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(54) REFRIGERATION DEVICE

(57) A refrigerant circuit (10) includes a gas-liquid
separator (15) and a compressor (30) including a low
pressure side compression mechanism (34) and a high
pressure side compression mechanism (35) connected
to each other by means of a drive shaft (33). In the re-
frigerant circuit (10), a two-stage compression/two-stage

FIG. 4

expansion refrigeration cycle is performed with CO, re-
frigerant utilized as that at its critical pressure. In the com-
pressor (30), a volume ratio V2/V1 of the displacement
volume V2 of the second compression mechanism (35)
tothat V1 of the first compression mechanism is set within
a range between 0.8 and 1.3, both exclusive.
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Description
Technical Field

[0001] The present invention relates to a refrigerating
apparatus including a refrigerant circuit including a gas-
liquid separator for performing two-stage compres-
sion/two-stage expansion refrigeration cycle utilizing of
CO,, refrigerant at high pressure as that atits critical pres-
sure.

Background Art

[0002] Conventionally, refrigerating apparatuses in-
cluding a refrigerant circuit are widely applied to air con-
ditioners and the like.

[0003] For example, Patent Document 1 discloses an
air conditioner including a refrigerant circuit including a
gas-liquid separator for performing a two-stage compres-
sion/two-stage expansion refrigeration cycle.

[0004] The refrigerant circuit of this air conditioner in-
cludes a compressor, a first heat exchanger, a first ex-
pansion valve, a gas-liquid separator, a second expan-
sion valve, and a second heat exchanger. The compres-
sor is of two-stage compression type in which a low pres-
sure side compression mechanism and a high pressure
side compression mechanism are connected by means
of a drive shaft. The gas-liquid separator is so composed
to separate intermediate-pressure refrigerant in a gas-
liquid two-phase state into liquid refrigerant and gas re-
frigerant.

[0005] Inacooling operation of the air conditioner, re-
frigerant discharged form the compressor flows into the
first heat exchanger. In the first heat exchanger, the re-
frigerant release heat to the air. The refrigerant having
passed through the first heat exchanger is reduced in
pressure up to intermediate pressure through the first
expansion valve and flows then into the gas-liquid sep-
arator. In the gas-liquid separator, the intermediate-pres-
sure refrigerant in the gas-liquid two-phase state is sep-
arated into the gas refrigerant and the liquid refrigerant.
The liquid refrigerant thus separated in the gas-liquid
separator is reduced in pressure up to low pressure
through the second expansion valve and flows then into
the second heat exchanger. In the second heat exchang-
er, the refrigerant absorbs heat from the air to be evap-
orated. In this way, the indoor cooling is performed.
[0006] The refrigerant having passed through the sec-
ond heat exchanger is sucked into the compressor to be
compressed up to intermediate pressure in the low pres-
sure side compression mechanism. The refrigerant dis-
charged from the low pressure side compression mech-
anism is mixed with the gas refrigerant separated in the
gas-liquid separator. In other words, the air conditioner
performs generally-called intermediate pressure gas in-
jectioninwhich the intermediate-pressure gas refrigerant
is mixed with the refrigerant discharged from the low pres-
sure side compression mechanism. Thereafter, the thus
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mixed refrigerant is compressed up to high pressure in
the high pressure side compression mechanism and is
then discharged from the compressor again.

[0007] As described above, the air conditioner of Pat-
ent Document 1 performs the intermediate pressure gas
injection to lower the temperature of the refrigerant dis-
charged from the compressor for reducing the power re-
quired for driving the compressor, thereby increasing the
COP (coefficient of performance) of the air conditioner.
[0008] Patent Document 2 discloses an air conditioner
in which the aforementioned intermediate pressure gas
injection is performed with CO, refrigerant filled in a re-
frigerant circuit. This air conditioner performs a generally-
called supercritical cycle in which the refrigerant dis-
charged from the compressor is compressed over its crit-
ical pressure.

Patent Document 1: Japanese Unexamined Patent
Application Publication 7-110167

Patent Document 2: Japanese Unexamined Patent
Application Publication 2001-241797

Disclosure of the Invention
Problems that the Invention is to Solve

[0009] Intheairconditionerasdisclosedin Patent Doc-
ument 1, the volume (displacement volume) of each com-
pression mechanism of the two-stage compression type
compressor is so designed to attain efficient two-stage
compression. Onthe other hand, inthe supercritical cycle
using CO, as the refrigerant of such an air conditioner,
the refrigerant after being compressed up to its super-
critical pressure and releasing heat in an heat exchanger
may be at the supercritical pressure yet in the gas-liquid
separator. The refrigerant at supercritical pressure (in
the critical state) in the gas-liquid separator is difficult to
be separated into the gas refrigerant and the liquid re-
frigerant. This inhibits sending of only the gas refrigerant
to the intermediate-pressure refrigerant in the compres-
sor to inhibit the aforementioned intermediate pressure
gas injection. Accordingly, desired effects by the inter-
mediate pressure gas injection cannot be attained to in-
vite lowering of the COP of the air conditioner.

[0010] The present invention has been made in view
of the foregoing and has its object of enabling operation
atan optimal COP in arefrigerating apparatus performing
two-stage compression/two-stage expansion refrigera-
tion cycle using CO, refrigerant.

Means for Solving the Problems

[0011] Afirst aspect of the present invention premises
arefrigerating apparatus including a refrigerant circuit for
performing a two-stage compression/two-stage expan-
sion refrigeration cycle in which CO, refrigerant at high
pressure is utilized as that at its critical pressure, the re-
frigerant circuit including: a compressor including a low
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pressure side compression mechanism and a high pres-
sure side compression mechanism connected to each
other by means of a drive shaft; and a gas-liquid sepa-
rator for separating refrigerant at intermediate pressure
into gas refrigerant and liquid refrigerant. In this refriger-
ating apparatus, a volume ratio of a displacement volume
of the high pressure side compression mechanism to that
of the low pressure side compression mechanism falls
in a range between 0.8 and 1.3, both exclusive.

[0012] The refrigerant circuit (10) in the first aspect is
filled with CO, refrigerant. Further, the compressor (30)
including the low pressure side compression mechanism
(34) and the high pressure side compression mechanism
(35) is provided in the refrigerant circuit (10). In the re-
frigerant circuit (10), the following two-stage compres-
sion/two-stage expansion refrigeration cycle is per-
formed.

[0013] The refrigerant compressed up to its critical
pressure in the high pressure side compression mecha-
nism (35) releases heat in, for example, an indoor heat
exchanger, is reduced in pressure up to intermediate
pressure, and flows then into the gas-liquid separator
(15). In the gas-liquid separator (15), the intermediate-
pressure refrigerant is separated into the gas refrigerant
andthe liquid refrigerant. The liquid refrigerantis reduced
in pressure up to low pressure, is evaporated in, for ex-
ample, an outdoor heat exchanger, and is then sucked
into the low pressure side compression mechanism (34).
This refrigerant is compressed up to intermediate pres-
sure in the low pressure side compression mechanism
(34). Then, the gas refrigerant separated in the liquid-
gas separator (15) is introduced into this refrigerant.
Thus, the aforementioned intermediate pressure gas in-
jection is performed. Thereafter, the refrigerant is com-
pressed up to high pressure (critical pressure) in the high
pressure side compression mechanism (35).

[0014] In the case where the two-stage compres-
sion/two-stage expansion refrigeration cycle is per-
formed with the use of CO, refrigerant in this way, the
intermediate-pressure refrigerant in the gas-liquid sepa-
rator may reach its critical pressure in the conventional
refrigerating apparatus. If so, the refrigerant in the gas-
liquid separator cannot be separated into the gas refrig-
erant and the liquid refrigerant to inhibit desired interme-
diate pressure gas injection. To tackle this problem, the
volume ratio of the high pressure side compression
mechanism (35) to the low pressure side compression
mechanism (34) is set greater than 0.8. When the volume
ratio is set equal to or smaller than 0.8, the displacement
volume of the high pressure side compression mecha-
nism (35) becomes relatively smaller than that of the low
pressure side compression mechanism (34), thereby in-
creasing the pressure of the intermediate-pressure re-
frigeranttoinvite anincrease in pressure ofthe refrigerant
in the gas-liquid separator (15) over its critical pressure.
In contrast, in this aspect of the present invention, in
which the volume ratio is set greater than 0.8, the refrig-
erant in the gas-liquid separator (15) can be suppressed
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at its subcritical pressure. Hence, in this aspect, the re-
frigerant in the gas-liquid separator (15) is definitely sep-
arated into the gas refrigerant and the liquid refrigerant
to attain desired effects by the intermediate pressure gas
injection.

[0015] When assumed that the volume ratio is set
equal to or greater than 1.3, the displacement volume of
the high pressure side compression mechanism (35) is
relatively greater than that of the low pressure side com-
pression mechanism (34). As a result, the amount of the
refrigerant sucked in the high pressure side compression
mechanism (35) is secured insufficiently to invite lower-
ing of the compression efficiency of the compressor (30).
In contrast, this aspect of the present invention sets the
volume ratio to be smaller than 1.3 to secure a sufficient
amount of the refrigerant sucked in the high pressure
side compression mechanism (35), with a result that the
refrigerant can be compressed in two stages efficiently.
[0016] Referring to a second aspect of the present in-
vention, inthe firstaspect, the volume ratio fallsinarange
between 0.9 and 1.1, both inclusive.

[0017] In the second aspect of the present invention,
the volume ratio of the displacement volume of the high
pressure side compression mechanism (35) to that of the
low pressure side compression mechanism (34) is set in
the range between 0.9 and 1.1, both inclusive. The vol-
ume ratio exceeding 0.9 definitely makes the refrigerant
in the gas-liquid separator (15) reach its critical pressure.
While, the volume ratio not exceeding 1.1 attains further
efficient two-stage compression of the refrigerant.
[0018] Referring to a third aspect of the present inven-
tion, in the second aspect, the volume ratio is 1.0.
[0019] In the third aspect of the present invention, the
volume of the low pressure side compression mechanism
(34) and that of the high pressure side compression
mechanism (35) are set equal to each other.

[0020] Referring to a fourth aspect of the present in-
vention, in any one of the first to third aspects, the low
pressure side compression mechanism and the high
pressure side compression mechanism are rotary com-
pression mechanisms.

[0021] Inthe fourth aspect of the present invention, the
compressor (30) is so composed that the low pressure
side compression mechanism (34) and the high pressure
side compression mechanism (35) are connected to each
other by means of the drive shaft (33).

Effects of the Invention

[0022] Inthe presentinvention, the volume ratio of the
high pressure side compression mechanism (35) to the
low pressure side compression mechanism (34) is setin
the range between 0.8 and 1.3, both exclusive. The vol-
ume ratio over 0.8 reduces the pressure of the refrigerant
inthe gas-liquid separator (15) lower than its critical pres-
sure. Accordingly, desired intermediate pressure gas in-
jection can be performed in the refrigerant circuit (10) to
increase the COP of the refrigerating apparatus in the
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present invention. On the other hand, the volume ratio
below 1.3 invites no lowering of the compression efficien-
cy accompanied by insufficiency of the amount of the
refrigerant sucked in the high pressure side compression
mechanism (35), thereby attaining two-stage compres-
sion ofthe refrigerant. Hence, the COP of the refrigerating
apparatus can be increased further in the present inven-
tion.

[0023] Particularly, the volume ratio of the high pres-
sure side compression mechanism (35) to the low pres-
sure side compression mechanism (34) is setin the range
between 0.9 and 1.1, bothinclusive, in the second aspect
of the present invention. In other words, the volume ratio
of the high pressure side compression mechanism (35)
to the low pressure side compression mechanism (34)
is set in further optimum range. Hence, the COP of the
refrigerating apparatus can be increased further in this
aspect.

[0024] In the third aspect of the present invention, the
volume ratio of the low pressure side compression mech-
anism (34) to the volume ratio of the high pressure side
compression mechanism (35) are set equal to each oth-
er. Accordingly, the low pressure side compression
mechanism (34) and the high pressure side compression
mechanism (35) can be structured according to the same
specification in their compression mechanism, thereby
contemplating cost reduction and simplification of the
compressor (30).

[0025] According to the fourth aspect of the present
invention, desired intermediate pressure gas injection is
performed in the refrigerating apparatus including the
compressor (30) including the two rotary compression
mechanisms to thus increase the COP thereof.

Brief Description of the Drawings
[0026]

[FIG. 1] FIG. 1 is a piping system diagram of a re-
frigerant circuit in an air conditioner in accordance
with one embodiment.

[FIG. 2] FIG. 2 is a piping system diagram for ex-
plaining refrigerant flow in a heating operation of the
air conditioner.

[FIG. 3] FIG. 3 is a piping system diagram for ex-
plaining refrigerant flow in a cooling operation of the
air conditioner.

[FIG. 4] FIG. 4 is a graph showing the relationship
between the COP and the volume ratio of a high
pressure side compression mechanism to a low
pressure side compression mechanism.

Index of Reference Numerals
[0027]

1 air conditioner
10 refrigerant circuit
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30 compressor

34 first compression mechanism (low pressure side
compression mechanism)

35 second compression mechanism (high pressure
side compression mechanism)

Best Mode for Carrying out the Invention

[0028] A refrigerating apparatus in accordance with
one embodiment composes an air conditioner (1) per-
forming indoor air conditioning. The air conditioner (1) is
capable of heating and cooling the interior of a room.
[0029] The air conditioner (1) includes an indoor unit
(11) installed indoors and an outdoor unit (12) installed
outdoors. The indoor unit (11) and the outdoor unit (12)
are connected to each other by means of two communi-
cation pipes. Accordingly, a refrigerant circuit (10) is
formed across the indoor unit (11) and the outdoor unit
(12) in the air conditioner (1). In the refrigerant circuit
(10), CO, refrigerant is filled so that a two-stage com-
pression/two-stage expansion refrigeration cycle is per-
formed with the CO, refrigerant at high pressure utilized
as that at its critical pressure.

[0030] Intheindoorunit(11),anindoor heatexchanger
(13) is provided which is of fin-and-tube type. In the indoor
heat exchanger (13), the indoor air blown by an indoor
fan is heat-exchanged with the refrigerant.

[0031] The outdoor unit (12) includes a compressor
(30), which will be described later, an outdoor heat ex-
changer (14), and a gas-liquid separator (15).

[0032] The outdoor heat exchanger (14) is of fin-and-
tube type. Inthe outdoor heat exchanger (14), the outdoor
air blown by an outdoor fan is heat-exchanged with the
refrigerant.

[0033] The gas-liquid separator (15) is composed of a
cylindrical hermetic container. An inflow pipe (15a) and
a gas injection pipe (15b) are connected to the gas-liquid
separator (15) so as to pass through the top of the gas-
liquid separator (15). The gas injection pipe (15b) forms
a flow path for introducing gas refrigerant at intermediate
pressure into the compressor (30). An outflow pipe (15c)
is connected to the gas-liquid separator (15) so as to
pass through the lower part of the gas-liquid separator
(15). In the gas-liquid separator (15), the intermediate-
pressure refrigerant in a gas-liquid two-phase state is
separated into gas refrigerant and liquid refrigerant.
[0034] The outdoor unit (12) further includes a four-
way switching valve (16), a bridge circuit (17), a first ex-
pansion valve (18), and a second expansion valve (19).
[0035] The four-way switching valve (16) includes first
to fourth ports. In the four-way switching valve (16), the
first port is connected to a discharge pipe (41) of the
compressor (30), the second port is connected to the
outdoor heat exchanger (14), the third port is connected
to the indoor heat exchanger (13), and the fourth port is
connected to a suction pipe (42) of the compressor (30).
The four-way switching valve (16) is exchangeable be-
tween a state (the state indicated by solid lines in FIG.
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1)inwhich thefirst port and the second port communicate
with each other while the third port and the fourth port
communicate with each other and a state (the state in-
dicated by broken lines in FIG. 1) in which the first port
and the third port communicate with each other while the
second port and the fourth port communicate with each
other.

[0036] The bridge circuit(17)is composed of four pipes
in a bridge like combination and four check valves pro-
vided at the pipes. The check valves of the bridge circuit
(17) allow the refrigerant to flow only in the directions
indicated by the arrows in FIG. 1.

[0037] The first expansion valve (18) and the second
expansion valve (19) are electronic expansion valves of
which opening is adjustable. The first expansion valve
(18) is provided in the piping on the inflow side of the
gas-liquid separator (15) while the second expansion
valve (19) is provided in the piping on the outflow side
thereof.

[0038] AsshowninFIG.2,the compressor (30) is com-
posed of a generally-called two-stage compression type
compressor that compresses refrigerant in two stages
by two compression mechanisms. The compressor (30)
includes a cylindrical hermetic casing (31). An electric
motor (32), a drive shaft (33), a first compression mech-
anism (34), and a second compression mechanism (35)
are accommodated in the casing (31).

[0039] The electric motor (32) is composed of a stator
fixed on the inner peripheral face of the casing (31) and
arotor fixed on the outer peripheral face of the drive shaft
(33). The drive shaft (33) is supported by a bearing so
as to extend vertically. The drive shaft (33) is rotatable
by being driven by the electric motor (32).

[0040] The first compression mechanism (34) is ar-
ranged near the bottom of the casing (31) and serves as
a low pressure side compression mechanism. On the
other hand, the second compression mechanism (35) is
arranged near the electric motor (32) and serves as a
high pressure side compression mechanism.

[0041] The first compression mechanism (34) and the
second compression mechanism (35) are rotary swing
type compression mechanisms. Pistons are accommo-
dated in cylindrical cylinder chambers of the compression
mechanisms (34, 35). Each piston is connected to the
drive shaft (33) so as to be eccentric from the axis of the
drive shaft (33). Accordingly, when the drive shaft (33)
is rotated, each piston of the compression mechanisms
(34, 35) rotates with their centers being eccentric with
respect to the drive shaft (33). Further, the pistons of the
compression mechanisms (34, 35) are connected to the
drive shaft (33) so as to be phase-sifted by 180° from
each other. This offsets the centrifugal forces of the pis-
tons in operation, thereby suppressing vibration and var-
iation in torque load.

[0042] The first compression mechanism (34) is con-
nected on the suction side thereof to the suction pipe (42)
and is connected on the discharge side thereof to one
end of an intermediate communication pipe (43). The
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second compression mechanism (35) is connected on
the suction side thereof to the other end of the interme-
diate communication pipe (43) and is connected on the
discharge side thereof to the discharge pipe (41).
[0043] The intermediate communication pipe (43)
forms a flow path for introducing the refrigerant after be-
ing compressed in the first compression mechanism (34)
into the suction side of the second compression mecha-
nism (35). The outflow end of the gas injection pipe (15b)
is connected to a U-shape curved part of the intermediate
communication pipe (43).

[0044] In the air conditioner (1) of the present embod-
iment, the ratio (volume ratio V2/V1) of the displacement
volume V2 of the second compression mechanism (35)
to that V1 of the first compression mechanism (34) are
set in the range between 0.8 and 1.3, both exclusive.
This increases the COP (coefficient of performance) of
the air conditioner (1). The relationship between the vol-
ume ratio V2/V1 and the COP will be described later in
detail.

- Driving operations -

[0045] Driving operations of the air conditioner (1) in
accordance with the present embodiment will be de-
scribed. The air conditioner (1) is capable of performing
the following heating and cooling operations.

<Heating operation>

[0046] Inthe heating operation, the four-way switching
valve (16) is set as shown in FIG. 2. Each opening of the
first expansion valve (18) and the second expansion
valve (19) is adjusted appropriately.

[0047] The refrigerant compressed up to its critical
pressure is discharged from the compressor (30). The
refrigerant passes through the four-way switching valve
(16) and then flows into the indoor heat exchanger (13).
In the indoor heat exchanger (13), the refrigerant releas-
es heat to the indoor air. This means indoor heating. The
refrigerant flowing out from the indoor heat exchanger
(13) passes through the first expansion valve (18) to be
reduced in pressure up to intermediate pressure and
flows then into the gas-liquid separator (15).

[0048] In the gas-liquid separator (15), the intermedi-
ate-pressure refrigerant in the gas-liquid two-phase state
is retained. This refrigerant is separated into the gas re-
frigerant and the liquid refrigerant in the gas-liquid sep-
arator (15). The gas refrigerant retained in the upper part
ofthe gas-liquid separator (15) flows into the gas injection
pipe (15b). On the other hand, the liquid refrigerant re-
tained in the lower part of the gas-liquid separator (15)
passes through the second expansion valve (19) to be
reduced in pressure up to low pressure and flows then
into the outdoor heat exchanger (14). In the outdoor heat
exchanger (14), the refrigerant absorbs heat from the
outdoor air to be evaporated. The refrigerant flowing out
from the outdoor heat exchanger (14) is sucked into the
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compressor (30).

[0049] In the compressor (30), the refrigerant is first
sucked into the first compression mechanism (34)
through the suction pipe (42). The refrigerant is com-
pressed up to intermediate pressure in the first compres-
sion mechanism (34). The refrigerant discharged from
the first compression mechanism (34) flows into the in-
termediate communication pipe (43). This discharged re-
frigerantis mixed with the gas refrigerant flowing out from
the gas injection pipe (15b). As a result, the temperature
of the refrigerant discharged from the first compression
mechanism (34) lowers. The refrigerant flowing out from
the intermediate communication pipe (43) is sucked into
the second compression mechanism (35). In the second
compression mechanism (35), the refrigerant is com-
pressed up to its critical pressure.

- Cooling operation -

[0050] Inthe cooling operation, the four-way switching
valve (16) is set as shown in FIG. 3. Each opening of the
first expansion valve (18) and the second expansion
valve (19) is adjusted appropriately.

[0051] The refrigerant compressed up to its critical
pressure is discharged from the compressor (30). The
refrigerant passes through the four-way switching valve
(16) and flows then into the outdoor heat exchanger (14).
In the outdoor heat exchanger (14), the refrigerant re-
lease heat to the outdoor air. The refrigerant flowing out
from the outdoor heat exchanger (14) passes through
the first expansion valve (18) to be reduced in pressure
up to intermediate pressure and flows then into the gas-
liquid separator (15).

[0052] In the gas-liquid separator (15), the intermedi-
ate-pressure refrigerant in the gas-liquid two-phase state
is retained. This refrigerant is separated into the gas re-
frigerant and the liquid refrigerant in the gas-liquid sep-
arator (15). The gas refrigerant retained in the upper part
ofthe gas-liquid separator (15) flows into the gas injection
pipe (15b). On the other hand, the liquid refrigerant re-
tained in the lower part of the gas-liquid separator (15)
passes through the second expansion valve (19) to be
reduced in pressure up to low pressure and flows then
into the indoor heat exchanger (13). In the indoor heat
exchanger (13), the refrigerant absorbs heat from the
indoor air to be evaporated. This means indoor cooling.
The refrigerant flowing out from the indoor heat exchang-
er (13) is sucked into the compressor (30).

[0053] In the compressor (30), the refrigerant is first
sucked into the first compression mechanism (34)
through the suction pipe (42). The refrigerant is com-
pressed up to intermediate pressure in the first compres-
sion mechanism (34). The refrigerant discharged from
the first compression mechanism (34) flows into the in-
termediate communication pipe (43). This discharged re-
frigerant is mixed with the gas refrigerant flowing out from
the gas injection pipe (15b). As a result, the temperature
of the refrigerant discharged from the first compression
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mechanism (34) lowers. The refrigerant flowing out from
the intermediate communication pipe (43) is sucked into
the second compression mechanism (35). In the second
compression mechanism (35), the refrigerant is com-
pressed up to its critical pressure.

- Relationship between volume ratio between two com-
pression mechanisms and COP -

[0054] As described above, in the heating operation
and the cooling operation of the air conditioner (1) of the
present embodiment, the generally-called intermediate
pressure gas injection is performed by mixing the gas
refrigerant separated in the gas-liquid separator (15) with
the intermediate-pressure refrigerant in the compressor
(30). As a result, in this air conditioner (1), the tempera-
ture of the refrigerant discharged from the first compres-
sion mechanism (34) is lowered and the power required
for driving the compressor (30) is reduced, thereby in-
creasing the COP.

[0055] Inthe refrigerant circuit (10) of the air condition-
er (1), a generally-called supercritical cycle is performed
by compressing the high-pressure refrigerant up to its
critical pressure. Therefore, if the intermediate-pressure
refrigerant in the gas-liquid separator (15) reaches its
critical pressure, it becomes difficult to separate the re-
frigerant in the gas-liquid separator (15) into the gas re-
frigerant and the liquid refrigerant, thereby inhibiting per-
formance of the intermediate pressure gas injection. To
tackle this problem, in the present invention, the volume
ratio (V2/V1) of the volume V2 of the second compression
mechanism (35) to that V1 of the first compression mech-
anism (34) is set in the optimum range to allow the pres-
sure of the intermediate-pressure refrigerant in the gas-
liquid separator (15) to be lower than its critical pressure,
thereby enabling desired intermediate pressure gas in-
jection.

[0056] FIG. 4 shows the result obtained by examining
the above relationship between the volume ratio (V2/V1)
andthe COP.InFIG. 4, the COPs inthe heating operation
and the cooling operation are obtained in air conditioners
having volume ratios (V2/V1) different form each other.
Specifically, in FIG. 4, each COP of the air conditioners
is obtained in the heating operation under a temperature
condition in the outdoor temperature range (from -10°C
to 15°C) in general winter season and in the cooling op-
eration under a temperature condition in the outdoor tem-
perature range (from 25°C to 35°C) in general summer
season. The "COP ratio" herein means a relative evalu-
ation of each COP of the air conditioners with various
volume ratios with reference to, as a standard, the lowest
COP of an air condition with a volume ratio of 0.65 (for
example, the COP in the heating operation at an outdoor
temperature of 15°C and the COP inthe cooling operation
at an outdoor temperature of 25°C).

[0057] As shown in FIG. 4, the air conditioners with
volume ratios of 0.8 or smaller have low COPs in the
heating operation and the cooling operation. This is be-
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cause: with a volume ratio of 0.8 or smaller, the displace-
mentvolume of the second compression mechanism (35)
is too small relative to that of the first compression mech-
anism (34), so that the refrigerant in the gas-liquid sep-
arator (15) exceeds its critical pressure to inhibit sepa-
ration of the gas refrigerant from the refrigerant in the
gas-liquid separator (15), thereby inhibiting desired in-
termediate pressure gas injection. In contrast, with a vol-
ume ratio greater than 0.8, the refrigerantin the gas-liquid
separator (15) can be allowedtoreach its subcritical pres-
sure to leads to separation of the gas refrigerant from the
refrigerant in the gas-liquid separator (15). Thus, the air
conditioner with a volume ratio greater than 0.8 can per-
formdesired intermediate pressure gas injection, thereby
attaining a high COP.

[0058] On the other hand, the air conditioner with a
volume ratio of 1.3 has low COPs in the heating operation
and in the cooling operation under a low outdoor temper-
ature condition. This is because: with a volume ratio of
1.3 or greater, the displacement volume of the second
compression mechanism (35) is too great relative to that
of the first compression mechanism (34), so that an in-
sufficient amount of the refrigerant sucked in the second
compression mechanism (35) is secured. In other words,
with a volume ratio of 1.3 or greater, the refrigerant is
compressed in two stages inefficiently to increase the
power required for driving the compressor (30) with a
result of lowering of the COP. In reverse, the air condi-
tioner with a volume ratio smaller than 1.3 can perform
relatively efficient two-stage compression of the refriger-
ant to attain a high COP.

[0059] In addition, as shown in FIG. 4, each COP in
the cooling operation and in the heating operation is high
when the volume ratio is not within the range between
0.9 and 1.1, both inclusive. Accordingly, the volume ratio
(V2/V1) of the volume V2 of the second compression
mechanism (35) to that V1 of the first compression mech-
anism (34) is preferably within the range between 0.9
and 1.1, both inclusive. Particularly, when the volume
ratio is set at 1.0, a high COP can be attained in each of
the cooling operation and the heating operation.

- Effects of Embodiment -

[0060] In the above embodiment, the volume ratio of
the second compression mechanism (35) to the first com-
pression mechanism (34) is set within the range between
0.8 and 1.3, both exclusive. When the volume ratio is set
greater than 0.8, the pressure of the refrigerant in the
gas-liquid separator (15) is allowed to be smaller than its
critical pressure. This attains desired intermediate pres-
sure gas injection in the refrigerant circuit (10) to increase
the COP of the air conditioner (1) in the present embod-
iment. Further, when the volume ratio is set smaller than
1.3, the refrigerant can be compressed in two stages with
no lowering of the compression efficiency invited, which
is accompanied by an insufficient amount of the refriger-
ant sucked in the second compression mechanism (35).
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Hence, according to the above embodiment, the COP of
the air conditioner (1) can be increased further.

[0061] Particularly, when the volume ratio of the sec-
ond compression mechanism (35) to the first compres-
sion mechanism (34) is set within the range between 0.9
and 1.1, both inclusive, a high COP can be obtained as
shown in FIG. 4.

[0062] Further, when the volumes of the first compres-
sion mechanism (34) and the second compression mech-
anism (35) are set equal to each other (volume ratio is
1.0), a high COP can be obtained in each of the cooling
operation and the heating operation. In addition, when
the volumes of the first compression mechanism (34) and
the second compression mechanism (35) are set equal
to each other, the compression mechanisms can be
structured according to the same specification in their
compression mechanism. Hence, the compressor (30)
can be manufactured comparatively easily at low cost.

<Other Embodiments>

[0063] The above embodiment may have any of the
following structure.

[0064] In the above embodiment, the discharge side
of the low pressure side compression mechanism (34)
and the suction side of the high pressure side compres-
sion mechanism (35) are connected by means of the in-
termediate communication pipe (43), and the outflow end
of the gas injection pipe (15b) is connected to the inter-
mediate communication pipe (43). However; the inter-
mediate-pressure gas refrigerant may be introduced into
the casing (31) in the case where the compressor (30)
is a generally-called intermediate pressure dome type
compressor by filling the casing (31) of the compressor
(30) with the refrigerant discharged from, for example,
the low pressure side compression mechanism (34).
[0065] Further, the low pressure side compression
mechanism (34) and the high pressure side compression
mechanism (35) are composed of swing type compres-
sion mechanisms in the above embodiment but may be
rotary piston type compression mechanisms or compres-
sion mechanisms each composed of an anchor tooth and
a movable tooth (of scroll type, for example).

[0066] It should be noted that the above embodiments
are mere essentially preferable examples and is not in-
tended to limit the present invention, applicable objects,
and usable range.

Industrial Applicability

[0067] As described above, the present invention is
useful in refrigerating apparatuses including a refrigerant
circuitincluding a gas-liquid separator for performing two-
stage compression/two-state expansion refrigeration cy-
cle utilizing CO,, refrigerant at high pressure as that at its
critical pressure.
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Claims

1.

A refrigerating apparatus comprising a refrigerant
circuit for performing a two-stage compression/two-
stage expansion refrigeration cycle in which CO, re-
frigerant at high pressure is utilized as that at its crit-
ical pressure, the refrigerant circuit including: a com-
pressor including a low pressure side compression
mechanism and a high pressure side compression
mechanism connected to each other by means of a
drive shaft; and a gas-liquid separator for separating
refrigerant at intermediate pressure into gas refrig-
erant and liquid refrigerant,

wherein a volume ratio of a displacement volume of
the high pressure side compression mechanism to
that of the low pressure side compression mecha-
nism falls in a range between 0.8 and 1.3, both ex-
clusive.

The refrigerating apparatus of Claim 1,
wherein the volume ratio falls in a range between
0.9 and 1.1, both inclusive.

The refrigerating apparatus of Claim 2,
wherein the volume ratio is 1.0.

The refrigerating apparatus of any one of Claims 1
to 3,

wherein the low pressure side compression mecha-
nism and the high pressure side compression mech-
anism are rotary compression mechanisms.
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