Hi gh- Si de Pressure Control for Transcritical Refrigeration System
Technical Field [0001] This invention relates generally to transport
refrigeration systens and, nore particularly, to a nethod and
apparatus for optim zing the system high-side pressure in a CO2 vapor
conpression systemwi th a |large range of evaporating pressures.
Background of the Invention [0002] The operation of vapor conpression
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conditions, the critical tenperature of CO is lower than the
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vapor conpression systens refrigerant pressure during heat
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system reaches its maximum value for this set of boundary conditions. The
existence of these optimum pressures has been documented in the open literature,
For example, maximum energy efficiency is attained in US Patent Numbers

6,568,199 and 7,000,413, and maximum heating capacity is attained in US Patent



[ 0004] I n accordance with one aspect of the invention, in systens
having a relatively | arge range of heat source tenperatures, the
control of the system high-side pressure in a CO vapor conpression
systemis nade dependent not only on the condition of refrigerant on
the high pressure side (i.e. in the cooler), but also on the
condition of refrigerant on the | ow pressure side (i.e. at the

evaporator). NAR8alAHs13m0LA %{j wﬁlapﬁﬁ Ess%iledl: Behe! A ERL biQhk pri:s@ntaddi tion to

tenperature conditions sensed al the cool er, various sensed pressure
or tenperatur&VeWeHi ti ons at the evaporator may be used in various
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[ 0006] Whi | e the present invention has been particularly shown and
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vari ous changes I.n detail may be effected therein Mnt%out,departlng
from the spirPatEy SUBHEOR Cantial SRR fordrD-as eIl gt b P HREE| ai ms.
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illustration of one enbodi ment of the invention as incorporated into
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of heat source temperatures (e.g. -20 F to 57 F), such as transport refrigeration units,

it may not be sulficient to correlate the optinum high-side pressure only to the

temperature of the heat sink.

Disclosure of the Invention

[0004] In accordance with one aspect of the invention, in systems having a
relatively large range of heat source temperatures, the control of the system high-
side pressure in a CO» vapor compression system is made dependent not only on the
condition of refrigerant on the high pressure side (i.e. in the cooler), but also on the
condition of refrigerant on the low pressure side (i.e, at the evaporator),

[0005] By another aspect of the invention, in addition to temperature
conditions sensed al the cooler, various sensed pressure or lemperature conditions at
the evaporator may be used in various combinations to determine the optimum
system high-side pressure.

[0006] While the present invention has been particularly shown and
described with reference to the preferred mode as illustrated in the drawings, it will
be undersiood by one skilled in the art that various changes in detail may be effected
therein without departing from the spirit and scope of the invention as defined by the

claims.

Brief Description of the Drawings
[0007] FIG. 1 is a schematic illustration of one embodiment of the invention

as incorporated into a transcritical refrigeration system,
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[0010]FIG 4 is a block diagramillustration of the process of the
present invention. Detail ed Description of the Invention

[0011] Referring now to Figs. 1-3, the refrigerant vapor conpression
system 10 will be described herein in connection with the
.refrigeration of a tenperature controlled cargo space 11 of a
refrigerated container, trailer or truck for transporting perishable
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£
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hospital, school, restaurant or other facility. The refrigerant vapor
conpr essi on si{?stem 10 i.n¢cludes a conpression device 12, a refrigerant
heat rej ecti oRfetled Descipagnplthe sty referred to as a condenser or
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operates at a retrigerant tenperatur and pressuard in the Sdberitical
range. [ 0013§lbged ioop) seyiesmefapdrant flowegargamentt he hi gh side pressure of a
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various points and then control the systemto obtdin t esired high
si de pressur edssignesiprémralipreindededsacitiprd piessyregrgime Thagisetrospor 0014] As
shown in the grhodiiiEibotonblekionsystblEn3GRIR LS codled ré?igé?g}ﬁi hesp are

rejection heat exchanger operating in environments having ambient air temperatures

in excess of the critical temperature point of carbon dioxide, 31.1°C (88°F), must

operate at a compressor discharge pressure in excess of the critical pressure for

carbon dioxide, 7.38MPa (1070 psia) and therefore will operate in a transcritical

cycle, Thus, the heat rejection heat exchanger 13 operates as a gas cooler rather than

a condenser and operates at a refrigerant temperature and pressure in excess of the

refrigerates critical point, while the evaporator 16 operates at a refrigerant

temiperature and pressure in the subcritical range.



provi ded to sense the condition of the refrigerant at various

| ocations within the vapor conpression system 10, with the sensed
val ues then being sent to a controller 17 for determning the ideal
hi gh side air pressure, conparing it with the actual sensed high side
pressure, and taking appropriate nmeasures to reduce or elimnate the
di fference therebetween. The sensor Si senses the outlet tenperature
Teo of the copgigaser 1% iafihoReitrefuli Bl GHEMhBblelEretr BBl N
controller 17. The sensor S, sense e evaporator outlet pressure
Pao and sends VPO eqmusessinn siisieinens deduek praseure has adaye 9ftery qartheicppaciy and
those two val bfien 1 iRARKEE! TRTprckd SR @eefo;quaeqek Qeisupsehsg»@ e or
froman equation/function Pl= { an 1 dea

pressure. In Mﬁémﬁ@@ﬁP@ﬁ@m@FW@H§Eﬁ@®HJ@3ﬂ§eﬁ§@9mﬂh§Cé&@@éh%ﬁhé@harge
or high side pLe3spdifs BRI lﬁéﬁ%om% s&sttent) B dolien GOMLEQ ﬂ1%{ sidkpreshire to
controller 17 then conpares t deal pressure P1 wt the sensed
pressure Ps aﬁ@ma&Fﬁ§ﬁ§CﬂW@UéwﬂﬁﬁE*%%’deV|ce 14 in a manner so as to

reduce the difdog4 gence | hegmnnhh%eo&m&%@hgeﬁ the@éﬂs@lfslb}”bo hrfdsgfae
sensed pressure Ps is |lower than the ideal pressure PI
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si de pressur eSPEs S5 RRBP P S PEsHier e PENS GoRRipeR AR sispd bt he Fi g.
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t he condenser qutl er at ur Tco S. t he, sensor.s, S5
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basi S of the mvaqdmmvaatrd)meopmﬂpemuqm essure PEO and the condenser
condenser ai rPElvi ng Ksmar afid 2 A% Sl RAREnR. o,
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evaporator exs oapoasy Ak pRubitPeip Ihidh B wd faudilec) SO AlolkPB,
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i de pressur e Bi by AEitne e S SRR po b BRI Qnb 08T THO"
t he nmeanti nme, deacribodriwreisabore witlswhrestde thp Féss $ ambodomertti gh si de pressure
Ps is sensed in block 22 and passed to the controller 17. In block
23, the sensed pressure Ps is conpared with the ideal high side
pressure PI, and the difference is passed to bl ock 24 which



W Claim 1. Atranscritical vapor conpression system
conprising: a conpression device to conpress a refrigerant to a high
pressure; a refrigerant heat rejection heat exchanger for
receiving refrigerant at an inlet tenperature and di schargi ng
refrigerant at a lower refrigerant outlet tenperature and for
receiving a cooling fluid at an entering tenperature and di schargi ng

said fluid at (g1 gher if RawhRd o ?Jﬁp«%rﬂ%te%;ﬁ)i"at(ﬂ'@nl«?t)ﬁaﬁﬂéﬂtﬁ@Tg?t%fénﬁﬁatf or

reducing said refrigerant to a |ower pressure; a refrigeran eat
absor pti on hedtlueit e Hfbe congplion dawhish them entery a fpoken Rie todwd ghe

refrigerant epf@Lhiing@l oﬂ%ﬂnle@gﬁ%@ﬂgﬁ’%dlﬁ@%enﬁ?ﬁﬁ%%&ﬂ@ire @kn BRed Nl €t
pressure and exiting Said heat absorption heat exchanger at an outl et

pressure; andas describedhhggipgbowt- t o deternine a desired high pressure of

sai d refrigergq7pn the RAK:SmBbdiRAR isShowRin®id 8GR HiRSmaSHeCi at ed
wi th said heat rejection heat exchanger in conbination with one of

sai d pressur e§OHERETIUHEERMRGTAHE dag, HeiRBEEnscAASIPITLY NG Bt reRETIENMger or

a sensed condid Jefdd thetGthcRdthrd 8f thB E5BAS air entering 2he Ot BN (AS uket forth
inclaiml wherein said tenperatures are seFected fromthe group

consi sting of 245FY eRstatyre); adithegpmpraaiire 8k bp ainyhich sleavive TeeWper at ur e,

sai d heat rej e&ldb@Br 13eahc EoneBARY @ kheR ubicBiMes tHedbal IBFPEdcArdERe BRA sai d
heat rejection heat exchanger air |eaving tenperature and said

pressures ar e TEORUTALRE SVARARAPIIELE PESTTCrA SREIDE FRpdEeISHicHISER
absor ption heainperGRANGOF or the BisislRT &S PR MdAtohiddngtr Bie Rhvih@lMpéhioR heat

exchanger out [(?T'[ [—:?e%salilnrilsg s(t)eli)s g're Sth%g %a?cgn i%%?eqineEningrnde!scrr]i(ljjtiadcl?étréir\l/a%m'seher eof.
[0018] A functional diagram for the various sensors and the control 17 is
shown in Fig. 4. In block 18, the condenser outlet teniperature Tco or the condenser
air entering temperature Tiy, or the condenser air leaving temperature Tyt is sensed
and passed to the controller 17. In block 19, the evaporator exit pressure Pgg or the
evaporator inlet pressure Py or the evaporator inlet temperature Ty is sensed and
passed to the controller 17. In block 21, the control 17 determines the ideal high
side pressure Py by using two of the values as described above. In the meantime, a
compressor discharge pressure or high side pressure Ps is sensed in block 22 and
passed Lo the controller 17. In block 23, the sensed pressure Ps is compared with the
ideal high side pressure Py, and the difference is passed to block 24 which
responsively adjusts the expansion device 14 in the manner as described
hereinabove.
[0019] While the present invention has been particularly shown and
described with reference to the preferred mode as illustrated in the drawings, it will
be understood by one skilled in the art that various changes in detail may be effected
therein without departing from the spirit and scope of the invention as delined by the

claims.



3. A nethod of optim zing system high-side pressure in a CO2 vapor
conpressi on system conprising the steps of: conpressing a refrigerant
to a high pressure; cooling said refrigerant by giving up heat in
said refrigerant to a cooling fluid flowing in a heat sink; expandi ng
said refrigegandip @ | ow pressure; evaporating said refrigerant;
measuring a characteristic indicative of inlet or outlet tenperature
of either the refli gerfatrgnsaitidcaheapoocimpressionusydemcompriding:or after the
cooling of said refrigerant, . nmeasuri.ng a characteristic

i ndi ca?i ve of an 4SMBIeSHOn deieee cBPB%%?@ﬁ%WFq%ﬂlaﬁp‘EfF%ué‘F the step
of evaporating sairgfiigefani BRE ARfYction heat eﬂ:a&rﬁg@ﬂfoméwivﬁag%;ﬁigéﬁﬁtﬁlaﬂthlet
pressure of said refrigerant on the basis of one of said tenperatures
associ at ed ViFTRereE Bgslischysng refbiperantaf o joyer sftigerant ogiesiterapararesnd h
one of said ' ] b : [ :
refrigerant %{ﬁg&gﬁgﬁg;ﬁé@%ﬁ%ﬁ %ﬁ%&%ﬁ%%@g@géﬁﬁl &a%%g%gﬂdﬂlg iatng
sai d hi gh pradugher teaving$emperaiessi red hi gh pressure. 4. A met hod

as set forth in ' er.eip_said tenperatur are selected from
the oroup const s S BroRAEF B Fabfab BB TR A By Dlobat Bredi e
cooling fluid enteefriggrahictgpedbadmptien Eeﬁflexdia:jg@?ﬁirhagiﬁglaﬂ& SvdpBRMhHGid
tenperature and said pressyres are selected fromthe group consisting
of the refri'GEEgARt q“fﬁp“@g Sﬁﬁ&@@ﬁ%"gfﬂ }teﬁ*eexP@“nggaéF’éH}lg@EﬁSF‘EF anft essur e

or a sensed egRidisiit BBatiaBSbrStRIn N8t dxBRABEH at an outlet prefeurdd ahfi anscri ti cal
refrigeration systemconprising: _ _ . .
a control to determine a desired high pressure of said refrigerant on the basis
of one of said temperatures associated with said heat rejection heat exchanger in
combination with one of said pressures associated with said heat absorption heat

exchanger or a sensed condition indicative thereof.

2. A system as set forth in claim I wherein said temperatures are
selected from the group consisting of said heat rejection heat exchanger outlet
temperature, said heat rejection heat exchanger air entering temperature and said
heat rejection heat exchanger air leaving temperature and said pressures are selected
from the group consisting of said heat absorption heat exchanger inlet pressure and
said heat rejection heat exchanger outlet pressure or a sensed condition indicative

thereof.

3. A method of optimizing system high-side pressure in a CO, vapor
compression system comprising the steps of:

compressing a refrigerant to a high pressure;

cooling said refrigerant by giving up heat in said refrigerant to a cooling fluid
flowing in a heat sink;

expanding said refrigerant to a low pressure;

evaporating said refrigerant;



a conpression device to conpress a refrigerant to a high pressure;

a refrigerant heat rejection heat exchanger for cooling said
refrigerant by giving up heat to a cooling fluid; an expansi on device
for reducing said refrigerant to a | ow pressure; a refrigerant heat

absorption heat QK&E%‘E&%EE[ cHaficteRYAPRARLAVAD S ?rgét%r 'E)?tflcré :tetgﬁgée?%%rﬁ é)?‘ either

t enper at ure sensor Sensing the tenperature o

refrigerant thesfiigagaitoetheeadlingded priario beafter ¢heodvalipesf soid refi@eman! i ng
fluid entering or_| eaving,the hetat. r.ej.ect ifon. h%at eﬁe%hangﬁr; .

sensor to sense AMCSHUIRT DATACITHFIIPMGRIVEOT 4 el OF gptiet gressipgprior to or
refrigerant ai’terthlé@teb@E%ap@faﬁﬁ%bdi@tefﬁ@er&ﬂj d heat accepting heat
exchanger; and a.control for calculating a value on the basis
of one of said té&kisepmingedesuekyah aresgrawisadgaiigenntan the pasis ofone pat
exchanger i | | ' ' : '
absorption ﬁé‘gﬁg@%ﬁﬁ’aﬁﬁgﬁ%{%{&d?@%ﬁ ?O'r‘?gh 3?%&?‘5‘%%%%%%2%&%?@3%
pr edet er m nediewsFaid pressukstassosiated withsthe tyeapofating 6f siduebigenint otreesensed

refrigeration. sy | ust the refrigeration system accordingly.
6. A syst emcggéléé% S’Fﬁz)cr%ﬁﬁe&%egﬁg?% 5 wherein said tenperatures are

sel ected from t hedgstngsaiioigh picksuer tofsaid dedred difith pregseet | on heat
exchanger outlet tenperature, said hear rejection heat exchanger air
entering tenperature and siad heat rejection heat exchanger air

l'eaving tenperatyl e andmshbdladieBRoHifelafth § whteRCdaRliembOThIGGQr OUP
consisting of said heat rejection heat exchanger inlel pressure and

sai d heat r épleeted SAmHBagrosR consingeg obilie raftieqsent oyt deraperaiurseths eepling
condi tion i r}ﬂfti&@r{téﬁ’r% t&rggér%f'e and the coolixZg ﬂ@idqgatvﬂ'l%q‘mﬂfaer&mé 4T 549
or arerrig tem

per f or mance ration sys
pressures are selected from the group consisting of the refrigerant inlet pressure and

the refrigerant outlet pressure or a sensed condition indicative thereof,

5. A transcritical refrigeration system comprising:

a compression device to compress a refrigerant to a high pressure;

arefrigerant heat rejection heat exchanger for cooling said refrigerant by
giving up heat to a cooling fluid;

an expansion device for reducing said refrigerant to a low pressure;

a refrigerant heat absorption heat exchanger for evaporating said refrigerant;

a temperature sensor for sensing the temperature of either the refrigerant
leaving the heat rejection heat exchanger or the cooling fluid entering or leaving the
heat rejection heat exchanger;

a sensor to sense a condition indicative of a pressure of the refrigerant at the
inlet or outlet of said heat accepting heat exchanger; and

a control for calculating a value on the basis of one of said temperatures
associated with said heat rejection heat exchanger in combination with one of said
pressures with said heat absorption heat exchanger and comparing said value with a
stored predetermined value to determine a state of efficiency of the refrigeration

systemn and adjust the refrigeration system accordingly.



conprising the steps of: conpressing the refrigerant to a high
pressure in a conpressor device; cooling said refrigerant by giving
up heat to a cooling fluid of a heat rejecting heat exchanger;
expanding said refrigerant to a | ow pressure in an expansi on devi ce;
evaporating said refrigerant in a heat accepting heat exchanger;
sensing a refrigerant outlet tenperature or a cooling fluid inlet or
outl et tenperaturse pridogystem BrsebitRin claial 3 whesial sdidrahpdrgeres bie;
sensing a con@iti n inicative_Qf a.inlet or Qutg$t ﬁ%essure of said
refrigerant SFS%d fPmdpe group pongistiag of bR SeHoR Agah e gy Rpticht ;

on the basi Seber@f, &fid Bt bj RN BEA WEIRAR 27 QAleRMS bnipelafirs 20 diftp said
refrigerant in conbination wWith one of said pressures associated with

evapor at i ng hsafirgicetémrhicgiegxghangenair leaving lemperatise gud s9id pregsvnes ewstsalertoe of
the system gnafl Al C%Hﬁéth{' QP said heat rGOTRALLAS éﬁhge Gl l;s@\S dnyal ue
. 1 1 )
wth a predgﬁﬁrn1ﬁ%gm§iore &rartie ?%rgéggrn1nexa State 3# elglglency
of the syst enid haadejachandichingchaiger outlet prg@n@tar anersyd tanditadadicktivgl v .
8. A nethod &ﬁs q?fEt forth in claim?7 wherein said tenperatures are
sel ected frdfftHe group consisting of the refrigerant outlet
tenperature, the air entering tenperature and the air |eaving
tenperature and said pressures are sel ected ) .
7. A method of optimizing performance of a refrigeration system
comprising the steps of:
compressing the refrigerant to a high pressure in a compressor device;
cooling said refrigerant by giving up heat to a cooling fluid of a heat
rejecting heat exchanger;
expanding said refrigerant to a low pressure in an expansion device;
evaporating said refrigerant in a heat accepting heat exchanger;
sensing a refrigerant outlet temperature or a cooling fluid inlet or outlet
temperature prior to or after cooling said refrigerant;
sensing a condition indicative of a inlet or outlet pressure of said refrigerant
just prior to or after evaporating said refrigerant;
on the basis of one of said temperatures associated with cooling said
refrigerant in combination with one of said pressures associated with evaporating
said refrigerant, calculating the value representative of the system operating
condition;
comparing said calculated value with a predetermined stored value to

determine a state of efficiency of the system; and

adjusting said refrigeration system accordingly.

8. A method as set forth in claim 7 wherein said temperatures are
selected from the group consisting of the refrigerant outlet temperature, the air

entering temperature and the air leaving temperature and said pressures are selected



fromthe group consisting of the refrigerant inlet pressure and the
refrigerant outlet pressure. 9. The transcritical vapor
conpression systemas set forth in claim1l wherein said control
determ nes the desired hi gh pressure of said refrigerant on the basis

and the hoat " ahaar Bt o e SRR kBl I Bl B Lok SERTLRY' ©

The transcrifesale. vapor conpression systemas set forth in claiml
wherein said control determ nes the desired high pressure of said
refrigerant on the basis of the heat rejection heat exchanger

refrigerant outlet t ermemmhﬁcaam@bdrh@mbﬁadlo@@@@fn%ls@trrohﬁﬁiclﬁﬁphanger
i nl et pressure. .. The transcritical vapor conpression system

as set f ort Hvhsseinsgif ﬁ?lltr"-\lﬁétﬁ"eﬂiﬂﬁess‘fh? éesef@%{ugb pregaire phsaifoeiigsententheed
hi gh pressungsebraRindaty g@&ioﬂq{e r@fr%@ﬂhtsod?lf nfeﬁlg lﬁﬁ% add®h&Gdak ON

heat exchanger refrigerant out t te ature an eat absorption
heat exchangbsorptidrelicat exchargst ontlet pressure. 12, The transcritical vapor
conpression systemas set forth in claim1l wherein said control
determ nes the desired high pressure of said refrigerant on the basis

of the heat rejeqbion Tfhe&hnseﬁﬁdfhaﬂgﬁfr c6apiebdith Jybtainthsiset fodth irﬂ:ll&lﬂ‘xrlat ure
and t he heat absorfsél on h at exc gn er out]et pressure.
The transcritHeEen s ﬁeﬂﬁ% FpHass thndesyred ligh Rreswiss oﬁ%ﬁrﬁmaﬁraemwfl

wherei n sai 42698t the heﬂe&ﬁamhm@a kBRingaShigel GiePERpoUff £ld tBehd
refrigerant on the basis of the heat rejection heat exchanger cooling

fluid out | etabsespisyeatiexshanger inleepisedre. absor pti on heat exchanger
outl et pressure.

11, The transcritical vapor compression system as set forth in claim 1
wherein said control determines the desired high pressure of said refrigerant on the
basis of the heat rejection heat exchanger refrigerant outlet temperature and the heat

absorption heat exchanger inlet temperature.

12.  The transcritical vapor compression system as set forth in claim 1
wherein said control determines the desired high pressure of said refrigerant on the
basis of the heat rejection heat exchanger cooling fluid inlet temperature and the heat

absorption heat exchanger outlet pressure.

13, The transcritical vapor compression system as set forth in claim 1
wherein said control determines the desired high pressure of said refrigerant on the
basis of the heat rejection heat exchanger cooling fluid outlet temperature and the

heat absorption heat exchanger outlet pressure.



