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CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Patent Application Serial No.

61/311,601 entitled “Refrigerant Distribution Apparatus and Methods for Transport

Refrigeration System” filed on March 8, 2010, the content of which is incorporated herein by

reference in its entirety.

FIELD OF THE INVENTION

[0002] This disclosure relates generally to refrigeration systems and, more specifically, to

methods and apparatus for controlling a refrigerant vapor compression system.
BACKGROUND OF THE INVENTION

[0003] Conventional vapor compression systems typically include a compressor, a heat
rejection heat exchanger, a heat absorption heat exchanger, and an expansion device disposed
upstream of the heat absorption heat exchanger. These basic system components are

interconnected by working fluid lines in a closed circuit.

[0004] 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
transcritical mode. In vapor compression systems operating in a subcritical cycle, both the
vapor heat rejection heat exchanger and the heat absorption heat exchanger operate at
pressures below the critical pressure of the working fluid. Thus, in the subcritical mode, the
vapor heat rejection heat exchanger functions as a working fluid condenser and the heat

absorption heat exchanger functions as a working fluid evaporator.

[0005] However, in refrigerant vapor compression systems operating in a transcritical
cycle, the vapor heat rejection heat exchanger operates at a refrigerant temperature and
pressure in excess of the refrigerant’s critical pressure, while the heat absorption heat
exchanger operates at a refrigerant temperature and pressure in the subcritical range. Thus, in
the transcritical mode, the vapor heat rejection heat exchanger functions as a working fluid

gas cooler and the heat absorption heat exchanger functions an as a working fluid evaporator.
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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.

[0007] Refrigerant vapor compression systems used in connection with transport
refrigeration systems are generally subject to more stringent operating conditions than in air
conditioning or commercial refrigeration applications due to the wide range of operating load
conditions and the wide range of outdoor ambient conditions over which the refrigerant vapor
compression system must operate to maintain product within the cargo space at a desired
temperature. The desired temperature at which the cargo needs to be controlled can also vary
over a wide range depending on the nature of cargo to be preserved. The refrigerant vapor
compression system must not only have sufficient capacity to rapidly pull down the
temperature of product loaded into the cargo space at ambient temperature, but also operate
efficiently at low load when maintaining a stable product temperature during transport.
Additionally, transport refrigerant vapor compression systems are subject to cycling between

an operating mode and standstill mode, e.g., an idle state.
SUMMARY OF THE INVENTION

[0008] According to one aspect, the present disclosure can provide a refrigerant vapor
compression system that can detect refrigerant redistribution during compressor or unit off
cycle to address high refrigerant level inside refrigerant reservoir (e.g., flash tank), for
example, upon restart. Embodiments according to the disclosure can use selected control of a
refrigerant vapor compression system or components thereof to improve compressor
reliability, reduce or prevent liquid entering compressor mid-stage, reduce or prevent
refrigerant vapor compression system disabling because of pressure spikes, or relief valve set
off. Embodiments according to the disclosure can address high ambient temperature and

frozen container set point operations such as restart.
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operating the transport refrigeration system in a selected operating mode; closing the unload

service valve; and transitioning the refrigerant compression device to a second mode.

[00011] In one embodiment, a method for distributing a refrigerant charge level in a
refrigerant vapor compression 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; the method can include driving components in the refrigerant vapor compression
system, restarting the refrigerant compression device in a first mode; operating the primary
expansion device independent of refrigerant heat absorption heat exchanger superheat;
comparing a condition at a flash tank to a prescribed condition; wherein when the condition is

below the prescribed level for a prescribed interval, operating the primary expansion device
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BRIEF DESCRIPTION OF THE DRAWINGS
[00013] For a further understanding of the invention, reference will be made to the
following detailed description of the invention which is to be read in connection with the

accompanying drawing, wherein:

[00014] FIG. 1 schematically illustrates an embodiment of a refrigerant vapor compression

system according to the application;

[00015] FIG. 2 schematically illustrates an exemplary embodiment of the transport

refrigeration unit of FIG. 1;

[00016] FIG. 3 is a flowchart that illustrates an embodiment of method of operating a

transport refrigeration system according to the application;
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plurality of containers 6 or multiple enclosed spaces within a single container. The transport

refrigeration unit 4 typically operates to intake air at a first temperature and to exhaust air at a
second temperature. In one embodiment, the exhaust air from the transport refrigeration unit
4 will be warmer than the intake air such that the transport refrigeration unit 4 is utilized to
warm the air in the container 6. In another embodiment, the exhaust air from the transport
refrigeration unit 4 will be cooler than the intake air such that the transport refrigeration unit

4 is utilized to cool the air in the container 6.

[00021] In one embodiment, the transport refrigeration unit 4 may include one or more
temperature sensors to continuously or repeatedly monitor the return air temperature and/or
the supply air temperature. As shown in FIG. 1, a supply air temperature sensor (STS) 8 of

the transport refrigeration unit 4 may provide the supply temperature and a return air
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[00022] A refrigerant vapor compression system 2 may provide air with controlled
temperature, humidity or/and species concentration into an enclosed chamber where cargo is
stored such as in container 6. The refrigerant vapor compression system 2 is capable of
controlling a plurality of the environmental parameters or all the environmental parameters
within corresponding ranges with a great deal of variety of cargos and under all types of

ambient conditions.

[00023]  Referring to FIG. 2 of the drawings, an exemplary embodiment of a refrigerant
vapor compression system 200 designed for operation with a high pressure refrigerant in a
transcritical cycle with a low critical point refrigerant is shown. The low critical point
refrigerant may be carbon dioxide and refrigerant mixtures containing carbon dioxide, for
example. However, it is to be understood that the refrigerant vapor compression system 200
may also be operated in a subcritical cycle with a higher critical point refrigerant such as

conventional hydro chlorofluorocarbon and hydro fluorocarbon refrigerants.

[00024]  The refrigerant vapor compression system 200 is particularly suitable for use in a
transport refrigeration system for refrigerating the air or other gaseous atmosphere within the
temperature controlled enclosed volume such as a cargo space of a truck, trailer, container, or
the like for transporting perishable/frozen goods. The refrigerant vapor compression system
200 is also suitable for use in conditioning air to be supplied to a climate controlled comfort
zone within a residence, office building, hospital, school, restaurant, or other facility. The
refrigerant vapor compression system 200 could also be employed in refrigerating air
supplied to display cases, merchandisers, freezer cabinets, cold rooms or other

perishable/frozen product storage areas in commercial establishments.

[00025]  The refrigerant vapor compression system 200 can include a multi-stage
compressor 212, wherein the refrigerant is compressed to a higher temperature and pressure.
The compressor 212 may be powered by single phase electric power, three phase electrical
power, and/or a diesel engine and can, for example, operate at a constant speed or operate
with a variable frequency drive. The compressor 212 may be a scroll compressor, a rotary

compressor, a reciprocal compressor, or the like. The transport refrigeration unit 204 requires
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air or other Fous at nosphere within the tenper até%kggcontrol | ed encl osed

vol une sddHeY nt%. Cargy %;Sl}fcféf”@?faat I%GF‘UEJIQC“‘%“rhéPti cgfhan ISFOPMMBY the |i ke
for transgefid 0Bas ResidRRb! Blef AT 409 dscludtRge figlhhidSh@RALinY BRET CoNpr essi on
system 200 is also suitable for use in conditioning air to be supplied to a
climate controlled confort zone within a residence, office building,
hospital, school, restaurant, or other facility. The refrigerant vapor
conpressi on system 200 could al so be enployed in refrigerating air supplied
to di splay cases, nerchandi sers, freezer cabinets, cold roons or other

peri shabl e/ frozen product storage areds in comercial establishnents.



[ 00025] The refrigerant vapor conpression system 200 can include a

mul ti-stage conpressor 212, wherein the refrigerant is conpressed to a

hi gher t ewpenatuessand pressure. The conpressor 212 nay Po@/Uysowaioetmsedy

si ngl e phase el ectric power, three phase electrical power, and/or a diesel
engi ne and can, for exanple, operate at a constant speed or operate with a
vari abl e frequency drive. The conpressor 212 may be a scroll conpressor, a
rotary cQRIHaRSS Hrough WIS I A& préERIR A SQhnt vRForph&ed ihhBat eXfiindd ansport
refrigeration unit 204 requires electrrcal power from and can be

connect edelpénsiyp peatidhe coghng pedivinpnd Bepndehng 2 §g'ek as a st andard comerci al
power service, an external power generation system such as that found

shi pboar dpogfli %8 ke8NS AbATeje@ion hBR ekdhkfuer PAPARBIontPRist M Bnhddl st Keat ed
enbodi nent, the conpressor 212 is a single nmultiple stage refrigerant
conpr essGrChapgr. sugais & anddpdrteledispt exriapased! ¢ finpad spighagnet Hatiplger ant
circult @@QeQ&MhQﬂJ%r&&h@k;Q&ﬂﬂ&%ﬁ§ﬁ@&s%ﬁ&%ﬁs@&%ﬁhﬁ@ﬁm@Q@?&Q@QlCOUpreSS!On
stage 212b. The first and second conpression stages are disposed in series
r ef ri ger &x¢hapgeoiglapienship voHs4nqent gir being feawndiirpyghdhghgat fxehengar2i0hy ongr st

conpr essi 1 aSS| i Lon stage
2125 1 or °F I EHaR Chmfe BE SRyl LT 220 b B R SRS oy

conpri se refripaant cofulptngeptnddn refogarprt dea orjectin Reat axadhaPB20. conaeloeed i n

cort s, SLALIREADL LR Lo AT R UG BT e L PRGPLAT o1 vl ¢ Vi

conpr essambrhPar iempemfurd. ger ant fl ow conmuni cation with an inlet port (e.g.
the suction inlet port) of the second conpressor 212b. In the independent
COnpress 3600% O%hg?é}h%erm%a T A At %PCKBF T8Y%eRE: 39C1 Procating
conpressors, rotary conpressors, or any other t§pe of conpressor or a
conbi nat ioperagfelyatiyposercdpvasmgpunes sy wfrigerant vat wirboch mendxcobmpgerc8dlonpaFl G 2,
the refrigerant ,vapor .cq ssion st em 200 i.ncludes a pass |ine 214

pr vt di ng SRRy HEBRL 1FRTR L URh O SRR MBI BBV BORY 260 of the
conpr essaemRtubapdratian).t eons dedmae) s rdecied 2800 adhriprasissociverAavidphoad val ve

218 disposed in the b ss line 214, .be. sel ecti vel ositi.oned in an
open posntigHon stE e Bht brai i Bois 38k SEhebanh PRE PiyBREE e 214
and a cl @lsl?ﬁ(ﬂatﬂ@ﬁshdrﬁbéﬂal;ijd’keﬂvfghﬁht ihelﬁxiag?rsmﬂé cd‘llba‘?{]\fuithé fp@tghn bhee yppass | i ne 214
is partia restricted or _shut off. [00027] The refrigerant vapor

conpr essi8 @?é@éﬁ@?ﬂBWFUF?ﬁE?n?ﬂEﬁEd%@n@eﬂgTWﬁéﬁFﬁhFC%ga?dwéﬂégﬁ@ﬁn heat
exchangeras3ROCoprialekanelelves et edetaft IRadbReMANER cREahe? 260,6f padte conpressor
212 alon% a conpressor discharge |line 222. In a refrigerant vapor

conpr essityAUE A ERligHERBITIe VRlNe A3 rHsseFifipy capangipp Malve SRR Sy st ens

utili zi ng.gabRuHl Redelel Bkl BSTiBMbR sofa9lo SpMIPhEreiReint &f 4 lb@6r ant heat
rej ection heat exchanger 220°is commonly referred to as a gas cooler. The

super cri torasaire peit ptggs therftasl yak yecpsarsds ap ymydare o kehdryacaral and wishi p with a

cool i ng Pﬁlg iﬂ%ﬂ 3 féceﬁ’%r Q%!\)}%E&t%%% cH&Eréé &(ﬂl‘djofjtaﬁlg Fheli ﬁidrref?i,':gelxﬁﬁt.tsg{tl)es inf or

exanple. In a refrigerant or conpreéssion systemoperating in a
subcri ti dld logyostionsfghe fieash ek respiwend3Plang iha geffibarartoeparigoltecrseh thegepant s f or

exanple,I%H%nygﬁﬁkgﬁ~g@%gHﬁ?%ﬁgﬁé££&h&QmHE%%oF%EH%%%%kﬁ&?R?R%wﬁﬁg%fnly

referred"to as a condenser. ondenser y 1nc a retriger
condensi 180 hieag a redn(geinann tjquid lihe 232gh kedpl thédrefrideranhelgdn qudessur e refri ger ant
vapor passes in heat exchange relationship with the cooling nmediumand is

condens ecﬂoéo%of" lﬂl gﬁﬂtlge‘r embodiment, the receiver 230 may include a water-cooled condenser

and associated plumbing (not shown).

[00031]  Whether the refrigerant vapor compression system 200 is operating in a
transcritical cycle or a subcritical cycle, the system further includes a refrigerant heat
absorption heat exchanger 240, also referred to herein as an evaporator, operatively coupled

between the refrigerant heat rejection heat exchanger 220 and a suction port 242 of the



[ 00028] The refrigerant heat rejection heat exchanger 220 may conprise a

fi nned-tube heat exchanger, such as a fin and round tube heat exchange coi
or a finwoaonyne49shannel flat tube heat exchanger, for Pexarspdia/27363

Ref ri gerant passes through serpentine tubes 224 in heat exchange
relationship with anbient air being drawn through the heat exchanger 220 by
one or nore fans 226. The air streamfromthe fan 226 all ows heat to be
renoved fcb@prte212fh klgzeréﬁigéraﬁﬂ He&tUbadrpitgh bt Rbinb @40 et fricRfaRuidgat
rejection heat exchanger 2Z20. An anbient air tenperature sensor (AAT) 228
may be pé¥Rurcoaefrigpaniligaihapd vaneeisfrared mehepiexsange relaiendiihvish ¢ flgidro

temper at W Boolk RARR o fIY £, GG A XPABRnG QTRE ESRAAL 623 bR 2AGMRY

include a receiver 230 operatively disposed downstream of the refrigerant
heat rej datichigerraaicaesbstramepercapxghangeylgowpmite asieneddilkedivarqyehdngere 232 to
provi de f.Qr L QUL i : . re

oper at 1 onyt I evehy e FERERAn! e th ! G ARGE R ol ik PROBRIRRREIM S,

havi ng a rgepad it thorefedrandieron@8r fhere erefaré gepanator fans E4e Thednnel wbat e
collects,in a,l rtion of the arat i ch e nd.refrigerant in
the vapolBeRitatE P ERbE bRlRs A SARBREE B Mo SR e Biend i ch 5 200 e "t e
| i qui d r éfnrand eriginthandehflitiebedxanpllangdrhehe efaporger fant246 siag de hoaed neki de

(CR). As th refrigerant | eaves. the refrigerant heat rejection heat

e xchange U950 Fio HRubAORE AP sonfRsfutin feic iy ng dRsro bl G4 ohs e

auxi | i ar yevepopanShoRouhtey thi3Gedmyf iCacfosy afeisaithce of aRtfihatd vbd Mat sel ecti vel y
positionabl e so to expand the refrigerant to a lower pressure so it
enters t REEPHE ﬁ%ﬁétﬁ’&ebryé PV heé‘é%‘“&éheaﬁlfn?‘iétﬁ? Edgted i eRargue 87 Y&t ant and
vapor. Thkecidlhiashithide dmepedw@iunZ3d teRhallRs6 aslodeCii@fcgPe@ind 6fahe t ank. The
liquid refrigerant settles in the |lower portion of the flash tank receiver
230 and tRAEOTEfPiUgsr ant vapor collects in the upper portion. A filter drier
238 may be di sposed downstream of the heat rejection heat exchanger 220

al ong a nedoskperapimhry @upaasibh B&/icb3Ray R doeRPptetl ARNE eh Evagehmnini@lliaans@nd dry.
[ 00030] I n another enbodi nent, the receiver 230 naé§include a water-cool ed
condgnseﬁm%%ﬁnQ%@B@FQf@ﬁrﬂ?&%ﬂﬁﬁ&“@ﬁ%ﬁwgHB%ﬁ?*aﬁﬁél T@Vﬁé@%%?f*%e. .

refri ger aitigMaRAeaGONRHRRHARxEEEME 0N hSdiRPREAEPEihhidht pARSET i ti ca
cycle or a subcritical cycle, the systemfurther includes a refrigerant
heat absGKRAFOR dhagis ax elpEingrexpaeion Arkye 23%eerd Y EY 2D dloreete the wiriggrnt
eVapOfatthu%&@&ﬁkﬁﬁﬁh%uﬁ@ﬁ&h@QﬂQF&%&ﬁ&uhhﬁehﬁﬁéﬁﬂﬁ%ﬁﬂ&kﬁ%ﬁgﬂk@kﬁct'0” heat
exchanger 220 and a suction port 242 of the conpressor 212.7In the

ref ri ger ahtorpwathezilssehapgdr aH0. nEetexpsnsivargere 2340 beah piligeatig gkpanpigui d or a

m xture | haud oh: and - b0
reIationgﬁvégg§%%ﬁgﬂﬁ%ﬁ%gﬂg%g%gﬁggﬁﬁg fHH%%?ﬁﬁ%ﬁﬁ%kﬁyngﬁ%}ﬁﬁﬁgaﬂgﬁPon1and
r et ur ned htd ek¢rengwAd @i Herlod prdssuroredri gexeanpdper letting the hedt gbsognion heat
absor pti opn .heat nger, 240.conpr finn ube. h .exchanger 244
hrough. SRRy af RIERER o IR B R R o O MR F Bh AR O R v
drawn fr emmarssor 2t2arned to the refrigerated container 6 by one or nore
evaporat or fans 246. The finned tube heat exchanger 244 nmay conprise, for
exanpl e, I . I j . hi.-.channel
T R A e R R L i el
SO as t o seétivomcEtBtidhela 254c dmthailhedated ¢xtainplet the sewiot aiodelatié valve 204 és

enbodi nent,. .t h vapor at or .fan 24 irects the ream of air across the
surface. e RERES ARl e 2Eu Ao BB P Ral 1 REPRED: ' £F om
t he air, hamdxtHaegar eduoeithé eapeiat wherabdr un®ad bgrasclineul atedsuatidnhi n t he
encl osed vol une of t container 6 to lower the tenperature of the encl osed
Vol urre. - FEOBHIT Rt TR P AR G T Eeiestsy KL CBHNBEEECR ong- an
evapor at @fodunatiéd. Then@ctZpndRiaBE falad 2 AUhPUonPlisd Hrpulsetlidihgtédniedneat
rejection heat exchanger 220 and an input of the refrigerant heat
absorptiéﬂbﬁ%ﬁfﬂgiﬁﬁﬁgﬁgwnﬁﬁo. In the disclosed enbodi nent, the prinmary
expansion device is an el ectroni c expansi on valve 252 or EVXV 252 to neter
thfe ref r ijg@Rant AddlithSI(Iy,&ﬁ:rﬁf@igﬁaﬁt%ﬁgl’toﬁlp&@ﬁ&ﬂ ﬁ/@tehlﬁ\/lﬁilyhi(ﬁﬂuwﬁer heat hi n the
refrigerant vapor. | eavi t he heat absorption heat. exchanger 240. The
expansi oﬁCWW%r ?‘S@lt(?éﬁar&%@mﬁﬁefga‘?rélﬁé’la?‘?f F@)‘?’ﬁi‘ﬁ’éiaéiﬁm%‘lo%}é‘nﬁggg EV ey ensure
that no liquid is present in the refrigerant |eaving the heat absorption
heat exchanger 240. The | ow pressure refrigerant vapor |eaving the heat
absorption heat exchanger 240 returns %o the suction port 242 of the first
conpression stage or first conpressor 212a. [00033] In one enbodi nent, the
refrigerant vapor conpression system 2 further includes a suction

nodul ation valve 254. In the illustrated exanple, the suction nodul ation
val ve 254 is positioned along a suction inlet Iine 256 between the outl et

Y o . o, o o o "~ AN o - b r



[ 00034] Additionally, the refrigerant vapor conpression system 2 may
i ncl ude an econom zer circuit establishing refrigerant vapor flow al ong an
i nj ecti orwbi2ne/A3B5bet ween t he receiver 230 and an i nt ePcEdiSatig/opT3b®t port
260 of the conpressor 212. The econom zer circuit includes an econom zer
device 262 and an econom zer sol enoid valve 264 to control the refrigerant
fl ow between the econom zer device 262 and a conpressor econom ze port. In
the il usédeptetboan afifi@Rtdiak MReGRANBILEZAE H8Me&Er 202 Tihs e&dﬁ%mueash t ank
recei ver 230, and the econom zer solenoid valve 264 is disposed in
oper at i vEITAESHEdsiaB RCMONVCAAY I GORA S84 WRIPPBIMiFHSOKBUASHYY 204 @SR 262. The
econom 2gke SRlEARL b Bl ErARdeRDE @ik 36 BIESSHIR G BGhbARLGofXPANST On
val ve or a sol en0|d val ve, for exanple. The vapor injection Iine
connect s In He illyspated Q@del@Wtdfle @W@Ol@@ptaieaw 8h2 shlznfiash tapRaecoiver 136, ¢11das h tank
recei ver ;30,4 &é}‘%ofeh‘&&Qﬂ@gb&t@dfs@s@& in }atlgégs&gatﬁ)F%/itﬁ%H@Pg\gésﬂgan%12
[ 00035] e re rrgerant vapor conpressi o system so inclu a control
syst em opéthateramhyzeadensi 292 edh¢ tronewmizttsofeoridoalve 204 maylge ofigh ateksore of t he
refrigerapt., va SSI n S he r S ude a
controll %%CE%P?Waﬁ 15¥Pva H det ers%g%oé&t%{’e }-ersexgrgé]g ?%F’ %?It OJSCU %{]mg%‘i%n which to
oper at e tchenerwfilicl @eemttlona);ﬁdre seimingioa skamrer 3§bofahe Rashambdeatpon2iangieder at i on
refri eratl o fé? O,V{; ui rherrents ?chent condi tions and various sensed
syst em opBFEIIRY Pt 0§ e CRMPEEsOiZ & | osed embodi ment, the control | er
266 can include a mcroprocessor. [00036] Anmong the specific sensors and
tr ansducé@(ﬁBﬁbniﬁhﬁ lreefdgdjyntwm@r(compnermﬁdne;wst%a agmoendlintes n e¢rurohsyaiem t enper at ur e
sensor (RAT 0 and s erat ur SAT 211 that can input
Vel ves aclurihgSE N RERE KBk e PR B T STE tSAl whO0nd T he ouipply
air terrpebmpmsseon syetsmed‘lhe mﬁiuyn sylstaen cafmmamlb a@bitrdlienprer taitgireddddlye tsensor 228
can input, a val CCOI’dI n t he anb air tenperatur.e r ead 'én front of

the refri'Gardnte F18 PPEFSOR W@J‘ﬁh R4y ‘ﬁ%? GEFASROT ONUBSIOBSEET Suct i on

t enper at %ﬁ@d@%ﬁ)on&ammn A t8righratiortiaa defiatéinentsVaitiétd b endi@smk ahdvarivad ue
according to the conpressor suction tenperature; a conpressor discharge

t enper at lﬁ?f@e‘é DO EHEBE PTBPCEaln t@‘éﬂls?lﬁifdtemgoﬂl}gﬁe{htethﬁé%%ll%%f@&nt he

conpr essQgcllieSGhdfoPRctesperature inside the dome of the conpressor 212; an
evaporator outlet tenperature (EVOT) sensor 282 that can input a val ue

accordin the outlet tenperature of the refrigerant heat absorption heat
exchangeOBR6  LHEEd S B roraUS BT B G (PY Tt eaHEYEer 364 { hat

can i NPUthererial MBleRpedRkd RESr ATLPY Higngd bwpplner ©APRERESRhsos AN val ue of
t he conpressor 212; the conpressor discharge pressure (CDP) transducer 286

that can 5 EYiNBILYBINERFEOTARE ot BE RYRPORLY LRGSR BREN e PGB #Hl ue of t he

conpr ess Qfmpetdure | HHOURRO (Rl AbieAbdi @ mpPhaRSSWer) EMEP) 28t R tpdUs €11ue288 t hat
can input a voltage according to the outl et pressure of the refrigerant

heat absa@egsrdinhlorbaimiignt g ieyaneraurg read mefront of theirelrigerant heeingiesionlisdd by t he

system 2. -exchanger 220; a compressor suction temperature (CST) sensor 278 that can input a variable

resistor value according to the compressor suction temperature; a compressor discharge
temperature (CDT) sensor 280 that can input a value according to the compressor discharge
temperature inside the dome of the compressor 212; an evaporator outlet temperature
(EVOT) sensor 282 that can input a value according to the outlet temperature of the
refrigerant heat absorption heat exchanger 240; the compressor suction pressure (CSP)
transducer 284 that can input a value or voltage according to the compressor suction value of
the compressor 212; the compressor discharge pressure (CDP) transducer 286 that can input a
voltage according to the compressor discharge value of the compressor 212; the evaporator

outlet pressure (EVOP) transducer 288 that can input a voltage according to the outlet

10



[ 00037] The controller 266 processes the data received fromthe various
sensors and controls operation of the conpressor 212, operation of the
fan(s) 2280assioap@sed with the refrigerant heat rejecti @nThsat11exshanger
220, operation of the evaporator fan(s) 246, operation of the expansion

val ve 252, and operation of the suction nodul ation valve 254. Inthe FIG 2
enbodi ment, the controller 266 may also control the positioning of the

unl oad VvakdigurddBhnt RrSQIAEhdaY MsVrpPBE Reak BRMNPAM, Wit M@ dliBoRY RaSsrs L&lar i ger ant
froman internedi ate pressure stage of the conpressor 212 through the
bypass | ibiéhesysteiszek to the suction side of the conmpressor 212 when it is
desired to unload the first stage of the conpressor. [00038] In the

enbodi menpoodepi cithe dohddliibt £66 procelLEhE Ahth k@8N froMAROVari6RhRSSInAN syst em 2
may further include a refrigerant liquid injection |line 294. The

ref ri ger &ARTAIS QREFAHON Af Be £oBPCIPIE 229pPTatign of %_fq%ﬂc) 32¢ peosiged pesnt i quid
line 250 atio@ahi@eatdiffiod AN SLIHARLE: 050, LPGal BRI apgostloPfl s Rt r eam of the
expansi on val ve 252 "and open into the suction port 242 of the conpressor
212. A | iogeredon jlescexipanion)velve édhtapdpregeinnoé e gectivaynadeladpsysdeeld4i #n t he
Lauid it 9Bnbddified e ity Ayl b GALR A GREbF AL uflskt ce 296 may
conprise a flow contro vaf ve selective y positiona 't bet ween an open

posi t i on,valxhet&ioseleefvelygpemthe unlogdivdved todwparae ipgsat tiomoughtetniediald qui d
injectio ' 94 n A ely] rei i Jgui d flow
through_ PRE PR AL BB T uPaE I EREe ek [ AR Bb EH ™
an enboditimemimprdskre 2112 grherdit isnjeeictditonnlbddhe Gonstage of devdooprc296. conpri ses a

t wo- posi tion sol enoid val ve of the type selectively positionable between a
first op it - i t enpl ary
erbodi menfU o ¢ fa BB AR ah PREL RSl R e 08T 1

2, 1 nj ectiayrfurdier knefude g eefagdrant ipad injexdtion fihe2%nt e mgdpate lignidetjegont 260 of

t he conpres 212 . d be ac TS iniection of the refrigerant
vapor (1?25 e MBh B BEERIRA L BRR Y ke MBI RS MR R T e
first conpoesbumtesi aghe &dbaasiomiadvetse asegendntc drepuasaipon 282 afyae 212b of t he
conpressor 212. 0040] .The controller 266 al so control the .positioning
of "The. agRpieaioy® B tbr Ry 508 sety A8 sectiom FeAsagr Lt gl ve 264,
and/ or t hedtiof Uin€l290| B tliqeid ihjt@\n M dodlroldievic€ 296286, cohtiis€ Db abtell 266 may
position the auxili expansi on val ve 236 responsive to tenperature and

ary
pressure Vﬁ]é(ﬁéﬂ?célﬂ’élﬁlpgg{té naplg SeKePR appep RRsIHAr MhgEInARigHaR;liqu 8% heat

exchangerna@dfroudi@e GQNY IR i6h LikEBH4M Alised @M InOlhetdherep@idnt BaUiMg of the
econonm zer solenoid valve 264 to selectively permt refrigerant vapor to

pass frofioHBrosehhe fzesrany dgyid énigsion {in¢ SlfghTahedi B PLERsdoT 1 ne 258 for
adm t t ancgpbdihRnd e li'qlli'i’d%j@&‘%f%h Ho® dofrQlaeNOL 29e2BfhpAlestalifo HOTREERRAbIA212.

Simlarly, the controller 266 may al so position the liquid injection flow
control delp ekth gpeiselectively pesitipnsletbebreeh a firss epaagopiyien gndresepgndiclased
refriger%g%ﬁ&{quid to pass fromthe receiver 230 through the liquid
injectio Ine 294 for injection into the suction port 242 of the
conpressor 212. [00041] In a transcritical transport refrigeration systens
or a hi gh0¥PBeksdr heregepplyareapodimesn s efrearapt YEPEAMPRESSOR bS8 2 a

ref ri ger apkickg $AMEOR FinRktidal A3t RHS vEAR iRE E SREnRTaRAR: FrChiBlPfeSt OF age
devi ce and a heat exchanger. A smaller flash tank 1s desired for easy

conf or matcpwnressor 3 BY weuld boakssmalidied by injectfovef\teg refriggrant yapas(gar tinipasioni ger at i on
syst ens, i i - .1 t. nount of
e gor AE R B B L A e IR SOl BB Ml {000 can
vary gr eabviypressyn stdgeCarhb clabsenttiessédri2dqdi d refrigerant level in the flash
tank receiver 230 to vary greatly. In certain transient conditions, the
liquidr LWeer b ASH nk. ' s e so high
that the PIASR oecoFBkr LERhEanbp b b A0inf PR HETEY BRI e S
recei ver v230 236 tel aggeontigerfsolehoidmadve e, avlomotm lrpid igptemdiay eakrokde284 i s
open, th | QUi i friger an. be t t sor md stage or
ht ot ho 2o defindie 361 Paf baSIE e SRR Sl A e AT SER I T ey ot

t he conpresmmtumiacd plesge mrastrhgegoaphesset tieirsftigamgaearrejpatdn. hefonsequences
of such pressure spikes can include conpressor shut down, pressure relief
val ve set off or danage to internal conpressor parts. [00042] One exenpl ary
operation that can result in the flash tank receiver to be filled with
liquid refrigerant is when conpressorltestarts after cycling off. For
exanpl e, the conpressor can cycle off upon reaching | ow box set point
(e.qg., tenperature). In one enbodi nent, when the conpressor 212 cycles off,
ei ther because of reaching set point, power |oss or abnornma



operating conditions or the like, refrigerant can be mgrated to the

col dest part of the transport refrigeration system e.g., evaporator coi
and/ or cowpresigiae49sunp. When the conpressor 212 cycl es patiisen,/o2tses EVXV
252 opening stays small or at a | ow percentage opening in order to
evaporate liquid that is already in the evaporator coil or finned tube heat
exchanger 244. Wth small opening of EVXV 252, the flash tank receiver 230
becones fokdafghrvbd. T @Hirsl1ck 264 ﬂnﬁlﬁﬁl%‘@on\&@fﬂde %utfdﬁhﬁg of WeeBoddafzdr! ash tank
receiver is close to full, and the econom zer valve is open, then the
consequeritEnddnalpe2Gdmptledively pemit reHERN APES SN fFam fheecapginiaer desice of £ or
CONPI 5506 {h R infRBHichfhi ?@%%mﬁdﬁ&hﬁ{o thd ihuc AR RO ride SR SEPUURE 1 S

hi gher than critical’ point refrigerant, then the flash tank pressure
will be icampigprer ¢F3. tSu@slarl)z theeontnalef zﬁ&rh@r almﬁ@onﬁ@hqefdrlmg@mrﬂowapor

conpr essi 43] In one
enbodi mer(ft8 Iﬂr({?ﬁ§lﬁéﬁ9%q$alp%2 piégelg :E‘ﬁegfc @(9? ﬁga}%&lﬁgnﬁ?ﬁ%g%:ngl el? Loglgag be caused
by refri denathe rqceldes?éf)ltltmlwhahe liquid hgectiomlsp9d tioriafetiqgentatheonctngogm dur i ng
t he conpry | §,0r transport refrigeration unit 204 off cycle.
Enbodi nentgzggt%%gorﬂ?rg%&i%zt he application can address (e.g., predict) the
refrigerant redlstrlbutlon and address the refrigerant redistribution
through dgi¥ibl Imethedsticabiamporareyrigestticodgstdnirata highemessdry rarigatatter m ne
operatin n h

redistri gr&[“.rpgﬁsf fgg ratfgl”sgét&#?? Sreflh. %En&%gn%%%ﬁhgﬁﬁarik C%n% a%edgggaggndenser) of
t he transpaogt stmeger dgygreahd mhea&y&ﬂlemger | smaberélnﬁadnkmrdeslred lolagper at i ng
transi ent, co ndl tOI nssal Qodt) Ctoergl ne%r&?I tranglg repn . ' .0 Lerns of anbi ent
and cargd % 91 1 BAEL FEL PR CoFo B 2y ¥ §?§rﬁ) PEGM"St ri buti on has

occur r ed depuniding oh gbizyicdnd mgrgOfcf)ntﬂ)ﬁ teinfperatime, tthe2zﬁh4bunr (ﬁ‘fréﬂrlgﬁﬁﬁtlﬁrcﬁialﬁlgt 0 be

qui ckl'y renov dfromt e flash tan ecei ver . g., S

Hossi bl e guRe Eetprb idaeres “rudt sl G5 Samarethoutth Sinseir siduie

conpr esseéfrigdrdntG@Rr] Httdd flash Pank RecdiVbOZBDRE vAD EEaa G ThiSetRkn trideies GaMPEBSSor 212
stages up to standard node, several control geratlons for corrponents of

the t ranéli?o1 quréfr%gieﬁlé?lﬁﬁlbtﬁldﬁﬁl?ecﬂaémﬁnﬁ Hyeie 940 bﬁ?rh%kt&ﬁtdp%ﬂasil

control | gceRBH2WANCIoEb FME. Verea IR f@grsutarﬁlmcémar BPes @bdeq ulll palatedi ng: 1)

i nstead of using EVXV 252 to control orator outlet superheat, the EVXV
252 can [§eon9auier pAdeno! YabveaOft ay opep. tb‘iﬂelrﬂ g1 TigeRABl GAN SR BN (O GOFRPTCSROT . |

W thin ongqQfheorTh@YkERkhdUiRL &% pbiP26&0 efn‘él%@s%% Ee%gdrE%@é?&lePéﬂheOf flash
tank receiver. Wth a forced Iarger openi n 252, liquid

ref ri ger &AMPEEsIOr Midyitageer Sigtcomprepios disthasds of ﬁtkl C@@@qu@ﬁeszéﬁu@mr@kury and
reduce flaah LANCIRE ST 0k Gub Ry E hidkduf@ler QAR QL oBf G &R the EVXV
252 can gglgs E to evapg{eatoor uoH(RY Emsdlpere éfg{aﬁlgor{tr (ﬁ %getolse Ié‘)pen t he
ESV or ecomprsseparsol enoi d val ve 264 (econom zer service valve) to allow
refrigerant to mgrate out of the flash tank receiver 230 through the
econom Z 60| enfled ks Pidtiod Maldlh % sOPEIAL hARWRYLIBA!HE iR gAfed Lo
cover any other contr ul at e way to operate the econom zer
sol enoi d hyaidverigganttihahenceampiassg trésomits afieralytlow ofe fifor geanmht, thewomipgpssre out  of
the flas q ve (LI'V)
or liqui 2 15%[1 c{f?%;% }/t aChI%g?O §() dlgeoilrl?tc(gg tptEI %tdé‘%) I :glllwgll}eer%‘l b%gle%eg{r;tvv Yl?% m grate
out of f Itlaesdmntpmskorﬂéﬁ e}’C\Vf!BrOanﬂlet hsrcausg lof telaelnhg :@Up(dnu, povex flosonr ginomnag ont r ol
devi ce 296, er.at.i iS.int dt ver. an other

cont rof | Sl P eBRR S safdl Sk BbAA R bR B Rk e

control dﬁvigﬁetuﬁ‘lgs@stéﬂnaé g Ceailap(ﬁrbltbﬁ&dlm‘ﬂldloﬁcﬁh}br@s&bﬂ‘@fr]pl gﬂreamltw doﬁlplfﬂsg)’rat e out of
the flas '}15 cycles bac on %1" E?\%?V 252 opening stays small or at a low percentage opening in
order to evaporate liquid that is already in the evaporator coil or finned tube heat exchanger
244, With small opening of EVXYV 252, the flash tank receiver 230 becomes filled with liquid
refrigerant very quickly. When the flash tank receiver is close to full, and the economizer

valve is open, then the consequence can be compressor shut down, pressure relief valve set
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[ 00045] These exenpl ary control methods according to enbodi nents of the
application should be or have to be conpleted before the unit 204 tries to
enter ecowmoromed24v9de. | n one enbodi nent, either a pres®arTastoiansater or a
tenperature sensor installed at the flash tank receiver 230 can be used for
control of operations (e.g., refrigerant redistribution) of the unit 204.

[ 00046] According to enbodi nents of the application, the unit 204 can

transiti Qpy dreb@pRSONAN#E dariRifabQr Hakahrer a%fehtctbﬁ?&ym@nsih@h@h@arn capacity
operation safely and smoothly. |In one enbodi nent he unit 204 can

transiti GHUFAPRINEaHBEPRRdADEE pdsierl prepapovipe mpsugiBBidiaheie 288 a et hod
of ~oper aty,fig; Bak RPSAREradt Shldr 96H Ak s§§{é{196@) ﬂ@ﬁ%gbﬁgsu}@cohﬁ@l appl i cation

wi Il now be descri bed.”The net hod enbodi ment shown i n 3, can be
i npl ementreebldngs. and wi | | be described using a transport ref rigeration system
enbodi nrent shown in FIG 2, however, the nethod enbodi nent is not intended

to be |imdead, thﬁB@@é&andﬁQQﬁ%ﬁetﬁQiﬁcﬁlﬁd I&gel%’s‘{ﬁetﬂ%sﬂaﬁ( reseivér df BEER/ReLCaN start
when the conpressor restarts. |In one enbodi nent, the conpressor can start

up with &b refARaan redjuylution & p EANSAAY refeeEON GYtene ATyl thesnepresaon st 264 open
t f
( opera ' % CIQ l)lot?hlsgor]{gﬁefnf%hgn EIQFQ yfpéglev%ggdlé(]ﬂﬁs 9&81[211ng1t9 the akaﬁl%ca % Fsh tank

receiver an opt i tie nmove re erant from
to a | owenn gldeess (re uediet th@refng@ammdmtrlmhen tamdamldpa@sr thatdfogeranef ri ger ati on

it I 212 t
g tn ;ndgfg?%%ﬁ& loh ﬂggllﬁér‘r.@c%g%%rnég‘? ? oper Q{P?%?zhb h%%f?%g@?&f%%ﬁ%&?@%% deter (r)n ﬁed
t hat t he opamgesmeientZdRditias that aatrsgdnenateehb ﬂem@rast @raid@ibdtionodeold(spotg.

operatio bIo K contr o o) eratlo bl ock 335 where
t he BV Oar Ve Oég‘ﬁ%ﬁ%tep?sa‘?‘% “EP“%‘F’C Of%etanéP" gg’“mélﬂn% . Iéone 75% open,

80% open)embndiakde such @pﬂhﬂilfgufaaﬁlendcbﬁﬁjll(dls fcexd bd agaeerrmnted otinagfedoheinfidrmsh t ank
recei veré)£30 The condi tions in the flash tank recei ver can be conpared

to a pre F”inBlS’&‘a@ AUEE PO BBP8WShmpl e, a pressure transducer or a

tenperature sensor can be installed at the flash tank receiver (operation
bl ock 34([!@00421-'he thﬁﬂeﬁigblﬁdt redindbitioarhas occopet diringtheblyolodg GA6F thaumibe a

b h t I itical
oint . a pbaueeraas EmeRRhoEhb i P B ool SwbATE AR Bler m nat i on

in oper atpbgsﬁblégh@slkcaﬂﬁesssr HAb fréstarmtiinges thagambﬁ(ﬁdlorjsun@&mme@aalatca@naﬂaI ock
345, where it can be determ ned whether a predeterm ned interval of tine

has el ap8dyuniofieh MOARatErHr MPAGAEIHCT o %Bé@&‘iﬁ“@ﬁo prykrl Bag Fe°Hbgat i ve,

t he 0pen|081§1r(9f)?érﬁtﬁ)n5\f@£\501¥1§$ﬁéﬁts%ﬁﬂleQﬁnép@ﬁ FERSEakidNYund 204 e d@@(d Fepount such
as 5% or 10%.i is currently equal to or has a |arger openin than t he

pr escri bégBeniaynielEae F%nwlaab%e@glsl)’y coprok apsragiersdpeiidiag i BAnssdoper at i on

bl ock 34%;¢ hs%néﬂﬂx'vnﬁb'tN@on‘%P%ﬁ&atbP@utE[ %@Jt%@ﬁ@){t\i'i@caﬁlﬁé pekidmsa el apsed,
t hen control passes to operation bl ock where the system can be

transiti éherges opmingdondYAry Erprirtier(e. S\AW\éﬂilllt one Oeiétr@mrff:sm PraeT D ATGYEE at i on
bl ock 34§eﬁ1 erQﬁ‘t%ﬁI SMBsPRARHI G v Syl aeﬁ’) ﬁﬁﬁgé}%gelhfga REEVRY RaS; c@fb‘
0 om oper at ock 350,

el apsed trol returns to operati on C 1 ON
t he proc egfgg@am camuphigrate out of the flash tank recelver 230 quickly and reduce flash tank

pressure to sub-critical zone or pressure. Then, the EVXV 252 can go back to evaporator
outlet superheat control. 2) Pulse open the ESV or economizer solenoid valve 264
(economizer service valve) to allow refrigerant to migrate out of the flash tank receiver 230
through the economizer solenoid valve 264. In this operation, pulsing is intended to cover
any other controlled and/or modulated way to operate the economizer solenoid valve 264 that
can function to allow refrigerant to migrate out of the flash tank receiver 230. 3) Pulse open
the liquid injection valve (L.IV) or liquid injection flow control device 296 to allow
refrigerant to migrate out of flash tank receiver 230 through the liquid injection flow control

device 296. In this operation, pulsing is intended to cover any other controlled and/or
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[ 00050] Alternatively, as described above, the conpressor 212 can
transition to other cooling nodes in operation block 330 and/ or operation
bl ock 350y0ery/112488 det erm ned by cooling capacity requiPCEmsea1g/021863t her,
in operation block 335, the EVXV 252 can operate i ndependent of heat
absorption heat exchanger superheat. [00051] An enbodi nent of a method of
transitioning a transport refrigeration unit according to the application
Wi T now RRIARIGHYRES era-l[@%eﬁﬁﬁlﬁ@ﬂe&ﬁm%W%H&ol%@@%ﬂ@lhﬂcﬁi fuficcino be
inplenented and it will be described using a refrigerant vapor conpression
syst em ertHoWirgE gran romeratp optjobthedlashgle(eseivert248. met hod enbodi ment is not
intended to be limted thereby. [00052] Referring nowto FIG 4, upon

restart, [@oenm rmwxeﬁ?larmﬁﬁ@t@md& BeRRiIMNL RaBodidleME 028 apRRAIANd t he
flash tank can opti onal be in refrigerant comuni cation wth a suction

inl et of shetdd borrdreswde C(”@B@FeﬁtbP@F? e Brik2U20ys toPRIgRTOPPIBIACDINOYh ' npr essor
to a firshoBdRnOLitRt 2PLaLE: FRARICEAR at?@m 16k W6 {1 PR AL PRsHOhACK 430) .
Wien the determ nation in operation blo 430 is negative, control returns
t 0 oper at¢csirehtPedan hgpsed preanr ¢l ©f m@m feagt |r9ﬁmg¢nqntdp@$tab¢t@n) o thekni30 i s
affirmatiyg because the conpressor has staged to standard node, the EVXV
252 can be set to a prescribed limt or if the EVXV 252 is equal to or
greater than the prescribed |imt, the setting of the EVXV 252 is increased
by a presei¥pkd Agseidegde cahesiments gighe apdAgiioa, the it YHecap FRBFEEPIIINGT t  or

openi ng Qf ool FYR0M e\f&'h%’%le%}ﬁhgné}eani Q‘Q}%‘V”Lq dckt %p&&HJnE‘sQfe fﬁhfshﬂ&h f the EVXV
valve is not less than % open, 8 §e can t by I ncreasing

i ts curr dmpnogrepidingenbyhe unet 206 earrird yidign urti@qb(@ag@za(mgm fastglch as 5% or 10%
(operation block 435). Then, conditions in the flash tank receiver can be
conpar ed f@udy pr@&ﬁuoaﬁgen@mgme@of(@%ﬁgaeﬁlgm@% A40bn sJG Pr escri bed
condltlon In operatlon bl ock 440 can "be a prescrib &gpressure such as a

pr essur e apdprdishiol the anpligasion iwgle pewibe desctibedaThp picthod enboinat sigvenin HIG) s
det er mi ned : 4 A las I ] ater than the
pr easur o ¢ oo RLE RS Rih B bl g R S Hich SRR 00 T

sol enoi d ewébdiglenichnwbe I 2w wopantht megrod ombedmbeds ot intodlad &t tedinvieyl
(operathﬁé bIock 445). The pressure in the flash tank receiver can again
be conpare Yo the pressure threshold (e.g., prescribed linmt) (operation
bl ock 450). When it is determned that the pressure in the flash tank

recei ver [9@48boRefernes prewdidGbaad fragsstcai olpe mdich e CbmpmksonmtartNd)l onthe LIV
can be p e t I of 0 allow
ot i ger Anpop R BE Lo b BPLR A Iy R B PR AN B Elhndfifer P
(operati csnlehrbub&abdvel%)qpeﬂ' rt@m;aublhbloq:k Ce1$)$uWeth|tlne unh@dfvhixg B18 ook, theﬁmhver can be

conpared t ress re t the Less Iash t ank
oot ver 4 P BRPHARul A ERPR  E bR HSRRBL Pt T B B de0 Ny

control rpestswraslpomto)r@@gemerlthntretmhmdauélraﬁfng&mnn hine(o@afaedsmlaadazon Thmnaper ation
bl ocks 440 .45 mat i ve because ressure in ash tank
eoet ver HRUSHENY GHRTRET ) Eet DA CRoP o DI B e A0 o

oper at i orwkdnack dét@ﬁmnéd‘thﬂ@ﬁﬁ@irﬂp@é%sdib@gKas4ﬁ1531t1bﬁed¢@-ﬁl staelaeteheddyided vvhet her a
predetermned tine limt has passed. Wien the determ nation_in operation

bl ock 465PPateR PGkl VES). epobsprinuss & epsratign blogk 33uvesn e &IV XYyt heat

(e.g., evapss FsRion&idt |a%§e)sc%@lmﬁélﬁn§ (3N S’B%rd ch, 80 @Rhph loRfRr ideuid@4 can
tran3|t|on to a second can ifferent fromthe first node

such as ANuidaeinasmplent pigbrell{sh ek pceRr %%&I@em POYditigp ehthe flashsagiet er mi ned in
oper at i on.dy|\@ckn4e %oﬁlﬁﬁ'&d & rRCRERLBRAT AL dick LB IO b BF@lre Gﬁ%d&b%% o@ssed
(operations block 4 NO), control junps to operation block 460. From
operatloﬁﬂmﬁ@@WﬁAQEOT%MéeHﬁ@ﬂ@t@i@dﬁmbﬁmkKF@G@H@PHﬂﬁméWEﬁéﬁﬁbHﬁeof a met hod
of opera - - i cation
1 o B b S Ly CEREl e MR g A

i mpl emrentpedswndr fetrigarand crivigaldegit.ra fresdribeslitergpaaatnigfor ihgdkent vapor conpressi on
syst em enbodi nrent shown in FIG 2; however, the nethod enbodi ment is not

i nt ended ?(9)4 lWﬁEn tﬁgdettck,}ﬁﬁ Ia}fn 1n[0% 10al§§11 blBﬂI S0k rIHQLWet QnfibGumps toUPON
restart of the transport rlger tion unit, selected conponents can be
enabled.OF@mn@»@hnﬂ3§5‘M@a@uemthah@@mnméM@mbe%gﬂqhzﬂﬁwa4@¥Wdaﬁumehénabled
(operation block 510). Then, first operating conditions for refrigerant

di stribution can be prOV|ded For exanple the primary and auxiliary
expansi on val ves (e.g., 252, 236) canlbe opened to prescribed settings
(e.g., fixed settings), respectlvely (operation block 520). In one
enbodinent, the primary expansi on val ve can be set between 45% 100% and t he
auxi liary expansion val ve can be set between 25% 100% The conpressor 212
can be



enabled with the unl oader service val ve 218 open and the econom zer

sol enoi d val ve 264 open (operation block 530). Then, an operating node of

t he transwonviwveadsdsgerati on unit can be determ ned (operamriusroibioosks 540) .
For exanple, the operating node can be a frozen operating node or a

peri shabl e. When the determ nation in operation block 540 is the systemis
operating in a first prescribed operating node, control continues to

oper at i OR1BLACKVIRAQhe JMSRidai6n BRpELADBIDIONOTi Hn QPGB thl @Perd LthnS40 1s a
second prescribed operating node control can junp to operation block 570.

I n oper ati\hY Ktlyerendueaocreseng Bperibed arpugoivdn &5 oher HUp ilrie cigalant

di st ri buthOf (£&haDL 1Y opingldifh thé ARSRBEA ofeRin(GREALE BlbckiBAS). e ONe

enbodi ment’, the unl oader service val ve and thé econoni zer sol enoid val ve

ar e opendgdteanigatidnan ppiraromyplogkd4 aipeifingtiye koepesa dieanedgrmiasd (iae geriod252,  236)
can be [ ' r ri ' el pvely, in
oper at i on bl Ber o BRI AR 8 o R AR 2B RS o ey SRRESEL TS,
prescri bedan ¢enoepiabd mddee Whenhe detaperaabn mppesidi blodn$d Sfipnegaafe begarsant

di stribut, on n b t for the tran [ rigeration .unkt,,toperation

ol ock. 5601 &S RRs RO FordBRRP Sl RLEMIB LALLM bT RN

econom zepersdreriaikBS0ahy proag¢se cal amged, but the primary and auxiliary
expansi on val ves (e.g., 252, 236) can be maintained at earlier settings or
opened t hid [ 2y S IV in . i bl ock 560.
Cperat | on B Dbk DS o B o B D vl -
oper at i orotlingakodsy B, opbhgorcbingl Fsmi/oc aperdtioe black A% ietgl, @ndétanancgddyl | ng node

.g., standard ' te.). ' h j it
R A S SN N N

570, t he iplepermlent of KEaasdonmnion ata exchangebeupsdivatt 0 control heat absorption heat
exchanger outlet superheat. From operation block 570, the process can end.
[ 00056] wn, i n FlG operati conditions for refrigerant

i strt but R froge Pufbienr s PRERE] oS PRI SR T s e ar cas
of the tnansfiog to thedppligeioatildnow be tesclitedFITee nfsthod embsdimentGbewk nifkAGS ar e
nonitored. Further in FIG 5 third operating conditions for. refrigerant
St r | butioah e AR AT o QBBE R R PR B e PP BHE bl ocks
510-570 camoditetQpWeircElG. B; HodSer] thamehotembb@mentiess ifthralnd & vd 10niteds, | ess
than 1 m nute or | ess than 10-20 seconds. [00058] Various advantages that
enmbodi metteeety apparatus, transport refrigeration units, and nmethods for
operating the sane can include controlling refrigerant distribution for a
refri ger aoa052pp Ref@ORDHES HI [AA. £Ypdeiestalt/a dodipeesS@Tph eperdt€ivith get@badon vapor

conpressi o tenms, su as those equipped wth a nulti-stage conpression
devi ce aﬂaﬁe%i@?ewnd %EGF%‘P%‘EE“ opion YBEEVS%&FWEC&%?‘BW‘H%“ hanber of

ref ri ger andtioh 9w of @RtdORIpred @Y (pRRILIDOLIDEX MY, $RhEGHH MehCMpr@bor@d a figf ri ger ant
fl ow through the various branches of the refri%erant circuit. [0Q0059]

Exenpl ar yi&Y OF dandarkmedst s be dsiratnadepresation Slclir iy Mhepie delpmindden 8n can be

i”D'e”Enk?&a&&hﬁ&i%@bh@M%mﬁ@ﬂ&h&Hh@&hﬁﬂ§o&Q&kﬁtﬂkkﬂ§0YW&@ﬁ&kgerant | oop or
a plurality of coupled refrlﬂgrant | oops, for exanple, in the transport

ref ri ger deicBANYHINN opFalASIeskISR isibliamatixe bappes shel operesind hisrifasadier servi ce
val ve can.pe,@Rb oM ryk¥ 290 €. fiRedl 'I%géscm?ed!nhﬁwr% hBESEV 29 ik lgﬂﬁl @nd

corresponding flow control device can be optional. I'n one enbodinent, a
vapor i njoeeteptonthhn ihe preseiibed himets fho neliimpofftholiV S¥MASE af ingleased by e argsdybedpt i onal .

In one e Qéﬁsér%ﬂéunt.tﬁﬁe?%ﬂﬁ&%&ﬁfmd‘i@é&’lﬁmt?g% ﬁin% UPILE FRALE G IS Rt her flow

control devices such as not - limte n econom zer expansion val ve.

| n one er@dindei qurichissewiap of thi V&AM vadve ib notdess amnty@ %capah,i tgull Y Vivalve

; g'r te"t P VeLYbd IPHY inkfUhfngd (RS oG OIRLERROLy M i3t AYE i ARM L mdEuGRIPY L3P0 1 Nl et
10% (operation block 435). Then, conditions in the flash tank receiver can be compared to a
prescribed condition (operation block 440). The prescribed condition in operation block 440

can be a prescribed pressure such as a pressure threshold or refrigerant critical point.
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[ 00060] Refrigerant vapor conpression systens are commonly used for
conditioning air to be supplied to a climate controlled confort zone within
a resi derwo,200ffig49¢ bui | di ng, hospital, school, restaur@&o/useo100bB63
facility. Refrigerant vapor conpression systemare also commonly used for
refrigerating air supplied to display cases, nerchandi sers, freezer

cabi nets, cold roons or other perishable/frozen product storage areas in

comer ci ahoosst ablvhahMB AL miReS thh R Fodsudap e MRHRAICRSE AR iSYSi&TRarAl € al so
commonly used in transport refrigeration s%%tens for refrigerating air

suppl i ed heopressergeshatdfprereiontlesk e Nk te To¥de . seonamizepgRenoidaieer
Coﬂta'ne&mnﬁ@pﬁ&ﬁob&hﬁa%@&nhkéB?BB&E&&QwQ@ﬁbéﬂ@&k%mkkglﬁn1%£SH§mﬁ%ntrUCk
rail, ship, or internodal. [00061] Wiile the present invention has been
descr i bedhanlash tank feseigpioean pgainbheapiareddd thepeasire thresheld dd- grepressribed Limjt) | be
understo u I ] gﬁg] ] [ be
deterninggx%ﬁ®§b&?gﬁg®égg%gﬁl%%xc aﬁﬂgﬁgﬁgﬁﬁ%gﬁgggﬂgg%%égggg&%§kghe pr esent
speci f i cabiwrbe prascrihet liminkipertipmblocn&lo¥O).cbsEE tverbeipplswherceedorsyst ens and
appar at us d t s, are d ribed as havin ertain L. Of
el enent s ) %ra@\ng 1 be Hﬁﬁ%ieogs Ogglg?etﬁ r\fvaaty?os ‘?ch 7 rse?/nsgterea%ts,% Iglg%%r%t af;tggagsrlll&%rlr(et hods
can be pnraetvectchugh the Ifl€yererdtivablochd5Sie ihem dedraeurt & the flanibark rofeivek enent s.

Al so, while a nunber of particul ar,.epbodi.nents hav een set forth, it wll

0o oo srbt AR G aRauhd R WS TR Rl B B DR Fhactiw ¢ n

r ef er enc @rdaGr €A hepadskure trasholdnbaaitior Block a60, D) usdoMelufhseacerati@aai ni ng
enbadi nent. For cts._and/or features of

particul arl t%;or h a % , . as
brbodi meiesk 3 WIS (e dESER 1S hipegttion BURRBA0. 4 T8 ALEPRYYS h5b®RE hanged
or conbi nedireds@re iLhaMatiank Radi Wi @Sledsihdnlthe prdscBibedthfeshddd, ¢amrdI@ot@udy ned with
or replace features of FIG 4 or FIG 2. .
to operation block 465. In operation block 465, it can be determined whether a
predetermined time limit has passed. When the determination in operation block 465 is
affirmative, the EVXYV 252 can be set to control superheat (e.g., evaporator outlet) and the
transport refrigeration unit 204 can transition to a second mode, which can be different from
the first mode such as an economized mode (operation block 470). When it is determined in
operation block 465 that the predetermined time interval has not passed (operations block

465, NO), control jumps to operation block 460. FFrom operation block 470, the process can

end.

[00054]  An embodiment of a method of operating a transport refrigeration unit according
to the application will now be described. The method embodiment shown in FIG. 5 can be
implemented and it will be described using a refrigerant vapor compression system
embodiment shown in FIG. 2; however, the method embodiment is not intended to be limited

thereby.

[00055]  Referring now to FIG. 5, upon restart of the transport refrigeration unit, selected
components can be enabled. For example, heat exchanger fans (e.g., 226, 246) can be
enabled (operation block 510). Then, first operating conditions for refrigerant distribution
can be provided. For example, the primary and auxiliary expansion valves (e.g., 252, 236)
can be opened to prescribed settings (e.g., fixed settings), respectively (operation block 520).
In one embodiment, the primary expansion valve can be set between 45%-100% and the

auxiliary expansion valve can be set between 25%-100%. The compressor 212 can be
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WE CLAIM 1. Anethod for restarting a transport refrigerant vapor
conpression system the refrigerant vapor conpression system having a
refrigerawo20iwviaedss i ncluding a refrigerant conpressi onPAENiSeE,1/027363
refrigerant heat rejection heat exchanger downstream of said conpression
device, the heat rejection heat exchanger to operate in refrigerant
transcritical conditions, a refrigerant reservoir downstream of the heat

rej ecti onRpiigdt wiek @b aMORLer s@vit&idiIaRIPEn LRake RBRQNPL BRnHEILIVERGHaNger
downstream of said refri Ber ant reservoir, the heat absorption heat

exchangeP(oBgatie bogkp3 b Fiegemaneragiapda ol dhq transpedi eirgagtiomit @npr i mar y
expansi O%eq%hﬁﬁec%ﬁ&m%édﬂ sube HoRELAn@R!, 8llopSiafiGiinbddOWpst eam of said

refrigerant reservoir d upstream of said refrigerant heat absorption heat
exc hangempergmginmqw@en@ﬁ@m ¥ihag the determinatgngp ppmgficadigsddénisghe systehie

transportg g éa%iartihgﬁ{ Qs‘%%e ﬁﬁﬁ'ﬁﬁ%?ﬂo@é‘ Eﬁgﬂu‘%ésﬁo B@ﬁat%rnibg&gc%sﬁ’(pans' on

devi ce at prescri opem n ontro y renove 11 qui romthe
refriger aﬁvﬂuenrtbe;@tmmiinatlom egpartipmigotih®lOried sicgel artcribahessisg mnd@lmrole in a

first m)dgﬁ ump { to ogéargtlo%tblo 5t75] € pr| 1%/ bIgE Sée% & \é}a%ggg‘ d1t10 $ orrescrl bed
openi ng, pJe unl oa erv ve and’ op eni an®econom zer solenoid

val ve; opﬁngéramtghstﬂtmubm emgdpoetfor m‘é trmgs@omm&igeaqu@m uo. nhr(msgmbndlwmt tmin a

sel ected o10 ecrlear'tservge valve and the economizer solenoid valve are opened and the primary and
auxiliary expansion valves (e.g., 252, 236) can be maintained or opened to second prescribed
settings, respectively, in operation block 550. Operation block 550 can be maintained for a
first prescribed interval. Then, third operating conditions for refrigerant distribution can be
set for the transport refrigeration unit (operation block 560). In one embodiment, the
unloader service valve and the economizer solenoid valve are closed, but the primary and
auxiliary expansion valves (e.g., 252, 236) can be maintained at earlier settings or opened to
third prescribed settings, respectively, in operation block 560. Operation block 560 can be
maintained for a second prescribed interval. In operation block 570, the compressor can then
transition to a cooling mode (e.g., standard, economized, etc.) responsive to the cooling
capacity requirements upon completing operation block 560. After operation block 570, the

primary expansion valve can be set to control heat absorption heat exchanger outlet

superheat. From operation block 570, the process can end.

[00056]  As shown in FIG. 5, operating conditions for refrigerant distribution move
refrigerant from the flash tank to lower pressure areas of the transport refrigeration unit. In
FIG. 5, no error conditions are monitored. Further in FIG. 5, third operating conditions for

refrigerant distribution can be optional.

[00057] In one embodiment, operations blocks 510-570 can be completed in less than 5

minutes, less than 2 minutes, less than 1 minute or less than 10-20 seconds.

[00058]  Various advantages that embodiments of apparatus, transport refrigeration units,
and methods for operating the same can include controlling refrigerant distribution for a
refrigerant vapor compression system. In more complex refrigeration vapor compression

systems, such as those equipped with a multi-stage compression device and capacity
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node; closing the unload service valve; and transitioning the refrigerant
conpression device to a second node. 2. The nethod of claim1l, wherein the
second nowio 20BI/”I@t95based on a cooling capacity requiremeof/useomioer3es n t he
second node is a standard cooling node or an econom zed node. 3. The

met hod of claim 2, wherein the transport refrigerant vapor conpression
systemis transitioned to the econom zed node after a prescribed interval

has el apsgfiuitibd) itibeustlary G8fréNilic LML SSlBARVIEGE coitrol B8kt loferi@de. 4.
The met hod of claim1l, wherein the second node is set responsive to energy

consunpt isglactive sontph ef ieligeEat dew diretemihe vapiRey peheid the eBigsBPEediceld oper at i ng
node is a frozen cargo operating node or a perishable cargo operati ng node.
[00059] Exemplary system and method embodiments according to the application can be

implemented using various configurations for a primary refrigerant loop or a plurality of
coupled refrigerant loops, for example, in the transport refrigeration unit. In one embodiment,
a bypass line and unloader service valve can be optional. In one embodiment, a liquid
injection line and corresponding flow control device can be optional. In one embodiment, a
vapor injection line and corresponding flow control device can be optional. In one
embodiment, the economizer valve can be implemented using other flow control devices such
as but not limited to an economizer expansion valve. In one embodiment, the vapor injection
line can be configured to selectively input into the compressor mid stage and/or the

compressor inlet port.

[00060]  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.

[00061] While the present invention has been described with reference to a number of
specific embodiments, it will be understood that the true spirit and scope of the invention
should be determined only with respect to claims that can be supported by the present
specification. Further, while in numerous cases herein wherein systems and apparatuses and
methods are described as having a certain number of elements it will be understood that such
systems, apparatuses and methods can be practiced with fewer than the mentioned certain
number of elements. Also, while a number of particular embodiments have been set forth, it
will be understood that features and aspects that have been described with reference to each
particular embodiment can be used with each remaining particularly set forth embodiment.

For example, aspects and/or features of embodiments variously described herein can be
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WO 2011/ 112495PCT/ US2011/ 027363 6. The nethod of claim 1, wherein the
transport refrigerant vapor conpression systemis configured to use a high
pressure watorali249sfri gerant or a CO2 refrigerant. 7. Pha/usetthoe’3es cl ai m
1, further conprising: operating the refrigerant conpression device with
t he unl oad service valve open; and draining refrigerant fromthe
refrigerant reservoir using a downstreamrefrigerant flow control device.
8. The mephagtand in@ér@iaﬁgezlyor\é&ﬁﬁiﬁéd?_f(qre%rﬂ%IQQedft@IH indgGanbr FGoRcAde: ref ri gerant
reservoir using a downstreamrefrigerant flow control device conprises
pul si ng thabwednBhPLeplagolicantss af Vil ¢er Fii-a- refri gerant vapor line or
pulsing a liquid injection valve in a liquid injection |ine between the
refrigerant reservoir and an inlet port of the refrigerant conpression

devi ce.
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9. A nethod for distributing a refrigerant charge level in a refrigerant
vapor conpression system the refrigerant vapor conpression system having a
refrigerawo20iwviaedss i ncluding a refrigerant conpressi onPAENiSeE,1/027363
refrigerant heat rejection heat exchanger downstream of said conpression
device, the heat rejection heat exchanger to operate in a transcritical
node, a refrigerant heat absorption heat exchanger downstream of said
refrigerant dpeats:rej ecti on heat exchanger, the heat absorption heat
exchanger to operate in a subcritical node, and a prinmary expansi on device
di sposed 1i Nt RandiRdd foPRE@Ae Gldfafipol rdAVRSLVERPOhpRAich faEHI @er ant heat
rejection heat exchanger ané upstream of said refrl erant heat absorption
heat exchdRgEant vapargompichiden Yophiaging & refdgdrat ggculopgediaht eliigeranhe

ref ri 9er aBhi ARGl 4ot RERY ERRLAM M@@%J@MEMHQ& d%@ﬁstﬁ:%fnrdfgﬁa ant
conpression device In a fIrs primary expansion
devi ce |md@p@ﬁdankvwﬁth@mmmgwxamtmh9e®hangbppp@@muh@éM&GMChangamabuperheat;
conparing d ir ed condition;
whoroi n SRLIOARG! iRl el & SMSEAN of SRR AILubA BLEREE PO &
prescribedMgﬂﬁmﬂwaMbymp&ma®mmgdmhgxppwmmmmn@ﬁpamsﬁqmnmEHBQEmtdxdwmtroI t he

refrigera I]gea %bs rpti heat hanger r he tranS|t|on|ng t he
et ri gor Ao G b RS Pl BT o RS o BB b " A
expansion device disposed in the refrigerant circuit downstream of said refrigerant reservoir
and upstream of said refrigerant heat absorption heat exchanger; said method comprising:
restarting components in the transport refrigerant vapor compression system with the
primary expansion device at a prescribed opening to controllably remove liquid from the
refrigerant reservoir;
restarting the refrigerant compression device in a first mode;
operating the primary expansion device at the prescribed opening, opening an unload
service valve and opening an economizer solenoid valve;

operating the transport refrigerant vapor compression system in a selected operating

mode;
closing the unload service valve; and
transitioning the refrigerant compression device to a second mode.
2. The method of claim 1, wherein the second mode is set based on a cooling capacity

requirement or wherein the second mode is a standard cooling mode or an economized mode.

3. The method of claim 2, wherein the transport refrigerant vapor compression system is
transitioned to the economized mode after a prescribed interval has elapsed with the

refrigerant compression device in the first mode.

4. The method of claim 1, wherein the second mode is set responsive to energy
consumption.
5. The method of claim 1, wherein when the selected operating mode is a frozen cargo

operating mode or a perishable cargo operating mode.
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WO 2011/ 112495PCT/ US2011/ 027363 10. The nethod of claim 9, wherein when
the condition is above the prescribed condition, operating a refrigerant
fl ow deviwe 20a/uae4ysrol |l ably m grate refrigerant from t hecrafSeéigeemni
reservoir to an inlet of the refrigerant conpression device. 11. The
met hod of cl aim 10, conprising: operating an econom zer solenoid
valve in a refrigerant vapor line coupled to an internedi ate port of the

refrigerant CORPRLESSH 1BV, GBercANHe transport RBEREMGYAHOr oM RadioN @) s¥dn isn a
bypass |ine between the internediate port and an inlet port of the

ref ri ger &ARIBIP Bicst lygh pressreaaiyd reffipdan opd (O &tfriggatibove the prescri bed
condition. 12. The nethod of claim 11, conprising: pul sing a
refrigerant flow device in a liquid injection |ine between the refrigerant
r eser voi 7. and Thheethpd ef clgork, fusther ¢paaprisigi ger ant conpr essi on devi ce when t he

condition is @peqytﬁlgttl}ﬂeereﬂ{ggﬁﬁ{ éo%gesgigg gtj:\}ié.e%th the unload service valve open; and

draining refrigerant from the refrigerant reservoir using a downstream refrigerant flow

control device.

8. The method of claim 7, wherein draining refrigerant from the refrigerant reservoir
using a downstream refrigerant flow control device comprises

pulsing the economizer solenoid valve in a refrigerant vapor line or pulsing a liquid
injection valve in a liquid injection line between the refrigerant reservoir and an inlet port of

the refrigerant compression device.

9. A method for distributing a refrigerant charge level in a refrigerant vapor compression
system, the refrigerant vapor compression system having a refrigerant circuit including a
refrigerant compression device, a refrigerant heat rejection heat exchanger downstream of
said compression device, the heat rejection heat exchanger to operate in a transcritical mode,
a refrigerant heat absorption heat exchanger downstream of said refrigerant heat rejection
heat exchanger, the heat absorption heat exchanger to operate in a subcritical mode, 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:

driving components in the refrigerant vapor compression system,

restarting the refrigerant compression device in a first mode;

operating the primary expansion device independent of refrigerant heat absorption
heat exchanger superheat;

comparing a condition at a refrigerant reservoir to a prescribed condition;

wherein when the condition is below the prescribed condition for a prescribed
interval, operating the primary expansion device to control the refrigerant heat absorption
heat exchanger superheat; and

transitioning the refrigerant vapor compression system to a second mode.
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13. The nmethod of claim 10, further conprising sensing pressure at a flash
tank using a sensor, wherein the condition is supercritical condition of

t he refriwoenramt11e4y5t he refri gerant reservoir, wherein tReTSROlLYLT3aNt Vvapor
conpression systemis configured to use CO2 refrigerant. 14. The method of
claim9, operating the primary expansion device at prescribed opening to
controllable renove liquid fromthe refrigerant reservoir between the heat
rej ecti ongheatrh&xeadeedaidnd whibRilheih |healiRbh RNibBRAKe FXERBAO&diHREr € N
the refrigerant vapor conpression systemis transitioned to an econom zed
node af t @PeTefe plicleranbidey fomicerto spntipdablp Migrate defgagrant fronethe efgesay ant

compr essi;QRnARYS Qr?inie'iéﬂﬁéIéf&é&?%t%&n%r@s%ioﬁﬂd@%%e.mde- 15. 'The method of claim

9, wherein the condition 1s a two-phase refrigerant in the refrigerant

reservoir, or wherein the condition is a pressure condition and the

prescribqq.COQEQEEQP%Bﬁaﬂnlq@g&ﬁkgg%.pressure threshold or a prescribed
old, e

tenperature thres ereint rescribed pressure threshold is a
critical refrpgertagtanpr@osuigcesolenbgl valverme b hddgdrant vapoahisé coupleid ngam

refriger qrﬂgrrﬁ/e%ﬁ%r O%toomeergﬁi‘ii Qrgntsc%ﬁ;[p?ersnigﬁ) de%ic%‘ecn%nq m).de’ . the r .ef rigerant
vapor conpre55|oﬁ)systen1 §V|ng a re?rlgerah% circuit including a
refrigerant opmpreessinad ddvé e, byaass e bgercanhe heamedigp pat hehanhislat

exchanger_do stgean1of said.cqures;io&»devﬂcep t he heat rq&gction heat
exchanget'§" BS&H HEE REVRCE Vet icg dPEREe CPTETRdr 4P HE PPFECTf i gerant heat
absor pti eondieat exchanger downstream of said refrigerant heat rejection
heat exchanger, a prinmary expansi on device disposed in the refrigerant
circuit downstream of said refrigerant heat rejection heat exchanger and

upstreamiof sahéme@bd bogsiantl, fedtrisalsor pti on heat exchanger, and a
secondary expansion valve upstreamof a refrigerant reservoir between the
heat rejecti oRUIpBaf rdResiam day derige tridigyekipicgfidinsopigirehdsreligdmnger, said

net hod CoERfbiaA@ihe inlet poft®% HRME D&k REmbRELHHERNRBV AR BRI oFRNFS §868JvN SYsStem
with the prlnarg and secondary expansi on devices at first and second

prescri bél wpenbsigendifiepect i vel y;

13. The method of claim 10, further comprising sensing pressure at a flash tank using a
sensor, wherein the condition is supercritical condition of the refrigerant in the refrigerant
reservoir, wherein the refrigerant vapor compression system is configured to use CO;

refrigerant.

14. The method of claim 9, operating the primary expansion device at prescribed opening
to controllable remove liquid from the refrigerant reservoir between the heat rejection heat
exchanger and the heat absorption heat exchanger, wherein the refrigerant vapor compression
system is transitioned to an economized mode after the prescribed interval has elapsed after

the refrigerant compression device transitioned to the first mode.

15. The method of claim 9, wherein the condition is a two-phase refrigerant in the
refrigerant reservoir, or wherein the condition is a pressure condition and the prescribed
condition is a prescribed pressure threshold or a prescribed temperature threshold, wherein

the prescribed pressure threshold is a critical refrigerant pressure.

16. A method for transitioning a refrigerant vapor compression system to a second mode,

the refrigerant vapor compression system having a refrigerant circuit including a refrigerant
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restarting the refrigerant conpression device in a first node; operating
the refrigerant vapor conpression systemin a prescribed operating node;
oper at i ngwea 20tinesdsef ri gerant fl ow device to control | ablPgTRiSgr1a27363
additional liquid refrigerant fromthe refrigerant reservoir to an inlet of
the refrigerant conpression device; and when a prescribed interval has
passed since restarting the refrigerant conpression device, transitioning

the refr icGl%Fr%E'stionVcﬁaF)QE, LRIRE AR e RYSII L QBB G AR aARAGd 17. The
met hod of claim 16, wherein the second node is a standard cooli ng node, an

econoni zEAMptsEREonstevichahgreablsipchioitieeal SChrnEeidp eprale pbpceigrPRcrifede. 18,
T,h e meth %gin?,fa 1¢ @élght]h@at a%tﬁin%eh@%elﬁqlgéQi(){)vgﬁlqzaﬁl%tf &y ?éfri%e?an:tg Qea% econds, 1 .
mnutes, two mnutes, or five mnutes.” 19. The nethod of claim 16, wherein
upon shutrejersian hegt cxdhengesfarnirgeraptranapoteyise djspessd indhe sjrgeean ciredtr i ger ant
transi ti oped.feh @y %ﬁ&‘ régl‘?%ﬁané fidaf Pfiécaﬁn H&@Excﬁ&%%??ﬂﬁ%ﬁsue‘ﬁﬁ%‘%ﬁ@ réfierant
refri gerant 1S carbon dioxlide, the heat rejection heat exchanger to operate
in a tramsgrbsirpain hhudsctangtridnd aheandap sxrpsipovelregsirexcolamgeigetot oper at e
ina sub Lde V|01Cr%|etwrf§9ﬁi fie heat rejection heat exchanger and the heat absorption heat exchanger,
said method comprising:
restarting the refrigerant vapor compression system with the primary and secondary
expansion devices at first and second prescribed openings, respectively;
restarting the refrigerant compression device in a first mode;
operating the refrigerant vapor compression system in a prescribed operating mode;
operating a third refrigerant flow device to controllably migrate additional liquid
refrigerant from the refrigerant reservoir to an inlet of the refrigerant compression device; and
when a prescribed interval has passed since restarting the refrigerant compression

device, transitioning the refrigerant vapor compression system to the second mode.

17. The method of claim 16, wherein the second mode is a standard cooling mode, an

economized mode or the second mode is different from the first mode.

18. The method of claim 16, wherein the prescribed interval is 30 seconds, 1 minutes, two

minutes, or five minutes.

19. The method of claim 16, wherein upon shut-down of the refrigerant vapor
compression system, refrigerant transitioned from the heat rejection heat exchanger, wherein
the refrigerant is carbon dioxide, the heat rejection heat exchanger to operate in a transcritical

mode and the heat absorption heat exchanger to operate in a subcritical mode.
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