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(57) Abstract: A refrigeration system includes a receiver, a gas bypass valve, a medium temperature subsystem, a first valve system,
a second valve system, and a controller. The medium temperature subsystem includes one or more expansion valves, one or more
medium temperature evaporators, and a suction group including two or more transcritical compressors. The first valve system is fluidly
coupled to a first one of the transcritical compressors. The second valve system is fluidly coupled to a second one of the transcritical
compressors. The controller is configured to activate each transcritical compressor to operate as a parallel compressor by modulating its
valve system to switch a suction input of the transcritical compressor from an evaporator outlet of the one or more medium temperature

evaporators to the outlet of the receiver.
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CO REFRIGERATION SYSTEM WITH CONVERTIBLE COMPRESSOGRS

CROSS REFERENCE TO RELATED APPLECATIONS
{0001} This application claims priority to UK. Patent Application No. 17/980,934, filed on

November 4, 2022, which 1s hersby meorporated by reference n s entirety,
= > - o e

TECHNICALFIELD
{00021 This disclosure reiates to cooling svstems, particularly cooling systems that use

carbon dioxide (CO2) as a refrigerant.

BACKGROUND
[0003] Refrigeration systems are often used (o provide cooling o temperature~controlled
display devices {a.g., cases, merchandisers, etc.} m supermarkeis, cold Storage, refrigerated
warehouses, process facilities, and other similar facilities. Vapor compression refrigeration
systems are a type of refrigeration sysiem which provides such cooling by circulating a fimd
refrigerant {e.g., a liguid and/or vapor) through a thermodynamic vapor compression cycle. n
a vapor compression cycle, the refrigerant is typically (1) compressed {0 a high temperatime
high pressure state {e.g., by a compressor of the refrigeration svstem), {2} cooled/condensed
to a lower temperature state {e.g., i a gas cooler or condenser which absorbs heat from the
refrigerant}, (3} expanded to a lower pressure {e.g., through an expansion valve), and {4}

evaporated to provide cooling by absorbing heat into the refrigerant.

SUMMARY
[0004] The present disclosure relates 1o systems and methods for cooling.
(00051 Implemenation of the present disclosure include a refrigeration system, including a
recetver, a gas bvpass valve, a medium temperature subsvstem, a first valve system, a second
valve system, and a controller. The recetver is configured to collect refrigerant produced by
the refrigeration systern and mcluding an outlet through which the gas refrigerant exits the
receiver. The gas bypass valve is fluidly coupled to the outiet and operable to control a
pressure of the refrigerant in the receiver by controlling a flow of the gas refrigerant from the
recerver through the gas bypass valve. The medium temperature subsystem includes one or
more expansion valves, one or more medium temperature evaporators, and a suction group
including two or more transcritical compressors operable to compress gas refrigerant and
discharge the compressed gas refrigerant into a discharge ine. The first valve sysiem is

fluidly coupled to a fitst one of the transcritical compressors. The second valve svstem is
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fluidly coupled to a second one of the transeritical compressors. The controlier is configured
to determine that one or more {irst operating parameters are within a first operating range; in
response 1o the determination that the one or more first operating parameters are within the
first operating range, activate the first one of the transcritical compressors {o operate as a
paraliel compreassor by modulating the first valve sysiem fo switch a suction input of the first
one of the transcritical compressors from an evaporator outlet of the one or more medium
temperature evaporators 1o the outlet of the receiver; determune that one or more second
operating parameters are within a second operating range; and in response to the
determunation that the one or more second operating parameters are within the second
operating range, activate the second one of the transcritical compressors 1o operaie as a
paraliel compressor by modulating the second valve system 1o swiich a suction input of the
second one of the transcritical compressors from an evaporator outlet of the one or more
medium temperature evaporators o the outlet of the receiver,

[0006]  In some implementations, the refrigerant includes carbon dioxide.

{0007} In some implementations, the one or more first operating parameters inchide a flash
gas generated in the receiver,

[0008]  In some implementations, the flash gas generated s deterroined frorn ambient
conditions, flash tank temperature, and compressor mass flow.

{0G09]  In some implementations, the flash gas generated is determined from a percentage
of flash gas bypass valve opening.

{0010} In some implementations, the controller is configured to, 1n response 1o the
determunation that the one or more first operating parameters are within the first operating
range, close the gas bypass valve.

(0011}  In some implementations, the refnigeration systemn further mcludes a gas
cooler/condenser and a heat exchanger system. The heat exchanger system includes a first
coil and a second coil. The first coil 1s configured 1o carry gas refrigerant passing between
the gas cooler/condenser and an inlet of the receiver. The second coil is in heat transfer
communication with the first coil. The second coil is configured to carry gas refrigerant
passing between the outlet of the receiver and a port of at least one of the first valve system
and the second valve system. The heat exchanger system is configured to transfer heat from
the second coil to first coil.

(0012} In some implementations, the refrigeration system mcludes an ejector system fludly

coupled between the gas cooler/condenser and the receiver.
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{0013} In some implementations, the one or more second operating parameters include a
flash gas generated.

[0014]  In some implementations, the one or more second operating pararneters include a
receiver operating pressure set point.

{00151 In some implementations, the refrigeration svstem mcludes a variable frequency
drive coupled to the first one of the transcntical compressors. The controller 1s configured to
operate the vanable frequency drive {0 modulate a speed of the first one of the transcritical
COMPIEssors.

[0016]  In some implementations, the controller i3 configured to operate the variable
frequency drive to modulate a speed of the first one of the transcritical cornpressors o
maintain a receiver operating prassure set pomt.

{00171 In some implementations, the refrigeration svstem mcludes a variable frequency
drive coupled to the second one of the transcritical compressors. The controller 1s configured
to operate the variable frequency drive to modulate a speed of the second one of the
transcritical compressors.

[0018] In some implementations, the refrigeralion system mcludes one or more digital
unioaders, wherain the controller is configured to operate the one or more digital unicaders to
modulate a flow rate through at least one of the two or more transcritical compressors.

{00191 In some implementations, at feast one of the first valve system and the second valve
svstem includes a three~way valve configured to switch the suction input of the transeritical
compressor between gas refrigerant from the one or more medium temperature evaporators
and gas refrigerant from the outlet of the receiver.

[0020]  In some implementations, the controlier is configured fo, in response to a
deterroination that one or more third operating parameters are within a third operating range,
deactivate the first one of the franscritical compressors,

{00211 In some implementations, the controlier is configured {o, in response (o a
determination that one or more fourth operating parameters are within a fourth operating
range, deactivate the second of the transcritical compressors from operating as a parallel
COMPressor.

(00221  In some implementations, the controller i1s configured o determine that one or more
third operating parameters are within a third operating range, and, in response to the
determination that the one or more third operating parameters are within the third operating
range, activate a third one of the transeritical compressors 10 operate as a parallel compressor
by modulating a third valve system to switch a suction input of the third one of the

]
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transeritical compressors from an evaporator outlet of the one or more medium temperature
evaporators 1o the outlet of the receiver.

(00231  In some unplementations, the refnigeration svstern mcludes a low temperature
subsystemn configured 1o receive liquid refrigerant from the receiver.

[0024] Insome implementations, the refrigeration svstem includes include an ol
manageroent subsystern including an otl reservoir. The condroller 1s configured to, in
response 1o receiving a signal calling for ot from a compressor that 1s operating as a parallel
compressor, deactivate the compressor from operating as a parallel compressor by
modulating the input flow of refrigerant to the compressor from the outlet of the receiver to
one or more evaporators, activaie another one of the transcritical corpressors (o operale as a
paraliel compressor by modulating an input flow of refrigerant from the one or more
evaporaiors o the outlet of the receiver, and provide ol from the reservoir to compressor that
has been deactivated as a parallel compressor.

[0025] Insome implementations, a method of operating a refrigeration system inchudes:
collecting a refrigerant produced by the refrigeration svstem into a receiver; controlling a
pressure of refrigerant in the receiver by controlling a flow of gas refrigerant from the
receiver through the gas bypass valve; compressing, by a suction group of transcritical
compressors, gas refrigerant received from one or more evaporators; discharging, by the
suction group of transcritical compressors, the compressed gas refrigerant inio a discharge
tine and determimng that one or more first operating parameters are within a first operating
range; in response 1o the deternunation that the one or more first operating parameters are
within the first operating range, activating a first one of the transcritical compressors to
operate as a parallel compressor by modulating a first valve system to switch a suciion input
of the first one of the transcritical corapressors from an evaporator outlet of the one or more
evaporators to the outlet of the recetver. determuning that one or more second operating
parameters are within a second operating range; and, in response {o the determination that the
one or more second operating parameters are within the second operating range, activating a
second one of the transcritical compressors to operate as a parallel compressor by modulating
a second valve system to switch a suction input of the second one of the transcritical
compressors from an evaporator outlet of the one or more evaporators {0 the outlet of the
receiver.

(00261 In some implementations, the method further includes closing the gas bypass valve.
{00271 In some implementations, the method further includes adjusting a speed of the first

one of the transcritical compressors to maintain a receiver pressure seipoint.
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{0028} In some implementations, the method further inchudes, in response to the
determination that the second operating parameters are in the second operating rangs,
mcreasing the corapressor speed of the first one of the transeritical compressors to a
maximum speed.

{00291 In some implementations, the method further includes, in response 1o the
deternunation that the second operating parameters are in the second operating range,
modulating a flow rate through at least one of the two or more transeritical compressors.
{0030} In some implementations, the method further includes, in responseio a
determunation that one or more third operating parameters are within a third operating range,
deactivating the first one of the transcentical compressors.

(00311 In some implementations, the method further includes, in response to receiving a
signal calling for oil from a comprassor that is operating as a paraliel compressor,
deactivating the compressor from operating as a parallel compressor by modulating the joput
flow of refrigerant to the compressor from the outlet of the receiver to one or more
evaporators, activating another one of the transcritical compressors (o operate as a paraliel
compressor by modulating an input flow of refrigerant from the one or more evaporators o
the outlet of the receiver, and providing oil from a reservotr to the compressor that has been
deactivated from operating as a parallel compressor.

{00321 Further implementations of the present disclosure include a refrigeration system that
mcludes a receiver, a gas bypass valve, a suction group, a valve system, and a controller. The
recetver is configured to collect a gas refrigerant produced by the refrigeration svstem and
includes an outlet through which the gas refrigerant exits the receiver. The gas bypass valve
fhndly 15 coupled to the outlet and operable to control a pressure of the gas refrigerant in the
receiver by controlling a flow of the gas refrigerant froro the receiver through the gas bypass
valve. The suction group inchudes two or more transcritical compressors operable (o
compress gas refrigerant and discharge the compressed gas refrigerant into a discharge line.
The valve system is fluidly coupled to at least one of the two or more transeritical
compressors. The controller 15 configured to deternmine an operating parameter of flash gas in
the refrigeration system, in response to the determination that the operating parameter of
flash gas 15 within a particular operaling range, and activate a first one of the transcritical
compressors fo operate as a parallel compressor by modulating the valve system to swiich a
suction input of the transcritical compressor from an evaporator outlet of the one or more

evaporaiors o the outlet of the receiver.
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{0033} In some implementations, the operating parameter of flash gas i1s a flash gas
generated.

[0034] In some implementations, the refrigeration systern ncludes a variable frequency
drive configured to modulate a speed of af least one of the transcritical compressors.

{00351 In some implementations, the refrigeration svstem mcludes a variable frequency
drive configured to modulate a speed of af least one of the transcritical compressors,

[0036] In some implementations, the controller is configured to: determine that one or more
addittonal operating parameters are within a second particular operating range, and, in
response 1o the delermination that the one or more additional operating parameters are within
the second operating range, activaie a second one of the transcritical compressors to operate
as a parallel compressor by modulating a valve system such that the transcritical compressor
recetves gas refrigerant from the outlet of the recetver.

(00371 1o some implementations, the refrigerant jncludes carbon dioxide.

{0038} Further implementations of the present disclosure imclude a method of operating a
refrigeration system that includes: coliecting a gas refrigerant produced by the refrigeration
systerm into a receiver; controlling a pressure of the gas refrigerant in the receiver by
controlling a How of gas refrigerant from the receiver through the gas bypass valve; operating
fwo or more transcritical compressors to compress gas refrigerant and discharge the
compressed gas refrigerant into a discharge hine; determining that an operating parameter of
flash gas i the refrigeration system is within a particular operating range, and, in response {0
the determination that the operating parameter of flash gas 15 within the particular operating
range, activating a first one of the transcritical compressors to operate as a parallel
compressor by modulating a valve system to switch a suction nput of the transcritical
compressor from an evaporator outlet of the one or more transcritical evaporators to the outlet
of the receiver.

{0039]  In some implementations, deternmuning that the operating parameter of flash gas in
the refngeration system is within the particular operating range includes determining that a
flash gas generated is within the particular operating range.

{0040} In some implementations, the flash gas generated 1s determined from ambient
conditions and compressor mass flow.

[0041]  In some implementations, flash gas generated is deternuned from a percentage of

flash gas bypass valve opening and a flash gas bypass valve flow rate.
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{0042} In some implementations the method further includes, in response the determination
that the operating parameter of flash gas 13 within the particular operating range, closing the
gas bypass valve,

(00431 In some implementations, the method further includes determining that one or more
additional operating parameters are within a second particular operating range, and, in
response to the determunation that the one or more additional operating parameters are within
the second operating range, activating a second one of the transcritical compressors to operate
as a parallel compressor by modulating a valve system such that the transcritical compressor
receives gas refrigerant from the outlet of the recetver,

[0044]  In some implementations, the one or more additional operating pararoeters include a
receiver operating pressure set point.

{03451 In some implementations, the method further includes determining that one or more
additional operating parameters are within a second particular operating range, and, in
response 1o the determination that the one or more additional operating parameters are within
the second particular operating range, increasing a speed of the first one of the transcritical
COMPressors.

[0046]  In some implementations, the method further includes determimng that one or more
additional operating parameters are within a second particular operating range, and, in
response to the determination that the one or more additional operating parameters are within
the second particular operating range, deactivating the first one of the transcritical
compressors {0 operate as a parallel compressor by modulating a valve system such that the
transcritical compressor does not receive gas refrigerant from the outlet of the receiver.
{0047}  Further implementations of the present disclosure include an ol management
systern that includes one or more oil reservoirs, one or more otl separators coupled to the odl
reservoirs, and a controfler. The controlier is configured to: receive a signal calling for oil
from a comprassor that is operating as a parallel compressor, and, in response fo receiving the
signal: deactivate the compressor from operating as a parallel compressor by modulating the
input flow of refrigerant to the compressor from the outlet of a receiver to one or more
evaporators; activate another compressor (o operate as a paralle] compressor by modulating
an input flow of refrigerant from the one or more evaporators to the outlet of the receiver; and
provide oil from at least one the one or more reservoirs to the compressor that has been
deactivated from operating as a parallel compressor.

{00481 Particular implementations of the subject matter described in this specification can

be implemented 30 as to realize one or more of the following advantages.
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{0049} Implementations of the present disclosure may allow a system to operate more
etficiently with varying environmental conditions.

(0050}  Implersentations of the present disclosure ray help to balance the charge of a
system for winter and summer operating conditions.

{00511 Implementations of the present disclosure may reduce the mumber of components
requited to achueve parallel compression during environmental conditions that benefit from
the use of parallel compression.

{0052} The details of one or more implementations of the subject matter of this disclosure
arg set forth in the accompanying drawings and the description.  Other features, aspects, and
advantages of the subject matter will become apparent from the description, the drawings,

and the claims.

BRIEF DESCRIPTION OF BRAWINGS
{0053 FIG s a block diagram of a COz transcriiical booster system system having
transcritical compressors that are convertible to parallel comprassors according to an
exemplary implementation.
[0G28] FIG. 2 is a block diagram illustrating a controller according 1o an exemplary
implementation.
[0054] FIG. 315 a flow diagram of an example process that can be umplemented on a
refrigeration system with convertible compressors according to some implementations.
(0055 FIG. 4145 a flow diagram of an example process that can be implemented on a
refrigeration system o activate and deactivate convertible compressors according to some
implementations.
[0G56] FIG. 5 is a flow diagram of an example o1l management process that can be
implemented on a refrigeration system having convertible compressors according (o some

implementations.

DETAILED DESCRIPTION
{00571 In various implementations, a cooling system includes one or more compressors that
are convertible from operation as compressors within a suction group of a medium
teroperature subsysiem o operation as a parallel compressors {e.g., interstage compressors),
and vice versa. Conversion can be achieved using a modulating three-way valve that
switches an input from each convertible compressor to receive refrigerant from the oulput of

a receiver/flash tank instead of refrigerant from the output of the evaporators of the medim
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temperature system. The system can, in some implementations, be expanded from one to
many compressors depending on the svstem size, location of the sysiem based on the
percentage of {lash gas generation during the vear-around penod.

(00581  Examples of refrigeration systems with temperature suction group COmpressors
convertible to parallel compressors (e g, interstage compressors) are described below.
Referning generally fo the Figures, a CO» refrigeration sysienm is shown, according to various
exemplary implementations. The CO: refrigeration system may be a vapor compression
refrigeration system which uses primarnily carbon dioxide {i.e., CO») as a refnigerant. In some
implementations, a CO2 booster system 15 used to provide cooling for temperature controlled
display devices in a supermarket or other simalar facility,

(00591 FIG. 1 is a block diagram of a COy refrigeration system according to an exemplary
implementation. COn refrigeration system 100 may be a vapor compression refrigeration
svstem which uses primarily carbon dioxide (COz) as a refrigerant. However, it 13
contemplated that other refrigerants can be substituted for CO» without departing from the
teachings of the present disclosure.

(0060}  CO; refrigeration system 100 and 1s shown to include a system of pipes, conduis, or
other fluid channels for transporting the CO2 refrigerant between various components of COz
refrigeration svstem 100, The thermodyvnamic components of CO: refrigeration system 100
include a gas cooler/condenser 102, a heat exchanger system 104, an gjector 106, high
pressure valve 108, areceiver 110, a gas bypass valve 112, a medium-temperature ("MT)
subsystem 116, a low-temperature ("LT"") subsystem 118, and a controller 122,

{0061} Gas cooler/condenser 102 may be a heat exchanger or other similar device for
removing heat from the CO; refrigerant. Gas cooler/condenser 102 is shown receiving COn
gas from fhud conduit 130, Tu some implementations, the COz gas wm fluid condut 130 may
have a pressure within a range from approximately 45 bar to approximately 100 bar (i.e..
about 650 psig to about 1450 psig), depending on ambient temperature and other operating
conditions. In some implementations, gas cooler/condenser 102 may partiatly or fully
condense COy gas nto hiquid CO- (e.g., if system operation is in a suberitical region). The
condensation process may result in fully saturated CO- liquud or a two-phase liguid-vapor
mixture (e g., having a thermodynamic vapor quality between 0 and 1}. In other
implementations, gas cooler/condenser 102 may cool the CO; gas {e.g., by removing
superheat) without condensing the C0O; gas into CO, ligud {e g, if system operationisina

supercritical region}. In some implementations, the cooling/condensation process is an
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isobaric process. {3as cooler/condenser 102 is shown outpuiting the cooled and/or condensed
CO: refrigerant into fluid condwnt 132

(00621  In some implementations, CO2 reftigeration system 100 mcludes a temperature
sensor and a pressure sensor configured 1o measure the temperature and pressure of the COn
refrigerant exiting gas cooler/condenser 102. Sensors can be mstalled along fhud conduit
132, within gas cooler/condenser 102, or otherwise positioned to measure the femperature
and pressure of the CO» refrigerant exiting gas conler/condenser 102, In some
implementations, CO» refrigeration system 100 includes a condenser fan that provides airflow
across gas cooler/condenser 102, The speed of the condenser fan can be controlled to mcerease
or decrease the airflow across gas cooler/condenser 102 to modulate the amount of cooling
applied to the CO» refrigerant within gas cooler/condenser 102, In some implementations,
C{: refrigeration system 100 also includes a temperatire sensor and/or a pressure sensor
configured to measure the temperature and/or pressure of the ambient air that flows across
gas cooler/condenser 102 to provide cooling for the CO» refrigerant contained therein.

{0063} High pressure valve 108 receives the cooled and/or condensed CO: refrigerant from
fhnd conduit 132 and outputs the COn refrigerant to fhuid conduit 134, High pressure valve
108 may conirol the pressure of the COn refrigerant in gas cooler/condenser 102 by
controtling an amount of COn refrigerant pernmutted to pass through high pressure valve 108,
in some implementations, high pressure valve 108 13 a high pressure thermal expansion valve
{e.g., if the pressure in fluid condint 132 s greater than the pressure in fluid conduit 134). In
such implementations, hugh pressure valve 108 may allow the COo refrigerant to expand to a
lower pressure state. The expansion process may be an isenthalpic and/or adiabatic
expansion process, resulling in a two-phase flash of the high pressure COz refrigerantto a
lower pressure, lower temperature state. The expansion process may produce a hiquid/vapor
mixture {e. g., having a thermodynamic vapor quality between 0 and 1). In some
implementations, the CO; refrigerant expands 10 a pressure of approximately 38 bar {e. g,
about 550 psig), which corresponds to a temperature of approximately 40°F. The CO»
refrigerant then flows from fluid conduit 134 mio receiver 110, In some implementations,
high pressure valve 108 can be eliminated and an ejector {e.g., ejector 106} can function as
both high pressure valve and gjector.

[0064]  Receiver 110 collects the CO» vefrigerant from fluid conduit 134, In some
implementations, receiver 110 may be a flash tank or other fluid reservoir. Recetver 110
includes a COr liquid portion and a COz vapor portion and may contain a partially saturated

mixture of COz hquid and CO2 vapor. In some implementations, receiver 110 separates the
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COn hquid from the CO2 vapor. In one implementation, the receiver operating pressure of
receiver 110 1s about 60 1o 90 bar. In another implementation, the receiver operating pressure
of receiver 110 1s about 45 {6 60 bar, or 45 bar to 90 bar.

(00651 CO: hguid may exit receiver 110 and pass into conduit 144 and conduit 146
Conduit 144 may be a liguid header leading to MT subsystem 116, Conduit 146 may be a
liquid header leading to LT subsvstem 118, The CO2 vapor may exit receiver 110 through
condwt 148 Conduit 148 1s shown leading the C(O: vapor 1o a gas bypass valve 112
{described in greater detail below).

[0066]  In some implementations, COn refrigeration system 100 includes temperature
sensors and/or pressure sensors configured to measure the temperature and pressure within
recetver 110, Sensors can be instalied in or on receiver 110, or along any of the fluid conduits
that contain CO; refrigerant at the same {emperature and/or pressure ag receiver 110, as the
case may be.

{0067}  MT subsystern 116 is shown o include one or more expansion vaives 150, one or
more MT evaporators 152, and one or more transcritical compressors 134, In various
implementations, any number of expansion valves 150, MT evaporators 152, and transcritical
compressors 154 may be present. Expansion valves 150 roay be electronic expansion valves
or other similar expansion valves. Expansion valves 150 are shown receiving liquid CO2
refrigerant from fluid condunt 144 and owtputting the CO: refrigerant to MT evaporators 152,
Expansion valves 150 may cause the CO2 refrigerant (o undergo a rapid drop in pressure,
thereby expanding the CO» refrigerant fo a lower pressure, lower temperature two-phase
state. In some implemeniations, expansion valves 150 may expand the COz refrigerant to a
pressure of approximately 20 bar to 25 bar. The expansion process may be an isenthalpic
and/or adiabatic expansion process.

[0068]  MT evaporators 152 are shown receiving the cooled and expanded CO; refrigerant
from expansion valves 150. In some implementations, MT evaporators 152 may be associated
with display cases/devices {e.g., if COz refrigeration svstern 100 s implemented in a
supermarket setting). MT evaporators 152 may be configured to facilitate the transfer of heat
from the display cases/devices mto the U refrigerant. The added heat may cause the COn
refrigerant to evaporate partially or completely, According to example implementations, the
CO: refrigerant is {ully evaporated in MT evaporators 152, In some tmplersentations, the
evaporation process may be an isobaric process. MT evaporators 152 are shown outputting

the €O refrigerant via suction line 136, leading to transcritical compressors 154,
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Transcritical compressors 154 combine to form a compressor suction group for MT
subsystem 116,

[0069]  Transcritical compressors 1534 compress the COq refrigerant into a superheated gas
having a pressure within a range of approximately 45 bar to approximately 100 bar. The
output pressure from transcritical compressors 154 may vary depending on ambient
ternperature and other operating conditions. Tu the exarople shown 1o FIG. 1, transcritical
compressors 154 operate in a transcritical mode. In operation, the CO» discharge gas exits
suction group transcritical compressors 154 and flows through condwii 130 inio gas
cooler/condenser 102

(00701 LT subsystern 118 is shown to include one or more expansion valves 160, one or
mwore LT evaporators 162, and one or more subcritical compressors 164, In various
implementations, any number of expansion valves 160, LT evaporators 162, and suberitical
compressors 164 may be present. Tn some implementations, LT subsystern 118 may be
omitied and the €O refrigeration systemn 100 may operate with an AC module interfacing
with only MT subsystem 116.

{0071}  Expansion valves 160 may be electronic expansion valves or other sumilar
expansion valves. Expansion valves 160 are shown receiving hquid CO» refrigerant from
fluid conduit 146 and outputting the CO2 refrigerant to LT evaporators 162, Expansion valves
160 may cause the C(s refrigerant fo undergo a rapid drop in pressure, thereby expanding the
COz refrigerant to a lower pressure, lower temperature two-phase siate. The expansion
process may be an 1senthalpic and/or adiabatic expansion process. In certain
implementations, expansion valves 160 may expand the CO; refrigerant to a lower pressure
than expansion valves 160, thereby resulting in a lower temperature COz refrigerant.
Accordingly, LT subsystern 118 may be used in conjunction with a freezer svstern or other
lower temperature dispiay cases.

{00721 LT evaporators 162 are shown receiving the cooled and expanded CO: refrigerant
from expansion valves 160, In some implementations, LT evaporators may be associated
with display cases/devices {e.g.. if CO:z refrigeration system 100 is implemenied in a
supermarket setting). LT evaporators 162 may be configured to facilitate the fransfer of heat
from the display cases/devices imto the C(O» refrigerant. The added heat may caunse the COz
refrigerant to evaporate partially or completely. In sorne implernentations, the evaporation
process may be an isobaric process.

{00731 LT evaporators 162 are shown outputting the CO» refrigerant via suction line 166,

feading o subcritical compressors 164, In this example, before reaching subcritical
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compressors 164, the refrigerant passes through heat exchanger 169 in receiver 110 and to
accumulator 170, LT sabsystem 118 can also be built without heat exchanger 169 and
accurnulator 170,

[0074]  Subcritical compressors 164 compress the CO» refrigerant. In some
implementations, subcritical comprassors 164 may compress the CO: refrigerant to a pressure
of approxiruately 30 bar, having a saturation temperature of approximately 23° F In this
exarple, subcritical compressors 164 operate in a subcrnitical mode. Subcritical compressors
164 are shown outputting the CO» refrigerant through discharge line 172, Discharge line 172
may be fluidly connected with the saction {e.g., upstream) side of transcritical compressors
154,

(00751 COs refrigeration svstem 100 is shown 1o include a gas bypass valve 112, Gas
bypass valve 112 mav receive the COr vapor from fluid condwit148 and output the COn
refrigerant to MT subsystem 118, In some implermentations, gas bypass valve 112 1s
arranged in series with transcritical compressors 154, In other words, CO2 vapor from
receiver 110 may pass through both gas bypass valve 112 and transcritical compressors 154,
Transeritical compressors 154 may compress the CO» vapor passing through gas bypass valve
112 from a low pressure state (e.g., approxaimately 30 bar or lower) to a high pressure state
(e.g., approximately 45-100 bar}.

{0076]  (as bypass valve 112 can be operated to control a flow of gas refrigerant from
receiver 110 mto suction line 156, Gas bypass valve 112 may be operated to regulate or
control the pressure within receiver 110 {e.g., by adjusting an amownt of COs refrigerant
permitied (o pass through gas bypass valve 112} For example, gas bypass valve 112 may be
adjusted {e.g., variably opened or closed) to adjust the mass flow rate, volume flow rate, or
other flow rates of the COn refrigerant through gas bvpass valve 112, Gas bypass valve 112
may be opened and closed {(e.¢.. mamually, automatically, bv a controller, etc.} as needed 1o
regulate the pressure within receiver 110.

(00771 Tosome implementations, gas bypass valve 112 inclades a sensor for measwring a
flow rate {e.g., mass flow, volume flow, eic.} of the COy refrigerant through gas bypass valve
112. In other implementations, gas bypass valve 112 includes an indicator {e.g., a gauge, a
dial, etc.} from which the position of gas bypass valve 112 may be determined. This position
may be used fo determine the flow rate of CO» refrigerant through gas bypass valve 112, ag
such quantities {e.g., mass flow or volumetric flow or flow rate} may be proportional or

otherwise related.
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{0078} In some implementations, gas bvpass valve 112 is a thermal expansion valve.
According (o one implementation, the pressure within recetver 110 is regulated by gas bypass
valve 112 to a pressure of approximately 38 bar.

(00791 COs refrigeration system 100 includes parailel compressor activation valve 180,
paraliel compressor activation valve 182, and heat exchanger bvpass valve 184, In this
exarnple, each of parallel compressor activation valve 180, parallel compressor activation
valve 182, and heat exchanger bypass valve 184 15 a 3-way valve,

{0080} Parallel compressor activation valve 180 is installed such that fluid communication
1o a suction nput ine 186a (o transcritical compressor 154a can be modulated to swiich
hetween a Jow refrigerant from conduit 188 and a flow of refrigerant conduit 189, Conduit
188 flwdly couples parallel compressor activation valve 180 with an outlet of receiver 110.
Conduit 189 fludly couples parallel compressor activation valve 180 with evaporator outlets
of MT evaporators 152.

{0081} Parallel compressor activation valve 182 is installed such that fluid communication
to a suction input line 186b to transcritical compressor 154b can be modulated to switch
between a fJow refrigerant from conduit 188 and a flow of refrigerant conduit 189, Conduit
188 fudly couples parallel compressor activation valve 182 with an outlet of recetver 110
Conduit 189 fluidly couples parallel compressor activation valve 182 with evaporator outlets
of MT evaporators 152,

{00821  Compressor mass flow rate/ capacity can be controlled by compressor speed (e.g.,
25Hz to 75 Hz) or by using unloaders. In the example shown m FIG. 1, COo refrigeration
system 100 includes variable frequency drive 190a and variable frequency drive 190b.
Variable frequency drive 190a and variable frequency drive 190b are operably coupled to
controller 122, Vanable frequency drive 190a can be operated to control a speed of
transcritical compressor 154a. Variable frequency drive 190b can be operated to comirol a
speed of transcritical compressor 154b.

{00831  In other implementations, compressor mass {low rate/capacity 1s controlled using a
digital unlocader. The digital unloader can include a solenocid valve that is energized to
unload the compressor and de-energized 1o load the compressor.

[0084] COz refrigeration system 100 includes ol management system 191, Gil
management system 191 mcludes ol separator 192 and o reservoir 193, Valves 194 and
valves 195 can be operated to conirol the provision of o1l to transcritcal compressors 154 and

subcritical compressors 164, respectively, by way of oil manifold 196,
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{0085}  In varicus implementations, one or more of transcritical compressors 154 are
activated to operate as a paraliel compressor. In one implementation, transcritical compressor
154a 18 activated fo operate as a parallel compressor in response {o flash gas generated being
within particular predetermined operating range. The flash gas generated can be based on,
for example, an amount of flash gas generated (& g., mass flow rate) or a percentage or
fraction of flash gas generated. For example, transcritical compressor 154a can be activated
if the percentage of flash gas generated is greater than a predeternuned level. The
predetermined level can be as low as 5% up to 100%. I multiple small compressors are used
as parallel and MT compressors, then small compressors at low speed can process very low
amount of Hash gas. Tu this case, transcritical corapressor 154a can process a lower % (or
amount) of flash gas to a higher % (or amount } based on compressor size and number of
parallel convertible compressors. Based on the system size, compressor size, amount of flash
gas generated, the controller can be used determine when to activate the parallel compressor.
[0086] In the example shown m FIG. 1, transcritical compressor 154a is activated as a
parallel compressor by modulating parallel compressor activation valve 180 such that the
suction input line of transcritical compressor | 54a receives refrigerant from the outlet of
recerver 10 instead of the output of MT evaporators 152,

(00871 In some implementations, a second transcritical compressor {g.g., transcritical
compressor 154D} is activated o operate as a parallel compressor in response {0 an operating
parameter (e.g., recetver operating pressure, a mass flow rate of flash gas generated, or a
percentage of flash gas generated being within second particular predetermined operating
range}. As one example, transcritical compressor 154b can be activated if the percentage of
flash gas generated is greater than a predetermined level. The predetermined level can be as
tow as 5% up to 100%. roultiple small compressors are used as parallel and MT
compressors, then small compressors at low speed can process very low amourt of flash gas.
in this cage, transeritical compressor 154b can process a fower % {or amount} of flash gasto a
higher % {or amount } based on compressor size and mumber of parallel convertible
compressors. Based on the system size, compressor size, amount of flash gas generated, the
controller can be used determine when to activate the paraliel compressor.

[0088] In the example shown in FIG. 1, transcritical compressor 154b is activated as a
parallel compressor by modulating parallel compressor activation valve 182 such that the
suction input line of transcritical compressor 154b receives refrigerant from the outlet of

receiver 110 instead of the output of MT evaporators 152,
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{0089}  In this manner, suction group compressors {such as transcritical compressors 154a
and 154b) can be successively converted o operate as parallel compressors. Each successive
conversion to parallel operation can be performed n response to particular operating
conditions.

{00907 Heat exchanger system includes coil 197 and coil 198, Coil 197 15 in heat transfer
communication with coil 198, such that heat in refrigerant passing through coil 198 1s
transferred to refrigerant passing through coil 197.

{0091} High pressure valve 108 and ejector 106 are mstalled in parallel. Refrigerant from
gas cooler/condenser 102 passes through coil 197 of heat exchanger svstem 104 and then {o
high pressure valve 108, the gjector 106, or both.  Heat exchanger bypass valve 184 can be
operated such that refrigerant from recetver 110 passes through coil 198 and then to the
suction side of compressors 154,

[0092] Heat exchanger bvpass valve 184 can be modulated so that gas refnigerant from
recetver 110 bypasses coil 198 of heat exchanger system 104 and passes, for example,
directly from receiver 110 to a suction inlet of transeritical compressors 154, Ejector 106 1s
provided between heat exchanger svstem 104 and receiver 110, Ejector 106 13 in parallel
with hugh pressure valve 108,

(00931 In this example, ejector 106 is a high-pressure ejector. Ejector 106 draws the suction
gas from the MT evaporaior header conduit (or line) and increases the pressure of that gas to
the receiver’s pressure. Ejector 106 has an internal nozzle 1o use the kinetic energy of the
maotive gas {coming from gas cooler 102) to draw and Lift the MT suction gas up to the
receiver pressure. A high-pressure gjector can also be referred to as a lift gjector because it
Lifts the MT gas from the lower pressure of the MT suction hine {0 the higher pressure of the
receiver. Excess motive gas from the gas cooler 102, which could not pass through the
gjector, could pass via the high-pressure valve 108, Other types of ejectors can be used.
{00941 In some implementations, the controller uses a compressor that is operating as a
parallel compressor to control the pressure of the gas refrigerant in the receiver. In one
implementation, one of the compressors of a suction group of a medium temperature system
is activated to operaie as a parallel compressor in response o the pressure of the gas
refrigerant in 3 receiver exceeding a pressure setpomnt, and deactivated from operating as a
parallel compressor in response to the pressure of the gas refrigerant in the receiver dropping
below the pressure setpoint.

{00951  When operating as a parallel compressor, each of transcritical compressors 154 can
be used to draw non-condensed UGz vapor from receiver 110, Operating one or more of
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transcritical compressors 154 can be used as a way of achieving pressure conirol and
regudation. The parallel compressor compresses the COz vapor and discharges the
compressed gas into discharge hine 199, Discharge hne 199 may be fudly conmected with
fluid condwnt 130, Accordingly, compressors 154a, 154b may operate in parallel with the
remaining MT compressors by discharging the compressed CO2 gas into & shared fluid
conduit (e.g., fluid condwit 130).

[0096] Parallel compressors may receive the COx vapor at a relatively higher pressure than
the CO: vapor received by the remaining MT compressors 154, This differential in pressure
may correspond to the pressure differential across gas bypass valve 12 In some
embodiments, the parallel compressors {e.g., 154a, 154b) may require less energy to
compress an equivalent amount of CO2 vapor to the high pressure state (e.g., in fluid conduit
130} as a result of the higher pressure of COz vapor entering the parallel compressor.

{0097} Tu certain umplersentations, gas bypass valve 112 15 onutted and the pressure within
receiver 110 is regulated using a paraliel compressor setup.. In other implementations, the
pressure within receiver 110 is regulated using gas bypass valve 112 In other
implementations, both gas bypass valve 112 and one or more compressors 154 (operating as
paraliel compressors) are used to regulate the pressure within receiver 110,

[0098]  Applications of systems and processes deseribed in the present disclosure include a
commercial supermarket, a cold storage warehouse, and a process cooling facility. In one
unplementation, 3 commercial supermarket has two sets of evaporators, for example, 60 bar
and 45 bar medium termp evaporators. In some implementations, a cold storage warehouse or
process cooling facility includes refrigeration and air conditioning.

[0099] FI(G 2 is a block diagram illustrating controlier 122 in greater detail according o an
exemplary implementation. Controller 122 may recetve signals from one or more
measurement devices {e.g.. pressure sensors, temperature sensors, flow sensors, etc. ) located
within CO; refrigeration system 100, Controller 122 may use the input signals {o determine
appropriate control actions for controllable devices of COn refrigeration system 100 {e.g.,
compressors, valves, flow diverters, power supplies, etc.}. For example, controller 122 is
shown providing control signals to gas bypass valve 112, parallel compression activation
valve 180, paraliel compressor activation valve 182, and heat exchanger bypass valve 134
[00100] In some implementations, confroller 122 18 configured to operate gas bvpass valve
112, parallel compressor activation valve 180, paraliel compressor activation valve 182, and
heat exchanger bypass valve 184, Controller 122 can operate parallel compressor activation

valve 180 to activate and deactivate transcritical compressor 154a to operale as a parallegl
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compressor. Controller 122 can operate parallel compressor activation valve 182 to activate
and deactivate transcritical compressor 154b to operate as a parallel compressor. In some
implementations, controller 122 operates one or more of gas bypass valve 112, parallel
compressor activation valve 180, parallel compressor activation valve 182, and heat
exchanger bypass valve 184 to maintain one or more operating parameters of the system at a
desired setpoint or within a desired range. In certam mmplementations, controller 122 uses a
valve position of gas bypass valve 112 as a proxy for CO» refrigerant flow rate. In some
implementations, controller 122 operates high pressure valve 108 and expansion valves of
MT subsystem 116, and LT subsystem 118 to regulate the flow of refrigerant 1n systemn 100
and various sub-systems of system 100, Controlier 122 15 also coupled to valves for
controlling oil managment system 191

{00101} Controller 122 may include feedback control fimctionality for adaptively operating
the varous components of CO» refrigeration system 100, For example, controlier 122 may
receive a setpoint {e.g., a level setpoint, a temperature setpoint, a pressure setpoint, a flow
rate sefpoint, a power usage seipoint, eic.} and operate one or more componenis of system
100 o achieve the seipoint. The setpoint may be specified by a user (e.g., via a user input
device, a graphical user interface, alocal interface, a remote interface, etc) or astomatically
determined by coniroller 122 based on a history of data measurements. In some
implementations, controller 122 receives a setpoint for a liquid fevel of one or more of the
receivers in CO2 refrigeration system 100,

(00102} Controller 122 may be a proportional-integral (P1) controller, a proportional-
integral-derivative (PID) controller, a pattern recognition adaptive controlier (PRACH, a
model recognition adaptive controller (IMRAC), a model prediciive controller (MPC), or any
other type of controller emploving any type of condrol functionality. In some
implementations, controller 122 1s a focal controlier for CO» refrigeration system 100, In
other implementations, controlier 122 is a supervisory controller for a plurality of controlied
subsystems (e.g., arefrigeration system, an AC systern, 3 lighting system, a security system,
etc. ). For example, controlier 122 may be a controller for a comprehensive building
management system mcorporating £O: refrigeration system 100, Controller 122 mav be
implemented locally, remotely, or as part of a cloud-hosted suite of buillding management
applications.

[00103] Controller 122 includes a communications a processing circuit 202, Processing
circutt 202 1s shown to include a processor 204 and memory 206. Processor 204 can be

unplemented as a general purpose processor, an application specific integrated circunt
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{ASI(), one or more field programmable gate arrays {FPGAS), a group of procassing
components, a microcontrolier, or other suitable electronic processing components. Memory
206 (e.g., memory device, memory unit, storage device, etc.) may be one or more devices
(e.z.. RAM, ROM, solid state memory, hard disk storage, etc.) for storing data and/or
computer code for completing or facilitating the various processes, layers and modules
described in the present apphication. Memory 206 may be or mclude volatile memory or non-
volatile memory. Memory 206 may include database components, object code components,
seript components, or any other type of information structure for supporting the various
activities and information siructures described in the present application. According to an
exemplary implementation, memory 206 1s communicably connected to processor 204 via
processing circuit 202 and includes computer code for executing (e g, by processing circuit
202 and/or processor 204} one or more processes or conirof features described herein.
[00104] Controller 122 includes a conmmunications interface 208, Communications interface
208 can be or include wired or wireless interfaces {e.g.. jacks. anfennas, transmitiers,
receivers, fransceivers, wire terminals, etc.) for conducting electronic data communications.
Data communications may be conducted via a direct connection {e.g., a wired connection, an
ad-hoc wireless conmection, efc.) or a network connection {e.g., an [nfernet connection, a
LAN, WAN, or WLAN connection, etc.). For example, communications inferface 208 can
include an Fthernet card and port for sending and receiving data via an Ethemet-based
communications ink or network. In another example, communications mierface 208 can
mnclude a Wi-Fi transceiver or a cellular or mobile phone transceiver for communicating via a
wireless communicaiions network.

[00105] FIG 3 is a flow diagram of an example process 300 that can be implemented to
activate compressors of a refrigeration system to operate as parallel compressors based on
flash gas characteristics in the refrigeration svstem according o some implementations.
{00106] At the start of process 300, the flash gas generated in the receiver is caiculated
(302). In some cases, an amount of flash gas generated 15 determined by ambient conditions,
flash tank temperature, and compressor mass flow. In other cases, an amount of flash gas
generated 18 determined by percentage of flash gas bypass valve opening (and a
corresponding estimate of gas flow rate through the bypass valve) (304).

[00107] The percentage of the flash gas inside the receiver {e.g., 43%) can be deterouned by
the gas cooler outlet conditions (1 e, temperature and pressure} and flash tank temperature.
For example, 43% flash gas inside the receiver means that 43% of the mass of refrigerant is

vapor and 37% 1s hquid. The gas cocler outlet temperature depends on the ambient
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conditions {as it cannot be cooled lower than the ambient temperature}. The gas cooler
pressure can be maintamed by the high-pressure valve at an optimum value based on the
ambient conditions. Therefore, the percentage of the flash gas mside the recerver will vary
depending on the ambient conditions and flash tank temperature.

{00108] The compressor mass flow rate is needed o calculate the amount of the flash gas
that flows i and out of the receiver. For example, i the compressor mass flow rate s 5000
tb/hr, and the percentage of the flash gas generated s 43%, that means 5000 * 43/100 =215
tb/hr vapor (flash gas) and 5000* S7/100 = 2850 Ib/hr Liquid flows in and out of the flash
tank,

[00109] Based on a calculated flash gas generated, a deterounation is made whether the
amount {based on the percentage} of flash gas generated is higher than one of the
compressor’s mass flow at a particular speed (which may be a low speed) (306}, If the
amount of flash gas is not higher than one or the compressor’s mass flow rate at the particular
speed, the timer is reset and the controller 15 set to standard booster operation {308},

{00110} I the determination is that the flash gas generated is higher than one of the
compressor’s mass flow at the particolar speed (if variable frequency drive is used) or at
particular compressor mass flow rate (if the compressor uses digital unloaders), one of the
comprassors is activated to operate as a parailel compressor (310). In some implementations,
activation is carried out by closing a gas bypass valve {e.g., gas bypass valve 112} and
modualating a 3-way valve {e.g., parallel compressor activaiion valve 180} to switch a suction
inpwt of the compressor from refrigerant from the output of medium temperature evaporators
1o refrigerant from a recaiver.

{00111} Duning operation of one of the compressors as a paraliel compressor, a
determoination may be made {e.g.. periodically, such as every minute or every second)
whether recetver operating pressure {e.g., the pressure in the flash tank} is within a selected
set point (312}, If receiver operating pressure is lower than the setpoint, the compressor
speed can be decreased (or unlcaded/energized) and the parallel compressor stopped in order
1o maintain the set point pressure {314). if the receiver pressure is higher than the setpoint,
the parallel compressor can be incresased to maximum speed (or ioaded/de-energized) and
the next parallel compressor activated (316}

[00112] Operation of the second compressor and any successively activaled additional
compreassors can be carried out in a similar manner o that described above for the first

COMPressor.
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[00113] FIG 4 is a flow diagram of an example process 400 that can be implementad to
activate and deactivaie compressors of a refrigeration system o operate as paraliel
compressors according to sorne impleroentations. A first parallel activation operating
parameter can be computed (402). The paraliel activation operating parameter may be, for
example, a flash gas generated by the receiver, such as described above with respect to FIG.
3

[00114] A determination is made of whether a first parallel acuvation operating parameter is
within a particular operating range (404). I the first parallel activation operating parameter
is not within the particular operating range, the fimer s reset and the system operates without
parallel compression (406).

(00115} I the first parallel activation operating parameter 15 within the particular operating
range, the first compressor (which mav be, for example, transcrifical compressor 154a or
transcritical compressor 154b) is activated to operate as a parallel compressor (408). For
exammple, the first of the suction group can be activated in response to determining that a flash
gas percentage is greater than a particular value. Activation of a compressor as a paraliel
compressor can be accomplished by operation of the modulating 3~way valve and/or gas
bypass valve as described above relative to FIGS. 1 -3,

[00116] Once the compressor is operating as a parallel compress, the controller can adjust
the speed of the compressor (e.g., using 8 VFD or digital unloader) o maintain one or more
operating parameters in the refrigeration system {e.g., the pressure in the receiver) at a set
potnt.

{00117} During operation of the first compressor as a parallel compressor, a determination is
made of whether a second parallel activation operating parameter is within a particular
operating range. (410). For example, a second activation operating parameter can include
whether the first compressor operating as a parallel compressor 15 operating at a maximum
speed.

{00118} It the second parallel activation operating parametier is not within the particular
operating range, the fimer is reset and the system operates without a second paraliel
compressor. {412).

{00119} If the second parallel activation operating parameter 1s within the particular
operating range {for example, if the speed of the fitst compressor 15 at the maximum for the
comprassor, the first compressor 1s fully loaded (de-energized), or the first compressor is
running at its full capacity), the second compressor is activated {o operate as a parallel

compressor (414},
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{00120} In one example, one of the input parameters is receiver pressure to activate the
second parallel compressor. T the first parallel compressor is nmning at its full capacity and
receiver pressure 15 going above the set pomnt range , then the second parallel compressor can
be activated fo maintain the set receiver pressure. If there are only two paraliel compressors
avatiable and running at full capacity {both compressors are running at full speed) and if the
receiver pressure is keep going above the set point, then flash gas by pass valve can be
opened siowly to maintain the receiver set poini pressure.

{00121} As another example, the second comprassor of the suction group can be activated in
response 1o determining that a flash gas percentage s greater than a particular value. Once
the second compressor 18 operating as a parallel compressor, the controller adjusis the speed
of the second compressor (e.g., using a VFD or digital unloader) to maintain one or more
operating parameters of the refrigeration system {e.g., the receiver pressure) at a set point.
[00122] Durmg operation of one or more of the compressors as a parallel compressor, a
deternunation is made of whether a one or more parallel deactivation operating parameters
are within a particular operating range(s) (416). i the parallel deactivation operating
parameters are not within the particular operating ranges, the timer 1s reset and the systermn
continues to operate with parallel compression (418). If any of the parallel deactivation
operating parameters is within the particular operating range for any one the compressors,
that compressor can be deactivated from operating as a parallel compressor (4203

(001231 FIG. 51¢ a flow diagram of an example oif management process 500 that can be
implemented on arefrigeration system having convertible compressors according to some
implementations.

{00124]  (nl management processes described in this disclosure can be implemented by
way of a controller. The controlier can be the same as the controller used to control the main
cooling components of the system {e. g., controller 122}, or in a separaie controller,

(001251 During operation, any of the compressors in a refrigeration syvstem can call for ol
(502). Thus, in the example shown in FIG. 1, any of transenitical compressors 154 or
subcritical compressors 164 can call for oif. In some implementations, the call is in the form
of a signal sent to the controller.

{00126]  In response {o the call, a determanation is made of whether the controller that has
made the call for oil is operating as parallel compressor (504). The compressors can be, for
example, franscritical compressors 154a and 154b operating as parallel compressors and
compressing refrigerant from receiver 110, such as described above with respect to FIGS. 1-

4.
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{00127}  If the compressor calling for o1l is not operating as a parallel compressor {e.g.,
operating in the MT suction group as described above with respect to FIGS. 1-4), the oi
management system can provide oil to the calling coropressor {S06). The o can be
dispensed from a reservoir such as reservoir 193 described above relative to FIG. 1

{00128]  If the compressor calling for oil is operating as a parallel compressor {e.g.,
operating 1o receive and compress fash gas from receiver 110 as described above with
respect to FIGS. 1-4), a valve system (e g, parallel compressor activation valve 180 or
paraliel compressor activation valve 182} is modulated to deactivate the compressor from
operating as a parallel compressor (S08). The compressor can continue {0 operate as an MT
suction group compressor {along with any other compressors active in the MT suction group).
Unce deactivated as a paraliel compressor, ol can be dispensed to the calling compressor
(510}, In some implementations, one or more other compressors are activated as parallel
compressors in substiiution for the deactivated compressor (512). In other iroplementations,
the calling compressor is deactivated withowt substitution of another compressor as a parallel
compressor. In some cases, the flash gas bypass valve on the receiver can be opened o
mainiain receiver operating pressure.

[00129]  Once the call for o1l 1n the compressor has been addressed, and as conditions
indicate, the compressor can be reactivated as a parallel compressor {e.g., by modulatng a 3-
way valve system to provide flash gas from the receiver {o the compressor suction inlet}
(514).

{00130} In the example shown i FIG. 1, a CO» refrigeration system 100 has two convertible
compressors. A system may, however, in other implementations, include anv number of
convertible compressors. In some implementations, half of the transcritical compressors in a
hooster system are convertible into paralell compressors, each by way of a valve system (e.g.,
4 convertible compressors out of 8 total compressors). In other implementations, all of the
transcritical compressors in a booster system are convertible to paraliel compressors.

[00131] In various examples described above, a facility includes low temperature and
medium temperature loads and corresponding low temperature and medium temperature
cooling systems. In other implementations, a facility can have only low temperature loads or
only mednmm temperature loads and/or cooling sysiems.

[00132] In some implementaitions, a transcritical compressor operating as a paraliel
compreassor that calls for oil 1s switched out of parallel compression before oil is provided to
the compressor. Another compressor can be activated in paraliel compression to substitute

tor the compressor that has been deactivated. For example, if transeritical compressor 154a

23
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signals the controller with a call for otl while operating as a parallel compressor, controller
122 can operate parailel compressor activation valve 180 to switch transcritical comprassor
154a out of parallel compression. The countroller can operate parallel compressor activation
valve 182 to switch transcritical compressor 154b into paraliel operation.

{00133 In various examples described above, a (U refrigeration sysiem is cooled by an
adiabatic gas cooler. In other implementations, a COz refrnigeration svstem can be cooled by
other systerns, such as an air cooled or water cooled device.

[00134] The present disclosure contemplates methods, systems and program products on
memory or other machine-readable media for accomplishing various operations. Systems and
processes described in the present disclosure may be implemented using existing computer
processors, of by a special purpose computer processor for an appropriate system,
incorporated for this or another purpose, or by a hardwired system. Implementations within
the scope of the present disclosure include program products or memory including roachine-
readable media for carrving or having machine-executable instructions or data structures
stored thereon. Such machine-readable media can be any available media that can be
accessed by a general purpose or special purpose computer or other machine with a
processor. By way of example, such machine-readable roedia can coroprise RAM, ROM,
EPROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium which can be used to carry or store desired
program code in the form of machine-executable instructions or data structures and which
can be accessed by a general purpose or special purpose computer or other machine with a
processor. Combinations of the above are also included within the scope of machine-readable
media. Machine-executable instractions include, for example, instructions and data which
cause a general purpose computer, special purpose computer, or special purpose processing
machines to perform a certain function or group of functions,

{00135] Particular embodiments of the subject matter have been described. (ther
embodiments, alterations, and permutations of the described embodiments are within the
scope of the following claims as will be apparent to those skilled 1n the art. While operations
are depicted in the drawings or claims in a particular order, this should not be understood as
requiring that such operations be performed in the particular order shown or in sequential
order, or that all illustrated operations be performed {some operations may be considered

optional}, to achieve desirable resulis.



WO 2024/097924 PCT/US2023/078590

[00136] Accordingly, the previously described example embodiments do not define or
constrain this disclosure. Other changes, substituiions, and alterations are also possible

without departing from the spivit and scope of this disclosure.
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WHAT 15 CLAIMED I5:

1. A refrigeration system, comprising:

areceiver configured 1o collect refrigerant produced by the refrigeraiion system and
comprising an outlet through which the gas refrigerant exits the receiver;

a gas bypass valve fluidly coupled to the outlet and operable to conirol a pressure of
the refrigerant in the receiver by controlling a flow of the gas refrigerant from the receiver
through the gas bypass valve;

a medium temperature subsysiem comprising:

one oF motre expansion valvas;
one of more medium temperature evaporators; and
a suction group comprising two or more transcritical compressors operable to

compress gas refrigerant and discharge the compressed gas refrigerant info a

discharge line;

a {irst valve syvstem fhudly coupled to a first one of the transcritical compressors;

a second valve system fhuidly coupled to a second one of the transentical
COMPTEsSOrs;

a controller configured to:

determine that one or more first operating parameters are within a first operating
range;

in response to the determination that the one or more first operating parameters are
within the first operating range, activaie the first one of the transcritical compressors to
operate as a parallel compressor by modulating the furst valve sysiem to switch a suction
npit of the first one of the transcrnitical compressors from an evaporator outlet of the one or
more medium lemperature evaporators to the outlet of the receiver;

determine that one or more second operating parameters are within a second operating
range; and

in response to the determination that the one or more second operating parameters are
within the second operating range, activaie the second one of the transcrifical compressors to
operate as a parallel compressor by modulating the second valve system to switch a suction
npit of the second one of the franscritical compressors from an evaporator outlet of the one

or more mediuim temperature evaporators to the outlet of the receiver.

b2
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2. The refrigeration system of claim 1, wherein the refrigerant comprises carbon

dioxide,

3 The refrigeration system of claim | or claim 2, wherein the one or more first

operating parameters comprise a flash gas generated in the receiver,

4. The refrigeration system of anv of the preceding claims, wherein the flash gas
genarated is determined from ambient conditions, flash tank temperature, and compressor

mass {low.

5. The refrigeration system of any of the preceding claims, wherein the flash gas

generaied is determined from a percentage of flash gas bypass valve opening.

6. The refrigeration system of anv of the preceding claims, wherein the controller
is further configured to, i response to the determination that the one or more first operating

paramelers are within the first operating range, close the gas bypass valve.

7. The refrigeration system of any of the preceding claims, further comprising:

a gas cooler/condenser;
a heat exchanger systermn comprising:

a first coil configurad to carry gas refrigerant passing between the gas
cooler/condenser and an inlet of the recetver; and

a second cotl in heat transfer communication with the first coil, the second coil
configured to carry gas refrigerant passing hetween the outlet of the receiver and a
port of at least one of the first valve system and the second valve svstem,

wherein the heat exchanger system is configured to transfer heat from the

second coil to first coil.

3. The refrigeration system of any of the preceding claims, further comprising an

gjector system flmdly coupled between the gas cooler/condenser and the recetver,

9, The refrigeration system of any of the preceding claims, wherein the one or

more second operating parameters comprise a flash gas generated.
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10, The refrigeration system of any of the preceding claims, wherein the one or

more second operating parameters comprise a receiver operating pressure set point.

11 The refrigeration system of any of the preceding claims, further comprising a
variable frequency drive coupled to the first one of the transcritical compressors, wherein the
controller 1s configured (o operate the vanable frequency drive to modulate a speed of the

first one of the transecritical compressors.

12, The refrigeration svstem of claim 1, wherein the controller s further configured
to operate the variable frequency drive 1o modulate a speed of the frst one of the transcritical

comprassors 1o maintain a receiver operating prassure set point.

13, The refrigeration svstem of any of the preceding claims, further comprising a
variable frequency drive coupled to the second one of the transcritical compressors, wherein
the controlier is configured 1o operate the variable frequency drive to modulate a speed of the

second one of the transcritical compressors.

14. The refrigeration system of any of the preceding claims, further comprising
one or more digital unioaders, wherein the controller s configured to operate the one or more
digital unloaders (o modulate a flow rate through at feast one of the two or more transcritical

COIMPressSOrs.

15. The refrigeration sysiem of any of the preceding claims, wherein at least one
of the first valve systers and the second valve system comprises a three-way valve configured
to switch the suction input of the transcritical compressor between gas refrigerant from the
one or more medium temperature evaporators and gas refrigerant from the outlet of the

r8Ceiver.

16.  The refrigeration system of any of the preceding claims, wherein the controller
is further configured to, in response to a deternmuination that one or more third operating
parameters are within a third operating range, deactivate the first one of the transenitical

COMPIrassors.
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17.  The refrigeration system of any of the preceding claims, wherein the controller
is further configured to, in response o a determunation that one or more fourth operating
parameiers are within a fourth operating range, deactivate the second of the transcritical

compressors from operating as a parallel compressor.

18 The refrigeration system of any of the preceding claims, wherein the controller
is further configured to.

determine that one or more third operating parameters are within a third operating
range; and

n response to the determunation that the one or more third operating parameters are
within the third operating range, activate a third one of the transcritical compressors o
operate as a parallel compressor by modulating a third valve system to switch a suction input
of the third one of the transcritical compressors from an evaporator outlet of the one or more

medium temperature evaporators to the outlet of the receiver.

19, The refrigeration system of any of the preceding claims, further comprising a

low temperature subsystern configured to recetve liquid refrigerant from the receiver.

20. The refrigeration svstem of any of the preceding claims, further comprising an
oil management subsystem, comprising oil reservoir,

wherein the controlier is configured to, in response to receiving a signal calling for oil

from a compressor that is operating as a paratlel compressor:

deactivating the compressor from operating as a parallel compressor by modulating
the input fow of refrigerant 1o the compressor from the outlet of the receiver to one or more
evaporators,

activate another one of the transcritical compressors {0 operate as a parallel
compressor by modulating an input fow of refrigerant from the one or move evaporaiors to
the owutlet of the receiver, and

provide oil from the reservoir to compressor that has been deactivated as a parallel

COMPIessor.

21 A method of operating a refrigeration System, comprising:

coliecting a refrigerant produced by the refrigeration system mnio 3 recgiver:

b
S
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controlling a pressure of refrigerant in the receiver by controliing a flow of gas
refrigerant from the recetver through the gas bypass valve;

compressing, by a suction group ol transcritical compressors, gas refrigerant received
from one of more evaporators;

discharging, by the suction group of transcritical compressors, the compressed gas
refrigerant into a discharge line;

determining that one or more first operating parameters are within a first operating
range;

1 response to the determunation that the one or more firsi operating parameters are
within the {irst operating range, activating a first one of the transcritical compressors to
operate as a parallel compressor by modulating a first valve system to switch a suction input
of the first one of the transcritical compressors from an evaporator outlet of the one or more
gvaporators to the outlet of the receiver;

determining that one or more second operating parameters are within a second
operafing range; and

11 response to the determunation that the one or more second operating paramelers arg
within the second operating range, activating a second one of the transcritical compressors Lo
operate as a parallel compressor by modulating a second valve system to switch a suction
input of the second one of the transcritical compressors from an evaporator gutlet of the one

or more evaporators to the outlet of the recerver.

22. The method of claim 21, further comprising closing the gas bypass valve.
23 The method of claim 21 or claim 22, further compnising adjusting a speed of

the first one of the transcritical compressors (o maintain a recaiver pressure setpoint.

24, The method of any of claims 21 through 23, further comprising, in response (o
the determmnation that the second operating parameters are in the second operating range,
mecreasing the compressor speed of the first one of the transcritical compressors to a

maximum speed.

25, The method of any of claims 21 through 24, further comprising, in response (o
the determination that the second operating parameters are in the second operating range,

moduolating a flow rate through at least one of the two or more transcrifical compressors.

30
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26, The method of any of claims 21 through 25, further comprising, in response {0
a deterroination that one or moore third operating pararneters are within a third operating

range, deactivating the first one of the transcritical compressors.

27 The method of any of claims 21 through 26, further comprising, i response {o
receiving a signal calling for oil from a compressor that is operating as a parallel compressor:

deactivating the compressor from operating as a parallel compressor by modulating
the input flow of refrigerant 1o the compressor from the outlet of the receiver {0 one or more
evaporators,

activating another one of the transcritical compressors 1o operate as a parallel
compressor by modulating an input flow of refrigerant from the one or more evaporaiors to
the outlet of the recetver,

providing oil from a reservoir to the compressor that has been deactivated from

operating as a parallel compressor.

23. A refrigeration system, comprising;

areceiver configured 1o collect a gas refrigerant produced by the refrigeration system
and comprising an outlet through which the gas refrigerant exits the receiver;

a gas bypass valve fluidly coupled 1o the outlet and operable to control a pressure of
the gas refrigerant in the receiver by controlling a flow of the gas refrigerant from the
receiver through the gas bypass valve;

a suction group comprising fwo or more transcritical corapressors operable to
compress gas refrigerant and discharge the compressed gas refrigerant indo a discharge line;

a valve system fluidly coupled 1o at least one of the two or more transcritical
compressors; and

a controller configured to:

determine an operating parameter of {lash gas in the refrigeration systeny; and

i response {o the determination that the operating parameter of flash gas 15 within a
particular operating range, activate a first one of the transcntical compressors 1o operale as a
parallel compressor by modulating the valve system to switch a suction input of the
transeritical compressor from an evaporator outlet of the one or more evaporators to the outlet

of the receiver.

3i
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29. The refrigeration system of claim 28, wherein the operating parameter of flash

gas is flash gas generated.

30 The refrigeration system of claim 28 or claim 29, further comprising a variable
frequency drive configured to modulate a speed of at least one of the transcritical

COIMPressors.

31. The refrigeration system of any of claims 28 through 30, further comprising a digital
unloader configured to modulate a flow rate through at least one of the transcritical

COMPressornrs.

32, The refrigeration svstem of any of claims 28 through 31, wherein the
controller 1s further configured to:

determine that one or more additional operating parameters are within a second
particular operating range; and

1 response to the determuination that the one or more additional operating parameters
are within the

second operating range, activate a second one of the transeritical compressors
o operate as a paraflel compressor by moedulating a valve system such that the

franseritical compressor receives gas refrigerant from the outlet of the recetver,

33. The refrigeration system of any of claims 28 through 32, wherein the refrigerant

comprises carbon dioxide.

34 A method of operating a refrigeration system, comprising:

coliecting a gas refrigerant produced by the refrigeration system into a receiver,;

controlling a pressure of the gas refrigerant in the receiver by controlling a flow of gas
refrigerant from the receiver through the gas bypass valve;

operating two or more transcritical compressors to compress gas refrigerant and
discharge the compressed gas refrigerant into a discharge line;

cteronming that an operating parameter of flash gas in the relrigeration system is

within a particular operating range; and

in response to the determination that the operating parameter of flash gas is within the

particular operating range, activating a first one of the transeritical compressors {0 operate as

32



WO 2024/097924 PCT/US2023/078590

a parallel compressor by modulating a valve system fo switch a suction input of the
transeritical compressor from an evaporator outlet of the one or more transcritical evaporators

1o the outlet of the recetver,

35. The method of claim 34, wherein determuning that the operating parameter of
flash gas i the refrigeration system is within the particular operating range comprises

deternuning that flash gas generated is within the particular operating range.

36, The method of claim 35 or ¢laim 35, wherein the flash gas generated is

deterroined froro ambient conditions and corapressor mass flow.

37.  The method of any of claims 34 through 36, wherein flash gas generated s
deternuned from a percentage of flash gas bypass valve opening and a flash gas bypass valve

flow rate.

38, The method of any of claums 34 through 37, further comprising, in response
the deterounation that the operating parameter of flash gas is withan the particular operating

range, closing the gas bypass valve,

39 The method of any of claims 34 through 38, further comprising:

determining that one or more additional operating parameters are within a second
particular operating range; and

11 response to the determunation that the one or more additional operating parameters
are within the second operating range, activating a secoud one of the franscritical
compressors 1o operate as a parallel compressor by modulating a valve system such that the

transcritical compressor receives gas refrigerant from the outlet of the receiver,

40, The method of claim 39, wherain the one or more additional operating

parameters cOMprise a recetver operating pressure set point.
41, The method of any of claims 34 through 40, further comprising:

determining that one or more additional operating parameters are within a second

particular operating range; and

33
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i response to the determination that the one or more additional operating parameters
are within the second particular operating range, increasing a speed of the first one of the

transcritical coropressors.

42. The method of any of claims 34 through 41, further comprising:
determuning that one or more additional operating parameters are within a second
particular operating range; and
i response to the determination that the one or more additional operating parameters
are within the second particular operating range, increasing a mass flow rate of the first one

of the transcritical corapressors,

43. The method of any of claims 34 through 42, further comprising:

determuning that one or more additional operating parameters are within a second
particular operating range; and

i response to the determination that the one or more additional operating parameters
are within the second particular operating range, deactivating the first one of the transcritical
compressors to operate as a parallel corapressor by modulating a valve system such that the

transcritical compressor does not receive gas refrigerant from the outlet of the receiver.

44, An oil management sysiem, comprising:
one or more oil reservoirs;
one or more o1l separators coupled to at least one of the o1l reservoirs; and
one or more controllers configured to
receive a signal calling for oil from a compressor that 1s operating as a parallel
compressor; and
in response {0 receiving the signal;
deactivate the compressor from operating as a parallel compressor by
modulating the input flow of refrigerant to the compressor from the outlet of
a receiver 1o one of more evaporators;
activate another compressor {0 operate as a parallel compressor by
modulating an mput flow of refrigerant from the one or more evaporators to

the outlet of the receiver; and
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provide oil from at least one the one or more reservoirs to the
compressor that has been deactivated from operating as a parallel

COMPIEssor.
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