REFRI GERANT VAPOR COVPRESSI ON SYSTEM OPERATI ON CROSS- REFERENCE TO
RELATED APPLI CATI ON [ 0001] Reference is made to and this application
clainms priority fromand the benefit of U S. Provisional Application
Serial No.w6k0@dmdy7877, filed COctober 23, 2009, and entipdrat2010/052144
REFRI GERANT VAPOR COVPRESSI ON SYSTEM OPERATI ON, which application is
I ncorporated herein in its entirety by reference. FIELD OF THE

| NVENTI ON [ 0002] This invention relates generally to vapor conpression

systems and, nor eRPERIGERUNITVAROR COMPRESBRINASY STEMIOPERIANIQRT at i on
vapor conpression systens. BACKGROUND OF THE | NVENTI ON

CROSS-REFERENCE TO RELATED APPLICATION

[0001] Reference is made to and this application claims priority from and the benefit
of 11.S. Provisional Application Serial No. 61/254,277, filed October 23, 2009, and entitled
REFRIGERANT VAPOR COMPRESSION SYSTEM OPERATION, which applicaticn is

incorporated herein in its entirety by reference.

FIELD OF THE INVENTION

( ' [0002] This invention relates generally to vapor compression systems and, more

particularly, to the operation of refrigeration vapor compression systems,
BACKGROUND OF THE INVENTION

[0003] Conventional vapor compression systems typically include a compressor, a heat
rejection heat exchanger, a heat absorption heat exchanger, and expansion device, commonly
an expansion vaive, disposed upstream with respect to working fluid flow, of the heat
absorption heat exchanger and downstream of the heat rejection heat exchanger. These basic
system components are interconnected by working fluid lines in a closed circuit, arranged in

accord with known vapor compression cycles.

[0004] In some vapor compressicn systems, capacity modulation capability may be added
by incorporating a flash tank economizer is into the working fluid circuit between the heat

- rejection heat exchanger and the evaporator. In such case, the working fluid leaving the heat
rejection heat exchanger is expanded through an economizer expansion device, such as a
thermostatic expansion valve or an electronic expansion valve, prior to entering the flash tank
wherein the expanded fluid separates into a liquid component and a vapor component. The
vapor component is thence directed from the flash tank into an intermediate pressure stage of
the compression process of a multi-stage compression device, while the liquid component is
directed from the flash tank through the system’s main expansion valve prior to entering the

evaporator.

[0005] Depending upon the characteristics of the working fluid in use in a particular

application, a vapor conpression system may be operated in either a subcritical mode or a
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evapor at Oexample, fluorocarbon refrigerants such as, but not limited to, hydrochloroflucrocarbons
(HCEFCs), such as R22, and more commenly hydrofluorocarbons (HFCs), such as R134a,
R404A, and R407C, typically operate in the subcritical mode, “Natural” refrigerants, such as
carbon dicxide, are also used in refrigerant vapor compression systems instead of HCFC or
HFC refrigerants. Because carbon dioxide has a low critical temperature, most refrigerant
vapor compression systems charged with carbon dioxide as the refrigerant are designed for

operation in the transcritical mode,

(0008] Refrigerant vapor compression systems are commonly used for conditioning air to
be supplied to a climate controlled comfort zone within a residence, office building, hospital,
school, restaurant or other facility. Refrigerant vapor compression system are also commonly
used for refrigerating air supplied (o display cases, merchandisers, [reezer cabinets, cold
rooms or other perishable/frozen product storage areas in commercial establishments.
Refrigerant vapor compression systems are also commonly used in transport refrigeration
systems for refrigerating air supplied to a temperature controlled cargo space of a truck,
trailer, container or the like for transporting perishable/frozen items by truck, rail, ship or

intermodal,
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evice 1n the refrigerant vapor compression system in a fully closed posmon during standstill

that is when the relrigerant vapor compression system is idle.

[0011] With the flow control devices fully closed, the potential exists for refrigerant to be
trapped in isolated pockets of the refrigerant circuit between fully closed flow control

(_ ) devices, If refrigerant becomes trapped in an isolated pocket during standstill, the pressure
within the isolated pocket may increase to a level in excess of the design containment
pressure of the tube, tank or other structure in which the refrigerant is resident, particularly on
the low-pressure side of the refrigerant vapor compression system. If the refrigerant pressure
within an isolated pocket does exceed the design containment pressure, cracks could
potentially develop in the containment structure resulting in refrigerant leaking from the

systent,
SUMMARY OF THE INVENTION

[0012] A method is provided for protecting a refrigerant vapor compression system

during a standstill pericd following shutdown of the refrigerant vapor compression systen.
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(_ S [0014] A method is provided for detecting a refrigerant charge level in a refrigerant vapor
compression system. The refrigerant vapor compression system has a primary refrigerant
circuit including a refrigerant compression device, a refrigerant heat rejection heat exchanger
downstream of the compression device, a refrigerant heat absorption heat exchanger
downstream of the refrigerant heat rejection heat exchanger, and a primary expansion device
disposed in the refrigerant circuit downstream of the refrigerant heat rejection heat exchanger
and upstream of the refrigerant heat absorption heat exchanger, The method comprising the
steps of: after a compressor shut down in the refrigerant vapor compression system, sensing a
refrigerant equalization pressure and a refrigerant equalization temperature; and determining
a refrigerant equalization density based upon the sensed refrigerant equalization pressure and

the sensed equalization temperature is within a predetermined reference density range
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the steps of: operating the refrigerant vapor compréssion system in a mode wherein the

refrigerant (e.g., all) is circulating within the active components of the refrigerant circuit;

sensing the values of selected operating parameters of the refrigerant vapor compression

system during operation; and comparing the sensed value of the selected operating

parameters against a set of reference values for the selected operating parameters indicative

of operation of the refrigerant vapor compression system with a proper refrigerant charge.



[.[0015] In an enbodi nent, the step of detecting a low or high
refrigerant charge level in a refrigerant vapor conpression system
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( operation of the reflrigeration vapor compression system. The controller is operative (o

perform a refrigerant charge detection method.

[0021]  The refrigerant charge detection method includes the steps of: fully closing the
flow control valve in the refrigerant injection line; closing a valve to a prescribed (e.g.,
minimum) flow opening; operating the compression device while unloading the first
compression stage; delermining an amount of superheal present in the refrigerant;
determining a degree of openncss of the primary cxpansion valve; determining a degree of
openness of the valve; comparing the determined amount of superheat to a reference amount
of superheat indicative of operation of the refrigerant vapor compression system with a
proper refrigerant charge; comparing the degree of openness of the primary expansion valve
to a degree of openness of the primary expansion valve indicative of operation of the
refrigerant vapor compression system with a proper refrigerant charge; and comparing the
degree of openness of the valve to a degree of openness of the valve indicative of operation
of the refrigerant vapor compression system with a proper refrigerant charge. Tn an
embodiment, controller determines whether the determined amount of superheat is higher or
lower than the reference amount of superheat indicative of operation of the refrigerant vapor
compression system with a proper refrigerant charge. In an embodiment, the controller
determines whether the degree of openness of the primary expansion valve is larger or
smaller than the degree of openness of the primary expansion valve indicative of operation of
the refrigerant vapor compression system with a proper refrigerant charge. In an
embodiment, the controller determines whether the degree of openness of the valve is larger
or smaller than the degree of openness of the valve indicative of operation of the refrigerant

vapor compression system with a proper refrigerant charge.
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WD 2011/ 049767PCT/ US2010/ 052144 [ 0022] A refri gerant vapor conpression
systemincluding a primary refrigerant circuit including a
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i nvention, reference wll made to the | ow ng det ai |
descripti SRPYS FOTRIESSIOR ¥ste] %’Hld\ﬁilﬁpé‘ﬁ epployed lwfre%é?ans pir %P@Hlllf‘éé? flismiaxi t h

the acconpaiy, inke:heidisNGeezoMeiRsts, EAPZAE bibihek pbﬁshmaﬁ&%ﬂg;ouﬁm%ﬁgé am
illustrating a first exenplary embodi nent of

areds in commercial establishments,
[0029] The refrigerant vapor compression system 10 includes a multi-stage compression
device 20, a refrigerant healt rejection heat exchanger 30, a refrigerant heat absorption heat
exchanger 50, also referred to herein as an evaporator, and a primary expansion valve 55,
such as for example an electronic expansion valve as depicted in FIGs. 1 and 2, operatively
associated with the evaporator 50, with refrigerant lines 2, 4 and 6 connecting the
aforementioned components in a primary refrigerant circuit. As depicted in FIG. 1, the
refrigerant vapor compression system 10 may also include an unload bypass line 16 that
establishes refrigerant flow communication between an intermediate pressure stage of the
multi-stage compression device 20 and the suction pressure portion of the refrigerant circuit,
(_ which constitutes refrigerant line 6 extending from the outlet of the evaporator 50 to the

suction inlet of the compression device 20.

[0030] Additionally, the refrigerant vapor compression system 10 of the invention
includes an economizer circuit having an economizer device 40, a secondary expansion valve
45 and a refrigerant vapor injection line 14. In the depicted embodiments, the economizer
circuit includes a flash tank economizer 40 interdisposed in refrigerant line 4 of the primary
refrigerant circuit downstream with respect to refrigerant flow of the refrigerant heat rejection
heat exchanger 30 and upstream with respect to refrigerant flow of the refrigerant heat
absorption heat exchanger 50. The secondary expansion device 45 is interdisposed in
refrigerant line 4 in operative association with and upstream of the economizer. The

secondary expansion device 45 may be an expansion valve, such as a high pressure electronic



refri gerant vapor conpression system operable in accord with the

I nventi on;
exenpl ary

operabl e in"acco

[0025]FIG 2 is a schematic diagramillustrating a second

‘@89&8 %ﬁg; of a refrigerant vapor conpressio%qﬁﬁgéﬁﬂﬁzu4

th the invention; and [0026] FI G

graphical illustration of an exenplary representation of the pressure
equal i zation process during standstill DETAI LED DESCRI PTI ON OF THE
INVENTICN 00271 R ferrln n o FIGs. 1 and 2 of the draw ng,
there are® an%l{ hveds v %dr‘? lFi:% K‘i“r% n}tzesfn%elmnétr?‘@fsr”}gd}éersﬁﬁ‘lng%répor

conpr essi expasyiet dvict @5 tiesngﬂ@bto b Gowep pressaiei sofficienit ta cdablisleLhixbir€ad cycl e
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di oxi de.

Hefivey @ Be,paJ]atlon chamiper B2 wherein refrigerant in the liquid state collects in a lower
portion of the separation chamber 42 and refrigerant in the vapor state collects in the portion

of the separation chamber 42 above the liquid refrigerant,

[0031] The refrigerant vapor injection line 14 establishes refrigerant flow communication
between an upper portion of the separation chamber 42 of the flash tank economizer 40 and
an intermediate stage of the compression process. A vapor injection flow control device 43 is
interdisposed in vapor injection line 14. The vapor injection flow control device 43 may
comprise a flow control valve selectively positionable between an open position wherein
refrigerant vapor flow may pass through the refrigerant vapor injection line 14 and a closed
position wherein refrigerant vapor flow through the refrigerant vapor injection line 14 is
blocked. In an embodiment, the vapor injection flow control valve 43 comprises a two-
position solenoid valve of the type selectively positionable between a first open position and

a second closed posilion.

[0032] The refrigeration vapor compression system 10 can also include an optional
variable frequency drive (VFD) or an optional suction modulation valve (SMV) 23
interdisposed in refrigerant line 6 at a location between the outlet of the refrigeration heat
absorption heat exchanger 50 and the suction inlet to the compression device 20. In the
exemplary embodiment depicted in FIG. 1, the suction modulation valve 23 is positioned in
refrigerant line 6 between the outlet of the evaporator 50 and the point at which the
compressor unload bypass line 16 intersects refrigerant line 6. In an embodiment, the suction

modulation valve 23 may comprise a pulse width modulated solenoid valve.

[0033] In a refrigerant vapor compression system operating in a transcritical ¢ycle, the
refrigerant heat rejection heat exchanger 30 constitutes a gas (refrigerant vapor) cooler
through which supercritical refrigerant passes in heat exchange relationship with a cooling
medium, such as for example, but not limited to ambient air or water, and may be also be
referred to herein as a gas cooler. In a refrigerant vapor compression system operating in a
subgcritical cycle, the refrigerant heat rejection heat exchanger 30 would constitute a
refrigerant condensing heat exchanger through which hot, high pressure refrigerant vapor

passes in heat exchange relationship with the cooling medium and is condensed to a liguid,



understood that the refrigerant vapor conpression system 10 nay al so
be operated in a subcritical cycle with a higher critical point
refrigera S conventi onal hydrochl orof | uor ocar bon_and
hydrofluopﬁggwﬁgﬁgiéfrigerants. [0028] The refrigerant VE{pdyS2010/052144
conpression system 10 is particularly suitable for use in a transport
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of the conpression device 20. [0030] Additionally, thé refrigerant
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45 and a refrlrﬁgaggg%\éacgr injection line 14. In the depicted

embodi ment'8¢ 1ip Higer Ry comprige; fogeramples ¢ g ppdiravnd tehedA¥ni zer
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circuit downstreamwi th respect to refrigerant flow of the

refrigera eat -t e] i.on heat changer 30 a upstreamw th .
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val ve, sushkings naltiplegirgprefegsmnecopipessiaronehcas for example a screw compressor or a
reciprocating compressor disposed in the primary refrigerant circuit and having a first
compression stage 20a and a second compression stage 20b. The first and second
compression stages are disposed in series refrigerant flow relationship with the refrigerant
leaving the first compression stage 20a passing directly to the second compression stage 20b
for further compression. Alternatively, the compression device 20 may comprise a pair of
independent compressors 20a and 20b, connected in series refrigerant flow relationship in the
primary refrigerant circuit via a refrigerant line connecting the discharge outlet port of the
first compressor 20a in refrigerant flow communication with the suction inlet port of the

second compressor 20b. In the independent compressor ecmbodiment, the compressors 20a
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expansi on valve as depicted in FIGS. 1 and 2. Refrigerant traversing
t he secondary expansi on device 45 is expanded to a | ower pressure
sufficient ?Q ish a mxture of refrigerant in a vapor state and
refrigeraﬁ?b?%ﬁgﬁ Iquid state. The flash tank econom zeitTAGHYHEL a
separation chanber 42 wherein refrigerant in the liquid state
collects in a | ower portion of the separation chanber 42 and
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flow control valve 43 conprises a two-position solenoid valve of the

type sel egiosy |hrﬂ9§é£ehﬁﬂ%@nﬁm@ﬁem icfd i I8 2, AREBnBRSLS RUiaAH a
second cl osed position. [0032] The re rl_rggr ation vapor conpression
yst em 10 COBRISE] SKTAFEMBKEsoRVES RiSeriRn infei 27 aml dischareqerslaic3# aadiave ( VFD)
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refrigerant line 6 at a | ocati on between the outlet” of the

ref ri ger afiiagiveridie cAPBEFIE i 1530 Rubediake bt gell coppissrgr dyaaysecdigigl i nl et

to the copmsiessmipaiisdievi ce 20. In the exenplary enbodi nent depicted in

FIG 1, the suction nodul ation valve 23 is positioned in refrigerant
t of the ev oi nt at which
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upstream of the primary expansion valve 55 and opens into an intermediate stage of the
compression process. This, the refrigerant liquid injection line 18 establishes refrigerant flow
communjcation between a lower portion of the separation chaniber 42 of the flash tank
economizer 40 and an intermediate pressure stage of the compression device 20, A liquid
injection flow control device 53 is interdisposed in refrigerant liquid injection line 18. The

(_ liquid injection flow control device 53 may comprise a flow control valve selectively
positionable between an open position wherein refrigerant liquid flow may pass through the
liquid injection line 18 and a closed position wherein refrigerant liquid flow through the
refrigerant liquid injection line 18 is blocked. In an alternative embodiment, the refrigerant
liquid injection line 18 taps into refrigerant line 4 at a location downstream of the flash tank
economizer 40 and upstream of the primary expansion valve 55 and opens into the suction
inlet 22 of the scroll compressor 20. In an embodiment, the liquid injection flow control
valve 33 comprises a two-position solenoid valve of the type selectively positionable between

a first open position and a second closed position,

[0038] In the exemplary embodiments of the refrigerant vapor compression system 10

depicted in FIG. 1, injection of refrigerant vapor or refrigeration liquid into the intermediate
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i quid i njEERachEe P iGmperire spaver | e d prosjugctenshn 134 foweesdiathotcligewnce 53
My Cconpr issdotchipBdtugeint ?Q_Esu%@}e‘s’;féc@@lﬁﬁﬂd MBhYerROR sdds@NAbL& Hgtagen an
open position V\:%?I’EI n refrigerant liquid fl ow may pass through the

i qui d i nfPREe ORI S asFradislhgse PIPESIrs BH PIRRFerAPeRYel: dBr ant
liquid fl adasbbi ReeeribeappaEdib@e e Rifrigdidih JafoRt @ 6rdseibn LysRE vl A1D

bl ocked. Ln gn alternative epbodinent, the refrigerant” |jquid

i njecti on“ici“ﬁ‘éa EHPPIANEE SePROh [ TdPr Sepehe temprrarpy of fhe gir relpraing gihe

downst r easvapbratoh ol igSdargo 3pdee 200N Kiag @lso ARIANEnstRS(EEBNDTort he
primary expansij onmgal ve 55 anﬂﬁgﬁens into the suction inlet 22 of the

scrol |~ cofSPEgRg AmBi§nt Quiloar FORYHIN; SHEMhas or empls agIdedt PHJOSERIT SHPFREH

control vahdembdtyC TheiresS@s sesdrivoe2p OFl, 1060haysH2lcem@hgbnyBrdscur®fent € stichpe

sel ecti vel osi tj onabl e between first open posiési 0¢1 and a second
P gamble SUCH

(cl osed po &S 1T GRUPLOTSSTF Hasace B e rRIPea RS 871 mgyebe

ref ri ger anénverajoos] RIS Sin@ils, Syck kefor LAnphepincinedouples bt @ermlstork.nj ect i on
of refrigerant vapor or refrigeration liquid into the internedi ate

[0042] The controller 100 processes the data received from the various sensors and
controls operation of the compression device 20, operation of the fan(s) 34 associated with
the refrigerant heat rejection heat exchanger 30, operation of the fan(s) 54 associated with the
evaporator 50, operation of he primary expansion device 55, operation of the secondary
expansion device 45, and operation of the suction modulation valve 23 or operation of the
variable frequency drive. The controller 100 also controls the positioning of the vapor
injection valve 43 and liquid injection valve 53. The controller 100 positions the vapor
injection valve 43 in an open position for selectively permitting refrigerant vapor to pass from

the flash tank economizer 40 through refrigerant vapor injection line 14 for injection into an
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pressure stage of the conpression process would be acconplished by
injection of the refrigerant vapor or refrigerant liquid into the
refrigera i fromthe first conpression stage 2 i e
second co%?é}g@?déﬂﬂgtage 20b of the conpression devi ceo%{lﬁgzﬁm%oﬁ?‘“
exenpl ary enbodi nent of the refrigerant vapor conpression system 10
depicted in FIG 2, injection of refrigerant vapor or refrigerant
liquid into the inter i ate pressure stage of the co ession

pr ocess walPIHEe g6 R SR HGP PRIt (Y BRR Bt i frtielie PUBRIES $apor

or the r efliguigenjemibn bilemd3dn kmbien phetimdomeReBichpemhian esfr gfant fighiser ol | .
conpressor_2Q thro t he internpd]at essure por.t 26.. 039] Li qui
refrigeraf Sngﬂn} "é%ﬂ%ﬁéa"?ﬁc?nﬁ@“ﬁlb lbroﬁg’r‘gfr@f‘fa%tthf"ﬁém?ﬁua’éh“% ]%nfﬂr

economn zerinjddiop ass@&sinteinexlafer ppessir sragegi the @binprgatoamiockdsnih e B 1
traverses pr i mar frigerant circuit . expansjon valv

i or dt s p BNt Yok BT R onon B SHRRRT e Pl flitfie o

r ef ri ger amstledtivelwopdn thénenled apioe 2T ©rbyEs reAigetahi feonh aminietnadédia prepedra sihge
traverses t ' . S ice i.t expands.to.a |ower
pr essur o AhdEeuhEbie AR BRAEE, i1 e LRSI R b BT o
evapor at orcospregsgmsievitadleshea itripdasirgigp ambadgbafior sdge nfjthh eatpresxion aviper
through whjch expanded refrigerant passes in heat exchange
relationship with the air to be cool ed, whereby the refrigerant is
vaporized and ty%i call'y superheated. As in conventional practice, the
¢)ri mary eXff4Aki off SPAYSPECEE Pitgticervehen fis refEgqring sRRgReoNITesHoR HISEIgN it He

ef ri ger aRtandstin8hat is vwheARleRbAbRssondRHibd Brhnk §¥GhnsQlt aﬁdjﬂﬁiré]%hﬂnﬁllgI e
refrigerant vapor | eavi na]Ft he evaporator 50 to ensure that no [ quid

i s presentofypllen]Q0 pasitiqny M yagor ingeslomigpve Fratehralys ra eest the haped ingsghion
pressure kol gaves3tin M@ RREed ;%él_t(bﬂﬁe&@ﬁol&%ﬁi@%fﬁ%&im 8Em Rl ont ik OUgh
refrigera%wb%ge 6 to the suction port of the first conpression stage

or first gronuEss 4G hraugl the giiygcans Yapar iggionding g4 andl theyfrigerant
embodi mentigsle pijetieinen 8Fe&pectivelyO I dbi@oAdNG, (BEntrONer 10U Skitidrs @éh drig
scroll conpressor 20 in_tgg enbodi ment depicted _in FIG 2. [0040]In
t he embodPHEAY SHEETER €RYice nophegecondary grpapsien Yabve '3 rnd (giSEFUOR Sipdriadd on
syst em 10 vilnet Ldessd aTidi aNRAgE vAKESSUE 53 el RRoRAasSI @c heat
exchanger 60. The %gat exchanf?cer 160 i ncl ﬁ‘ges afi rs{%ﬁégass 62, .

i nt er di spSLEAMH PEBFPYSPRIEVFTARIE 1dAnd he CranpREFyrelrigpARt yapos fjection

ci rcuit i mhersyedpatiely, ae n@&Ssaﬁ@Q‘eﬁgnegQ) ﬁﬂﬂsdgl’@d%ﬁﬁ?ﬁﬂd&[ﬂ@e%ﬂwl WS Og f
devi ce 45 _and second pass, 64 jnterdisposed . in refrigeran ine 6 o
the pri mafyoRh REITPSHURRES 1 A 15 TP AR oI ey FRaseriosis i ShabBl S n
heat exchédnp®ed @lreftipans fihg4 wpstrbant fehd flasis tanp e ofiZer 40) Gh tﬂérpﬁﬁﬁﬁ/r e )
refrigerant vapor having.trayersed the gas.cool er 30 passes . throug
the 101 ot CloatQRRbwIRN, Sk iGHRRE bn 1BfasAOiE A S hnitim BEEE o il o
ref ri ger ahtllysegdand Heokiail geftigaaane flse thetdtdeoali cmasaitalr poblekt islfoinieh ir&herralnner :
the high pressure refrjgerant vapor ssing..through refrigeran i ne
o't are REER Gl U AEhAT e AR eulRr e by bOER R s S o ng

t hr ough r bétwegpahemimdry epatbidnsyalvh 8% ebithdveaindaly ek044dd velnve 45 edndittger ant

vapor co ”Pe@;?e%é%%&rﬂ%%? Eneimeslpfi a%ldﬁglylinngculpﬂrde%gl “%thcrgsrfaggt ?c! reﬁ'%’/ggltagtrﬂow of the

flow control valves 43, 53. Any refrigerant resident in this isolated pocket would be trapped

N

during standstill. Similarly, if the primary expansion device 55 and the suction modulation
device 23 fully seal and block all refrigerant flow therethrough, a second isolated pocket is
formed in the refrigerant circuit that includes the evaporator refrigerant coil 52, the portion of
refrigerant line 4 lying between the primary expansion device 55 and the inlet to evaporator

refrigerant coil 52, and the portion of refrigerant line 6 lying between the outlet of the
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operatively associated therewith for controlling operation of the
refrigerant vapor conpression system 10. The control system i ncl udes
a control lWOZ:IJ?IQM%ﬂﬁt determ nes the desired node of operation in
which to operate the refrigerant vapor conpression systEm/YS0ASEH4
upon consideration of refrigeration |oad requirenments, anbient
conditions and various sensed system operating paraneters. As in
conventional practice thf c%@t roller 100 al so includes various
sensors opSPRTYVdTedan s 3% 2 e spriion medpiglian ahve 8- Anorefiearagt epdssied
at sel ect ddltHidisalitedprskdt RooMd®b uppel beringyeh@mf or nonitoring various
operating paraneters by neans of various sensors operatively

associ ate it h t . e.control systemmay inglude, b
way of exg%d’ﬁe b_uTtli1 QR%M ‘;;ﬁlil%rgﬁgg;r%m Cgcu;ﬁ?&eoév g ﬁtf%%sv@&‘s%srpe%ﬁ’zmﬁﬁggﬁﬁtsﬂé’ay in
oper at i ve chgwaefrigaring diseliatga outhet of thasdmriressikn doimeAfriaadupsdint WitlsRHBE t6 he
pressure Wbl ' 42.. a.tenperature sensor 3
and a pressurgéglgglﬁggfg%g%&%%a?}n%x %@I’ES’E“F ?1%5 Fe ‘Efrfegg? iz:‘f’n 10 aq 1 ﬁé&‘mdeg}o
t enper at uree rahigepniesent dhe ppaspimg miftigdrant prassdrezxsemipriag opeeatisesabs 105
and a pre$sHioR o @b RAgetbei | L Qe ant, dlsshar
t enper at ur%g gng pr es_sgtj3 re, Cl;rcg% E}g‘%{aﬁ\%@?‘fe&{ #’ %r%rét%%b“o%f‘%?ré? ?‘?g’%‘?’fﬂe’l on
appl i cat i GAEPreEHE deere Jpad deiidef of desrcondmprossicrvalyy §5 Bmefeeyl t@haein
include a.faepghale bfertBR PREsuld 7[ht:§5rti§ Bﬁhwﬁ%gﬁnttc%g%%&ng&eemox&tg he
air returning to the evaporator fromthe cargd space and may al so
i'ncl ude s&TBE & religeran flowf tegrimey ekpassion yalenisi aod tpstreand vih respect to
condi ti oNSefrigtai (18 oPihe AXAERINCs RGN BB or AelcARBFes B debEIREL Brbd§ (RN
hum dity. The pressure sensors 102, 104, 106 may be conventiona
pressure SERESH e layrsife ofdhg itizesapipsrat. The epssuting refrigavand preesns exiatit t he
t enper at Uderifpepealich id 83.podRR o RY ' t L r e sensors,
1RDERLh it 83, poARR of MY rdpreFRANMRRE bﬂ%ingfﬁﬁ}gfgi%#éi

such as for exanpl e, thernocouples or therm stor .
cont r ol | eP*PRRBOYabESS deunsiiam pptherefrigerspt sagiion idehte e comprpwion dedreddr s

and cont r olrefeBREH AbleMNs G 14WLEE HERKIRS SleRBred §HL StictCor ration the
fan(s) 34 'aSS?Ci aﬁ& ed with the ref ri1 %?Ignt eheatlgdr%éi ection 1ﬁé’5?ﬂg8£m

exchanger S50 "GPl RO GRIDYL BEpest aptelsernnt Fovseldheeerndyly expantien valve 45

evapor at oandafpstraperied respbct @ rehfzeRhd AT of IRXLEN3AP BxARN bRV SS oﬁe@ﬁésaatt ion
of the seC(r)e\r;]Igg%r cExpansi on devi ce 45, and ogperation of the suction

modul at i of PsTagpe BEEPISHT BING befrran (heovapile oneratigg arsesyrednd (e, The

control | ehigh-Bide apesning prebsufd, SndlifRIdPOS t HeRH RGn HierhBBa¥ 3PQ41ink BleS&Ed ON
val ve 43 filﬁld |Ir(e11lil_lgd |n#r§ct on val ve 53. The control |l er 100 positions
|

the vapor "1 1] BETTTERVY 8 Deeh Rt BROTGHERTCHHY; syTie 19-dhe refsiserantiwjdinghe
per mi t ti ngasrcedled@adeastr coEFR0E aithe RASSIS spRMtihdiedshd3She feBMkraRCARRIZ €F
40 througgvar(g)al_g_ri elr:_%nt tﬁ_gqor injection line 14 for injection into an
intermedi ate s lé"g)é £5 3L B Hr BReLgtinh PisisHree Y thegeirieprany within the,

cont r ol | esepdr@fonpbanter 6D sf thdBash kgl il isiaﬂ&rﬁiﬁﬁehﬁﬂﬂia\!’eﬁdp\éﬂﬁg%)rédgmﬁn open
position for selectively permtting refrigerant liquid to pass from
the flash k L - [ refrigerant |iquid.injecti

e 16 Tor inj oReran: Anuthd ik BUeInR L KR! ACbupu®tt Splttend?
conpr essi B#shsH o€ ds dlash|tankidhandring othkr mifiigecinn@ntzinntehissroant oo ktHe@sw 100

al so cont §0dSre L€ oPRS bkt QN Jn| ve 27 sel ectively
open t he Ilgjrn_lsogd v3|_vefe§ﬁ7@g‘t%3&%§%j§8§‘p %%S?Hr}ﬁsggg‘%@‘? ?851 ng(?]&))lcﬁfl%lpnedi ate
pressur e sfriggunigher¢ip 8p worspleetsd ¢optrimieni desig fresshreovithoutsypass flilorend 6
back to theriuahiOfag @erferdd | | GSe- h oS
desired to unl oad t?\%el fir s%erst gm{ei%%%%ﬁ% %hn%%ésag‘?rgﬁgﬁe{?lg@tgd Bffl.kets’

[ 0043] | n ‘BoPreBREioHHS refgesnt renped wilin thetisslatedfpof kybrtemidally apomnses during
conpr essi pAdENSiue i slike liSrefoesihh lchoks ol t ression
device 20 and the fangldfrdia agﬁ_d S%Q%%térh'o?ﬁe?%%rﬁitﬁ%m%geglgtr?t%?o Ter 100
posi ti pnsreﬁr‘ﬁ%m%‘é’ﬁ‘@?u“i Wite theaselatad ppekebiatereskd the bordaisiBena detign ipessduieg uind

I nj ecti OMcER bSOk & dbfecbst thdintddfiok: HRSEHRAR VidoP Borl HELERYysRh Ok Ng

~~
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evaporator refrigerant coil 52 and the suction nodul ati on val ve 23.
Any refrigerant resident in this isolated pocket would be trapped
during st [ 0044] The portion of the refrigerant_circuit
downst r ea %l%@#ldwegéect to refrigerant flow of the reff§yEy2aHy0s2144
di scharge outlet of the conpression device 20 and upstreamwi th
respect to refrigerant flow of the secondary expansion valve 45 is
referred to herein as tlr}e hi gh-side of the refrigerant circuit. The
oper at | ng TEPIPHEF RO Aty e S E R RER R b L S R P
portion ofdutilgestanaftili rededing teicoMbinine@ Xt eintiraigurd @ia e itdheed Ekdrger ant
di scharge outlet of the conpression device 20 and the inlet of the
secondary nsi i f ed tg herein as t hi gh-si de
operat | nt (HBECE KM eHmucdport e bRk Ed Bl Sl BRrL IF 12 Bt r eam
Wi t h r espespansion yafe 5gdie sgeondalyowpafion Nave4s awedithe sectivamsidaationalaive 25 br
and upStr QA il s ARG ard Gk BLIhAPLARLEL RQL: BN BELLLIRLAN!
suction inlet o e’ conpressi on devicC 86" 1°s"F et erred to herein as
t he | ow sipdwagsfthar¢ihropglfaxistgerhgnin the vad s dlosediprsitiopeTletaxisgneeast n ingmmamt

pressure i I 400 i / i f ef r.ggr.ant
Gl ot oxpeaa o B DOl Bl e R o G O 0
the refri gelvaiitclipnby pioridingadeakegs pathéhrowghpheosbi ofientiathaodosedpdsgion.
referred tpgtehﬁﬁ@mu@%ﬁﬁihﬁm!m@sgge RRPE AL RS ReRki QB Of
the primary ref rlger ant circuit l'ying downstream w t Fes_pect to

(r_ef ri ger afgtting Beware f_ﬁﬁé“@@é@irf@ﬁ’r%@p‘ﬂ%‘ﬂhﬁﬂ positiqnéngq e ‘mh\@_lm@§¢1¢59<§’m

W th respesitidnt sittdowa e Waihla hinfnPhiow PRsa3 € CAARALY e EX RARS | ARs gﬁldg}%SS
operates at a refrigerant %oerau ng pressure in a range between the

| owsi de SPer Bihergossd exsdisnel. anentipks RpgHeisperen dpwrathivil epsidewhest and
is referreg githaReeRighramSirdhl WittoBl 75 Hohl pBRRfs3kis i @oﬁs%gwnﬁ ,adhus, at
shut - down of the refgrl erant vapor conpression system 10, ﬁ,'ue

r ef ri ger aflosatechit F1G He g arigeit aressetsrid @i rigepat vaporicampression gystem

hi gh-si de 10p@r AlhirMY dQLASS tirthg stah@still &F 4r QEHiBMAIm WebsDieNP I NEing bARBEALOT
coil 52 i Eggt .the I owside operating pressure, and the refrigerant

wi t hi n t h&B8E[95PRTREG PRassputl Ledowside Rrerpyng SFesyusfiiskpg Lshudowgpl the

i nt er medi gjsend PSihalaily) heHtRipSufi@emicROAS hiNQ il RGudied lonh BgLiik}Eim
refrigerant lines 4, 6 and the evaporator refrigerant coil 52,
shel | of {9RPeR{UIS e bing 9?6"63&&“eifﬁb-seﬁewa?faﬁ%fr?fpgwaFﬁmp@@mr%wrrﬂ%t
st ruct ur e sipidoihend G1gW-686 tifetatisy #ei@fant BRpdaAhkipB6T 18 9hudbMAO Ko long as
conpr essi ned t contqaﬁ: n refrigerant therein up

g_tré S}éstem 10 .are desi

Lo b sel o TEARERHI SPTAHERT™ RSOy ube e koot gt PR PRARFr o
and the rpatibi afithe leRRlAGS/aPSr coRPeisGRAHMm 10 2B ULRSHIceMMinMbdt bsent he
af ore-noted isal ated @%ket $ t he Fres?nur_%o_f thﬁeﬁ#efri gerant t rapped
Wi thi n t hErRB i sE kS io Blpip A B SaRagh P P PHARHER SRS due
to a ri sestmisilefselighnaat t enperature. Therefore, the potential exists
for the refrigerant pressure within the isolated pocket to exceed the

cont ai hire [Uoﬁﬂes i BnRIBSEMES of {hg r&ﬁ%&?ﬂfngg@&ecom&egsigng br%gt%gel%}ed r%r]:s)t d);[rergseure

invention, the refrigerant vapor conpression-sys es one
or nore fedicfivabyg 88 fratrovided i epepptive hssorigtiat with e flashsthnkof) anfhe secedd | ger ant

pressure LhRGeik adstdid dﬁ?&fp E,]nﬁg | ggﬁ i ressure
within t hglléissol at ed p?_c({yetes : g%ﬂ% %&gﬁorgﬁ@t% me &%’?g(?%%%f te
ref ri ger apNaPUaRL0. Clowpirs sebsyre relies vane §0is opelnasive o apam ypon and in the event

that the pressure within the separation chamber 42 of the flash tank 40 exceeds a preselected

t he

SN

maximum pressure limit. Thus, if the pressure of refrigerant trapped within an isolated
pocket formed upon closure of the valves 45, 55, 43, 53, and therefore including the
separation chamber 42 of the flash tank 40, exceeds that preselected maximum pressure limit

during standstill, the first pressure relicf valve 83 will open, thereby establishing a vent
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expansi on val ve 55, the secondary expansion valve 45 and the suction
nodul ati on val ve 23 or variable frequency drive are each designed or
operated t I\ hat a m ni mum fl ow passage therethrg |sts
when in tﬁgoégﬁahﬁgfosed position. The existence of a dFﬁ%&Hﬁl#?%ﬁV
passage maybe ensured by nechanically restricting full closure of the
valve within the valve itself or by providing a | eakage path through
t he val ve when | t.he cl ased ition. Alternatjvely, the mnjinmm

f1 ow pass&g&§rd) B i SEmEtetion PRtk oy ghagipey L b R sgTersuik thrgegt
setting thﬂuc\ha'bﬁﬁgeraﬁt nayy Ve ifiothithd depasatiohehanthee NAN@e WhaRrpOGhisifeR g t he

| " g t_shutd f ) fl
i sting oiPeEuER hpoPRR aul ol eSSy or B B °0°

posi t i onedsolatedporkel engompastipethe se@{mmugeahamberﬂiz oAl {idtehseOnte @X pﬁﬁsure

t hr oughou [ ef.ri gerant uit wt

pocke ts e%l%l nﬁkﬁ%)sep ”ﬁn%ﬁ ét:hambe{ lgfdro S bequi & Plf"é{{ngﬁ‘ plr%s%ﬁq 1};1:% tﬁet gﬁrét pressure

refriger amllepvaé'@%rvallwe‘sm tltemby teethinatipg farriter m&p@rof ﬂadiﬁgmas S’he)trensgtslt em

10 will n to an e

pressure, %Egé&lstl%teea%@:ﬂt" g%%{hhﬂ‘% fgrteﬁ““g]i'§J % CpEratT Ry pr ﬁstg?fre 'BERE t he

| ow si de opEr aepgssion exsenr ) est @tther;g)rtam oﬁhmdngmanoﬁnetm“mymamuh

Simlarly,.th rant I u e to an

equi libri GmE’ t g%gl% %rglrﬁg’a b EES%W&IDQE%E t%g%lh’? %“hﬁ ':Mmg eﬁgpé'roe{tal ng

refri ger astctipeasemalpigr ethgviessel (0e sistvon dispwsediner th“eud memmutemmpaﬂat ing

gefri ger AL AR RKA dvFisRahilr cfeQudlOl R0 SAE 9592 RiEnd I8y [ Ichger ant
ont ai nnment conponents on oW si de pressure an Firedi at e

pressure Pokmappaenshilutetia extemplisidr wioh asthprmospberp p?é@sal(@ﬁ th@ y@nmﬁnl@apar e

desi gned gbmfeGRALAATENLs gl iPrESsUre [0 excess of he

equal i zation pressure, the risk of anage due to overpressure during

standstil | g elimnated. [0047]1n an_ enbodi nent of the refrigerant
vapor comi1088ki oRhesipatnd preptyre lighivalag 83is @BV ¢ ehep wponaa(l ighgarepighat

provi ded lﬂ&p&ﬁ@ﬁﬁ@v&dtﬁiﬂ&ﬁ%@@fﬂﬁﬁb@lﬂSWx&é’édi Drefldgh nlaAtinARes806 iaiisecond
pressure 85 is &{{OVI ded in qperative association with the

evapor at o IlheEPﬁeSﬂFe glrigeran) dappeg vidim angeiedippelet Igpadappclpars o

val ve 83 ikm@lp@r:atawss tafd mplefbrdmaﬁdlaglmc bvapbiRr &MET exebrat th&hﬁcserc&&sur e
within the se aration.ch hefFashtank 40 exceeds a

er
pr esel ect EF* Y HEHD P@E?H‘i‘%ﬁ Sﬁnﬁi '?1 q‘ﬁ greond pressyg rehipfaaligSa wilf open,
r ﬁf ri gler aﬂi‘erebj‘f ebichivg 4 ﬁhfpa@da%jd liﬁ'lualt(fﬁdmmﬁﬁiﬁﬁ)fl \J\glﬂlrﬂﬁm?}m} 611 83 kfaen Of
t he val ves 5 t her ef or ncl udi ng the separation
chamber 48 ?)slufe H’Z‘@P‘é@h“ﬁ? &ﬁanté%%’é’g?}gr Hﬁ‘f e"ﬁ?‘gg‘& Cé’l:‘tsédRFrﬁ‘)?l nmum
pressure tafnigetanduantsﬁgansmaM§mmdof coiltnehrbighstic @éﬁe@suﬁﬁ réIRF Ve 8sathve 83
w Il open, there ass

(Communt caPEBHA b ROl B o i 5 3o an 41 of sl gece
t hr ough wmecptessum‘wmtgmmamapnmw veni2 cfrmpsrhsnlbhehaﬁmaﬁm pﬁﬁbuﬁal’lalﬁlbﬁfe As

the refri separation nber 42 .t he open
first pr egrggjsﬁlée r?llee ?’raé e§5" Oées the % Prade CF%’%W ??‘?ﬁegr geé%fa

pocket enwnpalsmamg)nsthetesemﬂm sioln suﬂhanﬁnexadaﬁalm lblv pelegitemBiton (ﬂ’xt(ee t he
pressure [ nber 2 dr.ops mum
pressure %ﬁrﬁg A {aﬁ& c?) g]rB% & Ségs}glﬁ? gm}cgl P &F PUAP IPOf tg%m&gFﬁantg “gge

t hereby t dowrisheani wigh EepEtﬂterefmgtzmaﬂ@N of the atbumgeascmmon Vdhve 23eastillstrmkd may
constitute ¢ RLess

portion O?l ﬁﬁef rﬁﬁe %éu:agéenraz:%t?llﬁj\}aét%rg?& sﬁ‘éwn{)%r otfrét v%elzgo%shoiwdl 18 u%oﬁecf’lm oF ]ﬁl o
por tion oflit hemmwficatige Wi tefligersmt Etlecﬁawwgstreevamf metsvhmpempadatwn oalve 23
refriger aﬂ}terf'lz{tﬂw Octle %ﬁ?suﬁ&% [}nglll én?zp sﬂ{ﬁlls ?ﬁie a%? SE uésp& I’I'I‘%tl ed
In FIG 1, or a guctl on accumu or other vesse not sposed
in or in tefigernuBbUapRDRsSntshstere 16, iagydinstratedlin FiS. 8. dovvnst ream of

t he suction nodul ation valve 23. Alternatively, the vent sink may
constitute an external sink, such as the atnobsphere external of the
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WO 2011/ 049767PCTM52010/ 052144 [0049] The refrigerant vapor
conpression system 10 is charged, i.e. filled, with a total armunt of
refrigera Lm ned to provide sufficient refri gerant W t

t he systegtevl?gzrgﬁ%ﬁnost contenpl at ed operating conditi onst® AESZPWQSZI“
anount of refrigerant circulating through the refrigerant circuit of
the refri ger ant vapor conpression system varies wth the operating
conditi on V\/mT(l‘,] he systemis su ect eg the refri erant vapor
corrpre55| stem Wi T Va@ﬂracroa’gﬁfsw FSHB glsrCE?Iﬁ?dge‘? gd, t“ﬂtaﬁt‘?t%l
actual ly rae@untroédafmgmdmt prsdmmtlmpmoqtrmﬁtg sﬁﬂiadhttremgerant'ﬁhmﬁmhd dyste under

cust omary essel in th frigerant cjircuit for
hol di ng eﬁ%‘:ogls%n%el irjal?ed &F e&%‘tng p IP‘u&étLtO"F A% @F F‘?lﬁ'é“rl 8“:?1:@ apheugding dhrpygh the
anount of rcfng@alitaimmtg)f rhefreftigpeara mipof ampirdssion fiermprasssavithi tigopepan@t i Ng

condi tion e odi ments.of the refrigerant v
CoNnpr essi %n dsngos lﬁéj %ﬁ{e%ﬁ LU i ISy vaPor Forppr ?ﬁSQg ﬁysteélhg&zf@
funct i ons chggal \bt;h‘ ther refegesal thfnms agthBlyiregriredfindegema pperating cofitionger ant
vapor co i ! i th 8 0 di sposed
et een t R i s SHEh 8T DL o s RS afl fhcnE ol B lidp SR
accunul at @efrigerant, tah ipviplrigeians posieess pﬁﬂw amhoungefrdmblagoevipsim éanheahert he
outl et of vi de uff er vessel
for stori né&%gﬁg?lgg‘%g %dﬁl hS!t t@%e r%gésﬁspl? ﬁ%% dlm gq Oz?&\‘/3 emsfp Q%JOF el ease
ref ri ger asPMpiespNsytens %teemedrmd@ﬂsabmir”nm fl@brtdﬂctﬁ) GIS o 28 gbuffeger ant

t herw se ec gase
Ot her wi 5 | &alfs: (RT3 Zlh?érﬂet%ftrﬁ? 18 édngﬁésﬂ%%&@fat 85 of nép ASEhETT T,
condi t i ondlaghaik 49edisppried feiesnche grirkasy mﬁksettmﬂm eijanSNntcbvmt a spelign,
during senyduaRlaeh (ﬂohﬁlo(vﬁf J1§1ﬂ§erdqytefl¥g%&9{ 6 ?(I %ltn f%%%ltl 0}81 e 01%{“1? unt
of refrigerant or charge can be 1 nproper dOsot ﬁ
i s over | o&eibef By Redrevided ¢s ¢ beTerveshel i‘efstonwmram[ @Useplteﬁulamehef valves
enbodi meng;3, gsh@eROREERlhekon] B8 s L6 HARAR AO'nEIM or g%g%pﬁtt SMerwise
whet her the refrigerant vapor conpression syst em IS 1 YV
char ged ( &2k frony thg sysechn thgaefigerans slsvgsi may cte@reeﬁ@ IpeedsHowlerdffan desi rn«gms@
the contr &Jtﬁ@ianﬂ-@ﬁr%é%@ﬁngtd}@raﬁ%ﬁﬂu&%ﬁﬂdt ey ﬁ@éen%ﬁf@e‘“&rngo V\%et her the

tenperature at equa i zat1on during standstill? to detect
refriger aﬁtteré'ﬂélleb’ed‘t“ég 4TVip&Ofi Wﬂ%&geq%nfgfﬁporvrtéﬂ%mtme L0can amontghy use

t he sensegfgumt brzcﬂirlg@éhnrb@ﬁrﬁﬂ)rgl%?l@@@deﬂrs.@ﬁfﬁptﬁ@sy@@ﬂ if HRNSRBF &L ontains too
equal i zat i Oa}fgﬁf“ erant tenperature to calculate the standsti f

refri ger alt “and then conpares that cal cul ated standstill
density to a Predeterm ned reference density |evel. The reference
density, £85eul amed embodilentfad ainmslefr nt)(y@& dhid tcaRBiity0 e deteding @Bhedadr thhe

total vol efrl eran rcuit conponent

(avai | abl e}é?%grep ¥a|p Z comgref %Itséf? gb 5 ”élp"rog?f yeg‘@ﬁf‘gﬁgtgven%f hf‘rﬁ@%

st andst i | Acabedisg tbyon@metaocpmf@ipmg lsmy umhamgmdr I’(E)flﬁésgﬁfsﬁﬁﬁed yeBffant pressure
conpr essi £ ATk %A ¢ bt cul at ed standt|II
density i gs%{aﬁér?{%& q‘%pﬁ%fteq gk eOt% & mgn%@dstte]fte fiee WW&‘F?’?’%@P%’E“EF sty

| evel , t hkpelihlewoykigh nThes:ontmlﬂe:r h]@miagensb thé senmdeqmmm RaEfiderant pressure
refriger aftq tﬁ;en%ﬁsgﬁ ecﬁﬁP?aggl% &?né%%ﬁt tetgaer 2 efoc alc"‘ﬁ'? rq%eestaé\(/igglor?ttgtggfmtd ef r ost

proper charge rang use
heat er s t denbityaand tltte corafards giex eadulata stahtesuﬁ\damy atan;tredmnhm&ﬂrefétﬂnwg

51 a5 | on ] O GEE AN el APRSLALMEE, A ARYLEAERL 595, sl sou d

be taken sufficien I Stan
t he rej ectotabypldiaael fhfe]e@tg@nammrheeltneemdtcamgerents@vaﬂablafor tdfisgettins atragege of

the conpresstlbhdeY bEfe afhastin density of a properly charged refrigerant vapor compression
system 10. For example, if the calculated standstill density is below that predetermined
reference refrigerant density level, then the system is undercharged. In one embodiment, the

refrigerant charge can be correct or proper when it is within a proper charge range. If it is
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[ 0051] Al t hough exenpl ary enbodi nents descri bed herein for determning
proper refrigerant charge level in a refrigerant vapor conpression
system hav cribed with respect to a standstill period

fol | owi ng gk?ﬁ@?g(gg\nﬁa enbodi ments of the application areP§UPiAHY052144
applicable to periods when the conpressor (e.g., conpressor 20) is
not operating. [0052]1n addition, according to enbodi nents of the
applicati on, th senqs“ed e(cal_ual i éati on pressure and/or the sensed
equal i zat i 'BA° FENMSEPLEY P EPUART frlrogbealerhionsst tah relispraphin e LEPonEer epiksy he
system i s duanpitetdetly teqetabdrze tbmpERurex Rt Aent 18 BaNG6Sd 8OMAdL zat i on
pressure ¢ term ne escribed tinme after conpressor

ap. be . d i a pr _ L el €S
bt~ down Slrelig B BoBEs Babiorat nenautt b T SROBAGSHPRET |t he
sensed eqeathangt BOOr 4 drpiitiaiser o teabmprssiRtdetisd ed by sensi ng anot her
measur abl e tenperature in the system such as a sel ected tenperature

on the hi ghof§ €S WhEuHidE dgui d refrigerant tenperature at
t he outle'%I o_f‘the con gnsll rl?y%ge? ﬁlg&gs %ﬁ%@ﬁ“ﬁ%  for detering proper

correl at i dpfrigyant keargedpeedth aggfigérant aiop porgession agstenehavébich Hescribedvweth
sensed equabid afd @Rab@IRRBEALHEE eshbdBLEd Y$sing,d,58lationship
to a rreasurgbl e tenper ?téure t%al%lglg{s%t%rﬁrvpnl’ ?I%%(g%%lgstogrﬁlr%aﬁ%@m e forher

[ 0053] Rat FBrlicelie e Resiprsivdien [hy comprensbrale. ngonirivessert2@hid sbtidpbratinef r i ger ant
density, the controller 100 may determ ne the refrigerant charge

status by [esopar inglditds, senaRdoeauadiné@t bR iiRfilatife RN &RSh AN

enperature val u 0 a preprogrammed set of ‘correl ated supercritical
r(ef ri ger aﬁ’fessp'ilfeeaé@fﬁf &‘e “ﬁ’d‘gdlr:eﬁﬁ?l‘é HE Ry sandsdeampeader appeoximdied s

i ndi cat i veefofe the fystomney doynplledy GRAIZSY SR Bkampe 1R 84ns&f eq@zh §Indr&bhre can
supercritic refrigera ressure and correspondi ng system

| t
refrigerant gffteenr][r]f)rgf1 ﬁ%ﬁf%{%@%ﬁlﬂ%ﬁ?é‘ﬁf?}ggsé?ftsa‘ftwgnﬁ well baferpsxsteyn char ged
syst em nmayquiadizaioe pih@ge antoaindnh @ skized é'qﬁﬂl%ﬁoﬂfamﬁéﬂﬁu@ e Ee%!eﬁﬁiné(ﬂgr as
a map. This _ne nbodi ment” or

LS\t %Ip(&% V\IEII’IG%E@IE in the density calculation e
in the map SAbANIERESURRY SEPCLAT By ey sYchas & elacted amnerure eethant
vapor compigapeisore Sdest.giquidieivigaranOsheratire ll@e 614841 tHAoh@Asc AL Bg b S
out si de oh%erelgﬁ&@ﬁse CC‘I;)(r)rH_.ort t.he eq&JaI ilzati on Fressurﬁe. exceeds t he
critical pressufe ofP PHEIFRHY GEFSed sayalization pqrapre, Hethen the sensed
i npl ement equaliztichemgaawsicecbd @timaed o aasladondhit 154 Bédkurbifs tenPbra@re

post - shut %QB’YQ en&ﬁﬁ&ﬂl determined.

[0053] Rather than explicitly calculating the standstill refrigerant density, the controller
100 may determine the refrigerant charge status by comparing the sensed equalization

( refrigerant pressure and temperature values (o a preprogramimed set of correlated supercritical
refrigerant pressure and corresponding system temperature values indicative of a properly
charged system. The set of correlated supercritical refrigerant pressure and corresponding
system refrigerant temperature values representative of a properly charged system may be
preprogrammed into the memory of the controiler 100 as a map, This method, whether in the
density calculation embodiment or in the map embodiment, may be employed in transcritical
refrigerant vapor compression systems when or only if the equalization state is outside of the
2-phase dome or the equalization pressure exceeds the critical pressure of the refrigerant,

The controller 100 may implement this charge detection method as a pre-start test or a post-

shutdown test.
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WO 2011/ 049767PCT/ 11S2010/ 052144 [0054]In accord with anot her method,
the controller 100 uses sel ected systemoperating characteristics as
i ndi ctors Qf stence of an inproper |Iow or high refrigerant
char ge. 8’ r%%pZ‘Hgﬁ this nethod, the controller 100 opﬁ%@glﬂfﬂﬁ%“”
refri gerant vapor conpression system 20 in such a manner as to cause
stored refrigerant resi dent within the systemis buffer vessel,

whet her a Bés%f Euizli r an accunul atorelgnot shown) or |ike device,
to go back o ct i erl &ﬁon{l?{r”ﬂfﬁﬁ’ﬂ thygonky ?J@Wﬁhﬁ?@ﬁ‘@ﬁf@“"@}f"ﬁqﬁeﬂg

refri ger anharvagiticsco malicﬁ&ﬂ)fﬁﬁb eSch‘EeInGd’Bf ah @hprEYeR ¥ & hi Qe fFidrhd: gRE@Ntro
heat rej ectr n hleat e {1 I?Qr t he rrﬁf” gerant heat absorption
heat exchaMgErerdysmePad i Konslicnith opriaipbe ringiraay GpaFoparrI ey sy

fromthe tmflri mt:h ¥ GRSk ad Dicust hereamﬁmgé&nc&ﬂmﬂernmﬁ dRfsydidi® s barter vaegiant

circuit ma hed, for ex reasrn t he
refrigeran Flé% aﬁﬁ%@‘ 6@%%‘%‘&?%“1?’ P, ﬁ@%%ﬁ W& 5V @egglbﬁ‘ék iB9; py
i ncr easi ngirtuigion dirough elicaativepoaPLnR of the tdmegemnambﬁdoﬁrpréﬁon dy@em, for

i nst ance j e evaporat or defr ers | ncreasi ng
air flow t% %?‘I%ﬁ%ﬁg?% 9an} Eleat & eatgn %“"i“*“%a‘éﬁe’ég(f?f H ‘&?m‘é%%/fé#ﬁ&m%o by
reduci ng thha ex@ﬁmgeg@rfamatdr] Hw Thatrensfef ofstorersﬁeﬁrgemnmbnomebﬂfeir REksdl Mo
suction n%l"!ll @EJ & n X@Heé%f% A rcra%gér i b{g Qc%orﬁ@rsh%ilb tgay];arﬂga nCy

drive); by re sor requ ncy first
st age 20a iwsfeasipgthe mfmee@sdlma@emesseremnn e cdyprpsios aviR@0} H’}ﬁncreasmg

onpr essi n. device .20. i

croll or Ti E@ﬂgg fegssug{)lrl M@%@%FRJ ? S[lBelrnsnl"mceu eyt %&%Tﬂﬂ%t?rge{“ﬁé
syst em i s hepsas; &y ineepasing guddw énrthjé),e rrtfhgr:m@mat ®jecion hb@t&xdmngmaﬁ@&ay
sel ected 'i’é%@éHé Elg 1‘& %Eﬁﬂl&? ?a.lr(?‘tfdrrﬁgtaﬁ&q)r g&? 1{ %e Su%tI\MI'BOQ]U nva
for those sel ected aracteristics re ttl§t oeraron 4 a
similar médedigsting ﬂ@m@pdﬂfamtﬁeffwdpe&mtyredvamgéd cglylgneesm hdqheltch,e)yrreasur ed
val ues ar gubgfis iRk &A@@oé@&rﬂesc%&pﬁeg ot eV R By b Sealifif d $La0 ko
charge within tthe systemis catrn i Te eran
For exanp F‘%Vlcetzﬁef tbwﬁnrmsrler devio 2frinp Ch&lae@tollcm dikosonpmseor @ipablh of being
fol | owi ngpgyst em characteristics as the selected characteristics for
t he purpose of |nplenent|ng t he di scl osed charge | evel detection
process: eva orator outlet or suction refrigerant
super heat %]f ri §’é1r1%1 ’§8P"éat5‘§ it fsh & mefs thegpntgler W8 gempashanger s

30, 50 aneklicha ndaegmsesyaém spﬁaamg chargtierib e wi@ MR ARSOlor BbsGhRAEPe
tenperature; the. ter‘rperature difference of the heat sink fluid across

the refri GEPSISTSFE SPIEYabNe Plpention in agilsnyeade of@ comparphle rrepeslér at ur e
di fferenc eha@ed senhdathe ﬁ@hﬁuﬁbﬁ vhlubl e RGIBSShd BfredetialiveOR AN theh&REerant

absorpti o heat. . ex han 0; t he ope posi tion of varrous
(eal ves, cqdthynfpe gw warca%ra I‘PS?H{ ‘Fé@e’iaBt Foramplgdbs cangspller

X pansi on mmhmelﬁ& omé 01t lhﬁ‘e atidE fcmawmg@yaeat mﬂc&mweas&ﬂe s(eebteer ari abl e
frequency dr t he contro

transiti oﬁha ame” tigs d’é &(zé’uﬁ’oge OgBB?qE enige g duriped s getlﬁ‘ff? WF‘P“ RIPeSe

refrigeratht arﬁmmmmt ehvapdrrﬁfnmugerroamcuhu:fefrglérad&up@@ﬁt te@rigcdh prystem mbi | e
nonitoring.th fer .devic fer devi ce(s). i s not
enpty of gth‘rer %g&ee%an Cxpr %ers fbr(‘ g@% dlﬁ? Jrgi’gr(e%?f Wi%or? “E)‘?p&ﬁéff”inFlrﬁssé'i‘)‘%CEi‘rge
condi t i onshperhtoe; meieunpgmmamcﬂlfﬂﬂapm fof the bt €8IS 160 a&yﬁtﬂ&f’fbﬂr@erhl& heat

over char gg erant | ter natl t he con I | er

det er ni nes* %tm\#n hgat el fah e\lgr'iﬁl?:reth‘r3 {sémg‘?’{p e dbf ‘?’"é? ?#Lé l?eéhst(’“’i?% if geross the
conpl eti ngfrtghemtheammrptmm h(mf:g::hangepﬁ]” attimgammgipﬁsmm;}yaﬂohevmst em 10

d dd t
| under chat el bl AL, L BB L O SR L5 B,
buf f er dempduation valve3ptayiable Freqtmmcrytdrwd:)l & orfewboameﬁmm t@rn'olleh eocﬁyst em
10 YS! e RAART L SRICS USRS SIRTNTRL oh faflcrBlod i gyaRor ator

outlet) an e sup er € 1S owver ect ed,
refrigerant buffer dev1ces to the system while momtonng the buffer device(s). When the
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ref ri gerant vapor conpression system 10 that includes an econom zer
circuit, for exanple a flash tank econom zer circuit such as depicted

in FIGS. re%(a 12[{49_}62e controller 100 first closes the econom zer
vapor refr HAt A ection 1ine valve 43 and the econdtf Y2105
refrigerant |line valve 53. Wth the econom zer refrigerant injection

lines 14, 18 closed, the controller 100 operates the conpression
to i.ncrease the refriggranp di scharge pressure, and

device 20 sqg a

reduces t iPé’%BIp%ﬁ‘ic?‘f@) I ROt EMRLY;Ob FrITigS AT offer Bapsiign (8 when Pnsratingialset s a

vari abl e fcbﬁcﬂtgmﬂ)_; medéfi'iy@%nt vip‘oi ﬂﬁ?{{ﬁé‘sﬁaﬁ Ystein@ izf ciﬁfefchgﬁécﬁgiﬁh ﬂfﬁ%@ﬂﬂﬁ’tf ge
ressure e increase o the maxinum al |l owabl e di scharge

Br essure Irm?lﬁrta?‘v%é{ Lgep(é)HFﬂgE?SefleIP’r'ﬂ?S g’ﬁngt”%ﬁﬁﬁleﬁffdﬁ PRPY Shrefngeiat BBromy be

reduced dawmplktngheriraisinieQentaghgabnidne)) ti: Restdu 0 i Qfdeph@Saiken | S at

a mnimm.al.l owabb_led uct i %E R{ﬁ]es ure Jimt. T]he controller 100 al so

opens t he "BYBASE VAPEOD7ED MG ACOR RIS 15PUPleC (Y gien GRErR e gt

conpr essi @nnditonk)c ed2Be tuifeodigyive(spire biggy,and conirsier 1@ cak ARnE@ M 9tbeno 100

al so operates both the fan(s) 34 sociated with t heat exchanger
30°and ¢ horren Pl Es KBRS e oo B Rl b s S
cont r ol | ervale®B highyr (dveo thqutexparad] te dapeminheon ib hagiapeemtions wabktnsied

heaters (nQt. . 57]Wth the system 10 operating in the manner
above desgé{icggggwﬁéth[é%ﬁ err%ﬂ\olv er 100 then determ nes the anmount of

super heat &qresent in the refri(gerant at or near one of the outlet of
he evapol@®6l 5&n wrexemplarygabpdimentief dis meshodieé dft¢atigg chargspevekisizon st age

Oa of th@efﬁ%@?ﬁ% oot QRaVhE §sRR: 10 TR ARl A I&&Bnli'zgpﬁngléiﬁg%&g%ngﬁg% nes

t he degree o eni ng of the ‘evaporator expansion va . SO
of the sudetgkASeRMBET siFruif sraies depictetip FiGsnt ansl 3, e complienlPp dire slosehes e

det er m neeheeb@oRftleflApst lefrBelaf ihiB&iof Ahd IRAALLNGe E&&Bﬂﬁkﬁ[ 'uﬁltrl?lﬁ? rant
representative of a conparable refrigeration systemthat ql s fu Ty
char ged APSWNES3nWGH thegconeyaizes aeirigarnt fiectienites thn8 plosedetherariplied. A

| ow refri gew etaids RRIBMpleNEH deliSe 206 & i8edsE tk A& SLR iNIAGE pREQFLE

of superheat is higher_ than the de?r_ee of superheat re reseﬁt ative of
a proper | $"CRCHEEE Rraing of SughilyBedutatien wdveePhprndisiga gislediedeeni ng of
ei ther of difg BVioREHBL ME r@HQAHEHihaN beSuR I be il GeaSldGh ik Ofe MRGHLAL | ON
val ve 23 é’i‘{:m?dj ustment of a variable frequency drive) is larger than
that repr Kidisghargsrpressuyie By e opsnipgel Bs/weien medybsen yelveddseyivbed
herein, i fdose dowhed MdHunRofehRR SOMHith hefucli@asrakion A0 hiniSleh as the
refrigera E vapor ,conFres i an ﬁ%stem 10 can be operated in a

prescri be?f1 FERF SRR PICEHCI M 5 §OBPHELOP BlaeioReBH il PYRIFSV2IVERE ¢ unigad

act ual goniieifigsn ktage zmg oﬂﬂh.le &ﬁhpt@dsiog a@ﬁﬂetzbgﬁﬁugﬁaéﬁ@@amlaém e[flllﬁb @&gr_oner
conpar e xpecte \A ues,; n accordal.n to exenplary e odl nent s
(ges cri bedtl(ﬁoeaﬁséﬁ QRerafey bﬁgﬂ?gﬂ‘éﬁ) %% ﬁséo%ﬁg‘lﬁ'#b‘ge [eat gxshangssisQad toe fanf) $he
xpect ed wabdimed willeths et @Rhinger 50! TR @pesiley 10004086 dpRoily ofiedfe fBICh or

| ow charge). [00 Fqr ex |.e, one or nore valves, one or nore fans,
t he conpr %‘)sag %r%m{)%?’%"%@? AR g“q’g%{?‘”“)-

[0057] With the system 10 operating in the manner above described, the controller 100
then determines the amount of superheat present in the refrigerant at or near one of the outlet
of the evaporator 50 or the suction inlet to the first compression stage 20a of the compression
device 20. The controller 100 also deterniines the degree of opening of the evaporator
expansion valve 55 and also of the suction modulation valve 23. The controller 100
compares these determined characteristics to the corresponding characteristics representative
of a comparable refrigeration system that is fully charged. A low or high refrigerant charge

level can be determined. A low refrigerant charge level is indicated if the determined degree



cool er outlet, and/or the evaporator or the like can be set to
operate under known conditions and a characteristic of the system

e. the refrigerant) neasured and conpared

(expgct ed \?‘gpggﬁswiﬁernatl vely, the system coul d be drrWﬁUS@&l“msz““
prescri bed characteristic levels (e.g., superheat of the
refrigerant) and then the resulting configuration (e.g., valve

posi ti on) ared to values indicative of a properly charged

system [ %"Hés br‘ Fﬁhﬂ‘bﬁhﬁﬂigr‘??s"éauﬂﬁi@re@“f?f“rs@t?tﬂlg of %EOWﬁB@ée%f

descri pti Q?steﬂil,&hd/bﬂ thd deddninfad deg&réeif b}ﬁdnﬁlg%'f Githet ot earaﬁlﬂat{)ﬂéﬂﬁz%nh@ﬁ‘ Alve
details dr sed herein are e interpreted as limtin
merely as> g 118 Syeyp Pl@ér@ﬂr’ﬂdalaﬁé O idyseeenf of %%ga%rrequeﬂCéﬁﬁr% qﬁlﬁe‘
present i mwaamr‘rart fepresdftutiv€oftayRorer@ sieide syidtent i on has been particul arly
shown and described with refer ence to the exenplary enbodinents as

; : I l.ed
iI'Tustrat ﬁgt%s%cat tlg dggcg élrfr?rem o\ﬁne el 1b§cﬁn%1?ggg1§|%ozr? P}gxrabonosn?t sﬁ has éhef r |021

the art t rious nodiflcations na Epars
t he spi ri trefrigrians zapoecapipreskien ﬁmtﬂelnltolcembe denged iskpredcabed aonfigveatian tr wi | |

al so r eCO%E‘ih%ﬁ:eécﬁ ec?c%Hbﬁ’é}lse% Hﬁua @Eat?%%?% dufal! Ongléli)or af bEMENL S

descri bed w erence to t exenp od rren *bSed
her ei n wi tisatreddagsemareg 14 ¢@n¢t@d1‘@1®e‘,@p@a®©rdtn9® premglntenibavierts on.

[ 0061] For d&%ﬁﬂaalhemalftdbergw;rf tﬂ%&ﬁ{)ﬁ%@%ﬁﬁ& %&2% mgp%%sﬁéé 88 ,ZsYe% em

10 is depicted in the exenplary e ment s cri erel
@avr ng a fi9nespropelyshaeedde.g. [oo niush poloyeharedler st ood that the economi zer
ircuit could incorporate a refrigerant-to-refrigerant heat exchanger

economni zeroosm pl Bsex@hplt,bae bl B&H vaIdR Ko Or mBreFhE NhcdhdB@sor dulk@thd 48 Of
the refrigerant | eay On[%%t he refrrtﬁeer ant heat rejection heat exchanger

30 woul d H&IFYRG28 FY2PAAIOREE (e M e s b Set taropirgfe Mgkt kpaesppetitions

t hrough t e« (ﬂlfafabtgﬁd’ua Rt thk kpenf@Rd sifagvapams eéinge%gums&&ﬁnd SaRpAgary
expansi on _devi c rant woul d then be placed in

refri
oot exhAHGE TS AR AR Y AU E T v PR PEEees DR
heat ed t oldvels (a & rsupdiicar oTeigh rafrigerith S6dihen HeRMLilgobReRaADE eds. [Valveugh
refrigerant .va ction line 14 into an mterrrgdr ate pressure

st age of P%Sétlogg%rb%é’ﬁ%aﬁed&%v?]ﬂ% AV PTOPAEY REBFLSYSISf i s i nt ended

that the present disclosure not be limted to the particul ar
[0060) The terminology used herein is for the purpose of description, not limitation.

Specilic structural and [unclional details disclosed herein are not to be interpreted as limiting,
but merely as basis for teaching one skilled in the art to employ the present invention., While
the present invention has been particularly shown and described with reference to the

( exemplary embodiments as illustrated in the drawing, it will be recognized by those skilled in
the art that various modifications may be made without departing from the spirit and scope of
the invention. Those skilled in the art will also recognize the equivalents that may be
substituted for elements described with reference to the exemplary embediments disclosed

herein without departing from the scope of the present invention.

[0061] For example, although the refrigerant vapor compression system 10 is depicted in
the exemplary embodiments described herein as having a flash economizer, it is to be
understood that the economizer circuit could incorporate a refrigerant-to-refrigerant heat
exchanger economizer in place of the flash tank 40. In such a case, a portion of the
refrigerant Jeaving the refrigerant heat rejection heat exchanger 30 would be diverted from

the main flow of refrigerant passing through the refrigerant line 4and then passed through the

]
]



enbodi ment (s) disclosed as, but that the disclosure will include all
enbodi nents falling within the scope of the appended cl ai ns.

[ 0063] AI S nunber of particul ar enbodi nents have been

forth, QWO%i%Oggﬁaderstood that features and aspects RGPS 2ﬂ’é’\’/08216‘een
descri bed with reference to each particul ar enbodi nent can be used

wi th each remaining parti cuI arly set forth enbodi nent. For exanpl e,
features described in %’\g@gnbodl ment s descrjbed usij n% one
dr awi ng ar‘?ﬁcoBga%g@ansf% expypdaddelriggra wapld tien b plagidimhsags pect
to FIG 1 eaamngmeluﬁdnbmeﬂhWetnhnueﬁb@dtamtodeﬁwddbefbnuah Bgermbdiute 2.

VWVE CLAIM 1. A nmethod for refrigerant vapor conpression
systom durrTya SPHAGE Pt (RPEmESRM SRR (ISR oA Top o¢ iemodiai
refri gerarptresmqamige@ﬁﬂmeaﬁma@mndbh@ Jrimary refrigerant circuit

i ncl udi ng a ref ri gerant conpression device, a refrigerant heat

rej ectiong e n

refriger ant ﬁeat a%@fg% {tfsgﬁt@%ﬁhagh %&%ﬁ%ﬁ&g&f& owns%’ ﬁj%ﬁumte? R garﬁ cufbr
refriger ar@ﬂlbh@@t?ntfsefllé@@sﬁfdwﬁ, bid ghat élﬁdiﬁdﬂfgleerwﬂlamlilda a}bﬁmm!;hryeres&plangl on
devi ce di SRRSAH. {Bpd (enes IF. Lh@ehant circuit downstream of said
refrigerant heat re ectl "heat exchanger and upstream of said
refrigerant heat absor pti on heat exchan saj d r| mary refrigerant
circuit ha¥l6Ah a“fogwhi B’raé‘élg’t??ré’fé‘i“&@ﬂUﬁggf’%%}}ﬁ‘?t@\bft"ﬁ ?eé§f§ef@11‘h feevill be

refri ger anhddrd@d ot fdathees RAd HBEYs (Bt RARTeOUABWEE RitRRE réhcd R\Wadl essur e
(Zl de downstre mW|th respect t@wrefrl gerant flow of the primary

xpansi on PHEGY ?:rémlbg‘.lip‘ﬁn Protred i each Enpaning nagpcularly set fqphembodiPeRur i ng
st andst i | [Fosexa@ble] fgRi@des@ibes e puraté Eibodindits (B RkAMi R QeK&hwRR ahd 1R

| ow pressur sajd refrigerant circui xceeds a predeterm ned
st andsti | Iuseécﬁ%aff%eyﬁf? 8#%?‘&%?% i“ﬁ‘ﬁ‘fesp?%}”ﬁ@l hgnorailzed Mither ant
pressur e wnbdimesadederibte@haigeriGpncket venting the refrigerant pressure
within said isolated pocket to a portion of the | ow pressure side of
said refrigerant circuit having a refrigerant pressure therein |ess
than the predeterm ned maxi mum standstill equalization pressure
limt. 2. The nethod for protecting a refrigerant vapor conpression
as recited in claiml wherein



the step of relieving the refrigerant pressure within said isol ated
pocket conprises opening a flow control valve between said isolated
pocket and a portion of the | ow pressure side of said refrigerant
circuit having a refrigerant pressure therein less than the
predet er mi ned maxi num standstill equalization pressure limt. 3. The
met hod for protecting a refrigerant vapor conpression as recited in
claim1l wherein the step of relieving the refrigerant pressure within

sai d | soVBEt&dIMocket conprises naintaining during the standstil
period an open refrigerant flow path throughout the | ow pressure side

of said i1 ef ri\QRERM fof prlofediite a refrigerant vapor compression system during a standstill period

following shutdown of the refrigerant vapor compression, the primary refiigerant circuit
including a refrigerant compression device, a refrigerant heat rejection heat exchanger
downstreamm of said compression device, a refrigerant heat absorption heat exchanger
downstream of said refrigerant heat rejection heat exchanger, and a primary expansion device
disposed in the refrigerant circuit downstream of said refrigerant heat rejection heat exchanger
and upstream of said refrigerant heat absorption heat exchanger; said primary refrigerant circuit
having a high-pressure side upstream with respect to refrigerant flow of the primary expansion
device and a low-pressure side downstream with respect to refrigerant flow of the primary
expansion device; said method characterized by:

whenever during standstill a refrigerant pressure within an isolated pocket on the low-
pressure side of said refrigerant circuit exceeds a predetermined standstill equalization pressure
limit, relieving the refrigerant pressure within said isolated pocket venting the refrigerant
pressure within said isolated pocket to a portion of the low-pressure side of said refrigerant
circuit having a refrigerant pressure therein less than the predetermined maximum standstill

equalization pressure limit.

2. The method for protecting a refrigerant vapor compression as recited in claim 1 wherein
the step of relieving the refrigerant pressure within said isolated pocket comprises opening a flow
control valve between said isolated pocket and a portion of the low-pressure side of said
refrigerant circuit having a refrigerant pressure therein less than the predetermined maximum

standstill equalization pressure limit.

3. The method for protecting a refrigerant vapor compression as recited in claim 1 wherein
the step of relieving the refrigerant pressure within said isolated pocket comprises maintaining
during the standstill period an open refrigerant flow path throughout the low-pressure side of said

refrigerant circuit.
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