁ%ﬁtgﬁﬂﬁmP@f??@%? iRthe fetrieerags circpit gRWpRIEIm 9 %Wgnger and

upstream of §afitighrdfR héat @4QRADS hénd e tBN LB LindUpSRINRT FS8@mAEPagkidhl rcuit
including a refrigerant |line establishing refrigerant flow comunication
bet ween an i A%Ef%redi ate pressure stage of said conpression device and said

refrigerant circujtore@od RERAHRLIANAGEES £RMIQ ans BhdestefisHiger ant heat
absorption heat exchanger and upstream of a suction inlet to said
refrigerant flow communication between an intermediate pressure stage of said
compression device and said refrigerant circuit at a location downstream of said
refrigerant heat absorption heat exchanger and upstream of a suction inlet to said
compression device, and a unload circuit flow control device disposed in said unload
circuit refrigerant line; and
a controller operatively associated with said expansion device and said
unload circuit flow control valve, said controller operative in response to at least one
system operating parameter sensed by at least one sensor to selectively position the

unload flow control device to maintain said refrigerant vapor compression system

operating at a discharge pressure below a preselected upper limit.

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

the sensed operating characteristic is refrigerant discharge pressure.

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

the sensed operating characteristic is refrigerant discharge temperature.
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conpression device, and a unload circuit flow control device disposed in
said unload circuit refrigerant line; and a controller operatively

associ at esownednsand expansi on devi ce and sai d unl oad ciPcEaiseooBlosws1zoNt r ol
val ve, said controller operative in response to at | east one system
operating paraneter sensed by at | east one sensor to selectively position
the unload flow control device to maintain said refrigerant vapor

conpr essi on syst em opex alfiiffardtagdr SbRAlE.yRER aSKERIS LM 2 whERRE! ect ed
upper limt. 2. Arefrigerant vapor conpression systemas recited in claim

1 wherei n t héid eXBRIESSHPSLHET SRIREREY BEReG fesiPrasating compresips haviee dileghar ge

pressure. 3.“ﬁ3&gﬁﬁ&gﬁﬁgﬁgﬂyapor conpression systemas recited in claiml
wherein the sensed operating characteristic is refrigerant discharge

tenperature.4. A refrigerant vapor conpression systemas recited in claiml

wherein sald conpg .eSSi@fEﬁqgeﬂn? @ap%f[r-) g%}ﬁeéés%gm%%\&%rggi ReitdGh PLAE LJnAgG;cOMPr essor

havi ng at | east two conpression's rigerant vapor conpression
system as r e¢idid eghnpresspihaevncd contpeise at legstiteto evmpe@ssg ampulesyors dispaapr i ses at

| east . two r e(flllt HE Qe%ﬁéelrapng C]%(ﬁl%ll; g%ésn%{s %e;[lzﬂ{o%ﬁ%? Sin Irerg%%cpg) r'ét%fggrlégt %vnt crreul tin
a series relationshrp w respec o refrigera "ow="6. refrigerant
vapor conpression systemas recited in claiml1l wherein the heating nmedi um

conprises air cirgculat dfthrqg h the refrigerant he?% ab§or£tion.heat
exchanger from a Ront rofiTeE e MESF SO SERVY YR AR 0 CAT LPPPly ant vapor
conpr essi on ggdk&iMgasedide tdmgdiseaictirulel twbeghahfireffi@rdneRdat figorpach um

conpri ses aig cinﬁglatgd throqggﬁthe refrigerant heat absorption heat
exchanger fr 8fA! §*PEM5EF I GrEMEGHE (OB ENV'ORE6Me cargo storage zone. 8. A
met hod for controlling operation of a carbon dioxide refrigerant vapor
conpression systemincluding a refrigerant conpressjion device, a.
refrigerant heat fej ech FEOHEHAYIROK EPRIIEISION SESE ABHSCifesiR Clagy &Wpatiein an

expansi on deweGRatidkddunt 836! ANdirch Rl tlﬁja§%1‘1rtﬁé fepibchffheapXssBRAGRr di sposed
in series flow arrangenent in the refrigerant circuit, said nethod

conpri si ng t heat§xchpreepfromprtejppeiitiy canrAisiperebaile casgn vafdecimeui t i ncl uding a
refrigerant |ine
8. A method for controlling operation of a carbon dioxide refrigerant
vapor compression system including a refrigerant compression device, a refrigerant
heat rejection heat exchanger, a flash tank receiver, an expansion device, and a
refrigerant heat absorption heat exchanger disposed in series flow arrangement in the
refrigerant circuit, said method comprising the steps of:
providing an compressor unload circuit including a refrigerant line
establishing refrigerant flow communication between an intermediate pressure stage
of said compression device and said refrigerant circuit at a location downstream of
said refrigerant heat absorption heat exchanger and upstream of a suction inlet to
said compression device, and a unload circuit flow control device disposed in said
unload circuit refrigerant line;
sensing at least one operating characteristic of the refrigerant at at least one
point in the refrigerant circuit;
modulating said expansion device to selectively meter liquid refrigerant flow
from said flash tank receiver to said refrigerant heat absorption heat exchanger; and

positioning unload circuit flow control device, in response to said at least one

13



establishing refrigerant flow conmunication between an internedi ate
pressure stage of said conpression device and said refrigerant circuit at a
| ocat i on wovmermesam of said refrigerant heat absorpti onprPoeatS2e@sobsnger and
upstream of a suction inlet to said conpression device, and a unl oad
circuit flow control device disposed in said unload circuit refrigerant

| ine; sensing at | east one operating characteristic of the refrigerant at
at | east one Rty chiYalB@stit 8fef @8R BbenGlokiGibh WhertRGLHigthRPagial d expansi on
device to selectively meter liquid refrigerant flow fromsaid flash tank
recei ver to gupughitlesynlepd ciptit ishigeraabkins s ahinfreaedigs ersameettage ghthe

posi ti-oni ng_uithadidhip&ildio hhe@bh RALna AR EPposldiniRRANSigkAnsal d at

| east oneoperating characteristic, between an open positlon er eat
refrigerant pawslrsughhthougbad dwsuigrifidgedant lincigibtockesk ri gerant i ne from an

i nternedi ate pressure stage of the conpression process to suction pressure
and a cl osed position whereat refrigerant flow through the unload circuit
refrigerant |ine 9.s blAokddd aQrecikedmetlod s adercecthe sgsddropetagingn 8 wherei n t he
sensed operatjng characteristic is refrigderant discharge pressure. 10. A
method as reGited in clalm g wierern the sensed operating characteristic is
refrigerant discharge tenperature. 11. A nethod as recited in claim8 the
step of positioni un] oa ircuit .flow control device between an open
posrtfon and & ol Bed boeitef anetisiiip B SOREFR b S CaPattt vel §

posi tioni ng theacwistad réfipabintidisthaye ©opéhate. devi ce between an open position
and a closed position to naintain said refrigerant vapor conpression system
operating at a discharge pressure below a preselected upper Iimt. 12. A
method as recitediin CA @lefod s Mb@ddah Blafi@B theRiPHE bOGHAEhURRRE clriwii t s the
critical point pressure for carbon dioxide.

flow control device between an open position and a closed position comprises the
step of selectively positioning the unload circuit flow control device between an
open position and a closed position to maintain said refrigerant vapor compression

system operating at a discharge pressure below a preselected upper limit.

12. A method as recited in claim 11 wherein said preselected upper limit

is the critical point pressure for carbon dioxide.
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