REFRI GERANT VAPOR COVPRESSI ON SYSTEM OPERATI ON CROSS- REFERENCE TO RELATED
APPLI CATI ON [ 0001] Reference is nmade to and this application clains priority
from and wheotwmgfert of U.S. Provisional Application SepCalushioo/osmaL54, 277,
filed Cctober 23, 2009, and entitled REFRI GERANT VAPOR COVPRESSI ON SYSTEM
OPERATI ON, whi ch application is incorporated herein in its entirety by
reference. FIELD OF THE | NVENTI ON [ 0002] This invention relates generally to

vapor conpr essi ORESKRIIEANE VA POTPCOMIHISEYN AYISEM OPERATARE! at i on of
refrigeration 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 U.S. Provisional Application Serial No. 61/254,277, filed October 23, 2009, and entitled
REFRIGERANT VAPOR COMPRESSION SYSTEM OPERATION, which application 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 valve, 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 compression 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 compression system may be operated in either a subcritical mode or a
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Refrigerant vapor compression systems charged with conventional refrigerants, such as for
example, fluorocarbon refrigerants such as, but not limited to, hydrochlorofluorocarbons
(HCFCs), such as R22, and more commonly hydrofluorocarbons (HFCs), such as R134a,
R404 A, and R407C, typically operate in the subcritical mode. “Natural” refrigerants, such as
carbon dioxide, are also used in refrigerant vapor compression systems instead of HCFC or
HIC 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 to display cases, merchandisers, freezer 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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t r anspor tthrough the various branches of the refrigerant circuit. In operation of conventional
refrigerant vapor compression systems, it is customary practice to position each flow control
device in the refrigerant vapor compression system in a fully closed position during standstill

that is when the refrigerant 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

system.
SUMMARY OF THE INVENTION

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

during a standstill period following shutdown of the refrigerant vapor compression system.
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embodiment, the step of relieving the refrigerant pressure within the isolated pocket

comprises maintaining during the standstill period an open refrigerant flow path throughout

the low-pressure side of the refrigerant circuit.

[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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compression system having a refrigerant circuit including a refrigerant compression device, a
refrigerant heat rejection heat exchanger downstream of said compression device, a
refrigerant heat absorption heat exchanger downstream of said refrigerant heat rejection heat
exchanger, and interconnecting refrigerant lines as active components. The method includes
the steps of: operating the refrigerant vapor compression 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.
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injection line opening to an infermediate pressure stage of the compression device and a flow

control valve disposed in the refrigerant injection line; and a controller for controlling

operation of the refrigeration vapor compression system. The controller is operative to

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; determining an amount of superheat present in the refrigerant;
determining a degree of openness of the primary expansion 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. In 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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the flow control valve in the refrigerant injection |line; closing a valve
to a pregoo23bed Hoea GurthermindeRtafding bote opemiongicfepies atli gmideao aenpr essi on
devi ce il e . unl oadi t.he first conpressjon stage; determni an anount
of supe?ﬁ@5¥“%%@%@%ﬁg%ﬁ“?ﬁ@‘#@#?Pﬁ@H&%Wﬁwh8?8ﬁﬁ?%ﬁﬁ@xﬁnﬁgﬁ?8@' ¢ openness
of the phridRipMnAXPAASFIRIWNEE Ve, determ ning a degree of openness of the
val ve; conparing the determ ned amount of superheat to a reference anount

of super t indigative of gperation of the_ refrigerant vapor conpression
systen1wﬂ&%4£ pgﬁﬁefmﬁéﬂFwaaFQH%MHHP%@Pn%%ﬂﬁh?@ﬁ%ﬁ¥%@n%%55%%0@% openness
of the préMBENEURAREMPRsNE Weeh@parabled feodfwidnBhmessioaf the primry
expansi on val ve indicative of operation of the refrigerant vapor

conpr essi ys ith a proper refrigerant charge;. and c aring the
Fpeia L e IR A RO Al e R kR A St A

i ndi cat i v€&frigératpep@icbMpreeior fystempiaple iracordapr th€PRPt@ESinAN system with a
proper refrigerant charge. In an enbodi nent, controller determ nes whet her

the det ergined t of heat. is. hi gh | than the ref
amount. of0iber Ol PAMTELR UL OR b e SRR ErECr i Qareebhpor

conpr essiequulismhemdcesstduriag paapen. refri gerant charge. In an enbodi nent, the
controller determ nes whether the degree of openness of the primry

expansi o I i rt t he degree of openness of the

primary @%ﬁ?ﬂ!ﬁ%&ﬁ$§ﬁ§§?ﬁﬁ§?%iﬁﬁ%§$%ﬁN ation of the refrigerant vapor

conpression systemwi th a proper refrigerant charge. In an enbodi nent, the

cont rol | ¢002dét erRetaresg inhimtlh erFiGhel degr@eheodrawiperthas srealepitied exeaplayi s | ar ger

or smaller than the degree of openness of the,yalve, indicative of operation
embodiments of a refrigerant vapor COmpression system 0%1 signéd for operation in a

of the reF}|gerant vap conﬁ}e33|%n syst'em w '8 proper - refrigerant

char ge. transcritical cycle with a low critical point refrigerant, such as for example, but not limited to,

carbon dioxide and refrigerant mixtures containing carbon dioxide. However, it is to be



WO 2011/ 049767PCT/ US2010/ 052144 [ 0022] A refrigerant vapor conpression
systemincluding a primary refrigerant circuit including a refrigerant
conpr essiw 208vi4e®7havi ng a first conpression stage andPaTAScanM52144
conpression stage, a refrigerant heat rejection heat exchanger downstream
of said conpression device, a refrigerant heat absorption heat exchanger
downstream of said refrigerant heat rejection heat exchanger, a primary

expansi onn@gubsEhat (BPRERM ranvdpBecIndréskigR AN €0 mepiito Bloyaskdseam of said
refrigerant heat rejection heat exchanger and upstream of said refrigerant

heat absdPRsritieH chdatvith R biRpfaitical it EAngcat 4B raronyaripsaldi sposed in the

primary pehlobidshlroSdbdntinl hy@BHudto &t &kik&hnd Or control ling operation of
the refrigeration vapor conpfression systeny salid controller operative to

performa refrigerant charge detection nethod including oi}er ating the
primary ne28 gerldseelipsraniivepar sompistedcystpad O dormaiiquiashi stisbey fepmsal f ng

super heat,addr fati¥Ga RSy bk 1S ERioLalif! BPER oV &hieasdolditdln¥R WAfhiPRer ati on
of the refrigerant vapor conpression systemw th a proper refrigerant

char ge wh@ppersere spatrpdled cargd sraget Wl adiupls iatler; eongainer pethp ke toF i bed condi ti on

to detect,,] : t : : t match a
corres po&]rdalhgr?gmr?lgg g@ﬁ@é&?ﬁ%@dﬁﬁﬂé‘i@ﬁ %%%ﬁ%%%g%ag%g%%%y%%%q EI%% 0023] For

a furt hepuitabtieosesanetmgitohing he t¢ bysnplicio a chhae epgwllipd £omios zoedeithio t he
follown 2t Al . g Pt Qr e |l t] Leh i . ead in
oot 1O OSBRI bl YRR LODYRLED, iy LB
schemat i yaphragmaressidn systtmabuldglsa bé emgployaiie mggtigerytirgrdrod pphedtto difplay

refriger ank VAR nGOR HRER: AiRYS ST QRR A BInE: Sl BPEALLelhiBud RSBV ENt I on;

areas in commercial establishments.

[0029] The refrigerant vapor compression system 10 includes a multi-stage compression
device 20, a refrigerant heat 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



[0025]FIG 2 is a schematic diagramillustrating a second exenpl ary
enbodi nent of a refrigerant vapor conpression system operable in accord

wi th the woventd4ersy and [ 0026] FIG 3 is a graphical il reTAseo00521f4 an
exenpl ary representation of the pressure equalization process during
standstill. DETAILED DESCRI PTION OF THE | NVENTI ON [ 0027] Referring initially

to FIGs. 1 and 2 of the drawing, there are depicted exenplary enbodi nents

of a ref rkgakidRtalVaRUepkRURE BRN. QAnd Y Skemedidndrséding thefsedon@pgration in a
transcritical cycle with a lowcritical point refrigerant, such as for

exanpl e, BRADSIABECYIGaStigernapleddap Bover areosr e ent FePRPUdrahi W %t ur es
contai ni @&ri%@rﬁllﬁcfﬁ'a Q:!qﬂﬁ( Lde -anm\fﬁéé%nt il 4 lidurd {8 PBhe flash tank economizer 40
defines a separation chamber 42 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 position.

[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 cycle, 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
subcritical 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 liquid.



understood that the refrigerant vapor conpression system 10 nmay al so be
operated in a subcritical cycle with a higher critical point refrigerant
such as csovemntd4emal hydrochl or of | uor ocar bon and hydr of PaDUSCE0I062144
refrigerants. [0028] The refrigerant vapor conpression system 10 is
particularly suitable for use in a transport refrigeration systemfor
refrigerating the air or other gaseous atnosphere within the tenperature
control | egleatgoes BaAr&IiROHs, e BirictMbkheat RLER MeaCRBALASD iRMudehie |1 ke for
transporting perishable/frozen goods. The refrigerant vapor conpression
syst em 10inped Epakeaserchanspied % gichgs orerrginadfin pechiongd &be hapexshanggspil Ped to a
climte Gqpdn@hlifidneH ALdukaRg: M lRba tﬂrqﬁlgﬁ WARAGR refoflafi®alldl [\ RO,
hospital, school, restaurant or othef facifity. The ré&frigerant vapor

conpr essicathaggeselaiprsbipl vd theanguen eir bexps dpeel thraughethe figed agtiedgatgixghagggsipl i ed to
di splay Ga%Eshe UROLNANDAR Sy hEEaRhoEAR) Nets, cold rooms or of her

peri shabl e/frozen product storage areas i1 n comercial establishnents.

[0029] The refrigerant vapor conpression system 10 includes a nulti-stage
conpr essildiP4tievi ety thegelrigeianigaperrompeation speat 0ghoprsrmgéxehanger 30, a
refriger han: - erein as
R R RS i S

el ect r oniservesqguanvapassionalhopan srighapit bted of mmis{t@s of efrgedanpliquaghandatapoiah y

assocl aj[ gss%ﬁ%e%&%el%\ﬂg{)l%ia%&)g{hi 5\Qi’th X‘hﬁlﬁ i EJ {doRGr ﬁggt cl)llm[}lg?l %ir, cﬁa\@ d 6 .
connect i ng e aforeneftioned conponents In a primary re Vlgeran circuit.
As depi ctfeth aml t-b&Getinedithe tangferdtge cemtol vdpoirotoaps esisisghe sygiam200 may al so
 ncl ude ap. upl, 030 PYDRSS LIACAR, LARLLSRE 3P LSPES Lefnlgenanl. flow
comuni cat i On Pt ween an | nteredrat e preassiire’ st &5 B PR Hul't T st age
conpr essicaindalceodr athdr penichabietiréom pprles Swrage pen in oconahertine ref ri ger ant

circuit, i.ch constitutes refrigera i ne 6 .extending f.romthe outlet of
T he oy ansrar EmEg Syt kBT R breT Hi M o i B S P SRy g 26

[ 0030] Ad thiﬂit@ll’,l &glloyl,, resta@rafi@r i@ radinity. \lﬁlﬂwdﬁpi@fm ER56di0Bn(S {54 @fﬂgkghnof t heO

i nvention includes an econom_zer circuit having an econam zer device 40, a
secondar ;}1%)@5%}08616%?%“%93 SH femprisey FIP‘&é‘rt'ét?ﬁhe%‘aFﬁﬁiang?{j%@%fPW White 14, In

the depi géfederatRdbiBMest cxéMBg@CRNGTEhAHBNILCAF Givh froMGhd @@smad bluiash t ank
econom zer 40 interdisposed in refrigerant line 4 of the primr

ref ri ger AHTISEREE CATEO BROVHIOY AReE VPR OF @B(58e4 aspesidtesk Wity de ayaportswlof t he

refriger ant RRAL WKl BCKRMNERIM BXCRPRAE For3RaBNE URSinie&RaMdcheh€SPeECt to
refrigerant flow of the re§r| erant heat absorption heat exchanger 50. The

secondar yxehwpzaesilen 2 diawp¢ mindghanpe] iat gbgiheriex@ddnges refrigerant line 4 in
operative association wth and upstream of the econom zer The secondary

expansi ofoEk8Yi CerndeoMB¥ssith ADicEAPAMSHEAR (Y EdnViRess MeGBr@Sram Al W ciRLARSUT €
el ectroni c_expansi on valve as depicted in FIGS. 1 and 2. Refrigerant
traver si Agrigérantdrensidhe priwsdy aHEEaAtgENIcs W b diseusprsiial éerthendesail ower

pressure kGl 6n EheteﬁbG&Ir%msci[egﬁtea T2k, 4" @e CompElsldnARYi80B0 Mfly B RO State

and refrigerant in a qui te. The flash tank econom zer” 40 defines a
separ at i aninglvanilaple 4Qgeveérgsiant eaaiprésgesy such as for exeenpld yseiralv emeresseioirkect s in a

ctare bortuareths e SRR AELy SRR, ChRRA CERLABERARs Al e® eV qui o
r ef ri ger &ntnpression 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 embodiment, the compressors 20a

10



[ 0031] The refrigerant vapor injection line 14 establishes refrigerant flow
conmuni cati on between an upper portion of the separation chanber 42 of the
flash t arwoeeomaniczer 40 and an internedi ate stage of tRETASAEPOASHHON
process. A vapor injection flow control device 43 is interdi sposed in vapor
injection line 14. The vapor injection flow control device 43 may conprise
a flow control val ve selectively positionable between an open position

wher ei N Lad POREPIN scHARmphds M, RBYw RS Prel 0FOR@Prdchh o @hiptISraRdtaryapor
injection line 14 and a closed position wherein refrigerant vapor flow

t hrough (CABPICEPF GEPAANCRERSOM CPRPEEIT B (INHENAiAN PlSany|sBKOEPrastPranin

embodi men, erﬁﬂ%ﬁlrﬂéﬁp@é 1dtef&1 iREAd. 01” HelrOWo %ﬁltvra]l%r Y RbNEsi A5y @RI SERIe8

t wo- posi tion sol enoid val ve of the type selectively positionable between a
first opésrigasittypass ndlepreedinad refrisyean opslapiaphironeo 3ngmigdiareatesiyyer at i on
vapor co i L | | : equency
i ve (VD e S S LB AR s
in refri gelahvalvd Beis tutetlispostduahé bypakrdingd en Thhrenloaghvabte 2@fmaylpe ref ri gerati on
heat abs i X ' i t ressi on
dovi co 200 e RS RnBIF AFORT B PG AER ) B cyBudlfe GHTR O3
nDduIatidMewahmba@&wd@opmanhmmmmneﬁ@mmmﬁkmqﬁnm@hﬂkhggmﬁhheﬂMﬁbhmk@h out | et
of the evaporator 50 and the point at which the conpressor unload bypass

line 16 e r iaer t tion
o ac1 BT v B SLMAE ARt P STOSLIRIL A ARBL 07, |,
[ 0033] I n campedes agfaroldindzmma$sorha@mlg1arse@$noniets%2mé msdpegmulﬂmgzm and an

transcrltlcal cl e, t e.refri {ant heat atef)ect Q&ﬁ%%géﬁq%ggpr 30

consti t ut e%m}a‘*h(j‘gsP"(t PP SHETY SRt YF%SPYSUS percritical
refriger ah:imtpaasﬁms c«bmpﬂesat Iexm hahgimee! @t s@nla‘,bnmpredsbﬂmana;dmla digitairedi um
such as for_ exa but not limted to anbient air or water, and may be

al so be F@ngwggpﬁﬁrhereln as a gas cooler. In a refrigerant vapor
conpressi on systemoperating in a subcritical cycle, the refrigerant heat
rejecti on00sgat dndkandgedin®ot dupisted i BHS1 mutrﬁrigermefvapogemapmssﬁmrsglﬁmi ng heat
exchanger, .t.hrou res r er an es i n heat
exchange 1P PR BNl et AR e deL ARG RIS ML RE BT | Tqtra
I n the dapitagsedo emhgaintand $ at 1bdadod eéwnsgedrﬁﬂtthhﬁaﬂl iy cechdngiverioahd exchanger
30 includes a flgyed t ube heat exch ﬁgr such as for exanp le a fin and

round t ubBSaROr SEdHARGeCWaRT O Vg IPFdI‘S HNRI BIFERFEALe pipgg Ol lEPoe heat

exchangercompREigoddsd. Chnid, (R réﬁ%éﬂaﬁlﬁf @iitinpafs8me |1 B e NEAEhEXONBGER flow
relati onship with anmbient air being drawn through the flnned t ube heat

exchangerOBRUBlaGrdepsip & Jove paighof Bt é@aWIP%CI%aﬁé’e’g%Ofé o
[ 0034] Wt hinitch 80 LS 4 iBEFAM a1 FPRGrcGOBPHESS b&ﬂp@éﬁﬁﬁl@l@lé@QO.sA apenating in a

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 53 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

11



transcritical cycle or a subcritical cycle, the refrigerant heat absorption
heat exchanger 50 serves an evaporator wherein refrigerant liquid or a

m xt ure ovorefwigwrant |iquid and vapor is passed in heRCTANCHAOGH44
relationship with a fluid to be cooled, nmost commonly air, drawn from and
to be returned to a tenperature controlled environnent, such as the cargo
box 200 of a refrigerated transport truck, trailer or container, or a

di spl ay Gassure SBICHTIAoRPFossibh FBERL woakibd @&oorrffoﬁmd P R @ibn Of (AET

perishabl e/frozen product storage area in a comrercial establishnment, or to
a cli mat efEgHEMIRPAEQ@T Edhgestt h%g atuhe e eeiay @asstgdre the fifs eempessiodi ng,

hospi tal 4,56 5@0kheo hESEEHIR %n@&m@&&%boﬁ%ﬁmkb&ﬁle&Hka€w9§@'ﬁﬁﬁ@

enbodi mentS, the refrigerant heat absorption heat exchanger 50 conprises a
finned t@b@mﬁ@aten@ﬂ@h@n@értheaﬂfrtghﬁamj@hormwrﬁs$1elf pisgay HidepistedseElG. 2, heat
exchange i - i gerated
car go. Dot SuBMish APl 8 i A AR ek ird S ot or
50. The fcpmpedsutnmecehsawoulék@ngehshéQbyrijCtimnﬁrthgefng‘emnt epanpites a fin and

round t u?@fnﬁ(%%gglﬁ %hl?tngl?e 0%81 %es? bn aMer cﬁ“ or'lI co %ﬁ:@&? |20 tﬂrgﬁ httﬁleb e heat

exchange The conpre &sion’ dévi ce nc rons to co ess the
r ef ri ger amtmedchtetppessure putt 86.e ref ri ger ant through the primary refrigerant
circuit as will be discussed in further detail hereinafter. In the

e.rrb odi e ?(ﬁggpl CLt d le?n{#aﬁt C(;]Hectﬁ\{é in SHUTRE & %hﬁ)'ﬂ O(P Ifﬁgh %Qk Morﬁﬁglpé{d S€ a

single | e stage rerrigeran conpres suc or exanple a screw
conpr ess@assey tharefrewnitpoaghatiriggracdimeriesd @mvmlses p@semlawyuefﬂmrqnt ciromity
refrlgerant circ n avin ession. sta 20a.and a second
corpr sos onoSphit bap R bR AR TP SR e BTN § S eposed
in seri esﬂomecffrthegas/amﬁtof $owh s aQuldm&hgqsrawmabertdaeherfaﬁtraxg:ﬁfsﬁ)ntdehefasﬂ g the
first cong S|oq st age 20a(£assin%7q%rect .to the seco 1i}gnpression
stage 205" dr PR ETPT S M ARS8 K?E@Wﬁﬁ? g e cYaperaop A idSsi on devi ce 20
may corrprelv@ﬁ;ra@or@@lcbnmtutésruieﬁ@eﬁﬁwvamﬁmgeﬁm&&laag@ tiabgkhd0hch epamreat ed in
series refrigerant flow relationship in the imary refrigerant circuit via
a refrigéf &ﬁ?famtlpﬁﬁe%lar]i‘ﬁ@c?f‘?%agetfﬁlﬁi‘“ﬁ‘%@@ﬁ’é}ﬂ‘d@e g‘ﬁfq @tcoﬁ%gtw%?%b’ﬁ@ first

conpr ess QéfrigfantlivdpBiFddaad aplcally Qifehmeama NALatcbMenibdalprabiRe SHE bty Nl et
port of the second conpressor 20b. In the independent conpressor

enbodi mestPantig Vet BEsEe mheraandovp tEoyshyh eireers) InecdprEtabrs, screw

CoNpr essQkdredi&el &%Qﬁe’%ﬁéaf‘ﬁi tﬁ@l’gﬁ{g%ﬁ%p‘!;a?m LR e %%Jaﬁﬁ $0 torenQtire HAY n&t her

type of conpressor or combi nat1 on such conpressors. In th

embodi rrerilﬂu@ei)i’fé%e@timlthﬁ 1Efrigerant leqvieg th@ﬁvapg@roanifhwlawmre%wmf@gﬂg@r@ Na@yst em 10

| ncl udes \a [ liid ASERb: RYRRRS dnloa% i REAVE (8 o Ll BRAM. ilow passage

froman internedi ate pressure sta e conpressi on device 20 back to

t he suct icompghuen wigetohBrsconmuressiHa otlélv p@ep@s}wnm@vm POadhyethbaliggnti s

i nterdi S 1gtgd 1nnFIE}h? 09¥(P%1§, u(:ltilolril ?nlé]t of (h& s&n 19819 rgg 1%Zher@)¥bola?ne lectively
Whi

posi tioned 1T n an open position in i’ch ret rlge OW passes t rough the

bypass IMmadiﬁudﬂG-a cl osed position in which refrlgerant fl ow t hrough the

bypass |ine 16 is bl ocked. [0036]In the exenplary enbodi ment depicted in

FIG 2, [ ving a

sucti on 107023 BRThARAAEN Bt i BIPS, BE R RaR il Ry SRR AR O

openi ng anmkayaﬂmdanxmmﬁsnﬁuduanenpﬁﬂgsdmaxsdmggn@@ ﬂheh@mﬂwhesslon

chanber t he co 20 may

o at o P4t EeF SR BEREE il S0 R e &0 R PR SERRLAESRN R &,

t he ref riigemadiatevhpges coanptlessitarsesyns g Rk pansion dev1ce 45 and a second pass 64

interdisposed in refrigerant line 6 of the primary circuit downstream of the evaporator 50 and
disposed in heat exchange relationship with the first pass 62. High pressure refrigerant vapor
having traversed the gas cooler 30 passes through the first pass 62 in heat exchange
relationship with suction pressure refrigerant vapor having traversed the evaporator 50. In

this manner, the high pressure refrigerant vapor passing through refrigerant line 4 is further

12



10 further includes a refrigerant liquid injection line 18. The refrigerant
liquid injection line 18 taps into refrigerant line 4 at |ocation

downst r eawpab11tdae76f7l ash t ank econom zer 40 and upstreamPofT/usk@opsiingr y
expansi on val ve 55 and opens into an internedi ate stage of the conpression
process. This, the refrigerant liquid injection Iine 18 establishes
refrigerant flow comruni cati on between a | ower portion of the separation
chanber 42018d addBe fowasbssb@RKTi G QIPAPhssTHY 1R0EhABHoBBl IR idltRrepy eSSur e
stage of the conpression device 20. Aliquid injection flow control device
53 is i nté#el-sposed in refrigerant liquid injection line 18. The liquid
injection flow control device 53 may conprise a flow control valve

sel ect i vehoa1pos it oA Rren RESIMEIIpRE BRGEeRABlalsh Qe 1IMBEX Ednfrol §hemger ant

liquid flom1n2¥ pass through the liquid injection line 18 and a cl osed

posi t i on ORABHENAFRAHFLBITANED [ GoREPTNSHRCERPLYAGRC THEECFA8E YaPger ant | i qui d

i nj ect i oRehbR&idBiybBmAlOCKREontkdl s@ferd| e RUAAE MBoRTROCHIBR ormidd€ meef r i ger ant

liquid injection N'ine 18 taps into refrigerant line 4 at a |ocation

downst r edlfsitstl maqe of presion ghwhiele rRiasedhe wirigerdt VAT pariiessionsyeh i) nar y

expansi of, {3l 6, Al AREIStribHh Pord D8] Sl el Rts! Hhiflnt 2ondRfont BEs RELA! |

conpre5503628¥ I n gh eﬁ@g ing%t, ?hegpgéﬁ#h%?ﬁject%gng$#kgbcon??gﬁ val ve 53

conpr i sesemed syotepomictaion paahenni As mabyenpfnal practioppbe saitroler e lalgo

posi tion ' . Bt posi ti on.

[0038]Inq%%gbg§%%%%?%Héh%%%?%&%%%B%%d%h@q?%EgFg%%gﬁ?ggggggaggﬁpression

syst em 1Qecldepl btawns mrdailihut the sysigre ¢érinomitofing efriohgereaating papoctesby

refrigeration liquid into the internediate,.pressure . stage of the

corpr sss T aedts sl Srbab Ll rREL 2P S FRRLEE Bk e ey ger an

vapor or imcdide] ggewayndf ek agpie tut ot bmittenr £pressgersamor pesdispogediin operithve fir st

conpressi on stage. 20a . nto the second conpressi on stage 20b of . the

conpr ess iaﬁsr‘?ma‘éQﬂg‘?f‘éh %ﬂaghta?l‘?%ogml ‘@rt Serérlg‘f)tgla PIREHTe %T%%P e SPR¥94°Ger ant vapor

conpr essichimissy 82 eierhPerstafi seiisofl 103 unkfla@resure kddp @AY it sexlsidg@hd de@r@emit vapor or

refrigerant,li%%;d into the internediate gressure st age gf t he conpression
0 t 18

process WOl CEAOUB AR PIERBE: 5yPeriyde fRhh egPeRaiiEe sasqr il g it PENSr or t he
refrigeragdsot 106UbEschdih OretllRrHOMMNRSS k@beeMaT BRI prodsuichRspeh@ly. 15ompressor 20
through the internedi ate pressure port 26. [0039]Liquid refrigerant

col | ecti rﬁranspﬁﬂtrﬁeg?rm@rapa&aﬂp@nthéﬁefflg@atfqna@laprtcaﬁluereé%@h%yﬁﬁemaWéSOpasses

t her ef r o ke QUARP - & isGREAT7 thi RBsifle AR & nigcBVEE §€8e hiPfeulhind® Me €f r'i ger ant
circuit expansion valve 55 interdisposed in refrigerant |ine 4 upstream

Wi th respeoratey fraaf the garge pirace Pmndimaydsognciystssarsors (B0 shoxmderi s |1 qui d

ref 1 981 i bl AVERRGR oblborbhdioRXRRRS! QAR SRR adooPAPRAHSAR @ | Over
pressure and tenperature before entering the evaporator 50. The evaporator
50 const iandihesiddy.rigk prgerassnsey $Yol 64, il fgmhe bt caxchmngeaeressure sangdrs.whilc h
expanded fri i n_heat | QNS ith the air to
be cool e&,g ?%é%‘?e%%ﬁge{ﬁggg‘?sﬁ‘é%ﬁa%@ tlh(gégﬂ %%?%%géog%g%f ?/%1 I@%ﬁ ey super heat ed.
As i n conrverhiionblemper@actd eesord, wehps forexkym@x phamsbompleabvibernbstomt er s t he
refrigerant flow through the refrigerant line 4 to maintain a desired |evel
of super in L1 ger r j to ensure
Chat ho. 1l o g R e R R R O B or * The

| ow pr essunteply gferatige phtht corapossidnelgvica2, oheragwag dlrcalba(s) Biasseetatrdngitit hr ough
i st conpranssin o sk e halg B Tl a b M TS Re s ar RS
depi ct ed evapokdi€s.501opeeatioh of hidy@irsdrg tipansiomdesice 33, @kratibeoltbe sdcbndagnpr essor 20
in the enbodLneBt.dqﬁicasg in Fl 2..#004@bln th E?bodinent ggﬁicted in
FIG 2, tRETPEPFPgerant VAFBHOR BT SELYHROSYLBTE -7 REPRIHES" 8" B schar ge
pr efs gr thﬁ?tﬁélﬁ&dueﬁbyMﬁ@sSllﬂieecohgaIﬂer eseC hl@m@ﬁatrofﬁ@he pT)biﬁoﬁlﬁiglbf @& @m?geL 60
includes g first pass 62 interdi sposed in refrigerant [ine 4 of the primary
refri ger AHECHOP Y E]tigf‘ 3 ek guirdgiesion ‘{‘)“ﬂ"é Sga %B‘H’Itrtglrlgzﬂﬁgﬁﬂﬁu‘fnﬁéhes‘@l%ﬂndar y
expansi Ofnje@ih G&lvéa3 NG BesFEAN RasRcBAY RaTeHSPOReMn VApsab hh@efoant |ine
6 of the primary circuit downstream of the evaporator 50 and disposed in
heat exchnidash (48K SeangrmasT 0 Rreugh rHELF I SRPOp Hyectign lingf Afor ipjcsdanng an
refrigerant vapor having traversed the gas cool er 30 passes through the
first pass 62 in heat exchange relationship with suction pressure
refrigerant vapor having traversed the evaporator 50. In this manner, the
hi gh pressure refrigerant vapor passiﬁ% through refrigerant line 4 is
further



cooled and the | ow pressure refrigerant vapor passing through refrigerant
line 6 is thereby heated. [0041] The refrigerant vapor conpression system 10
al so i nclwoestia4emnt r ol system operatively associ at ed t ReTas2e10/052184
controlling operation of the refrigerant vapor conpression system 10. The
control systemincludes a controller 100 that determ nes the desired node
of operation in which to operate the refrigerant vapor conpression system
10 based jMP@RdeRNSdodor ab cOMpRfsidngfrbdege by, RadnkaRE (08BiRbSs thanbi ent
conditions and various sensed system operating paraneters. As in

convent i diaid ipjeiiopjvalve 53 Heanoppr pottioarfonglyciyedorarmitingresisotni vyl Wensor s

oper ati vely RsRe ralfdnicbohing ©Rbh M kil 80 RN RL8RARRA 33 Sel ect ed

| ocations throughout the system for nDnltorlng various operating paraneters
by neans igfctipainte g inkamsdats Pispuraitisesll he9RpEesAeERIowss: HntﬂTf?eFI@oht r oI l er. The
cont ol SYBhEMAE e BRHHEL1008sBYir B Y BMRYEoL ind hoat £ 81 1PN

pressure sensor i sposed I n operative association wt e flash t ank
economi zeﬁlealﬂeb@pslethsenlphévqéveeystg bepasé tefiigeranhBowap aremicdinteghenbestag?, a
tenper at %r %81% 331 Oy 2290 fhl %%S{géfsgliﬁee{%sl%fck ke fsé%'h 7§80 ?bﬂﬁet he
refrlgeran suc enperatur§ pressure, respec Ive an

t enper at mompfemodevfb@ 30 athen 8 ipdesissiup enloahthe first O6gd ccfrthesc&)nmresgon éémceger ant
discharggptenperature and pressure, respectively. In transport
refrigeration applications, the refrigeration vapor conpression system nay
al so include a tenperature sensor 107 for sensing the tenperature of the
ai r retul®i43g tdnt@e@mymphnanme\ﬂmoﬁwuﬁég@amgmeFac@nﬁﬁﬁlammmm@y sal so

ol ude SERRgNSRANOLy SRRl RALELSS) 09 ATRhERE Lude0r, condlfgns,  such

as or exanp arr enpera ure an gpressure
sensors bﬁﬂnﬂ&ﬂﬂﬂni@ﬁomﬂyebﬁmﬁﬂ@m&@iﬂ@mahmmleﬂﬁuKEHSQMSﬁmﬁhnﬁmmm,aS for
exanpl e, re_t{rapsduc an t he t erature 3 105 may be
convent | SRR Stip s bl dowgmeun & eirend gk gt los or

t her m st glash tafﬂe&MMha anfougt the kefA @Dk AR SH@Sioh hﬂe Iﬂaetrﬁ tﬂieﬁ@ﬂiguﬁdt fromthe
vari ous sensors and cintrols operatlon of the egg? %SSIOH devi ce 20,
y praroflgs 19

oper at i ondBd IRiFGiondige 4y, repeciivelyc gy e € Feribons ekt hesj ect i on

heat exc @ﬁﬁﬁ explhsidRRYia 59 rﬂheog‘ecanlagfyfe@ﬁ&n&bn S4ivess Qsd abeekivh hivatigon
evapor at or oper ation of pri mary expansi on device 55, operation of

t he secorfdaf 93 elopraindibg HOH@W&& Valses ricrd S OPARESH aspoctasl villthe on nodul at i on

val ve 23 .8fnoBRRY ?éfh&@ar@@aﬁo?ﬁgéé%ﬁ ﬁﬁla' B Jnﬁ%&@ﬁﬂnl%ﬂr&ﬁgerﬂl%aﬁﬂnﬁjé&ﬂoher 100
al so controls the positioning of the vapor injection valve 43 and liquid

i nj ect i ofingAB.vespsaivelyhere sensesanlyldepigngdao polyiseal ond bippleallmfsigeranhflett i on val ve
43 in an tl??l%%ﬁﬂ(?a 1%(&09% 1RE 18 8hPHL | Hftﬂ xﬁcfaw& LRI RELans WRRQE to pass

fromthe econom zer 40 roug rige Fant vapor injection |line
14 for i rdjlseeie'd ('unreﬁlﬁemnahne 4 lmsafeamadﬁ the ﬁaSQtt&ry@cmfomlm 4@.0mp thegwinewy pr ocess.

Simlarl )éf‘li’ Ql% Gt Lo ]ﬁocpsﬂ?)g)e%ll ih {%"ﬁ“ erénfﬁ?i?é 4 8<‘5'w19suje£}%l SF&legn A, 53 1n an

open posi for se éc I've perm g rerrigerant Trqui 1o pass from
t he fIasﬁdbammkmdbhmhnuefngmmtﬂow@gﬂxmeﬁglgmmahmdbodmtdf@nmémtmen line 18

for injecti.on into ﬁ% ure stage of t si on
process. ey e B BRI PR B I R e Sl Fef Y TBAET o1 o' ne
posi ti onibagvesi th penmianl a@shsivalvdie 37 ahdths edcesdaryvedpynsi@evalvelds, andldaad val ve 27
to bypass refrlgerant ﬁronuandl er nedi at e essuEe s% g Ui g?h
conpr essi'ORCGEY PUEOB LAY OLTGH 63 ARSI Y BABK! o TIE BT Or"Si de of
t he conprpssiogfoldamcsss, 38, WAE reffigerdns radRIShIR thid 9016404 pattetvhuld bd ®dppsd age of
t he conpression device 2

during standstill. Slmllarly 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

14



[0043] I n conventional practice, when the refrigerant vapor conpression
system 10 is at standstill, that is when the conpression device 20 and the
fans 44 awo 28t/@p®7not runni ng, the controller 100 posi PCOAS20108521ap0r
injection flow control valve 43 and the liquid injection control valve 53
in the closed position thereby blocking refrigerant fromflow ng fromthe
flash tank econom zer 40 through the refrigerant vapor injection line 14
and the reefforg6 amiehheil 82 b @etst&ten tﬂoaeaa&t valR3Be Al Y&liYerafidélidehonal 1y,
the controller 100 positions each o ri mary expansi on device 55, the
secondaryn@%ﬁﬁﬂ§¥%WP4ﬁ%WRﬁdﬂ¥t“@ﬁﬁi@H@g§ﬁégIBn nodul ati on val ve 23 cl osed.
The flow control valves 43 and 53 operatively associated with the

econom zgpo4uef r ingehafion VRME keftifiraf tir@i ddwhSirehfh ittrel 81 © GONSETh# Slow
refrigerant vapor injection line 18, respectively, are necessarily designed
to fully osghgre &a%ralmdleekar%ﬁ tuttetetfrthw%twpv gwitemlcag HPiam MEdgePESNe | i nes
14 and 18.prifos flowf ofttlhlﬁse%ﬁ%(j:@%%sﬁﬁ RANS 1 ON rENEL® hérin WMOoH-Sadbsposed in
refrigerant | ine 4 upstream of | ash tank econom zer 40, and the
primary épaierHAt dEvit. cehﬂs(a)eratmg @ﬁng%ar@p@pfeseefalﬁtlng farfng; O@erratam injthhe 4

downst r e% ﬁil of ﬁlg.réfh gﬂ it Z%((t’endfcn lb%:ﬁéve@r? I@fﬂ Qlt(aﬁgha?% o€l J gger ant flow
t heret hr an |so poc | orne ere erant circuit that
i ncl udes cplmereﬁsliqsdmca ﬁQ agfthe trﬁre Oﬁ@lﬁtsmndaﬁ ex;eflmngeql@rfﬁ if jofgared to baeined

bet ween t Y r val ve
25, "and T i THosSRRE R Uk S By B HRe MR SRR A ERRARRLAN E
respect mapmehrmgemamtﬂ¢Woﬁmopnmh@wﬁpmmmcawwc@5mwammaannﬁuhﬁsmxﬁmy

e ARSIl SO AL BB R Pl EPRREL 09, o
nodul at i mﬂredeaSItlﬁreloﬁz&lcfeLdf Itly: rsfé@éraﬁmﬁh:thlt otie c@bﬂahﬂ@fefn@ﬁhﬁpltssfﬂemmtstlng
therethroug a second i sal atfg F cket i .S forne%riF the refrigerant circuit
that i ncl/JRBECRFECOBYLEE PATISR Of By Filyeraph firqugicrieadng iR ey~ of

ref ri ger aRpankiof @alde 53 ddvehskeinveane fehegepfnt £y QP ANEE Qiinflexiosdeilbe AN t he

i nl et to,evgporator refrlgnéant coi | and _t he portion of refr| er ant

line 6 |y seEREHD ahbe Svetidt OR?Fat‘ElﬁBres%%pjatﬁé)t)ﬁtﬂnroéfqelpﬁéta&’rﬁ 61t 52 and

t he suct icﬁannlgﬂfgldatvhgftamatluﬂe%%ct t6\RYri @il FERTRMHe sE@alHAEBEpahflot Ml 45501 at ed
pocket woul d be tragped during standstill. [0044] The portion of the

refri ger #AY URSIENDMthdRRPE £4 et How ekihe s9coRdry RPRRSEY e SPIOBVHISH 2 he
refriger %@Efm@éxﬁﬁt%éﬁ&nﬁ%&%&s&ﬁe i9h rén@@b&%&?{tﬁesﬁ)kxpﬂdéj@p\étaﬁﬁg glgss%tfhdanﬁ@t?et reamw th
respect to refrigerant flow of secondary expansion valve 45 is referred
to herei rlin%ilsmtmeﬁnggtpr@tsa@ orid ip Wéﬁffﬁ‘éfw hgjeinanen @iorpediate ofRlingEEsaHIpng
refriger e
refrlgergﬁ%sgf?@Eﬁ%%egﬁgiﬁhg%nﬁgfﬁggﬁﬂﬁﬁéﬁég$¥F%gyzﬁ$”g?§&ﬁgaggﬁ%gglet of

t he conpresgiobmwcoelensec@Bandt thhbighnidebpaitingreessgeshdafngesmpansndr val ve 45
IS referr [ t [ r T portion of
the refri g rogan rr}g}l?%&la?ﬁl 3%195 §r§u d%ﬂ%‘%?‘gr%g‘tél&‘p% tr%fn%?@#tl ‘g%hrl% F fl ow of the
primary emmamsnohnM&k@boﬁﬁeﬂmmtmmsmneamnmmmhwda&peemnn@meehmigerant fl ow of
the refrigerant suction inlet of the conpression device 20 is referred to
ner el b 230048, L oM Canh 1R KRHLIPTANY, FLIEHE buopafor ARELAL: Ot 52
refrigeran ressure existing dur 0 era fon iRt ort on o e

ref ri ger aimtshell picie tlashxarrvdi amg ahy wmzltrhfetgmntrmmym&wpmmow onghe/lew55

dO\NnSt r eargs'g (%e g Q@ ofrtﬁe IS I%I‘ n ta %P((J:tnll (%QSSIOQ SeS CI11 ?0 are%e r eCSOS% ! deVI ce 20 I S
referred XS Her'ef i 'as PowthsT de Bparaci " pr &sstt ?% portion of the
primry nemgmgmnmnmnepnnMMmmhynmgmdmmmshﬁgamnmumhmﬂﬁepemmmhanQéamgerant

flow of the S& nS|o val ve 45 upstreamw.th. r t t

e v ger dMtTeRTGN o esaE O BEGHAAIT bk St o o RGLASE Mg b P RE Ry

refri ger ad propercat ihd el @SS Wappddiviehil tihB gﬁlabﬁtpba&ﬂ; tplblealtyemeasékeduepgr ating
pressure an&gﬁhe hi gh- slde operat|n9 sure, and is efer%) to herein as
an i nt er rEAFHIEUG fedt iR g eEnd fpmpera ‘Els heggforgy{fie DBk G5t 108 teet r i ger ant
vapor CONRFi8&atPReseiMS Wahin I isd18d p&kEd 98X RBd theichkthimbMRIed@Spressure. In

cool er/condenser coil 32 is at the high-side operating pressure, the

ref ri ger AAOTINEQVID phasPes) 8pbe élftVSt*tl%thF refpegrant XD RRMPrEtHaHEeB B at i ng
pressure, and the refrigerant within the separation chanber 42 of the flash
tank 40 is at an internedi ate operating pressure. [0045] The tubes defi ning
the refrigerant lines 4, 6 and the evaporator refrigerant coil 52, the
shel | of the flash tank 40 and any otheér refrigerant contai nment structure
on the | ow pressure side of the refrigerant vapor conpression system 10 are
designed to contain refrigerant therein up to a sel ected contai nnment design
pressure wi thout structure failure and the resultant | eakage of refrigerant
frontthe systent VVthln the afore noted |solated pockets the pressure of

o o, . a S



enbodi es one or nore features that reduce or elimnate the risk of the
refrigerant pressure during standstill exceeding the contai nnent design
pressur e wothiwn4ptee i sol at ed pockets. [0046] 1 n an enbodiPGEAIS2@0/053184
refrigerant vapor conpression system 10, the primary expansi on val ve 55,

t he secondary expansion valve 45 and the suction nodul ati on valve 23 or
variable frequency drive are each designed or operated to ensure that a
m ni mum fehPwuibas R totd LB iHaNEDu@or SHifindla R sk Jof bR MakMenGrasgd position.
The exi stence of a m ninmum fl ow passage maybe ensured by nmechanically
restri ct i9HENg WpdsEl] asdingghe eqpgaiagny designg Esiure w@thv&hwoi}éteé epgkesr by

provi ding a | eakage path through the valve when in the closed position.

Al ternatiygley, trhen thl%d'lfﬁéﬂtfof&Wr&ﬁ%ﬁﬁ@aﬁ@%orﬂﬁre@%%?ﬁ&nQbetﬁé pomhgal 'y by
the controller 100 setting the valve at a mninmumflow area opem ng when
posi t i oniCRRAPSIRE VHXT ¥ terreeprdpy G3Rsiop 3alve Foinddhe SRIQHBMFI20APYAIVE 23Phi num
fl ow passaggiesébad)dinve aRath d?:E élﬁbr\()ﬁér\d@§ t&élsulé@latgﬁm’ﬂﬂﬁﬂl fidy t he cl osed
positioned, a continuous open re erant flow path will exist throughout
the pri m@ayagedherpieuahexish Wb@nltntbm Wosathosns)@l dbeexigenck ef s mésimgmi ng.
Consequer,ly, ass%% mh}%%%&é@% ﬂlé‘ch'iﬁl&uy?restﬂéﬂﬁ rQf QbQR! ?’Wﬁe &ﬁ&%ﬁﬁﬁﬁ Wi th the
refrigerant ¥ r conpressi on systeml F hat ur al y equalize ur| ng

st andst i [vhlve dseakﬁpr@qlprdvuctmg mmlmges@hltmoughlihy valye wiggnhe thpskosed pesitioingh- si de
operatin shut down
o the sydPERRRYY I bR e YR aPR! iRl BEERRMIF T ShichBe Lo}

equal i ze sewngﬂneefqlue hi abfmnumm ﬂnwarmqpemng Wlifgpdstylpmgg tletwahfem:t‘héoshd gh si de
operatin fr| nt t erature prior to s. utdovvna i e

ober at| ngor BT EIaRn ETREPTMIRE B BF-e8 -TRE iR e g S5k

r ef ri ger artien aoiht alosudgiotiticadpoc@ihsoue npetnhefrigemmtsﬂlcdemnhi edbexie tlamghout

i nternedi ate ssure portion of the refrigerant vapar co essi on system
10 are dd QR BE STl A LR el PERAPe R CRREREnlr 3 he

equal i zatill@RaPd BSHUN 8, thé f&mgretaakpmsuﬁaﬂ&gﬁe okt QAPRF (UTRESHI0R sghioh Ng
standstill is elim nat? 047]1n_an enbodi nent of the refrigerant vapor
conpr essilBViE palrlyy fga iz c,lqn,ng flapdsatl 4o anpequiibrinm nyesyre fag: 1yis Srigeidy |

oper at i Vi &SS@RCdpafalifiprbsift dnBehefl1b@stieopdtititChranthe AxiS@EAN thuM RS SH TR rel i ef
85 is provided in operative association with the evaporator coil 52 of the
evapor at 6¥S!80. STHEATD; the relppaa (gepcrasir ol parglly ialie ©peP@tiye™ o open upon
and in t RgnRYSRt, Tgaalrylntgm)%tvﬁéﬁﬁl%lﬁg% ML peRihhRASRPAL éhilp%tu?@ﬁfﬂ?% 42 of the
flash tank 40 exceed resel ected maxi num pressure imt. Thus, if the

pr essur e sbytdevef aridghg @th o eYREHS i geirant @ﬁlppr@bllreapreu pgekdownf §p hang agpon

Ceparati o 'Ehe B iny R St PR OB LR R R LOn ey o

maxi mum peaos of éleIr¢fﬁi;¢ralduaﬁ>qn90®plassdmtsy$tbm 10he depigeed gregyunaentaksigh val ve

83 wil Le%geggué? LOSERRY: B ARl 58h RS Bl BREFAE dFﬁ%O&délief’e SO, cat i on

ref ri ger anhdwnidlys slembattd.om t he separation chanber. As the refrigerant vents
fromthe separation chanber 42 through the open fi rst pressure relief valve
t he ur g 1 E0B O of 301aHE. REKE LoFREIMAS ALY L ERARAL | on

chanber Eg&v\fl decr easé.g%gce tﬁégp?egsﬁ) © e sgparrgtﬁﬁon chanber
42 dr ops rdel ealve bikis rpmvidwdm «ppewsiwa:fsoctiiltmntwltlttheﬂzﬁshn&ﬂ( Yoraed swecend el i ef val ve
83 will close rmnatin furt ase of refri rant. The vent
si nk may PLesSul reEl f% ﬁrov%f:cé n-on eraglfh ssocslatI s w1t% Ee evagorator ?011 gQQq%OW pressure
porti on ekapohgorr5ef thgﬁrsaprtessumpelief@@mpf;@smpenaumtopm d;@nau@mthsextehe portion

The suct T aara MRy G809 GaTh1 e PETRST ol fodb 58 aql 01on

accunul athi‘xuﬁlIIﬂ@feséﬁﬁéSlSIﬁﬂt (§lc]s 1fﬂ{éqjm);urdbﬁﬂaﬁﬁge&nt Rapped tvithihlabiisdla@@mmuni cat i on
with refri i ne downstr eam % 3 ?ﬁ‘g dulatlo valve 23.
it e

Al t er nat iV ﬁ%uRP@ osre QK ¢ 1"‘6% s P wafludinghe g ch as the

at mosphe rs@pa@azeﬁoﬁ bﬁ@ﬂlbegﬁz bihge ﬂ@ghrmmoa&tceéa@m% pRUIRERT S xS mfs@m AQic as

illustrated in FIG
during standstill, the first pressure relief valve 83 will open, thereby establishing a vent
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[ 0048] The second pressure relief valve 85 is operative to open upon and in
the event that the pressure within the evaporator coil 52 exceeds a

pr esel ectwo 20416 pressure |imt Thus, if the pressur@CofUSe@bsyes ant
trapped within an isol ated pocket fornmed upon closure of the valves 23 and
55, and therefore including the evaporator coil 52, exceeds that

presel ected maxi num pressure limt during standstill, the second pressure

relief vahyes8a mMddonPRBRatishRISIY s@tAbh LBMHRE4BaniQ re RHS SAY hrbulhf | Ui d
conmmuni cation with the evaporator coil 52 and a pressure sink through which

. . . pres,
ref ri ger artchialyigoptmay st irpre hesspsrtionchamir| As she ralgisemel Velf fiogdPant vent s
from t he ;GyaRoh hRhbef 2 %hr&%h Ut HRsBREDIPNERS BE, 8hd bdsEk Wifkinv@e 85, the

pressure within the isolated pocket enconpassing the evaporator coil 52

wi | | decrsodates pocket enqonwagsinagbuseparafieriibamperet2enil genreaser Oeesithe Bessdicops bel ow
t he maxi -]B};ﬁ: MRS | - ' :

t her eby &léﬁﬁggﬁ%ﬁgﬁ?ﬁt eF’r %j;?g%sbg of fgél% ?%ﬁ%ﬁ%h%%ng?\t/ﬁgnf%&t :}(lhs %ny
const i t utrdichmalvngewildlossi thiebystamhinatmeftwithee xderpd & refrigentpteseur enlporti on of
the refriger . or 10N Sy h.as_the ti t he
refrigeran Cﬁﬁstrtllg}{(gg%%l\tﬁns rlgégfsnﬁ%l a[gﬁgrr%é% lgtja q?\gg%é ri Oétrl(gln{%%ﬁ 1’85{\}%8%{1% he
sucti on meplulcampssionedywtemB sudsasitihd postianatf dd: refmigilad link 6 downstregoowiton

communi cAtPo e Rat rger ek B8 astel e SAniore HETBRER Aroaul atf on

val ve 23.sudohatduatulai@logher vdrgel enth@im Kispegd aomrsh fhidicemannexd@rwigl  si nk,
such as the atnmpsphere external of the refrigerant vapor. conpression system
0 ae” i I DT B O T (g isd PRB BRSBTS DTG Y95 TRA F0040] The
refriger ank ny3ROAstGATR €8&hARIngYStIem thdath®ssHIR @G&ehal bf @e rditiddr8@vapsk t h a
total amount of refri gerant predeterm ned to provide sufficient refrigerant
Wi thin t KEMBFsTYsRMel: Hddestash el 4t ed operating conditions. As the
anount of refrigerant circulating through the refrigerant circuit of the
refri ger god48y apothe GEITRA B@Sdute B SHRBRY ardpesitivd blopéhepoaped at the\gveaomsti ti ons
to which the systemis subjected, _the refrigerantf vapor conpression system
will be é??d?rﬁséﬁeﬂlihﬁl ‘ﬁ%?‘@‘??réfolr F@E?Qa‘ﬁ‘tce dﬁéﬂ?“i%‘éle‘é%‘{ @%P?l\g‘ﬁmrpéﬁ'ﬁ‘?r? EH“tunder sone
oper at i nghGQMdhé he8Sre oFMIE gerhikt tlaSpe@USTHHTEY iYolhiBd PEcRY (e BB EiBfury&issel i n
the refrigerant circuit for holding excess refrigerant, that is refrigerant
in excesdioReheé giotmtrdhergiorcigrlading fercstnoreican o2 fgeeedhidar messiepiedvai | i ng
operati nQna%ﬁﬁQthe%%e lith#d dbrfM SBETHI, HeXe@AD BRL MR BerRhi1vE BS Wighpdnger ant vapor
conpressi on system 10 depicted in FIGs. 1 and 2, the flash tank 40

f unct i ongheagbysiablishing apentguapsagin Eudgonpgumcafipl yih getevanomterePliSgandnt vapor
conpr essi ong5Y ShefBoldA by RAULRRSdnhiy Ve L AR ARk QoflissPRsaEl et ween the
primary an Ssecong‘g?% téprans]?%n I(]*Jtev%yggs, a suc?%l ont%cgur?m ator (not shown)
di sposed réfrigeredtrvienfe framtth&evdpamnet e@bd thfoughhdie operl essof relige vavagottat or coi |
52 may b i S. I l..fO r] ety I he
pressur e% %%u?éé Wﬁgglt%elgagg? I)(&%etre\é?%ﬁ agsgrl%ﬁilf’ f%%a P %’fﬁ C{)lf? gimwg ﬁ(ﬁee%%éssef ed mnc%i nder
abnor mal degmelistie svithinothe pwboliage cahi2 dbperelivs te lnealosuni pessutdlenisyist em t he
refrigerant char. y,.decrease to |evels | r than the.required

ot r1 ger dResEhAHICRAS TGRS ER0 Tukhy  Ebafot BB R AR 1 e
encount ervegt.sinAl hgrdoadtave hiy intethil bink, saetr asifeeexaimplehdow efdssugep@ton ofapor
pressure system 10, an ampunt of refrigerant . or charge can. be inproperly
hdded so THA AN SPRRTO Wy DU o TG e RGO ef r | gor ant

[ 0050] I n dawnercb@diitEBipectith & fEQMnt Ablver thtQGctdasnddarteapdil 13, hyilledradat ect i ng
whet her the refrigerant vapar conpression system 10 is inproperly charged
(e.qg., urtBElEHarrgeysionscesid A npshene chothibiessl (g shaynd dISPesd Nyt r ol I er

100 uses hulitconfaRdibehith 888 @int RhES S0 R wddifl of BEMRYiBH Hb8ulddonB@URIBZat i on
during standstill, to detect whether the refrigerant charge level is |ow or

hi gh.  The\EEREYAY It veroanlgy erstipisan saREaESIEG SEahias deiagRosPeere Pyepaint
pressure and [{fie3RNacd BAPRLIGALLER 0l iiIgahRRin feTperature to calcul ate
the standstill refrigerant densitfy and then conpares that cal cul ated
standstill density to a predeterm ned reference density |level. The
reference density, calculated as the total refrigerant charge divided by
the total volune of the refrigerant circuit |ines and conponents avail abl e
for refrigerant storage, is representative of the standstill density of a
properly charged refrigerant vapor congression system 10. For exanple, if
the calcul ated standstill density is Bélow that predeternined reference
refrigerant density level, then the systemis undercharged. In one

enbodi ment, the refrigerant charge can be correct or proper when it is
within a proper charge range. If it is




measured to use the evaporator defrost heaters to heat the refrigerant in
the evaporator coil 52 during standstill, the refrigerant tenperature
measur enewoO 2bo/@@e7eased shoul d be taken sufficiently di sPamfuskelomsithe heat
source, for exanple at the rejection heat rejection heat exchanger 30 or at
t he di scharge of the conpression device 20. [0051] Al t hough exenpl ary

enbodi nents described herein for determ ning proper refrigerant charge

level in [@ozuwrimg&aﬁ%ery@wor@@fﬁpﬂemsgaematisemafg@&,e.ebﬁm, drgatdied with
respect to a standstill period follow ng shut down, enbodi nents of the

appl i cat iAURira reifiparane PredpipIntipabip @ravslosatiicsasrelitperint ighie iy egugpdge. g.
COMPr €SS GosPQhtenHIdf opRREh AL ddliond. ORSEL b ol At Feli@RranPERAUMLE thrdifh the

enbodi nents of the application, the sensed equalization pressuré and/or the
sensed edefaRéranicirerit ofdhprefrizeianeyapancodrgeipr pysanttries Wit greopeisited bef ore

the syst %Hﬁdié%ng?mhﬁﬁ ﬁleys(\égéﬂf?é sjugj%gted,'ﬁ%r LR & oﬁ&%g?e%él&? seAHghizat i on

pressure can determn a prescribed tirnme after conpressor shut-down or
wel | bef chagglsittemorgeiaizeraat thans adtmllynequand oalensmie opeluting erslgngqual | zat i on

tenper at 4j g ?ta}ﬁc&?onga?} o .ngega @ﬁfrﬁf} g{:}g%l E‘@m@?&ﬁ?ﬁ%m E?%ﬁt%lalpollc%né gpgrature in

the system such as a sel'ecte ure on pressure side (e.g.,
i qui d reéfriggentathbt it exfigoeerant inreacat of the amodrdt ef ciclulatihgretigedan e the thavi ng a
known rel ationship or correlation to the sensed e | ization tenperature.
Further . TN SeneRy e GaTos: Mo eRer S e P ap fo e BT TR0 g a

rel at i onsbmpreboresysE@siOrdapiced irelfoRr Birndr2e tHeiRath task €Mfunttionahs dedfesr m ned.

[ 0053] Rat her fthan.ex%i citl %, & |.cul ati ng the standstill refri 8er.%nt

densi ty, "EHE! [EoHETH PR Eo ﬁﬁf’?“%?é%“éf”?ﬁo EOTPINESSIOBEY UGB M TUPREF 08Uk at us by
conpar i nglath@nis eNGisshs@obtal ¢chald @Hindrehid @esnanty cRpSSHUHEVieRta fuei@Er at ur e
values to a preprogranmed set of correlated supercritical refrigerant

pr essur e AaRHNULe B SBAUD HEPEIFd iR P asFARE P 4P WiRsyreRr of e optiPE e RYAPORHOT

properly 6113 gRd bs Yl RIB asThBurfelesdd] 1Rtk AR rSHP BNEd prbdseRlrell@f v ger ant
pressure and corr e;tpondl ng systemrefri %ter ant tenperature val ues
T

r epr esent3at $\igleate refrigerapdrany the pesigeandsy @W%ﬁ?nq;gmé%ﬁfrégﬁfaﬁhﬂ%ﬂww o the
menory ofi. fhgomA &yQkehmehe 1R @sht andFBPmay McfealBh MQM1s IMAG 1S thd Rgdik@ density

cal cul ation enbodiment or in the map enbodi ment, nmay be enployed in
t ranscr i tr¢foagrantehariggdyrmgtoporappes conditpnetbatingry boyesrasplly bervapouaierasnl y i f t he

equal i ZatAl%ﬂlaﬁ@,t uieiﬁ%&ys%éé &ﬁheolfefrgglsa&n?ﬁag% SSQI% st&fl 16,@% aﬁﬂ#_ﬁtloif zation

pressure excee ritical pressure e refrigerant. e controller
100 rmay irefpkenmnt changescag hangeoptetyeddddon thaetheogstas isovprleadsd ar¢ontagstioor a

post - shut down. dieshu:.

[0050] In an embodiment, the controller 100 has the capability of detecting whether the
refrigerant vapor compression system 10 is improperly charged (e.g., undercharged).
According to one method of doing so, the controller 100 uses the sensed refrigerant pressure
and temperature at equalization during standstill, to detect whether the refrigerant charge
level is low or high. The controller 100 may use the sensed equalization refrigerant pressure
and the sensed equalization refrigerant temperature to calculate the standstill refrigerant
density and then compares that calculated standstill density to a predetermined reference
density level. The reference density, calculated as the total refrigerant charge divided by the
total volume of the refrigerant circuit lines and components available for refrigerant storage,
is representative of the standstill 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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WD 2011/ 049767PCT/ US2010/ 052144 [0054] I n accord wi th anot her nethod, the
controller 100 uses selected systemoperating characteristics as indictors
of the exwerendoddsl? an i nproper |ow or high refrigerant PCRAISQ&E0/032144
i npl enent this nmethod, the controller 100 operates the refrigerant vapor
conpression system 20 in such a manner as to cause stored refrigerant
resident within the systems buffer vessel, whether a flash tank 40 or an
accunul aty@lasdré&Po uSH@WRYapBfatdridk@osd MG €0 He® (BOreRBCkant Ml GhapsittbAtdio? t hr ough
the active conponents of the refrigerant vapor conpression system for
exanpl e tIHENg ¥4ds e eTpTsernt PRPERPTCIRCINEETCR X Pratge phol! RsrialieRe ref ri ger ant
heat —absqylcQfly MS@ht RAEMRREE Solr&Y ARALARAL ke (BOrejelibh RdapfaRtGdn 1Rk, St Or ed
refrigerant fromthe buffer vessel into the active conponents of the
r e; riger &ﬁ(thag@féaiot atﬁlegﬂlmara@@f)tfrpP@@}frﬁ@}onfd@w%%_rrpl e;]I by i ng(r) ea;i ng the
refrigeran i scharge pressure fromthe conpression device ; by
i ncreasi @Gt)stlme rafHoL gesx@BblaR &85 fent Ut 3§ MAPANTG Rlerming Ropek NSt ance by
activating the evaporator defrost heaters; by increasing air flow through
the ref rirgfeeerant cherag levejine ritagerané 4poe RePRIAYEN s3tem byverhseruddseigped vath
val ve 25 B LB AR @ ool (ASADIE: RRACRRRAKAER, LR SSCLER MG, O
conpr essapplicalelguepreipds whenthd oaatiresgort(he., fompresset Ay es ROapawdtinghe conpr essi on
device 20; or by pulsating the conpression device 20 if the conpression
devi ce 290(55%% a dj gidi@dn, f§é‘c'bRﬂiﬂg t%mlbbcﬁﬁleﬁ@%@%ﬁ@i&atﬁﬁ?é&@k&s&ﬁ eqla%uago@ul sed.
[0055] While the systemis operating in such a'node, the controller 100
conpar es Psshuwse prsldorieassiyed dqunfigatomtapreraive gep kehdetcamined psarpeaximatedh t he val ues
for thos ; I St repr i f i I simlar
mode of - RaraaraprE S RRLED| AkyEse ARERRIL I D calBFLEh Aol LT
| ess t harpedhternnegt eyestibed twae afalr gaspressheshuefovmgarenttbethrasygenwi t hi n t he
systemis low. . indicati a loss of refri.gerant. For exanp th
cont rol | Sralghion it Sk ealadcat BP sttsel Sippligaiion Hpinefitine e Epmetty
char act enesingaaotaer hdaeursidé enipechtah arthe fystensducic s 4 @fectel @nurqoos en die
i npl enmenting the disclosed.charge gevel detectio rocess: the ampunt of
evapor at PRI EE SF St b uEr P P EP R N A el o PR 2 b s s ur e at
t he eit h&nowi rddtienitgasr coxelaasgeis s3hked sGuatindioh hendegire eF@thes ulkceadeling; t he
conpr essor ai‘,%schar e tenperature; the tenperature difference of the heat
sink f1 uiCAUaEFEPOCRIpREAISCRR Begsdiete 45ps # BjAopshon O Rtas R LPEFRYSD or t he
t enper at YR isdnffi.ene@n@feat he heat source fluid across the refrigerant heat
absorption heat exchanger 50; or the operating position of various valves,
o the sUBLTEn MoutT Leh srrodbelusith yap S RETRALE bRy roesTer o one
enbodi menty nfahdee@ihé Ok k&rigek chase dtitadisl donParihOthad sdieiRequliAtion Oper at i ng
conditions) that will drive refrigerant fromthe refrigerant buffer devices
to the sy Pé‘?fﬁquglrﬁﬁ‘}ﬁ t?@??rﬁﬁfet‘ﬁ e%i?fafﬂé?m%@m@é@ _§F)t _.Of PRBTRdEpergificpl r _
d?VI c ;9( S )reﬂ(rj@férﬁlﬁtpr@sm?% %ndﬁon?ﬁ{ohéﬁﬂgg}?f&n @hb&hutd ARk _Iﬂdwati&&{f a%?gﬂ?per ating
at set conditions), e refrigerant vapor conpression system s
over char geyew %Yﬁte%lngIhP g BT %éedtS@?Wétf%ueip;ggEﬂt RIREUEEAT FOTORIAEE er ni nes
E he buff %&st&?)’éfﬁgerérﬁ (tje%%ﬁél;al/unj@(1al{i«ﬁfréﬁr&%{l@meldg%fp%p%ﬂg e e%ts!yﬂgmhﬁ? rllater ansition
e.g., operating conditions), e system i's ‘undercharged w th
r ef ri ger araprogrammettiint thihymewpeyrof theecopipelter 1 9Gassi mapo nThismetheds waeberip thewhen
operatin ~ e f i -t he
controll glﬁ’ Rsi%%g%lg%@dr?rlgérﬁqoglrﬁé%l h%rqggllgt e %Oglg/ﬂse%‘ g%\ég%g%%@to rcﬁgﬁg}g%}qgﬁagh as
super heatreffigergnt, vapyr coipressiapystame whewor aaty) if thegqudlizathhe ssigpie phieide ot ue i s
hi gher ('29‘?§£9do%@%9 (e ﬁsgtz%‘f'o trgg%urg%%c%%? tﬂ(?&hoﬁodg §23F ab NG éé?&tem 10 is
underchargpe (overcha;%ge 3 W th Terr gerant . '[CE) %ﬂln an exegrp ary
enbodi merte odnttolies1 0vabdydohpinedahs chirpgdadiding smethew ed a pm-saurt test or a post-

shutdown test.
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refrigerant vapor conpression system 10 that includes an econom zer

circuit, for exanple a flash tank econom zer circuit such as depicted in

FI Gs. 1 awo2811/ibs7control l er 100 first cl oses the econ@graseonwapnd
refrigerant injection line valve 43 and the econom zer liquid refrigerant
line valve 53. Wth the econom zer refrigerant injection |ines 14, 18

cl osed, the controller 100 operates the conpression device 20 so as to

i ncrease [Msaﬂ r efih h@SrEwih SoXeh Ae®8d RRESHHOEor 180 dsek GIMERSyEBE opReMing of
suction nDdu ation valve 23 (or adjusts a variabl e frequency drive | f
necessar yharpgerisies asitpdictam of fiesekispgel gp B8HOPS 1ovagr Iieh reffasesmbeiiasp 1o t he
”ax'”U”‘Q&LE%@HRESﬁhﬁBHQBQ&nﬁﬁﬁéﬁﬁb%p&ﬁéé&elﬂﬁ<9£§Qﬁ£9c&£1%£Em%9§&h0n

nodul ati on val ve 23 may be reduced down to a nininmum openi ng at which the
sucti on pPeéssnghe nagneitas & e sared r&frlg@mbne@d@m atithorthpewsy kutfer mésselThe

contr ol | &fhe3fs AhAWRRANS uf AELBYRRS Fnol Blossh) Bl uettal 98d bl ifibr st stage 20a
of the conpression V|ce through refrigerant line 16. The controller
100 al so copdutameakrobgt the adtire famp@pnB4f dhs s dapr comprssidneasterexiohanger 30
and the f, i n roller 100
may al so gﬁﬁﬁéggﬁjégégégg%?a?t5%§%%%%¥%@%%3§ f@gégg%%éggggmﬁogggﬁhomn)

[ 0057] W thbattehehasges ( @apdrion per ahe tllglsfem of heeairmﬁmmarmﬁomehdaﬁfer vépedl intd he

U O e e A A LS e AR

suction iumzlrﬁhmgﬂletrbﬁgéﬂaﬁt&ﬁscﬁﬁg@ple&ﬁtedfbrﬁthagemﬁﬁém(ﬁlfdebi&eQOOﬁpﬁ(ﬁS@in@n devi ce
20. The controller 100 al 0 deternlpgﬁ t he dzgree of enln %
evapor at O1¢ TENISEHET BFSSYg Iy Be SEPRRIPT AL !8T BFtaRgy §8€?P8%t 6ﬁr9%lve 23.

The cont mei®rbylidGeSORINAITRSY thhﬁgl(itlﬁ@éfﬁgéfhrﬂ%eat@é]@d’tﬁﬁhaftleﬁctﬂaﬁg?er 8@, tyhe
correspondi ng characteristics representatlve of a conparable refrlgeratlon

syst em t Kgfucing thegpirigerapifiayerdte. lor isignes biingrrtipg feisydio modeldenyerlyeeddel can be
det er m negk adfusthi@¥hé eeiﬂa%ﬂe%e@ﬂéncg BRIy BYRling tRe tdMEHr&RE At qbéncl 1y det er mi ned
degree of superheat is é? han the degree of suPerheat representatlve
of a pr opl@lfowng: Halige alagy aé)rf]theé‘i‘?@/?@ls“?lh@ﬁ"&é@@r P Y SEgrtbecPTeSieRi ng of
ei ther 0&&%9?%?&ﬁ%%%ﬁbﬂ%m&%&%ﬂ%b@UsN@QNﬁsééuQ{M&Q%néﬂﬁ&hgﬂmﬂﬁ@ybéﬁg0” val ve
23 (or adjustment of a variable frequéncy drive) | arger than that
repr esentalstdre of a properly charge system [0058]As descri bed herein, in
one enbodinent a transport refrigeration unit such as the refrigerant vapor
conpr essijgiyssy stemcdle GRRnS oﬁ_&%h@"lﬁ’ uch n?odé r@e G&iul%ﬁ& ©pRbhgMEat i on or
usi ng prescrlbed condi t'i ons. an actual configuration or actual
condi t i ongledtethmpasuive SR OPAH S @b&fﬁﬁé@réaca witlevap selpesdordpgeslectathd accor di ng
to exenpl.afy &ihedi.pRrihs 9@ Qﬁgn Gihflar thdde @t a b b‘i’ ured val ue
devi at es P&bﬁ1the gg%ectgd va E% sys?én1fs not a I@ggﬁarged (e.qg.,
t 00 nuch chargédowstemadiey meﬁs@@ﬁgf]alﬁ@sr arei@awmethemmesemtamwrveluealthﬁesfngemet or nore
fans, th l.e e n r.th or at or
or t he I |Eé %&gg]n %Z&ssé/? tgélcl)s %)Bvé%ngeca&%n dlé P q<f \A/gé%{l:%nid:?rt e%o% Batﬁ % Snufofial
characteﬂoenmgsﬂ&xbheosmmmeﬁmééﬂ@wmnsupamMBanm@dmmhatmekkx@érant) measur ed
and conpa Al ter S | d be driven
0. pr oscr M Rs NS RErmraY Rt FRpsh e dEinla sl ST RO B rge ot )
and t hen tidwnduasaf etvap’d)gatmﬂbtglﬂ I‘sﬁﬂtlloﬁ) Iﬂefﬁ@r@t supeaiemerem@mnt piysucad tHee conpar ed
to val ueselt er}%lf (ilathlezyteex alngersD gOO 98 cy thg Hegrge 0(% IYC%E)I?nng; the compressor discharge

temperature; the temperature difference of the heat sink fluid across the refrigerant heat

rejection heat exchanger 30 or the temperature difference of the heat source fluid across the

refrigerant heat absorption heat exchanger 50; or the operating position of various valves,

such as for example, but not limited to, the evaporator expansion valve 55 or the suction

modulation valve 23 (or variable frequency drive). In one embodiment, the controller 100

can transition to a mode (e.g., operating conditions) that will drive refrigerant from the

refrigerant buffer devices to the system while monitoring the buffer device(s). When the
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[ 0060] The term nol ogy used herein is for the purpose of description, not
limtation. Specific structural and functional details disclosed herein are
not to bewoOrmbev@essred as limting, but nmerely as basis POI/USe@EOI521g4 One
skilled in the art to enploy the present invention. Wile the present
i nvention has been particularly shown and described wth reference to the
exenpl ary embodinents as illustrated in the drawing, it will be recognized
by those vakid de@dedsis hbendif oftrbﬁffgeﬁéatrdf@%ammr&%h@p&aﬁ@at5\@ made wit hout
departing fromthe spirit and scope of the invention. Those skilled in the
art w || cardigenssisgpirigerafhaP@ampEs et ¥serall inayerderesd pathireftigaants or
el enent s Hesehildedr tk bohaoBlSlRAGRe! @e Bﬂﬁer%%@is%ﬁ% yIRaH bR bsroftl Scl osed
herein without departing fromthe sc the present invention. [0061] For
exanpl e, campkougihe tragsitiaf(¢.p gepaningye tpygtrlor@bﬁvrswsmdﬂ issypderehard@l wish depi ct ed
in the exaplany 1PRRAREALSIRSEL LB DRIShBIAS PN beiht ASH econom zer,
isto under st 0o at the econom zer rcu orporate a
ref riger &nmdlmns} efid thgénidertdehiects) aewhmgbfr C@@OH@&DQ ea‘n mﬂmwt teeyémibe fl ash
t ank 40. f ] eayl
refriger a?’1 rﬁ Qac?eéﬁgg%tes P%Iﬁasﬁg etrhe%[‘ r?& E‘lr% e§3830¥/\a6(%l% % @t\ér ghiér omthe
mai n f | owalot 1srleglrer gewamthapamctng thmclemrglhlanhelsrtlmt theggstamtlo isiumderdizangbdt hen
passed throu @ onda y expansi on device 45. The expanded refrigerant
woul d th %Vef)‘g‘aﬁf V@H”ie gﬁreag{ exchange rel ationship with the nain
refrigerant flowto be heated to forman internedi ate pressure vapor to be
passed t Ho@ogh rehn b;gamp@mjz emaq&unneﬂtnf&mmﬁhod ofleteduding) ahtirge &N’e]i in1aer medi at e

pressure reSS|o 0062 Theref it is
i nt ended I‘%Sftﬁlggalgt Vaporrcgrélgrefwdl Syst I(IJIS uﬁllléay Il_]l’l(_g) ust anl JCOII(%IIH T ClI‘Cl%lh OI‘ eka Cﬁl ar

enbodi ne rﬂaélst)anldecs)ﬁd)m&acblmm,t sdnhtas tidpadted iN@1@S. 3 ahd 3 uhecodtiolleri 1|00 Iﬁmﬂ elosds|

enbodi nenlgesec]:)I?Amlzer%aportré}lﬁgergrﬁ?nj gc%%g ?me VaI;[/ehZ?S anFc)l I?eng:%gon%zgf liquid refrigerant
line valve 53. With the economizer refrigerant injection lines 14, 18 closed, the controller
100 operates the compression device 20 so as to increase the refrigerant discharge pressure,
and reduces the opening of suction modulation valve 23 (or adjusts a variable frequency
drive). If necessary, the refrigerant discharge pressure may be increased up to the maximum
allowable discharge pressure limit. The opening of the suction modulation valve 23 may be
reduced down to a minimum opening at which the suction pressure is at a minimum
allowable suction pressure limit. The controller 100 also opens the bypass valve 27 to unload
the first stage 20a of the compression device 20 through refrigerant line 16. The controller
100 also operates both the fan(s) 34 associated with the heat exchanger 30 and the fan(s) 54

associated with the heat exchanger 50. The controller 100 may also optionally operate the

evaporator defrost heaters (not shown).

[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 determines 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
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[ 0063] Al so, while a nunber of particular enbodi nents have been set forth,
it wll be understood that features and aspects that have been descri bed
wi th ref ewenet/mg76gach particul ar enbodi ment can be use@CRIUSRO16AET144

remai ning particularly set forth enbodi nent. For exanple, features
described in separate enbodi nents descri bed using one draw ng and be used
t herebet ween, or features described with respect to FIG 1 can be utilized
with e”b%@!;dﬁﬂﬁ:& ig@i@ﬁé’ritm%é@gfw oFbperhdat repPlschtadNNf a ptopefly oRihad er
protecting a refrigerant vapor conpression systemduring a standstill

peri od féYﬂt%waﬁé’Oé%ﬁtd%Wn degteg of gireningOf SHICT OIHS FVAPOIRY 88BN Valtfe pri mary
refrigeragiy felGMioh nldaGlaHOH POy 3" (6f L4/ GEAGRbE SOMRPRIRLARHENWS RelaBer
refrigerant heat rejection heat exchanger downstream of said conpression
devi ce, dhandhatirqpegsairiativieehp PEpSdY grrgssyHeat exchanger downstream of said
refrigerant heat rejection heat exchanger, and a prinmary expansi on device

di sposed [hbsj he A&feldr®8d BbinCih LRYELLARMAR b LEAFR e R Bdrttidn&hnltisG8r AMe heat
rej ection heat exchanger and upstream of said refrigerant heat absorption

heat exchgHgERNt vaparompichaensyptemrllgar ahepcedteddn aprasenicd gorigyraghn pF essur e

si de St L. i r | - ] ansi on
d'evi Cgpa%lgﬁgﬁiie\é‘é&b'ad L&GRIRERE. hgag, a[chﬂ%o%ﬁ%l]lr%uﬁ’]\’)r%Etualhc%ndilﬂbl{!%%{ p&XPansl

OW- pressure si ownstrea respect to refrigerant fl ow
of the pmicasurgd axdpampirenh tockapeatest vabms;dndratdesiingclo spem@im gubpdmeniep of :
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[0060] The terminology used herein is for the purpose of description, not limitation.
Specific structural and functional 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 embodiments 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 leaving 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
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4. The method for protecting a refrigerant vapor conpression as recited in
claim1 wherein the step of relieving the refrigerant pressure within said
i sol at ed Wwocke4ewApPri ses opening a fl ow control val ve PETWSM0HSI1d4

i sol ated pocket and 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 l[imt WO

2011/ 04986086k, LGAQLOK 832444, The exPaficaREfOdakQFouRl @EELEL f19d & K 1 i ger ant
vapor conpression as recited in claim1l erein the step of relieving the
ref ri ger &R¢hapseasiatipnshipi Wity the gaingefrigeipaitiioy (9be hettetvipin degterpsditiai ni ng
during the.§hangstidde pa&EH BP0 RA rQRER A §hpdr @GERBA 1ihd PMRAINnMrQ@hout the
| ow- pressure side of said refrigerant circurt. 6. A nethod for detecting a
ref ri ger @rfsswhsngseof[thagomprassign deviqei2§er ant vapor conpressi on systemthe
refrigerant vapor conpression systemhaving a primary refrigerant circuit

i ncl udi ngo@2f ef ringRIAAL i¢ HRIES BhORe FRYINE&isc1Guf &l bORMAR whEBSard&lagCt i ON
heat exchanger downstream of said conpressi on device, a refrigerant heat

absor pt i ¢mbhdizenies) disalagpsras dwiist the disslefurswilldnelade dllparbedimensdellipg) ect i on
heat exchapdehe s@RdoAnPhi M ansion device disposed in the refrigerant
circuit ﬁgmnstﬁéag18$“sdﬁgﬁéefﬁﬁgérant heat rejection heat exchanger and
upstream of said refrigerant heat absorption heat exchanger; said nethod
conpri si i)%Bhe stlepahge a number of pgriigpargmberipicais Save bepuies [awh Wikhbe he

" ef 11 9er aflier\ARAy GOIMRE SR St RNftk Bl RENHBth Wit LAREADLgUal | Zat | on

pressure and a refrigerant equalization tenperature; ~ determ ning
a refri gerakplaeguiodiment Pabedeebvitlycdsh saepinipppartitwdarlesasterh eabedigenrtant

equal i z atfj:op &(TH{P%S A fuFes A ri%%in%%%aqgerﬁ élﬁ@&és%eg %%{E%BI?J c#gt\%ng ﬁncW)eI hin a

pr edet er m ne eference density range indicative o efrigérant density
i n the refed horktwveenagdeatgenpsedwidonthgypeane Wien can bautgizeperthr ef ri ger ati on
char ge leev%lodimer71t'sd&%gberael}spno%lé%. detecting a refrigerant charge level in a
refri geraﬁnt vapor COITpI‘ESSIgOI’l Systemas recited in claim6 wherein the step
of detecting a refrigerant charge level in a refrigerant vapor conpression
systemoperating in a transcritical node conprises referencing the sensed
equal i zati on pressure and the sensed equalization tenperature to a nap of
desired refrigerant density as a function of refrigerant tenperature and

refrigerant pressure.
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8. The method for detecting a refrigerant charge level in a refrigerant
vapor conpression systemas recited in claim6 wherein the step of

det ect i ngwa 20ef4pTper ant charge level in a refrigerant vapdUScaNPsBEssi on
systemoperating in a transcritical node conprises the steps of:
calculating a refrigerant density fromthe sensed refrigerant equalization
pressure and the sensed refrigerant equalization tenperature; and conpari ng
t he cal cuypigdkefri gerant density to the reference refrigerant density. WO
2011/ 049767PCT/ US2010/ 052144 9. The nethod for detecting a refrigerant
charge level in are i er ant V?E@gr con‘gressi on system as reci te‘g inclaim

6 wher ei -t he ArBgthe {e U TSR BEROTYYRSPIgRP Y SE L HSLRg [ lag st perating
in transgetidd ﬁﬁbwiﬁ@@@t&ﬁwﬂ‘&f&ﬁ@ﬂemg&:ﬁﬁt @?Uﬁddﬁﬁﬁésls@ﬂ (68 pliBarPtefift@asystemi s
e

out si de the two-phase region of the refrigerant 10. The method for
det ect i ngirauitigelpdlige p HATISEHA coBPIESIRS deyige. & Teigipeppdcaiieicciop Feat TIPS si on

syst em agolyR§ich@bs kdid @érﬁ‘ér@gs@n\ﬁgﬁﬁ@'a@efﬁ?&arﬁ@l@ﬁraﬁﬁﬁfon%@&ttegél%gérS during a
st andst i II period followi ng shutdown of the ref r&gerant vapor conpressi on

system  dewnstpR@ osaithedrigesnt by exiecinghett pehinsge aahi PRy gEpangige evigs a
refrigerg g?ééﬁprp{he%? UrGR ShQfk RNSEGILAT shi éfh%é}]aﬂtrﬁeéﬁ! @é&‘oﬁhx\ﬂer ein the

sensed equ I zatl on essure or t e sense I zat1 on tenperature is
det er mi nedchaager aanm@gr@am bledid iefrgeiant fpat 4beorstt1<am¢91t dxchanger jaadipritpdsy neasur ed

bef or € C?%EP% Sh HAHANAS a'h?gl Sljés:fél%) e nggl}%tdgﬁ %}?yto %Jrﬁﬁtﬂo ao!fﬁ{é' ation

rel ate stem con tor a refrigerant
C har ge | rpnalar}edxphlgmna;hmcwaﬂmlowmms sido dowmmnmta\wspgcta) regfgeraper ant

circuit Iff'IC|l% . a refrl Oenr@{ devi a refrlgerant heat
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ary e€x ce; sa1d etﬁ T1Sin este
rejection ‘heat ke ¥1 e Feam of sai d teonpress |pon device, a

refrigerant he/aéneahs:hmpg btailstil atef g xaia pgesurdoums tn atmedfposiat dn theflavi-ger ant
heat rejection exchan and ingerconnecti ref erant lines as
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pressure limit, relieving the refrigerant pressure within said isolated pocket.

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
venting the refrigerant pressure within said isolated pocket to ambient pressure outside said

refrigerant circuit.

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
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.

4. 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.
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operating the refrigerant vapor conpression systemin a node wherein the
refrigerant is circulating within the active conponents of the refrigerant
circuit; wo2011/213i ng t he val ues of sel ected operati ngPpanseeasa4of the
refrigerant vapor conpression system during operation; and conpari ng
t he sensed val ue of the selected operating paraneters agai nst a set of
reference val ues for the sel ected operating paraneters indicative of

operation, of trheme@bd i PFAinY ARDA o FAHTPLRS SbiRfeSIRta8 BcHed iR ciRnoper
refrigerant charge. 13. The nethod as recited in claim12 wherein if the
sensed varhgeinthe gep pleigh¢viggbe prigepat Brepwre wighip prad eleted PPebsdIEPS i s not at

| east apﬁ&ﬁﬁ&ﬁﬁ%%hﬂmﬁﬂyéhmkgub&ﬁxﬁﬁﬂ>&?ﬁﬁﬁxﬁﬁlﬂﬁwEﬁhﬂ§&L oflind B@st one
sel ected paraneter, a low refrigerant charge is detected. 14. The nethod

as recit @esiuie gllapimanizeigigeientdiiagitt he refri gerant vapor conpression system
where substantially all of the refrigerant is circulating wwthin the active

conponentss of AtRGhdEF dG&LARE r&Hif At bhargd e Bl fRARLR ! Plpdf L5agRdHR>2144
15. A refrigerant vapor conpression sys%en1conpr|5|n
system the refrigerant vapor compression system having a primary refrigerant circuit

including a refrigerant compression device, a refrigerant heat rejection heat exchanger
downstream 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 method
comprising the steps of:

after a compressor shuts 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 indicative of the refrigerant density in the refrigerant vapor

compression system when at a proper refrigeration charge level.

7. The method for detecting a refrigerant charge level in a refrigerant vapor compression
system as recited in claim 6 wherein the step of detecting a refrigerant charge level in a
refrigerant vapor compression system operating in a transcritical mode comprises referencing
the sensed equalization pressure and the sensed equalization temperature to a map of desired

refrigerant density as a function of refrigerant temperature and refrigerant pressure.

8. The method for detecting a refrigerant charge level in a refrigerant vapor compression
system as recited in claim 6 wherein the step of detecting a refrigerant charge level in a
refrigerant vapor compression system operating in a transcritical mode comprises the steps
of:

calculating a refrigerant density from the sensed refrigerant equalization pressure and
the sensed refrigerant equalization temperature; and

comparing the calculated refrigerant density to the reference refrigerant density.

25



a primary refrigerant circuit including a refrigerant conpression device
having a first conpression stage and a second conpression stage, a

refri ger amoO 2nHZM9T6@) ect i on heat exchanger downstream of PSRUUS2@00P1@$Si ONn
device, a refrigerant heat absorption heat exchanger downstream of said
refrigerant heat rejection heat exchanger, a prinmary expansi on device

di sposed in the refrigerant circuit downstream of said refrigerant heat

rej ecti on, heatrhexean R e the WRSHLEAR0 Bhres &ivel if 8kt SRIANEpII8ahpRREAr Pt i ON
heat exchanger, and a suction nodul ati on val ve di sposed in the refrigerant

circuit dBWHEeYeafAddp claimn @ wher thefeaigeraie MPORBEBIHE oM HB 4t capddheinger and

upstr efa-mo?@raﬁiﬁ'gem?ﬂdﬁstchﬁ&l hioh€br Wherdih ﬁl_e%aﬁ@irzﬁfo?li i steid §8tem is outsidMhe
econom zer circuit operatively associated wth the pri'mary refrigerant

circuit, tyvhrehase segem of ghre refrigeiant i ncluding a refrigerant injection line
opening to an internedi ate pressure stage of the conpression device and a

flow contypol Tﬁ£M@m@&ﬁﬁﬁ&%&h&@m&ﬂ%mﬁﬁﬂ%hﬁ@kﬁahnhﬂkﬁgﬁ&Rquh@&hméﬁﬂm . a
controller for controlling operation of the refrigeration vaﬁor.conpre33|on
system $uRM avigeitey)ip glaingp ahgieintbe ¢ammpiessorehpdawn sfduriper sardsethaerépd det ecti on

met hod | Q&lﬁ&&ﬂh%‘&uﬁd&%n%ﬁﬁﬁ%etﬁ%?raﬁt%%&f cEinBRbAG &REnf | ow control valve in the

refrigerant 1 njection [1Ine; osing the suction nodul ation valve to a
nininun1f|om1§ﬁening; operating the conpression device while unloading the
first corpresdhomedpd e detgeingrripinigergniaharapdsipltin 8 relEgRsent NeRor CORRISSHI i n t he

refriger antem ELhdHiR LA 8 WAEQERe Qs @RGIMIESFonressilE oPfhk WHsYa €xpansi on
val ve; determ ning a degree of openness of the suction nodul ation val ve;
equalization temperature is determined (a) a prescribed time into the standstill period, (b)

measured before complete equalization or (c) is determined by indirect calculation of related

system conductors.

12. A method for detecting a refrigerant charge in a refrigerant vapor compression system
having a refrigerant circuit including a refrigerant compression device, a refrigerant heat
rejection heat exchanger downstream of said compression device, a refrigerant heat
absorption heat exchanger downstream of said refrigerant heat rejection heat exchanger, and
interconnecting refrigerant lines as active components, the method comprising the steps of:

operating the refrigerant vapor compression system in a mode wherein the refrigerant
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.

13. The method as recited in claim 12 wherein if the sensed value of at least one of the
selected operating parameters is not at least approximately equal to the reference value for

said at least one selected parameter, a low refrigerant charge is detected.

14. The method as recited in claim 12 operating the refrigerant vapor compression system
where substantially all of the refrigerant is circulating within the active components of the

refrigerant circuit.
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conparing the determ ned anount of superheat to a reference anount of
super heat indicative of operation of the refrigerant vapor conpression
system wiwh 2011p0er refri gerant char ge; conpar i ngCrsS2ademHsaed of
openness of the primary expansion valve to a degree of openness of the
primary expansion val ve indicative of operation of the refrigerant vapor
conpression systemwi th a proper refrigerant charge; and conparing

the degrag of AGPRRBARSaRSr LhPrH6t HRRRepkighi.on val ve to a degree of
openness of the suction nodulation valve indicative of operation of the

refrigerant vAapBmaRdRpieeas|cHRuisipstuding girefiseaycopaiesyigrdavige hanes ¢Agk ge.  16.

The ref r icgﬁbl%E'sﬁonV ran&_&’EG%B&F&Jnﬁﬂes%ﬁEﬁ%@, @%efﬁgé}éﬁtﬁgatir%&ibﬁhgﬁtw wherein the
econoni zer device conprises a flash tank econom zer

2011/ 049 P RITN SR 0sLRAID BP saddiconyFessiPhdevied, pirgdugeamtt hoat porortionpeatssi on system
as recit | l.ad ‘el ] Sal 1 r. the
determ nggCHgﬁ%eg g?%fggfégrﬁ\ggr lcg%? légnﬁ?é& %ﬁerctt? Aalgera% %ghérﬁlrg?il é?gﬁg\é\@g& ursfto}lof

super heatdevipgldlisposédiio tof refrjgeraat diwnit dbwistream ef saidyefragatanyizpbrejecamirees si on
system w I  ge t e. The refri nt .vapor

compr ess s By R aaPabL bt A8 Aee AR prorpRon LG AN B

det er m nesdwhebdinedlvd digposieign ¢e reffrigaprrvresis d@fnstréven pif daidaefrigenapidesi on val ve i s

| arger th n ttﬂ)e det ree oef openness ol tuh pr 'ema ¥, 8% arnsio%nd vial ve _
ot | BB GHER S TR T HECREY Pl berdRe DB s SRRSO & S em wi th a
proper refrigei ahomiar@euit operatively associated with the primary refrigerant circuit, the
economizer circuit including a refrigerant injection line opening to an intermediate pressure
stage of the compression device and a flow control valve disposed in the refrigerant injection
line; and
a controller for controlling operation of the refrigeration vapor compression system,
said controller operative to perform a refrigerant charge detection method including the steps
of:
fully closing the flow control valve in the refrigerant injection line;
closing the suction modulation valve to a minimum flow opening;
operating the compression device while unloading the first compression stage;
determining an amount of superheat present in the refrigerant;
determining a degree of openness of the primary expansion valve;
determining a degree of openness of the suction modulation 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 suction modulation valve to a degree of
openness of the suction modulation valve indicative of operation of the refrigerant vapor

compression system with a proper refrigerant charge.

16. The refrigerant vapor compression system as recited in claim 15 wherein the

economizer device comprises a flash tank economizer.
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19. The refrigerant vapor conpression systemas recited in claim15 wherein
said controller determ nes whether the degree of openness of the suction
nodul at i omoval w9163 | arger than the degree of openness @®CTIUSR01906214ON

nodul ati on val ve indicative of operation of the refrigerant vapor
conpression systemw th a proper refrigerant charge. 20. A refrigerant
vapor conpression system conpri sing: a primary refrigerant circuit

including7a rehd jea@lent vaRPRINTSkRR sfedh SereliaMiin@aith {4 WAdreif QAIPr essi on st age
and a second conpression stage, a refrigerant heat rejection heat exchanger
downst r e&RRETlEdGTMEsHPhedes Bhdyepiined amguptf syngehealit higbertthaaior pt i on heat

exchangerngownsifRarhpsatinifhdye 3¢ B?Jﬂitiolﬂ%ﬂhe HekeGhAQApieBhpREGHANGer, a
pri mary expansi on device disposed in the refrigerant circuit downstream of

sai d ref sygn aith apeeper reajgstan gnrdseat exchanger and upstream of said
refrigerant heat absorption heat exchanger, and an additional valve

di sposed 1gn t BRe RIIRMY vdpef EdrgRERIdh sfhdn® M fecited in clainf Ty §6QQARAEr Circuit
operatively associated with the prinmary refrigerant circuit, the econom zer
circuit icARIUT drieraines Phpiger thhdegrasjab oprapssiof e PEPERT ¥gansionaialve it leigsedi at e
pressure r I LSE: - vl di sposed
P T o i R e Tt T mg
oper at i onefoferateapafcomgesaen ypemaptra opap rdugiran ckargt.em sai d control | er
operative to performa refrigerant charge detection nethod including the

steps of 11gOPerl fighetddevapol PR essBh 5 UG A ecifeliiMbin [ PwRerRR8SG 1 bed
condi tion; and conpari ng superheat and val ve positions to
r ef er enc eoniziligedet¢rpnics sthpther the deggrerod opemessiof thasugtioh nogelatern vajegper

conpr essi t i r i - ; | y
o oo RS ATNALR B REER WS ASHAGIASHIER SR
i npr oper tshafrgeranhenoatonipeasion syyencenipapedenvelrigeragiebarganot mat ch a
correspondi ng reference val ue.

20. A refrigerant vapor compression system comprising:

a primary refrigerant circuit including a refrigerant compression device having a first
compression stage and a second compression stage, a refrigerant heat rejection heat
exchanger downstream of said compression device, a refrigerant heat absorption heat
exchanger downstream of said refrigerant heat rejection heat exchanger, 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, and an additional
valve disposed in the primary refrigerant circuit;

an economizer circuit operatively associated with the primary refrigerant circuit, the
economizer circuit including a refrigerant injection line opening to an intermediate pressure
stage of the compression device and a flow control valve disposed in the refrigerant injection
line; and

a controller for controlling operation of the refrigeration vapor compression system,
said controller operative to perform a refrigerant charge detection method including the steps
of:

operating the primary refrigerant circuit to a prescribed condition; and
comparing superheat and valve positions to reference values indicative of
operation of the refrigerant vapor compression system with a proper refrigerant charge when

the primary refrigerant circuit is at the prescribed condition; and
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21. The nmethod of claim 20, conprising: fully closing the flow control valve
inthe refrigerant injection line;, operating the conpression device to a
prescri basocondidpicdn whil e unl oadi ng the first conpressiPOR/SL@EYO52144

determ ning an anount of superheat present in the refrigerant;

determ ning a degree of openness of the primry expansion valve and the
addi ti onal valve; and conparing the determ ned anount of superheat to

a reference amuptec@fs ifipRPEN@REge iwhdh eAbAsY SneQlonPRRH @41LOBoRhot acH £F i ger ant
vapor conpression systemw th a proper refrigerant charge when t he openness

of the prPHEPYUEIEIE6HVYe ve and the additional valve are both
respectively indicative of operation of the refrigerant vapor conpression

system wi2th aThé RB@bd bEALimI® adMprEhiar ge or conparing the degree of
openness of the primry expansion valve to the degree of openness of the

primary expan&illasaevle flgyeengel \advedn thygelrigeefrinis¢tioniger ef ri ger ant vapor

CoNpr essioBtkagyeSthe Bt dRiod dBYiOPE' fr&bfibARLARLCNRIARIRANIng WAL Ng the degree
of openness of the additional valve to the degree of openness of the
addi t i on&PMPEPYEn §tagdi cat i ve of operation of the refrigerant vapor

conpr essi on sy§t gﬁ%&ﬁ‘arﬁo@ﬂ?ﬁﬁ e&@it@{eg&'iﬁﬂhefe Gfwhen the determ ned

refrigerant super Is the reference anount of” superheat indicative of
operati on of ti¢ternrieihg i degremet operpioss of thrpriessy opasyat wimewind Hetadditippadper

refriger%gﬂeﬁgarge.

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 when the openness of the primary expansion valve and the additional valve are both
respectively indicative of operation of the refrigerant vapor compression system with a proper
refrigerant charge or

comparing the degree of openness of the primary expansion valve to the degree of
openness of the primary expansion valve indicative of operation of the refrigerant vapor
compression system with a proper refrigerant charge or comparing the degree of openness of
the additional valve to the degree of openness of the additional valve indicative of operation
of the refrigerant vapor compression system with a proper refrigerant charge when the
determined refrigerant superheat is the reference amount of superheat indicative of operation

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