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(54) R-744 BOOSTER REFRIGERATION CIRCUIT

(57) Booster refrigerant circuit for increasing energy
efficiency comprising a tank (8), storing liquid and vapor
R-744; a first R-744 liquid line (22), connecting the tank
(8) to a medium-temperature line (21), and comprising a
medium-temperature expansion valve (13) connected to
a medium-temperature evaporator (15) connected to a
suction line (30), which connects with a medium-temper-
ature compressor (1); a low-temperature line (23), con-
nected to the first R-744 liquid line (22), and comprising
a low-temperature expansion valve (14) connected to a

30

low-temperature evaporator (16) connected to a
low-temperature compressor (17) connected to the suc-
tion line (30); an adiabatic gas-cooler (4), connected to
the medium-temperature compressor (1); a first
back-pressure valve (7), connected to the tank (8) and
to a first heat exchanger (5), connected to the adiabatic
gas-cooler (4); and a R-744 vapor line (24), connecting
the tank (8) with the first heat exchanger (5) and with the
suction line (30).
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Description
OBJECT OF THE INVENTION

[0001] The present invention is related to the field of
refrigeration circuits, more particularly, to refrigeration
circuits using CO, as refrigerant (R-744).

[0002] An object of the present invention is to provide
aR-744 boosterrefrigerant circuit able to reduce the pow-
er consumption by increasing the energy efficiency.

BACKGROUND OF THE INVENTION

[0003] Atpresent, there are differentimprovements in-
troduced to the circuits with R-744 to increase their effi-
ciency, which are mainly aimed to increase the efficiency
of the facility in climates with high ambient temperatures.
[0004] The mainly problem in refrigeration circuits us-
ing R-744 is the high reduction in efficiency at medium-
high ambient temperatures. This efficiency reduction is
mainly despite to high power consumption of the medi-
um-temperature compression rack (MTC).

[0005] A solution proposed consist on introducing in a
circuit several ejectors (Multi-Ejector racks, MEJ). This
circuit compresses part of the refrigerant of medium-tem-
perature services (MTo) to intermediate pressure (liquid
receiver pressure). For do that, the multi-ejector uses R-
744 with high pressure as motive flow, which reduces its
pressure through a nozzle below the medium-tempera-
ture services pressure and, consequently, increases its
velocity. Thus, the motive flow suctions part of the refrig-
erant of the medium-temperature services and is com-
pressed to intermediate pressure. This circuitis used with
different types of ejectors, the most used is the high-pres-
sure multi-ejector. The use of high-pressure multi-ejector
reduces the refrigerant in the medium-temperature com-
pression rack and consequently its power consumption.
Additionally, the medium-temperature compression rack
compresses part of the medium-temperature services re-
frigerant without a mechanical compressor taking the po-
tential energy of the motive flow.

[0006] Nevertheless, this circuit needs an additional
compression denoted as parallel compression rack to
compress the refrigerant in vapor state generated by the
multi-ejector. The vapor quality in the liquid receiver is
higher and the capacity requirements in parallel com-
pression rack is greater than the circuits without ejectors,
having a similar cooling load.

[0007] The temperature at suction port of the medium-
temperature compression rack is higher than the circuits
without ejectors and, in consequence, the discharge tem-
perature too, producing temperatures greater than
1400C for ambient temperatures above 350C.

[0008] The main problem of the high-pressure multi-
ejector racks is that they do not operate efficiently for
ambient temperatures below 300C in R-744 booster cir-
cuits. Also, the cost of using high-pressure multi-ejector
racks is high. In addition, it has problems with the high
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oil transfer rate at the parallel compression rack due to
the reduced superheat in suction port. Also, the suction
pressure of the parallel compression rack is fixed by a
liquid receiver, storing the refrigerant, and this compres-
sorrack does not work at its optimal operating point (max-
imum compressor efficiency).

[0009] A lot of solutions have been proposed to im-
prove the efficiency of a refrigeration circuit using R-744
at medium-high ambient temperatures. Nevertheless,
few improvements are used atthe presenttime. The most
used improvements to R-744 boosters are the parallel
compression, mechanical subcooling and ejectors, but
these circuits have several limitations. Therefore, a circuit
with lower limitations using R-744 for increasing the ef-
ficiency of the refrigeration process at medium-high am-
bient temperatures is needed.

DESCRIPTION OF THE INVENTION

[0010] The present invention is directed to a R-744
booster refrigerant circuit able to increase the efficiency
of the refrigeration process, thus, reducing the power
consumption in a large variety of locations having differ-
ent ambient conditions and increasing the operation tem-
perature range.

[0011] Moreover, the R-744 booster refrigerant circuit
of the invention reduces the operation cost and the com-
plexity of the installation since is based in combining a
parallel compression and a mechanical subcooling tech-
nique.

[0012] The R-744 booster refrigerant circuit of the in-
vention comprises a tank for storing the R-744, which is
in a mixed physical state, thus, storing a liquid R-744 and
a vapor R-744.

[0013] The liquid R-744 is extracted from the tank by
means of a first R-744 liquid line. The first R-744 liquid
line is connected to a medium-temperature line and com-
prises a medium-temperature expansion valve, which is
connected to a medium-temperature evaporator, which,
in turn, is connected to a medium-temperature compres-
sor.

[0014] A low-temperature line comprises a low-tem-
perature expansion valve, which is connected to a low-
temperature evaporator, which is connected to low-tem-
perature compressor. The low-temperature line and the
medium-temperature line are connected to the first R-
744 liquid line upstream the medium-temperature and
low-temperature expansion valves.

[0015] The booster refrigerant circuit also comprises a
gas-cooler or an adiabatic gas-cooler. A cooling line con-
nects the gas-cooler or adiabatic gas-cooler, intended
for reducing the temperature of the R-744, to the outlet
of the medium temperature compressor.

[0016] A first heat exchanger is connected to the adi-
abatic gas-cooler, receiving a cooled flow, and to a first
back-pressure valve, intended for reducing the pressure
of the cooled flow exiting the first heat exchanger. The
cooled flow is returned to the tank, after it has been
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passed through the first back-pressure valve.

[0017] The booster circuit could also comprise a sec-
ond R-744 liquid line for circulating a second flow of liquid
R-744 from the tank.

[0018] Said second R-744 liquid line connects the tank
with a first expansion valve, which expands the second
flow of liquid R-744, and the first expansion valve with
an internal heat exchanger. In the internal heat exchang-
er, a heat transfer between the first and second flow of
liquid R-744 is produced. The second R-744 liquid line
also connects the internal heat exchanger with a suction
line, upstream of the medium-temperature compressor,
said suction line connecting the medium-temperature
compressor with the medium-temperature line down-
stream the medium-temperature evaporator and with the
low-temperature line downstream the low-temperature
evaporator.

[0019] The vapor R-744 is extracted from the tank by
means of a R-744 vapor line. The R-744 vapor line (in-
termediate-temperature line) is connected to the tank, to
the firstheat exchanger and to the suction line. Therefore,
this R-744 vapor line extracts the vapor R-744 from the
tank and connects with the first heat exchanger, for al-
lowing a heat transfer process between the vapor R-744
extracted from the tank and the R-744 exiting the gas-
cooler or adiabatic gas-cooler. The R-744 vapor line also
connects the first heat exchanger to the suction line at
inlet of the medium-temperature compressor, preferably,
by means of a first motorize valve.

[0020] Preferably, a second back-pressure valve is
connected to the R-744 vapor line at inlet of the first heat
exchanger. The second back-pressure valve reduces the
pressure of the vapor R-744 prior to be introduced into
the first heat exchanger.

[0021] A second motorize valve could be also connect-
ed to the R-744 vapor line, in parallel to the second back-
pressure valve. Therefore, the vapor R-744 could be
flowed through the second back-pressure valve or, alter-
natively, the second motorize valve, wherein the pres-
sure of the vapor R-744 is not reduced.

[0022] The R-744 refrigerant circuit could also com-
prise an additional compressor denoted as parallel com-
pressor. The parallel compressor is connected by means
of a first compression line, to the R-744 vapor line, at
outlet of the first heat exchanger, and to the cooling line,
at outlet of the medium-temperature compressor.
[0023] Theparallel compressorallows to compress the
vapor R-744 to a rejection temperature instead of ex-
panding itto medium temperature using the second back-
pressure valve. This feature achieves a reduction of the
mass flow rate in the medium-temperature compressor
and consequently reduces the power consumption on it.
[0024] Also,the compressionis made at higher suction
pressure and is more efficiently than using the medium-
temperature compressor and, using the first heat ex-
changer, a slightly superheating is introduced to avoid
high oil transfer rate in the parallel compressor.

[0025] The booster refrigerant circuit can comprise al-
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so a high-pressure line and a low-pressure line, which
allows to divide the cooled flow in a high-pressure flow
and a low-pressure flow.

[0026] The high-pressure line is intended for circulat-
ing the high-pressure flow, and could be connected to
the first heat exchanger or, alternatively, to the adiabatic
gas-cooler.

[0027] The low-pressure line is connected to the high-
pressure line for dividing the cooled flow and circulating
the low-pressure flow, regardless the high-pressure line
is connected to the first heat exchanger or to the adiabatic
gas-cooler.

[0028] The low-pressure line could also comprise a
second expansion valve for expanding the refrigerant to
low-pressure flow and a second heat exchanger connect-
ed to said second expansion valve.

[0029] The second heatexchangerallows a heattrans-
fer between the low-pressure flow exiting the second ex-
pansion valve and the high-pressure flow exiting the first
heat exchanger or the adiabatic gas-cooler. When the
high-pressure line is connected to the adiabatic gas-cool-
er the firstheat exchanger is placed after the second heat
exchanger, receiving from it the high-pressure flow.
[0030] Also, the low-pressure line could be connected
to the R-744 vapor line at outlet of the first heat exchang-
er, preferably, by means of a three-way valve or a four-
way valve.

[0031] Additionally, an adaptative volume compressor
(AVC) could be connected to the three-way valve by
means of a second compression line, which connects
said adaptative volume compressor (AVC) with the first
compression line at outlet of the parallel compressor or,
alternatively, with the cooling line at outlet of the medium-
temperature compressor.

[0032] Therefore, the three-way valve could be con-
nected to the low-pressure line at outlet of the second
heat exchanger, and manage the low-pressure flow to
the R-744 vapor line or to the second compression line.
[0033] The adaptative volume compressor can be set
to operate at its optimum suction pressure, by adapting
said suction pressure depending on the requirements. In
this case, the suction pressure is not fixed by the tank as
in the case of the parallel compressor, leading the adap-
tative volume compressor to operate with higher efficien-
cy.

[0034] The R-744 vapor line introduces a subcooling
to high-pressure line and the R-744 in the vapor line is
superheated, using the first heat exchanger. The first
heat exchanger is used to reduce the R-744 temperature
before the first back-pressure valve, thus, reducing the
vapor quality in the tank, and to increase the temperature
of the refrigerant before the compression stage.

[0035] The vapor R-744 mass flow rate expanded to
medium-temperature level by the second back-pressure
valve is reduced, thus, reducing the mass flow rate com-
pressed by the medium-temperature compressor and,
consequently, its power consumption and reducing an
optimum rejection pressure (at outlet of the medium-tem-
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perature compressor) of the booster refrigerant circuit.
[0036] By means of the second heat exchanger, the
temperature after the adiabatic gas-cooler and the opti-
mum rejection pressure are reduced, beneficiating com-
pressor, components connected at outlet of the medium-
temperature compressor and lubrication oil properties.
[0037] Additionally, the subcooling introduced by said
second heat exchanger reduces the vapor quality in the
tank and, in consequence, the mass flow rate of vapor
refrigerant which needs to be compressed, thus, reduc-
ing the compressor displacement required.

[0038] Moreover, using parallel compression and not
subcooling circuitimplies that, in most cases, itis needed
more than one compressor in the parallel rack to adapt
to the refrigeration requirements, especially for places
with changes in ambient temperatures during the year
above 20K. Also, it is needed a high oil transfer rate in
the parallel compressor due to the reduced superheat in
suction port if a heat exchanger is not introduced. The
suction pressure of the parallel compressor is fixed by
the tank and these compressor does not work at its op-
timal operating point (maximum compressor efficiency).
[0039] Similarly, using mechanical subcooling without
parallel compressing leads to some problems. In this
case, the circuit would be used for ambient temperatures
above about 200C, since for lower temperatures its use
would not improve the efficiency of the facility, and the
cost of the circuit would be higher.

[0040] TheinventionisalsoreferredtoaR-744 booster
refrigerant system comprising the R-744 booster refrig-
erant circuit described, which comprises the at least one
second back-pressure valve, the atleast one second mo-
torize valve, the at least one first motorize valve, the at
least one medium-temperature compressor and the at
least one parallel compressor.

[0041] TheR-744boosterrefrigerantsystem alsocom-
prises an ambient temperature sensor for detecting an
ambient temperature and a controller configured to
switch between a first operation mode and a second op-
eration mode, based on the ambient temperature detect-
ed by the ambient temperature sensor.

[0042] The first operation mode is configured to close
the at least one second back-pressure valve, open the
at least one second motorize valve, close the atleastone
first motorize valve, activate the at least one medium-
temperature compressor and activate the at least one
parallel compressor.

[0043] The second operation mode is configured to
open the at least one second back-pressure valve, close
the at least one second motorize valve, open the at least
one firstmotorize valve, activate the atleast one medium-
temperature compressor and deactivate the at least one
parallel compressor. Alternatively, the controller could be
further configured to switch between the first operation
mode and a third operation mode based on an ambient
temperature detected by the ambient temperature sen-
SOr.

[0044] In this case, the first operation mode being con-
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figured to close the at least one first motorize valve, con-
trol the at least one second expansion valve so that a
superheat temperature approaches a target superheat
temperature, activate the at least one medium-tempera-
ture compressor and activate the at least one adaptative
volume compressor.

[0045] The third operation mode is configured to open
the at least one first motorize valve, close the at least
one second expansion valve, activate the at least one
medium-temperature compressor and deactivate the at
least one adaptative volume compressor.

[0046] Also, the controller could be further configured
to switch among the first operation mode, the second
operation mode and the third operation mode based on
an ambient temperature detected by the ambient tem-
perature sensor.

[0047] In this case, the first operation mode is config-
ured to close the at least one second back-pressure
valve, open the at least one second motorize valve, con-
trol the at least one second expansion valve so that the
superheat temperature approaches the target superheat
temperature, activate the at least one parallel compres-
sor and activate the at least one adaptative volume com-
pressor.

[0048] The second operation mode being configured
to open the at least one second back-pressure valve,
close the at least one second motorize valve, control the
at least one second expansion valve so that the super-
heat temperature approaches the target superheat tem-
perature, deactivate the at least one parallel compressor
and activate the at least one adaptative volume compres-
sor.

[0049] The third operation mode being configured to
close the at least one second back-pressure valve, close
the at least one second motorize valve, close the at least
one second expansion valve, deactivate the at least one
parallel compressor and deactivate the at least one ad-
aptative volume compressor.

[0050] In this case, the controller switches from the
third operation mode to the second operation mode when
the ambient temperature exceeds a first predetermined
value and from the second operation mode to the first
operation mode when the ambient temperature exceeds
a second predetermined value, wherein the second pre-
determined value is higher than the first predetermined
value.

[0051] The controller comprises a processor, such as
a CPU (Central Processing Unit), a work memory used
by the CPU such as a RAM (Random Access Memory),
and a recording medium storing control programs and
information used by the CPU such as a ROM (Read Only
Memory). The controller is configured to perform infor-
mation processing and signal processing by the CPU ex-
ecuting the control programs to control operation of the
booster refrigerant system.

[0052] The booster refrigerant circuit of the invention
allows to increase the operating hours of circuit that pro-
duce the subcooling and have lower is less dependence



7 EP 3 872 418 A1 8

on the ambient temperatures.

[0053] The booster refrigerant circuit of the invention
using a parallel compressor and an adaptative volume
compressor (AVC) has been compared to a booster cir-
cuit with multi-ejectors from the state of the art.

[0054] The COP of the booster refrigerant circuit using
Adaptive Volume Compressor (AVC) and booster with
multi-ejectors is similar for ambient temperatures above
300C. However, for ambient temperatures from 10 to
300C the energy efficiency of the booster refrigerant cir-
cuit using Adaptive Volume Compressor (AVC) is great-
er.

[0055] The booster refrigerant circuit using the Adap-
tive Volume Compressor (AVC) achieves a great reduc-
tion in annual energy consumption regarding the Multi-
ejector technology, reducing the power consumption in
compressor, the size of the additional compressor and
compressor discharge temperatures.

[0056] All compressors, evaporators and expansion
valves presented in this description could be single com-
pressors, evaporators and expansion valves or compres-
sion racks, evaporator racks and expansion valve racks,
comprising more than one compressor, evaporator or ex-
pansion valve.

[0057] The term back-pressure valve is referred to an
expansion valve operating as back-pressure regulation.

DESCRIPTION OF THE DRAWINGS

[0058] Tocomplementthe description being made and
in order to aid towards a better understanding of the char-
acteristics of the invention, in accordance with a preferred
example of practical embodiment thereof, a set of draw-
ings is attached as an integral part of said description
wherein, with illustrative and non-limiting character, the
following has been represented:

Figure 1.- Shows a schematic view of a first embod-
iment of the booster refrigerant circuit of the inven-
tion.

Figure 2.- Shows a schematic view of a pressure-
enthalpy diagram of the first embodiment of the
booster refrigerant circuit of the invention in a first
operation mode at ambient temperature of 400C,
wherein the vertical axis represents the pressure and
the horizontal axis represents the enthalpy.

Figure 3.- Shows a schematic view of a pressure-
enthalpy diagram of the first embodiment of the
booster refrigerant circuit of the invention in a first
operation mode at ambient temperature of 320C,
wherein the vertical axis represents the pressure and
the horizontal axis represents the enthalpy.

Figure 4.- Shows a schematic view of a pressure-
enthalpy diagram of the first embodiment of the
booster refrigerant circuit of the invention in a first
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operation mode at ambient temperature of 200C,
wherein the vertical axis represents the pressure and
the horizontal axis represents the enthalpy.

Figure 5.- Shows a schematic view of a pressure-
enthalpy diagram of the preferred embodiment of the
booster refrigerant circuit of the inventionin a second
operation mode at 130C, wherein the vertical axis
represents the pressure and the horizontal axis rep-
resents the enthalpy.

Figure 6.- Shows a schematic view of a pressure-
enthalpy diagram of the preferred embodiment of the
booster refrigerant circuit of the invention in a third
operation mode at ambient temperature of 100C,
wherein the vertical axis represents the pressure and
the horizontal axis represents the enthalpy.

Figure 7.- Shows a schematic view of a second em-
bodiment of the booster refrigerant circuit of the in-
vention.

Figure 8.- Shows a schematic view of a pressure-
enthalpy diagram of the second embodiment of the
booster refrigerant circuit of the invention at ambient
temperature of 400C, wherein the vertical axis rep-
resents the pressure and the horizontal axis repre-
sents the enthalpy.

Figure 9.- Shows a diagram comparison between
the mass flow rate of the additional compressors (dif-
ferent to medium and low temperature compressor)
in a circuit with multi-ejectors (parallel compressors
are the additional ones) and the refrigerant circuit of
the invention (Comp. 1 and Comp.2 are the addition-
al ones)

Figure 10.- Shows a diagram comparison of COP
between the booster refrigerant circuit of the inven-
tion and a circuit with multi-ejectors.

Figure 11.- Shows a diagram comparison of annual
energy consumption in different locations between
the booster refrigerant circuit of the invention and a
circuit with multi-ejectors.

PREFERRED EMBODIMENTS OF THE INVENTION

[0059] The present invention is directed to a booster
refrigerant circuit able to increase the energy efficiency,
particularly, when operating in changing-temperature
ambients and reduce the overall power consumption.
[0060] Further advantages of the booster refrigerant
are described in relation to figures, which represent par-
ticular embodiments of the invention non-limiting the
scope of the invention defined by claims.

[0061] Figure 1 shows a first embodiment of the boost-
er refrigerant circuit of the invention which comprises a



9 EP 3 872 418 A1 10

tank (8) configured to store a mixture of vapor and liquid
R-744.

[0062] The liquid R-744 is transferred to an internal
heat exchanger (11) by using a first R-744 liquid line (22).
The internal heat exchanger (11) allows a heat transfer
between a first flow of liquid R-744 and a second flow of
liquid R-744, which is previously extracted from the tank
(8) by means of a second R-744 liquid line (25) and ex-
panded using a first expansion valve (12). The first flow
of liquid R-744, after passing through the internal heat
exchanger (11), is split for being circulated in a low-tem-
perature line (23) and a medium-temperature line (21).
[0063] The medium-temperature line (21) comprises a
medium-temperature expansion valve (13) connected to
a medium-temperature evaporator (15), connected to a
medium-temperature compressor (1). The low-tempera-
ture line (23), in turn, comprises a low-temperature ex-
pansion valve (14) connected to alow-temperature evap-
orator (16), connected to a low-temperature compressor
(17). The low-temperature line (23) and the medium-tem-
perature line (21) are connected to the first R-744 liquid
line (22) upstream the medium-temperature expansion
valve (13) and the low-temperature expansion valve (14).
[0064] The second flow of liquid R-744, after being
passed through the internal heat exchanger (11), is con-
nected by means of the second R-744 liquid line (25) to
a suction line (30), which connects the low-temperature
line (23), downstream the low-temperature compressor
(17), and the medium-temperature line (21), downstream
the medium-temperature evaporator (15), with inlet of
the medium temperature compressor (1).

[0065] The mixture of the second flow of liquid R-744 ,
after being passed through the internal heat exchanger
(11), the R-744 exiting the medium-temperature evapo-
rator (15) and the R-744 exiting the low-temperature
compressor (17) is directed to the medium-temperature
compressor (1), by using the suction line (30). Said com-
pressed mixture is flowed to an adiabatic gas-cooler (4),
for being cooled, by using a cooling line (31).

[0066] The vapor R-744 from the tank (8), in turn, is
transferred by a R-744 vapor line (24) to a first heat ex-
changer (5), previously passing through a second back-
pressure valve (9) or a second motorize valve (10), set
in parallel to the first back-pressure valve (9).

[0067] Then, the R-744 in vapor state is directed to the
suction line (30) at inlet of the medium-temperature com-
pressor (1), passing through a first motorize valve (18),
or to a parallel compressor (2), by using a first compres-
sion line (26), directing the compressed vapor R-744 to
the outlet of the medium-temperature compressor (1).
[0068] The flow entering the adiabatic gas-cooler (4)
is cooled and directed to the first heat exchanger (5)
wherein a heat transfer is produced between said cooled
flow exiting the adiabatic gas-cooler (4) and the vapor R-
744 obtained from the tank (8).

[0069] Then,the cooledflowisdividedintoa high-pres-
sure flow and a low-pressure flow, by means of a low-
pressure line (28) and a high-pressureline (27). The high-
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pressure flow is directed to a second heat exchanger (6),
and then is flowed to the tank (8), previously passing
through a back-pressure valve (7). The low-pressure flow
is expanded in a second expansion valve (20) and, then,
passes through the second heat exchanger (6), thus, be-
ing produced a heat transfer between the high-pressure
flow and the low-pressure flow.

[0070] After being flowed through the second heat ex-
changer (6), the low-pressure flow is directed to a second
compression line (29) for connection to an adaptative
volume compressor (AVC) (3), previously passing
through a three-way valve (19). The three-way valve (19)
is also connected to the R-744 vapor line (24) at inlet of
the parallel compressor (2). The compressed low-pres-
sure flow is directed to the first compression line (26) at
outlet of the parallel compressor (2).

[0071] The adaptative volume compressor (3) (AVC)
has a lower compression ratio than the parallel compres-
sor (2). The three-way valve (19) could be used for op-
erating the adaptative volume compressor (3) as the par-
allel compressor (2), when it is more efficient or for main-
tenance processes.

[0072] Therefore, the compressed mixture exiting the
medium-temperature compressor (1), the compressed
vapor R-744 exiting the parallel compressor (2) and the
compressed low-pressure flow exiting the adaptative vol-
ume compressor (3) are mixed and directed to the adia-
batic gas-cooler (4), exiting the cooled flow.

[0073] The R-744 booster refrigerant circuit of the in-
vention is intended for improving the energy efficiency in
a variety of ambient temperatures. For achieving that,
the R-744 booster refrigerant circuit could be operated
in three different operation modes. Each operation mode
is controlled by a controller. The controller includes a
CPU (Central Processing Unit), a RAM (Random Access
Memory) memory used by the CPU and a ROM (Read
Only Memory) for storing control programs and informa-
tion used by the CPU. The controller is configured to per-
form information processing and signal processing by
the CPU executing the control programs to control oper-
ation of the booster refrigerant circuit.

[0074] A first operation mode is directed to high ambi-
ent temperatures. In this operation mode the second
back-pressure valve (9) and the first motorize valve (18)
are closed, the second motorize valve (10) is opened and
the three-way valve (19) is configured to direct the low-
pressure flow to the second compression line (29), for
being compressed by the adaptative volume compressor
(3), closing the way to the parallel compressor (2).
[0075] Therefore, the vapor R-744 obtained from the
tank (8) passes through the second motorize valve (10),
then, is directed to the first heat exchanger (5), and, then,
tothe parallel compressor (2). Also, the low-pressure flow
exiting the second heat exchanger (6) is directed to the
adaptative volume compressor (3) by using the three-
way valve (19).

[0076] Figure 2 shows a representation of the en-
thalpy-pressure diagram of R-744, wherein the physical



11 EP 3 872 418 A1 12

state of the R-744 in the R-744 booster refrigerant circuit
of the invention operating in the first operation mode is
included. The R-744 stored in the tank (8) comprises lig-
uid and vapor R-744.

[0077] The first flow of liquid R-744 is directed to the
internal heat exchanger (11). The second flow of liquid
R-744 is directed to the first expansion valve (12), where-
in the pressure and the temperature are diminished and
the enthalpy remains constant, and then to the internal
heat exchanger (11).

[0078] Intheinternalheatexchanger(11),aheattrans-
fer between the first flow of liquid R-744 and the expand-
ed second flow of liquid R-744 is produced. Therefore,
the temperature of the first flow of liquid R-744 is reduced
and the temperature of the second flow of liquid R-744
is increased in the internal heat exchanger (11).

[0079] The first flow of liquid R-744 is divided into a
low-temperature flow, flowing in the low-temperature line
(23), and a medium-temperature flow, flowing in the me-
dium-temperature line (21).

[0080] The low-temperature flow passes through the
low-temperature expansion valve (14), wherein the pres-
sure and the temperature are reduced and the enthalpy
remains constant. The expanded low-temperature flow
passes through the low-temperature evaporator (16),
wherein the temperature and the enthalpy are increased
and the pressure remains constant. Then, the low-tem-
perature flow passes through the low-temperature com-
pressor (17), wherein the pressure, the temperature and
the enthalpy are increased.

[0081] The medium-temperature flow passes through
the medium-temperature expansion valve (13), wherein
the pressure and the temperature are reduced, less than
in the low-temperature expansion valve (14), and the en-
thalpy remains constant. The expanded medium-temper-
ature flow passes through the medium-temperature
evaporator (15), wherein the temperature and the en-
thalpy are increased and the pressure remains constant.
Then, the medium-temperature flow exiting the medium-
temperature evaporator (15) is mixed with the second
flow of liquid R-744 exiting the internal heat exchanger
(11), and, then, with the low-temperature flow exiting the
low-temperature compressor (17), said low-temperature
flow reducing its temperature and enthalpy at constant
pressure.

[0082] The mixture of the second flow of liquid R-744 ,
after being passed through the internal heat exchanger
(11), the R-744 exiting the medium-temperature evapo-
rator (15) and the R-744 exiting the low-temperature
compressor (17) is directed to the medium-temperature
compressor (1), wherein the pressure, the temperature
and the enthalpy are increased.

[0083] The vapor R-744 obtained from the tank (8)
passes through the second motorize valve (10), wherein
the pressure is maintained, and is directed to the first
heatexchanger (5), wherein its enthalpy and temperature
are increased ata constant pressure (negligible pressure
losses).
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[0084] Then, the vapor R-744 exiting the first heat ex-
changer (5) is directed to the parallel compressor (2),
wherein its enthalpy, pressure and temperature are in-
creased.

[0085] The cooled flow exiting the adiabatic gas-cooler
(4) passes through the first heat exchanger (5), wherein
its enthalpy and temperature are reduced at an almost
constant pressure.

[0086] The cooled flow exiting the first heat exchanger
(5) is divided into the high-pressure flow and the low-
pressure flow. The high-pressure flow is directed to the
second heatexchanger (6), whereinits enthalpy and tem-
perature are reduced at an almost constant pressure.
[0087] The low-pressure flow is expanded in a second
expansion valve (20), wherein its pressure and temper-
ature are reduced at a constantenthalpy, and, then, pass-
es through the second heat exchanger (6), wherein its
enthalpy and temperature are increased at an almost
constant pressure.

[0088] The high-pressure flow exiting the second heat
exchanger (6), then, is flowed to a first back-pressure
valve (7), which reduces its pressure to the storing pres-
sure of the tank (8), and reduces its temperature main-
taining constant its enthalpy.

[0089] The low-pressure flow exiting the second heat
exchanger (6) passes through the three-way valve (19).
Then, said low-pressure flow is directed to the adaptative
volume compressor (3), wherein its enthalpy, pressure
and temperature are increased.

[0090] Then, a mixture is done with R-744 exiting the
medium-temperature compressor (1), which reduces its
enthalpy and temperature at a constant pressure, the
compressed vapor R-744 exiting the parallel compressor
(2), which reduces its enthalpy and temperature at an
almost constant pressure, and the compressed low-pres-
sure flow exiting the adaptative volume compressor (3)
(AVC), which increases its enthalpy and temperature at
a constant pressure, and the mixture is directed to the
adiabatic gas-cooler (4), wherein an evacuation of heat
at an almost constant pressure is performed, reducing
the enthalpy and temperature of the mixture, and exiting
cooled flow.

[0091] Figures 3 and 4 shows the influence of the am-
bient temperature in the operation of the R-744 booster
refrigerant circuit, moving down the whole diagram of per-
formance, in the pressure axis.

[0092] A secondoperation mode is directed to medium
ambient temperature. In this operation mode the second
motorize valve (10) is closed, the second back-pressure
valve (9) and the first motorize valve (18) are opened and
the three-way valve (19) is configured to open the way
to the adaptative volume compressor (3) and close the
way to the parallel compressor (2).

[0093] Therefore, the vapor R-744 from the tank (8)
passes through the second back-pressure valve (9), is
directed to the first heat exchanger (5), and, then, to the
medium-temperature compressor (1), by using the vapor
R-744 line, passing through the first motorize valve (18).
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Also, the low-pressure flow exiting the second heat ex-
changer (6) is directed to the adaptative volume com-
pressor (3) by using the three-way valve (19).

[0094] Figure 5 shows a representation of the en-
thalpy-pressure diagram of R-744, wherein the physical
state of the R-744 in the circuit operating in the second
operation mode is included.

[0095] Firstly, the vapor R-744 from the tank (8) passes
through the second back-pressure valve (9), instead of
the second motorize valve (10), and consequently, the
pressure is not maintained but is reduced at a constant
enthalpy, thus reducing the temperature of said vapor R-
744.

[0096] Also, the vapor R-744 exiting the first heat ex-
changer (5) is mixed with refrigerant flowing at inlet of
the medium-temperature compressor (1). Therefore, the
parallel compressor (2) is deactivated.

[0097] Also, the pressure of the low-pressure flow in
the second expansion valve (20) is reduced more than
in the first operation mode and the adaptative volume
compressor (3) increases its compression ratio.

[0098] A third operation mode is directed to low ambi-
enttemperatures. In this operation mode the second mo-
torize valve (10) is closed, the second back-pressure
valve (9) and the first motorize valve (18) are opened and
the three-way valve (19) is configured to close the way
to the adaptative volume compressor (3) and the way to
the parallel compressor (2), thus, not passing any flow
through said three-way valve (19).

[0099] Therefore, the vapor R-744 from the tank (8)
passes through the second back-pressure valve (9), is
directed to the first heat exchanger (5), and, then, to the
medium-temperature compressor (1), passing through
the first motorize valve (18).

[0100] The R-744 booster refrigerant circuit of the in-
vention could be simplified in order to improve the effi-
ciency in high ambient temperatures, medium ambient
temperatures and low ambient temperatures, two of them
or just one. In this last case, for improving the energy
efficiency just in low ambient temperatures, the second
heat exchanger (6), the parallel compressor (2) and the
adaptative volume compressor (3) could be removed.
[0101] Figure 6 shows a representation of the en-
thalpy-pressure diagram of R-744, wherein the physical
state of the R-744 in the circuit operating in the third op-
eration mode is included.

[0102] The low-pressure flow is not present; therefore,
the high-pressure flow comprises the complete mass
flow, which instead of passing through the second heat
exchanger (6) is directed to the first back-pressure valve
(7) directly and the adaptative volume compressor (3) is
deactivated.

[0103] Figure 7 shows a second embodiment of the R-
744 booster refrigerant circuit of the invention. In this em-
bodiment, the first heat exchanger (5) and the second
heat exchanger (6) are interchanged in position.

[0104] Therefore, the flow exiting the adiabatic gas-
cooler (4) is divided into a high-pressure flow and a low-
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pressure flow. The high-pressure flow is directed to the
second heat exchanger (6). The low-pressure flow, in
turn, is expanded in the second expansion valve (20),
producing a two-phases state having a lower tempera-
ture than the high-pressure flow, and then passes
through the second heat exchanger (6), thus, being pro-
duced a heat transfer between the high-pressure flow
and the low-pressure flow.

[0105] The high-pressure flow exiting the second heat
exchanger (6) is directed to the first heat exchanger (5),
and then is flowed to the tank (8), previously passing
through the first back-pressure valve (7).

[0106] The vapor R-744, as in the previous case, is
transferred to the first heat exchanger (5), previously
passing through the second back-pressure valve (9) or,
alternatively, through the second motorize valve (10) set
in parallel to the second back-pressure valve (9). Then,
the vapor R-744 is directed to a parallel compressor (2),
and the compressed vapor R-744 is directed to the adi-
abatic gas-cooler (4).

[0107] Thus,inthefirstheatexchanger(5)aheattrans-
fer is produced between the high-pressure flow exiting
the second heat exchanger (6) and the vapor R-744 ob-
tained from the tank (8), in a saturated vapor state.
[0108] Figure 8 shows a representation of the en-
thalpy-pressure diagram of R-744, wherein the physical
state of the R-744 in the second embodiment of the circuit
operating in the first operation mode is included.

[0109] The heat transfer process of the first heat ex-
changer (5) and the second heat exchanger (6) are in-
terchanged. As a consequence, the temperature at inlet
of the parallel compressor (2) is reduced, since the heat
transfer in the first heat exchanger (5) is performed just
with the high-pressure flow instead of the complete flow
exiting from the adiabatic gas-cooler (4), as in the first
embodiment.

[0110] The figure 9 shows a diagram comparison of
the aggregated mass flow rate flowing in the additional
compressor between the R-744 booster refrigerant cir-
cuit of the invention and a circuit with multi-ejectors with
parallel compression.

[0111] The aggregated mass flow rate of the R-744
booster refrigerant circuit of the invention is intermediate
to the circuit with multi-ejectors with parallel compres-
sion, being more different both on increasing the ambient
temperature.

[0112] The figure 10 shows a diagram comparison of
COP between the R-744 booster refrigerant circuit of the
invention and a circuit with multi-ejectors.

[0113] The COP ofthe R-744 booster refrigerant circuit
of the invention is greater than the circuit with multi-ejec-
tors at ambient temperatures from 120C to 320C.
[0114] The figure 11 shows a diagram comparison of
annual energy consumption in different locations be-
tween the R-744 booster refrigerant circuit of the inven-
tion and a circuit with multi-ejectors.

[0115] The annual energy consumption of the R-744
booster refrigerant circuit of the invention is lower than
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the circuit with multi-ejectors in every analyzed location,
being especially lower in Athens and Seville.

[0116] Thefigure 12 also shows an embodiment which

is a variation of the first embodiment of the booster re-
frigerant circuit of the invention wherein the three-way %
valve is replaced by a four way-valve having pinched one

of way of the four-way valve. Therefore, the four-way
valve operates as a switch mechanism connecting alter-
natively the second heat exchanger to the adaptative vol-
ume compressor (AVC) (3) or to the R-744 vapor line 10
(24) at inlet of the parallel compressor (2).

- at least a first expansion valve (12), connected
to the second R-744 liquid line (25) for expand-
ing the second flow of liquid R-744;

- an internal heat exchanger (11), connected to
the first R-744 liquid line (22) and the second R-
744 liquid line (25) downstream the first expan-
sion valve (12);

wherein, the second R-744 liquid line (25) connects
the internal heat exchanger (11) suction line (30) up-
stream the at least one medium-temperature com-
pressor (1).

Claims 3.

A booster refrigerant circuit comprising:

- atank (8) configured to store a liquid and vapor
R-744

- a second R-744 liquid line (25) for circulating
a second flow of liquid R-744 from the tank (8);

15

The booster refrigerant circuit according to claims 1
or 2, further comprising at least a first motorize valve
(18) connected to the R-744 vapor line (24) down-
stream the first heat exchanger (5).

The booster refrigerant circuit according to claim any

- a first R-744 liquid line (22), for circulating the 20 one of preceding claims further comprising at least
liquid R-744 from the tank (8); a second back-pressure valve (9) connected to the
- a suction line (30); R-744 vapor line (24) upstream the first heat ex-
- amedium-temperature line (21), for circulating changer (5).
the liquid R-744 connected to the first R-744 lig-
uid line (22), and comprising at least one medi- 25 The booster refrigerant circuit according to claim 4,
um-temperature expansion valve (13) connect- further comprising at least a second motorize valve
ed to at least one medium-temperature evapo- (10) connected to the R-744 vaporline (24)in parallel
rator (15) connected to the suction line (30), to the at least one second back-pressure valve (9).
which connects with at least one medium-tem-
perature compressor (1); 30 The booster refrigerant circuit according to claim any
- a low-temperature line (23), connected to the one of preceding claims, further comprising:
first R-744 liquid line (22), and comprising at
least one low-temperature expansion valve (14) - at least one parallel compressor (2); and
connectedto atleast one low-temperature evap- - a first compression line (26) connected to the
orator (16) connected to at least one low-tem- 35 R-744 vapor line (24) downstream the first heat
perature compressor (17) connected to the suc- exchanger (5) and connecting the at least one
tion line (30); parallel compressor (2) to the cooling line (31)
- a cooling line (31); downstream the at least one medium-tempera-
- a gas-cooler (4), connected to the at least one ture compressor (1).
medium temperature compressor (1) by means 40
of the cooling line (31); 7. Thebooster refrigerant circuit according to claim any
- at least a first heat exchanger (5) connected one of preceding claims, further comprising:
to the gas-cooler (4);
- at least a first back-pressure valve (7), con- - a high-pressure line (27), connected to the first
nected to the first heat exchanger (5), for reduc- 45 heat exchanger (5), for circulating a high-pres-
ing the pressure of the cooled flow, returning the sure flow;
cooled flow to the tank (8); and - alow-pressure line (28), connected to the high-
-aR-744 vapor line (24), for circulating the vapor pressure line (27) for dividing the cooled flow
R-744, connecting the tank (8) with the first heat into the high-pressure flow and a low-pressure
exchanger (5) and said first heat exchanger (5) 50 flow, and for circulating the low-pressure flow;
with the suction line (30) upstream the at least - at least one second expansion valve (20) con-
one medium-temperature compressor (1). nected to the low-pressure line (28) for expand-
ing the low-pressure flow;
2. The booster refrigerant circuit according to claim 1, - a second heat exchanger (6) connected to the
further comprising: 55 high-pressure line (27) and the at least one sec-

ond expansion valve (20).

8. The booster refrigerant circuit according to claim 1
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to 6, further comprising:

- a high-pressure line (27), connected to the ad-
iabatic gas-cooler (4), for circulating a high-pres-
sure flow;

- alow-pressure line (28), connected to the high-
pressure line (27) for dividing the cooled flow
into the high-pressure flow and a low-pressure
flow, and for circulating the low-pressure flow;
- a second at least one expansion valve (20)
connected to the low-pressure line (28) for ex-
panding the low-pressure flow;

- a second heat exchanger (6) connected to the
high-pressure line (27) and the at least one sec-
ond expansion valve (20).

The booster refrigerant circuit according to claims 7
or 8, wherein the low-pressure line (28) is connected
to the R-744 vapor line (24) at outlet of the first heat
exchanger (5).

The booster refrigerant circuit according to 7 to 9,
further comprising:

- athree-way valve (19) or a four-way valve con-
nected to the low-pressure line (28) at down-
stream the second heat exchanger (6), for di-
verting the low-pressure flow to the R-744 vapor
line (24) or to a second compression line (29);

- at least one adaptative volume compressor (3)
connected to the second compression line (29)

wherein the second compression line (29) connects
the at least one adaptative volume compressor (3)
with the low-pressure line (28) downstream the at
least one parallel compressor (2) or with the cooling
line (21) downstream the at least one medium-tem-
perature compressor (1).

A R-744 booster refrigerant system comprising the
R-744 booster refrigerant circuit according to any of
preceding claims, comprising the atleast one second
back-pressure valve (9), the at least one second mo-
torize valve (10), the at least one first motorize valve
(18), the atleast one medium-temperature compres-
sor (1) and the at least one parallel compressor (2),
the system also comprising:

an ambient temperature sensor for detecting an
ambient temperature;

a controller configured to switch between a first
operation mode and a second operation mode,
based on the ambient temperature detected by
the ambient temperature sensor,

the first operation mode being configured to
close the at least one second back-pressure
valve (9), open the at least one second motorize
valve (10), close the at least one first motorize
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10

12.

13.

valve (18), activate the at least one medium-
temperature compressor (1) and activate the at
least one parallel compressor (2), and

the second operation mode being configured to
open the at least one second back-pressure
valve (9), close the atleast one second motorize
valve (10), open the at least one first motorize
valve (18), activate the at least one medium-
temperature compressor (1) and deactivate the
at least one parallel compressor (2).

The booster refrigerant system according to claim
11, wherein the controller is further configured to
switch between the first operation mode and a third
operation mode based on an ambient temperature
detected by the ambient temperature sensor,

the first operation mode being configured to close
the at least one first motorize valve (18), control the
at least one second expansion valve (20) so that a
superheat temperature approaches a target super-
heat temperature, activate the at least one medium-
temperature compressor (1) and activate the at least
one adaptative volume compressor (3), and

the third operation mode being configured to open
the at least one first motorize valve (18), close the
at least one second expansion valve (20), activate
the at least one medium-temperature compressor
(1)and deactivate the atleast one adaptative volume
compressor (3).

The booster refrigerant system according to claim
12, wherein the controller is further configured to
switch among the first operation mode, the second
operation mode and the third operation mode based
on an ambient temperature detected by the ambient
temperature sensor,

the first operation mode being configured to close
the at least one second back-pressure valve (9),
open the at least one second motorize valve (10),
control the at least one second expansion valve (20)
so that the superheat temperature approaches the
target superheat temperature, activate the at least
one parallel compressor (2) and activate the at least
one adaptative volume compressor (3),

the second operation mode being configured to open
the at least one second back-pressure valve (9),
close the at least one second motorize valve (10),
control the at least one second expansion valve (20)
so that the superheat temperature approaches the
target superheat temperature, deactivate the at least
one parallel compressor (2) and activate the at least
one adaptative volume compressor (3), and

the third operation mode being configured to close
the at least one second back-pressure valve (9),
close the at least one second motorize valve (10),
close the at least one second expansion valve (20),
deactivate the at least one parallel compressor (2)
and deactivate the at least one adaptative volume
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compressor (3),

wherein the controller is further configured to switch
from the third operation mode to the second opera-
tion mode when the ambient temperature exceeds
a first predetermined value, and

to switch from the second operation mode to the first
operation mode when the ambient temperature ex-
ceeds a second predetermined value,

the second predetermined value being higher than
the first predetermined value.
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