Li quid Vapor Separation in Transcritical Refrigerant Cycle Field of the

I nvention [0001] This invention relates generally to refrigerant vapor

conpr essiwo 28108132688 and, nore particularly, to inprovingcrhms@epss7ati on of
a two-phase refrigeration flowinto a liquid portion and a vapor portion in
a refrigerant vapor conpression systemhaving a flash tank econom zer and
operating in a transcritical cycle. Background of the Invention

[0002] Refri gerant vpRgld ¢ARISepsafbn ﬁyf;ﬁg&l@aﬁﬂﬁ{gler%@%el n the art and
commonly used in transport refrigeration systens for reffigerating air or
ot her gaseous fluid supplied to a tenperature controlled cargo space of a
truck, trail %Le’ld Fﬂ%ﬁ{l ol the like for transporting perishable/frozen
itens by tru ral I'p or internodal. Refrigerant vapor conpression
syst ens used[QﬂﬁlbonnecThlmvmtlpmretlat@r@p@alﬂy tog¢lrigerentaRp@TORPREEIE ar e
general |y sub t he wi de range
of operating }%S?e?ﬁ a&:lgn :p%%glﬁgr?p lﬁ@%ﬂ% tﬁgge alzaahg foaﬁtt gd}h fhe “anbi ent

condi tions owénganmomhlotwhetoradfqmdg@rmmmndaw@por@ompnﬁsmeﬁrgegx)nst@m nmust operate
to ITHI nt al n Qr Odrlélscsgonvg Stte ﬂa tufpe z?s[ilqgnkseeonom Zaetr 2 dee%a{tr egnét?a sgrqti%%f” e. The
desired tenper areat s WhirEn  he car go needs ? HETEY 81 EY uring transport
can al so varyyawer a wi de range depending on the nature of cargo to be
preserved. The refrigerant vapor conpression system nust not only have
sufficient capacity to rapidly pull down the tenperature of product | oaded

into the car gacikgdra@sl éftth@lbieatién t enperature, but al so operate efficiently
at |l ow | oad n mai ntaining a stable product tenperature during transport.

Addi ti onal | y[902hnsporkefiigernt &@’roéﬁ?ml?fﬁﬁﬁb)ﬂl SYYTHT Es b KV indRRardd subj ect

to Vi brati oncangoRVieRrBAtEnRe r&ﬁ%&iﬂoﬁ@%@&n@ﬁérﬁﬁf@ekﬁﬂgﬁﬂ of &héd ger ant vapor
conpressi on systenms. Transport rigeration systems are al so subject to

si ze restri cEiEHs fhasfésuuaahqdu AP teanesiye spntviad s e adrugbtragener al |y

associ at ed Webifaigdrak | t}féﬁl%é Yorrtﬁfﬁpbﬂf%%\%@ﬁsh‘éﬁl@%z&ﬂf@%%?%ﬂu@l@ 5V Shig'®p, such as
air conditioners and heat punps 2010/ 039682PCT/ US2009/ 058732

[ 0003] Tr adi t inswaiol3), Rebigornt Vappralompedssipgarstems uspa comesimedsi on syst ens
used in ”a”ﬁ%?sﬁa&n i &Q%B%%été}ﬁls ﬂ@gédgﬁﬁg @Jcléct P)Ogﬂl?ﬁ%aimtyog Bﬁﬁg&&ldt%ns

subcri ti cal |gera t pressures a tonpressor, a
condenser, ade @rthewiapomge oﬁ@%ﬁd%&@amsﬁ@n%mmhcmdwmmﬁbydm expansi on

val ve, di Spoiﬁgﬁ}{tpc%k 19%@0%\%\;/@%1( {%%E’&ﬁé eral v£§ bigle U L@ Qf the

evapor at or owns ream o e condenser. asicre r|gerant system
conponent s apperatptemaioningodddt 'byhin dferqamrsmw at a dmsed temperafuas @tle r ef r i ger ant

circurt, arr aesgrec(li telmrfaeraal u(%f(:) (l;ltdwﬁllvcl:ht tﬁe cargéAQeeds to be stored during transport 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 to
rapidly pull down the temperature of product loaded into the cargo space at ambient
temperature, but also operate efficiently at low load 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. Transport refrigeration systems
are also subject to size restrictions due to limitations on available space not generally
associated with stationary refrigerant vapor compression systems, such as air

conditioners and heat pumps.



refrigerant vapor conpression cycles, and operated in the subcritical
pressure range for the particular refrigerant in use. Refrigerant vapor
conpr essiwo 20109132688 operating in the subcritical range ace/useommoss7y2 char ged
wi th fluorocarbon refrigerants such as, but not limted to,

hydr ochl or of | uor ocar bons (HCFCs), such as R22, and nore comonly

hydr of | uor ocarbons (HFCs), such as Rl134a, R410A, R404A and R407C. [0004]In
today' s mar kegoo3pr eat efradifib g ontchibRi Reri SRAWagoR comi@bdiodlsysidif i gerant s,
such as carbon dioxide, for use in air conditioning and transport
refrigerati olsedysiranppor Fedigeaiiop rppications Fomgenly 9perate pbwbedical because car bon
di oxi de has : Lkdocal L ChU) density to
Vapor phase Bare P e R e e B Cyat e

char ged wi t hewapetatn, ahid oxpadeiomdevideecqnafiorily ar expansgrevatiesilispeed! f or operati on

in the transgriti . r . . I ssion
syst ons. oper SRt HOEfERE Cori B TRt B L A P N PR T
evapor at or heatdescc HHErgebasicopippate sattem epmpgentante interwpercatedbes and
pressures bel o, L1e uf &6f L IRLANLE S AR e RlanBOlNSy oLNRYE kol [ ef i gerant
vapor corrpressﬁ%n systens operatiPng in a’tra e 15°¢al cycnl e, the heat

rej ecti on heatfrigxahangecomprhisoh clyclas bndoeraasl ia tigasbabiohlgressat hape t han a
condenser, o erlglt es.a[ a.refri era\r,:,h ﬁﬂen!}f?erature and .pressure in excess of
the refriger ANtRPARIGHH BTG H UsCwRE TSN SBULHBPEE Y 3PP At es at a

re; rigerant bpameizah ieuRiidics) r&RS dfeeohimohRechatgbe ith iflaadocdrbdrge . Tlhus, }‘or a
refrigerant vapor conpression system operafi in a transcritical cycle,

t he di fferenﬁgggfé‘l‘%%’ﬁh f‘sng‘ltrn@f ?‘%‘5@jrt§n]i‘ydf)‘?cgto§%ﬁ8rwrgﬂ‘?5r{¢ﬁ S)gé‘?%é‘ﬁ)ol er and
refrigerant RpessUnRNIKhdh} RRIrGURRREALAY (HFE's|; bavhag ResdsRuo@ | y

substanti al | %at er than the difference between the refrigerant pressure
within the c 3KFRYHE t he refrigerant pressure within the evaporator for
a refrigeranfooggpPor CaRRIE@sS nRked %odafMMRRES AN showRinsWhefdrt i cal cycle.

WO 2010/ 039682PCT/ US2009/ 058732 [0005] 1t is al so common practice to

i ncor por at e EWgEYG AIChEp catherpdiprde. farfuse Herigendigpripgiind ragsposiqui pped, t he
refrigerant 1 i : [n an
Cconom zed megaet o A el TRHR. PRy ke SOB0 Ol

conpr essi on byt lemcritignl smireratat pidyeloaniquidgphese deosprie sspoophasy densivs oper at i ng
in a transcritic e ] (S into the
refrigerant (%alturO bﬁlljsttrg%g %@H%oﬁg&a}%&l@&sﬁggﬁgﬁéﬁeﬁgﬁ %l\fg%g{l g@%@%%?n such
case, the refheirgegantt avafrorznédiay dpegationén asracooliat picssusxapgindedh t hr ough an
expansi on deveifrcedran%ugt})ragmaretsho%rsrr&ést at iec t.%xgnanssiborri1t. \éf;\(I: VE or. an el ectronic
expansi on val Ve HE VO FERREEM HE T PR UEE T ¢ BRR T REPE 1 h & ex panded
refrigerant sepansat &gl thevaparalor hgat ekchefgetsgperartat eomgeedne Rinpanadira vapor
refrigerant copponent Thztﬁ\éaﬁ.or cong)o.nelnt.of the refrigerant is thence
directed frofftHEFICARHOY MreeiigrB G USRIy e PR ELTESYRIE of t he
conpr essi on psAEeston syhend duitidg aorRaRENIcafycleh@e hel Fdi@ab@andat i s di rect ed
fromthe flash tank through the systenmis painh expansi on valve prior to
entering t he “EVaNGSHAth fufigtions aspgas cogler refherdbangigiondenser} QEAeSZL ¢ r anscri ti cal

r ef ri gerant  YR&rark @ﬂﬂ}fe&f&ﬁé QY [SYsshe i é%@@roﬁﬂfeaéﬂri@&aﬁ’sfdrﬁﬁh pbﬁ‘lﬂk economi zer
in the refrigerant circuit between the gas cool er and the evaporator.

while the evaporator operates at a refrigerant temperature and pressure in the

subcritical range. 'Thus, for a refrigerant vapor compression system operating in a

transcritical cycle, the difference between the refrigerant pressure within the gas

cooler and refrigerant pressure within the evaporator is characteristically

substantially greater than the difference between the refrigerant pressure within the

condenser and the refrigerant pressure within the evaporator for a refrigerant vapor

compression system operating in a subcritical cycle.



Summary of the Invention [0006] A transport refrigeration refrigerant vapor
conpression systemoperating in a transcritical refrigeration cycle

i ncl udes:wa 2w0ompee3si on device for conpressing a refri gecanS20ap873t0 a
supercritical refrigerant pressure, a gas cooler operating at a
supercritical refrigerant pressure, and an evaporator operating at a
subcritical refrigerant pressure connected in refrigerant flow

communi cat i oppgps] @  efyf isA/6ABnSh pfalide: to TrcBfpbRY M LERANS: Mo dRVi ce di sposed
in the refrigerant circuit between the gas cooler and the evaporator; a
secondary exPFaARIIEN CEeyi o8 caviBpRsls bl T4THIATHE VAROT EPGRIEEHN SYHPB iy bBet ween t he

gas cool er a@ﬁe&ib&r%%ér%ﬁﬁlﬁ)%@&{b?ﬂi% rf?@déit&ﬁlbre%%@ca%%?%%ﬂ&nk di sposed in

the refrigerant ci I't upstreamw th respect to re erant flow of the
primary expandiigmang gyios eomaprdssdowmsiene bmowjietréiriperapeveporicompeepsigrger ant  f | ow of

the secondary f@ﬁ%@gﬂ'a&ﬁgnﬁl%"&aﬁ?muw%7dla,T ush (AR Q@%&&E%% Brpftd defining
an interior volunme havi‘hg an upper cha er, a lower chanber and a m ddle
chanber; a fimstheir¢ftipadapassagetesnals dasboaig ahdl thedtvgommilc atchomebet ween t he

m ddl e chanber d the upper. chanber: a second f|uid passage establishing
e e b e e

er an & TBWer "chanber; an
i nl et port i defi¢abudth@oarhemasaitic oxpansibin vilhreornindttcrordhenpaesiod atver ecei vi ng t he

refrigerant flow having trayersed the secondary.expansion device; a first
but | o0 por't PHOHD HREF e G e 1 CKRR R BRRTBEACS BI° & schar of ng a
gas phase of lilie refefdragesapinchi @wafvepunréthigerhdi@siipéak 19epagat or; and a
second outlet port in fluid communication wth the | ower chanber for
di schar gi ng 80‘19?‘%?6?@?6}?& geFpntif Bepesrdiregied gﬂ‘? ﬂ‘ﬁ%ﬁ‘f%‘%ﬁﬁt‘fﬁ‘é flash tank into
the refriger amdrmelib@ rdssurf QORI rhe @mpeRtedheat., Thdeuld @sthohanks f ur t her
i ncludes: a | ower plate and , ,

the refrigerant is directed from the flash tank through the system’s main expansion

valve prior to entering the evaporator. U. S. Pat. No. 6,385,980 discloses a

transcritical refrigerant vapor compression system incorporating a flash tank

economizer in the refrigerant circuit between the gas cooler and the evaporator.

Summary of the Invention

[0006] A transport refrigeration refrigerant vapor compression system
operating in a transcritical refrigeration cycle includes: a compression device for
compressing a refrigerant vapor to a supercritical refrigerant pressure, a gas cooler
operating at a supercritical refrigerant pressure, and an evaporator operating at a
subcritical refrigerant pressure connected in refrigerant flow communication in a
refrigerant circuit; a primary expansion device disposed in the refrigerant circuit
between the gas cooler and the evaporator; a secondary expansion device disposed
in the refrigerant circuit between the gas cooler and the primary expansion device;
and a flash tank disposed in the refrigerant circuit upstream with respect to
refrigerant flow of the primary expansion device and downstream with respect to
refrigerant flow of the secondary expansion device.

[0007] The flash tank has a shell defining an interior volume having an
upper chamber, a lower chamber and a middle chamber; a first fluid passage

establishing fluid communication between the middle chamber and the upper



an upper plate disposed in spaced relationship wthin the interior vol une
defined by the shell, each of which extends across the interior volune
t her eby swotzoowmidpeg2t he interior volunme into the | ower chlramhseqoobsy3m ddl e
chanber and the | ower chanber; a first opening extending through the upper
plate and formng the first fluid passage establishing fluid comunication
bet ween the m ddl e chanber and the upper chanber; and a second openi ng

ext endi ng t hepiheddr-tahecdn@\Weld fabadbeesadsHif MidfohhenisfeABEwWebHind pPassage
establishing fluid commnication between the mddl e chanber and the | ower
chamber . [ 0009¢dichambenanddhedeyyer chamber anyglet perhie fluitbamesricagon withngat ed

support tube yextandiAignR B2t Rt bBht 1GRha i SavBed b s&BRdary and
defining a cén d}t estabkﬁgﬁfng gqugrgbnnuﬁﬁga??g%.Veﬁ&eensthez+%mer
chanber and timnsippdavicchafyeoutleqprt ia fhyal Gopmhunggatiompvitthwiypperekanatredi ng about
t he verti cal . i 1 ' ' idflow
passage. A fF§§$£%%%?ég%gﬂgﬂgﬁg%%%ﬁ?g%ﬁ@dggﬂﬁ?@ggﬁiﬁg2@%3%”%%#h§“the first
flui d passage seshdbitles porhig ffuidi¢anmponeainn géh itedobatoheeber idralisshading chanber
and t he upper .chanper. second rtion . of. the continuous helical passage
Forms the: setitPrar ! BsBEEE e o S bRl e been ' he
m ddl e chanb@o008hd t hdnlhowabodihambé@e flashnankpeher @gliaks: 2ddwamplduode passi ng

t hrough the support. tube near an upper end .thereof nay be provided to
Lot o sh 1 o AR bt Barts S s B RR vl Sk Pl Ko e BRMSS i
defined by the sselpp&uhtof hh® eRRAd s PP Aiterih &OIARE theddtd sactiopMgltheequal i zat i on
hol e passing,throug@ t he squort t ube near t hereof nay be

| ower en
provided to SYFHBMPERe i Iurhrhdmiesst %‘ﬁ“%‘g*t%@l%eftaﬂégﬂeé%eﬁ chupiEn of the

condui t defi agigkt ByenlihexEHBRAL frod Ul @per SINE ahdPWRhing ARSI fluid Biskal
Description of the Drawi ngs [0010] For a further understanding of the
i nvention, r&felighipeflyjdcpmpunicaéng hepgveep grergiddls ghatepes atdihe BRPCHescri pti on of

Ej ?SW: g\ée n \tN'h g rehemeﬁ Rnd 8§ s&cOndPEpehBid hxitdhafn@ MISEI RDIoWet RadRRd REGAIRANYI NG
second fluid passage establishing fluid communication between the middle chamber
and the lower chamber.

[0009] In an embodiment, the flash tank includes: an elongated support tube
extending along a central vertical axis of its shell and defining a conduit establishing
fluid communication between the lower chamber and the upper chamber; and a
helical spiral member extending about the vertical support tube and defining a
continuous spiral fluid flow passage. A first portion of the continuous helical
passage forms the first fluid passage establishing fluid communication between the
middle chamber and the upper chamber. A second portion of the continuous helical
passage forms the second fluid passage establishing fluid communication between
the middle chamber and the lower chamber. An upper equalization hole passing
through the support tube near an upper end thereof may be provided to establish
fluid communication between the upper region of the conduit defined by the support
tube and the upper chamber, and a lower equalization hole passing through the
support tube near a lower end thereof may be provided to establish fluid

communication between the lower region of the conduit defined by the support tube

and the lower chamber.



[0011]FIG 1 is a schematic diagramillustrating a first exenplary

enbodi nent of a refrigerant vapor conpression systemoperating in a
transcri twoabiomgedse; [0012] FIG 2 is a schenmatic di agrarciriusee@pnst7’sng a
second exenpl ary enbodi nent of a refrigerant vapor conpression system
operating in a transcritical cycle; [0013]FIG 3 is a sectioned perspective
view of a first exenplary enbodi nent of the flash tank of the refrigerant

vapor conpr eggiePPestYiptisioftheWralvihek! G 1; and [0014]FIG 4 is a sectioned
a fi I

per spective vi ew of first exenplary enbodi nent of the flash tank of the

refrigerant V8K congioeddirdwr wydstseanilion shie inyemtjag, referempetvall bedadescr i pt i on
of the Invenid tﬂ@fdlﬁ%‘%}ﬂgﬁfﬂ@& dsBSh bR\ %h@,i@eﬁ?on whi@H (Foe Lhphe are depicted

therein exenplary enb ments of a refrigerant vapor conpression system 100
sui t abl e for coamection veththarspopanymgfdrivgeg. athersn system for refrigerating the

air or other [(ﬁﬁifous aélﬁpff%g‘fs%ﬁerﬂti'c AR ra&rhiﬁuétl%ﬂ]e?f%?l sg&%glrcp‘?a{{‘)% roll ed cargo

space 200 of "a truck, tral , contalfer or t ansporting
peri shabl e/ f pobehmgoof 8 reffigreant @fror gempmssionapoem OPTRUNRS B A Ansyigtaém 100 i s
particul arl yc%q(gpted for operation in a transcritical cycle with a | ow
critical terrp%rature refrigerant, such as for exanple, but not limted to,
carbon di oxi @i12]The r dfi6i 2 sraasnhenvadip diagaanjinesshon seysd @mploy | ncl udes a

I ti-st i on_devi ce 20 fri t heat rejecti t
exchanger 40 HRASH GF PFOERARE - RiaEoBBE BB Hg SR hec ARGEF B8 ol so

referred to bgy€i n as an evaporator, with refrigerant lines 2, 4 and 6
connecting t PO%lg]f or emaFr}(t}I ?psealdsectioned perspective view of a first exemplary

embodiment of the flash tank of the refrigerant vapor compression system shown in

FIG. 1; and

[0014] FIG. 4 is a sectioned perspective view of a first exemplary

embodiment of the flash tank of the refrigerant vapor compression system shown in

FIG. 2.

Detailed Description of the Invention

[0015] Referring now to FIGs. 1 and 2, there are depicted therein exemplary
embodiments of a refrigerant vapor compression system 100 suitable for use in a
transport refrigeration system for refrigerating the air or other gaseous atmosphere
within the temperature controlled cargo space 200 of a truck, trailer, container or the
like for transporting perishable/frozen goods. The refrigerant vapor compression
system 100 is particularly adapted for operation in a transcritical cycle with a low
critical temperature refrigerant, such as for example, but not limited to, carbon
dioxide. The refrigerant vapor compression system 100 includes a multi-step
compression device 20, a refrigerant heat rejecting heat exchanger 40 and a
refrigerant heat absorbing heat exchanger 50, also referred to herein as an
evaporator, with refrigerant lines 2, 4 and 6 connecting the aforementioned
components in refrigerant flow communication in a refrigerant circuit. A primary
expansion device 55, such as for example an electronic expansion valve, operatively

associated with the evaporator 50 is disposed in the refrigerant circuit in refrigerant



conponents in refrigerant flow communication in a refrigerant circuit. A
primary expansi on device 55, such as for exanple an el ectronic expansion
val ve, opeoavinsbes2zassoci ated with the evaporator 50 i sPdiraseeedsss2t he
refrigerant circuit in refrigerant line 4 between the refrigerant heat
rejection heat exchanger 40 and the evaporator 50. A secondary expansion
device 65, such as for exanple an el ectronic expansion valve, is disposed
in the refri ggs8Bsowedd @bteirideRant 8fat t@e%ﬁainﬁeat ERBarthe DAY MRRIR: dWBsorkisf I i ger ant
heat rejectlng heat exchanger 40 d the primary expansi on devi ce 55.

Addi ti onal | yU-aAfspepsary am@n@%devméﬁ YohpslopS@dPlaRIricPRe PEDSION ne 4 of
the primery gafliaLRAMA e gefntgea&vxq%wgl il R SRRGFcch fher €F 1T ger ant {1 ow
of the secondary expansion device 65 an rean1of the primary expansion
devi ce 55. Thixgerabedt raeshing hfrake@mgellﬂmndsthqmgmry expainsion $eviqeddr i ger ant
circuit down i 4 gerant heat
rejecting he%@ﬁﬁ%§ﬂ§%éﬂ?$i%&§§§’H%%%Sﬁ%hgﬁﬁ@ﬁknéiégmﬁg%%ﬂg%]ﬁﬁégrant flow
of the evaponﬁngmmﬁ@Hmﬁnmﬁﬁpkmmamﬂa@ﬂwqepaﬁngvapdbwaéﬂwmasmﬂum system
operating | Neg %glgn e(%/l;clet65 agcllu ream 5 of tthhenrrllgf €X ;?ngl%ntdewea% rﬁ){ue%tl ng heat
exchanger 40 d% % RYstr 8 absVE Y e e oti'ea poin

refrigerant ﬂnﬂﬁhﬂeﬁﬂﬁOOBuﬁunmbnunhehﬁngm@ﬁcmmmebwnukmmahﬂneﬁmugerant vapor

passi ng t heret.hrou n.heat. exch ere ons Wi th cool i ng nmedi um
Dich a9 for EiaTE ton (it MEaHHEN AR Ted e pbrE T anee 4 Mok BRhnd mmy be
al so be ref ewitdeshert Refearigaraasiléy gade e@pbaror 50N t he depi cted embodi nents,
the refriger rej ecting heat exchanger 40 includes a flnn?d t ube

t Eeat
heat exchangﬁ%lﬁ suéﬂaé@hgﬂgméﬁﬂﬁﬁP@m§“W?HW§ﬁ@‘WﬁﬁHH“P&6@“%@5? exchange

coil or a fiByddehdteMigeaiaREjetdmdthehitREnaigat0 ByGRBNApresklt @btg8 Whi ch t he
refrigerant passes in heat exchange relationship with anbient air being

drawn t hr ougHetcrECH paineef thetsEigsrat andybarelRtgdpnaionnly coplsupeefiticyl 44 associ at ed

W th the gas Goal-&f vAfr lesQﬁayﬂJémoﬁ flmlgﬁre%tangéer@fau@ﬁﬁ@ww QdohgAat
exchanger 50 serves an evaporator erein refrigerant liquid is passed in

heat exchang&ecdematichns Hirgxamnlt bat #qtdimied i abieibair etvappard Banonl y air or
an air and iggphi f&?er&g% ik Y8 %r%as%él% thi A eﬁfggd%ﬁlbl?&n{eﬁt% Uc{;@ed to a

terrper ature COI’)t ro environ nt 200, su . € cargo pox of
refri ger at edrafrigmsp bedt rgjectiok heat exvhhnger 41 inclodesai frmaed tubpheah excliensicr t ed

enbodi ment s, 44 ne.f &fy {;}ﬂ &%ﬁf& i?[h[ahr Oﬁ}}gﬂa%\%‘% &?B%e%ﬁ*b?@%rang’%uﬁonp” ses a

finned tube h€at exchange erant passes in heat
exchange r el altanogishi pbwhdahexahanggr, d\mlghrvdmlahdrafmgemnmp@kSttSOn béwe refrigerated

cargo box 200 evaporat or .fa 54 ass d h vapor at or
50. The finné&Y %%ﬁgrgﬁﬂ) IE)l'gxc éﬁ%E?Péﬁge gy Ay %?h:%$w%u% %?ﬁ a fin and
round tube heﬁﬂm@xcmangﬁe¢@K®4@h$amﬁmmw@hdxﬂpﬂﬂxmhanneI flat tube heat

exchanger . wﬁ%ﬁglolosﬁﬁée C%%%%%%%ﬁ%%@g%E%MLgaégi gssggnpre55|on devi ce 20

functions to ress
evaporator wherein refrigerant liquid is passed in heat exchange relationship with a

fluid to be cooled, most commonly air or an air and inerting gas mixture, drawn
from and to be returned to a temperature controlled environment 200, such as the
cargo box of a refrigerated transport truck, trailer or container. In the depicted
embodiments, the refrigerant heat absorbing heat exchanger 50 comprises a finned
tube heat exchanger 52 through which refrigerant passes in heat exchange
relationship with air drawn from and returned to the refrigerated cargo box 200 by
the evaporator fan(s) 54 associated with the evaporator 50. The finned tube heat
exchanger 52 may comprise, for example, a fin and round tube heat exchange coil or

a fin and mini-channel flat tube heat exchanger.



supercritical pressure and to circulate refrigerant through the primry
refrigerant circuit as will be discussed in further detail hereinafter. The
conpr essiwo 208mi3e@220 may conprise a single multiple-stage/usedmiogsant
conpressor, such as for exanple a scroll conpressor, a screw conpressor or
a reciprocating conpressor, disposed in the primary refrigerant circuit and
having a first conpression stage 20a and a second conpression stage 20b,
such as illuggongt ed i nreelcGinpiessidi@vick P8 turRAchsIEEARHSAMME LRSI MMNo St ages are
di sposed in series refrigerant flow relationship with the refrigerant

| eavi ng the PURCETIlEDRESBESINSHO Sauc frhsacrang thapues o iyimagy fehiéecs®eond
conpr essi on_ $hafs i vl ULLdIeh iff RIRESREHHirci LT BLL YBllsiop dGicC oFpY essi on
device 20 may conprise a pair of I ndependent conpressors 20a and 20b,
connect ed i nnegcpmpriseafsiigpanelfplefsiagouairdesani ormspiegsol, suchaefqyekanmlya
refrigerant c¢i i i ri i i pschar ge

outl et port %?B§E%£Q?$§%Q%%%%Fggggggg%gl?ﬁmgg%@gS@%@%gg?nggggﬁhunication
wi th the sucthegniniant etrigoomnt cighitkhehaegoridsicompreessosta@(p aslicecasl
illustrated in ElG nZBal%é Dok Q%ﬂﬂ%%&'l%&%x&?ﬂ%&s L e
conpressors AV |- -1 may Pe 6Er's conpressors, SsCrew conpressors,

reci procat i ngomanpicaseQesare diopaaed/incon@religans: fw @hyioohipevitt $ipe of
conpressor or .a conbination. of any such conpressors. [0019]1n operation,

i Oh ¢ enper ettt HHRRE PR dp R eSS PR P GRr R o YEgEHh schar ged ' om
the second cosmppresSsinGhigs f@FatRr cGRGeRdbn C ANPMASED/, (hkQbomefesdibiedes@apr essi on
device is coqQled to a.lower tenperature as it traverses the heat exchanger
42 of the gangB%F@PmﬁﬁaH@?B%@d1?3@%?%?ﬁ@e¥ﬂ%?@%@BH%%ﬂVm@%ﬁﬁﬁ%iop devi ce
65. I n travekgieh g rtift@art B6RRElAHONSAY PAMS bAMaGQVirgSraBRirctihfla WA GHtt | cal
pressure refrigerant vapor is expanded to a |ower subcritical pressure

suf ficient t§nedeappeian by dibepnasit prkeiibelin: cramsygelam evEsent and
refrigerant kj,@ubflnRhic@ont Wittt &lckibiniddBork bABE sdcBikeohrekSO40] e erri ng now
to Figs. 3 and 4 in particular, flash tank 10A, 10B has a shell 120 that
encl oses an Pntlestragnd ip blGare Imdyilrdgpendenispmprestva abbedimon, the ni ddl e chanber
124 and a | owgh,ERBADEE akfib Ji}eoetsé)‘eanfa&ﬂﬁl%ss%?sf £c're£l>$£<ﬂ1?§resfs&ﬁw havi ng

traversed t he secondary expansion vice 65 passes Into the central chanber
124 reciprocating compressors, rotary compressors or any other type of compressor or a

combination of any such compressors.

[0019] In operation, high temperature, supercritical pressure refrigerant
vapor discharged from the second compression stage or second compressor 20b of
the compression device is cooled to a lower temperature as it traverses the heat
exchanger 42 of the gas cooler 40 before traversing the secondary expansion device
65. In traversing the secondary expansion device 65, the supercritical pressure
refrigerant vapor is expanded to a lower subcritical pressure sufficient to establish a
two-phase mixture of refrigerant vapor and refrigerant liquid prior to entering the
flash tank 10.

[0020] Referring now to Figs. 3 and 4 in particular, flash tank 10A, 10B has
a shell 120 that encloses an interior volume having an upper chamber 122, a middle
chamber 124 and a lower chamber 126. The two-phase refrigerant flow having
traversed the secondary expansion device 65 passes into the central chamber 124
through an inlet 125 opening in fluid communication with the middle chamber 124.

The two-phase refrigerant flow received within the middle chamber 124 separates



t hrough an inlet 125 opening in fluid communication with the m ddl e chanber
124. The two-phase refrigerant flow received within the m ddl e chanber 124
separ at eswointoo3gssgapor phase which migrates upwardly i RCO/USk@90pgTaL
chanmber 122 and a |iquid phase which mgrates downwardly into the | ower
chanmber 126 of the shell 120 of the flash tank 10A, 10B. The fl ash tank
10A, 10B also includes a first outlet 127 in fluid communication with the
| over charrbelinté%ap%?gha@e %&H'ﬂggﬁé& dﬁbaralg%tb ihefdppérEn&RRIFYD GREd R th the
upper chanber 122 g 021] haSe refrigerant, which is typically
saturated |i geasewhis %é@teﬁ ﬁl@\mwaﬁ@yu@w}e 1@‘!%%15!3@?11’612@6 of the HhellflPAeh tank 10A,
10B through ffiatistu@ WA Glon 4fe hrkl fhac b FRTIQN, Wit Rk 7lipwer
chamber 126 into re%ﬂ(()!tlé er ant Flfne 4 of e re? ﬁl%erant élitrcut?tﬁ I n one node
of operati onﬂualldommuntcweonl Wighuihel lcm'ﬁasl@nrbef ii@@ﬂaﬁ@COpégstﬂem@H mdhid he | ower
chanber 126 g(gmltﬂnI?ldJ dofShint @@% 104, m%QrBl shraverses the primary refrigerant
circuit expansion device 5 At er di sposed inrefrigerant line 4 upstream
wi th respect [@031} ef ri géheabidfphasy rofiger, eknalpartmlmﬂysauraml htthds liquid
refrigerant J:pr QY& aletlovgerrc):ﬂamr@: %66 SR sB?an%el&tACﬁ)Bst%to a@ge% t O a
| ower pressu e and’ nperature ore enterin he’ evaper at or
evapor at or SG)ztmrfhhd d:qmtremlcaltlbmf;v[thg&rlamr chmalpmrlatﬁ 1n|trgreﬁ@tanemmha¢fgm’ t hr ough
whi ch expand refrigera ass s .in heat e reIatlonshlp with the
T Lo be CoBTEAERkby PR s G oGarant «F & G bar DTG cal |y
super heat ed. pASing MroGOAY Bl ﬂfhﬁibepl’%&iflthé&]asﬁ hﬁk DOA, nI@BytraQ&@@I’th on devi ce 55
nmeters the refrigerant flow,through# e rgfri eranci e 4 to gﬂi ntain a
desired | evePlBRYIRiG8rRBLATCHHCRPR_ Qe icq 8 M IRaset N e5eeTaY 196& evapor at or
50 to ensur eu{;1 dt@hm RAthl kUt o tebriddFHE AW of the thdof@dris0 Ak and lidg@vi ng t he
evapor at or. e low pressure refrigerant vapor |eavi n? t he evaporator 50
returns thr offJASHET FRYfETea Hie ININRE GEPRRSIANHIsvise 82-ilrPHYl {0 HIovehressiies t
conpr essi on gt PARPSatufd BeBdre eﬁ@m{getﬁ@%p&%r 80 T%@%vefb@fﬁ%r%@%b&ﬂuﬂe%\é' ce 20.
[0022] In an enbodinment, a refrigerant bypass |ine %/ provi ded to
pernit bypas&fpgerant PVH@Pm&n@W pxshanger thrpagh W&@h@xmﬁﬁé%fbfe @PW@@S@MH passi ng
through T ef 1 G@6ARn el 8 dhshib YR d1Eait @WELo Blon} 88 rlifiplltt f | ash tank
around the primary expansion device e re rlgerant ypass line 5 taps
into refrigevamrizéd and typicly aurfertregted | éeatqoommplsatl peansewihe primegpect to
refrigerant f r [yeamwith
respect to re% %gé CzlaéthC%fs ?5%@% %eﬁégg{} gﬂtglgwqﬁ\éh%tké%f%%gang?}Q%? “a second
| ocati on dom&tmzelaarﬂmmdmlewelsxﬁemeﬂte@t in gferrefgigeramtvapdrdyavoly thdevaporprr y
expansi on de e 55 and u amw th ect to refrigerant flaow of the
evapor at or 5ébF A6 o%lagrcl)on ﬁﬁls resentm%“?resfgﬁerﬁnttl 2ving fhicg eg'a%p‘iﬂe ajlhsol enoi d
val ve havi nglanpregert rpligetanoap@iichvingthosaporposhd feaiins thmyglbefrigetar di sposed
in the . . , . .

line 6 to the suction port of the first compression stage or first compressor 20a of the

compression device 20.

[0022] In an embodiment, a refrigerant bypass line 5 may be provided to

permit bypass of all or a portion of the liquid phase refrigerant passing through

refrigerant line 4 from the lower chamber 126 of the flash tank around the primary

expansion device 55. The refrigerant bypass line 5 taps into refrigerant line 4 at a

first location upstream with respect to refrigerant flow of the primary expansion

device 55 and downstream with respect to refrigerant flow of the flash tank 10A,

10B and at a second location downstream with respect to refrigerant flow of the

primary expansion device 55 and upstream with respect to refrigerant flow of the

evaporator 50. A flow control device 57, such as for example a solenoid valve



refrigerant bypass line 5 for selectively opening and cl osing the bypass

fl ow passage to refrigerant flow therethrough. [0023] The refrigerant vapor
conpr essiwo 2018132682100 al so i ncl udes a refrigerant vapolrCrnjse@viossr3ti ne 14
that establishes refrigerant flow comuni cation between the upper chanber
122 of the interior volune defined within the shell 120 of the flash tank
10A, 10B via the second outlet 129 of the flash tank 10A, 10B and an

i ntermedi at epsliR0 Gen bHEHHOUNRLERRBELRDRIRGES e idRRIpEIHIiYBEant vapor _
conpression system 100 nmay also include a réefrigerant liquid injection |ine
18 that est abiffigdiens bypapy lingeY fghteldclivgly epnmingring slopisa therhapaspiley petiagtber 126 of
t he interioruMgh&ggng@;§ﬁﬁgﬂﬂ%kﬁin the shell 120 of the flash tank 10A,

10B, typically via tapping refrigerant line 4 at a |ocation downstreamw th
respect to r&023hger antThelrgfgernttvhporfchmpiessientyse0A00 2BBighdespst ream wi t h

respect to rekflggh @@or Idjé&woﬁ’fmé ﬂﬂhﬂrekﬂm{sﬁe%R@Qﬁhfﬁm{ﬁddﬁmﬁéﬁ gnd between
an internedi ate®stage of "'t he conpression process. I'n the exeinary

enbodi ment obetivaen the fippeg elraanber 122pd thecopoesdinondcivet enhil @@ sddpir ed in FI G
1, Inection of, h%ihrth&e{ N oY 3R QoddlulibASh Ak [2MalH Gl f’op},gbg Jhde

i ntermedi at e pressure stage of the conpression process wou e

acconpl i shedabintdrmpdiatt sape affth¢ dvenprekion gercesnnt Tuapbtgeamt vapbr | gerant i quid
into the refrigerant passi fromthe first conpression sta Oa into the
second compr BUEERgen 308mer T b figr b SusprLbedd mitof HEPBeBiin) ary

enbodi nent ofest%miehe]{seéfﬁ'g@eﬂtmw déﬁmﬁfni(ﬁ@(ﬁﬁ)ﬂhf eaﬁdeealambsfemor% idteﬂj)ICL ed in FIG
2, injection of refrigerant v r.or refrigeration liquid into the

it er e at o vpres SeinedSidiuns IREH2 boie rkudan Skt i Besine

acconpl i shedrdpgdralt @68 i @ 10fatioh QoW Rl QL @REspYARDFefleranefisw gethant i qui d
into the refrigerant passing through refrigerant line 8 fromthe discharge
outl et of th&ashitpak 104 ARR aadestremy Wit respeet Byetrigsin fiveef ths PHHEYsecond

conpr essor  2QbhanfiQ0eHTe ak Ak QR LA MehRBAl s@‘d%@m@ ShiffteSMaRML00 may al so
include a conpressor unload refrigerant Iine 16 that establishes
refrigerant {1 Gacxomidinecwbedipantséthieeligerantvapacapgicatien prevsiPe st age of

t he conpressi i : : : ~ 11 : refrigerant
S P L e LR R LA
evapor at or Shtanmddinfe@ressine btage df theatonpfessipepiopgss woslddgec@omligfedbhe
conpressi on devi. L&t NP F| G . I 0r the suction
i nl et of thegﬁ%fgfoﬁgﬁggg%%%gb%@ﬁg”ggu%ggpgbg%nﬁﬁﬁ gﬁ%ﬁﬁ?&gmg odi nent .
Each of the frefrthgirsactmprapion stagy Hatintothel seevead tdmpmeshidntgage @0 diger ant | i qui d
nj ection 1 08 MRy gpen, ki LelhLIerath, Lh o commni catign with the

conpr essor uil"oad e rlgeran? T LE" erebyl%he %onpﬁb%sor unl oad
refrigerant komgesdsmnfspstas 160 dgnnst in @@t ) atjédionobiefriyetant tdper sref ri ger ant
vapor injectiqn line 14 and the refrigerant liquid injection line 18. In
thi s manner, ™ BSFHURIEHI TOS S BASRE CHE SR OL He P B PIIE N apor

i njection |i ReulibectabedaplisiRli®stinjv@ior of i egtigdaivhfie br fei@raanliduid gkdredi at e
stage of the conpression process Qr into the suctjon pressure portion of
the refri ger SitelEigeranfinassing thropgl yeirigeragt ipequlroip they disghiirae et §8shr ough t he
refrigerant Lofiptedot 1aQ6 theQhkctioh MBetlB teQekBd S&hHCEsoyElby 1 njected either into
an internedi ate stage of the conpression process or into the suction
pressure por {0034l of "t heherelFigsramvapRr cempPressien sy g 0P §Ra RISy inddwe @nl oad t he
conpr essi on @&y E&or MidadEtriderRRiink 98 tRf etdbBscs bt g4 Abwdi scharging from
the first stage 20a or the first conpressor 20a nay be passed through the
conpr essor ufdBRniegonbg@ieghan injefacdige prgssurpestagg of the soppiesssurdsviser t i on of

the refriger it i€ EJC%Hh Iaressure portion of the refrigerant circuit, i.e. refrigerant line 6

extending between the outlet of the evaporator 50 and the suction inlet of the first
stage 20a of the compression device 20, as depicted in the FIG. 1 embodiment, or

the suction inlet of the first compressor 20a, as depicted in the FIG. 2 embodiment.



[ 0025] The refrigerant vapor conpression system 100 may further include a
control systemincluding a controller 70. In an enbodi nent, the controller
70 may CONPRDBR3268HI cr opr ocessor controll er such as, bypaaysedooezsaapl e, but
not limtation, a McroLinkTmcontroller available fromCarrier Corporation
of Syracuse, N. Y., USA. The controller 70 is configured to operate the
refrigeration unit to maintain a predeterm ned thernmal environnment within
the encl osed Ehéht&rﬂh@fefﬂg@rmap%eﬁuecho&hné ﬂedna@ﬁ&@fr#g@esm mfaﬁrlﬁje&l&nhe product
being transported is stored. The controller 70 maintains the predeterm ned
envi ronment  Bye Semaxepopan jeiigsrant §pv icogmunisatigperidt hoepregrespraniestpr essor 20,
the condensef,fanf)ind 39506 e @0mpelddr LS LERLEATAIncNBREmRChanger coi |
32, the evapé?lgg %n s) 44 %ssoc?’efg m’% ﬁ% evalgrat&} heat exchanger
coi l 42, anddawpitgam pprtipn of batlefheirgfagerant vipaywejeation ing 1‘6@% therctigggeanat i vel y
associ at ed | wr.al i devi ces
operatlveIym%g@g%pg?ggﬂhgﬂiIgﬁgsﬁgﬁF?o %%h@§m%%§&#g%%ﬁg§Lép%Fom/contro
device 53 i nt@nghrapmwdmjfwtlpehm tﬂeﬂo@ntselédtiwely1lﬁecrt@1reitd)@ﬂnlr0calnl ing the flow of

liquid refrigerant. pa 9,8 her et hr ou of the
flash tank 100 gRRER: 0N PERR S TaR s ML 85 i b SRETaGer 1

refrigerant ﬂwnahQABManmOthmhﬂymghghmumhmwﬂmb;Mﬂpmmugthangimngerant
t her et hrough .fr.om.t he 122 of the flask tan B. The
o ot 1o e iand Mithie PR Fliedr alethpmiRe i bbb it AR e Al
control | er 7her@nprksen procdssician@ thd atichogtssak pdeioh 0Lth8 &eftigdradtdi sposed i n
the refrigerant line 16 LprdFﬁntrollln t.he fl ow of refrlg?rant

therethroughCF%maA§GEPP@ ag thegomprssipREeviqed hofd RFFERIthe Each of the

af orenent i Onﬁﬁ*n%drﬁiﬁ/dﬁ&[ﬁgﬁﬁ% frek@ Vi eCast side 20Bor (ASHIRBIONHATRII2OL mady be ow contr ol
val ve selectlve%%8p05|t|onable bet ween an open posi tion mhereln refrigerant

fl ow may pas82%¢Bingsh Ehﬁéom@ﬁsog@rl%kreﬁqgﬁr@milﬁle\ﬂvﬁutweﬁ%ow@wueeont rol val ve

is |nterdlspg&%gngngeﬁfﬁ%gﬁggnggslt|on wherein refrigerant flow is bl ocked
through the refrigerant Tine in which the flow control valve is

i nterdi sposetf028h an ethsaefrigenn, Vaw@ﬁmﬁlfesmwyﬁ%vwemvﬁ@rhevallclwé@a53 73, 93
may conprise, tltoY\Q/sféﬁﬁh%lh@lH% £ 0bRRALD (Y AV eﬁlfbo&ﬁl%mt HREo dﬁ?dn%ﬁd

positionable etween a first open position and a sécond cl ose p05|t|on
The pl ural it yorofristlagwicroprteseir cdelisegich pebatviay ef yxaapio bitaoelimigtion. t he

controller 791\?’8‘%%&%?&’&%&%&%&@1 ﬁefﬁd(;nil (R &&ﬁ@@% ) 54 ﬂcﬁ&sg%’ the

secondary expansi on va |ce I'n operation,
t he controlIéﬁA?dhﬁawngékeﬁlmveﬁguagemommdmdkm@hgmamnmmmm@ﬁmhME$e fl ow

control dEVICE% erati aSSOCI H Q L {or S Iec&ivel dlrectlng
ete ned %rrria env1ronmen within.the enc nterior VO 0 Ir
refrigerant PI°6W refri geran SIPelit™ as” Wel

refrigerant bmg@8m5mm&ém¢hﬁmﬁmdimang&Smﬂ@ﬁﬂnedmeﬁomﬂﬁkﬁﬂomﬂGO|Itate contro

of the refri gn%{n?'glrllsotﬂe 1y aétgrmuilé env&or}l%le%ﬂan)} s%%lc:tli\%liy (?o(r)ltrolling the operation of
the compressor 20, the condenser fan(s) 34 associated with the condenser heat
exchanger coil 32, the evaporator fan(s) 44 associated with the evaporator heat
exchanger coil 42, and a plurality of refrigerant flow control devices operatively
associated with the control 70. The plurality of flow control devices operatively
associated with the controller 70 may include a flow control device 53 interdisposed
in refrigerant line 18 for controlling the flow of liquid refrigerant passing
therethrough from the lower chamber 126 of the flash tank 10A, 10B, and a flow
control device 73 interdisposed in refrigerant line 14 for controlling the flow of

vapor phase refrigerant therethrough from the upper chamber 122 of the flask tank

10A, 10B. The plurality of flow control devices operatively associated with the
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al so nonitors operating paraneters at various points in the refrigeration
systemthrough a plurality of sensors disposed at selected |ocations

t hr oughowotzhm/system 100. Anong the sensors that nay becpruseecdess7sncl ude,
anmong others not specifically show: an anbient air tenperature sensor 90
whi ch inputs into the controller 70 a variable resistance val ue indicative
of the anbient air tenperature in front of the condenser 30; a return air
tenperat ure $&NRALr AnWHISN nd1INRUL Sov Bdrtrof N8 LODLKQlspEsed th Be vari abl e

resi stance val ue indicative of the tenperature of the air |eaving the
evapor at or 50fHgerans{ipg Ko fop coryellingthrolayost oligerapt heyrthegueh toehpyelien ur e sensor

94 which i ”py&%oﬁ Bf @e tdMSar A Eirchlktl. Ll & (e M,Q{eh@}?tlio?ﬁ& A5k SbARG e ue

indicative of the tenperature of the air within e cargo box 200, i.e. the
product st or ag€3t timpeay emprise a owlcastroltvalnk seleshpely aeuraakle hetgree@ whi ch

i nputs into : ' [ jndi cative of the
refrigerant %Q%’ggg%%8é&§%fégﬁﬁamﬁk§ﬁ$%§%ﬁg@%ﬁéﬁ?%ﬁfﬁ%%%@lgﬁg?ask t ank
pressur e senstrchli@Xlovnhealro]l yabvetis ingerdispasedodnd avddstdpsitiondvhestn ve of t he
refrigerant prasSHt feg i BhING e hARRid ARk A ARRLC A coRpESSOr Suction
t enper at ure sensor g rchinputs in & the "Cont’r ot I er a variable
resi st ance valueisiimehidspdded.elnadn entbedineht, egparodte fRscdonool viabepes, d8.103e; a
conpressor suction ﬁre%sure.sens?r %94 mh% h inpqﬁs.irto.the ontroller 70
a variabl e vBIY SYEPTHE REPCYROLIOIPRE ERE P é‘&#@ﬁtse SUREP AP BP R ure; a

conpr essor dba6bal gerst &Fpeoaticn Md288Sad clbOhl pakikich Tiyplalidy F dowhe
controller 70 a garlable resg§tance val ue indicative 05 t he conpressor

di scharge r efPIUpefies PRHEENAsOstatle] Wl eobglerd) daydrsganidedéur e sensor

106 whi ch i npiingrylcRbhstol €a16O B3, 1R de€énd4 edpahdioh Bive€ 6¥,@hd agglobn@heat i ve of
t he conpressor discharge refrlgerant,Pressure; a gas cool er tenperature
sensor 107 wHPEH I7npuereritipnothe Rentiodeft 10gnaveselevovely opsp pahtlese aepWtoance val ue

i ndi cative ofhebd@ov 5dio&NRRY oﬁe@melg%%_aﬁteh%&gmtfw&%& tikgugas cool er
40; a gas cool er pressure sensor 108 which inputs a variable voltage

i ndi cati ve ofeffigpsant @pyitlgjenginhe priaary uefagerantichguit, pavelt sawirighmngiass ool er 40.
The pressure1§q%%?5§8%gaam%@4, 106, 108 may be conventional pressure
sensors, such ‘as for ‘exanple, pressure transducers, and the tenperature
sensors 90, @W26P4, 100 fadii®te cbOEo! of G refegeieoncypvaiOf.ahadontreliggéPat ur e
sensors, such I l.es. or ' S e
aforenentiongggggﬁg%ﬁgﬁggggﬁgﬁngkggg%p ég&gglggﬁg&%%é%ﬁ%“vgggous sensors
that may be #sowbiagtiwditwof fensdredisystdrnsdlOf@ed lapadioas draughourgmisysito |imt the
type of sens?gé RF LT nsduce t hat may. .b rovi ded. OOZK]The refrigerant

S . be.
vapor conpressi on gy %%?Tﬁbﬁ%h?a%éa%ﬁéﬁ%f%>“.%a%% %%+%%n%perating nodes
dependi ng upepecifioailty shegui dneammiidng aid kehpariire sénsa@ @0 dihii dhdnguts iwtoahe as f or
exanple, but not lijmted to, a box te ratur ul|. down node, a deep
rosen box- + eigehi T fiabRreshutto B aBae o P dbie e e TPsdue: - box
tenper at ure mBhIYfERAIOEENIRAO; a iERLn £ Rhipetahes schQ 9deheshThf@Siniohee desi red
node of operation based upon anbi ent conditions, box condjtions, and

vari ous sens&NUVEL AA VEAYIF isSagergvusdhET 07 Bn Lnrserari Budrf | ow control

val ves accor ghafiglh Yhe evaporator 50 to return to the cargo box 200; a box air temperature
sensor 94 which inputs into the controller 70 a variable resistance value indicative of
the temperature of the air within the cargo box 200, i.e. the product storage
temperature; a flash tank temperature sensor 101 which inputs into the controller 70
a variable resistance value indicative of the refrigerant temperature entering the flash
tank 10A, 10B; a flask tank pressure sensor 102 which inputs a variable voltage
indicative of the refrigerant pressure entering the flash tank 10A, 10B; a compressor

suction temperature sensor 103 which inputs into the controller 70 a variable

11



[ 0028] As noted previously, a flash tank 10A, 10B is disposed in refrigerant
line 4 of the refrigerant circuit upstreamw th respect to refrigerant fl ow
of the prwomonw/mss@ansi on device 55 and downstream wi t h PETASCE091068732
refrigerant flow of the secondary expansi on device 65. Referring now to
FIGs. 3 and 4 in particular, as noted hereinbefore, the flash tank 10A, 10A
i ncludes a shell 120 defining an interior volune having an upper chanber

124, a | ower r&ﬁaﬁp@&ahﬂeaﬁdlme afﬂﬁw#hgerﬁiamgﬁ te;r%gratu-f@% caﬂl?{elsso;ZO has a

generally cylindrical central portion 120-1 extending ween an upper end
cap 120-2 an8ucHop PIRETIISTSHSOE AR \mleh BputF o ﬁwentr%aw @Wérab@rvaltwps 120- 2,

120-3 are at {ached 6f@he31¥éﬁ[agleﬁ8 presds@; § PLCor scH‘ﬁ e er‘a{uré” azing or

the like, as to forma se sure de ing t ter or volune of the
flash tank. PFOOAIOF enidhl inpits llnbprtke q@ella(B afvamm‘elresmtﬁ@qewdbls inghcalind et port

125 10 in 10 CohpRRbL P B R CANAH BB or 1, Ceivi R ¢ he
refrigerant pknmn&amquOGthbnsBd1mhdwsemmﬂwaﬁ®a@mp@hswbamdmhumee The inl et
port 125 may {hat penetrates

en n
v ough t he. Shar Forgeg abklE pfbenfl oRRER R ooy WO RS, R0 1

refrigerant ﬂOﬁehéhumumhﬁoﬂmsbnmﬁhwE@demtmknhnmaspeﬂhemﬂwMﬁkkﬁg&rant flow
of the flash tank. The secopd.outl] et rt 129 is.in fluid comunication
with the uppSTlERdiaPersse %Vﬂn%ﬁasVE’i%%‘f F Ay’ Ca?oﬁéio’ﬁr%&%%"o ¥ PEHE ™t ef ri ger ant
fl ow from theenkbral®B whankngidss vahaﬁie vélige $REQAG Gthd RFrigeaint préklremay be

defined by the .inlet opening a tube 162 that penpetrates thro h the
shel | 120" an§?¥ige ‘Ff’r’(e’FSF‘gﬁla & e&é‘?m"ﬁtﬂﬁ REEPTEAasi 15 ’t]iogtloér’i’&ﬁy

refrigerant Lkédi@nddhal ptb8urk isérSbrs Gt @stfop@zrahlpﬂezgregsard tfhn@dddélﬁi a@@fﬁ@um cat ion
with the | ower chanber 126 for di schar uid phase of the

refrigerant fIUWHHEDIHNENEP %8s tl%lloagleﬁ gli’éslamﬁéowemnélrtﬁmg%rﬁtm circuit.

The first outdgtrsRAsH aslfgiexqﬁ}ﬂebﬁeﬁﬁa‘cbméi o%ehﬁl@toksn gt amnﬂgn&f a tube 164
that penetrates through the shell 120 and isinfluid
sensors are merely examples of some of the various sensors that may be associated

with the system 100, and are not meant to limit the type of sensors or transducers
that may be provided.

[0027] The refrigerant vapor compression system 100 may be operated in
selected operating modes depending upon load requirements and ambient
conditions, such as for example, but not limited to, a box temperature pull down
mode, a deep frozen box temperature maintenance mode, and a refrigerated product
box temperature maintenance mode. The controller 100 determines the desired
mode of operation based upon ambient conditions, box conditions, and various
sensed system controls and then positions the various flow control valves
accordingly.

[0028] As noted previously, a flash tank 10A, 10B is disposed in refrigerant
line 4 of the refrigerant circuit upstream with respect to refrigerant flow of the
primary expansion device 55 and downstream with respect to refrigerant flow of the
secondary expansion device 65. Referring now to FIGs. 3 and 4 in particular, as
noted hereinbefore, the flash tank 10A, 10A includes a shell 120 defining an interior
volume having an upper chamber 124, a lower chamber 126 and a middle chamber

122. The shell 120 has a generally cylindrical central portion 120-1 extending
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communi cation at its outlet end with refrigerant line 4 on the downstream
side (with respect to refrigerant flow) of the flash tank. [0030] Referring
now t o FIVE0 2810/a3me82he exenpl ary enbodi ment depi ct ed t hererrys2eda@ssBash t ank
10A includes a | ower plate 130 and an upper plate 140 di sposed in spaced
relationship within the interior volune defined by the shell 120. Each of
the plates 130, 140 extends across the interior volume and sealingly abuts
the inner wablweén &Gpoangcd) 120 zca&ldlan%e%hc&pemgalmqlrp}aér%dmrl of the
shel | 120 thereby SECFIOHIH he interior volume of the shell 120 into

t hree separa?@i%ﬁaﬁ%b¥§20ﬁH@3%Wé@ﬂeﬂEWB#W@WW¥ZWYW@WRR#VWﬁémgﬂb spaced
apart plat es plfly o 41k e HBREY «CRATREL.I2 A RGINRCALREVIRREE! B at 140
and the upper enéocap]'ZO- 2; 3 t eq¥0m%r %% %% 15% gtmeen t he | ower

pl ate 130 andashitend. oner end cap 120-3. In this enbodinent, a first fluid
passage 142 | ovid i e | at.e. 140 t hereby
establishinghﬁ?gid coﬁﬁﬁ%?gg@?%nI%Spaggﬁﬂ§ﬁﬁgﬁf%ﬁVgﬂpﬁﬁg%§é$ﬁ%54 and t he
upper chanbeputle? fort 2idand asecoddufidt ppid 1pAsBrgeleiBR2t §28 ipmdipidded i n and

ext ends throu h the | ower Iat est ab fluid
comuni cat i ofi Between th mmﬁ b(%ﬁn%%qﬁgg%icmﬂfaterqh I¥J§ amber 126.
[0031]In opehashng)tmvetsh@thb\aaopdmaﬁexpasﬁwn dpeicantThd inbwpEa sz mgy badetinédhe fl ash

1 k 10A th h t 1 1 th 124 th h th
st oort M BE gl o FLona it g MBS R R T B R e at o

due the densiluy dinhfvaicemdn Alts axdcshd Wgh bt yeain lihde oh ihgubdrephase and t he
vapor phase.

The vapor phase ref rant sses u rdly through the first
fluid passag&Vidiumssiest @agiagergidlo éﬁg‘?‘ @ e G\Il‘\“’ﬁé’u?l%/tdfﬁftdggﬁé’ée
refrigerant pasiSemnERWANGY Wiy ht Op eikinitee 1 Beepmechbioiioth Paprager hd2 to enter
the | ower chanber 126. The outlet portion of the inlet tube 160 may be

f1uted wher eFrigHat ey fmnde fadytankga APB  TBRpeperslsquiet ROFrldd gy Re i nl et

port 125 decglgfcah§sheaslel 5peﬁiﬂg @f§tut>@@6mgcﬂe§etfat@@ﬁ}sﬁghkﬁésheﬁ heo Lfsul ting
decel eration enhances separation of the vapor and |liquid phases thereby

r educi ng car#y@@@viﬂﬁw¢qmqwﬁwmﬂ@mWﬂ@éﬁﬁ%@n¢ﬁmbﬁéhﬂﬁﬁéﬁn®hﬁéﬂwﬁéﬂr|gerant
flow passing oﬁ't@f\?&gll” i *ﬁ{ ﬁ’l!dg Ieorh{ﬂﬁmtét{?ﬁ%hgigcgé@gg r dimba 36 ff{ile carry under of

vapor phase refrigerant I qui rigerant ow passi ng
downwar dl y tﬁmdmghmihb@s@pmﬁGOEm@hﬁhﬁﬁﬁmﬂpmﬁgagbeﬂ%@tmﬁd@%tﬂ@%aﬁ¢y, t he
first fluid gﬁg ocat ed
dlanetrlcallg%ggg83%4%8§Eﬁngpﬁméﬁﬁaqﬂn1Fﬁhgy8g ucg P% ?ﬁgé for
carryover. AbBobt h@t tbmﬁemtraaamrodghtthu@shehllé(ﬁ artdub e ﬂlﬁ@ﬂmay ext end into the

m ddl e chanber 122 uff t hat | et i 125 is X osed
opposite the unﬁ%lgrnca"sltﬁ)P alcseouo %lﬁ reftr gera?tqine 4f§8h R él#esém | ui d
passage 142 hﬁp&h&nﬁ@gammﬁhmb©fﬂé@hﬁmmmbe | ocat ed vertlcally above the

fluted porti Qf t he Iet tube il Iustra%P% i,n Fﬂ#& So | ocat ed,
= por ti on of MHE! vapor BHELEMAERGer 4t 5 HBUE CERUMED! FPH upuar di y
al ong the fl weggh, G@maontanRi0A helus & BiveeplgieaBo bitan uppetpliteig 160 to pass
through the first fluid passage 142, while alnost all of the I|%uid phase
of the disposed 1n spaced relationShip within the interior volume defined by the shell 120.

Each of the plates 130, 140 extends across the interior volume and sealingly abuts

the inner wall of the generally cylindrical central portion 120-1 of the shell 120

thereby sectioning the interior volume of the shell 120 into three separate chambers:

the middle chamber 124 between the two spaced apart plates 130, 140; the upper

chamber 122 between the upper plate 140 and the upper end cap 120-2; and the

lower chamber 126 between the lower plate 130 and the lower end cap 120-3. In

this embodiment, a first fluid passage 142 is provided in and extends through the

upper plate 140 thereby establishing fluid communication between the middle
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incomng refrigerant flow woul d spread out horizontally al ong the upper
surface of the lower plate 130. In this arrangenent, the second fluid
passage 180 n/wbes2second plate 130 woul d be | ocat ed di acgtusc@alossz3opposite
the first fluid passage 142 and thus away fromthe turbul ent zone beneath
the inlet port 125. [0032]Referring nowto FIG 4, in the exenplary

enbodi nent depicted therein, the flash tank 10B i ncludes a helical spiral

nmenber 150 t pafmRXi 2N ¢ Er Aa¥iB&rt1nG alnd 3 URRAN HuliWRRadOB24! sBGagsd al ong
the central axis of the shell 120. The radially outward edge of the

hel i cal spi r &l adivisads timpehsdalaveg Plrcabitteretesppliingdiald cogmiunitatigfener al | y
cyl I ndri cal B&%{)@Jh%@?déléQﬂm%%orzk,aﬁath%@&vé!aﬁi bet#%, The helical spiral

menber 150 t hereby Ines a continuous spiral passage from extending
bet ween t he [Wal chartheperia, dndwe-hkase ppegerai nyeessizinto Tvelldshl et t ube 160

opens into t I I i he upper
chanber 124 U IPR PR SRR 1BEBRARE pMqfnBER LR MARRE DI

enbodi ment agort hz5. MVdbiihehechaldloeha®4 124, theawogriedioweseparateheueithd et t ube 160
A A R v A
i nner wal | ofariohehgye ndiigdrdny pasydsi updutdtyathrongin thedirst ipidyersag@ 04 2to efitet he shel |

120. Due to the densit Lfferential between the vapor ase and the liquid
phase. e vierranaeee drti Bt et ERrar Y SO PARSEORR w1 1 fond
to fl ow genesabhyluippasadeyl 3L s @lighhd b&echnmbauQss ThpsutRt ppassaEge: def i ned by
the helical spiral nber 150, whi|e the |iquid phase of the two-phase flow
will tend to! ‘Pté‘x‘?{?eglgﬁg}aéilblaéu%mh}hﬁ t‘f"ﬁPléﬂg@F?gfﬂ éanéﬁﬂ‘f’ipﬁ%‘ééhfgbghr al
passage defi pRdnbypdihesheddEats Spi dnds e HRNe dafhberTe. cRRtERlingupport tube
152 that supports the helical spiral menber 150 al so defines an el ongated

condui t 155 tgrsterasion epiyacessendgrticnel biewenospnd/iuid phgpesabgrebygeducig shel | 120

thereby establidwhing lifhi Qﬁmmhe%ﬁo@@hg?&é@ﬁ arlt I@l%wllﬂgﬁgr%ifb%fmer 122 and

ir&rigé} !
the | ower chanber 126. [ 0033] An upper equali zation ho and a | ower

equal i zat i onthiengh heEsaesRn i X 4 dirglary Hedepafl vapef phaperefrigsent B2hear the
upper and | Oﬂ’&ﬁ'celgﬁ‘%? refﬁge?ﬂﬁ?ﬁ)bv}fﬁés}’ng cf?;fng%v?x%l} Mﬁa%ﬁﬁﬁ%-secﬁﬂﬁﬂﬂgm equal i zation

hol e 154 provi ul d comuni cat 'on between the upper ¢ 122 and the
condui t 155, pasided 32haddlioowally gheifitst Haitlipanagedida anddie secovd Heid phisaged

conmmuni cati on . : i .~ The fluid
path establi é%%%gﬁg?el\%&et%f ! @X{’ﬁ%%@:b% qgtgle%g)tﬂ?egg) fhgﬁ%(}%@gyglég&? ﬁttiaall ower

equal i zat i onfdreheydvb6 Als@ thicheitleomndoi the 188 twer 16D sy tekiend inwi e hedddd 1 n t he
conduit 155 defined,w thin the support tube .152 to be e | to the fluid
evel i t hi n EReE o e e P ERSsu d5 8 iG8R R MBaT RB e out er “wal
of the centr alrfse ppide tovied prtel13Q amdihe tfilke fluidpassagel 42 inthetupperepind 140 porti on

120-1 of the shell 120. This fl ui ath al.so ovj de a.relatively
stagnant rof Prg2r ket ot ehr SnBCaditoFhEhiEn | lnaniEuti e
opportunity fOFIG. BPEOULate RIS cheP BHedtipdpha WA Bd 3RO 8L RET (0URRO09/ 058732
[0034] Unli ke flash tanks used in stationary refrigeration systens, in

transport rePPYYErAIn8rhedied coatorbidhe plst imdral ihsdlanitds, K9dP P&Snpr essi on
systemis subjr@gh thorind ffi@pisolpe ane WM ANRRE aifs|hd Bqlihgndd aMpd al ong roads,

rail and sea. . . .
incoming refrigerant flow would spread out horizontally along the upper surface of
the lower plate 130. In this arrangement, the second fluid passage 132 in the second
plate 130 would be located diametrically opposite the first fluid passage 142 and
thus away from the turbulent zone beneath the inlet port 125.
[0032] Referring now to FIG. 4, in the exemplary embodiment depicted
therein, the flash tank 10B includes a helical spiral member 150 that extends about a

vertical support tube 152 disposed along the central axis of the shell 120. The
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Consequently, refrigerant is the flash tank 10A, 10B woul d be subject to

sl oshing, which tends to increase intermxing if the vapor and liquid
phases ofwoheilwmspaszgerant within the flash tank. The presgruseooofss/he pl at es
130, 140 or the helical spiral nenber 150 serve to | essen the degree of

sl oshing resulting fromvibration and novenent of the transport
refrigeration system Additionally, the flash tanks 10A, 10B incl ude

internal conmpEn@RSwaRPddes Pt ABKdafdpiy] hRBLY SO &%Hﬁ’g'lﬁﬁl&&snthmnnfeﬂﬁaﬂ iquid
phase and the vapor phase introduced into in the flash tank, thereby

maxi mi zi ng t Rethe geneadllywylindricelcapied pertion h20-f ef ‘th g‘@ﬂalﬁp Ak hﬁé@altshléalevapor at or
whi ch al | ows Irfe%glicfSthtléergr delfesS c%ﬁu&fou§%ﬁ%ﬁ5e£‘r$§%§@1é}?@%%ﬁdﬂé\€bét%eé?lpché m zi ng

the coefficient mance, COP, an ay iclency rating, EER, of
the system mmrﬁhacliﬂv&r 136, antl e Upmprcbeimberddal Theyinlst tubh 664 @fensd igertant  vapor

W thdrawn fr Qgﬂt&g&s%g@agl%gségﬁowﬁ'ti%%o t&%éeh%?e‘%ﬁ};&%arﬁﬂ’éqzigﬁ f?l@d i njected

into the interned at € conpressi on process, resu
i ncreased cabuwtl}andier t Xe whehis gered icon tlsy@tlbnlnmdtrtt a$ @emdd:}ecmmgr st ood t hat

ei ther enbodi flash.tan OB . t her the
Figure 1 enbé%ﬁsgen Cf sht ig emleat lgje 1n§m&y MBAT ¢ d CIelltll}e reltvé% ialmsf3 vapor

conpressi on syfsgceant ﬂ6® paisﬁ@i&ﬁtbﬂiﬁ]ﬁﬁld&lchhﬂﬂmﬂ 11’241th1r<hgharetmm 125 elh&f.sognl ze that
many vari ations artic | ar. exe nt
doser | bed” herBRmapuRcesBre gd BEREL M Bl B ael syt em may

al so be oper af @dshdll 120SDRE T the GaksitgdicibRntidl dbReen thbafpdr Phae biidhscri ti cal
cycle as des ed herei nbefore. VWile the present nv i ?85 been
8‘5‘(é¥’rﬁ

particul arl y(ﬁg‘ﬁ RResSrife PSRN Tige TR indheistiog t‘f’%P e

enbodi ment s aswigehdidity wpiwdily thrduds t}@rc@mlrnﬁas il plsdabre @@m@ﬂle@ﬂﬁth@mh by one
skilled in the art that various cha etail may be effected therein

wi t hout depafRif3hgempgmSPhehiledhy ilQUI%R@S‘“s%Hb%t“@rPIIaPFeﬂ?VY]Wéh‘{ep‘bwﬂfé" defi ned by

the claims. W abFhwidfy thlroaghsme tontinGbusls ?f%eﬁ%ﬁés@éla degihéd Wahanticyapor
conpr essi on syst emoperating in a transcritical refrigeration cycle

conpri sing: &Piedmemeesisen Thesangal supporicdbiotedbat sgprarty e hikfat soivel vapor to a

supercriticalyemyper 150 also defines an elongated conduit 155 that extends along the central
vertical axis of the shell 120 thereby establishing fluid communication between the
upper chamber 122 and the lower chamber 126.
[0033] An upper equalization hole 154 and a lower equalization hole 156
opening through the wall of the tube 152 near the upper and lower ends,
respectively, of the tube 152. The upper equalization hole 154 provides fluid
communication between the upper chamber 122 and the conduit 155, while the
lower equalization hole 156 provides fluid communication between the lower
chamber 126 and the conduit 155. The fluid path established between the upper
equalization hole 154 and the lower equalization hole 156 via the conduit 155
permits the fluid level in the conduit 155 defined within the support tube 152 to be
equal to the fluid level within the continuous helical passage defined between the
outer wall of the central support tube 152 and the inner wall of the central portion
120-1 of the shell 120. This fluid path also provides for a relatively stagnant
refrigerant flow within the conduit 155 which enhances the opportunity for

improved phase separation.
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refrigerant pressure, a gas cooler operating at a supercritical refrigerant
pressure, and an evaporator operating at a subcritical refrigerant

pr essur e,weanth/medspr essi on devi ce, said gas cool er and ®araSesapss7at or
connected in refrigerant flow conmunication in a refrigerant circuit;

a primary expansion device disposed in said refrigerant circuit between
said gas cool er and said evaporator; a secondary expansi on devi ce

di sposed in gHy34) refrItgﬁfkamlras}pthﬁlgwsédlta@{aw@@aflyl%ﬁ;g@ra%lssﬁ%{s% and said
primary expansion devi ce; | ash tank di sposed in the refrigerant

circuit upst ﬁré@ﬁPWQf%gqr@%éemh%ometh@ Fefegcamt VANopIPIBITCSS N @y iar y expansi on
device and doyastfo nlJﬁd&r?o%gﬁﬁﬁtdh&ortﬁé&M%ﬁ(gtarogia%% d @l d secondary

expansi on deV|ée ash t havi ng I ning an
interior vol @n‘@%eq@@tlm refmigenaiios the dlasntenidi0A.d €8 woutddbeanbjagipeslogegnber, a

| over chanbeq A 1 k& SRATRRR ir e varpPubiEh AL & RORRARE

est abl i shing d conmuni cat | on tween
chanber; withm tseohdank| Uhel plpa%msagfeheglatab l 305 hdhgr the lunlidalcspimaiu ni cation
bet ween t he ﬁld%]g“ﬁ ar and .t Let port in

fluid communicatron tﬁ?otlﬁssen thagf’%fe ?Vfgﬁn%ﬁmgfeﬁtm%ﬁom VlbrgtlQ[nhe refrigerant

fl ow havi ng tfoavess eﬂthta lrenspec eaidguratioax pads. Addidenallgahe ﬂashltztr&t oAt | et port
7 Th S COMRLERLL O ML e SRR ChBENET, L, 8, 36D 909,81 °P0T Phase
outlet port plihsfa hmu tle CPIPIUsE Rltro@ReWididintthelldsa ek, ab@ppaaxiinghschar gi ng a
l1qurd phase OL f];:ree];lgei 0 elgearg Ti Lrlagy\élc];ors(s)t eseas!l %rgt(l)rashr;(:llt zﬁ'lr(])k s IfOr}th(I)Illttll’IP °
refrigerant ERPHDY ¢ g vap w w g

the size of system components while optimizing the coefficient of performance,

COP, and energy efficiency rating, EER, of the system. Additionally, the improved

quality of the refrigerant vapor withdrawn from the upper chamber of the flask tank

10A, 10B and injected into the intermediate-stage of the compression process,

results in increased capacity of the refrigeration system. It is to be understood that

either embodiment of the flash tanks 10A, 10B may be used in either the Figure 1

embodiment or the Figure 2 embodiment of the refrigerant vapor compression

system 100.

[0035] Those skilled in the art will recognize that many variations may be

made to the particular exemplary embodiments described herein. For example, the

refrigerant vapor compression system may also be operated in a subcritical cycle,

rather than in a transcritical cycle as described hereinbefore. While the present

invention has been particularly shown and described with reference to the exemplary

embodiments 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 2010/ 039682PCT/ US2009/ 058732 2. The transport refrigeration
refrigerant vapor conpression systemas recited in claim1l further

conpri si YO 2a1woshaszger ant vapor injection |ine establiskcmgiSc@bosgyar ant

fl ow communi cati on between the first outlet port in fluid comuni cation

wi th the upper chanber of said flask tank and an internedi ate pressure
stage of said conpression device. 3. The transport refrigeration
refrigerant YapeEimONPression systemas recited in claim1l further
conprising: a refrigerant liquid injection |ine establishing refrigerant

f| ow communi cati oh betAvE@PeThEclagesaon rtigdrat VERSE COMPreFsiQR Ys'eBnmuni cat i on
with the | O\A%ﬁergt%qul&a&fcn ﬁf!:fﬁée?ﬁ'&n%?&&c&:%}%s& intermedi ate pressure
stage of said conpression device ransport refrigerant vapor
conpr essi on syst envarpressiondedcd fior edmeprenshgahelrigérntyapa t6 b suphrerigedd f urt her
conpri ses l, I d
relatlonshlp“ﬁ?%%ln t 3“?n%%§¥§393 mﬁ@BFgl#ﬁ%hﬁ%shgggﬁﬁgﬁkgwﬁpgggh of said
| ower plate almdvawmad)r umwrngptt ats@cab(ctaémﬁmgeganapnem& sah@cqrmrasloor vol une
thereby secti On(': ngalé as ¢ (r)1lt egdd%gld\éoa ug‘%or connectegln ref)n &1 n arrber the mddle
chanber and Fﬁefi Wer charver {i openin endi'n ‘?hrough sai d upper
pl ate and fowmmgmt::h@nﬁna&tfngelram cirqmassage est abI i shi ng fI ui d communi cation
bet ween sai d m ddl e. chanber sai second openi ng

oxt endi ng. ¢ hr ogh® SHFE FOVRHOB e CRIRAGH b EHE L SESHTERIEh T haseage
establlshlngg&hMbmrﬁﬁnﬁMQWQﬁiM@ﬂ bet ween sald m ddl e chanber and said | ower

chanber. The rans efri era apor. conpressi on system as
recited in clalmiS @”ﬁp Y%%ﬂ‘@ﬁ mﬁ Fﬁ@?“@BﬁHPPQ@?an an

el ongat ed sug@@g&u%uppmﬁmhﬂ?ﬂhﬁgugbgﬁgmabaﬁ@traI vertical axis of said
shel |, said support tube defining a conduit establishing fluid

comuni cat i on bet%ﬂ@ﬁ¢§5ﬂﬁmpﬁﬁé? me{ RNt SHEPISHIsHe by Bh TeePpshter :  and a
hel i cal spir alyipRiabwettan uﬂgry%t?ﬁiﬁrswﬁ A eV Ao &Rl reRMRAB Espbitle and
defining a continuous spira | ow passage, a first portion of said

conti nuous refrigerant flow of said secondary expanswn device, said flash tank having;

a shell defining an interior volume, said interior volume divided into an
upper chamber, a lower chamber and a middle chamber;

a first fluid passage establishing fluid communication between the middle
chamber and the upper chamber;

a second fluid passage establishing fluid communication between the middle
chamber and the lower chamber;

an inlet port in fluid communication with the middle chamber for receiving
the refrigerant flow having traversed the secondary expansion device;

a first outlet port in fluid communication with the upper chamber for
discharging a vapor phase of the refrigerant flow from said flash tank separator; and

a second outlet port in fluid communication with the lower chamber for
discharging a liquid phase of the refrigerant flow from said flash tank into the

refrigerant circuit.
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hel i cal passage formng the first fluid passage establishing fluid

communi cati on between the m ddl e chanber and the upper chanmber and a second
porti on oWogaioh3essat i nuous hel i cal passage form ng the gexarsdobloss7d2 passage
establishing fluid communi cati on between the m ddl e chanber and the | ower
chanber . 6. A refrigerant vapor conpression systemas recited in
claim1 wherein the refrigerant conprises carbon di oxide. 7. A
refrigerant vapor)conpfRsshQdrnSYsibemi@srefr@biah@Apbitoflpiisfbd s Mgl LI n sai d
conpr essi on device conprises a single conpressor having at | east a first

rel atively | &fed iprcey | farties aIpRissi2o f rsfgegant 59T HUSEeD ARk esEbhthinge| y hi gher
pressure_compligashfRogtBffupication benen he'[Fch AR HARRbARFRARRS! ON
systemas recited in claim1l wherein sal conpr553|on evi ce conprises a
first conpresstbitheamgerrhsmbiared sad fApkasnkond di syanediaie prasairelstagefafisgér ant
circuit in sg&£§§$kﬁﬂ£L@grant flowrelationship with a discharge outlet of
said first conpressor in refrigerant flow conmuni cation with a suction
inlet of said second conpressor. 9. Arefrigerant vapor conpression
system as recit ed3 i n Cll"h%itrrs!l1 50Itl%£ftihf?r£tiocq&9{ Iersalin "oor compresSion %@{éﬁ{ ]
equal i zati on hol e 'passing Pﬂ}ougﬁgsalﬁ'suﬁpor& PUe Ena"YoCat ed  near an
upper end of reaedinigdpdrftrtienbenprisaigda tppgrane tjgat! irgatioo indelabligsigbl i shi ng

fluid conmuni cati on _between an.upper region qgf said condyit and an upper
region of sari EaH MRYSHETReR i beRrsa TEtcad uif por iefiad e “aquali zat i on
hol e passi ngcéhmonighios atidh (Bulppor thabbeof aid flhdaatieshdne aitersheti@wer end of said
support tube, said Iom?r,gqualization hol e establishing fluid comuni cation
bet ween a | oREFSUFEYtes ! Hid NI SWAGET'E" and a | ower regi on of said
continuous helical passage. WD 2010/ 039682PCT/ US2009/ 058732 10. A

flash tank separator conprising: a shell defining an interior vol uneg;
4. The transport Tefrigerant vapor compression system as recited in

claim 1 wherein said flash tank further comprises:

a lower plate and an upper plate disposed in spaced relationship within the
interior volume defined by said shell, each of said lower plate and said upper plate
extending across the interior volume thereby sectioning the interior volume into the
lower chamber, the middle chamber and the lower chamber;

a first opening extending through said upper plate and forming the first fluid
passage establishing fluid communication between said middle chamber and said
upper chamber; and

a second opening extending through said lower plate and forming the second
fluid passage establishing fluid communication between said middle chamber and

said lower chamber.

5. The transport refrigerant vapor compression system as recited in
claim 1 wherein said flash tank further comprises:

an elongated support tube extending along a central vertical axis of said
shell, said support tube defining a conduit establishing fluid communication between
said lower chamber and said upper chamber; and

a helical spiral member extending about said vertical support tube and

defining a continuous spiral fluid flow passage, a first portion of said continuous
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a lower plate and an upper plate disposed in spaced relationship within the
interior volune defined by said shell, each of said | ower plate and said
upper pl ave 2eximBpe2ng across the interior volunme therebpPCTas2oconssTg2 t he
interior volume into the | ower chanber, the mddl e chanber and the | ower

chanber; a first opening extending through said upper plate and
establishing fluid comruni cati on between said m ddl e chanber and said upper
chamber ; helféaﬁﬁa@é&@@f&ﬂﬁ@tﬁ@ﬁr@%ﬂlﬁ@Eés%ete?tﬁ@l-égﬂﬂ midctohfamrcam@t e and
establlshlng fluid conmuni cati on between said é | e chanber and said | ower
chanber ; betger) the axddipehamper gnd @hedlpe@ﬁﬁhalﬁb%ﬂqi drecand pertigneofispiddl e chamber
for recei Vi nydinfb @Rl fasTiX EchnlidME RS PR 062RQb1AMITE;d | Ui d: a
first outlet %o?tl%ne%%' & ggnnuﬁ#%ét%ﬁn mnt%ﬁt %¥up r % mber f or

di schar gi ng aonvaporatiohdsteveotf the haddlefhrandper andithe lowor thrammrt he upper chanber;
and a second outlet port in fluid conmunication with the | ower chanber
for discharging a liquid phase fromthe | ower chanber. 11. The fl ash
t ank separat or as6rech%eﬂhgmmnWkar@@vaEmeyﬂmnheK¢MKﬁnCbpmhhmgﬁmn sai d
upper plate ﬁgqj%hgag%%%pg“g ReRI %ng%said | ower plate are disposed
renotely fromeach ot her?r o e flash tank separator as recited in
claim 10 further conpr|5|ng an inlet tube penetrating said shell and having

fluted tlet defi d | et k. t
omort oot €t OgT L PR eRdkfh be LoR S igpsgren o T b G ARD S epar &t or

chanber, a rfiseddib@n@@@ﬁiﬁ@l@w@@@br@ris&vﬂingﬁl&ﬂqﬁéswr having atlegt pAgat Ed S u ppOI‘ t
t ube extendin an a central vertical axjs of s |d§%?ell bet ween t he

| ower chanbef® %Pr‘(ﬂlyt TR EHRRFRIon stage and yyepndaglathey higher RERYET  ext endi ng
about sai d veshpedlonstgport tube and defining a continuous spiral fluid
fl ow passage, a first portion of said continuous
8. A refrigerant vapor compression system as recited in claim 1 wherein
said compression device comprises a first compressor and a second compressor
disposed in said refrigerant circuit in series refrigerant flow relationship with a

discharge outlet of said first compressor in refrigerant flow communication with a

suction inlet of said second compressor.

9. A refrigerant vapor compression system as recited in claim 5 further
comprising:

an upper equalization hole passing through said support tube and located
near an upper end of said support tube, said upper equalization hole establishing
fluid communication between an upper region of said conduit and an upper region of
said continuous helical passage; and

a lower equalization hole passing through said support tube and located near
a lower end of said support tube, said lower equalization hole establishing fluid
communication between a lower region of said conduit and a lower region of said

continuous helical passage.
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hel i cal passage establishing fluid communication between the m ddl e chamber
and the upper chanber and a second portion of said continuous helical
passage esoablomshisag fl ui d conmuni cati on between the m edirasedantsss2 and t he
| ower chanber; an upper equalization hole passing through said
support tube and | ocated near an upper end of said support tube, said upper
equal i zati on hol e establishing fluid comruni cati on between an upper region

of said conduit apg any HRPAANK LFArABr &mpsiding: continuous hel i cal passage;
a |l ower equalization hole passing through said support tube and | ocated

near a | ower end ®fhedaplanisgyppdierior yhene;sai d | ower equal i zation hol e
establishing flui g GRAFMRLERALL &hePLWERT0R ] lPWEEed 8T MR8 ie He cONdui t and
a | ower region of éhigﬁgoﬁt?nuggg ﬁéiicg? pas aé%f }Baﬁ ?Hﬁ%t port in
fluid comunintaior oplume difined by wiiddhedl, edehobend foger placend sarduppeplatef ri ger ant
f1ow having E{tgﬁ/cﬁlga%gosg e i%@r?q%@gﬁmé tﬁ@f&ﬁ%?{%t%ﬂi G ig%ﬁo JilfiShecHs | et port
in fluid communication wth the upper chanber ftor discharging a gas phase
of the refri geveaphanitepwhef mddieshargber hakthe icawek clsmpar;at or; and a second

outlet port in flujd commnication with.the | ower chanber. far. discharging a
quid phase of thEc) SRTRaraRinf Poeh b Wit BB sa SRRy b, R
refrigerant communitatiohdethleen fdidmhidteathkmbepad sdidupreschaedet,ed in cl aim 13

Lurther compr st gl ke PR URTEALEL PRt ds 0T b SPFD RS B o et
phase and vap@nmphiag@nibbiiceh {ad Paps dhmnbaahesemiowal thandkong an inner wal |
of said shell. an inlet port in fluid communication with the middle chamber for receiving a
flow of a mixed liquid phase and vapor phase fluid;
a first outlet port in fluid communication with the upper chamber for
discharging a vapor phase of the refrigerant flow from the upper chamber; and

a second outlet port in fluid communication with the lower chamber for

discharging a liquid phase from the lower chamber.

11. The flash tank separator as recited in claim 10 wherein the first
opening in said upper plate and the second opening in said lower plate are disposed

remotely from each other.

12. The flash tank separator as recited in claim 10 further comprising an

inlet tube penetrating said shell and having a fluted outlet defining said inlet port.

13. A flash tank separator comprising:

a shell defining an interior volume having an upper chamber, a middle
chamber and a lower chamber;

an elongated support tube extending along a central vertical axis of said shell
between the lower chamber and the upper chamber;

a helical spiral member extending about said vertical support tube and
defining a continuous spiral fluid flow passage, a first portion of said continuous

helical passage establishing fluid communication between the middle chamber and
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the upper chamber and a second portion of said continuous helical passage
establishing fluid communication between the middle chamber and the lower
chamber;

an upper equalization hole passing through said support tube and located
near an upper end of said support tube, said upper equalization hole establishing
fluid communication between an upper region of said conduit and an upper region of
said continuous helical passage;

a lower equalization hole passing through said support tube and located near
a lower end of said support tube, said lower equalization hole establishing fluid
communication between a lower region of said conduit and a lower region of said
continuous helical passage;

an inlet port in fluid communication with the middle chamber for receiving
the refrigerant flow having traversed the secondary expansion device;

a first outlet port in fluid communication with the upper chamber for
discharging a gas phase of the refrigerant flow from said flash tank separator; and

a second outlet port in fluid communication with the lower chamber for
discharging a liquid phase of the refrigerant flow from said flash tank into the

refrigerant circuit.

14. The flash tank separator as recited in claim 13 further comprising an
inlet tube penetrating said shell and having a outlet defining said inlet port for
directing an incoming flow of a mixed liquid phase and vapor phase fluid to pass

circumferentially along an inner wall of said shell.
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