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(54) Refrigerating circuit

(67)  Therefrigerantcircuit proposed, designed forre-
frigeration systems with throttling in two stages (3, 5) and
a liquid/vapor separator (4) at intermediate pressure,
comprises at least one compressor (1), one heat ex-
changer (2) of high pressure and at least one evaporator
(6) fed through a further throttling valve (5).

The circuit described includes a simple and innova-
tive method for the separation of oil and its distribution
to the at least one compressor.

It is described also a type of circuit that provides the
use of atleast one auxiliary compressor (7) for the suction

N

of flash vapor from the liquid/vapor separator (4) at inter-
mediate pressure, therefore the refrigerant system which
employs the circuit arrangement described can operate
according to a so-called economizer cycle without any
particular device for distributing oil to the suction com-
pressor at different pressures.

It also describes the insertion in the circuit of an ejec-
tor (16) for recovering expansion energy in order to in-
crease the overall energy efficiency of a refrigerating sys-
tem adopting the circuit configuration described.
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Description
Introduction and state of the art

[0001] Infig.1itis shown a simplified diagram of a typ-
ical refrigerating circuit that uses R744 - carbon dioxide
or CO, - as the cooling fluid or working fluid or for sim-
plicity refrigerant. In said circuit at least one compressor
1 sucks the refrigerant in vapor state from at least one
evaporator 6 and compresses it to high pressure further
entering it in a heat exchanger 2, condenser or gas cool-
er, in which the refrigerant rejects heat, for example, to
outside air. Downstream of said heat exchanger 2 is
present a device intended for a first stage of throttling,
consisting on a high pressure controlling valve 3, out-
bound from which the two-phase refrigerant, vapor and
liquid, is entered into a liquid / vapor separator tank 4.
[0002] From said separator 4 the refrigerant in liquid
state is conveyed through one or more throttling valves
5 forfeeding one or more evaporators 6, while the fraction
of refrigerant fluid in vapor state, the so-called flash va-
por, is subjected to a further expansion down to lower
pressure of the cycle, in order to maintain the pressure
in said separator 4 below of a desired maximum value.
One back pressure regulating valve 13 is included, for
this purpose, in the circuit and it is configured for control-
ling the pressure in the separator 4.

[0003] The inlet port of above mentioned valve 13 is
connected to the upper part of the separator 4, that is the
zone in which vapor is present, while the output section
is connected to the low pressure side of the circuit, for
example to the suction port of the atleast one compressor
1.

[0004] In order to reduce the energy consumption, in-
stead of controlling the pressure in the separator 4
through the valve 13 and expanding the flash vapor down
to low pressure side, it would be preferable to directly
compress the above mentioned flash vapor with at least
one auxiliary compressor 7 as shown in dotted lines in
fig .1. Today this is achieved at the cost of an important
complication in the circuit. It emerges the problem of dis-
tribution of the oil to the compressors in which the lubri-
cating oil is contained in the bottom of a chamber of the
compressor, normally called crankcase, and precisely in
the chamber in which the crankshaft and the connecting
rod assembly of the pistons are housed, being the above
mentioned crankcase maintained at the low pressure or
suction pressure of the compressor and thus at the low
pressure of the refrigerating circuit. Since the main com-
pressor/s 1 or the auxiliary compressor/s 7 suck from
different pressures it is necessary that the oil to be in-
jected in crankcases, where the lubricating oil is stored,
in order to restore the level of oil as a result of a certain
inevitable oil carryover with the mass flow of compressed
fluid, is maintained at a pressure greater or equal to the
higher of the two different suction pressures. The state
ofthe artconsists on the separation of oil in high pressure.
Supposing to use this mode of oil separation there are
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two alternatives, one of which is the injection of the oil in
the compressors directly from the high pressure oil sep-
arator, not shown in fig. 1.

[0005] This first solution has the problem of high frac-
tion of refrigerant dissolved in the oil separated in the
high pressure, and thus a relevant foaming appears as
soon as the mixture of oil and refrigerant fluid is entered
in the crankcase of the compressors and is then subject-
ed to a rapid depressurization, a phenomenon which re-
duces the effectiveness of the lubrication. The alternative
solution consists on injection of the mixture of oil and
refrigerant, separated in one high pressure oil separator,
into an intermediate tank intended to accumulate the oil.
In said storage oil tank the degassing, that is the pressure
reduction to release part of the refrigerant dissolved in
the oil, occurs and from this storage tank, the oil, or the
mixture oil/refrigerant with a lower content of the refrig-
erant fluid, is further sent to the compressors. The pres-
sure must be reduced down to a limit value higher or
equal than the highest value between the two suction
pressures. This solution reduces the phenomenon of
foam formation, but is not completely satisfactory, par-
ticularly because the separation of oil in high pressure is
never complete and consequently a non-negligible flow
of oil flows to the evaporators, so reducing the heat trans-
fer efficiency, but also because with both methods above
described a bypass of refrigerant occurs from high pres-
sure side to the suction side at each opening of the valve
discharging oil from high pressure oil separator, repre-
senting this phenomenon an energy loss. Furthermore
the installation of a pressure vessel, such as the oil sep-
arator to be installed on the high pressure side of the
circuit, is an expensive solution and raises significant
safety concerns, as the pressure to which the oil sepa-
rator is intended to operate can be up to 100 bar in the
case of refrigerating systems using CO, as a refrigerant.
[0006] The present invention discloses a simple and
innovative method intended to solve the problem ex-
posed and realizes a refrigerating circuit that allows op-
eration according to a cycle with economizer.

Description of the drawings

[0007] In Table 1 are shown:

- Fig.1. Diagram of a state of the art refrigeration sys-
tem

- Fig.2. Diagram of arefrigeration system as described
in claims In Table 2 are shown:

- Fig.3. Typical plot of solubility of the pair PAG oil
RFL68 / R744

- Fig.4. Diagram of a refrigerating system with ejector

Nomenclature and abbreviations
[0008]

- 1: main compressor
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- 2: heat exchanger condenser / gas cooler

- 3:high pressure controlling valve / 1st stage throttling
valve

: liquid / vapor separator tank

: throttling valve for evaporator feeding

. evaporator

: auxiliary compressor

: pipe conveying flash vapor

: regenerative heat exchanger with two circuits, 9a
and 9b

- 10: Oil storage tank and flash vapor collector

- 11: piping for discharge of flash vapor from tank 10

- 12: discharge valve of oil rich mixture, for example
but not exclusively a magnetic valve ON / OFF type

- 13: valve controlling upstream pressure

- 14: Oil supply valve to main compressor/s1, for ex-
ample butnot exclusively a magnetic valve ON/ OFF
type

- 15: Oil supply valve to auxiliary compressor/s 7, for
example but not exclusively a magnetic valve ON /
OFF type

- 16: ejector

- 17: suction port of the ejector 16

Description of the invention

[0009] The circuit considered, as in fig.2, includes at
least one compressor 1 connected on the suction side
to the outlet duct of at least one evaporator 6, being the
above mentioned compressor 1 configured to suck the
refrigerant in vapor state from the low pressure side of
the refrigerating cycle and said compressor 1 is also con-
nected on the discharge side to one high pressure heat
exchanger 2.

[0010] Downstream of this heat exchanger 2 there is
also a first throttling valve 3 controlling upstream high
pressure and configured to control the high pressure of
the cycle according to a known technique, for example
but not exclusively in such a way to maximize the ratio
between the amount of heat transferred from the refrig-
erating system to the hot sink, for example the outside
air, or in an equivalent manner the amount of heat re-
moved from the cold source, and the energy consumption
for the compression of the refrigerant fluid. The above
mentioned regulating valve 3 can be controlled, accord-
ing to a known technique, in order to maintain the high
pressure of the cycle to an optimum value and dependent
on the operating conditions. This regulating valve 3 is
alsoinserted in the circuit between the the heat exchang-
er 2 and the liquid/vapor separator tank 4, being said
valve 3 configured to enter the two-phase refrigerant, va-
por and liquid, in the liquid/vapor separator 4 located
downstream.

[0011] The lubricating oil used for the compressor/s 1
is of type non-miscible or partially miscible with the liquid
refrigerant. Reference is made, for example but not ex-
clusively, to the pair refrigerant / lubricant R744 / PAG
(polyalkylene glycol). The above mentioned pair refrig-
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erant / lubricant has a solubility curve similar to the one
shown in fig.3 and the oil is then defined partially miscible
with the refrigerant CO, or R744. In fig.3, that reports in
abscissa the percentage mass of liquid refrigerant CO,
dissolved into the mixture refrigerant/PAG oil and in or-
dinate the temperature, in degrees Kelvin, of the mixture
itself, the hatched area represents the immiscibility re-
gion. For a pair refrigerant/lubricant defined of type im-
miscible or partially miscible there is separation of two
phases, one of which is rich of refrigerant and the other
one is rich of ail. It is possible, for example, to see from
the diagram of fig.3 that at a temperature of 0°C (273K)
the maximum percentage of CO, dissolved in the oil-rich
phase is about 32%, and consequently at this condition
the percentage of oil corresponds to 68%.

[0012] The fraction of CO, in excess is separated in a
phase rich of refrigerant or consisting on pure refrigerant.
The PAG oil used in the example has a density of about
1020 kg/m3 at a temperature of 0°C and density is in-
creasing with decreasing of temperature. For example
at-10°C the density is about 1050 kg/m3, while the liquid
refrigerant R744 has a density, also increasing with the
decrease of temperature, of about 925 kg/m3 at 0°C and
about 980 kg/m3 at - 10°C. The gradient of density as a
function of the temperature is therefore approximately -
3 kg/(m3*K) for the oil and -5.5 kg/(m3*K) for the refrig-
erant fluid CO, in saturated liquid state. The temperature
at which the density of the CO, refrigerant liquid exceeds
that of the oil is about -30°C.

[0013] Due to the above there will be in the liquid/vapor
separator tank 4 a separation between the refrigerant/oil
phase rich of oil and the refrigerant/oil phase rich of re-
frigerant, at the limit practically pure refrigerant as in the
example, due to different densities in a certain range of
pressure/temperature.

[0014] Inthe case of the example the range of temper-
ature, between -30°C and +30°C, widely includes oper-
ational envelope of the refrigerating system character-
ized by the circuit object of the present invention, as, for
example, saturation temperature in the liquid/vapor sep-
arator tank 4 may vary, in practical applications between
-5 and +10°C. The oil-rich phase will settle at the bottom
of the liquid/vapor separator tank 4 and the separation
of the two phases may be enhanced by an appropriate
configuration of said tank 4, for example but not exclu-
sively by the positioning of the inlet and outlet of refrig-
erant and oil to appropriate levels, and therefore for ex-
ample but not exclusively discharging the oil from the
bottom of the separator 4 and distributing the refrigerant
to liquid line from a port at a higher level.

[0015] Again with reference to fig.2 the liquid/vapor
separator tank 4 is configured for feeding of the evapo-
rators with liquid refrigerant, taken from the liquid/vapor
separator tank 4 to a sufficiently high level so as to avoid
carrying the oil-rich phase to the evaporators, while a
pipe 8 connects the upper part of the tank 4 with an oil
storage tank 10 configured for separation of the oil from
the refrigerant vapor, while a pipe 11 connects the upper
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part of the oil storage tank 10 with the low pressure line
of the refrigerating circuit via a valve 13 controlling up-
stream pressure. The above mentioned pipe 8 connects
the upper part of the liquid/vapor separator tank 4, there-
fore the vapor contained in this volume, with the oil tank
10. One regenerative heat exchanger 9 is interposed be-
tween the separator liquid/vapor 4 and the oil accumu-
lation tank 10.

[0016] The heatexchanger is characterized by two cir-
cuits in thermal contact, here defined 9a - primary - and
9b - secondary - in which two fluids at different pressure
can flow through for exchanging heat. The pipe 8 will be
also equipped with a connection, at the geodetic level of
the bottom of the liquid / vapor separator tank 4, in which
the oil-rich mixture will be injected, and the outflow will
take place by gravity and will be controlled, for example
but not exclusively with a timer, via a valve 12, for exam-
ple but not exclusively of type ON/OFF electrically oper-
ated, connected to the portion of volume, at the bottom
of the tank 4, where the rich mixture of oil will be settled.
The flash vapor coming from the top of the liquid/vapor
separator tank 4 and mixed with a certain flow of oil and
refrigerant from the bottom of the above mentioned sep-
arator tank 4 will be entered through the pipe 8 in the
secondary circuit, 9b, of the regenerative heat exchanger
9. The primary circuit 9a of the heat exchanger 9 will be
configured for the circulation of the mass flow coming
from the condenser/gas cooler heat exchanger 2. In the
heat exchanger 9 the solution rich in oil will be warmed
up by the heat exchanged with the high pressure warm
fluid exiting the condenser/gas cooler 2, there will be a
distillation of the refrigerant fluid and finally the oil will
separate by gravity from the vapor in the oil accumulation
tank 10. The top of the oil tank 10 will be connected
through the pipe 11 with the inlet section of a valve 13
controlling upstream pressure, configured to maintain at
a desired value the pressure in the liquid/vapor separator
4, and also in the oil storage tank 10, being the outlet
section of the valve 13 connected to the suction side of
the at least one compressor 1.

[0017] Toimprove the efficiency of the system the pipe
11 will be connected with the suction port of at least one
auxiliary compressor 7, configured to recompress the
flash vapor avoiding its expansion down to low pressure.
The tank 10 will be placed at the geodetic level H higher
than that of the at least one compressor 7, and the oil
will easily flow by gravity towards the at least one com-
pressor 7 through the opening of one valve 15 for each
compressor, based, for example, on the level of oil
present in the crankcase of said compressor 7.

[0018] Similarly from the storage tank 10 the oil will
also feed the main compressor/s 1 through the opening
of one valve 14 based, for example, on the level of oil
present in the crankcase of the at least one compressor
1, being the oil storage tank 10 at a pressure higher than
that existing in the crankcase of the at least one com-
pressor 1. In this circuit configuration an upstream pres-
sure controlling valve 13, as previously described, al-
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though not strictly necessary could contribute to a precise
adjustment of the pressure in the liquid/refrigerant sep-
arator tank 4 and in the oil storage tank 10. The circuit
may also include, when it is present at least one auxiliary
compressor 7 and in order to further improve the energy
efficiency ofthe system, atleast one ejector 16 connected
in parallel or in alternative to the high pressure control
valve 3. An example of such a configuration is shown in
fig. 4. In this case, the suction side of the at least one
compressor 1, or in general the low pressure side of the
refrigerating circuit, will also be connected to the second-
ary suction port 17 of ejector 16, which will be configured
to suck part of the vapor coming from the evaporator 6
and subject it to a first compression, without the need to
provide additional external energy to the system, up to
the intermediate pressure existing in the liquid/vapor sep-
arator 4 from which the refrigerant vapor can be sucked
by the at least one auxiliary compressor 7 together with
the flash vapor, as above described.

Claims

1. Refrigerating circuitasfromfig. 2, including atleast
one main compressor (1) configured for the suction
of vapor from at least one evaporator (6), a high-
pressure heat exchanger (2) configured for heat re-
jection to an external fluid, a first throttling valve (3)
and a liquid/vapor separator (4) arranged to feed the
at least one evaporator (6) with liquid refrigerant
through a second throttling device (5), being the lu-
bricating oil used by the compressor (1) of a type not
miscible or partially miscible with the refrigerant - for
example, but not exclusively, of PAG type when the
refrigerant is carbon dioxide - and having said oil a
density greater than that of the refrigerant in the con-
ditions existing in the liquid/vapor separator (4), be-
ing the refrigerating circuit characterized by a two-
circuit regenerative heat exchanger (9) configured
for the circulation, in the primary circuit (9a), of the
refrigerantleaving the high-pressure heat exchanger
(2) and for the circulation, in the secondary circuit
(9b), of the flash vapor produced during the first throt-
tling process through valve (3), the circuit further in-
cluding a pipe (8) connecting the top of the separator
(4) with the inlet of the secondary circuit (9b) of the
heat exchanger (9), being said pipe (8) configured
to convey the flash vapor and for injection, at an in-
termediate point, of a flow of oil or oil-rich mixture,
for example but not exclusively through a valve (12),
from the bottom of the liquid/vapor separator (4), and
being the exit of the secondary circuit (9b) of the heat
exchanger (9) connected to the top of an oil storage
tank (10) configured for separation by gravity of the
oil from vapor and for conveying the refrigerant vapor
to the inlet of a valve (13) adapted for controlling the
pressure of the oil tank (10) and of the separator (4)
by means of the controlled discharge of refrigerant
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vapor from the oil storage tank (10) into the suction
of the at least one compressor (1), in which the oil
level is restored with oil from the oil tank (10) through
a valve (14).

Refrigerating circuit as in claim 1) including, addi-
tionally, at least one auxiliary compressor (7) config-
ured for the compression of flash vapor produced
during the first throttling process through valve (3),
being the suction port of said atleastone compressor 70
(7) connected through a pipe (11) to the upper part

of the oil storage tank (10), located at a geodetic
level H higher than that of the at least one compres-

sor (7), the circuit further including a pipe adapted

for supplying lubricating oil to the at least one com- 15
pressor (7) from the bottom of the oil storage tank
(10) via a valve (15).

Refrigerating circuit as in claims 1), 2) and as from

fig. 4, including at least one ejector (16), mounted in 20
parallel or alternatively to the first throttling valve (3),
being the secondary port (17) of said at least one
ejector (16) connected directly or indirectly to the
suction side of the at least one main compressor (1)

and being the atleastone compressor (7) configured 25
for suction, from top of oil tank (10), of both flash
vapor and mass flow compressed by the at least one
ejector (16) into the liquid/vapor separator (4).

Refrigerating system using the circuit arrange- 30
ments described in claims 1), 2) and 3).
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