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di icr)l)%eds%bcritical pressure range for the particular refrigerant in use. Refrigerant
vapor compression systems operating in the subcritical range are commonly charged
with conventional fluorocarbon refrigerants such as, but not limited to,
hydrochlorofluorocarbons (HCFCs), such as R22, and more commonly
hydrofluorocarbons (HFCs), such as R134a, R410A and R407C.
[0003] In today’s market, greater interest is being shown in “natural”
refrigerants, such as carbon dioxide, for use in air conditioning and transport
refrigeration systems instead of HFC refrigerants. However, 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

pressure regime. For example, transport refrigerant vapor compression systems
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periods are modulated in a time pulsed matter in order to maximize the efficiency of
the overall system. This is accomplished by either modulating the relatively axially
movement between the scroll members so as to form a leakage path across the wrap
tips and opposed end plates or by reducing the orbital radius of one of the scroll
members to thereby form a leakage path across the flank surfaces of the wrap.
While such a so called “digital scroll compressor” has been implemented primarily
for use in residential air conditioning systems operating in a subcritical condition, it

has not been applied to transport refrigeration systems operating in a transcritical
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Brief Description of the Drawings

[0010] FIG. 1 is a schematic illustration of the present invention as
incorporated into a vapor compression system.

[0011] FIGS. 2A and 2B are graphic illustrations of compressor capacity
modulation in accordance with the present invention.

[0012] FIG. 3 is a graphic illustration of the resultant cooling capacity
control in accordance with the present invention.

[0013] FIG. 4 is a graphic illustration of the present invention as

incorporated into an economized vapor compression system.



Brief Description of the Drawings [0010] FIG 1 is a
schematic illustration of the present invention as
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FIGS. 2A and 2B are graphic illustrations of
conpressor capacity nodul ation in accordance with the
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[0017] To accommodate the use of CO, as the working fluid operating in a
transcritical cycle, there is also included in the circuit, between the condenser/gas
cooler 12 and the evaporator 14, a first expansion device 19 and a flash tank receiver
21. As the CO; refrigerant leaves the gas cooler 12, it passes through the first
expansion device 19 whereby it expands to a lower pressure, with the refrigerant
then entering the flash tank receiver 21 as a mixture of liquid refrigerant and vapor.
The liquid refrigerant settles in the lower portion of the flash tank receiver 21 and
the refrigerant vapor collects in the upper portion of the flash tank receiver 21, above
the liquid therein.
[0018] The liquid refrigerant passes from the flash tank receiver 21 to the

expansion device 13 where it expands to a lower pressure and temperature before
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cycle time, if the loaded state time is 10 seconds and the unloaded state time is 10
seconds, the compressor modulation is (10 seconds x 100% + 10 seconds x 0%)/ 20
= 50%. If for the same cycle time, the loaded state time is 15 seconds and the
unloaded state time is 5 seconds, as shown in Iig. 2B the compressor modulation is
75%. The capacity is a time averaged summation of the loaded state and unloaded
state capacity. By varying the loaded state time and unloaded state time, any
capacity from 10% to 100% can be delivered by the compressor. The refrigeration

system capacity can therefore adjust precisely to match load demand over a wide

range of applications.
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exﬁgsrel agg gv?tgout the use of the other. That is, for control purposes, it is desirable to
sense a condition that is indicative of the pressure ratio of the compressor 11, and
either the discharge pressure or the discharge temperature can be used for that
purpose as will be described hereinafter.
[0025] Another parameter that is used in the control of the system is the
temperature within the space 31 being cooled. This temperature is determined by a
temperature sensor 32 which sends a sensed temperature signal to a comparator 33

to be compared with a set point, with the difference being sent along line 34 to the

control. Considering now the manner in which the capacity of the digital scroll
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Thus, the fan motor 18 is run at high speed and a compressor discharge pressure, as
indicated by either the pressure sensor 26 or the temperature sensor 27 is maintained
at a maximum design point. The control 22 then varies the cycle times of the
“loaded state” and “unloaded state™ as necessary in order to prevent overloading of
the compressor. For example, a maximum compressor discharge temperature may
be established at 300°F, and as that temperature is approached, the compressor

modulation (i.e. the loaded state time as compared with the unloaded time) is

decreased in order to prevent that temperature from being exceeded. The line C in
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3t e%% orffili%ecf ;' gte}nocﬁiQIelg ]?yn?([ﬁ itéh%gl‘gh %grrﬁTPres-I;hle 1 lclﬁjav I;geaﬁvsdg(gr iﬁjection
I SChar ge ressure 1Is a an Optl e poln thr ug
copirr 3. Head, vtee (19h taak cbctiner Xlasarvaotaonly8s ¢ almargeconpelrtaike tut
ei t her a high or.|low speed. The |Line B jndicates.a
e et S hize U ABER Mieerafeq e R RsS Bh STt
of flpemd@trécdiver 2 Inabohethp lilphid ksanhéerpid eassthod opeeseon] 11
is operating.in a.full load condition with the X1.mum
BT e eri s e e SRS i R i P s ThE SRR
at vaeds is pe@dilans Be EHIPI ESaQkded tSGRAIndRd PrRESHBomidSt

i ndi cated by either the pressure sensor 26 or the
t ePHSER QR ur e sensor 27 is naintained at a maxi num

de@ogy) POi Nfp (hd Beent BAL 1&pithe LREST (NAEInBS] &8 @Y GdsEribed
tinmes of the "l oaded state" and "unl oaded state" as

neltcedraipye the COPREsor 1 ndyiempeidivet tlowiidigmpiratalgs it is

C pd@frﬁ'ﬁest%rprov,i:&r liq%i%ﬁﬂﬁl:t?on iReoMReqd (OB $oRS3@lor an alternative
di scharge tenperature nmay be established at 3000F, and

asparthiat liquadypaecatdingdy. ilige ap prdrssdeeadid splegoid oaye 8k sarovided

no, ' j.e. the | oaded state tinme as conpared
m[@ﬁh?ﬁggﬂﬁé%aded tinme) is decreased in order to

pri®03NHt t haft shewipbe mrognizefl tlomnibtiehie. d xobediednt, Idveomizad
CinFi.g. 3,sho a pcal lin it riation
Ry el SR SR B laP ERAC o

S hegsuierat fie gapot igevti ompord 86 cOthbedseatho vegnotitiver pilese bt in
invention is applicable to a non-econom zed digital
scP511"°%onpr essor system However, it is equally

appbigabl e aoBeORpNDIZEchody sddepEerd fwhichrthOpssehyq@agolas

S hI(I)lg\{ﬂOCi {s] apFIial%hblgisasﬂgwn in Fig. 5. Here, a flash tank is not included but rather
an interstage economizer 42 that is simply a brazed plate heat exchanger. Leading
into the interstage economizer 42 is solenoid valve 43 and an expansion valve 44.
Thus, when the solenoid valve 43 is open, the refrigerant vapor flows from the gas
cooler 12, through the solenoid valve 43 and the expansion valve 44 into the
interstage economizer 42, with the vapor then being injected into the vapor injection
port 36. When the solenoid valve is closed, the refrigerant vapor flows along line 46

to the interstage economizer 42, with no economizer operation occurring. In either



Fig. 5 for exanmple. In Fig. 4, the control systemis

shown as used with a flash tank econom zed system
wa@ietovas03y a digital scroll conpressor 11 havi PGI/ES2009/043773

vapor injection port 36. Here, the flash tank receiver

2 1 serves not only as a charge control tank, but also

as a flash tank econom zer. Vapor refrigerant

COéals@@tchﬁge {Brabd@esRO S {sPRovededtib gerld @Shint ﬂﬂ@ofee&@toviﬁg 2

1 above t liquid | evel therein passes fromthe

r 6P €harge-1 al ong line 37 and sol enoid val ve 38 to

t hoyAapor | W}ﬁf&tth@ﬁ}ed%ﬁtﬁhvé’nﬁon ﬂ'ﬁ%eégﬁa%k%'la% BbWRaR8 | S

controlled by the control 22 in order to urn on and
of des¢rihed e ndfpicpesrto Ssareleiresimodee Adistratpd infke drgwimgs, it will
t h@etundgl@tg%] E)e oﬁerhﬁ 1143 & t‘ﬂg i Iﬂﬁlt Qﬂf&lg Eﬂangc‘e%iﬁ 8&&19&1& be effected
desc er el nab ove, t he conpr essor tends 10
opbmamemamuekﬁmangﬁvmehpﬁhamudssmebﬁmﬁSWQ®smmab@bwdbyﬂw
praghge liquid injection into the vapor injection port
36 or an alternative port for liquid. Accordingly,
line 39 and associ ated solenoid valve 4 1 is provided
for that purposes. [0030] It should be recognized
that, in the Fig. 4 enbodi nent, econom zed operation
will occur only when the flash tank vapor pressure is
greater than the pressure at the vapor injection port
36. Gtherwi se, the econom zer will not be in
operation. [0031] Another type of econom zed system
whi ch the present control nethod is applicable is
shown in Fig. 5. Here, a flash tank is not included
but rather an interstage econom zer 42 that is sinply
a brazed pl ate heat exchanger. Leading into the

I nterstage econom zer 42 is solenoid valve 43 and an
expansi on val ve 44. Thus, when the sol enoid valve 43
is open, the refrigerant vapor flows fromthe gas
cool er 12, through the sol enoid valve 43 and the
expansi on valve 44 into the interstage econom zer 42,
Wi th the vapor then being injected into the vapor

i njection port 36. Wien the solenoid valve is closed,
the refrigerant vapor flows along line 46 to the

I nterstage econom zer 42, with no econom zer operation
occurring. In eithercase, a charge storage vessel 45
is provided to serve only the purpose of storing
excess char ge.



[0032] While the present invention has been
particularly shown and described with reference to the
wee@baswerl node as illustrated in the draw ngsPCT/US209/043773

be understood by one skilled in the art that various

changes in detail may be effected therein w thout

departing fromthe spirit and scope of the invention

aswdgfihippd by the clainms. W CGaim 1. A vapor

conpression system of the type having CO2 as the

wor ki nd- f | uihdvager C@@W%SlP'ééw%éflbOfélﬁf‘e%’&% hayingi (f2zps the working

t r @8 es hdib ‘f@]lulrg Xﬁérﬁloncﬁ? MRAhsSHifRA &}Qles @Jﬂl}ﬁ'lsm\g% gérﬁgworkmg
luid flow relationship: a gas cool er for feceiving

cc@ndﬂpwrrelatnonahlm gher tenperature and discharging it a

| oner t Iy

e v PR er ALyl e B3l grsin

di is e kavegiengpe@®2e;i n | i quid form an expansion val ve

bet wee

vessel -+ ARl 8T, Sath B0, 00,300, ERACAR. AR ARG ggoter

erMhdngs}ﬂgmquﬂ@gm vessel and discharging a

m xture of CO2 v ui d; apqrat o

Fecel viRg BT i besPekspta i o Ay RE iR Sfgre? veset

di sc haragleﬁ@anaoﬁ:(MVe/ﬂ)p edceivang diqaiddi @i fomh sa$d:<ﬂﬁirge storage vessel

co res responsi 0 a va ab e duty cycle signal
?rtg@g Eé’ﬁ}ét?:}’feﬂ\‘/é%@ Vﬁ%odi&fl t he respective

| oaded aateﬁi@eht@rfdr Iuwlﬁagi@ﬂnﬁﬁ@becob NR®r hitl IRjuRidnge

vvi dt h nodul ati on manner, said conpressor receiving | ow

rdedignemsedV1 4pof 449 om sai d evaporat or and

dl schargjifie fr@Ncdi RS T8GRy MBRQhridbR AR SycBaSanal to vary
cooler. 2. A vapor conpression systemas set forth in

cl 45 Gepacityihe msidplagng e rpacyee opdsdatieed iad yalpaded mgte) tguss ima
flash \%ﬁdﬂ‘%n&ﬂﬁ%ﬁﬁ’laﬁ&r 8 oR Bl o Lei VAR Rw ?ﬂ@gjsuﬁz &2vapor
liquid therein. 3. A vapor conpression system as set

f ofirerh saidh edpaiagar zn@mchmmgmm@eﬁu@@mmw sfipasagaclen
mul ti - speed notor capable of driving said fan at

either a high or a | ow speed.
2. A vapor compression system as set forth in claim 1 wherein said

charge storage vessel comprises a flash tank adapted to have both CO- vapor and a

CO; liquid therein.

3. A vapor compression system as set forth in claim 1 and including a
gas cooler fan and a multi-speed motor capable of driving said fan at either a high or

a low speed.

4. A vapor compression system as set forth in claim 3 and including a
control for determining whether the vapor compression system is operating under
full load or part load operating conditions and for operating said fan motor at either a

high speed or at a low speed as a function thereof.

10



4. A vapor conpression systemas set forth in claim3
and including a control for determ ning whether the
WO 20n4@ehpr essi on system i s operating under fRECT/UBAY043773

or part |oad operating conditions and for operating

said fan notor at either a high speed or at a | ow

speed as a function thereof.5. A vapor conpression

syst emsas s@tvahe dothpkddsi6h dlshfasWhEtRh th cldifn 4 NiRr&Y SE &
is operating under part |oad conditions, said contro
psglstgmég oReEUg L ader Rart toagd éwdgtﬁ@écfaldgont}pl \(pagéqes said fan at a low

cogpigessi on systemas set forth in claim5 wherein

said control is then operable to reduce the | oaded

state tine of operation. 7. A vapor conpression system

as set fort t j

oper atitg under R SN &k ki SR STy s

cosntrollis then apfaptlew redico grerledded stale dinfeanh opdratzpnhi gh

speed. 8. A vapor conpression systemas set forth in

claim7 wherein said control is then operable to

reduce’nhe Aoagetostpatsgot syyenods seeriatn damalswinede §3by vy

t i f the
conpPELE RS bp B M RaBioci e ROMRIET 3 contigh 4ERSY o
'”@kﬂﬂi%@I@nSﬁﬂﬁg{qkat obtai ning an indication of the

pressure rati o under which said conpressor is
operating and sending a representative signal to said

controlg. 10A vapoedoh@ebssibn SRRAT Blskd f0gh e dl&hr7 YRR baid
vapor conpression systemof the type having a gas

coamiEp! ighep operahly toiredyse dhy lpadrd siag tl%l%ﬁped@&ng“ﬁ BEFCESgrY 1o

Op&ERhLoVeRolitd GNRCEniph&Rdr. cycl e, conprising the steps
of : providing a digital scroll conpressor having the

capability to vary its capacity by nodul ating the
respectg ve b\oﬁgéldco%lp?ésﬁo%}@teﬁ{‘ds‘%ét%ﬁh fHadif d dnﬁ%-?cldcfhgaa

pul se wi dt h nmodul ati on manner; and during periods of
pa?fetlsqf babepern indjcationdf the @rﬁgsurmaéﬁ anden gyhtcheaifl gpmpressar

oper SRRER AT IR IR PERFO NI ELT 11
nethod as set forth in claim 10 and including the
steps OlfOE A method of controlling a refrigerant vapor compression system of
the type having a gas cooler with a multi-speed fan and being designed to operate in
a transcritical cycle, comprising the steps of:

providing a digital scroll compressor having the capability to vary its
capacity by modulating the respective loaded state and unloaded state times in a
pulse width modulation manner; and

during periods of part load operating conditions, operating the fan at a low

speed and reducing the loaded state time of operation for the digital scroll

COMPIessor.
11. A method as set forth in claim 10 and including the steps of:

providing in serial flow relationship downstream of said gas cooler an

expansion valve and a charge storage vessel; and

11



providing in serial flow relationship downstream of
sai d gas cool er an expansion valve and a charge
WG e@pagBs7ryessel ; andsensing a condition indi cap¢wES29D9/043773

conpressor pressure ratio and varying said expansion
valve to control said pressure ratio. 12. A nethod of
controlling a refrigerant vapor conpression system of
the ty B@nsh%Vaj dediBod Adica@R! @tombleioPplatbicl radPaRd afy@fy said
and being designed to operate 1n a transcritica
c y&Pansifofe S got il Meews r8f:  providing a digital
scroll conpressor having the capability to vary its
capacity by nodul ating the respective | oaded state and
unl oaddd- st 4t methphefsoniolingrafesezevgnt vaponesuiression Aystem of
congiipe badhd LREhOefy pholdigecd ARIORTRAIAR i goracin
r edugisergicekhecleoadadisiop dtessteps pe of operation as
necessary. .. t_pverl i .of :
compr odusidiy S0 LS BERRG: PR R2ELRAIR 0 WiF i o
i n@ipandliy hy niddelagbeths raspectipe wadedi stge and vabadal stdtd dmes in a
rel tiog h“p G@mnstrean1of said gas cool er an
xRN RO KA char ge st orage vessel ; and
sensi ngluging peiidids ool ilsad iopahii deconditipiise Sistdtidg tad fhawataf high
t he c‘nB£essor and varying the expansion valve to
co%??gﬁ aid pressure ratio.

reducing the loaded state time of operation as necessary in order to prevent

overloading of the compressor.

13. A method as set forth in claim 12 and including the steps of:

providing in serial flow relationship downstream of said gas cooler an
expansion valve and a charge storage vessel; and

sensing a condition indicative of pressure ratio of the compressor and

varying the expansion valve to control said pressure ratio.
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