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(54) Vapor compression refrigerating cycle

(57) A vapor compression refrigerating cycle (1) has
a compressor (2), a radiator (3), a first pressure-reducing
means (5), a first gas/liquid separating means, a second
pressure-reducing means (6), an evaporator (8), and a
second gas/liquid separating means, wherein the gas-
phase refrigerant separated by the second gas/liquid
separating means is flowed out to a suction side of the
compressor (2), and the gas-phase refrigerant separated
by the first gas/liquid separating means is introduced into
a midway of a compression step of the compressor (2),
characterized in that the first pressure-reducing means
(5) and the first gas/liquid separating means are integrat-
ed with each other, or/and, the second pressure-reducing
means (6) and the second gas/liquid separating means
are integrated with each other, and a heat exchanger (9)
for exchanging heat between the gas-phase refrigerant
flowed out from the first gas/liquid separating means and
the gas-phase refrigerant flowed out from the second
gas/liquid separating means is provided. The number of
junction parts can be decreased, the structure of the cycle
can be simplified and reduced in cost, and the fear of
refrigerant leakage can be removed, by integrating the
gas/liquid separating means and the pressure-reducing
means, and the efficiency as the whole of the refrigerating
cycle can be improved by employing the form of a gas
injection cycle.
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Description

[0001] The present invention relates to a vapor com-
pression refrigerating cycle, and specifically, to a vapor
compression refrigerating cycle using carbon dioxide,
which is a natural-system refrigerant, suitable particularly
as a refrigerating cycle used in an air conditioning system
for vehicles.
[0002] In a case where carbon dioxide, which is a nat-
ural-system refrigerant, is used as refrigerant of a vapor
compression refrigerating cycle in an air conditioning sys-
tem for vehicles, a structure is known wherein a pressure
of a high-pressure side line of refrigerant is adjusted by
controlling an opening degree of a valve of an expansion
device by an external signal (for example, JP-A-
7-294033). In such a refrigerating cycle, the pressure of
the high-pressure side capable of optimizing a coefficient
of performance of the refrigerating cycle is calculated by
referring to a refrigerant temperature of the high-pressure
side and the like, and the opening degree of the valve of
the expansion device and the like is controlled so that
the pressure of the high-pressure side becomes an op-
timum pressure.
[0003] While an electric expansion means and the like
is thus controlled by referring to the refrigerant temper-
ature of the high-pressure side so that the pressure of
the high-pressure side becomes an optimum pressure,
in order to adjust an air temperature at an exit of an evap-
orator, a displacement of an external signal control type
variable displacement compressor is controlled, and the
signal for controlling the displacement of the compressor
is calculated generally from the information of thermal
load, etc.
[0004] In such a refrigerating cycle, however, although
the coefficient of performance as the refrigerating cycle
is increased, the power for the compressor cannot be
decreased so much. Concretely, in a case where an out-
side air temperature or a refrigerant temperature at an
exit of a radiator is much higher than the critical temper-
ature of the refrigerant, even though the above-described
high-pressure side pressure is controlled to be optimum,
it is considered that there is a case where the refrigeration
ability of the system decreases, and the consumption
power of the compressor greatly increases as compared
with a usual load (a load in a case where an outside air
temperature or a refrigerant temperature at an exit of a
radiator is close to a critical temperature of refrigerant),
thereby reducing the coefficient of performance of the
system. In order to cope with such a problem, a gas in-
jection cycle (a cycle for introducing gas-phase refriger-
ant, separated by a gas/liquid separator, into a midway
of a compression step of a compressor) is disclosed in
JP-A-11-63694 and JP-A-10-288411.
[0005] Generally, the refrigerating cycle of such a gas
injection cycle is structured as a system provided with a
gas/liquid separator between two expansion means. Fur-
ther, in a refrigerating cycle using carbon dioxide, it is
difficult to control a degree of superheating of refrigerant

at an exit of an evaporator, and further, it is necessary
to separate the refrigerant at the exit of the evaporator
into gas/liquid phases by a gas/liquid separator and flow
out only the gas-phase refrigerant to a suction side of a
compressor in order to deal with a variation of a load to
the system. Further, at a step for flowing out the gas-
phase refrigerant separated by the gas/liquid separator,
usually oil returning is required in order to return lubricant
oil in the refrigerant to the compressor, but, because the
refrigerant is not perfectly separated into two phases of
gas/liquid phases in the gas/liquid separator, it is consid-
ered that the refrigerant flowed into the compressor is
slightly mixed with a wet vapor. Also from such a view-
point, it is necessary to control the refrigerant sucked into
the compressor at a condition provided with a degree of
superheating. Furthermore, there may be a fear of a leak-
age of refrigerant ascribed to increase of the number of
junction parts between the two expansion means and the
gas/liquid separator and the like.
[0006] Accordingly, it would be desirable to provide a
vapor compression refrigerating cycle with a structure of
gas injection cycle, in particular, a vapor compression
refrigerating cycle using carbon dioxide refrigerant which
is a natural-system refrigerant, in which, by forming a
structure of gas injection cycle while maintaining a good
refrigeration ability, an efficiency of a compressor is im-
proved and a consumption power required for the com-
pressor is decreased, and while the efficiency as the
whole of the refrigeration cycle is improved, the number
of junction parts is decreased particularly by integrating
a gas/liquid separator and expansion means, thereby
simplifying the entire structure of the refrigerating cycle,
reducing the cost thereof, and removing the fear of re-
frigerant leakage and the like. Further, it would be desir-
able to provide a vapor compression refrigerating cycle
which can cool the refrigerant to be injected and achieve
a further high efficiency by employing a new structure for
exchanging heat between the refrigerant injected into a
compressor and the refrigerant sucked into the compres-
sor.
[0007] A vapor compression refrigerating cycle ac-
cording to the present invention can operate in a super-
critical region of refrigerant, the refrigerating cycle has a
compressor for compressing refrigerant and discharging
compressed refrigerant, a radiator for cooling high-tem-
perature and high-pressure refrigerant compressed by
the compressor, a first pressure-reducing means for re-
ducing the pressure of refrigerant cooled by the radiator,
a first gas/liquid separating means for separating refrig-
erant reduced in pressure by the first pressure-reducing
means into gas-phase refrigerant and liquid-phase re-
frigerant, a second pressure-reducing means for reduc-
ing the pressure of liquid-phase refrigerant separated by
the first gas/liquid separating means, an evaporator for
evaporating refrigerant reduced in pressure by the sec-
ond pressure-reducing means, and a second gas/liquid
separating means for separating refrigerant evaporated
by the evaporator into gas-phase refrigerant and liquid-
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phase refrigerant, wherein the gas-phase refrigerant
separated by the second gas/liquid separating means is
flowed out to a suction side of the compressor and com-
pressed by the compressor, and the gas-phase refriger-
ant separated by the first gas/liquid separating means is
introduced into a midway of a compression step of the
compressor, and the vapor compression refrigerating cy-
cle is characterized in that the first pressure-reducing
means and the first gas/liquid separating means are in-
tegrated with each other, or/and, the second pressure-
reducing means and the second gas/liquid separating
means are integrated with each other (a first structure).
Namely, by integrating the pressure-reducing means and
the gas/liquid separating means with each other, the
number of junction parts is decreased, the entire struc-
ture of the refrigerating cycle is simplified and reduced
in cost, and the fear of refrigerant leakage and the like is
removed. Further, basically by forming the refrigerating
cycle as a gas injection cycle, the efficiency of the com-
pressor is improved and the consumption power required
for the compression is decreased, and therefore, the ef-
ficiency as the whole of the refrigerating cycle is im-
proved.
[0008] Further, a vapor compression refrigerating cy-
cle according to the present invention can operate in a
supercritical region of refrigerant, the refrigerating cycle
has a compressor for compressing refrigerant and dis-
charging compressed refrigerant, a radiator for cooling
high-temperature and high-pressure refrigerant com-
pressed by the compressor, a first pressure-reducing
means for reducing the pressure of refrigerant cooled by
the radiator, a first gas/liquid separating means for sep-
arating refrigerant reduced in pressure by the first pres-
sure-reducing means into gas-phase refrigerant and liq-
uid-phase refrigerant, a second pressure-reducing
means for reducing the pressure of liquid-phase refrig-
erant separated by the first gas/liquid separating means,
an evaporator for evaporating refrigerant reduced in
pressure by the second pressure-reducing means, and
a second gas/liquid separating means for separating re-
frigerant evaporated by the evaporator into gas-phase
refrigerant and liquid-phase refrigerant, wherein the gas-
phase refrigerant separated by the second gas/liquid
separating means is flowed out to a suction side of the
compressor and compressed by the compressor, and
the gas-phase refrigerant separated by the first gas/liquid
separating means is introduced into a midway of a com-
pression step of the compressor, and the refrigerating
cycle is characterized in that a heat exchanging means
for exchanging heat between the gas-phase refrigerant
flowed out from the first gas/liquid separating means and
sent to the compressor and the gas-phase refrigerant
flowed out from the second gas/liquid separating means
and sent to the compressor is provided (a second struc-
ture). Namely, by exchanging heat between the refriger-
ant injected into the compressor and the refrigerant
sucked into the compressor, the injected refrigerant is
cooled, the advantage due to the injection is increased,

and therefore, the efficiency as the whole of the refriger-
ating cycle is improved.
[0009] Moreover, in the present invention, a structure
combined with the above-described first and second
structures may be employed. Namely, a vapor compres-
sion refrigerating cycle according to the present invention
can operate in a supercritical region of refrigerant, the
refrigerating cycle has a compressor for compressing re-
frigerant and discharging compressed refrigerant, a ra-
diator for cooling high-temperature and high-pressure re-
frigerant compressed by the compressor, a first pressure-
reducing means for reducing the pressure of refrigerant
cooled by the radiator, a first gas/liquid separating means
for separating refrigerant reduced in pressure by the first
pressure-reducing means into gas-phase refrigerant and
liquid-phase refrigerant, a second pressure-reducing
means for reducing the pressure of liquid-phase refrig-
erant separated by the first gas/liquid separating means,
an evaporator for evaporating refrigerant reduced in
pressure by the second pressure-reducing means, and
a second gas/liquid separating means for separating re-
frigerant evaporated by the evaporator into gas-phase
refrigerant and liquid-phase refrigerant, wherein the gas-
phase refrigerant separated by the second gas/liquid
separating means is flowed out to a suction side of the
compressor and compressed by the compressor, and
the gas-phase refrigerant separated by the first gas/liquid
separating means is introduced into a midway of a com-
pression step of the compressor, and the refrigerating
cycle is characterized in that the first pressure-reducing
means and the first gas/liquid separating means are in-
tegrated with each other, or/and, the second pressure-
reducing means and the second gas/liquid separating
means are integrated with each other, and a heat ex-
changing means for exchanging heat between the gas-
phase refrigerant flowed out from the first gas/liquid sep-
arating means and sent to the compressor and the gas-
phase refrigerant flowed out from the second gas/liquid
separating means and sent to the compressor is provided
(a third structure).
[0010] In such refrigerating cycles according to the
present invention, a structure may be employed wherein
the first gas/liquid separating means and the second gas/
liquid separating means are integrated with each other.
In such a structure, further the number of junction parts
can be decreased, the entire structure of the refrigerating
cycle can be simplified and reduced in cost, and the fear
of refrigerant leakage and the like can be removed.
[0011] Further, a structure may be employed wherein
the first gas/liquid separating means, the second gas/
liquid separating means, the first pressure-reducing
means and the second pressure-reducing means are all
integrated with each other. In such a structure, the
number of junction parts can be further decreased, the
entire structure of the refrigerating cycle can be further
simplified and further reduced in cost, and the fear of
refrigerant leakage and the like can be removed more
surely.
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[0012] In the structure thus integrated, for example, as
shown in Fig. 2 described later, a structure may be em-
ployed wherein the first gas/liquid separating means and
the second gas/liquid separating means are formed as
an integral vessel, the first pressure-reducing means is
incorporated into a refrigerant passageway extending
from a first inlet port of the first gas/liquid separating
means opening at a side of the radiator to a second inlet
port of the first gas/liquid separating means opening to-
ward an interior of the first gas/liquid separating means,
and the second pressure-reducing means is provided in
a refrigerant passage route extending from an outlet port
of the first gas/liquid separating means for discharging
liquid-phase refrigerant from the first gas/liquid separat-
ing means to a position of the evaporator. In such a struc-
ture, the integrated portion can be made compact effi-
ciently.
[0013] In this structure, a structure may be employed
wherein a refrigerant passageway forming a part of the
refrigerant passage route passes through a refrigerant
storing space formed in the second gas/liquid separating
means. Moreover, a structure may be employed wherein
the refrigerant passageway forming a part of the refrig-
erant passage route is formed so as to pass through the
refrigerant storing space formed in the second gas/liquid
separating means and come into contact with liquid-
phase refrigerant separated by the second gas/liquid
separating means and stored in the refrigerant storing
space.
[0014] Further, in the above-described integrated
structure, for example, as shown in Fig. 6 described later,
a structure may be employed wherein the first gas/liquid
separating means and the second gas/liquid separating
means are formed as an integral vessel, the first pres-
sure-reducing means is incorporated into a refrigerant
passageway extending from a first inlet port of the first
gas/liquid separating means opening at a side of the ra-
diator to a second inlet port of the first gas/liquid sepa-
rating means opening toward an interior of the first gas/
liquid separating means, and a refrigerant passage route
extending from the first gas/liquid separating means to
the second pressure-reducing means passes through a
refrigerant storing space formed in the second gas/liquid
separating means. Moreover, a structure may be em-
ployed wherein this refrigerant passage route extending
from the first gas/liquid separating means to the second
pressure-reducing means is formed so as to pass
through the refrigerant storing space formed in the sec-
ond gas/liquid separating means and come into contact
with liquid-phase refrigerant separated by the second
gas/liquid separating means and stored in the refrigerant
storing space.
[0015] Such vapor compression refrigerating cycles
according to the present invention are suitable as refrig-
erating cycles including supercritical region of refrigerant,
in particular, for a case where carbon dioxide is used as
the refrigerant for the vapor compression refrigerating
cycle. Further, the vapor compression refrigerating cy-

cles according to the present invention are suitable as
refrigerating cycles used for an air conditioning system
for a vehicle.
[0016] Thus, in the vapor compression refrigerating cy-
cle according to the present invention, while the efficiency
of the compressor can be improved and the consumption
power required for the compressor can be decreased by
employing a structure of a gas injection cycle, by inte-
grating the pressure-reducing means and the gas/liquid
separating means with each other, the number of junction
parts can be decreased, the entire structure of the refrig-
erating cycle can be simplified and reduced in cost, and
the fear of refrigerant leakage and the like can be re-
moved. Further, by exchanging heat between the refrig-
erant injected into the compressor and the refrigerant
sucked into the compressor, the injected refrigerant can
be cooled, the advantage due to the injection can be in-
creased, and the efficiency as the whole of the refriger-
ating cycle can be improved. These advantages can be
both achieved by combining the first structure and the
second structure described above.
[0017] Further objects, features, and advantages of
the present invention will be understood from the follow-
ing detailed description of preferred embodiments of the
present invention with reference to the accompanying
figures.
[0018] Embodiments of the invention now are de-
scribed with reference to the accompanying figures,
which are given by way of example only, and are not
intended to limit the present invention.

Fig. 1 is a schematic diagram of a vapor compression
refrigerating cycle according to a first embodiment
of the present invention.
Fig. 2 is a vertical sectional view of a gas/liquid sep-
arator module in the first embodiment.
Fig. 3 is a perspective view of a double-pipe type
heat exchanger, showing an example of a heat ex-
changing means in the first embodiment.
Fig. 4 is a Mollier chart of the first embodiment.
Fig. 5 is a schematic diagram of a vapor compression
refrigerating cycle according to a second embodi-
ment of the present invention.
Fig. 6 is a vertical sectional view of a gas/liquid sep-
arator module in the second embodiment.
Fig. 7 is a Mollier chart of the second embodiment.

[0019] Hereinafter, desirable embodiments of the
present invention will be explained referring to the draw-
ings.

First Embodiment:

[0020] Fig. 1 depicts a vapor compression refrigerating
cycle according to a first embodiment of the present in-
vention for use in an air conditioning system for a vehicle,
using carbon dioxide which is a natural-system refriger-
ant. Refrigerating cycle 1 is provided relative to an air

5 6 



EP 1 860 390 A2

5

5

10

15

20

25

30

35

40

45

50

55

path 11 provided with a blower 10. First, the operation of
this refrigerating cycle 1 will be explained. Refrigerant
compressed by a compressor 2 is introduced into a ra-
diator 3, and at the radiator 3, the refrigerant is exchanged
in heat with an outside fluid (for example, air) using a fan
for radiator 4 and the like. The refrigerant cooled by and
discharged from radiator 3 is reduced in pressure by an
orifice provided as a first expansion device 5 forming a
first pressure-reducing means. The pressure-reduced re-
frigerant is separated into gas-phase refrigerant and liq-
uid-phase refrigerant by a first gas/liquid separating
chamber (a first gas/liquid separating means) in a gas/
liquid separator module 7 formed by integrating a first
gas/liquid separating means and a second gas/liquid
separating means with each other. The separated liquid-
phase refrigerant is reduced in pressure by an orifice
provided as a second expansion device 6 forming a sec-
ond pressure-reducing means, and the pressure-re-
duced refrigerant is introduced into an evaporator 8 and
exchanged in heat with an outside fluid (for example, air
in air path 11). The refrigerant flowed out from evaporator
8 is separated into gas-phase refrigerant and liquid-
phase refrigerant by a second gas/liquid separating
chamber (a second gas/liquid separating means) in gas/
liquid separator module 7. The separated liquid-phase
refrigerant is stored in gas/liquid separator module 7, and
the gas-phase refrigerant is discharged from gas/liquid
separator module 7, and flowed into compressor 8 and
compressed by the compressor 8. Further, the gas-
phase refrigerant flowed out from the first gas/liquid sep-
arating chamber provided in gas/liquid separator module
7 is cooled at heat exchanger 9 by the gas-phase refrig-
erant flowed out from the second gas/liquid separating
chamber provided in gas/liquid separator module 7, and
injected into compressor 2 (into a midway of the com-
pression step of compressor 2). This compressor 2 of
this refrigerating cycle 1 is a fixed displacement compres-
sor or a variable displacement compressor, and its drive
source may be either an engine of a vehicle or a drive
source except an engine.
[0021] Fig. 2 depicts a detailed structure of gas/liquid
separator module 7 according to the first embodiment.
Refrigerant storing vessel 100 provided as gas/liquid
separator module 7 is separated therein into a first gas/
liquid separating chamber 101 formed as a first gas/liquid
separating means and a second gas/liquid separating
chamber 105 formed as a second gas/liquid separating
means. Both gas/liquid separating chambers have a
function for separation into gas and liquid phases. The
refrigerant from radiator 3 is flowed from a high-pressure
refrigerant inlet port 112, reduced in pressure by a first
expansion device 102, flowed into first gas/liquid sepa-
rating chamber 101 from a middle-pressure refrigerant
inlet port 103, and separated into middle-pressure gas-
phase and liquid-phase refrigerants. The middle-pres-
sure gas-phase refrigerant separated by first gas/liquid
separating chamber 101 passes through a middle-pres-
sure refrigerant passageway 104 and flows out from a

middle-pressure refrigerant outlet port 114. Further, the
middle-pressure liquid-phase refrigerant separated by
first gas/liquid separating chamber 101 is reduced in
pressure by a second expansion device 106, passes
through a refrigerant storing space in second gas/liquid
separating chamber 105 and passes through a refriger-
ant tube 107 provided so as to come into contact with
stored liquid-phase refrigerant 118, and thereafter, flows
out from a low-pressure refrigerant outlet port 116 toward
evaporator 8. Where, although second expansion device
106 provided as a second pressure-reducing means may
be provided in a refrigerant passage route extending from
a position of refrigerant outlet port 120 from first gas/liquid
separating chamber 101 to a position of evaporator 8, in
this embodiment it is provided immediately after the re-
frigerant outlet port 120. The gas and liquid two-phase
refrigerant flowed out from evaporator 8 passes through
a refrigerant tube 108 extending from a low-pressure re-
frigerant inlet port 113 through first gas/liquid separating
chamber 101, flows into second gas/liquid separating
chamber 105, and therein, is separated into low-pressure
gas-phase and liquid-phase refrigerants. The separated
low-pressure liquid-phase refrigerant 118 is stored at a
lower part in second gas/liquid separating chamber 105,
oil 119 for being contained in the refrigerant flowed in for
lubricating the refrigerating cycle is stored in the bottom
part in second gas/liquid separating chamber 105, and
the separated low-pressure gas-phase refrigerant is dis-
charged through a refrigerant tube 109 toward the suction
side of compressor 2. Oil 119 stored in the bottom part
in second gas/liquid separating chamber 105 is sucked
from an oil returning hole 111 disposed at a lower part
of a refrigerant discharge tube 109, and the sucked oil is
sent to compressor 2 through the refrigerant discharge
tube 109 and a low-pressure refrigerant outlet port 115
together with low-pressure gas-phase refrigerant. Fur-
ther, a diffuser 110 prevents the gas and liquid two-phase
refrigerant, passing through low-pressure refrigerant in-
let port 113 and being flowed in from refrigerant tube 108,
from being flowed directly into refrigerant discharge tube
109. Where, it is considered that the oil and the liquid-
phase refrigerant are not completely separated from
each other as shown in the figure, and in practice, the
liquid-phase refrigerant is contained in the oil more or
less.
[0022] Fig. 3 depicts an example of a heat exchanger
having a double-pipe structure, capable of being applied
to heat exchanger 9 in the first embodiment. The double-
pipe structure 200 utilized as heat exchanger 9 is formed
so that the gas-phase refrigerant separated by first gas/
liquid separating chamber 101 passes through an inner
passageway 201 and the gas-phase refrigerant flowed
out from second gas/liquid separating chamber 105
passes through an outer passageway 202, and the gas-
phase refrigerant, separated by first gas/liquid separating
chamber 101 and being injected into compressor 2, is
cooled by heat exchange between both gas-phase re-
frigerants.
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[0023] Fig. 4 depicts a Mollier chart, showing the op-
eration of the refrigerating cycle in the first embodiment.
The axis of the abscissa represents the enthalpy, and
the axis of the ordinate represents the pressure.
[0024] In the above-described first embodiment, by
employing the structure of gas/liquid separator module
7 in which the first gas/liquid separating means, the sec-
ond gas/liquid separating means, the first pressure-re-
ducing means and the second pressure-reducing means
are all integrated with each other, the number of junction
parts can be decreased, the entire structure of the refrig-
erating cycle can be simplified and reduced in cost, and
the fear of refrigerant leakage and the like can be re-
moved. Further, because the gas-phase refrigerant in-
jected into compressor 2 can be cooled by heat exchange
between the refrigerant being injected into the compres-
sor 2 and the refrigerant being sucked into the compres-
sor 2, the advantage due to the injection can be in-
creased, and the efficiency as the whole of the refriger-
ating cycle can be improved.

Second Embodiment:

[0025] Fig. 5 depicts a vapor compression refrigerating
cycle using carbon dioxide, according to a second em-
bodiment of the present invention. The basic structure of
this refrigerating cycle according to the second embodi-
ment is same as that of the refrigerating cycle according
to the first embodiment. In this refrigerating cycle accord-
ing to the second embodiment, however, the position for
incorporating second expansion device 6 in the gas/liquid
separator is different from that in the first embodiment.
The operation of the second embodiment will be ex-
plained referring to Fig. 6.
[0026] Fig. 6 depicts a detailed structure of gas/liquid
separator module 7 according to the second embodi-
ment. Refrigerant storing vessel 100 provided as gas/
liquid separator module 7 is separated therein into a first
gas/liquid separating chamber 101 formed as a first gas/
liquid separating means and a second gas/liquid sepa-
rating chamber 105 formed as a second gas/liquid sep-
arating means, similarly to in the first embodiment. Both
gas/liquid separating chambers have a function for sep-
aration into gas and liquid phases. The refrigerant from
radiator 3 is flowed from a high-pressure refrigerant inlet
port 112, reduced in pressure by a first expansion device
102, flowed into first gas/liquid separating chamber 101
from a middle-pressure refrigerant inlet port 103, and
separated into middle-pressure gas-phase and liquid-
phase refrigerants. The middle-pressure gas-phase re-
frigerant separated by first gas/liquid separating chamber
101 passes through middle-pressure refrigerant pas-
sageway 104 and flows out from middle-pressure refrig-
erant outlet port 114. Further, the middle-pressure liquid-
phase refrigerant separated by first gas/liquid separating
chamber 101 passes through refrigerant tube 107, and
it is reduced in pressure by second expansion device
106, and flows out from low-pressure refrigerant outlet

port 116 toward evaporator 8. At that time, a part of re-
frigerant tube 107 comes into contact with low-pressure
liquid-phase refrigerant 118 as shown in the figure, and
it is possible to cool the refrigerant flowing in the refrig-
erant tube 107. Further, because it is also possible to
exchange heat between the refrigerant tube 107 and the
gas-phase refrigerant in second gas/liquid separating
chamber 105, the refrigerant flowing in the refrigerant
tube 107 can be cooled by the gas-phase refrigerant and
the liquid-phase refrigerant in the second gas/liquid sep-
arating chamber 105, and the refrigeration ability can be
increased. The gas and liquid two-phase refrigerant
flowed out from evaporator 8 passes through refrigerant
tube 108 from refrigerant inlet port 113, flows into second
gas/liquid separating chamber 105, and therein, is sep-
arated into low-pressure gas-phase and liquid-phase re-
frigerants. The separated low-pressure liquid-phase re-
frigerant 118 is stored at a lower part in second gas/liquid
separating chamber 105, oil 119 for being contained in
the refrigerant flowed in for lubricating the refrigerating
cycle is stored in the bottom part in second gas/liquid
separating chamber 105, and the separated gas-phase
refrigerant is discharged through refrigerant tube 109 to-
ward the suction side of compressor 2. Oil 119 stored in
the bottom part in second gas/liquid separating chamber
105 is sucked from oil returning hole 111 disposed at a
lower part of refrigerant discharge tube 109, and the
sucked oil is sent to compressor 2 through the refrigerant
discharge tube 109 together with the low-pressure gas-
phase refrigerant. Further, diffuser 110 prevents the gas
and liquid two-phase refrigerant, passing through low-
pressure refrigerant inlet port 113 and being flowed in
from refrigerant tube 108, from being flowed directly into
refrigerant discharge tube 109. Where, it is considered
that the oil and the liquid-phase refrigerant are not com-
pletely separated from each other as shown in the figure,
and in practice, the liquid-phase refrigerant is contained
in the oil more or less. Further, in this second embodi-
ment, means for accelerating the heat exchange such
as fins may be provided to refrigerant tube 107.
[0027] Fig. 7 depicts a Mollier chart, showing the op-
eration of the refrigerating cycle in the second embodi-
ment. As shown in Fig. 7, a supercooling region appears
partially, as compared with the Mollier chart in the first
embodiment depicted in Fig. 4.
[0028] Thus, in the above-described respective em-
bodiments, in the vapor compression refrigerating cycle
using carbon dioxide, which is a natural-system refriger-
ant, as the refrigerant of the refrigerating cycle, by em-
ploying the form of a gas injection cycle, the efficiency of
compressor 2 can be improved and the consumption
power required for the compression can be decreased.
Further, by integrating the gas/liquid separator and the
pressure-reducing mechanism with each other (forming
the integrated gas/liquid separator module 7), it becomes
possible to decrease the number of junction parts, sim-
plify the structure, reduce in cost, and remove the fear
of refrigerant leakage. Furthermore, by exchanging heat
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between the refrigerant injected into compressor 2 and
the refrigerant sucked into the compressor 2, the injected
refrigerant can be cooled, and the advantage due to the
injection can be increased.
[0029] The vapor compression refrigerating cycle ac-
cording to the present invention can be applied to any
vapor compression refrigerating cycle capable of oper-
ating in a supercritical region of refrigerant, and in par-
ticular, it is suitable for a refrigerating cycle using carbon
dioxide which is a natural-system refrigerant, and espe-
cially, suitable as a refrigerating cycle used for an air
conditioning system for vehicles.

Claims

1. A vapor compression refrigerating cycle capable of
operating in a supercritical region of refrigerant, said
refrigerating cycle having a compressor for com-
pressing refrigerant and discharging compressed re-
frigerant, a radiator for cooling high-temperature and
high-pressure refrigerant compressed by said com-
pressor, a first pressure-reducing means for reduc-
ing the pressure of refrigerant cooled by said radia-
tor, a first gas/liquid separating means for separating
refrigerant reduced in pressure by said first pressure-
reducing means into gas-phase refrigerant and liq-
uid-phase refrigerant, a second pressure-reducing
means for reducing the pressure of liquid-phase re-
frigerant separated by said first gas/liquid separating
means, an evaporator for evaporating refrigerant re-
duced in pressure by said second pressure-reducing
means, and a second gas/liquid separating means
for separating refrigerant evaporated by said evap-
orator into gas-phase refrigerant and liquid-phase
refrigerant, wherein the gas-phase refrigerant sep-
arated by said second gas/liquid separating means
is flowed out to a suction side of said compressor
and compressed by said compressor, and the gas-
phase refrigerant separated by said first gas/liquid
separating means is introduced into a midway of a
compression step of said compressor, character-
ized in that said first pressure-reducing means and
said first gas/liquid separating means are integrated
with each other, or/and, said second pressure-re-
ducing means and said second gas/liquid separating
means are integrated with each other.

2. A vapor compression refrigerating cycle capable of
operating in a supercritical region of refrigerant, said
refrigerating cycle having a compressor for com-
pressing refrigerant and discharging compressed re-
frigerant, a radiator for cooling high-temperature and
high-pressure refrigerant compressed by said com-
pressor, a first pressure-reducing means for reduc-
ing the pressure of refrigerant cooled by said radia-
tor, a first gas/liquid separating means for separating
refrigerant reduced in pressure by said first pressure-

reducing means into gas-phase refrigerant and liq-
uid-phase refrigerant, a second pressure-reducing
means for reducing the pressure of liquid-phase re-
frigerant separated by said first gas/liquid separating
means, an evaporator for evaporating refrigerant re-
duced in pressure by said second pressure-reducing
means, and a second gas/liquid separating means
for separating refrigerant evaporated by said evap-
orator into gas-phase refrigerant and liquid-phase
refrigerant, wherein the gas-phase refrigerant sep-
arated by said second gas/liquid separating means
is flowed out to a suction side of said compressor
and compressed by said compressor, and the gas-
phase refrigerant separated by said first gas/liquid
separating means is introduced into a midway of a
compression step of said compressor, character-
ized in that a heat exchanging means for exchang-
ing heat between the gas-phase refrigerant flowed
out from said first gas/liquid separating means and
sent to said compressor and the gas-phase refriger-
ant flowed out from said second gas/liquid separat-
ing means and sent to said compressor is provided.

3. A vapor compression refrigerating cycle capable of
operating in a supercritical region of refrigerant, said
refrigerating cycle having a compressor for com-
pressing refrigerant and discharging compressed re-
frigerant, a radiator for cooling high-temperature and
high-pressure refrigerant compressed by said com-
pressor, a first pressure-reducing means for reduc-
ing the pressure of refrigerant cooled by said radia-
tor, a first gas/liquid separating means for separating
refrigerant reduced in pressure by said first pressure-
reducing means into gas-phase refrigerant and liq-
uid-phase refrigerant, a second pressure-reducing
means for reducing the pressure of liquid-phase re-
frigerant separated by said first gas/liquid separating
means, an evaporator for evaporating refrigerant re-
duced in pressure by said second pressure-reducing
means, and a second gas/liquid separating means
for separating refrigerant evaporated by said evap-
orator into gas-phase refrigerant and liquid-phase
refrigerant, wherein the gas-phase refrigerant sep-
arated by said second gas/liquid separating means
is flowed out to a suction side of said compressor
and compressed by said compressor, and the gas-
phase refrigerant separated by said first gas/liquid
separating means is introduced into a midway of a
compression step of said compressor, character-
ized in that said first pressure-reducing means and
said first gas/liquid separating means are integrated
with each other, or/and, said second pressure-re-
ducing means and said second gas/liquid separating
means are integrated with each other, and a heat
exchanging means for exchanging heat between the
gas-phase refrigerant flowed out from said first gas/
liquid separating means and sent to said compressor
and the gas-phase refrigerant flowed out from said
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second gas/liquid separating means and sent to said
compressor is provided.

4. The vapor compression refrigerating cycle according
to any preceding claim, wherein said first gas/liquid
separating means and said second gas/liquid sepa-
rating means are integrated with each other.

5. The vapor compression refrigerating cycle according
to any preceding claim, wherein said first gas/liquid
separating means, said second gas/liquid separat-
ing means, said first pressure-reducing means and
said second pressure-reducing means are all inte-
grated with each other.

6. The vapor compression refrigerating cycle according
to claim 5, wherein said first gas/liquid separating
means and said second gas/liquid separating means
are formed as an integral vessel, said first pressure-
reducing means is incorporated into a refrigerant
passageway extending from a first inlet port of said
first gas/liquid separating means opening at a side
of said radiator to a second inlet port of said first gas/
liquid separating means opening toward an interior
of said first gas/liquid separating means, and said
second pressure-reducing means is provided in a
refrigerant passage route extending from an outlet
port of said first gas/liquid separating means for dis-
charging liquid-phase refrigerant from said first gas/
liquid separating means to a position of said evapo-
rator.

7. The vapor compression refrigerating cycle according
to claim 6, wherein a refrigerant passageway forming
a part of said refrigerant passage route passes
through a refrigerant storing space formed in said
second gas/liquid separating means.

8. The vapor compression refrigerating cycle according
to claim 7, wherein said refrigerant passageway
forming a part of said refrigerant passage route is
formed so as to pass through said refrigerant storing
space formed in said second gas/liquid separating
means and come into contact with liquid-phase re-
frigerant separated by said second gas/liquid sepa-
rating means and stored in said refrigerant storing
space.

9. The vapor compression refrigerating cycle according
to claim 5, wherein said first gas/liquid separating
means and said second gas/liquid separating means
are formed as an integral vessel, said first pressure-
reducing means is incorporated into a refrigerant
passageway extending from a first inlet port of said
first gas/liquid separating means opening at a side
of said radiator to a second inlet port of said first gas/
liquid separating means opening toward an interior
of said first gas/liquid separating means, and a re-

frigerant passage route extending from said first gas/
liquid separating means to said second pressure-
reducing means passes through a refrigerant storing
space formed in said second gas/liquid separating
means.

10. The vapor compression refrigerating cycle according
to claim 9, wherein said refrigerant passage route
extending from said first gas/liquid separating means
to said second pressure-reducing means is formed
so as to pass through said refrigerant storing space
formed in said second gas/liquid separating means
and come into contact with liquid-phase refrigerant
separated by said second gas/liquid separating
means and stored in said refrigerant storing space.

11. The vapor compression refrigerating cycle according
to any preceding claim, wherein carbon dioxide is
used as refrigerant for said vapor compression re-
frigerating cycle.

12. The vapor compression refrigerating cycle according
to any preceding claim, wherein said vapor compres-
sion refrigerating cycle is used for an air conditioning
system for a vehicle.
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