Transcritical Refrigerant Vapor Conpression System
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' ewhlchgt?lg ?e%gé/rgrﬁov;por compression system must operate to maintain product
within the cargo space at a desired temperature. The desired temperature at which
the cargo needs to be controlled can also vary over a wide range depending on the
nature of cargo to be preserved. The refrigerant vapor compression system must not
only have sufficient capacity and refrigerant charge to rapidly pull down the
temperature of product loaded into the cargo space at ambient temperature, but also
operate efficiently at low load with excess refrigerant charge when maintaining a
stable product temperature during transport. Additionally, transport refrigerant vapor

compression systems are subject to vibration and movements not experienced by

stationary refrigerant vapor compression systems. Thus, the use of a conventional
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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
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[0007] In some systems, a flash tank economizer is incorporated into the
refrigerant circuit between the condenser and the evaporator. In such case, the
refrigerant leaving the condenser is expanded through an expansion device, such as a
thermostatic expansion valve or an electronic expansion valve, prior to entering the
flash tank wherein the expanded refrigerant separates into a liquid refrigerant

component and a vapor refrigerant component. The vapor component of the



heat exchanger econom zer disposed in series in the

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

stage of the compression device. An economizer circuit expansion device is



circuit downstream of the refrigerant heat absorption
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a reﬁa'llgeraxgt vapor compression system in accord with the invention;

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

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

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



[0012] For a further understanding of the invention,
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connection with the acconpanyi ng draw ng, where:
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exenpl ary enbodi nent of a refrigerant vapor
conpressi on systemin accord with the invention;
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multiple-stage refrigerant compressor, for example a reciprocating compressor,
having a first compression stage 20a and a second stage 20b, or a single compressor,
for example a scroll compressor or a screw compressor, adapted in a conventional
manner for injection of refrigerant, for example via an injection port, into an
intermediate pressure point of the compression chamber of the compreésor, whereby
the first compression stage 20a is upstream of the intermediate pressure point and

the second compression stage 20b is downstream of the intermediate pressure point.
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e ¥cidnagle ain. electronic expansion valve or a fixed orifice device, is interdisposed in

the primary refrigerant circuit intermediate the refrigerant-to-refrigerant heat
exchanger economizer 60 and the flash tank 70.

[0022] The refrigerant-to-refrigerant heat exchanger economizer 60 includes
a first refrigerant pass 62 and a second refrigerant pass 64 arranged in heat transfer
relationship. The first refrigerant pass 62 is interdisposed in refrigerant line 4 and
forms part of the primary refrigerant circuit. The second refrigerant pﬁsé_64 is



[0021] Additionally, the refrigerant vapor conpression
system 10 of the invention includes a

wo edosilgpssant -t o-ref ri gerant heat exchanger ecoPONUEENT/010066
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evetgukisppend i eefrigirentliog 12 gad fovms pad PEAT pogapRiveT piEat. The

eXeHAMSEr CRERPRMigeRint Bifle 12 P9 LR fligerdr HblwiBf@Minication
line 4 of the primary refrltgerant circuit downstream

wivtith 3ndiajsenedigty Pressure eesea?ﬁ ¢ FRIRPTETSIONRIOGs s Tashy exemplary
?:E%Uﬁﬂﬁﬁénﬁ a%&ed igdmes pasé Je&dﬁoﬁnﬁﬁef tigRitaBtrighta@iNief 12 ddfinect to
as tan Lt1 ona , a.secon r ans
et o ho S gk SRR bR Rt o
eXpfigeiafnflord b the Girst Padsi 62eut tiny ﬂeﬁ‘lgeﬁmd-e#teﬁﬁgerarﬁ heat exchanger

interdi.s ed.in th efr n cu it

| e RIAR D AR e Gl IS, AR Meledhgomizer ciruit
exehigeaat hmrmomnneat t& b figeaarit ﬂlee ft Ioﬁﬂh plrmaky ditcui] doODRAFeam
The refr| t-to-refrigerant Lo F RS I .
ecONOM ¢ er BREPLORE %4 fgsq a?se r |fger%ﬁf%g%as'§°'%£n &ha

a eetoxabangerf scopemizert 60 dEe ﬂmt refrigaragriss 62 andithe secandf er

r %ﬁ%ggea%uspm IPe fréﬁ.gémﬁtetk e&g&amheaaééhﬁ?ga Sconomizer 60

interdisposed in refrrgerant Iine 4 and forns part of

t haybd areanged refamagaélebﬂ?w dpatenshangerieiatiopghimer in a counter flow

I &fehd %ﬁﬁ% r@ﬁﬁﬁlsﬁﬁ ds%em'e%r dine REXBigShahtto r8frige AL et exchanger
line 12 nd forns %art of an econom zer circuit.

e cRBy ‘Zf'e‘fb'e?‘?dd%]’i‘t? FatiershanReing PP instubs heahpxehapger; ?ﬁ“%cm-

r afipé Bk @xthaddeP ¥t £EHINANE G 1At sMchdngan | Nt er nedi at e

pressure stage of the conpression C In the
ar y e ?j’Pﬂ%‘H{Rﬂ‘gfﬁngteéBaniswn ,QP&C §§ lst%seosed in the

e C&aecmuz:ar cifeuit dftigertidtiline g rupstreatni with ﬂeﬁpﬁzom’teﬁ'tget‘aht flow of

er n the rant circuit
° %gﬁs g}%ﬁ? metr?ﬁ'xlggxgg 8t're§;<a§e%e§€|ag%r g'n?gef pepotzer 60.
t NEhef écbﬁdiquasmrcﬁﬁ expantion deGée 6 Jmreersithe wirigiant flowahat passes

h e t e rfg%r,rag{: %LO{Q %rthg &] M}Eaﬁ? 8@9}' the p&ﬁﬁ%erant-to-

er an ternative e econom z@er circuit
r errefnggeemamat Exabanges gcanomizes 60 u!ohqaef:thgrcgeanltanm*w withpthe

t WFFIIP eer ahyss F%Uﬁéh ﬂg WBESW Hegt Jx@ﬁa&%&t ecBQomlzer 60 to

e first pass 62 of
r ebpintpén 2 desired levek ofsypachent uhtéarefe&eﬁawge?r leac'ereoth? sespnd pass

60g4 JftRe hiddt §*ch5§§err E&ﬁ{oﬁﬁier BO S erfidredRat nb hﬁuﬁﬁ@ Bfefent therein.
refrigerant pass of therefrlgerant t frlaqggant

hellke eXpapsipmywalv ee??o‘ﬁbYT’P%%‘f el BT BRI "gj’e riexdmple as
padepidted infHIGY 1h%ah wakdhtaso®e expantib Rslle BS fletdrdirefrigerant flow

O Son b 2 A S SSRAS b6 SRR el
temperature or pressure in refrigerant line 12. The expansion dewce 65 may also be
a thermostatic expansion valve, in which case the expansion valve 65 meters
refrigerant flow in response to a signal indicative of the refrigerant temperature or
pressure sensed by the sensing device (not shown) which may be a conventional

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



60 may be a brazed pl ate heat exchanger, a

t ube-i n-tube heat exchanger, a tube-ontube heat
we@xohasgss or a shel |l -and-tube heat exchanger.P¢D02B)P7/010066

An economi zer circuit expansion device 65 is di sposed

in the econom zer circuit refrigerant |line 12 upstream
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to the flash tank 70. High pressure refrigerant vapor passing through refrigerant line

‘4 is expanded as it traverses the secondary expansion device 75 to a subcritical
pressure and temperature before the refrigerant passes into the flash tank 70. The
secondary expansion device 75 may be an electronic expansion valve, such as
illustrated in FIG. 1, in which case the secondary expansion valve 75 meters

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



pressure of the conpression process. If the
conpression device 20 is a pair of conpressors 20a,
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flow control valve 85 comprises a solenoid valve having a first open position and a
second closed position, such as for example, but not limited to, a pulse width
modulated solenoid valve. In an embodiment, the flow control valve 85 may
comprise an electronic expansion valve.

[0027] Liquid refrigerant collecting in the lower portion of the flash tank
economizer 70 passes therefrpm through refrigerant line 4 and traverses the primary

refrigerant circuit expansion valve 55, which may be an electronic expansion valve
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which case the expansion valve 55 meters refrigerant flow in response to a signal

indicative of the refrigerant temperature or pressure sensed by the sensing device,
which may be a conventional temperature sensing element, such as a bulb or
thermocouple mounted to the refrigerant line 6 in the vicinity of the evaporator

outlet.
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vapor from refrigerant line 4 through the economizer circuit refrigerant line 12 in
response to system operating conditions and capacity requirements. When the
system is operating in a non-economized mode, the controller 100 closes the
economizer circuit expansion valve 65 so that all of the refrigerant passing from the
gas cooler 40 through refrigerant line 4 passes through the secondary expansion

device 75 and thence into the flash tank 70. In either the economized or non-
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in the evaporator.

13



gas cooler 40 through refrigerant |line 4 passes
t hrough the secondary expansi on device 75 and thence
wo od0s/18d388 f | ash tank 70. In either the economnm P€OUSI007/010066

noneconom zed nodes, the controller 100 controls the
primary expansion valve 55 to neter the correct anount

of refrigerant liquid out of the flash tank 70 in
response to the sensed system operating paraneters,

for exanpl e conpressor discharge tenperature to match
t RO32kf i gefgAmPETRaRGE theamenierede crthapy eistionship pryserfed in

~Aplm 12, Wbith! rprede®s sConatatRtibes prdddlread aﬁmﬂb§ rd)&ﬁinblhxﬁ foriBe

of the flow control, val ve ?&Péﬁkerdlsp

r ﬁ??"g’é‘fté’ﬁl’ml COMBrepsion gysfamy G He‘°f‘1‘ f‘he pressure to
I eithalge raationvliipOfepicsaative of f:&mhndnameﬁ?@ram vipRE PO ssion

t h h
Py SRR RS Bt oIS o BRI RS PRR
f hssehatbdnkthpheemﬁugemnt ﬁ@dr hempmssmm sy&tenecﬁfrthgmwmtton FIG 3

Sk efr 1 nt v re [
%Fengse pe K cﬁeﬁ os n ecsesuéeu cr "talﬁ’g 5&%@"@ é ure? f%n\y g'?uo"%? o art
t trenssapmi aftfngﬂammmumommhmﬁ haghg & single pq:ﬁagstantemfra@lgb@nt '

(lgLagger eggrg)lt’rgperp? Qéqu;, aOJhaltagé 40%%&91@%{; gllxthalpy

0O as tO a sel ecte eran
q mi#qqnyhla ern @leqﬁ@mi rprlor grt tlh@cmw‘tfomrmﬁlvaml opmpgBsion
' ﬁa&ﬁ’é‘& SiRERURBLY tank QsdtdmiteR CIaBR Syfﬁ;s\/\&h hAB rbftEsehlsaRdigas

tank wthrise to _an upper limt_of as cool er

phead seipction procefievithip gt aler 4P %P@éewss‘?l thogsibstfousl y

0 B@d&rpd&ﬂ%r&fe@ssﬁimlﬁ thd dviapdtatoh §0.f InagG. b aE refflesbhislthd prbéess
ressure,. but above, t he suction press

TH’é Hb‘?‘ﬁ I iripsrantdpreftigerpptheat P ep S RRYURIZF Hdropit g and N,
Wirdphésenth kiprodessnwithindhes ashitaik- tmsastmmr@amhabr bﬁﬁssf difeuit. In

c r alve is fully open ver ned t he
PR i ot o R M ipaR O el o
v akahanges edonohtizger cratit. dn|FE@. ﬂlJﬁceme@etscme preéess g'mmnt flash

1%Dn?rec£1;oo 1zértl?rculk a’fhhe év Fgratoghsy{)%l{‘gp G. el]c 1%'1 %%Ptﬂ!m hliene

0] SUC IoONn pressure 1S essen alning a
| osspentivs swaroratpt limies asshaated avith eitheriof tﬁmmoefan isimgletegenomizer
¢ 9 én(?% luﬁﬁ aluQQ étgqg r@isé@e&%h‘td?‘éﬁ’éé&v\é &s¥ Qés%c 3@8 withQi

tro etween Its open and cl osed positions
t ®°f9§¢re@tt‘139@ll apmpsessiop systere of thadnyventiotk pressure. This

Mpgy3ayl at i Oﬁrh&fe skiied n{mgﬁﬁxwﬁmeﬁﬁb@mamhr\sevéén&ﬁ%;m
flow control valve 85 provides the controller 100 wi'th

t Hadg fy the partcplapereplary smbodimsaly desceibed baeinn (Whilgfhe present
OYIW’enﬁoﬂ%di%eéﬁﬁdi’ﬁc&irl)O@ﬁﬁvﬂtahﬂ BeseABEH Witk RFeré@ o Me@Remplary

therfrl ntvp I essi o m1l10.is oy

oS EPRTTRE P18 1, e o AT FIOBRBY Py skl im the
] eﬁahatvlaﬁgxst&hengeeﬁxr degal may be effertddt tBerbinquithdudepantiag dirom the
P Igg'i%? Qco‘l:)el? St t51|e "i-)'nsvgntgoannalg degneacﬂ)d tRE Qg{nli]sq only

:D

14



the liquid refrigerant through the evaporator, while
di verting the vapor refrigerant to a point downstream
w@booshan3ss/apor at or, inproves the effectivenessPof/ukmat/o10066

exchange in the evaporator.[0032] A conparison of the
pressure to enthal py relationship presented in FIG 2,

whi ch represents a characteristic pressure to enthal py
relationship for the refrigerant vapor conpression
system 10 of FIG 1, to either of the pressure to
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onpressi on system of the invention.
[%%égi %ﬂgggmggg%?éﬂ in the art will recognize that
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t N2t absorption heat exchanger; and

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

refrigerant vapor is blocked from passing through said evaporator bypass line.
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spirit and scope of the invention as defined by the

clains.W Claim 1. A refrigerant vapor conpression
WGEy®BAM3sOHNPri sing: a primary refrigerant circRCT/US2007/010066

including a refrigerant conpression device, a

refrigerant cooling heat exchanger for passing

refrigerant received fromsaid conpression device at a

hi gh pressure in heat exchange relationship with a

coolin medi u a refrigerant heating heat exchanger

f or si ngAI‘gt]F‘ﬂF‘@E'r‘Qﬁ?r COMPEESFIGHSYteAR ag fesitedoin clay@rlayherein

I ﬁl@ﬁ&b cBXES1ABR chfbabds @R6IRheId WalvB havihe 8 firdl OpéBlisitidhn and a
and a prinary. expansion device interdisposed in the

piechad §lofedmosifigrant circuit downstream of said
refrigerant cooling heat exchanger and upstream of

said refrig heatln heat .exch

7of 11 gr antACTEERT GRPAAPPRESEn ERLTARieF e, FIam Joyherein

haid figw @ohtrélskalveebmipt s arinlsp &ddth cikiptaseicsolenoidnalve.

primary refrigerant circuit downstream of said

refrigerant cooling heat exchanger and upstream of

sai d p4.i mar X refdgenasi @pok@wniptessian dysters es tuidedippddm 1 wherein
] [ ' nt line; a

g A e e T N

downstream of the first refrigerant pass of said

refrigerant ol@ipbahl Va6l AipréXiol 3P96hH a@&‘élt&pﬁtcﬁa‘?ﬁm Wherein

said primary expansion device, said flash tank

deid primaryexpapsigredaviss CeRBTiss A glseralieXnapsioR¥Ent in a

liquid state collects in a'lower portion of sald

separation chapper and refrlgerant in a va tate'

a portPon of EBIRELERPLIYECENE SHEF™ 265G a}“F“q‘u‘i" rein

r efid pgﬁa@rﬁxpammmdabmpﬁsepamsermastdmm@enmrsm@eed in

the primary refrigerant circuit in operative

association with and upstreamwi th of said flash tank;

an refviger Anéfngapnr vdpypnaﬁﬁprésisibﬂ sgs¢émlab teshiedip claim 1 wherein

refri nnunlcatlon
oGt8 FBRRE sapeoh BT SRt HERE P BB, o
and a suctlon pressure portion of sald primary

refriger ant i’atlt Qag)\ép rﬁ@s@og %@rhqB{'e%ftéd ﬁ%tl wherein

heat a Sorp eat ger ypass \
c omid sesondazy mepanmoe rielwmmwsna Bxddcprificq supansion dpyipRas s
line, said bypass flow control valve having a first

open p05|t|on whereat refrigerant vapor may
A refrigerant vapor compression system as recited in claim 1 wherein

said economizer circuit refrigerant line extends in refrigerant flow communication
from said primary refrigerant circuit to an intermediate pressure stage of said

compression device.

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

refrigerant pass of said refrigerant-to-refrigerant heat exchanger economizer.
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pass through said evaporator bypass |ine and a second
cl osed position whereat refrigerant vapor is bl ocked

wo ewsnpassi ng t hrough sai d evaporator bypass | PEEUR002010066
refrigerant vapor conpression systemas recited in
claim1 wherein said flow control valve conprises a
sol enoi d val ve having a first open position and a
second cl osed position. 3. A refrigerant vapor
conpression systemas recited in claiml1 wherein said
f1 ow cbdhtroft ’%‘%!g%“'c‘(ﬁ’ﬁﬁ? Fampression sydemaf rehedimdiaim: 10q
S hefft §hid/@o¥emizér ciftuit@kpangivhAelicy ediRpriseOAEIE&foni bxpansion
systemas recited in claiml wherein said flow control
vatVW& conprises an el ectronic expansion valve. 5. A
refrigerant vapor conpression systemas recited in
claim l,wherein said primary expansion device . .
compr i Pe. o eFieeEpbypet SRS B4R fe KRR ctaim 10
r efherefesaikh¢couapizer aoujicgpmison dsyist comprsses & thetracktitic
Cleg%a@si%n%%é.ei n said primary expansion device
conpri ses a thernostatic expansion valve. 7. A
refrigerant vapor conpression systemas recitéed in
cl ai m }3.Wh eK@Eﬁlggﬁhpva?gpg Eééno%’%?&&'fﬂ'a? pecgg&/ iRCc(?aim 1 wherein
conpri ses an el ectronic expansion val ve. 8.
r &4id cgm@preption dayine compppesasingle egmnressprhavingat least tive
clcg,inmegsigm%%g_n sai d secondary expansion device
conprises a tixed orifice expansion device. 9. A
refrigerant vapor conpression systemas recited in
cl ai m jawhepqtRigsAhtvapepEspréRionGyitémiab récREd indB4iAN wherein
line extends in.refri .eran’ fl ow conmuni cation from
s &M CpTPIFETSR ?eefﬁeicgmpg-ﬁ S ¢ [epRh VP cPPIEEorH T ERTRinAbe
P refBigerat cidcaig th Dierisaiethtivnship esth irexped & refidgerakid flowk.
refrigerant vapor conpression systemas recited in
claim9 further conprising an econom zer circuit
expansildn dAvefigerant eapdi spogestianrsysteincs exgedin ctam 1 wherein

¢ shitbhpkS) AR Thripk B8 B R P o

said refrigerant-to-refrigerant heat exchanger
economger. j j t :
as r ecilt6 ed %‘#gégfa?r# ?Ld(yg : %T%@%%Q%E%%ggréﬁﬁfﬁ%wwv
exXpidicompreselen flevicecOmMPris &St eBIRTAS RERZ QOBIISSAX pansi on

val ve. 12. A refrigerant vapor conpression system as
recited in claim 10 wherein said econom zer circuit .
expansildn déVEEIECERBhIFAPOE EAMBFeSSHEY PEFETAE recited in claim 1 wherein

said compression device comprises a SCTew COmpressor.

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

‘temperature controlled cargo storage region.

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

wherein said system operates in a transcritical cycle.
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expansi on valve. 13. A refrigerant vapor conpression
systemas recited in claim1l wherein said conpression
wa@lenwsas3sonpri ses a single conpressor havi ng apCT/@s®D7/010066
two conpression stages. 14. A refrigerant vapor
conpression systemas recited in claiml1 wherein said
conpressi on device conprises at |east two conpressors
di sposed in the refrigerant circuit in a series
reIationshiR_mAIh respect to refrigerant flow 15. A
refri g&tant \rafaaFraeﬁvi*aPre%%'ms?ﬁswgrsgw asrecited ngpimd 9
C bvhbrinlthVRdt SériintSBinriSRERIbBA BiokiedeVvi ce conprises a
scroll conpressor. 16. A refrigerant vapor conpression
systemas recited in claim1l wherein said conpression
devi ce conprises a reciprocating conpressor. 17. A
refrigerant vapor conpression systemas recited in
claim1 wherein said conpression device conprises a
screw conpressor. 18. A refrigerant vapor conpression
systemas recited in claim1l wherein said systemis
incorporated in a transport refrigeration systemfor
conditioning a tenperature controlled cargo storage
region. 19. A refrigerant vapor conpression system as
recited in claim18 wherein said systemoperates in a
transcritical cycle.20. A refrigerant vapor
conpression systemas recited in claim19 wherein the
refrigerant conprises carbon di oxide.
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