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(54) REFRIGERATING DEVICE

(57)  Arefrigeration system includes an internal heat
exchanger (23) capable of controlling the temperature of
refrigerant flowing towards an expander (12). Upon
change of the operating conditions, the internal heat ex-
changer (23) controls the temperature of the refrigerant
to control the specific volume or the flow rate of the re-
frigerant, thereby eliminating imbalance between the flow
rate through a compressor (11) and the flow rate through

FIG. 1

the expander (12). In a cooling operation in which the
refrigerant circulation amount is larger than in a heating
operation, the cooling capacity of the internal heat ex-
changer (23) is enhanced as compared to thatin the heat-
ing operation, thereby increasing the flow rate of refrig-
erantinto the expander (12) without part of the refrigerant
bypassing the expander (12). This prevents the COP of
the refrigeration system from being deteriorated.
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Description
Technical Field

[0001] This invention relates to refrigeration systems
including a refrigerant circuit for operating in a vapor com-
pression refrigeration cycle and particularly relates to re-
frigeration systems in which an expander constituting an
expansion mechanism in the refrigerant circuit is me-
chanically connected to a compressor.

Background Art

[0002] Refrigeration systems have been convention-
ally known which operate in a refrigeration cycle by cir-
culating refrigerant through a refrigerant circuit that is a
closed circuit and are widely used as for air conditioners.
As disclosed, for example, in Patent Document 1, there
is known a refrigeration system of such kind in which the
high-side pressure of a refrigeration cycle is set higher
than the critical pressure of the refrigerant. The refriger-
ation system includes as an expansion mechanism for
refrigerant an expander constituted by a scroll fluid ma-
chine. The expander is mechanically connected toa com-
pressor by a shaft. Power extracted from the expander
is used to drive the compressor, thereby improving the
COP (coefficient of performance).

[0003] In the refrigeration system of Patent Document
1, the mass flow rate of refrigerant passing through the
expander is always equal to that of refrigerant passing
through the compressor. This is because the refrigerant
circuit is a closed circuit. Meanwhile, the refrigerant den-
sities at the entrances of the expander and compressor
vary depending upon the operating conditions of the re-
frigeration system. Despite this, the refrigeration system
of Patent Document 1 cannot change the displacement
volume ratio between the expander and compressor
since they are connected to each other. This invites a
problem that upon change of the operating conditions
the refrigeration system cannot continue to operate with
stability.

[0004] For example, if a refrigeration system of this
kind is configured to be capable of both cooling and heat-
ing operations, the refrigerant circulation amount during
the cooling operation varies from that during the heating
operation, which breaks the balance between the flow
rate through the compressor and the flow rate through
the expander. To be specific, if the refrigeration cycle is
designed to keep the balance between the flow rate
through the expander and the flow rate through the com-
pressor during the heating operation, the refrigerant cir-
culation amount increases during the cooling operation
in which the suction gas of the compressor reaches high
temperature and, therefore, the expander falls short of
the flow rate (displacement) with respect to the increased
refrigerant circulation amount.

[0005] The foregoing is described below in other
words.
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[0006] In the refrigeration system of Patent Document
1, because the refrigerant circuit is a closed circuit and
the expander and compressor have the same number of
rotations, the power recovery efficiency of the compres-
sor is low, which makes it difficult to achieve a high-COP
refrigeration cycle.

[0007] In the refrigerant circuit that is a closed circuit,
the mass flow rate Me of refrigerant passing through the
expander is equal to the mass flow rate Mc of refrigerant
passing through the compressor. In this case, the rela-
tional expressions Me = Ve X de and Mc = V¢ X dc hold
(where Ve is the circulation volume of refrigerant passing
through the expander, de is the density of refrigerant flow-
ing into the expander, Vc is the circulation volume of re-
frigerant passing through the compressor and dc is the
density of refrigerant sucked into the compressor). Fur-
thermore, the circulation volumes (Vc, Ve) are deter-
mined by multiplying the cylinder volume of each fluid
machine by the number of rotations thereof.

[0008] Since the mass flow rate Me through the ex-
pander is equal to the mass flow rate Mc through the
compressor, the relation Ve/Vc = de/dc holds from the
above expressions. Furthermore, since the expander
and the compressor have the same number of rotations,
the value Ve/Vc is a fixed value determined by the de-
signed volume of the cylinders. Therefore, in the refrig-
eration system, the refrigerant mass flow rates Me and
Mc through the expander and the compressor can be
balanced by making the density ratio (de/dc) constant.
[0009] However, if a refrigeration system of this kind
is used as for an air conditioner, it may be difficult to keep
the density ratio (de/dc) constant depending upon the
service conditions. To be specific, for example, in an air
conditioner in which a cooling operation and a heating
operation are selectively performed, the refrigerant evap-
oration pressure in its utilization side heat exchanger
(evaporator) is increased during the cooling operation as
compared with that during the heating operation and,
therefore, the density dc of refrigerant sucked in the com-
pressor is also increased during the cooling operation.
As a result, the mass flow rate Me of refrigerant passing
through the expander becomes smaller than the mass
flow rate Mc of refrigerant passing through the compres-
sor, which breaks the balance between the refrigerant
mass flow rates Me and Mc through the expander and
the compressor.

[0010] To cope with this problem, as disclosed in Pat-
ent Document 2, a countermeasure has been proposed
that the refrigerant circuit is provided with a bypass pipe
allowing the refrigerant to bypass the expander. To be
specific, when the expander falls short of its displace-
ment, part of the refrigerant after releasing heatis caused
to flow into the bypass pipe to restrict the amount of re-
frigerant flowing into the expander, thereby continuing
the refrigeration cycle with stability. In other words, when
the mass flow rate Me of refrigerant passing through the
expander is smaller than the mass flow rate Mc of refrig-
erant passing through the compressor, part of the refrig-
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erant after releasing heat is introduced into the bypass
pipe to bypass the expander, thereby providing a well-
balanced mass flow rate as the entire refrigerant circuit.

Patent Document 1: Published Japanese Patent Ap-
plication No. 2001-107881
Patent Document 2: Published Japanese Patent Ap-
plication No. 2001-116371

Disclosure of the Invention
Problem to Be Solved by the Invention

[0011] However, ifin the refrigeration system of Patent
Document 2 part of refrigerant is caused to flow into the
bypass pipe upon change of the operating conditions,
power extracted from the expander is reduced, thereby
deteriorating the coefficient of performance (COP) of the
refrigeration system.

[0012] The present invention has been made in view
of the above problem and, therefore, its object is to elim-
inate the imbalance between the flow rate through the
compressor and the flow rate through the expander when
the operating conditions change (i.e., to balance the
mass flow rate of refrigerant passing through the com-
pressor and the mass flow rate of refrigerant passing
through the expander) and concurrently prevent the COP
of the refrigeration system from being deteriorated.

Means to Solve the Problem

[0013] First to eight aspects of the present invention
are concerned with, upon change of the operating con-
ditions, controlling the temperature of refrigerant flowing
towards the expander to control the specific volume of
the refrigerant, thereby eliminating imbalance between
the flow rate through the compressor and the flow rate
through the expander and preventing the COP of the re-
frigeration system from being deteriorated.

[0014] Specifically, the first aspect of the invention is
directed to a refrigeration system including a refrigerant
circuit (10) in which a compressor (11), a heat-source
side heat exchanger (21), an expansion mechanism (12)
and a utilization side heat exchanger (22) are connected
to provide a vapor compression refrigeration cycle, the
expansion mechanism (12) being constituted by an ex-
pander (12) for generating power by the expansion of
refrigerant, the expander (12) being mechanically con-
nected to the compressor (11).

[0015] Furthermore, the refrigeration system further
comprises a temperature controller (23) capable of con-
trolling the temperature of refrigerant flowing towards the
expander (12).

[0016] According to the first aspect, the temperature
of refrigerant flowing towards the expander (12) is con-
trolled by the temperature controller, thereby providing
control over the specific volume of the refrigerant. To be
specific, as the refrigerant reaches a lower temperature,
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its specific volume is reduced and the refrigerant flow
rate into the expander is increased. As the refrigerant
reaches a higher temperature, its specific volume is in-
creased and the refrigerant flow rate into the expander
is reduced. Therefore, if the temperature of refrigerant
flowing towards the expander (12) is controlled, the flow
rate through the compressor (11) and the flow rate
through the expander (12) can be balanced even if the
operating conditions change. Furthermore, since accord-
ing to this aspect there is no need for the refrigerant flow-
ing towards the expander (12) to bypass the expander
(12), the power extracted from the expander (12) is not
reduced.

[0017] The second aspect of the invention is the refrig-
eration system of the first aspect, wherein the refrigerant
circuit (10) is configured to be capable of a heating op-
eration in which refrigerant flowing through the utilization
side heat exchanger (22) releases heat and a cooling
operation in which refrigerant flowing through the utiliza-
tion side heat exchanger (22) takes heat and wherein the
temperature controller (23) is configured to have a higher
capacity to cool refrigerant flowing towards the expander
(12) during the cooling operation than during the heating
operation.

[0018] According to the second aspect, the cooling ca-
pacity of the temperature controller (23) is higher during
the cooling operation than during the heating operation.
Therefore, even if the refrigerant circulation amount in-
creases during the cooling operation under the condition
that the refrigeration cycle is designed to balance, in the
heating operation, the flow rate through the compressor
(11) and the flow rate through the expander (12), the flow
rate of refrigerant flowing into the expander (12) can be
increased. This prevents shortage of the refrigerant flow
rate through the expander (12) during the cooling oper-
ation. Hence, the flow rate through the compressor (11)
and the flow rate through the expander (12) can be bal-
anced during both the cooling operation and the heating
operation and the recovery power from the expander (12)
is not reduced because of no need for the refrigerant to
bypass the expander (12).

[0019] The third aspect of the invention is the refriger-
ation system according to the second aspect, wherein
the temperature controller (23) is constituted by an inter-
nal heat exchanger (23) in which, during the cooling op-
eration, refrigerant after passing through the heat-source
side heat exchanger (21) serving as a gas cooler is
cooled by heat exchange with refrigerant before or after
passing through the utilization side heat exchanger (22)
serving as an evaporator.

[0020] According to the third aspect, during the cooling
operation, the refrigerant after passing through the heat-
source side heat exchanger (21) serving as a gas cooler
is cooled by heat exchange at the internal heatexchanger
(23) with the refrigerant before or after passing through
the utilization side heat exchanger (22) serving as an
evaporator. Thus, the specific volume or the flow rate of
refrigerant flowing into the expander (12) is controlled,
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thereby balancing the flow rate through the compressor
(11) and the flow rate through the expander (12) during
both the cooling operation and the heating operation.
[0021] The fourth aspect of the invention is the refrig-
eration system according to the third aspect, wherein the
internal heat exchanger (23) is configured so that, during
the cooling operation, a refrigerant channel (25) thereof
through which refrigerant before or after passing through
the utilization side heat exchanger (22) serving as an
evaporator flows has a higher heat transfer capacity than
a refrigerant channel (24) thereof through which refrig-
erant after passing through the heat-source side heat
exchanger (21) serving as a gas cooler flows and that,
during the heating operation, the refrigerant channel (24)
through which refrigerant before or after passing through
the heat-source side heat exchanger (21) serving as an
evaporator flows has a lower heat transfer capacity than
the refrigerant channel (25) through which refrigerant af-
ter passing through the utilization side heat exchanger
(22) serving as a gas cooler flows.

[0022] In the refrigerant circuit, refrigerant after pass-
ing through a gas cooler has a higher heat transfer co-
efficient than refrigerant of low pressure before or after
passing through an evaporator. According to the fourth
aspect, the internal heat exchanger (23) is configured so
that, during the cooling operation, the refrigerant channel
(25) through which refrigerant before or after passing
through the utilization side heat exchanger (22) serving
as an evaporatorflows has a higher heattransfer capacity
than the refrigerant channel (24) through which refriger-
ant after passing through the heat-source side heat ex-
changer (21) serving as a gas cooler flows and that, dur-
ing the heating operation, the refrigerant channel (24)
through which refrigerant before or after passing through
the heat-source side heat exchanger (21) serving as an
evaporator flows has a lower heat transfer capacity than
the refrigerant channel (25) through which refrigerant af-
ter passing through the utilization side heat exchanger
(22) serving as a gas cooler flows. Thus, the amount of
heat exchange during the cooling operation becomes
larger than that during the heating operation. Therefore,
during the cooling operation, the refrigerant flowing to-
wards the expander (12) is cooled more than during the
heating operation. Hence, the flow rate of refrigerant flow-
ing into the expander (12) during the cooling operation
is increased, whereby the flow rate through the compres-
sor (11) and the flow rate through the expander (12) can
be balanced during both the cooling operation and the
heating operation.

[0023] The fifth aspect of the invention is the refriger-
ation system according to the fourth aspect, wherein the
internal heat exchanger (23) includes a heat transfer fin
(26) provided on the refrigerant channel (25) through
which, during the cooling operation, refrigerant before or
after passing through the utilization side heat exchanger
(22) serving as an evaporator flows and, during the heat-
ing operation, refrigerant after passing through the utili-
zation side heat exchanger (22) serving as a gas cooler
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flows.

[0024] According tothe fifth aspect, since the particular
refrigerant channel (25) in the internal heat exchanger
(23) is provided with a heat transfer fin (26), the amount
of heat exchange in the internal heat exchanger (23) dur-
ing the cooling operation is larger than that during the
heating operation. Thus, the specific volume or the flow
rate of refrigerant flowing into the expander (12) can be
controlled. Therefore, the flow rate through the compres-
sor (11) and the flow rate through the expander (12) can
be balanced during both the cooling operation and the
heating operation.

[0025] The sixth aspect of the invention is the refriger-
ation system according to the third aspect, wherein the
internal heat exchanger (23) is configured so that, during
the cooling operation, refrigerant before or after passing
through the utilization side heat exchanger (22) serving
as an evaporator and refrigerant after passing through
the heat-source side heat exchanger (21) serving as a
gas cooler flow therethrough in opposite directions to
each other and that, during the heating operation, refrig-
erant before or after passing through the heat-source
side heat exchanger (21) serving as an evaporator and
refrigerant after passing through the utilization side heat
exchanger (22) serving as a gas cooler flow therethrough
in the same direction.

[0026] According to the sixth aspect, the internal heat
exchanger (23) has a higher heat exchanger efficiency
during the cooling operation than during the heating op-
eration. Thus, the internal heat exchanger (23) has a
higher capacity to cool the refrigerant after passing
through the expander (12) during the cooling operation
than during the heating operation. Therefore, the flow
rate through the compressor (11) and the flow rate
through the expander (12) can be balanced during both
the cooling operation and the heating operation.

[0027] The seventh aspect of the invention is the re-
frigeration system according to the third aspect, wherein
the internal heat exchanger (23) is constituted by a dou-
ble-pipe heat exchanger including an inner channel (24)
and an outer channel (25) disposed adjacent each other.
[0028] According to the seventh aspect, during the
cooling operation, the double-pipe heat exchanger is
used to exchange heat between the refrigerant before or
after passing through the utilization side heat exchanger
(22) serving as an evaporator and the refrigerant after
passing through the heat-source side heat exchanger
(21) serving as a gas cooler, thereby controlling the spe-
cific volume or the flow rate of refrigerant flowing into the
expander (12). Therefore, the flow rate through the com-
pressor (11) and the flow rate through the expander (12)
can be balanced during both the cooling operation and
the heating operation.

[0029] The eighth aspect of the invention is the refrig-
eration system according to the third aspect, wherein the
internal heat exchanger (23) is constituted by a three-
layered plate heat exchanger including an inner channel
(24), a first outer channel (25A) disposed adjacent an
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outside of the inner channel (24) and a second outer
channel (25B) disposed adjacent another outside of the
inner channel (24).

[0030] According to the eighth aspect, during the cool-
ing operation, the three-layered plate heat exchanger is
used to exchange heat between the refrigerant before or
after passing through the utilization side heat exchanger
(22) serving as an evaporator and the refrigerant after
passing through the heat-source side heat exchanger
(21) serving as a gas cooler, thereby controlling the spe-
cific volume or the flow rate of refrigerant flowing into the
expander (12). Therefore, the flow rate through the com-
pressor (11) and the flow rate through the expander (12)
can be balanced during both the cooling operation and
the heating operation.

[0031] Ninth to seventeenth aspects of the invention
are characterized by providing a temperature controller
(23) for cooling refrigerant flowing towards the expander
(12) only during the cooling operation and stopping the
above cooling function during the heating operation.
[0032] Specifically, the ninth aspect of the invention is
directed to a refrigeration system including a refrigerant
circuit (10) in which a compressor (11), a heat-source
side heat exchanger (21), an expansion mechanism (12)
and a utilization side heat exchanger (22) are connected
to provide a vapor compression refrigeration cycle, the
refrigerant circuit (10) being configured to be capable of
a heating operation in which refrigerant flowing through
the utilization side heat exchanger (22) releases heat
and a cooling operation in which refrigerant flowing
through the utilization side heat exchanger (22) takes
heat, the expansion mechanism (12) being constituted
by an expander (12) for generating power by the expan-
sion of refrigerant, the expander (12) being mechanically
connected to the compressor (11).

[0033] Furthermore, the refrigeration system further
comprises a temperature controller (23) capable of con-
trolling the temperature of high-pressure refrigerant flow-
ing towards the expander (12) and the temperature con-
troller (23) is configured to cool the high-pressure refrig-
erant only during the cooling operation but stop the cool-
ing of the high-pressure refrigerant during the heating
operation.

[0034] According to the ninth aspect, since the high-
pressure refrigerant flowing towards the expander (12)
is cooled only during the cooling operation but is not
cooled during the heating operation, the density de of
refrigerant flowing into the expander (12) during the cool-
ing operation can be increased. Therefore, even if the
mass flow rate Mc of refrigerant passing through the com-
pressor (11) becomes larger during the cooling operation
than during the heating operation, the refrigerant to be
introduced into the expander (12) is accordingly cooled
to increase the mass flow rate Me of refrigerant passing
through the expander (12). This balances both the refrig-
erant mass flow rates Mc and Me. Furthermore, accord-
ing to this aspect, since there is not need for the refrig-
erant flowing towards the expander (12) to bypass the
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expander (12), the power extracted from the expander
(12) is not reduced.

[0035] The tenth aspect of the invention is the refrig-
eration system according to the ninth aspect, wherein
the temperature controller (23) is constituted by an inter-
nal heat exchanger (23) in which during the cooling op-
eration the high-pressure refrigerant is cooled by heat
exchange with low-pressure refrigerant.

[0036] According to the tenth aspect, during the cool-
ing operation, the high-pressure refrigerant is cooled in
the internal heat exchanger (23) by heat exchange with
the low-pressure refrigerant. Thus, the suction tempera-
ture of the compressor (11) increases and the refrigerant
density in the compressor (11) thereby reduces. Concur-
rently, the inlet temperature of the expander (12) reduces
and the refrigerant density in the expander (12) thereby
increases. Therefore, during the cooling operation, the
mass flow rate Me of refrigerant passing through the ex-
pander (12) can be increased to balance it with the mass
flow rate Mc of refrigerant passing through the compres-
sor (11).

[0037] The eleventh aspect of the invention is the re-
frigeration system according to the tenth aspect, wherein
the internal heat exchanger (23) includes a first channel
(27) and a second channel (28) and is configured to be
capable of heat exchange between refrigerant flowing
through the first channel (27) and refrigerant flowing
through the second channel (28) and wherein the internal
heatexchanger(23) is configured so that, during the cool-
ing operation, high-pressure refrigerant flows through the
first channel (27) and low-pressure refrigerant flows
through the second channel (28) and that, during the
heating operation, high-pressure refrigerant flows
through both the channels (27, 28).

[0038] According to the eleventh aspect, during the
heating operation, since high-pressure refrigerant flows
through both the channels (27, 28) in the internal heat
exchanger (23), it flows into the expander (12) without
changing its temperature. On the other hand, during the
cooling operation, high-pressure refrigerant flowing
through the first channel (27) in the internal heat ex-
changer (23) is cooled by heat exchange with low-pres-
sure refrigerant flowing through the second channel (28).
Thus, during the cooling operation, the mass flow rate
Me of refrigerant passing through the expander (12) can
be increased to balance it with the mass flow rate Mc of
refrigerant passing through the compressor (11).
[0039] The twelfth aspect of the invention is the refrig-
eration system according to the tenth aspect, wherein
the internal heat exchanger (23) includes a first channel
(27) and a second channel (28) and is configured to be
capable of heat exchange between refrigerant flowing
through the first channel (27) and refrigerant flowing
through the second channel (28), wherein the internal
heat exchanger (23)is configured so that, during the cool-
ing operation, high-pressure refrigerant flows through the
first channel (27) and low-pressure refrigerant flows
through the second channel (28) and wherein the refrig-
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eration system further comprises a bypass passage (45)
that, during the heating operation, allows high-pressure
refrigerant to bypass the internal heat exchanger (23).
[0040] According to the twelfth aspect, during the heat-
ing operation, since the high-pressure refrigerant by-
passes the internal heat exchanger (23), it flows into the
expander (12) without changing its temperature. On the
other hand, during the cooling operation, the high-pres-
sure refrigerant flowing through the first channel (27) is
cooled in the internal heat exchanger (23) by heat ex-
change with the low-pressure refrigerant flowing through
the second channel (28). Thus, during the cooling oper-
ation, the mass flow rate Me of refrigerant passing
through the expander (12) can be increased to balance
it with the mass flow rate Mc of refrigerant passing
through the compressor (11).

[0041] The thirteenth aspect of the invention is the re-
frigeration system according to the tenth aspect, wherein
the internal heat exchanger (23) includes a first channel
(27) and a second channel (28) and is configured to be
capable of heat exchange between refrigerant flowing
through the first channel (27) and refrigerant flowing
through the second channel (28), wherein the internal
heat exchanger (23) is configured so that, during the cool-
ing operation, high-pressure refrigerant flows through the
first channel (27) and low-pressure refrigerant flows
through the second channel (28) and wherein the refrig-
eration system further comprises a bypass passage (46)
that, during the heating operation, allows low-pressure
refrigerant to bypass the internal heat exchanger (23).
[0042] According to the thirteenth aspect, during the
heating operation, since the low-pressure refrigerant by-
passes the internal heat exchanger (23), the high-pres-
sure refrigerant flows into the expander (12) without
changing its temperature. On the other hand, during the
cooling operation, the high-pressure refrigerant flowing
through the first channel (27) is cooled in the internal heat
exchanger (23) by heat exchange with the low-pressure
refrigerant flowing through the second channel (28).
Thus, during the cooling operation, the mass flow rate
Me of refrigerant passing through the expander (12) can
be increased to balance it with the mass flow rate Mc of
refrigerant passing through the compressor (11).
[0043] The fourteenth aspect of the invention is the
refrigeration system according to the tenth aspect,
wherein the internal heat exchanger (23) is configured
so that, during the cooling operation, high-pressure re-
frigerant after passing through the heat-source side heat
exchanger (21) is cooled therein by heat exchange with
low-pressure refrigerant before passing through the uti-
lization side heat exchanger (22).

[0044] According to the fourteenth aspect, during the
cooling operation, since the high-pressure refrigerant af-
ter passing through the heat-source side heat exchanger
(21) is cooled by heat exchange with the low-pressure
refrigerant before passing through the utilization side
heat exchanger (22), it flows into the expander (12) with
its temperature reduced and its density increased. Thus,
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during the cooling operation, the mass flow rate Me of
refrigerant passing through the expander (12) can be in-
creased to balance it with the mass flow rate Mc of re-
frigerant passing through the compressor (11).

[0045] The fifteenth aspect of the invention is the re-
frigeration system according to the tenth aspect, wherein
the internal heat exchanger (23) is configured so that,
during the cooling operation, high-pressure refrigerant
after passing through the heat-source side heat exchang-
er (21) is cooled therein by heat exchange with low-pres-
sure refrigerant after passing through the utilization side
heat exchanger (22).

[0046] According to the fifteenth aspect, during the
cooling operation, since the high-pressure refrigerant af-
ter passing through the heat-source side heat exchanger
(21) is cooled by heat exchange with the low-pressure
refrigerant after passing through the utilization side heat
exchanger (22), it flows into the expander (12) with its
temperature reduced and its density increased. Thus,
during the cooling operation, the mass flow rate Me of
refrigerant passing through the expander (12) can be in-
creased to balance it with the mass flow rate Mc of re-
frigerant passing through the compressor (11).

[0047] The sixteenth aspect of the invention is the re-
frigeration system according to the tenth aspect, wherein
the internal heat exchanger (23) is configured so that,
during the cooling operation, high-pressure refrigerant
and low-pressure refrigerant flow therethrough in oppo-
site directions to each other.

[0048] According to the sixteenth aspect, during the
cooling operation, since the high-pressure refrigerant
and low-pressure refrigerant flow through the internal
heat exchanger (23) in opposite directions to each other,
the high-pressure refrigerant is effectively cooled. There-
fore, as according to the above aspect, during the cooling
operation, the mass flow rate Me of refrigerant passing
through the expander (12) can be increased to balance
it with the mass flow rate Mc of refrigerant passing
through the compressor (11).

[0049] The seventeenth aspect of the invention is the
refrigeration system according to the ninth aspect,
wherein refrigerant in the refrigerant circuit (10) is carbon
dioxide.

[0050] According tothe seventeenth aspect, since car-
bon dioxide is used as the refrigerant, the differential
pressure between the high-side pressure and low-side
pressure in the refrigeration cycle can be increased as
compared with other kinds of refrigerants. Therefore, the
expansion power of the refrigerant obtained by the ex-
pander (12) can be increased.

[0051] Eighteenth to twenty-ninth aspects of the inven-
tion are characterized by using a gas-liquid separator
including an internal heat exchanger allowing heat ex-
change between refrigerant expanded by the expander
and refrigerant to be introduced into the expander.
[0052] Specifically, the eighteenth aspect is directed
to a refrigeration system including a refrigerant circuit
(10) in which a compressor (11), a heat-source side heat
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exchanger (21), an expander (12) and a utilization side
heat exchanger (22) are connected to provide a refriger-
ation cycle, the compressor (11) being mechanically con-
nected to the expander (12) to recover expansion power
from the expander (12). Furthermore, the refrigeration
system further comprises a gas-liquid separator (51) for
separating refrigerant expanded by the expander (12)
into a liquid refrigerant and a gas refrigerant and tempo-
rarily storing the liquid and gas refrigerants, and the gas-
liquid separator (51) comprises an internal heat ex-
change part (50) for exchanging heat between the liquid
refrigerant separated in the gas-liquid separator (51) and
refrigerant to be introduced into the expander (12).
[0053] According to the eighteenth aspect, the refrig-
erant circuit (10) is provided with a gas-liquid separator
(51). The gas-liquid separator (51) separates the refrig-
erant in gas-liquid two-phase form after expanded by the
expander (12) into a gas refrigerant and a liquid refriger-
ant. Furthermore, the gas-liquid separator (51) is provid-
ed with an internal heat exchange part (50). The internal
heat exchange part (50) allows heat exchange between
the refrigerant to be introduced into the expander (12)
and the liquid refrigerant stored in the gas-liquid separa-
tor (51).

[0054] In this case, since the refrigerant to be intro-
duced into the expander (12) has a higher temperature
than the liquid refrigerant after expanded by the expander
(12), the refrigerant to be introduced into the expander
(12) is cooled in the internal heat exchange part (50).
Thus, the density de of refrigerant flowing into the ex-
pander (12) can be increased. Therefore, even if the
mass flow rate Mc of refrigerant passing through the com-
pressor (11) is increased, for example, during the cooling
operation, the refrigerant to be introduced into the ex-
pander (12) is accordingly cooled to increase the mass
flow rate Me of refrigerant passing through the expander
(12). This balances both the refrigerant mass flow rates
Mc and Me.

[0055] The nineteenth aspect of the invention is the
refrigeration system according to the eighteenth aspect
which further comprises a heat exchange control mech-
anism (60) for changing the amount of heat exchange of
refrigerantin the internal heat exchange part (50) accord-
ing to the operating conditions. The term "heat exchange
control mechanism" means a mechanism which can not
only finely control the amount of heat exchange accord-
ing to the operating conditions but also control the amount
of heat exchange in two stages (ON/OFF), i.e., to either
substantially zero or a predetermined value.

[0056] According tothe nineteenth aspect, the amount
of heat exchange between the refrigerant to be intro-
duced into the expander (12) and the liquid refrigerant
separated by the liquid-gas separator (51) is changed
according to the operating conditions by the heat ex-
change control mechanism (60). Therefore, when the
mass flow rate Me of refrigerant through the expander
(12) becomes larger than the mass flow rate Mc of re-
frigerant through the compressor (11) owing to a change
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in the operating conditions, the mass flow rate Me of re-
frigerant through the expander (12) can be equal to the
mass flow rate Mc of refrigerant through the compressor
(11) by controlling the amount of heat exchange in the
internal heat exchange part (50).

[0057] The twentieth aspect of the invention is the re-
frigeration system according to the nineteenth aspect,
wherein the gas-liquid separator (51) further comprises
a liquid storage section (52) for storing the separated
liquid refrigerant and a heat transfer tube (50) which is
disposed adjacent the liquid storage section (52) and
through which the refrigerant to be introduced into the
expander (12) flows and wherein the heat transfer tube
(50) constitutes an internal heat exchange part for ex-
changing heat between the liquid refrigerant in the liquid
storage section (52) and the refrigerant in the heat trans-
fer tube (50).

[0058] According to the twentieth aspect, the gas-lig-
uid separator (51) is provided with a heat transfer tube
(50) serving as the internal heat exchange part. The heat
transfer tube (50) is disposed adjacent the liquid storage
section (52). Thus, the refrigerant to be introduced into
the expander (12) is cooled during the passage through
the heat transfer tube (50) by the liquid refrigerant stored
adjacent the outer surface of the heat transfer tube (50).
Therefore, the density de of refrigerant flowing into the
expander (12) can be surely increased.

[0059] The twenty-first aspect of the invention is the
refrigeration system according to the twentieth aspect
which further comprises a refrigerant switching mecha-
nism (31, 33) for switching the circulation direction of re-
frigerant in the refrigerant circuit (10) to selectively pro-
vide either the cooling operation or the heating operation,
wherein the heat exchange control mechanism (60) al-
lows heat exchange of refrigerant in the internal heat ex-
change part (50) only during the cooling operation.
[0060] According to the twenty-first aspect, the refrig-
erant circuit (10) is provided with a refrigerant switching
mechanism (31, 33). The refrigerant switching mecha-
nism (31, 33) switches the circulation direction of the re-
frigerant, thereby providing switching between the cool-
ing operation in which the utilization side heat exchanger
(22) serves as an evaporator and the heating operation
in which the utilization side heat exchanger (22) serves
as a gas cooler.

[0061] In this case, the heat exchange control mech-
anism (60) allows, only during the cooling operation, heat
exchange of refrigerantin the internal heat exchange part
(50). Therefore, in the cooling operation in which the re-
frigerant mass flow rate Me through the expander (12) is
likely to be smaller than the refrigerant mass flow rate
Mc through the compressor (11), the density de of refrig-
erant flowing into the expander (12) can be increased to
make the refrigerant mass flow rate Me through the ex-
pander (12) equal to the refrigerant mass flow rate Mc
through the compressor (11).

[0062] On the other hand, if the cylinder volume ratio
between the expander (12) and the compressor (11) is
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designed according to the density ratio between the den-
sity de of refrigerant flowing into the expander (12) and
the density dc of refrigerant flowing into the compressor
(11), the refrigerant mass flow rate Me through the ex-
pander (12), also in the heating operation, can be made
equal to the refrigerant mass flow rate Mc through the
compressor (11). Therefore, there is no need to use the
heat exchange control mechanism (60) to provide heat
exchange in the internal heat exchange part (50).
[0063] The twenty-second aspect of the invention is
the refrigeration system according to the twenty-first as-
pect, wherein the heat exchange control mechanism (60)
is constituted by a bypass pipe (57) allowing refrigerant
to bypass the heat transfer tube (50) and then flow into
the expander (12), a first motor-operated valve (36) for
controlling the flow rate of refrigerant flowing through the
heat transfer tube (50), and a second motor-operated
valve (37) for controlling the flow rate of refrigerant
through the bypass pipe (57).

[0064] According to the twenty-second aspect, the
amount of heat exchange in the heat transfer tube (50)
is controlled by controlling the openings of the first and
second motor-operated valves (36, 37). To be specific,
for example, when the first motor-operated valve (36) is
fully opened and the second motor-operated valve (37)
is fully closed, the flow rate of refrigerant flowing through
the heat transfer tube (50) is maximized and the amount
of heat exchange of refrigerant in the heat transfer tube
(50) is thereby controlled to its maximum value. On the
other hand, for example, when the first motor-operated
valve (36) is fully closed and the second motor-operated
valve (37) is fully opened, the flow rate of refrigerant flow-
ing through the heat transfer tube (50) becomes substan-
tially zero and the amount of heat exchange of refrigerant
in the heat transfer tube (50) thereby also becomes zero.
Thus, the amount of heat exchange in the heat transfer
tube (50) can be controlled within the range from zero to
maximum by controlling the openings of the first and sec-
ond motor-operated valves (36, 37) to appropriate val-
ues. Therefore, heat exchange of refrigerant can be pro-
vided according to the operating conditions to make the
refrigerant mass flow rate Me through the expander (12)
equal to the refrigerant mass flow rate Mc through the
compressor (11).

[0065] The twenty-third aspect of the invention is the
refrigeration system according to the twenty-first aspect,
wherein the heat exchange control mechanism (60) is
constituted by a four-way selector valve (32).

[0066] According to the twenty-third aspect, the flow
of refrigerant can be changed by position change of the
four-way selector valve (32) serving as the heat ex-
change control mechanism (60). Therefore, for example,
if the position of the four-way selector valve (32) is
changed in the cooling operation to allow the refrigerant
to flow through the heat transfer tube (50) and changed
in the heating operation so as not to allow the refrigerant
to flow through the heat transfer tube (50), the refrigerant
mass flow rate Me through the expander (12) can be
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equal to the refrigerant mass flow rate Mc through the
compressor (11) during both the operations.

[0067] The twenty-fourth aspect of the invention is the
refrigeration system according to the twenty-first aspect,
wherein the heat exchange control mechanism (60) is
constituted by a bypass pipe (57) allowing refrigerant to
bypass the heat transfer tube (50) and then flow into the
expander (12), a first solenoid shut-off valve (34) selec-
tively allowing or inhibiting the flow of refrigerant through
the heat transfer tube (50), and a second solenoid shut-
off valve (35) selectively allowing or inhibiting the flow of
refrigerant through the bypass pipe (57).

[0068] According to the twenty-fourth aspect, the flow
of refrigerant through the heat transfer tube (50) is
changed by opening one of the first and second solenoid
shut-off valves (34, 35) and closing the other. To be spe-
cific, for example, when in the cooling operation the first
solenoid shut-off valve (34) is turned open and the sec-
ond solenoid shut-off valve (35) is turned closed, this
provides the flow of refrigerant through the heat transfer
tube (50) and thereby provides heat exchange of refrig-
erant in the heat transfer tube (50). On the other hand,
for example, when in the heating operation the first so-
lenoid shut-off valve (34) is turned closed and the second
solenoid shut-off valve (35) is turned open, this provides
the flow of refrigerant through the bypass pipe (57) and
inhibits the flow of refrigerant through the heat transfer
tube (50). In other words, in this state, the refrigerant
cannot be allowed to exchange heat in the heat transfer
tube (50). Therefore, the refrigerant mass flow rate Me
through the expander (12) can be equal to the refrigerant
mass flow rate Mc through the compressor (11) during
both the operations.

[0069] The twenty-fifth aspect of the invention is the
refrigeration system according to the twenty-first aspect,
wherein the heat exchange control mechanism (60) is
constituted by a combination of pipes and check valves
(81, 82, 83, 84).

[0070] According to the twenty-fifth aspect, the partic-
ular pipe lines and the check valves (81, 82, 83, 84) are
provided as the heat exchange control mechanism (60).
Therefore, for example, if the check valves (81, 82, 83,
84) and the pipe lines are provided to allow the flow of
refrigerant through the heat transfer tube (50) during the
cooling operation and inhibit it during the heating opera-
tion, the refrigerant mass flow rate Me through the ex-
pander (12) can be equal to the refrigerant mass flow
rate Mc through the compressor (11) during both the op-
erations.

[0071] The twenty-sixth aspect of the invention is the
refrigeration system according to the eighteenth aspect,
wherein the refrigerant circuit (10) further includes a first
injection pipe (55) for sending the gas refrigerant in the
gas-liquid separator (51) to the suction side of the com-
pressor (11) and a gas control valve (38) for controlling
the flow rate of refrigerant through the first injection pipe
(55).

[0072] According to the twenty-sixth aspect, the gas
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refrigerant separated in the gas-liquid separator (51) can
be sent via the first injection pipe (55) to the suction side
ofthe compressor (11). Therefore, so-called gasinjection
can be made as necessary and the amount of gas injec-
tion can be controlled by changing the opening of the gas
control valve (38).

[0073] The twenty-seventh aspect of the invention is
the refrigeration system according to the eighteenth as-
pect, wherein the refrigerant circuit (10) further includes
a second injection pipe (59) for sending the liquid refrig-
erant in the gas-liquid separator (51) to the suction side
of the compressor (11) and a liquid control valve (39) for
controlling the flow rate of refrigerant through the second
injection pipe (59).

[0074] According to the twenty-seventh aspect, the lig-
uid refrigerant separated in the gas-liquid separator (51)
can be sent via the second injection pipe (59) to the suc-
tion side of the compressor (11). Therefore, so-called
liquid injection can be made as necessary and the
amount of liquid injection can be controlled by changing
the opening of the liquid control valve (39).

[0075] The twenty-eighth aspect of the invention is the
refrigeration system according to the eighteenth aspect,
wherein a plurality of said utilization side heat exchangers
(22a, 22b, 22c) are connected in parallel with each other
in the refrigerant circuit (10) and wherein the refrigeration
system further comprises a plurality of flow control valves
(61a, 61b, 61c) each for controlling the flow rate of re-
frigerant flowing into an associated one of the plurality of
utilization side heat exchangers (22a, 22b, 22c).
[0076] According to the twenty-eighth aspect, the re-
frigerant circuit (10) is provided with a plurality of utiliza-
tion side heat exchangers (22a, 22b, 22c). Thus, in the
refrigeration system, cooling or heating can be made con-
currently at plural locations through the plurality of utili-
zation side heat exchangers (22a, 22b, 22c). Further-
more, when the plurality of flow control valves (61a, 61b,
61c) associated with respective ones of the plurality of
utilization side heat exchangers (22a, 22b, 22c) are in-
dividually controlled in opening, the respective flow rates
of refrigerant flowing through the utilization side heat ex-
changers (22a, 22b, 22c¢) can be individually controlled.
[0077] The twenty-ninth aspect of the invention is the
refrigeration system according to the eighteenth aspect,
wherein carbon dioxide is used as the refrigerant in the
refrigerant circuit (10).

[0078] According to the twenty-ninth aspect, the refrig-
erant circuit (10) is charged with carbon dioxide as the
refrigerant. Since carbon dioxide can increase the differ-
ential pressure between the high-side pressure and low-
side pressure in the refrigeration cycle as compared with
other kinds of refrigerants, the expansion power of the
refrigerant obtained by the expander (12) can be in-
creased.

Effects of the Invention

[0079] According to the first aspect, the provision of
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the temperature controller (23) capable of controlling the
temperature of refrigerant flowing towards the expander
(12) enables the control over the specific volume or the
flow rate of the refrigerant. Therefore, the flow rate
through the compressor (11) and the flow rate through
the expander (12) can be balanced even if the operating
conditions change. Furthermore, since according to this
aspect there is no need for part of the refrigerant to by-
pass the expander (12) even if the expander (12) falls
short of the refrigerant flow rate therethrough, the power
extracted from the expander (12) is not reduced. This
prevents the COP from being deteriorated.

[0080] According to the second aspect, the tempera-
ture controller (23) is configured to have a higher capacity
to cool refrigerant flowing towards the expander (12) dur-
ing the cooling operation than during the heating opera-
tion. Therefore, if the refrigeration cycle is designed to
balance, in the heating operation, the flow rate through
the compressor (11) and the flow rate through the ex-
pander (12), the shortage of the refrigerant flow rate
through the expander (12) during the cooling operation
can be prevented without the refrigerant bypassing the
expander (12). Thus, the flow rate through the compres-
sor (11) and the flow rate through the expander (12) can
be balanced during both the cooling operation and the
heating operation. Hence, the deterioration in COP can
be prevented.

[0081] According to the third aspect, since the refrig-
erant circuit (10) is provided with an internal heat ex-
changer (23) in which, during the cooling operation, the
refrigerant after passing through the heat-source side
heat exchanger (21) serving as a gas cooler is cooled by
heat exchange with the refrigerant before or after passing
through the utilization side heat exchanger (22) serving
as an evaporator, the specific volume or the flow rate of
refrigerant flowing into the expander (12) can be control-
led to balance the flow rate through the compressor (11)
and the flow rate through the expander (12). Therefore,
the deterioration in COP can be prevented.

[0082] According to the fourth aspect, the internal heat
exchanger (23) is configured so that, during the cooling
operation, the refrigerant channel (25) through which re-
frigerant before or after passing through the utilization
side heat exchanger (22) serving as an evaporator flows
has a higher heat transfer capacity than the refrigerant
channel (24) through which refrigerant after passing
through the heat-source side heat exchanger (21) serv-
ing as a gas cooler flows and that, during the heating
operation, the refrigerant channel (24) through which re-
frigerant before or after passing through the heat-source
side heat exchanger (21) serving as an evaporator flows
has a lower heat transfer capacity than the refrigerant
channel (25) through which refrigerant after passing
through the utilization side heat exchanger (22) serving
as a gas cooler flows. Therefore, like according to the
third aspect, the specific volume or the flow rate of refrig-
erant flowing into the expander (12) can be controlled to
balance the flow rate through the compressor (11) and
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the flow rate through the expander (12). Therefore, the
deterioration in COP can be prevented.

[0083] According to thefifth aspect, since the particular
refrigerant channel (25) in the internal heat exchanger
(23) is provided with a heat transfer fin (26) so that the
amount of heat exchange in the internal heat exchanger
(23) during the cooling operation becomes larger than
that during the heating operation, the specific volume or
the flow rate of refrigerant flowing into the expander (12)
can be controlled. Therefore, the flow rate through the
compressor (11) and the flow rate through the expander
(12) can be balanced during both the cooling operation
and the heating operation, thereby preventing the dete-
rioration in COP.

[0084] According to the sixth aspect, since the cooling
capacity of the internal heat exchanger (23) during the
cooling operation can be higher than that during the heat-
ing operation by reversing the circulation direction of re-
frigerant flowing through the internal heat exchanger (23)
at the change from the cooling operation to the heating
operation and vice versa, the specific volume or the flow
rate of refrigerant flowing into the expander (12) can be
controlled. Therefore, the flow rate through the compres-
sor (11) and the flow rate through the expander (12) can
be balanced during both the cooling operation and the
heating operation, thereby preventing the deterioration
in COP.

[0085] According to the seventh aspect, the specific
volume or the flow rate of refrigerant flowing into the ex-
pander (12) can be controlled during the cooling opera-
tion by using the double-pipe heat exchanger to ex-
change heat between the refrigerant before or after pass-
ing through the utilization side heat exchanger (22) serv-
ing as an evaporator and the refrigerant after passing
through the heat-source side heat exchanger (21) serv-
ing as a gas cooler. Therefore, the flow rate through the
compressor (11) and the flow rate through the expander
(12) can be balanced during both the cooling operation
and the heating operation.

[0086] According to the eighth aspect, the specific vol-
ume or the flow rate of refrigerant flowing into the ex-
pander (12) can be controlled during the cooling opera-
tion by using the three-layered plate heat exchanger to
exchange heat between the refrigerant before or after
passing through the utilization side heat exchanger (22)
serving as an evaporator and the refrigerant after passing
through the heat-source side heat exchanger (21) serv-
ing as a gas cooler. Therefore, the flow rate through the
compressor (11) and the flow rate through the expander
(12) can be balanced during both the cooling operation
and the heating operation.

[0087] According to the ninth aspect, since the tem-
perature controller (23) allows to cool the high-pressure
refrigerant flowing towards the expander (12) only during
the cooling operation but stops the cooling of the high-
pressure refrigerant during the heating operation, the
density de of refrigerant flowing into the expander (12)
during the cooling operation can be increased. Therefore,
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even if the mass flow rate Mc of refrigerant passing
through the compressor (11) becomes larger during the
cooling operation than during the heating operation, the
refrigerant to be introduced into the expander (12) can
be accordingly cooled to increase the mass flow rate Me
of refrigerant passing through the expander (12). This
balances both the refrigerant mass flow rates Mc and
Me. Hence, the expander (12) and the compressor (11)
can be designed to run at high efficiency during both the
cooling operation and the heating operation. Further-
more, according to this aspect, since there is not need
for the refrigerant flowing towards the expander (12) to
bypass the expander (12), the power extracted from the
expander (12) is not reduced.

[0088] According to the tenth aspect, during the cool-
ing operation, the internal heat exchanger (23) is used
to cool the high-pressure refrigerant by heat exchange
with the low-pressure refrigerant. Thus, through the cool-
ing of the high-pressure refrigerant flowing towards the
expander (12) only during the cooling operation, the
mass flow rate Me of refrigerant passing through the ex-
pander (12) can be increased to balance it with the mass
flow rate Mc of refrigerant passing through the compres-
sor (11). Therefore, the refrigeration system can be op-
erated with high efficiency during both the cooling oper-
ation and the heating operation.

[0089] According to the eleventh aspect, the internal
heat exchanger (23) is configured so that during the heat-
ing operation high-pressure refrigerant flows through
both the channels (24, 25) to avoid heat exchange and
that during the cooling operation high-pressure refriger-
ant and low-pressure refrigerant flow through the asso-
ciated channels to allow heat exchange. Thus, through
the cooling of the high-pressure refrigerant flowing to-
wards the expander (12) only during the cooling opera-
tion, the mass flow rate Me of refrigerant passing through
the expander (12) can be increased to balance it with the
mass flow rate Mc of refrigerant passing through the com-
pressor (11). Therefore, the refrigeration system can be
operated with high efficiency during both the cooling op-
eration and the heating operation.

[0090] According to the twelfth aspect, theinternal heat
exchanger (23) is configured so that during the heating
operation the high-pressure refrigerant bypasses it and
that during the cooling operation both the high-pressure
refrigerant and the low-pressure refrigerant flow through
the associated channels to allow heat exchange. Thus,
through the cooling of the high-pressure refrigerant flow-
ing towards the expander (12) only during the cooling
operation, the mass flow rate Me of refrigerant passing
through the expander (12) can be increased to balance
it with the mass flow rate Mc of refrigerant passing
through the compressor (11). Therefore, the refrigeration
system can be operated with high efficiency during both
the cooling operation and the heating operation.

[0091] According to the thirteenth aspect, the internal
heat exchanger (23) is configured so that during the heat-
ing operation the low-pressure refrigerant bypasses it
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and that during the cooling operation both the high-pres-
sure refrigerant and the low-pressure refrigerant flow
through the associated channels to allow heat exchange.
Thus, through the cooling of the high-pressure refrigerant
flowing towards the expander (12) only during the cooling
operation, the mass flow rate Me of refrigerant passing
through the expander (12) can be increased to balance
it with the mass flow rate Mc of refrigerant passing
through the compressor (11). Therefore, the refrigeration
system can be operated with high efficiency during both
the cooling operation and the heating operation.

[0092] According to the fourteenth aspect, during the
cooling operation, the high-pressure refrigerant after
passing through the heat-source side heat exchanger
(21) is cooled in the internal heat exchanger (23) by heat
exchange with the low-pressure refrigerant before pass-
ing through the utilization side heat exchanger(22). Thus,
through the cooling of the high-pressure refrigerant flow-
ing towards the expander (12) only during the cooling
operation, the mass flow rate Me of refrigerant passing
through the expander (12) can be increased to balance
it with the mass flow rate Mc of refrigerant passing
through the compressor (11). Therefore, the refrigeration
system can be operated with high efficiency during both
the cooling operation and the heating operation.

[0093] According to the fifteenth aspect, during the
cooling operation, the high-pressure refrigerant after
passing through the heat-source side heat exchanger
(21) is cooled in the internal heat exchanger (23) by heat
exchange with the low-pressure refrigerant after passing
through the utilization side heat exchanger (22). Thus,
through the cooling of the high-pressure refrigerant flow-
ing towards the expander (12) only during the cooling
operation, the mass flow rate Me of refrigerant passing
through the expander (12) can be increased to balance
it with the mass flow rate Mc of refrigerant passing
through the compressor (11). Therefore, the refrigeration
system can be operated with high efficiency during both
the cooling operation and the heating operation.

[0094] According to the sixteenth aspect, during the
cooling operation, since the high-pressure refrigerant
and low-pressure refrigerant flow through the internal
heat exchanger (23) in opposite directions to each other,
the high-pressure refrigerant can be effectively cooled.
Therefore, during the cooling operation, the mass flow
rate Me of refrigerant passing through the expander (12)
can be increased to balance it with the mass flow rate
Mc of refrigerant passing through the compressor (11).
[0095] Accordingtothe seventeenth aspect, since car-
bon dioxide is used as the refrigerant for the refrigerant
circuit (10), the differential pressure between the high-
side pressure and low-side pressure in the refrigeration
cycle can be increased as compared with other kinds of
refrigerants. Therefore, the recovery power of the com-
pressor (11) can be increased, thereby further improving
the COP of the refrigeration system.

[0096] According to the eighteenth aspect, the density
de of refrigerant flowing into the expander (12), i.e., the
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refrigerant mass flow rate Me, can be increased by heat
exchange in the internal heat exchange part (50) be-
tween the liquid refrigerant separated in the gas-liquid
separator (51) and the refrigerant to be introduced into
the expander (12). Therefore, through the heat exchange
of refrigerant at an appropriate amount of heat exchange
in the internal heat exchange part (50), the refrigerant
mass flow rates (Me and Mc) through the compressor
(11) and the expander (12), respectively, can be bal-
anced. This provides a desired refrigeration cycle in the
refrigeration system.

[0097] Unlike Patent Document 2, according to this as-
pect, the refrigerant mass flow rates Me and Mc can be
balanced without part of the refrigerant bypassing the
expander. To be specific, according to the refrigeration
system in Patent Document 2, the expansion power from
the expander is reduced and the COP is thereby deteri-
orated. According to this aspect, since the refrigerant can
be fully introduced into the expander (12), such deterio-
ration in the COP can be avoided.

[0098] Furthermore, according to this aspect, heat is
exchanged between the liquid refrigerant separated in
the gas-liquid separator (51) and the refrigerant to be
introduced into the expander (12). Because refrigerant
in liquid form has a higher overall heat transfer coefficient
than refrigerants in two-phase form and gas form of the
same kind, it can enhance the heat exchanger efficiency
in the internal heat exchange part (50). Therefore, the
refrigerant to be introduced into the expander (12) can
be effectively cooled, resulting in providing a compact
design of the internal heat exchange part (50) and the
gas-liquid separator (51).

[0099] Furthermore, according to this aspect, the gas-
liquid separator (51) serves also as the internal heat ex-
changer (50). Therefore, the refrigeration system of this
aspect can be downsized as compared with the case
where the gas-liquid separator (51) and the internal heat
exchanger (50) are separately provided.

[0100] Furthermore, according to this aspect, the liquid
refrigerant separated in the gas-liquid separator (51) can
be sentto the particular pipe or particular heat exchanger.
Therefore, the pressure loss in the pipes can be reduced,
for example, as compared with the case where refrigerant
in two-phase form flows through the pipe or the heat ex-
changer. Furthermore, although the flow of refrigerant in
two-phase form through the pipe or the heat exchanger
is likely to cause sounds of refrigerant passing through
it to be noises, this can be prevented according to this
aspect.

[0101] According to the nineteenth aspect, the heat
exchange control mechanism (60) is provided to control
the amount of heat exchange in the internal heat ex-
change part (50) according to the operating conditions.
Therefore, in the refrigeration system, the refrigerant
mass flow rates (Me and Mc) through the compressor
(11) and the expander (12) can be balanced according
to changes in the operating conditions.

[0102] According to the twentieth aspect, the heat
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transfer tube (50) is provided in the liquid storage section
(52) of the gas-liquid separator (51) to surely provide
heat exchange between the refrigerant to be introduced
into the expander (12) and the liquid refrigerant separat-
ed in the gas-liquid separator (51). Therefore, the density
of refrigerant flowing into the expander (12) can be surely
increased to balance the refrigerant mass flow rates (Me
and Mc) through the compressor (11) and the expander
(12).

[0103] According to the twenty-first aspect; heat ex-
change of refrigerant in the internal heat exchange part
(50) is made only during the cooling operation in which
the refrigerant mass flow rate Me through the expander
(12) is likely to be smaller than the refrigerant mass flow
rate Mc through the compressor (11). Therefore, during
the cooling operation, the refrigerant mass flow rates (Me
and Mc) through the compressor (11) and the expander
(12) can be surely balanced.

[0104] On the other hand, if the cylinder volume ratio
between the expander (12) and the compressor (11) is
designed according to the density ratio between the den-
sity de of refrigerant flowing into the expander (12) and
the density dc of refrigerant flowing into the compressor
(11), the refrigerant mass flow rates (Me and Mc) through
the expander (12) and the compressor (11) can be bal-
anced also in the heating operation.

[0105] According to the twenty-second aspect, the first
and second motor-operated valves (36, 37) and the by-
pass pipe (57) are provided as the heat exchange control
mechanism (60). In addition, the amount of heat ex-
change in the heat transfer tube (50) is controlled by con-
trolling the openings of the first and second motor-oper-
ated valves (36, 37). Therefore, the refrigerant mass flow
rates (Me and Mc) through the expander (12) and the
compressor (11) can be balanced with high accuracy ac-
cording to the operating conditions.

[0106] Furthermore, when the first motor-operated
valve (36) is fully opened and the second motor-operated
valve (37) is fully closed, the refrigerant can flow, only
during the cooling operation, through the heat transfer
tube (50) to provide heat exchange of refrigerant. There-
fore, the same operations and effects as according to the
twenty-first aspect can be obtained.

[0107] According to the twenty-third aspect, the four-
way selector valve (32) is provided as the heat exchange
control mechanism (60). In addition, the flow of refriger-
ant can be changed into either the state to allow the flow
of refrigerant through the heat transfer tube (50) or the
state to inhibit it by position change of the four-way se-
lector valve (32). Therefore, through the position change
of the four-way selector valve (32), the refrigerant can
flow, only during the cooling operation, through the heat
transfer tube (50) to provide heat exchange of refrigerant.
Hence, the same operations and effects as according to
the twenty-first aspect can be obtained.

[0108] According to the twenty-fourth aspect, the first
and second solenoid shut-off valves (34, 35) and the by-
pass pipe (57) are provided as the heat exchange control
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mechanism (60). In addition, when in the cooling opera-
tion the first solenoid shut-off valve (34) is turned open
and the second solenoid shut-off valve (35) is turned
closed, this provides, only during the cooling operation,
the flow of refrigerant through the heat transfer tube (50)
and thereby heat exchange of refrigerant in the heat
transfer tube (50). Therefore, the same operations and
effects as according to the twenty-first aspect can be ob-
tained.

[0109] According to the twenty-fifth aspect, the partic-
ular pipe lines and the check valves (81, 82, 83, 84) are
provided as the heat exchange control mechanism (60).
Thus, through a combination of these pipe lines and
check valves (81, 82, 83, 84), the refrigeration system is
designed so that the refrigerant can flow through the heat
transfer tube (50) only during the cooling operation and
does not flow through the heat transfer tube (50) during
the heating operation. Therefore, the effects of the twen-
ty-first aspect can be obtained with a simple control to
change the circulation direction of refrigerant using the
refrigerant switching mechanism (31).

[0110] According to the twenty-sixth aspect, the gas
refrigerant separated in the gas-liquid separator (51) can
be sent to the suction side of the compressor (11), there-
by providing gas injection. Therefore, the refrigeration
system can control the degree of superheat of refrigerant
to be sucked into the compressor (11), thereby providing
an optimum control over the refrigeration cycle.

[0111] According to the twenty-seventh aspect, the lig-
uid refrigerant separated in the gas-liquid separator (51)
can be sent to the suction side of the compressor (11),
thereby providing liquid injection. Therefore, the same
effects as according to the twenty-sixth aspect can be
obtained. Furthermore, combination of gas injection ac-
cording to the twenty-sixth aspect and liquid injection ac-
cording to this aspect provides a finer-tuned control over
the refrigeration cycle.

[0112] Furthermore, according to this aspect, refriger-
ator oil contained in the refrigerant flowing out of the ex-
pander (12) can be returned, together with the liquid re-
frigerant separated in the gas-liquid separator (51), to
the suction side of the compressor (11).

[0113] According to the twenty-eighth aspect, since
the refrigeration system is provided with the plurality of
utilization side heat exchangers (22a, 22b, 22c), it can
be applied to a so-called multi-type air conditioner (1).
Furthermore, since the respective flow rates of refrigerant
flowing into the utilization side heat exchangers (22a,
22b, 22c) can be controlled by the respective flow control
valves (61a, 61b, 61c), each utilization side heat ex-
changer (22a, 22b, 22c) can be individually controlled
as in terms of the cooling capacity.

[0114] In this case, since the liquid refrigerant sepa-
rated in the gas-liquid separator (51) can be sent to each
utilization side heat exchanger (22a, 22b, 22c), the flow
rate can be easily controlled in each flow control valve
(61a, 61b, 61c), for example, as compared with refriger-
antintwo-phase form. In addition, in the connection pipes
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that tend to be relatively long, the pressure loss of refrig-
erant and noises due to sounds of refrigerant passing
through them can be reduced.

[0115] According to the twenty-ninth aspect, since car-
bon dioxide is used as the refrigerant for the refrigerant
circuit (10), the differential pressure between the high-
side pressure and low-side pressure in the refrigeration
cycle can be increased as compared with other kinds of
refrigerants. Therefore, the recovery power from the ex-
pander (12) can be increased, thereby further improving
the COP of the refrigeration system.

Brief Description of Drawings
[0116]

[Fig. 1] Figure 1 is a refrigerant circuit diagram of an
air conditioner according to Embodiment 1 of the
present invention.

[Fig. 2] Figure 2 is a schematic structural diagram of
an internal heat exchanger.

[Fig. 3] Figure 3 is a refrigerant circuit diagram of an
air conditioner according to Embodiment 2.

[Fig. 4] Figure 4 is a refrigerant circuit diagram of an
air conditioner according to Embodiment 3.

[Fig. 5] Figure 5 is a refrigerant circuit diagram of an
air conditioner according to Embodiment 4.

[Fig. 6] Figure 6 is a refrigerant circuit diagram of an
air conditioner according to Embodiment 5.

[Fig. 7] Figure 7 is a refrigerant circuit diagram of an
air conditioner according to Embodiment 6.

[Fig. 8] Figure 8 is a refrigerant circuit diagram of an
air conditioner according to Embodiment 7.

[Fig. 9] Figure 9 is a refrigerant circuit diagram of an
air conditioner according to Embodiment 8.

[Fig. 10] Figure 10 is a refrigerant circuit diagram of
an air conditioner according to Embodiment 9.

[Fig. 11] Figure 11 is a refrigerant circuit diagram of
an air conditioner according to a first modification of
Embodiment 9.

[Fig. 12] Figure 12 is a refrigerant circuit diagram of
an air conditioner according to a second modification
of Embodiment 9.

[Fig. 13] Figure 13 is a refrigerant circuit diagram of
an air conditioner according to Embodiment 10.
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[Fig. 14] Figure 14 is a refrigerant circuit diagram of
an air conditioner according to a first modification of
Embodiment 10.

[Fig. 15] Figure 15 is a refrigerant circuit diagram of
an air conditioner according to a second modification
of Embodiment 10.

[Fig. 16] Figure 16 is a refrigerant circuit diagram of
an air conditioner according to a third modification
of Embodiment 10.

[Fig. 17] Figure 17 is a refrigerant circuit diagram of
an air conditioner according to a fourth modification
of Embodiment 10.

[Fig. 18] Figure 18 is a refrigerant circuit diagram of
an air conditioner according to Embodiment 11.

[Fig. 19] Figure 19 is a refrigerant circuit diagram of
an air conditioner according to Embodiment 12.

[Fig. 20] Figure 20 is a refrigerant circuit diagram
showing the refrigerant flow of Embodiment 12 dur-
ing a cooling operation.

[Fig. 21] Figure 21 is a refrigerant circuit diagram
showing the refrigerant flow of Embodiment 12 dur-
ing a heating operation.

[Fig. 22] Figure 22 is a refrigerant circuit diagram of
an air conditioner according to a modification of Em-
bodiment 12.

[Fig. 23] Figure 23 is a refrigerant circuit diagram of
an air conditioner according to Embodiment 13.

[Fig. 24] Figure 24 is a refrigerant circuit diagram
showing the refrigerant flow of Embodiment 13 dur-
ing a cooling operation.

[Fig. 25] Figure 25 is a refrigerant circuit diagram
showing the refrigerant flow of Embodiment 13 dur-
ing a heating operation.

[Fig. 26] Figure 26 is a refrigerant circuit diagram of
an air conditioner according to a modification of Em-
bodiment 13.

[Fig. 27] Figure 27 is a refrigerant circuit diagram of
an air conditioner according to Embodiment 14.

[Fig. 28] Figure 28 is a refrigerant circuit diagram
showing the refrigerant flow of Embodiment 14 dur-
ing a cooling operation.

[Fig. 29] Figure 29 is a refrigerant circuit diagram
showing the refrigerant flow of Embodiment 14 dur-
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ing a heating operation.

[Fig. 30] Figure 30 is a refrigerant circuit diagram of
an air conditioner according to a modification of Em-
bodiment 14.

Explanation of Reference Numerals
[0117]

1 air conditioner (refrigeration system)

10 refrigerant circuit

11 compressor

12 expander (expansion mechanism)

13 motor

21 outdoor heat exchanger (heat-source side heat
exchanger)

22 indoor heat exchanger (utilization side heat ex-
changer)

23 internal heat exchanger (temperature controller)
24 inner channel

25 outer channel

26 heat transfer fin

27 first channel

28 second channel

31 first four-way selector valve (refrigerant switching
mechanism)

32 second four-way selector valve (heat exchange
control mechanism)

33 third four-way selector valve (refrigerant switch-
ing mechanism)

32a bridge circuit

34 first solenoid shut-off valve

35 second solenoid shut-off valve

36 first motor-operated valve

37 second motor-operated valve

38 gas control valve

39 liquid control valve

45 bypass passage

46 bypass passage

50 heat transfer tube (internal heat exchange part)
51 gas-liquid separator

52 liquid storage section

53 gas storage section

55 separated gas pipe (first injection pipe)

57 bypass pipe

59 liquid injection pipe (second injection pipe)

60 heat exchange control mechanism

61 flow control valve (61a, 61b, 61c)

81-84 check valve

Best Mode for Carrying Out of the Invention

[0118] Embodiments of the present invention will be
described below in detail with reference to the drawings.
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«Embodiment 1 of the Invention»

[0119] Embodiment 1 relates to an air conditioner (1)
constituted by a refrigeration system according to the
present invention. As shown in Figure 1, the air condi-
tioner (1) includes a refrigerant circuit (10). The air con-
ditioner (1) of Embodiment 1 is configured to circulate
refrigerant through the refrigerant circuit (10) and selec-
tively perform a cooling operation and a heating opera-
tion.

[0120] The refrigerant circuit (10) is charged with car-
bon dioxide (CO,) as refrigerant. Furthermore, the refrig-
erant circuit (10) is provided with a compressor (11), an
expander (12), an outdoor heat exchanger (heat-source
side heat exchanger) (21), an indoor heat exchanger (uti-
lization side heat exchanger) (22), an internal heat ex-
changer (23), a first four-way selector valve (31) and a
second four-way selector valve (32).

[0121] The compressor (11) is constituted, for exam-
ple, by a rolling piston fluid machine. In other words, the
compressor (11) is constituted by a positive displace-
ment fluid machine having a constant displacement vol-
ume.

[0122] The expander (12) is constituted, for example,
by a rolling piston fluid machine. In other words, the ex-
pander (12) is constituted by a positive displacement fluid
machine having a constant displacement volume.
[0123] Note that the fluid machine constituting each of
the compressor (11) and the expander (12) is not limited
torolling piston type one. Forexample, scroll type positive
displacement fluid machines may be used as the com-
pressor (11) and the expander (12).

[0124] The compressor (11) is mechanically connect-
ed to the expander (12) via a motor (13). The compressor
(11) is driven into rotation by both of power obtained by
refrigerant expansion in the expander (12) and power
obtained by turn-on of the motor (13). The compressor
(11) and the expander (12) are connected to each other
by a single drive shaft and thereby always have the same
number of rotations. Therefore, the displacement volume
ratio between the compressor (11) and the expander (12)
is constant.

[0125] The outdoor heat exchanger (21) is constituted
by a so-called cross fin type fin-and-tube heat exchanger.
The outdoor heat exchanger (21) is supplied with outdoor
air by an unshown fan. In the outdoor heat exchanger
(21), heatis exchanged between the outdoor air supplied
and the refrigerant in the refrigerant circuit (10).

[0126] The indoor heat exchanger (22) is constituted
by a so-called cross fin type fin-and-tube heat exchanger.
The indoor heat exchanger (22) is supplied with room air
by an unshown fan. In the indoor heat exchanger (22),
heat is exchanged between the room air supplied and
the refrigerant in the refrigerant circuit (10).

[0127] As shown in Figure 2A and Figure 2B which is
a cross-sectional view taken along the line B-B of Figure
2A, the internal heat exchanger (23) is constituted by a
double-pipe heat exchanger in which an inner channel
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(24) and an outer channel (25) are disposed adjacent
each other. The internal heat exchanger (23) is config-
ured so that, during the cooling operation, refrigerant af-
ter passing through the outdoor heat exchanger (21)
serving as a gas cooler is cooled by heat exchange with
refrigerant after passing through the indoor heat ex-
changer (22) serving as an evaporator.

[0128] The inner channel (24) of the internal heat ex-
changer (23) provides, during the cooling operation, a
channel through which refrigerant after passing through
the outdoor heat exchanger (21) serving as a gas cooler
flows and also provides, during the heating operation, a
channel through which refrigerant after passing through
the outdoor heat exchanger (21) serving as an evapora-
tor flows. On the other hand, the outer channel (25) of
the internal heat exchanger (23) provides, during the
cooling operation, a channel through which refrigerant
after passing through the indoor heat exchanger (22)
serving as an evaporator flows and also provides, during
the heating operation, a channel through which refriger-
ant after passing through the indoor heat exchanger (22)
serving as a gas cooler flows.

[0129] The outer channel (25) is provided with heat
transfer fins (26). The internal heat exchanger (23) is
configured, owing to the provision of the heat transfer
fins (26), so that, during the cooling operation, the heat
transfer capacity of the refrigerant channel (outer channel
(25)) through which refrigerant after passing through the
indoor heat exchanger (22) serving as an evaporator
flows is higher than that of the other refrigerant channel
(inner channel (24)) through which refrigerant after pass-
ing through the outdoor heat exchanger (21) serving as
a gas cooler flows and that, during the heating operation,
the heat transfer capacity of the refrigerant channel (inner
channel (24)) through which refrigerant after passing
through the outdoor heat exchanger (21) serving as an
evaporator flows is lower than that of the other refrigerant
channel (outer channel (25)) through which refrigerant
after passing through the indoor heat exchanger (22)
serving as a gas cooler flows. Therefore, the internal heat
exchanger (23) is configured to have a larger amount of
heat exchange during the cooling operation than during
the heating operation and thereby increase the capacity
to cool refrigerant flowing towards the expander (12) dur-
ing the cooling operation.

[0130] Inthe refrigerant circuit (10), the discharge side
of the compressor (11) is connected to a first port (P1)
of the first four-way selector valve (31) and a second port
(P2) of the first four-way selector valve (31) is connected
to afirstend of the outdoor heat exchanger (21). A second
end of the outdoor heat exchanger (21) is connected via
the inner channel (24) of the internal heat exchanger (23)
to a first port (P1) of the second four-way selector valve
(32), and a second port (P2) of the second four-way se-
lector valve (32) is connected to the inlet side of the ex-
pander (12). The outlet side of the expander (12) is con-
nected to a third port (P3) of the first four-way selector
valve (31), and a fourth port (P4) of the first four-way
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selector valve (31) is connected to a first end of the indoor
heat exchanger (22). A second end of the indoor heat
exchanger (22) is connected via the outer channel (25)
of the internal heat exchanger (23) to a third port (P3) of
the second four-way selector valve (32), and a fourth port
(P4) of the second four-way selector valve (32) is con-
nected to the suction side of the compressor (11).
[0131] The first four-way selector valve (31) switches
between a position in which the first port (P1) is commu-
nicated with the second port (P2) and the third port (P3)
is communicated with the fourth port (P4) (the position
shown in the solid lines in Figure 1) and a position in
which the first port (P1) is communicated with the fourth
port (P4) and the second port (P2) is communicated with
the third port (P3) (the position shown in the broken lines
in Figure 1).

[0132] The secondfour-way selector valve (32) switch-
es between a position in which the first port (P1) is com-
municated with the second port (P2) and the third port
(P3) is communicated with the fourth port (P4) (the po-
sition shown in the solid lines in Figure 1) and a position
in which the first port (P1) is communicated with the fourth
port (P4) and the second port (P2) is communicated with
the third port (P3) (the position shown in the broken lines
in Figure 1).

- Operational Behavior -

[0133] Next, a description is given of the behaviors of
the air conditioner (1) during cooling and heating opera-
tions.

(Cooling Operation)

[0134] In the cooling operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the solid
lines in Figure 1. When the motor (13) is turned on in this
state, refrigerant circulates through the refrigerant circuit
(10), whereby the refrigerant circuit (10) operates in a
refrigeration cycle. During this operation, the outdoor
heat exchanger (21) serves as a gas cooler and the in-
door heat exchanger (22) serves as an evaporator. The
high-side pressure of the refrigeration cycle is set higher
than the critical pressure of carbon dioxide which is the
refrigerant.

[0135] The compressor (11) discharges supercritical
high-pressure refrigerant. The high-pressure refrigerant
flows through the first four-way selector valve (31) and
into the outdoor heat exchanger (21). In the outdoor heat
exchanger (21), the high-pressure refrigerant releases
heat to the outdoor air to decrease its temperature.
[0136] The high-pressure refrigerant after flowing out
of the outdoor heat exchanger (21) passes through the
inner channel (24) of the internal heat exchanger (23)
and, during the time, is cooled by heat exchange with
refrigerant flowing through the outer channel (25) after
passing through the evaporator. The refrigerant thus
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cooled flows through the second four-way selector valve
(32) and then into the expander (12). In the expander
(12), the introduced high-pressure refrigerant expands,
whereby the internal energy of the high-pressure refrig-
erant is converted into power of rotation. Because of ex-
pansion in the expander (12), the high-pressure refriger-
ant decreases its pressure to change from supercritical
to gas-liquid two-phase form.

[0137] The low-pressure refrigerant after flowing out
of the expander (12) flows through the first four-way se-
lector valve (31) into the indoor heat exchanger (22). In
the indoor heat exchanger (22), the low-pressure refrig-
erant takes heat from room air to evaporate. Further-
more, in the indoor heat exchanger (22), the room air is
cooled by the low-pressure refrigerant and the cooled
room air is fed back to the room.

[0138] The low-pressure refrigerant after flowing out
of the indoor heat exchanger (22) passes through the
outer channel (25) of the internal heat exchanger (23)
and, during the time, is heated by heat exchange with
refrigerant flowing through the inner channel (24) after
passing through the outdoor heat exchanger (21). The
refrigerant thus heated flows through the second four-
way selector valve (32) and is then sucked into the com-
pressor (11). The refrigerant sucked in the compressor
(11) is compressed to a predetermined pressure and then
discharged from the compressor (11).

[0139] In the internal heat exchanger (23), the outer
channel (25) through which refrigerant after passing
through the indoor heat exchanger (22) serving as an
evaporator flows is provided with heat transfer fins (26)
but the inner channel (24) through which refrigerant after
passing through the outdoor heat exchanger (21) serving
as a gas cooler flows is provided no heat transfer fin (26).
In addition, the heat transfer coefficient of low-pressure
gas refrigerant after passing through the indoor heat ex-
changer (22) is relatively low but the heat transfer coef-
ficient of supercritical refrigerant after passing through
the outdoor heat exchanger (21) is relatively high. Thus,
during the cooling operation, the internal heat exchanger
(23) has an increased heat transfer capacity at the outer
channel (25) through which low-pressure gas refrigerant
of relatively low heat transfer coefficient flows. Therefore,
during the cooling operation, the supercritical refrigerant
flowing through the inner channel (24) comparatively ef-
ficiently exchanges heat with the low-pressure gas re-
frigerant flowing through the outer channel (25) and is
thereby comparatively efficiently cooled in the internal
heat exchanger (23) to reduce its specific volume. As a
result, the amount of refrigerant flowing into the expander
(12) can be increased.

(Heating Operation)

[0140] In the heating operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the bro-
ken lines in Figure 1. When the motor (13) is turned on
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in this state, refrigerant circulates through the refrigerant
circuit (10), whereby the refrigerant circuit (10) operates
in a refrigeration cycle. During this operation, the indoor
heat exchanger (22) serves as a gas cooler and the out-
door heat exchanger (21) serves as an evaporator. The
high-side pressure of the refrigeration cycle, like in the
cooling operation, is set higher than the critical pressure
of carbon dioxide which is the refrigerant.

[0141] The compressor (11) discharges supercritical
high-pressure refrigerant. The high-pressure refrigerant
flows through the first four-way selector valve (31) and
into the indoor heat exchanger (22). In the indoor heat
exchanger (22), the high-pressure refrigerant releases
heat to room air to decrease its temperature. Further-
more, in the indoor heat exchanger (22), the room air is
heated by the high-pressure refrigerant and the heated
room air is fed back to the room.

[0142] The high-pressure refrigerant after flowing out
of the indoor heat exchanger (22) passes through the
outer channel (25) of the internal heat exchanger (23)
and then flows through the second four-way selector
valve (32) and into the expander (12). In the expander
(12), the introduced high-pressure refrigerant expands,
whereby the internal energy of the high-pressure refrig-
erant is converted into power of rotation. Because of ex-
pansion in the expander (12), the high-pressure refriger-
ant decreases its pressure to change from supercritical
to gas-liquid two-phase form.

[0143] The low-pressure refrigerant after flowing out
of the expander (12) flows through the first four-way se-
lector valve (31) into the outdoor heat exchanger (21).
In the outdoor heat exchanger (21), the low-pressure re-
frigerant takes heat from the outdoor air to evaporate.
[0144] The low-pressure refrigerant after flowing out
of the outdoor heat exchanger (21) passes through the
inner channel (24) of the internal heat exchanger (23),
then flows through the second four-way selector valve
(32) and is then sucked into the compressor (11). The
refrigerant sucked in the compressor (11) is compressed
to a predetermined pressure and then discharged from
the compressor (11).

[0145] In the internal heat exchanger (23), the outer
channel (25) through which refrigerant after passing
through the indoor heat exchanger (22) serving as a gas
cooler flows is provided with heat transfer fins (26) but
the inner channel (24) through which refrigerant after
passing through the outdoor heat exchanger (21) serving
as an evaporator flows is provided no heat transfer fin
(26). In addition, the heat transfer coefficient of low-pres-
sure gas refrigerant after passing through the outdoor
heat exchanger (21) is relatively low but the heat transfer
coefficient of supercritical refrigerant after passing
through the indoor heat exchanger (22) is relatively high.
Thus, during the heating operation, the internal heat ex-
changer (23) has a low heat transfer capacity at the inner
channel (24) through which low-pressure gas refrigerant
of relatively low heat transfer coefficient flows. Therefore,
during the heating operation, the supercritical refrigerant
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flowing through the outer channel (25) hardly exchanges
heat with the low-pressure gas refrigerant flowing
through the inner channel (24).

- Effects of Embodiment 1 -

[0146] Accordingto Embodiment 1, inthe internal heat
exchanger (23) during the cooling operation, refrigerant
after passing through the indoor heat exchanger (22)
serving as an evaporator flows through the outer channel
(25) and refrigerant after passing through the outdoor
heat exchanger (21) serving as a gas cooler flows
through the inner channel (24). On the other hand, in the
internal heat exchanger (23) during the heating opera-
tion, refrigerant after passing through the indoor heat ex-
changer (22) serving as a gas cooler flows through the
outer channel (25) and refrigerant after passing through
the outdoor heat exchanger (21) serving as an evapora-
tor flows through the inner channel (24). In addition, the
outer channel (25) is provided with heat transfer fins (26).
[0147] Thus, during the cooling operation, gas refrig-
erant after passing through the evaporator flows through
the outer channel (25), whereby refrigerant in the inner
channel (24) comparatively efficiently exchanges heat
with refrigerant in the outer channel (25) and the super-
critical refrigerant decreases its temperature and then
flows into the expander (12). On the other hand, during
the heating operation, gas refrigerant after passing
through the evaporator flows through the inner channel
(24), whereby refrigerant in the outer channel (25) hardly
exchanges heat with refrigerant in the inner channel (24)
and the supercritical refrigerant flows into the expander
(12) substantially without changing its temperature.
[0148] Therefore, in the internal heat exchanger (23)
during the cooling operation, refrigerant flowing towards
the expander (12) is cooled more than during the heating
operation to reduce its specific volume, which increases
the flow rate of refrigerant into the expander (12). Hence,
according to this embodiment, the specific volume or flow
rate of refrigerant flowing into the expander (12) during
the cooling operation is controlled, whereby the refriger-
ant flow rate through the compressor (11) and the refrig-
erant flow rate through the expander (12) can be bal-
anced.

[0149] Furthermore, since there is no need for refrig-
erant to bypass the expander (12) during the cooling op-
eration in which the refrigerant circulation amount is larg-
er than during the heating operation, the recovery power
from the expander (12) is not reduced, which prevents
the COP from being deteriorated.

«Embodiment 2 of the Invention»

[0150] In Embodiment 2, areceiver (41) is additionally
disposed in the refrigerant circuit (10) in Embodiment 1
between the expander (12) and the first four-way selector
valve (31). In other words, in Embodiment 2, the receiver
(41) is disposed to the outlet side of the expander (12).
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[0151] As shown in Figure 3, the outlet side of the ex-
pander (12) is connected to an inlet port of the receiver
(41) and an outlet port of the receiver (41) is connected
to the third port (P3) of the first four-way selector valve
(31). Furthermore, the suction side of the compressor
(11) is connected to a liquid injection pipe (42) connected
tothe lower end of the receiver (41) and is also connected
to a gas vent pipe (43) connected to the upper end of the
receiver (41). The liquid injection pipe (42) and the gas
vent pipe (43) are provided with a first motor-operated
valve (EV1) and a second motor-operated valve (EV2),
respectively. These valves are configured to control the
flow rate of refrigerant.

[0152] The rest of the configuration is the same as in
Embodiment 1.

- Operational Behavior -

[0153] In the cooling operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the solid
lines in Figure 3. Refrigerant discharged from the com-
pressor (11) in this state sequentially flows through the
first four-way selector valve (31), the outdoor heat ex-
changer (21), the inner channel (24) of the internal heat
exchanger (23), the second four-way selector valve (32),
the expander (12), the receiver (41), the first four-way
selector valve (31), the indoor heat exchanger (22), the
outer channel (25) of the internal heat exchanger (23)
and the second four-way selector valve (32) and is then
sucked into the compressor (11) again.

[0154] Intheinternalheatexchanger(23), supercritical
refrigerant after passing through the outdoor heat ex-
changer (21) flows through the inner channel (24) and
low-pressure gas refrigerant after passing through the
indoor heat exchanger (22) flows through the outer chan-
nel (25). Therefore, the refrigerant flowing through the
inner channel (24) exchanges heat with the refrigerant
flowing through the outer channel (25). Thus, the super-
critical refrigerant is cooled into a low specific volume in
the internal heat exchanger (23) and then flows in this
state into the expander (12).

[0155] During the cooling operation, the compressor
(11) can be controlled in terms of the degree of suction
superheat and put into an oil return operation by control-
ling the opening of the motor-operated valve of the liquid
injection pipe (42). Furthermore, the receiver (41) can be
degassed by controlling the opening of the motor-oper-
ated valve of the gas vent pipe (43). Furthermore, when
during operation the compressor (11) falls short of ca-
pacity, the shortage can be compensated for by control-
ling the openings of the first motor-operated valve (EV1)
of the liquid injection pipe (42) and the second motor-
operated valve (EV2) of the gas vent pipe (43).

[0156] In the heating operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the bro-
ken lines in Figure 3. Refrigerant discharged from the
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compressor (11) in this state sequentially flows through
the first four-way selector valve (31), the indoor heat ex-
changer (22), the outer channel (25) of the internal heat
exchanger (23), the second four-way selector valve (32),
the expander (12), the receiver (41), the first four-way
selector valve (31), the outdoor heat exchanger (21), the
inner channel (24) of the internal heat exchanger (23)
and the second four-way selector valve (32) and is then
sucked into the compressor (11) again.

[0157] Intheinternalheatexchanger(23), supercritical
refrigerant after passing through the indoor heat ex-
changer (22) flows through the outer channel (25) and
low-pressure gas refrigerant after passing through the
outdoor heat exchanger (21) flows through the inner
channel (24). Therefore, the refrigerant flowing through
the outer channel (25) hardly exchanges heat with the
refrigerant flowing through the inner channel (24). Thus,
even when the supercritical refrigerant passes through
the internal heat exchanger (23), it flows into the expand-
er (12) substantially without changing its temperature.

- Effects of Embodiment 2 -

[0158] Alsoin Embodiment 2, during the cooling oper-
ation, gas refrigerant after passing through the indoor
heat exchanger (22) serving as an evaporator flows
through the outer channel (25). Therefore, refrigerant in
the inner channel (24) comparatively efficiently exchang-
es heat with refrigerant in the outer channel (25) and the
supercritical refrigerant decreases its temperature to re-
duce its specific volume and then flows in this state into
the expander (12). On the other hand, during the heating
operation, gas refrigerant after passing through the out-
door heat exchanger (21) serving as an evaporator flows
through the inner channel (24). Therefore, refrigerant in
the outer channel (25) hardly exchanges heat with refrig-
erant in the inner channel (24) and the supercritical re-
frigerant flows into the expander (12) substantially with-
out changing its temperature.

[0159] Since, as described above, the specific volume
and flow rate of refrigerant flowing into the expander (12)
during the cooling operation can be controlled by con-
trolling the temperature of the refrigerant, the refrigerant
flow rate through the compressor (11) and the refrigerant
flow rate through the expander (12) can be balanced,
thereby preventing the COP from being deteriorated.

«Embodiment 3 of the Invention»

[0160] In Embodiment 3, areceiver (41) is additionally
disposed in the refrigerant circuit (10) in Embodiment 1
at a different position from Embodiment 2. The air con-
ditioner according to Embodiment 3 is configured so that
supercritical refrigerant after passing through the gas
cooler flows into the internal heat exchanger (23) and
low-pressure refrigerant after passing through the evap-
orator flows through the receiver (41) and then into the
internal heat exchanger (23).
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[0161] As shown in Figure 4, the pipe connecting the
second end of the indoor heat exchanger (22) with the
outer channel (25) of the internal heat exchanger (23) is
provided with a first solenoid valve (SV1) between the
indoor heat exchanger (22) and the internal heat ex-
changer (23), and a pipe line branches off from the pipe
on the way to the internal heat exchanger (23) short of
the first solenoid valve (8V1) and is connected via a third
solenoid valve (SV3) to the receiver (41). Furthermore,
the pipe connecting the second end of the outdoor heat
exchanger (21) with the inner channel (24) of the internal
heat exchanger (23) is provided with a second solenoid
valve (SV2) between the outdoor heat exchanger (21)
and the internal heat exchanger (23), and a pipe line
branches off from the pipe on the way to the internal heat
exchanger (23) short of the second solenoid valve (SV2)
and is connected via a fourth solenoid valve (SV4) to the
receiver (41).

[0162] The receiver (41) has a liquid injection pipe (42)
connected thereto and provided with a motor-operated
valve (EV) and the liquid injection pipe (42) is connected
to the suction side of the compressor (11). The receiver
(41) also has a gas vent pipe (43) connected thereto and
the gas vent pipe (43) is branched into two branch lines.
Out of the two branch lines, a first branch line (43a) is
connected to the outer channel (25) of the internal heat
exchanger (23) via a first check valve (CV1) for inhibiting
the flow of refrigerant towards the receiver (41) and a
second branch line (43b) is connected to the inner chan-
nel (24) of the internal heat exchanger (23) via a second
check valve (CV2) for inhibiting the flow of refrigerant
towards the receiver (41).

[0163] The rest of the configuration is the same as in
Embodiment 1.

- Operational Behavior -

[0164] In the cooling operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the solid
lines in Figure 4. Furthermore, in the cooling operation,
the first solenoid valve (SV1) and the fourth solenoid
valve (SV4) are closed and the second solenoid valve
(SV2) and the third solenoid valve (SV3) are open.
[0165] Refrigerant discharged from the compressor
(11) in this state sequentially flows through the first four-
way selector valve (31), the outdoor heat exchanger (21),
the inner channel (24) of the internal heatexchanger (23),
the second four-way selector valve (32), the expander
(12), the first four-way selector valve (31), the indoor heat
exchanger (22), the receiver (41), the outer channel (25)
of the internal heat exchanger (23) and the second four-
way selector valve (32) and is then sucked into the com-
pressor (11) again.

[0166] Intheinternal heatexchanger(23), supercritical
refrigerant after passing through the outdoor heat ex-
changer (21) flows through the inner channel (24) and
low-pressure gas refrigerant after passing through the
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indoor heat exchanger (22) flows through the outer chan-
nel (25). Therefore, the refrigerant flowing through the
inner channel (24) exchanges heat with the refrigerant
flowing through the outer channel (25). Thus, the super-
critical refrigerant is cooled into a low specific volume in
the internal heat exchanger (23) and then flows in this
state into the expander (12).

[0167] In the heating operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the bro-
ken lines in Figure 4. Furthermore, in the heating oper-
ation, the first solenoid valve (SV1) and the fourth sole-
noid valve (SV4) are open and the second solenoid valve
(SV2) and the third solenoid valve (SV3) are closed.
[0168] Refrigerant discharged from the compressor
(11) in this state sequentially flows through the first four-
way selector valve (31), the indoor heat exchanger (22),
the outer channel (25) of the internal heat exchanger (23),
the second four-way selector valve (32), the expander
(12), the first four-way selector valve (31), the outdoor
heat exchanger (21), the receiver (41), the inner channel
(24) of the internal heat exchanger (23) and the second
four-way selector valve (32) and is then sucked into the
compressor (11) again.

[0169] Intheinternalheatexchanger(23), supercritical
refrigerant after passing through the indoor heat ex-
changer (22) flows through the outer channel (25) and
low-pressure gas refrigerant after passing through the
outdoor heat exchanger (21) flows through the inner
channel (24). Therefore, the refrigerant flowing through
the outer channel (25) hardly exchanges heat with the
refrigerant flowing through the inner channel (24). Thus,
even when the supercritical refrigerant passes through
the internal heat exchanger (23), it flows into the expand-
er (12) substantially without changing its temperature.

- Effects of Embodiment 3 -

[0170] Alsoin Embodiment 3, during the cooling oper-
ation, gas refrigerant after passing through the indoor
heat exchanger (22) serving as an evaporator flows
through the outer channel (25). Therefore, refrigerant in
the inner channel (24) comparatively efficiently exchang-
es heat with refrigerant in the outer channel (25) and the
supercritical refrigerant decreases its temperature to re-
duce its specific volume and then flows in this state into
the expander (12). On the other hand, during the heating
operation, gas refrigerant after passing through the out-
door heat exchanger (21) serving as an evaporator flows
through the inner channel (24). Therefore, refrigerant in
the outer channel (25) hardly exchanges heat with refrig-
erant in the inner channel (24) and the supercritical re-
frigerant flows into the expander (12) substantially with-
out changing its temperature.

[0171] Since, as described above, the specific volume
and flow rate of refrigerant flowing into the expander (12)
during the cooling operation can be controlled by con-
trolling the temperature of the refrigerant, the refrigerant
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flow rate through the compressor (11) and the refrigerant
flow rate through the expander (12) can be balanced,
thereby preventing the COP from being deteriorated.

«Embodiment 4 of the Invention»

[0172] Embodiment 4 is an example of an air condi-
tioner according to the present invention configured so
that the flows of refrigerant through the inner channel
(24) and the outer channel (25) of the internal heat ex-
changer (23) are in opposite directions (in counterflow)
to each other during the cooling operation and are in the
same direction (in parallel flow with each other) during
the heating operation.

[0173] As shown in Figure 5, in Embodiment 4, a third
four-way selector valve (33) is disposed in a pipe line
between the outdoor heat exchanger (21) and the internal
heat exchanger (23) to reverse the flow direction of re-
frigerant in the inner channel (24) of the internal heat
exchanger (23) at the change from the cooling operation
to the heating operation and vice versa. To accomplish
this, the second end of the outdoor heat exchanger (21)
is connected to a first port (P1) of the third four-way se-
lector valve (33), a second port (P2) of the third four-way
selector valve (33) is connected via the inner channel
(24) of the internal heat exchanger (23) to a third port
(P3) of the third four-way selector valve (33) and a fourth
port (P4) of the third four-way selector valve (33) is con-
nected to the first port (P1) of the second four-way se-
lector valve (32).

[0174] The third four-way selector valve (33) switches
between a position in which the first port (P1) is commu-
nicated with the second port (P2) and the third port (P3)
is communicated with the fourth port (P4) (the position
shown in the solid lines in Figure 5) and a position in
which the first port (P1) is communicated with the third
port (P3) and the second port (P2) is communicated with
the fourth port (P4) (the position shown in the broken
lines in Figure 5).

[0175] The rest of the configuration is the same as in
Embodiment 1.

- Operational Behavior -

[0176] In the cooling operation, the first four-way se-
lector valve (31), the second four-way selector valve (32)
and the third four-way selector valve (33) switch to their
respective positions shown in the solid lines in Figure 5.
Refrigerant discharged from the compressor (11) in this
state sequentially flows through the first four-way selector
valve (31), the outdoor heat exchanger (21), the third
four-way selector valve (33), the inner channel (24) of
the internal heat exchanger (23), the third four-way se-
lectorvalve (33), the second four-way selector valve (32),
the expander (12), the first four-way selector valve (31),
the indoor heat exchanger (22), the outer channel (25)
of the internal heat exchanger (23) and the second four-
way selector valve (32) and is then sucked into the com-
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pressor (11) again.

[0177] In the internal heat exchanger (23), refrigerant
passing through the inner channel (24) after passing
through the outdoor heat exchanger (21) and refrigerant
passing through the outer channel (25) after passing
through the indoor heat exchanger (22) flow in opposite
directions to each other. In addition, supercritical refrig-
erant flows through the inner channel (24) and gas re-
frigerant flows through the outer channel (25). Therefore,
the refrigerant flowing through the inner channel (24) ef-
ficiently exchanges heat with the refrigerant flowing
through the outer channel (25). Thus, the supercritical
refrigerant is cooled into a low specific volume in the in-
ternal heat exchanger (23) and then flows in this state
into the expander (12).

[0178] In the heating operation, the first four-way se-
lector valve (31), the second four-way selector valve (32)
and the third four-way selector valve (33) switch to their
respective positions shown in the broken lines in Figure
5. Refrigerant discharged from the compressor (11) in
this state sequentially flows through the first four-way se-
lector valve (31), the indoor heat exchanger (22), the
outer channel (25) of the internal heat exchanger (23),
the second four-way selector valve (32), the expander
(12), the first four-way selector valve (31), the outdoor
heat exchanger (21), the third four-way selector valve
(33), theinner channel (24) of the internal heat exchanger
(23), the third four-way selector valve (33) and the second
four-way selector valve (32) and is then sucked into the
compressor (11) again.

[0179] In the internal heat exchanger (23), refrigerant
passing through the outer channel (25) after passing
through the indoor heat exchanger (22) and refrigerant
passing through the inner channel (24) after passing
through the outdoor heat exchanger (21) flow in the same
direction. In addition, supercritical refrigerant flows
through the outer channel (25) and gas refrigerant flows
through the inner channel (24). Therefore, the refrigerant
flowing through the outer channel (25) hardly exchanges
heat with the refrigerant flowing through the inner channel
(24). Thus, even when the supercritical refrigerant pass-
es through the internal heat exchanger (23), it flows into
the expander (12) substantially without changing its tem-
perature.

[0180] Specifically, assume that the heat exchanger
efficiency between the counterflows is 0.8, the heat ex-
changer efficiency between the parallel flows is 0.3 and
the overall heat transfer coefficient during the cooling op-
eration is 2.34 times as large as that during the heating
operation because of the heat transfer area difference
between the outer channel (25) and the inner channel.
The heat transfer capacity during the cooling operation
is determined to be 2.34X0.8/0.3=6.24 times as large as
that during the heating operation.

- Effects of Embodiment 4 -

[0181] According to Embodiment 4, during the cooling
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operation, gas refrigerant after passing through the in-
door heat exchanger (22) serving as an evaporator flows
through the outer channel (25) and refrigerant in the outer
channel (25) and refrigerant in the inner channel (24)
flow in opposite directions to each other. Therefore, re-
frigerantin the inner channel (24) comparatively efficient-
ly exchanges heat with refrigerant in the outer channel
(25) and the supercritical refrigerant decreases its tem-
perature to reduce its specific volume and then flows in
this state into the expander (12). On the other hand, dur-
ing the heating operation, gas refrigerant after passing
through the outdoor heat exchanger (21) serving as an
evaporator flows through the inner channel (24) and, dur-
ing the time, refrigerant in the outer channel (25) and
refrigerant in the inner channel (24) flow in the same di-
rection. Therefore, the refrigerant in the outer channel
(25) hardly exchanges heat with the refrigerant in the
inner channel (24) and the supercritical refrigerant flows
into the expander (12) substantially without changing its
temperature.

[0182] Since, as described above, the specific volume
and flow rate of refrigerant flowing into the expander (12)
during the cooling operation can be controlled by con-
trolling the temperature of the refrigerant, the refrigerant
flow rate through the compressor (11) and the refrigerant
flow rate through the expander (12) can be balanced,
thereby preventing the COP from being deteriorated.

«Embodiment 5 of the Invention»

[0183] InEmbodiment5, instead of a double-pipe heat
exchanger in Embodiment 1, a three-layered plate heat
exchanger is used as the internal heat exchanger (23).
This internal heat exchanger (23) has an inner channel
(24) located in the center and a first outer channel (25A)
and a second outer channel (25B) that are disposed ad-
jacent and on either outside of the inner channel (24).

[0184] As shown in Figure 6, the inner channel (24) of
the internal heat exchanger (23) constitutes, during the
cooling operation, a channel through which refrigerant
after passing through the outdoor heat exchanger (21)
serving as a gas cooler flows, and constitutes, during the
heating operation, a channel through which refrigerant
after passing through the outdoor heat exchanger (21)
serving as an evaporator flows. The second outer chan-
nel (25B) constitutes, during the cooling operation, a
channel through which refrigerant after passing through
the indoor heat exchanger (22) serving as an evaporator
flows, and constitutes, during the heating operation, a
channel through which refrigerant after passing through
the indoor heat exchanger (22) serving as a gas cooler
flows. The first outer channel (25A) constitutes, during
the cooling operation, a channel through which low-pres-
sure refrigerant after passing through the second outer
channel (25B) flows, and constitutes, during the heating
operation, a channel through which low-pressure refrig-
erant after passing through the inner channel (24) flows.
[0185] Thefirstouterchannel (25A) of the internal heat



39 EP 1795 836 A1

exchanger (23) has heat transfer fins (26) provided on
its side surface towards the inner channel (24). Through
the provision of the heat transfer fins (26), the internal
heat exchanger (23) is configured so that, during the cool-
ing operation, the refrigerant channel (first outer channel
(25A)) through which refrigerant after passing through
the indoor heat exchanger (22) serving as an evaporator
flows has a higher heat transfer capacity than the refrig-
erant channel (inner channel (24)) through which refrig-
erant after passing through the outdoor heat exchanger
(21) serving as a gas cooler flows and, during the heating
operation, the refrigerant channel (inner channel (24))
through which refrigerant after passing through the out-
door heat exchanger (21) serving as an evaporator flows
has a lower heat transfer capacity than the refrigerant
channel (first outer channel (25A)) through which refrig-
erant after passing through the indoor heat exchanger
(22) serving as a gas cooler flows. Therefore, the internal
heat exchanger (23) is configured so that the capacity to
cool refrigerantflowing towards the expander (12) is high-
er during the cooling operation than during the heating
operation.

[0186] Intherefrigerantcircuit(10) of thisembodiment,
the second end of the outdoor heat exchanger (21) is
connected via the inner channel (24) of the internal heat
exchanger (23) to the first port (P1) of the second four-
way selector valve (32) and the second port (P2) of the
second four-way selector valve (32) is connected to the
inlet side of the expander (12). The second end of the
indoor heat exchanger (22) is connected via the second
outer channel (25B) of the internal heat exchanger (23)
to the third port (P3) of the second four-way selector valve
(32) and the fourth port (P4) of the second four-way se-
lector valve (32) is connected via the first outer channel
(25A) of the internal heat exchanger (23) to the suction
side of the compressor (11).

[0187] The rest of the configuration is the same as in
Embodiment 1.

- Operational Behavior -

[0188] In the cooling operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the solid
lines in Figure 6. Refrigerant discharged from the com-
pressor (11) in this state sequentially flows through the
first four-way selector valve (31), the outdoor heat ex-
changer (21), the inner channel (24) of the internal heat
exchanger (23), the second four-way selector valve (32),
the expander (12), the first four-way selector valve (31),
the indoor heat exchanger (22), the second outer channel
(25B) of the internal heat exchanger (23), the second
four-way selector valve (32) and the first outer channel
(25A) of the internal heat exchanger (23) and is then
sucked into the compressor (11) again.

[0189] Intheinternalheatexchanger(23), supercritical
refrigerant passing through the inner channel (24) after
passing through the outdoor heat exchanger (21) and
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gasrefrigerant passing through the second outer channel
(25B) after passing through the indoor heat exchanger
(22) have a large temperature difference but they are
parallel flows. Therefore, the amount of heat exchange
between them is comparatively small. On the other hand,
supercritical refrigerant passing through the inner chan-
nel (24) and gas refrigerant passing through the first outer
channel (25A) after passing through the second outer
channel (25B) not only have a large temperature differ-
ence but also are counterflows. In addition, the gas re-
frigerant flows through the first outer channel (25A).
Therefore, the supercritical refrigerant and the gas refrig-
erant efficiently exchange heat with each other. Thus,
the supercritical refrigerant is cooled into a low specific
volume in the internal heat exchanger (23) and then flows
in this state into the expander (12).

[0190] In the heating operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the bro-
ken lines in Figure 6. Refrigerant discharged from the
compressor (11) in this state sequentially flows through
the first four-way selector valve (31), the indoor heat ex-
changer (22), the second outer channel (25B) of the in-
ternal heat exchanger (23), the second four-way selector
valve (32), the expander (12), the first four-way selector
valve (31), the outdoor heat exchanger (21), the inner
channel (24) of the internal heat exchanger (23), the sec-
ond four-way selector valve (32) and the first outer chan-
nel (25A) of the internal heat exchanger (23) and is then
sucked into the compressor (11) again.

[0191] Intheinternalheatexchanger(23), supercritical
refrigerant passing through the first outer channel (25B)
after passing through the indoor heat exchanger (22) and
low-pressure gas refrigerant passing through the inner
channel (24) after passing through the outdoor heat ex-
changer (21) have a large temperature difference but
they are parallel flows. Therefore, the amount of heat
exchange between them is comparatively small. In ad-
dition, gas refrigerant passing through the inner channel
and gas refrigerant passing through the first outer chan-
nel (25A) after passing through the inner channel have
no temperature difference. Therefore, the amount of heat
exchange betweenthem is substantially zero. Thus, even
when the supercritical refrigerant passes through the in-
ternal heat exchanger (23), it flows into the expander (12)
substantially without changing its temperature.

- Effects of Embodiment 5 -

[0192] Also in this embodiment, during the cooling op-
eration, gas refrigerant after passing through the indoor
heat exchanger (22) serving as an evaporator flows
through the outer channel (25) (the first outer channel
(25A)) and refrigerant in the first outer channel (25A) and
refrigerant in the inner channel (24) flow in opposite di-
rections to each other. Therefore, the refrigerant in the
inner channel (24) comparatively efficiently exchanges
heat with the refrigerant in the first outer channel (25A)
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and the supercritical refrigerant decreases its tempera-
ture to reduce its specific volume and then flows in this
state into the expander (12). On the other hand, during
the heating operation, gas refrigerant after passing
through the outdoor heat exchanger (21) serving as an
evaporator flows through the inner channel (24) and the
first outer channel (25A) and, during the time, the gas
refrigerant hardly exchanges heat with supercritical re-
frigerant in the second outer channel (25B). Therefore,
the supercritical refrigerant flows into the expander (12)
substantially without changing its temperature.

[0193] Since, as described above, the specific volume
and flow rate of refrigerant flowing into the expander (12)
during the cooling operation can be controlled by con-
trolling the temperature of the refrigerant, the refrigerant
flow rate through the compressor (11) and the refrigerant
flow rate through the expander (12) can be balanced,
thereby preventing the COP from being deteriorated.

«Embodiment 6 of the Invention»

[0194] Embodiment 6 is an example of an air condi-
tioner according to the present invention configured so
that, during the cooling operation, refrigerant after pass-
ing through the gas cooler and refrigerant before flowing
into the evaporator exchange heat with each other in the
internal heat exchanger (23) (double-pipe heat exchang-
er).

[0195] As shown in Figure 7, the discharge side of the
compressor (11) is connected to the first port (P1) of the
first four-way selector valve (31) and the second port (P2)
of the first four-way selector valve (31) is connected to
the first end of the outdoor heat exchanger (21). The
second end of the outdoor heat exchanger (21) is con-
nected via the inner channel (24) of the internal heat ex-
changer (23) to the first port (P1) of the second four-way
selectorvalve (32) and the second port (P2) of the second
four-way selector valve (32) is connected to the inlet side
of the expander (12). The outlet side of the expander (12)
is connected to the third port (P3) of the second four-way
selector valve (32) and the fourth port (P4) of the second
four-way selector valve (32) is connected via the outer
channel (25) of the internal heat exchanger (23) to the
first end of the indoor heat exchanger (22). The second
end of the indoor heat exchanger (22) is connected to
the third port (P3) of the first four-way selector valve (31)
and the fourth port (P4) of the first four-way selector valve
(31) is connected to the suction side of the compressor
(11).

- Operational Behavior -

[0196] In the cooling operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the solid
lines in Figure 7. Refrigerant discharged from the com-
pressor (11) in this state sequentially flows through the
first four-way selector valve (31), the outdoor heat ex-
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changer (21), the inner channel (24) of the internal heat
exchanger (23), the second four-way selector valve (32),
the expander (12), the second four-way selector valve
(32), the outer channel (25) of the internal heat exchanger
(23), the indoor heat exchanger (22) and the first four-
way selector valve (31) and is then sucked into the com-
pressor (11) again.

[0197] Intheinternalheatexchanger(23), supercritical
refrigerant after passing through the outdoor heat ex-
changer (21) flows through the inner channel (24) and
low-pressure refrigerant before passing through the in-
door heat exchanger (22) flows through the outer channel
(25). Therefore, the refrigerant flowing through the inner
channel (24) exchanges heat with the refrigerant flowing
through the outer channel (25). Thus, the supercritical
refrigerant is cooled into a low specific volume in the in-
ternal heat exchanger (23) and then flows in this state
into the expander (12).

[0198] In the heating operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the bro-
ken lines in Figure 7. Refrigerant discharged from the
compressor (11) in this state sequentially flows through
the first four-way selector valve (31), the indoor heat ex-
changer (22), the outer channel (25) of the internal heat
exchanger (23), the second four-way selector valve (32),
the expander (12), the second four-way selector valve
(32), theinner channel (24) of the internal heat exchanger
(23), the outdoor heat exchanger (21) and the first four-
way selector valve (31) and is then sucked into the com-
pressor (11) again.

[0199] Intheinternal heatexchanger(23), supercritical
refrigerant after passing through the indoor heat ex-
changer (22) flows through the outer channel (25) and
low-pressure refrigerant before passing through the out-
door heatexchanger (21) flows through the inner channel
(24). Therefore, the refrigerant flowing through the outer
channel (25) hardly exchanges heat with the refrigerant
flowing through the inner channel (24). Thus, even when
the supercritical refrigerant passes through the internal
heat exchanger (23), it flows into the expander (12) sub-
stantially without changing its temperature.

Effects of Embodiment 6 -

[0200] -Accordingto Embodiment6, duringthe cooling
operation, refrigerant before passing through the indoor
heat exchanger (22) serving as an evaporator flows
through the outer channel (25). Therefore, refrigerant in
the inner channel (24) comparatively efficiently exchang-
es heat with refrigerant in the outer channel (25) and the
supercritical refrigerant decreases its temperature to re-
duce its specific volume and then flows in this state into
the expander (12). On the other hand, during the heating
operation, refrigerant before passing through the outdoor
heat exchanger (21) serving as an evaporator flows
through the inner channel (24). Therefore, refrigerant in
the outer channel (25) hardly exchanges heat with refrig-
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erant in the inner channel (24) and the supercritical re-
frigerant flows into the expander (12) substantially with-
out changing its temperature.

[0201] Since, as described above, the specific volume
and flow rate of refrigerant flowing into the expander (12)
during the cooling operation can be controlled by con-
trolling the temperature of the refrigerant, the refrigerant
flow rate through the compressor (11) and the refrigerant
flow rate through the expander (12) can be balanced,
thereby preventing the COP from being deteriorated.

«Embodiment 7 of the Invention»

[0202] In Embodiment 7, in the refrigerant circuit (10)
of Embodiment 6, a bridge circuit (32a) is used instead
of the second four-way selector valve (32).

[0203] As shown in Figure 8, the bridge circuit (32a) is
formed by connecting four pipe lines in bridges and has
four ports (P1, P2, P3, P4). The four pipe lines are pro-
vided with their respective check valves (CV). The check
valves (CV) are provided in their associated pipe lines to
allow the refrigerant flow from the first port (P1) towards
the second port (P2), the refrigerant flow from the third
port (P3) towards the fourth port (P4), the refrigerant flow
from the third port (P3) towards the first port (P1) and the
refrigerant flow from the fourth port (P4) towards the sec-
ond port (P2).

[0204] The inner channel (24) of the internal heat ex-
changer (23) is connected to the first port (P1) of the
bridge circuit (32a). The second port (P2) of the bridge
circuit (32a) is connected to the inlet side of the expander
(12). The outlet side of the expander (12) is connected
to the third port (P3) of the bridge circuit (32a). The fourth
port (P4) of the bridge circuit (32a) is connected to the
outer channel (25) of the internal heat exchanger (23).
[0205] The rest of the configuration is the same as in
Embodiment 6.

- Operational Behavior -

[0206] In the cooling operation, the first four-way se-
lector valve (31) switches to the position shown in the
solid lines in Figure 8. Refrigerant discharged from the
compressor (11) in this state sequentially flows through
the first four-way selector valve (31), the outdoor heat
exchanger (21), the inner channel (24) of the internal
heat exchanger (23), the bridge circuit (32a), the expand-
er (12), the bridge circuit (32a), the outer channel (25) of
the internal heat exchanger (23), the indoor heat ex-
changer (22) and the first four-way selector valve (31)
and is then sucked into the compressor (11) again.

[0207] Intheinternalheatexchanger(23), supercritical
refrigerant after passing through the outdoor heat ex-
changer (21) flows through the inner channel (24) and
low-pressure refrigerant before passing through the in-
door heat exchanger (22) flows through the outer channel
(25). Therefore, the refrigerant flowing through the inner
channel (24) exchanges heat with the refrigerant flowing
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through the outer channel (25). Thus, the supercritical
refrigerant is cooled into a low specific volume in the in-
ternal heat exchanger (23) and then flows in this state
into the expander (12).

[0208] In the heating operation, the first four-way se-
lector valve (31) switches to the position shown in the
broken lines in Figure 8. Refrigerant discharged from the
compressor (11) in this state sequentially flows through
the first four-way selector valve (31), the indoor heat ex-
changer (22), the outer channel (25) of the internal heat
exchanger (23), the bridge circuit (32a), the expander
(12), the bridge circuit (32a), the inner channel (24) of
the internal heat exchanger (23), the outdoor heat ex-
changer (21) and the first four-way selector valve (31)
and is then sucked into the compressor (11) again.
[0209] Intheinternalheatexchanger(23), supercritical
refrigerant after passing through the indoor heat ex-
changer (22) flows through the outer channel (25) and
low-pressure refrigerant before passing through the out-
door heat exchanger (21) flows through the inner channel
(24). Therefore, the refrigerant flowing through the outer
channel (25) hardly exchanges heat with the refrigerant
flowing through the inner channel (24). Thus, even when
the supercritical refrigerant passes through the internal
heat exchanger (23), it flows into the expander (12) sub-
stantially without changing its temperature.

- Effects of Embodiment 7 -

[0210] According to Embodiment 7, during the cooling
operation, refrigerant before passing through the indoor
heat exchanger (22) serving as an evaporator flows
through the outer channel (25). Therefore, refrigerant in
the inner channel (24) comparatively efficiently exchang-
es heat with refrigerant in the outer channel (25) and the
supercritical refrigerant decreases its temperature to re-
duce its specific volume and then flows in this state into
the expander (12). On the other hand, during the heating
operation, refrigerant before passing through the outdoor
heat exchanger (21) serving as an evaporator flows
through the inner channel (24). Therefore, refrigerant in
the outer channel (25) hardly exchanges heat with refrig-
erant in the inner channel (24) and the supercritical re-
frigerant flows into the expander (12) substantially with-
out changing its temperature.

[0211] Since, as described above, the specific volume
and flow rate of refrigerant flowing into the expander (12)
during the cooling operation can be controlled by con-
trolling the temperature of the refrigerant, the refrigerant
flow rate through the compressor (11) and the refrigerant
flow rate through the expander (12) can be balanced,
thereby preventing the COP from being deteriorated.

] «kEmbodiment 8 of the Invention»
[0212] Embodiment 8 is an example of an air condi-

tioner according to the present invention configured so
that in the air conditioner of Embodiment 6 the flows of
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refrigerant through the inner channel (24) and the outer
channel (25) of the internal heat exchanger (23) are in
opposite directions to each other during the cooling op-
eration and are in the same direction during the heating
operation.

[0213] As shown in Figure 9, in Embodiment 8, a third
four-way selector valve (33) is disposed in the refrigerant
circuit (10) of Embodiment 6 between the outdoor heat
exchanger (21) and the internal heat exchanger (23) to
reverse the flow direction of refrigerant in the outer chan-
nel (25) of the internal heat exchanger (23) but hold the
flow direction of refrigerant in the inner channel (24)
thereof when the air conditioner switches from the cooling
operation to the heating operation and vice versa. To
accomplish this, the second end of the outdoor heat ex-
changer (21) is connected to a first port (P1) of the third
four-way selector valve (33), a second port (P2) of the
third four-way selector valve (33) is connected via the
inner channel (24) of the internal heat exchanger (23) to
a third port (P3) of the third four-way selector valve (33)
and a fourth port (P4) of the third four-way selector valve
(33) is connected to the first port (P1) of the second four-
way selector valve (32).

[0214] The third four-way selector valve (33) switches
between a position in which the first port (P1) is commu-
nicated with the second port (P2) and the third port (P3)
is communicated with the fourth port (P4) (the position
shown in the solid lines in Figure 9) and a position in
which the first port (P1) is communicated with the third
port (P3) and the second port (P2) is communicated with
the fourth port (P4) (the position shown in the broken
lines in Figure 9).

[0215] The rest of the configuration is the same as in
Embodiment 6.

- Operational Behavior -

[0216] In the cooling operation, the first four-way se-
lector valve (31), the second four-way selector valve (32)
and the third four-way selector valve (33) switch to their
respective positions shown in the solid lines in Figure 9.
Refrigerant discharged from the compressor (11) in this
state sequentially flows through the first four-way selector
valve (31), the outdoor heat exchanger (21), the third
four-way selector valve (33), the inner channel (24) of
the internal heat exchanger (23), the third four-way se-
lector valve (33), the second four-way selector valve (32),
the expander (12), the second four-way selector valve
(32), the outer channel (25) of the internal heat exchanger
(23), the indoor heat exchanger (22) and the first four-
way selector valve (31) and is then sucked into the com-
pressor (11) again.

[0217] In the internal heat exchanger (23), refrigerant
passing through the inner channel (24) after passing
through the outdoor heat exchanger (21) and refrigerant
passing through the outer channel (25) before passing
through the indoor heat exchanger (22) flow in opposite
directions to each other. In addition, supercritical refrig-
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erant flows through the inner channel (24) and low-pres-
sure refrigerant flows through the outer channel (25).
Therefore, the refrigerant flowing through the inner chan-
nel (24) efficiently exchanges heat with the refrigerant
flowing through the outer channel (25). Thus, the super-
critical refrigerant is cooled into a low specific volume in
the internal heat exchanger (23) and then flows in this
state into the expander (12).

[0218] In the heating operation, the first four-way se-
lector valve (31), the second four-way selector valve (32)
and the third four-way selector valve (33) switch to their
respective positions shown in the broken lines in Figure
9. Refrigerant discharged from the compressor (11) in
this state sequentially flows through the first four-way se-
lector valve (31), the indoor heat exchanger (22), the
outer channel (25) of the internal heat exchanger (23),
the second four-way selector valve (32), the expander
(12), the second four-way selector valve (32), the third
four-way selector valve (33), the inner channel (24) of
the internal heat exchanger (23), the third four-way se-
lector valve (33), the outdoor heat exchanger (21) and
the first four-way selector valve (31) and is then sucked
into the compressor (11) again.

[0219] In the internal heat exchanger (23), refrigerant
passing through the outer channel (25) after passing
through the indoor heat exchanger (22) and refrigerant
passing through the inner channel (24) before passing
through the outdoor heat exchanger (21) flow in the same
direction. In addition, supercritical refrigerant flows
through the outer channel (25) and low-pressure refrig-
erant flows through the inner channel (24). Therefore,
the refrigerant flowing through the outer channel (25)
hardly exchanges heat with the refrigerant flowing
through the inner channel (24). Thus, even when the su-
percritical refrigerant passes through the internal heat
exchanger (23), it flows into the expander (12) substan-
tially without changing its temperature.

- Effects of Embodiment 8 -

[0220] According to Embodiment 8, during the cooling
operation, low-pressure refrigerant before passing
through the indoor heat exchanger (22) serving as an
evaporator flows through the outer channel (25) and re-
frigerant in the outer channel (25) and refrigerant in the
inner channel (24) flow in opposite directions to each
other. Therefore, refrigerant in the inner channel (24)
comparatively efficiently exchanges heat with refrigerant
in the outer channel (25) and the supercritical refrigerant
decreases its temperature to reduce its specific volume
and then flows in this state into the expander (12). On
the other hand, during the heating operation, low-pres-
sure refrigerant before passing through the outdoor heat
exchanger (21) serving as an evaporator flows through
the inner channel (24) and, during the time, refrigerant
inthe outer channel (25) and refrigerantin the inner chan-
nel (24) flow in the same direction. Therefore, the refrig-
erant in the outer channel (25) hardly exchanges heat



47

with the refrigerant in the inner channel (24) and the su-
percritical refrigerant flows into the expander (12) sub-
stantially without changing its temperature.

[0221] Since, as described above, the specific volume
and flow rate of refrigerant flowing into the expander (12)
during the cooling operation can be controlled by con-
trolling the temperature of the refrigerant, the refrigerant
flow rate through the compressor (11) and the refrigerant
flow rate through the expander (12) can be balanced,
thereby preventing the COP from being deteriorated;

«Embodiment 9 of the Invention»

[0222] Embodiment 9 relates to an air conditioner (1)
constituted by a refrigeration system according to the
present invention. As shown in Figure 10, the air condi-
tioner (1) includes a refrigerant circuit (10). The refriger-
ant circuit (10) operates in a vapor compression refrig-
eration cycle by compressing refrigerantinto supercritical
form. The air conditioner (1) of Embodiment 9 is config-
ured to circulate refrigerant through the refrigerant circuit
(10) and selectively perform a cooling operation and a
heating operation.

[0223] The refrigerant circuit (10) is charged with car-
bon dioxide (CO,) as refrigerant. Furthermore, the refrig-
erant circuit (10) is provided with a compressor (11), an
expander (12), an outdoor heat exchanger (heat-source
side heat exchanger) (21), an indoor heat exchanger (uti-
lization side heat exchanger) (22), an internal heat ex-
changer (23), a first four-way selector valve (31) and a
second four-way selector valve (32).

[0224] The compressor (11) and the expander (12) are
constituted by individual rotary piston fluid machines hav-
ing respective specific cylinder volumes. The compres-
sor (11) and the expander (12) are connected to each
other by the rotation shaft of a motor (13). The compres-
sor (11) is driven into rotation by both of power obtained
by refrigerant expansion in the expander (12) (expansion
power) and power obtained by turn-on of the motor (13).
[0225] Since the compressor (11) and the expander
(12) are connected to each other by the rotation shaft,
they always have the same number of rotations. There-
fore, in the refrigerant circuit (10), the ratio (Ve/Vc) be-
tween the circulation volume Ve of refrigerant passing
through the expander (12) and the circulation volume Vc
of refrigerant passing through the compressor (11) is a
fixed value determined by the cylinder volume ratio be-
tween the fluid machines (11, 12). The cylinder volume
ratio is designed so that the ratio Ve/Vc is equal to the
density ratio de/dc during the heating operation of the air
conditioner (1) between the density de of refrigerant flow-
ing into the expander (12) and the density dc of refrigerant
sucked into the compressor (11), i.e., so that the mass
flow rate Me of refrigerant passing through the expander
(12) is equal to the mass flow rate Mc of refrigerant pass-
ing through the compressor (11).

[0226] Note that the fluid machine constituting each of
the compressor (11) and the expander (12) is not limited
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torolling piston type one. Forexample, scrolltype positive
displacement fluid machines may be used as the com-
pressor (11) and the expander (12).

[0227] The outdoor heat exchanger (21) is constituted
by a so-called cross fin type fin-and-tube heat exchanger.
The outdoor heat exchanger (21) is supplied with outdoor
air by an unshown fan. In the outdoor heat exchanger
(21), heat is exchanged between the outdoor air supplied
and the refrigerant in the refrigerant circuit (10).

[0228] The indoor heat exchanger (22) is constituted
by a so-called cross fin type fin-and-tube heat exchanger.
The indoor heat exchanger (22) is supplied with room air
by an unshown fan. In the indoor heat exchanger (22),
heat is exchanged between the room air supplied and
the refrigerant in the refrigerant circuit (10).

[0229] Theinternal heatexchanger(23)includes afirst
channel (27) and a second channel (28) disposed adja-
cent to each other and is configured to be capable of
exchanging heat between refrigerant flowing through the
first channel (27) and refrigerant flowing through the sec-
ond channel (28). The internal heat exchanger (23) is
also configured so that, during the cooling operation,
high-pressure refrigerantis cooled by heat exchange with
low-pressure refrigerant.

[0230] The internal heat exchanger (23) is also con-
figured to provide, during the cooling operation, a coun-
terflow arrangement in which high-pressure refrigerant
flows through the first channel (27) and low-pressure re-
frigerant flows through the second channel (28) in an
opposite direction to the high-pressure refrigerant and
provide, during the heating operation, a parallel flow ar-
rangement in which high-pressure refrigerant flows
through both the channels (27, 28) in the same direction.
During the cooling operation, high-pressure refrigerant
after passing through the outdoor heat exchanger (21)
serving as a gas cooler is cooled by heat exchange with
low-pressure refrigerant before passing through the in-
door heat exchanger (22) serving as an evaporator. Dur-
ing the heating operation, high-pressure refrigerant after
passing through the indoor heat exchanger (22) serving
as a gas cooler sequentially flows through the second
channel (28) and the first channel (27) in each of which
the high-pressure refrigerant is not cooled.

[0231] Inthe refrigerant circuit (10), the discharge side
of the compressor (11) is connected to a first port (P1)
of the first four-way selector valve (31) and a second port
(P2) of the first four-way selector valve (31) is connected
to afirstend of the outdoor heat exchanger(21). A second
end of the outdoor heat exchanger (21) is connected to
a first port (P1) of the second four-way selector valve
(32), and a second port (P2) of the second four-way se-
lector valve (32) is connected via the first channel (27)
of the internal heat exchanger (23) to the inlet side of the
expander (12). The outlet side of the expander (12) is
connected to a third port (P3) of the second four-way
selector valve (32), and a fourth port (P4) of the second
four-way selector valve (32) is connected via the second
channel (28) of the internal heat exchanger (23) to a first
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end of the indoor heat exchanger (22). A second end of
the indoor heat exchanger (22) is connected to a third
port (P3) of the first four-way selector valve (31), and a
fourth port (P4) of the first four-way selector valve (31)
is connected to the suction side of the compressor (11).
[0232] The first four-way selector valve (31) switches
between a position in which the first port (P1) is commu-
nicated with the second port (P2) and the third port (P3)
is communicated with the fourth port (P4) (the position
shown in the solid lines in Figure 10) and a position in
which the first port (P1) is communicated with the third
port (P3) and the second port (P2) is communicated with
the fourth port (P4) (the position shown in the broken
lines in Figure 10).

[0233] The secondfour-way selector valve (32) switch-
es between a position in which the first port (P1) is com-
municated with the second port (P2) and the third port
(P3) is communicated with the fourth port (P4) (the po-
sition shown in the solid lines in Figure 10) and a position
in which the first port (P1) is communicated with the third
port (P3) and the second port (P2) is communicated with
the fourth port (P4) (the position shown in the broken
lines in Figure 10).

- Operational Behavior -

[0234] Next, a description is given of the behaviors of
the air conditioner (1) during cooling and heating opera-
tions.

(Cooling Operation)

[0235] In the cooling operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the solid
lines in Figure 10. When the motor (13) is turned on in
this state, refrigerant circulates through the refrigerant
circuit (10), whereby the refrigerant circuit (10) operates
in a refrigeration cycle. During this operation, the outdoor
heat exchanger (21) serves as a gas cooler and the in-
door heat exchanger (22) serves as an evaporator. The
high-side pressure of the refrigeration cycle is set higher
than the critical pressure of carbon dioxide which is the
refrigerant.

[0236] The compressor (11) discharges supercritical
high-pressure refrigerant. As shown in the solid arrows,
the high-pressure refrigerant flows through the first four-
way selector valve (31) and into the outdoor heat ex-
changer (21). In the outdoor heat exchanger (21), the
high-pressure refrigerant releases heat to the outdoor air
to decrease its temperature.

[0237] The high-pressure refrigerant after flowing out
of the outdoor heat exchanger (21) passes through the
second four-way selector valve (32) and then through
the first channel (27) of the internal heat exchanger (23).
In the internal heat exchanger (23), the high-pressure
refrigerant is cooled by heat exchange with low-pressure
refrigerant flowing through the second channel (28). The
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high-pressure refrigerant then flows into the expander
(12). In the expander (12), the introduced high-pressure
refrigerant expands, whereby the internal energy of the
high-pressure refrigerant is converted into power of ro-
tation. Because of expansion in the expander (12), the
high-pressure refrigerant decreases its pressure to
change from supercritical to gas-liquid two-phase form.
[0238] The low-pressure refrigerant after flowing out
of the expander (12) passes via the second four-way se-
lector valve (32) through the second channel (28) of the
internal heat exchanger (23) and, during the time, is heat-
ed by heat exchange with high-pressure refrigerant flow-
ing through the first channel (27). The low-pressure re-
frigerant flows into the indoor heat exchanger (22). In the
indoor heat exchanger (22), the low-pressure refrigerant
takes heat from room air to evaporate. Furthermore, in
the indoor heat exchanger (22), the room air is cooled
by the low-pressure refrigerant and the cooled room air
is fed back to the room.

[0239] The low-pressure refrigerant after flowing out
of the indoor heat exchanger (22) flows through the first
four-way selector valve (31) and is then sucked into the
compressor (11). The refrigerant sucked in the compres-
sor (11) is compressed to a predetermined pressure and
then discharged from the compressor (11).

(Heating Operation)

[0240] In the heating operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the bro-
ken lines in Figure 10. When the motor (13) is turned on
in this state, refrigerant circulates through the refrigerant
circuit (10), whereby the refrigerant circuit (10) operates
in a refrigeration cycle. During this operation, the indoor
heat exchanger (22) serves as a gas cooler and the out-
door heat exchanger (21) serves as an evaporator. The
high-side pressure of the refrigeration cycle, like in the
cooling operation, is set higher than the critical pressure
of carbon dioxide which is the refrigerant.

[0241] The compressor (11) discharges supercritical
high-pressure refrigerant. As shown in the broken ar-
rows, the high-pressure refrigerant flows through the first
four-way selector valve (31) and into the indoor heat ex-
changer (22). Inthe indoor heat exchanger (22), the high-
pressure refrigerant releases heat to room air to de-
crease its temperature. Furthermore, in the indoor heat
exchanger (22), the room air is heated by the high-pres-
sure refrigerant and the heated room air is fed back to
the room.

[0242] The high-pressure refrigerant after flowing out
of the indoor heat exchanger (22) passes through the
second channel (28) of the internal heat exchanger (23)
and then flows via the second four-way selector valve
(32) through the first channel (27) of the internal heat
exchanger (23). During the time, the refrigerant temper-
ature in the internal heat exchanger (23) does not change
since the high-pressure refrigerant after flowing out of
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the indoor heat exchanger (22) sequentially flows the
second channel (28) and the first channel (27).

[0243] The high-pressure refrigerant after flowing out
of the first channel (27) of the internal heat exchanger
(23) flows into the expander (12). In the expander (12),
the introduced high-pressure refrigerant expands,
whereby the internal energy of the high-pressure refrig-
erant is converted into power of rotation. Because of ex-
pansion in the expander (12), the high-pressure refriger-
ant decreases its pressure to change from supercritical
to gas-liquid two-phase form.

[0244] The low-pressure refrigerant after flowing out
of the expander (12) flows through the second four-way
selector valve (32) into the outdoor heat exchanger (21).
In the outdoor heat exchanger (21), the low-pressure re-
frigerant takes heat from the outdoor air to evaporate.
The low-pressure refrigerant after flowing out of the out-
door heat exchanger (21) flows through the first four-way
selector valve (31) and is then sucked into the compres-
sor (11). The refrigerant sucked in the compressor (11)
is compressed to a predetermined pressure and then dis-
charged from the compressor (11).

- Effects of Embodiment 9 -

[0245] According to Embodiment 9, in the internal heat
exchanger (23) during the cooling operation, high-pres-
sure refrigerant after passing through the outdoor heat
exchanger (21) serving as a gas cooler flows through the
first channel (27) and low-pressure refrigerant before
passing through the indoor heat exchanger (22) serving
as an evaporator flows through the second channel (28).
Therefore, the high-pressure refrigerant is cooled. On
the other hand, in the internal heat exchanger (23) during
the heating operation, high-pressure refrigerant after
passing through the indoor heat exchanger (22) serving
as a gas cooler sequentially flows through the second
channel (28) and the first channel (27). Therefore, the
high-pressure refrigerant does not change its tempera-
ture.

[0246] Thus, the internal heat exchanger (23) func-
tions only during the cooling operation. Therefore, during
the cooling operation, high-pressure refrigerant to be in-
troduced into the expander (12) can be cooled toincrease
the density de of refrigerant flowing into the expander
(12). As aresult, unlike the conventional refrigeration sys-
tem in which, during the cooling operation, the mass flow
rate Mc of refrigerant through the compressor (11) is larg-
er than the mass flow rate Me of refrigerant through the
expander (12) for the above-mentioned reason, the re-
frigeration system of Embodiment 9 can increase the
mass flow rate Me of refrigerant passing through the ex-
pander (12) to balance the refrigerant mass flow rates
Mc and Me.

[0247] Furthermore, according to Embodiment 9, the
refrigerant mass flow rates Me and Mc are balanced with-
out part of the refrigerant bypassing the expander (12).
Therefore, unlike the conventional case in which part of
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refrigerant bypasses the expander (12) to reduce the ex-
pansion power from the expander (12) and thereby de-
teriorate the COP, the refrigeration system of this em-
bodiment can introduce all the refrigerant into the ex-
pander (12) to avoid the deterioration of the COP.
[0248] Although in Embodiment 9 the heat exchanger
efficiency during the cooling operation is enhanced by
allowing high-pressure refrigerant and low-pressure re-
frigerant to flow through the internal heat exchanger (23)
in opposite directions, the internal heat exchanger (23)
may be arranged so that high-pressure refrigerant and
low-pressure refrigerant flow therethrough in the same
direction, because the low-pressure refrigerant is liquid
refrigerant before passing through the evaporator and
has a high heat transfer coefficient. Also in this case, the
high-pressure refrigerant can be cooled.

- Modifications of Embodiment 9 -
(First Modification)

[0249] In a first modification of Embodiment 9, a re-
ceiver (41) is additionally disposed in the refrigerant cir-
cuit (10) in Embodiment 9 between the expander (12)
and the second four-way selector valve (32). In other
words, in the first modification, the receiver (41) is dis-
posed to the outlet side of the expander (12).

[0250] As shown in Figure 11, the outlet side of the
expander (12) is connected to aninlet port of the receiver
(41) and an outlet port of the receiver (41) is connected
tothe third port (P3) of the second four-way selector valve
(32). Furthermore, the suction side of the compressor
(11) is connected to a liquid injection pipe (42) connected
tothe lower end of the receiver (41) and is also connected
to a gas vent pipe (43) connected to an upper part of the
receiver (41). The liquid injection pipe (42) and the gas
vent pipe (43) are provided with a first motor-operated
valve (EV1) and a second motor-operated valve (EV2),
respectively. These valves are configured to control the
flow rate of refrigerant.

[0251] The rest of the configuration is the same as in
Embodiment 9 shown in Figure 10.

[0252] In the cooling operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the solid
lines in Figure 11. Refrigerant discharged from the com-
pressor (11) in this state sequentially flows through the
first four-way selector valve (31), the outdoor heat ex-
changer (21), the second four-way selector valve (32),
the first channel (27) of the internal heat exchanger (23),
the expander (12), the receiver (41), the second four-
way selector valve (32), the second channel (28) of the
internal heat exchanger (23), the indoor heat exchanger
(22) and the first four-way selector valve (31) and is then
sucked into the compressor (11) again.

[0253] In the internal heat exchanger (23), high-pres-
sure refrigerant after passing through the outdoor heat
exchanger (21) flows through the first channel (27) and
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low-pressure refrigerant before passing through the in-
door heat exchanger (22) flows through the second chan-
nel (28). Therefore, the high-pressure refrigerant ex-
changes heat with the low-pressure refrigerant. Thus,
the high-pressure refrigerantis cooled in the internal heat
exchanger (23) and then flows into the expander (12).
[0254] During the cooling operation, the compressor
(11) can be controlled in terms of the degree of suction
superheat and put into an oil return operation by control-
ling the opening of the first motor-operated valve (EV1)
of the liquid injection pipe (42). Furthermore, the receiver
(41) can be degassed by controlling the opening of the
second motor-operated valve (EV2) of the gas vent pipe
(43). Furthermore, when during operation the compres-
sor (11) falls short of capacity, the shortage can be com-
pensated for by controlling the openings of the first motor-
operated valve (EV1) of the liquid injection pipe (42) and
the second motor-operated valve (EV2) of the gas vent
pipe (43).

[0255] In the heating operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the bro-
ken lines in Figure 11. Refrigerant discharged from the
compressor (11) in this state sequentially flows through
the first four-way selector valve (31), the indoor heat ex-
changer (22), the second channel (28) of the internal
heat exchanger (23), the second four-way selector valve
(32), the first channel (27) of the internal heat exchanger
(23), the expander (12), the receiver (41), the second
four-way selector valve (32), the outdoor heat exchanger
(21) and the first four-way selector valve (31) and is then
sucked into the compressor (11) again.

[0256] In the internal heat exchanger (23), high-pres-
sure refrigerant after passing through the indoor heat ex-
changer (22) serving as a gas cooler sequentially flows
through the second channel (28) and the first channel
(27). Therefore, the high-pressure refrigerant does not
change its temperature. Thus, the high-pressure refrig-
erant flows into the expander (12) without being cooled.
[0257] Also in this modification, the internal heat ex-
changer (23) functions only during the cooling operation.
Therefore, during the cooling operation, high-pressure
refrigerant to be introduced into the expander (12) can
be cooled to increase the density de of refrigerant flowing
into the expander (12). As a result, unlike the conven-
tional refrigeration system in which, during the cooling
operation, the mass flow rate Mc of refrigerant through
the compressor (11) is larger than the mass flow rate Me
of refrigerant through the expander (12) for the above-
mentioned reason, the refrigeration system according to
the first modification of Embodiment 9 can increase the
mass flow rate Me of refrigerant through the expander
(12) to balance the refrigerant mass flow rates Mc and
Me.

[0258] Furthermore, since, like Embodiment 9, the re-
frigerant mass flow rates Me and Mc are balanced without
part of the refrigerant bypassing the expander (12), the
refrigeration system of this modification can introduce all
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the refrigerant into the expander (12) to avoid the dete-
rioration of the COP.

(Second Modification)

[0259] In a second modification of Embodiment 9, in
the refrigerant circuit (10) of Embodiment 9, a bridge cir-
cuit (32a) is used instead of the second four-way selector
valve (32).

[0260] As shown in Figure 12, the bridge circuit (32a)
is formed by connecting four pipe lines in bridges and
has four ports (P1, P2, P3, P4). The four pipe lines are
provided with their respective check valves (CV). The
check valves (CV) are provided in their associated pipe
lines to allow the refrigerant flow from the first port (P1)
towards the second port (P2), the refrigerant flow from
the third port (P3) towards the fourth port (P4), the refrig-
erant flow from the third port (P3) towards the first port
(P1) and the refrigerant flow from the fourth port (P4)
towards the second port (P2).

[0261] The second end of the outdoor heat exchanger
(21) is connected to the first port (P1) of the bridge circuit
(32a). The second port (P2) of the bridge circuit (32a) is
connected via the first channel (27) of the internal heat
exchanger (23) to the inlet side of the expander (12). The
outlet side of the expander (12) is connected to the third
port (P3) of the bridge circuit (32a). The fourth port (P4)
of the bridge circuit (32a) is connected via the second
channel (28) of the internal heat exchanger (23) to the
first end of the indoor heat exchanger (22).

[0262] The rest of the configuration is the same as in
Embodiment 9 shown in Figure 10.

[0263] In the cooling operation, the first four-way se-
lector valve (31) switches to the position shown in the
solid lines in Figure 12. Refrigerant discharged from the
compressor (11) in this state sequentially flows through
the first four-way selector valve (31), the outdoor heat
exchanger (21), the bridge circuit (32a), the first channel
(27) of the internal heat exchanger (23), the expander
(12), the bridge circuit (32a), the second channel (28) of
the internal heat exchanger (23), the indoor heat ex-
changer (22) and the first four-way selector valve (31)
and is then sucked into the compressor (11) again.
[0264] In the internal heat exchanger (23), high-pres-
sure refrigerant after passing through the outdoor heat
exchanger (21) flows through the first channel (27) and
low-pressure refrigerant before passing through the in-
door heat exchanger (22) flows through the second chan-
nel (28). Therefore, the high-pressure refrigerant ex-
changes heat with the low-pressure refrigerant. Thus,
the high-pressure refrigerantis cooled in the internal heat
exchanger (23) and then flows into the expander (12).
[0265] In the heating operation, the first four-way se-
lector valve (31) switches to the position shown in the
broken lines in Figure 12. Refrigerant discharged from
the compressor (11) in this state sequentially flows
through the first four-way selector valve (31), the indoor
heat exchanger (22), the second channel (28) of the in-
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ternal heat exchanger (23), the bridge circuit (32a), the
first channel (27) of the internal heat exchanger (23), the
expander (12), the bridge circuit (32a), the outdoor heat
exchanger (21) and the first four-way selector valve (31)
and is then sucked into the compressor (11) again.
[0266] In the internal heat exchanger (23), high-pres-
sure refrigerant after passing through the indoor heat ex-
changer (22) serving as a gas cooler sequentially flows
through the second channel (28) and the first channel
(27). Therefore, the high-pressure refrigerant does not
change its temperature. Thus, the high-pressure refrig-
erant flows into the expander (12) without being cooled.
[0267] Also in this modification, the internal heat ex-
changer (23) functions only during the cooling operation.
Therefore, during the cooling operation, high-pressure
refrigerant to be introduced into the expander (12) can
be cooled to increase the density de of refrigerant flowing
into the expander (12). As a result, unlike the conven-
tional refrigeration system in which, during the cooling
operation, the mass flow rate Mc of refrigerant through
the compressor (11) is larger than the mass flow rate Me
of refrigerant through the expander (12) for the above-
mentioned reason, the refrigeration system according to
the second modification of Embodiment 9 can increase
the mass flow rate Me of refrigerant through the expander
(12) to balance the refrigerant mass flow rates Mc and
Me.

[0268] Furthermore, since, like Embodiment 9, the re-
frigerant mass flow rates Me and Mc are balanced without
part of the refrigerant bypassing the expander (12), the
refrigeration system of this modification can introduce all
the refrigerant into the expander (12) to avoid the dete-
rioration of the COP.

«Embodiment 10 of the Invention»

[0269] As shown in Figure 13, Embodiment 10 is dif-
ferent in the configuration of the refrigerant circuit (10)
from Embodiment 9. In this embodiment, the position of
the internal heat exchanger (23) is different from that in
Embodiment 9 and a bypass passage (45) is provided
which allows high-pressure refrigerant to bypass the in-
ternal heat exchanger (23) during the heating operation.
[0270] In the refrigerant circuit (10), the discharge side
of the compressor (11) is connected to the first port (P1)
of the first four-way selector valve (31) and the second
port (P2) of the first four-way selector valve (31) is con-
nected to the first end of the outdoor heat exchanger (21).
The second end of the outdoor heat exchanger (21) is
connected to the first port (P1) of the second four-way
selectorvalve (32) and the second port (P2) of the second
four-way selector valve (32) is connected via the first
channel (27) of the internal heat exchanger (23) to the
inlet side of the expander (12).

[0271] A first shut-off valve (SV1) is disposed in a pipe
line between the second port (P2) of the second four-
way selector valve (32) and the first channel (27) of the
internal heat exchanger (23). One end of the bypass pas-
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sage (45) with a second shut-off valve (SV2) is connected
to a pipe between the second port (P2) of the second
four-way selector valve (32) and the first shut-off valve
(SV1). The other end of the bypass passage (45) joins
a pipe connecting between the first channel (27) of the
internal heat exchanger (23) and the inlet side of the ex-
pander (21).

[0272] The outlet side of the expander (12) is connect-
ed to the third port (P3) of the second four-way selector
valve (32) and the fourth port (P4) of the second four-
way selector valve (32) is connected to the first end of
the indoor heat exchanger (22). The second end of the
indoor heat exchanger (22) is connected to the third port
(P3) of the first four-way selector valve (31) and the fourth
port (P4) of the first four-way selector valve (31) is con-
nected via the second channel (28) of the internal heat
exchanger (23) to the suction side of the compressor
(11).

[0273] With the above configuration, the internal heat
exchanger (23) is configured so that, during the cooling
operation, high-pressure refrigerant flows through the
first channel (27) and low-pressure refrigerant flows
through the second channel (28). Furthermore, during
the cooling operation, high-pressure refrigerant after
passing through the outdoor heat exchanger (21) is
cooled by heat exchange with low-pressure refrigerant
after passing through the indoor heat exchanger (22).
[0274] In the above configuration, a solenoid shut-off
valve or a motor-operated valve may be used as each of
the first shut-off valve (SV1) and the second shut-off
valve (SV2). The first shut-off valve (SV1) may be dis-
posed either upstream or downstream of the internal heat
exchanger (23).

- Operational Behavior -

[0275] In the cooling operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the solid
lines in Figure 13. Furthermore, the first shut-off valve
(SV1) is opened and the second shut-off valve (SV2) is
closed. Refrigerant discharged from the compressor (11)
in this state sequentially flows through the first four-way
selector valve (31), the outdoor heat exchanger (21), the
second four-way selector valve (32), the first channel (27)
of the internal heat exchanger (23), the expander (12),
the second four-way selector valve (32), the indoor heat
exchanger (22), the first four-way selector valve (31) and
the second channel (28) of the internal heat exchanger
(23) and is then sucked into the compressor (11) again.
[0276] In the internal heat exchanger (23), high-pres-
sure refrigerant after passing through the outdoor heat
exchanger (21) flows through the first channel (27) and
low-pressure refrigerant after passing through the indoor
heat exchanger (22) flows through the second channel
(28). Therefore, the high-pressure refrigerant exchanges
heat with the low-pressure refrigerant. Thus, the high-
pressure refrigerant is cooled in the internal heat ex-
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changer (23) and then flows into the expander (12).
[0277] In the heating operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the bro-
ken lines in Figure 13. Furthermore, the first shut-off valve
(SV1) is closed and the second shut-off valve (SV2) is
opened. Refrigerant discharged from the compressor
(11) in this state sequentially flows through the first four-
way selector valve (31), the indoor heat exchanger (22),
the second four-way selector valve (32), the bypass pas-
sage (45), the expander (12), the second four-way se-
lector valve (32), the outdoor heat exchanger (21), the
first four-way selector valve (31) and the second channel
(28) of the internal heat exchanger (23) and is then
sucked into the compressor (11) again.

[0278] In the internal heat exchanger (23), high-pres-
sure refrigerant after passing through the indoor heat ex-
changer (22) does not flow but only low-pressure refrig-
erant after passing through the outdoor heat exchanger
(21) flows through the second channel (28). Therefore,
the high-pressure refrigerant does not change its tem-
perature. Thus, the high-pressure refrigerant flows into
the expander (12) without being cooled.

- Effects of Embodiment 10 -

[0279] Also in Embodiment 10, the internal heat ex-
changer (23) functions only during the cooling operation.
Therefore, during the cooling operation, high-pressure
refrigerant to be introduced into the expander (12) can
be cooled to increase the density de of refrigerant flowing
into the expander (12). As a result, unlike the conven-
tional refrigeration system in which, during the cooling
operation, the mass flow rate Mc of refrigerant through
the compressor (11) is larger than the mass flow rate Me
of refrigerant through the expander (12), the refrigeration
system of Embodiment 10 can increase the mass flow
rate Me of refrigerant through the expander (12) to bal-
ance the refrigerant mass flow rates Mc and Me.
[0280] Furthermore, since, like Embodiment 9, the re-
frigerant mass flow rates Me and Mc are balanced without
part of the refrigerant bypassing the expander (12), the
refrigeration system of this embodiment can introduce all
the refrigerant into the expander (12) to avoid the dete-
rioration of the COP.

- Modifications of Embodiment 10 -
(First Modification)

[0281] In a first modification of Embodiment 10, a re-
ceiver (41) is additionally disposed in the refrigerant cir-
cuit (10) in Embodiment 10 shown in Figure 13 between
the outlet side of the evaporator and the low-pressure
side of the internal heat exchanger (23).

[0282] As shown in Figure 14, the fourth port (P4) of
the first four-way selector valve (31) is connected to an
inlet port of the receiver (41) and an outlet port of the
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receiver (41) is connected via the second channel (28)
of the internal heat exchanger (23) to the suction side of
the compressor (11). Furthermore, the suction side of
the compressor (11) is connected to a liquid injection
pipe (42) connected to the lower end of the receiver (41).
The liquid injection pipe (42) is provided with a first motor-
operated valve (EV1) and configured to control the flow
rate of refrigerant.

[0283] In this modification, saturated gas comes out of
the outlet port of the receiver (41). Therefore, the internal
heat exchanger (23) is configured so that, during the cool-
ing operation, high-pressure refrigerant and low-pres-
sure refrigerant flow in opposite directions to each other.
[0284] The rest of the configuration is the same as in
Embodiment 10 shown in Figure 13.

[0285] In the cooling operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the solid
lines in Figure 14. Furthermore, the first shut-off valve
(SV1) is opened and the second shut-off valve (SV2) is
closed. Refrigerant discharged from the compressor (11)
in this state sequentially flows through the first four-way
selector valve (31), the outdoor heat exchanger (21), the
second four-way selector valve (32), the first channel (27)
of the internal heat exchanger (23), the expander (12),
the second four-way selector valve (32), the indoor heat
exchanger (22), the first four-way selector valve (31), the
receiver (41) and the second channel (28) of the internal
heat exchanger (23) and is then sucked into the com-
pressor (11) again.

[0286] In the internal heat exchanger (23), high-pres-
sure refrigerant after passing through the outdoor heat
exchanger (21) flows through the first channel (27) and
low-pressure refrigerant after passing through the indoor
heat exchanger (22) and the receiver (41) flows through
the second channel (28). Therefore, the high-pressure
refrigerant exchanges heat with the low-pressure refrig-
erant. Thus, the high-pressure refrigerantis cooled in the
internal heat exchanger (23) and then flows into the ex-
pander (12).

[0287] In the heating operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the bro-
kenlinesin Figure 14. Furthermore, the first shut-off valve
(SV1) is closed and the second shut-off valve (SV2) is
opened. Refrigerant discharged from the compressor
(11) in this state sequentially flows through the first four-
way selector valve (31), the indoor heat exchanger (22),
the second four-way selector valve (32), the bypass pas-
sage (45), the expander (12), the second four-way se-
lector valve (32), the outdoor heat exchanger (21), the
first four-way selector valve (31), the receiver (41) and
the second channel (28) of the internal heat exchanger
(23) and is then sucked into the compressor (11) again.
[0288] In the internal heat exchanger (23), high-pres-
sure refrigerant after passing through the indoor heat ex-
changer (22) does not flow but only low-pressure refrig-
erant after passing through the outdoor heat exchanger
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(21) and the receiver (41) flows through the second chan-
nel (28). Therefore, the high-pressure refrigerant does
not change its temperature. Thus, the high-pressure re-
frigerant flows into the expander (12) without being
cooled.

[0289] Also in this modification, the internal heat ex-
changer (23) functions only during the cooling operation.
Therefore, during the cooling operation, high-pressure
refrigerant to be introduced into the expander (12) can
be cooled to increase the density de of refrigerant flowing
into the expander (12). As a result, unlike the conven-
tional refrigeration system in which, during the cooling
operation, the mass flow rate Mc of refrigerant through
the compressor (11) is larger than the mass flow rate Me
of refrigerant through the expander (12), the refrigeration
system of this modification can increase the mass flow
rate Me of refrigerant through the expander (12) to bal-
ance the refrigerant mass flow rates Mc and Me.
[0290] Furthermore, since, like Embodiment 9, the re-
frigerant mass flow rates Me and Mc are balanced without
part of the refrigerant bypassing the expander (12), the
refrigeration system of this modification can introduce all
the refrigerant into the expander (12) to avoid the dete-
rioration of the COP.

(Second Modification)

[0291] A second modification of Embodiment 10 is a
modified example of the configuration in which refrigerant
bypasses the internal heat exchanger (23) in the refrig-
erant circuit (10) in Embodiment 10 shown in Figure 13.
[0292] As shown in Figure 15, the first shut-off valve
(SV1) in the refrigerant circuit (10) is not in a pipe line
between the second four-way selector valve (32) and the
first channel (27) of the internal heat exchanger (23).
Furthermore, the refrigerant circuit (10) is not provided
with the bypass passage (high-pressure side bypass
passage) (45) as shown in Figure 13 for allowing, during
the heating operation, high-pressure refrigerant to by-
pass the first channel (27).

[0293] The first shut-off-valve (SV1) is instead dis-
posed in a pipe line between the fourth port (P4) of the
first four-way selector valve (31) and the second channel
(28) of the internal heat exchanger (23). Furthermore,
one end of a bypass passage (low-pressure side bypass
passage) (46) with a second shut-off valve (SV2) is con-
nected to a pipe between the fourth port (P4) of the first
four-way selector valve (31) and the first shut-off valve
(SV1). The other end of the bypass passage (46) joins
a pipe connecting between the second channel (28) of
the internal heat exchanger (23) and the suction side of
the compressor (11).

[0294] The rest of the configuration is the same as in
Embodiment 10 shown in Figure 13.

[0295] In the cooling operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the solid
lines in Figure 15. Furthermore, the first shut-off valve
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(SV1) is opened and the second shut-off valve (SV2) is
closed. Refrigerant discharged from the compressor (11)
in this state sequentially flows through the first four-way
selector valve (31), the outdoor heat exchanger (21), the
second four-way selector valve (32), the first channel (27)
of the internal heat exchanger (23), the expander (12),
the second four-way selector valve (32), the indoor heat
exchanger (22), the first four-way selector valve (31) and
the second channel (28) of the internal heat exchanger
(23) and is then sucked into the compressor (11) again.
[0296] In the internal heat exchanger (23), high-pres-
sure refrigerant after passing through the outdoor heat
exchanger (21) flows through the first channel (27) and
low-pressure refrigerant after passing through the indoor
heat exchanger (22) flows through the second channel
(28). Therefore, the high-pressure refrigerant exchanges
heat with the low-pressure refrigerant. Thus, the high-
pressure refrigerant is cooled in the internal heat ex-
changer (23) and then flows into the expander (12).
[0297] In the heating operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the bro-
kenlinesin Figure 15. Furthermore, the first shut-off valve
(SV1) is closed and the second shut-off valve (SV2) is
opened. Refrigerant discharged from the compressor
(11) in this state sequentially flows through the first four-
way selector valve (31), the indoor heat exchanger (22),
the second four-way selector valve (32), the first channel
(27) of the internal heat exchanger (23), the expander
(12), the second four-way selector valve (32), the outdoor
heat exchanger (21), the first four-way selector valve (31)
and the bypass passage (46) and is then sucked into the
compressor (11) again.

[0298] In the internal heat exchanger (23), high-pres-
sure refrigerant after passing through the indoor heat ex-
changer (22) flows through the first channel (27) but low-
pressure refrigerant after passing through the outdoor
heat exchanger (21) does not flow. Therefore, the high-
pressure refrigerant does not change its temperature.
Thus, the high-pressure refrigerant flows into the expand-
er (12) without being cooled.

[0299] Also in this modification, the internal heat ex-
changer (23) functions only during the cooling operation.
Therefore, during the cooling operation, high-pressure
refrigerant to be introduced into the expander (12) can
be cooled to increase the density de of refrigerant flowing
into the expander (12). As a result, unlike the conven-
tional refrigeration system in which, during the cooling
operation, the mass flow rate Mc of refrigerant through
the compressor (11) is larger than the mass flow rate Me
of refrigerant through the expander (12), the refrigeration
system of this modification can increase the mass flow
rate Me of refrigerant through the expander (12) to bal-
ance the refrigerant mass flow rates Mc and Me.
[0300] Furthermore, since, like Embodiment 9, the re-
frigerant mass flow rates Me and Mc are balanced without
part of the refrigerant bypassing the expander (12), the
refrigeration system of this modification can introduce all
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the refrigerant into the expander (12) to avoid the dete-
rioration of the COP.

(Third Modification)

[0301] A third modification of Embodiment 10 is an ex-
ample of an air conditioner in which the second four-way
selector valve (32) is not used in the refrigerant circuit in
Embodiment 10 shown in Figure 13.

[0302] As shown in Figure 16, in the refrigerant circuit
(10), the second end of the outdoor heat exchanger (21)
is connected via a third check valve (CV3) and the first
channel (27) of the internal heat exchanger (23) to the
inlet side of the expander (12). The outlet side of the
expander (12) branches into two lines. One of the branch
lines is connected via a first check valve (CV1) to a pipe
between the outdoor heat exchanger (21) and the third
check valve (CV3), while the other branch line is con-
nected via a second check valve (CV2) to the first end
of the indoor heat exchanger (22). Furthermore, one end
of a bypass passage (45) with a fourth check valve (CV4)
is connected to a pipe between the second check valve
(CV2) and the indoor heat exchanger (22). The other end
of the bypass passage (45) joins a pipe connecting be-
tween the first channel (27) of the internal heat exchanger
(23) and the inlet side of the expander (21).

[0303] The first check valve (CV1) and the second
check valve (CV2) are valves allowing the outflow of re-
frigerant from the expander (12). Alternatively, other
types of valves, such as solenoid shut-off valves, may
be substituted for them and configured to switch their on-
off position at the change from the cooling operation to
the heating operation and vice versa. The third check
valve (CV3) and the fourth check valve (CV4) are valves
allowing the inflow of refrigerant into the expander (12).
Alternatively, like the first check valve (CV1) and the sec-
ond check valve (CV2), other types of valves, such as
solenoid shut-off valves, may be substituted for them.
[0304] The rest of the configuration is the same as in
Embodiment 10 shown in Figure 13.

- Operational Behavior -

[0305] In the cooling operation, the first four-way se-
lector valve (31) switches to the position shown in the
solid lines in Figure 16. Refrigerant discharged from the
compressor (11) in this state sequentially flows through
the first four-way selector valve (31), the outdoor heat
exchanger (21), the third check valve (CV3), the first
channel (27) of the internal heat exchanger (23), the ex-
pander (12), the second check valve (CV2), the indoor
heat exchanger (22), the first four-way selector valve (31)
andthe second channel (28) of the internal heat exchang-
er(23)andis then sucked into the compressor (11) again.
[0306] In the internal heat exchanger (23), high-pres-
sure refrigerant after passing through the outdoor heat
exchanger (21) flows through the first channel (27) and
low-pressure refrigerant after passing through the indoor
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heat exchanger (22) flows through the second channel
(28). Therefore, the high-pressure refrigerant exchanges
heat with the low-pressure refrigerant. Thus, the high-
pressure refrigerant is cooled in the internal heat ex-
changer (23) and then flows into the expander (12).
[0307] In the heating operation, the first four-way se-
lector valve (31) switches to the position shown in the
broken lines in Figure 16. Refrigerant discharged from
the compressor (11) in this state sequentially flows
through the first four-way selector valve (31), the indoor
heat exchanger (22), the bypass passage (45) (the fourth
check valve (CV4)), the expander (12), the first check
valve (CV1), the outdoor heat exchanger (21), the first
four-way selector valve (31) and the second channel (28)
of the internal heat exchanger (23) and is then sucked
into the compressor (11) again.

[0308] In the internal heat exchanger (23), high-pres-
sure refrigerant after passing through the indoor heat ex-
changer (22) does not flow but low-pressure refrigerant
after passing through the outdoor heat exchanger (21)
flows through the second channel (28). Therefore, the
high-pressure refrigerant does not change its tempera-
ture. Thus, the high-pressure refrigerant flows into the
expander (12) without being cooled.

[0309] Also in this modification, the internal heat ex-
changer (23) functions only during the cooling operation.
Therefore, during the cooling operation, high-pressure
refrigerant to be introduced into the expander (12) can
be cooled to increase the density de of refrigerant flowing
into the expander (12). As a result, unlike the conven-
tional refrigeration system in which, during the cooling
operation, the mass flow rate Mc of refrigerant through
the compressor (11) is larger than the mass flow rate Me
of refrigerant through the expander (12), the refrigeration
system of this modification can increase the mass flow
rate Me of refrigerant through the expander (12) to bal-
ance the refrigerant mass flow rates Mc and Me.
[0310] Furthermore, since, like Embodiment 9, the re-
frigerant mass flow rates Me and Mc are balanced without
part of the refrigerant bypassing the expander (12), the
refrigeration system of this modification can introduce all
the refrigerant into the expander (12) to avoid the dete-
rioration of the COP.

(Fourth Modification)

[0311] A fourth modification of Embodiment 10 is an
example of an air conditioner configured so that, during
the cooling operation, high-pressure refrigerant and low-
pressure refrigerant flow through the internal heat ex-
changer (23) in opposite directions in the refrigerant cir-
cuit (10) in Embodiment 10 shown in Figure 13.

[0312] As shown in Figure 17, the second port (P2) of
the second four-way selector valve (32) is connected, as
opposed to the case in Figure 13, to the right end of the
first channel (27) of the internal heat exchanger (23)
when viewed in the figure. The left end of the first channel
(27) of the internal heat exchanger (23) when viewed in



63 EP 1795 836 A1

Figure 17 is connected via the first shut-off valve (SV1)
to the inlet side of the expander (12). Furthermore, the
bypass passage (45) with the second shut-off valve
(SV2) is connected to a pipe between the second port
(P2) of the second four-way selector valve (32) and the
internal heat exchanger (23) and a pipe between the first
shut-off valve (SV1) and the expander (12).

[0313] The rest of the configuration is the same as in
Embodiment 10 shown in Figure 13.

[0314] According to this modification, the same effects
as according to Embodiment 10 shown in Figure 13 can
be exhibited. In addition, since high-pressure refrigerant
and low-pressure refrigerant flow in opposite directions
to each other in the internal heat exchanger (23) during
the cooling operation, the high-pressure refrigerant can
be more effectively cooled.

«Embodiment 11 of the Invention»

[0315] As shown in Figure 18, Embodiment 11 is dif-
ferent in the configuration of the refrigerant circuit (10)
from Embodiments 9 and 10.

[0316] Inthe refrigerant circuit (10), the discharge side
of the compressor (11) is connected to the first port (P1)
of the first four-way selector valve (31) and the second
port (P2) of the first four-way selector valve (31) is con-
nected to the first end of the outdoor heat exchanger (21).
The second end of the outdoor heat exchanger (21) is
connected to the first port (P1) of the second four-way
selector valve (32) and the second port (P2) of the second
four-way selector valve (32) is connected via the first
channel (27) of the internal heat exchanger (23) to the
inlet side of the expander (12).

[0317] The outlet side of the expander (12) is connect-
ed to the third port (P3) of the first four-way selector valve
(31) and the fourth port (P4) of the first four-way selector
valve (31) is connected to the first end of the indoor heat
exchanger (22). The second end of the indoor heat ex-
changer (22) is connected to the third port (P3) of the
second four-way selector valve (32) and the fourth port
(P4) of the second four-way selector valve (32) is con-
nected via the second channel (28) of the internal heat
exchanger (23) to the suction side of the compressor
(11).

[0318] A first shut-off valve (SV1) is disposed in a pipe
line between the second channel (28) of the internal heat
exchanger (23) and the suction side of the compressor
(11). Furthermore, a bypass passage (46) with a second
shut-off valve (SV2) is connected to a pipe between the
fourth port (P4) of the second four-way selector valve
(32) and the second channel (28) of the internal heat
exchanger (23) and a pipe between the first shut-off valve
(SV1) and the suction side of the compressor (11).
[0319] With the above configuration, the internal heat
exchanger (23) is configured so that, during the cooling
operation, high-pressure refrigerant flows through the
first channel (27) and low-pressure refrigerant flows
through the second channel (28). Furthermore, during
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the cooling operation, high-pressure refrigerant after
passing through the outdoor heat exchanger (21) is
cooled by heat exchange with low-pressure refrigerant
after passing through the indoor heat exchanger (22).
[0320] Each of the first four-way selector valve (31)
and the second four-way selector valve (32) switches
between a position in which the first port (P1) is commu-
nicated with the second port (P2) and the third port (P3)
is communicated with the fourth port (P4) (the position
shown in the solid lines in Figure 18) and a position in
which the first port (P1) is communicated with the fourth
port (P4) and the second port (P2) is communicated with
the third port (P3) (the position shown in the broken lines
in Figure 18).

[0321] Alsoin Embodiment 11, a receiver may be dis-
posed to the outlet side of the expander (12) or between
the evaporator and the low-pressure side of the internal
heat exchanger (23). A high-pressure side bypass pas-
sage (45) may be provided instead of the low-pressure
side bypass passage (46). The internal heat exchanger
(23) may be configured to provide, during the cooling
operation, a counterflow arrangement in which high-
pressure refrigerant and low-pressure refrigerant flow in
opposite directions.

- Operational Behavior -

[0322] In the cooling operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the solid
lines in Figure 18. Furthermore, the first shut-off valve
(SV1) is opened and the second shut-off valve (SV2) is
closed. Refrigerant discharged from the compressor (11)
in this state sequentially flows through the first four-way
selector valve (31), the outdoor heat exchanger (21), the
second four-way selector valve (32), the first channel (27)
of the internal heat exchanger (23), the expander (12),
the first four-way selector valve (31), the indoor heat ex-
changer (22), the second four-way selector valve (32)
andthe second channel (28) of the internal heat exchang-
er(23) andis then sucked into the compressor (11) again.
[0323] In the internal heat exchanger (23), high-pres-
sure refrigerant after passing through the outdoor heat
exchanger (21) flows through the first channel (27) and
low-pressure refrigerant after passing through the indoor
heat exchanger (22) flows through the second channel
(28). Therefore, the high-pressure refrigerant exchanges
heat with the low-pressure refrigerant. Thus, the high-
pressure refrigerant is cooled in the internal heat ex-
changer (23) and then flows into the expander (12).

[0324] In the heating operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the bro-
kenlinesin Figure 18. Furthermore, the first shut-off valve
(SV1) is closed and the second shut-off valve (SV2) is
opened. Refrigerant discharged from the compressor
(11) in this state sequentially flows through the first four-
way selector valve (31), the indoor heat exchanger (22),
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the second four-way selector valve (32), the first channel
(27) of the internal heat exchanger (23), the expander
(12), the first four-way selector valve (31), the outdoor
heat exchanger (21), the second four-way selector valve
(32) and the bypass passage (46) and is then sucked
into the compressor (11) again.

[0325] In the internal heat exchanger (23), high-pres-
sure refrigerant after passing through the indoor heat ex-
changer (22) flows through the first channel (27) but low-
pressure refrigerant after passing through the outdoor
heat exchanger (21) does not flow through the second
channel (28). Therefore, the high-pressure refrigerant
does not change its temperature. Thus, the high-pres-
sure refrigerant flows into the expander (12) without be-
ing cooled.

- Effects of Embodiment 11 -

[0326] Also in Embodiment 11, the internal heat ex-
changer (23) functions only during the cooling operation.
Therefore, during the cooling operation, high-pressure
refrigerant to be introduced into the expander (12) can
be cooled to increase the density de of refrigerant flowing
into the expander (12). As a result, unlike the conven-
tional refrigeration system in which, during the cooling
operation, the mass flow rate Mc of refrigerant through
the compressor (11) is larger than the mass flow rate Me
of refrigerant through the expander (12), the refrigeration
system of Embodiment 11 can increase the mass flow
rate Me of refrigerant through the expander (12) to bal-
ance the refrigerant mass flow rates Mc and Me.
[0327] Furthermore, since, like Embodiment 9, the re-
frigerant mass flow rates Me and Mc are balanced without
part of the refrigerant bypassing the expander (12), the
refrigeration system of this embodiment can introduce all
the refrigerant into the expander (12) to avoid the dete-
rioration of the COP.

«Embodiment 12 of the Invention»

[0328] A refrigeration system according to Embodi-
ment 12 is applied to an air conditioner (1). The air con-
ditioner (1) is configured to selectively perform a cooling
operation for cooling a room and a heating operation for
heating the room.

[0329] As shown in Figure 19, the air conditioner (1)
includes a refrigerant circuit (10). The refrigerant circuit
(10) operates in a vapor compression refrigeration cycle
by circulating refrigerant therethrough. The refrigerant
circuit (10) is charged with carbon dioxide (CO,) as re-
frigerant.

[0330] Furthermore, the refrigerant circuit (10) in-
cludes a compressor (11), an expander (12), an outdoor
heat exchanger (21), an indoor heat exchanger (22), a
gas-liquid separator (51), a first four-way selector valve
(31) and a second four-way selector valve (32) which are
connected therein.

[0331] The compressor(11)and the expander(12) are
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constituted by individual rotary piston fluid machines hav-
ing respective specific cylinder volumes. The compres-
sor (11) and the expander (12) are connected to each
other by the rotation shaft of a motor (13). The compres-
sor (11) is driven into rotation by both of power obtained
by refrigerant expansion in the expander (12) (expansion
power) and power obtained by turn-on of the motor (13).
Since the compressor (11) and the expander (12) are
connected to each other by the rotation shaft, they always
have the same number of rotations. Therefore, in the
refrigerant circuit (10), the ratio (Ve/Vc) between the cir-
culation volume Ve of refrigerant passing through the ex-
pander (12) and the circulation volume Vc of refrigerant
passing through the compressor (11) is a fixed value de-
termined by the cylinder volume ratio between the fluid
machines (11, 12). The cylinder volume ratio is designed
so that the ratio Ve/Vc is equal to the density ratio de/dc
during the heating operation of the air conditioner (1) be-
tween the density de of refrigerant flowing into the ex-
pander (12) and the density dc of refrigerant sucked into
the compressor (11), i.e., so that the mass flow rate Me
of refrigerant passing through the expander (12) is equal
to the mass flow rate Mc of refrigerant passing through
the compressor (11).

[0332] Each of the outdoor heat exchanger (21) and
the indoor heat exchanger (22) is constituted by a so-
called cross fin type fin-and-tube heat exchanger. The
outdoor heat exchanger (21) is supplied with outdoor air
by an unshown fan. In the outdoor heat exchanger (21),
heat is exchanged between outdoor air and refrigerant.
On the other hand, the indoor heat exchanger (22) is
supplied with room air by an unshown fan. In the indoor
heat exchanger (22), heat is exchanged between room
air and refrigerant.

[0333] The outlet side of the expander (12) is connect-
ed to the gas-liquid separator (51). The gas-liquid sepa-
rator (51) is a closed container for separating two-phase
refrigerant expanded by the expander (12) into a liquid
refrigerant and a gas refrigerant. The interior of the gas-
liquid separator (51) has a liquid storage section (52)
formed in a lower space thereof to store the separated
liquid refrigerant and a gas storage section (53) formed
in an upper space thereof to store the separated gas
refrigerant.

[0334] The liquid storage section (52) of the gas-liquid
separator (51) is connected to a separated liquid pipe
(54), while the gas storage section (53) thereof is con-
nected to a separated gas pipe (55). The separated liquid
pipe (54) is a pipe for sending the liquid refrigerant sep-
arated by the gas-liquid separator (51) into the second
four-way selector valve (32). The separated gas pipe (55)
is a so-called gas injection pipe (a first injection pipe) for
sending the gas refrigerant separated by the gas-liquid
separator (51) into the suction side of the compressor
(11). The separated gas pipe (55) is provided with a gas
control valve (38) for controlling the flow rate of the gas
refrigerant to be sent into the section side of the com-
pressor (11).
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[0335] Furthermore, the gas-liquid separator (51) is
provided with a heat transfer tube (50) passing through
the interior of the gas-liquid separator (51) to adjoin the
liquid storage section (52). One end of the heat transfer
tube (50) is connected to one end of the outdoor heat
exchanger (21) and the other end is connected to the
second four-way selector valve (32). The heat transfer
tube (50) constitutes an internal heat exchange part for
exchanging liquid refrigerant in the liquid storage section
(52) with refrigerant in the heat transfer tube.

[0336] Each of the first four-way selector valve (31)
and the second four-way selector valve (32) has first to
fourth ports. The first four-way selector valve (31) has
the first port (P1) connected to the discharge side of the
compressor (11), the second port (P2) connected to the
other end of the outdoor heat exchanger (21), the third
port (P3) connected to the suction side of the compressor
(11) and the fourth port (P4) connected to one end of the
indoor heat exchanger (22). The second four-way selec-
tor valve (32) has the first port (P1) connected via the
separated liquid pipe (54) to the liquid storage section
(52) of the gas-liquid separator (51), the second port (P2)
connected to the heat transfer tube (50) of the gas-liquid
separator (51), the third port (P3) connected to the inlet
side of the expander (12) and the fourth port (P4) con-
nected to the other end of the indoor heat exchanger
(22).

[0337] Each of the first and second four-way selector
valves (31, 32) is configured to be switchable between
afirst position in which the first port (P1) is communicated
with the second port (P2) and the third port (P3) is com-
municated with the fourth port (P4) (the position shown
in the solid lines in Figure 19) and a second position in
which the first port (P1) is communicated with the fourth
port (P4) and the second port (P2) is communicated with
the third port (P3) (the position shown in the broken lines
in Figure 19).

[0338] The first four-way selector valve (31) consti-
tutes a refrigerant switching mechanism for switching the
circulation direction of refrigerant to selectively provide
either the cooling operation or the heating operation. On
the other hand, the second four-way selector valve (32)
constitutes a heat exchange control mechanism (60) for
changing the amount of heat exchange of refrigerant in
the internal heat exchange part (50) and allows heat ex-
change of refrigerant in the heat transfer tube (50) only
during the cooling operation of the air conditioner (1).

- Operational Behavior -

[0339] Next, a description is given of the behaviors of
the air conditioner (1) according to Embodiment 12 during
cooling and heating operations.

(Cooling Operation)

[0340] In the cooling operation, the first four-way se-
lector valve (31) and the second four-way selector valve
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(32) are selected to the first position and the second po-
sition, respectively, as shown in Figure 20. When the
motor (13) is turned on in this state, refrigerant circulates
through the refrigerant circuit (10), whereby the refriger-
ant circuit (10) operates in a refrigeration cycle. During
this operation, the outdoor heat exchanger (21) serves
as a gas cooler and the indoor heat exchanger (22)
serves as an evaporator. The high-side pressure of the
refrigeration cycle is set higher than the critical pressure
of carbon dioxide which is the refrigerant.

[0341] The compressor (11) discharges supercritical
high-pressure refrigerant. The high-pressure refrigerant
flows through the first four-way selector valve (31) and
into the outdoor heat exchanger (21). In the outdoor heat
exchanger (21), the high-pressure refrigerant releases
heat to outdoor air.

[0342] The high-pressure refrigerant having released
heat in the outdoor heat exchanger (21) flows through
the heat transfer tube (50) in the gas-liquid separator
(51). During the time, the high-pressure refrigerant is
cooled by heat exchange with the liquid refrigerant stored
in the liquid storage section (52) of the gas-liquid sepa-
rator (51). The high-pressure refrigerant after flowing out
of the heat transfer tube (50) flows through the second
four-way selector valve (32) into the expander (12). In
the expander (12), the high-pressure refrigerant ex-
pands, whereby the internal energy of the high-pressure
refrigerantis converted into power of rotation for the com-
pressor (11). Because of expansion in the expander (12),
the high-pressure refrigerant decreases its pressure to
change from supercritical to gas-liquid two-phase form.
[0343] The low-pressure refrigerant obtained by pres-
sure reduction in the expander (12) flows into the con-
tainer of the gas-liquid separator (51). In the gas-liquid
separator (51), the low-pressure refrigerant in gas-liquid
two-phase form is separated into a liquid refrigerant and
a gas refrigerant. The low-pressure liquid refrigerant
stored in the liquid storage section (52) is heated by heat
exchange with the high-pressure refrigerant flowing
through the heat transfer tube (50). On the other hand,
the low-pressure gas refrigerant stored in the gas storage
section (53) flows through the separated gas pipe (55)
back to the suction side of the compressor (11) by open-
ing the gas control valve (38) to an appropriate opening
at appropriate times.

[0344] The low-pressure liquid refrigerant in the liquid
storage section (52) passes through the separated liquid
pipe (54) and the second four-way selector valve (32)
and then flows into the indoor heat exchanger (22). In
the indoor heat exchanger (22), the low-pressure refrig-
erant takes heat from room air to evaporate. Then, the
room air cooled by the low-pressure refrigerant is fed to
the room. The low-pressure refrigerant evaporated in the
indoor heat exchanger (22) passes through the first four-
way selector valve (31) and is then sucked into the com-
pressor (11).
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(Heating Operation)

[0345] In the heating operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(32) are selected to the second position and the first po-
sition, respectively, as shown in Figure 21. When the
motor (13) is turned on in this state, refrigerant circulates
through the refrigerant circuit (10), whereby the refriger-
ant circuit (10) operates in a refrigeration cycle. During
this operation, the indoor heat exchanger (22) serves as
a gas cooler and the outdoor heat exchanger (21) serves
as an evaporator. The high-side pressure of the refriger-
ation cycle, like in the cooling operation, is set higher
than the critical pressure of carbon dioxide which is the
refrigerant.

[0346] The compressor (11) discharges supercritical
high-pressure refrigerant. The high-pressure refrigerant
flows through the first four-way selector valve (31) and
into the indoor heat exchanger (22). In the indoor heat
exchanger (22), the high-pressure refrigerant releases
heat to room air. Then, the room air heated by the high-
pressure refrigerant is fed to the room.

[0347] The high-pressure refrigerant having released
heat in the indoor heat exchanger (22) flows through the
second four-way selector valve (32) into the expander
(12). In the expander (12), the high-pressure refrigerant
expands, whereby the internal energy of the high-pres-
sure refrigerant is converted into power of rotation for the
compressor (11). Because of expansion in the expander
(12), the high-pressure refrigerant decreases its pres-
sure to change from superecritical to gas-liquid two-phase
form.

[0348] The low-pressure refrigerant obtained by pres-
sure reduction in the expander (12) flows into the con-
tainer of the gas-liquid separator (51). In the gas-liquid
separator (51), the low-pressure refrigerant in gas-liquid
two-phase form is separated into a liquid refrigerant and
a gas refrigerant. The low-pressure liquid refrigerant
stored in the liquid storage section (52) passes through
the separated liquid pipe (54) and the second four-way
selector valve (32) and then flows through the heat trans-
fer tube (50). In this case, the liquid refrigerant in the
liquid storage section (52) and the liquid refrigerant in the
heat transfer tube (50) have substantially the same tem-
perature and, therefore, hardly exchange heat with each
other.

[0349] The low-pressure refrigerant after flowing out
of the heat transfer tube (50) flows into the outdoor heat
exchanger (21). In the outdoor heat exchanger (21), the
low-pressure refrigerant takes heat from outdoor air to
evaporate. The low-pressure refrigerant evaporated in
the outdoor heat exchanger (21) flows through the first
four-way selector valve (31) and is then sucked into the
compressor (11).

- Effects of Embodiment 12 -

[0350] InEmbodiment12,the gas-liquid separator (51)
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is provided with a heat transfer tube (50) as an internal
heat exchange part. In addition, the refrigeration system
of Embodiment 12 is configured to allow, only during the
cooling operation, heat exchange between refrigerant
flowing through the heat transfer tube (50) for introduction
into the expander (12) and liquid refrigerant separated
in the gas-liquid separator (51) by position change of the
second four-way selector valve (32). Therefore, during
the cooling operation, refrigerant to be introduced into
the expander (12) can be cooled to increase the density
de of refrigerant flowing into the expander (12). As a re-
sult, unlike the conventional refrigeration system in
which, during the cooling operation, the mass flow rate
Mc of refrigerant through the compressor (11) is larger
than the mass flow rate Me of refrigerant through the
expander (12) for the above-mentioned reason, the re-
frigeration system of this embodiment can increase the
mass flow rate Me of refrigerant passing through the ex-
pander to balance the refrigerant mass flow rates Mc and
Me. Therefore, the refrigeration system can operate in a
desired refrigeration cycle.

[0351] According to this embodiment, the refrigerant
mass flow rates Me and Mc are balanced, unlike the tech-
nique in Patent Document 2, without part of the refrigerant
bypassing the expander (12). Therefore, unlike the re-
frigeration system of Patent Document 2 in which the
expansion power from the expander (12) is reduced to
deteriorate the COP, the refrigeration system of this em-
bodiment can introduce all the refrigerant into the ex-
pander (12) to avoid the deterioration of the COP.
[0352] According to this embodiment, heat is ex-
changed between the liquid refrigerant separated in the
gas-liquid separator (51) and the refrigerant to be intro-
duced into the expander (12). Because refrigerant in lig-
uid form has a higher overall heat transfer coefficient than
refrigerants in two-phase form and gas form of the same
kind, it can enhance the heat exchanger efficiency in the
internal heat exchange part (50). Therefore, the refriger-
ant to be introduced into the expander (12) can be effec-
tively cooled, resulting in providing a compact design of
the internal heat exchange part (50).

[0353] Furthermore, according to this embodiment, the
gas-liquid separator (51) serves also as the internal heat
exchanger (50). Therefore, the refrigeration system of
this embodiment can be downsized as compared with
the case where the gas-liquid separator (51) and the in-
ternal heat exchanger (50) are separately provided.
[0354] Furthermore, according to this embodiment, a
so-called gas injection can be made by sending the gas
refrigerant separated by the gas-liquid separator (51) into
the suction side of the compressor (11). Therefore, the
refrigeration system can control the degree of superheat
of refrigerant to be sucked into the compressor (11),
thereby providing an optimum control over the refrigera-
tion cycle.
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<Modification of Embodiment 12>

[0355] Next, a description is given of a refrigeration
system according to a modification of Embodiment 12.
The refrigeration system according to this modification
includes a plurality of indoor heat exchangers as utiliza-
tion side heat exchangers of an air conditioner (1). In
other words, the refrigeration system of this modification
is applied to a multi-type air conditioner. The following
description is given of different points from Embodiment
12.

[0356] Inthe refrigerant circuit (10) in this modification,
first to third indoor heat exchangers (22a, 22b, 22c) are
connected in parallel with each other. The indoor heat
exchangers (22a, 22b, 22c¢) are provided with their re-
spective fans unshown. The indoor heat exchangers
(22a, 22b, 22c) are supplied with room air by the asso-
ciated fans. Furthermore, the refrigerant circuit (10) in-
cludes first to third flow control valves (61a, 61b, 61c)
associated with the first to third indoor heat exchangers
(22a, 22b, 22c), respectively. Each flow control valve
(61a, 61b, 61c) is configured to individually control the
flow rate of refrigerant branchedly flowing into the asso-
ciated indoor heat exchanger (22a, 22b, 22c). The op-
erational behaviors of this modification are the same as
in Embodiment 12 except that refrigerant branchedly
flows into the plurality of indoor heat exchangers (22a,
22b, 22c) and the branched flows then merge together.
[0357] Also in this modification, during the cooling op-
eration, refrigerant to be introduced into the expander
(12) can be cooled to increase the density de of refriger-
ant flowing into the expander (12) by heat exchange of
refrigerant in the heat transfer tube (50). Therefore, the
refrigerant mass flow rates (Mc and Me) through the com-
pressor (11) and the expander (12) can be balanced,
whereby the refrigeration system can operate in a desired
refrigeration cycle.

[0358] Furthermore, according to this modification,
since the refrigeration system is provided with the plural-
ity of indoor heat exchangers (22a, 22b, 22c), it can be
applied to a so-called multi-type air conditioner (1). Fur-
thermore, since the respective flow rates of refrigerant
flowing into the indoor heat exchangers (22a, 22b, 22c)
can be controlled by the respective flow control valves
(61a, 61b, 61c), each indoor heat exchanger (22a, 22b,
22c) can be individually controlled in terms of the cooling
capacity and heating capacity. In this case, since the lig-
uid refrigerant separated in the gas-liquid separator (51)
can be sent to each indoor heat exchanger (22a, 22b,
22c), its flow rate can be more easily controlled in each
flow control valve (61a, 61b, 61c) as compared with those
of refrigerants in two-phase form and gas form.

[0359] Because multi-type air conditioners are gener-
ally likely to have a long connection pipe between each
of the indoor heat exchangers (22a, 22b, 22c) and the
outdoor heat exchanger (21), the flow of refrigerant in
two-phase form through the connection pipe could be
likely to increase the pressure loss of refrigerant and
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sounds of refrigerant passing through the connection
pipe could be likely to be noises. In contrast, since ac-
cording to this modification the liquid refrigerant separat-
ed in the gas-liquid separator (51) can flow through the
connection pipe, pressure loss and noises as mentioned
above can be effectively reduced.

«Embodiment 13 of the Invention»

[0360] Next, a refrigeration system according to Em-
bodiment 13 is described. The refrigeration system of
Embodiment 13 is different in the configuration of the
refrigerant circuit (10) from the refrigeration system of
Embodiment 12. The following description is given of dif-
ferent points from Embodiment 12.

[0361] AsshowninFigure 23, like Embodiment 12, the
refrigerant circuit (10) includes a compressor (11), an
expander (12), an outdoor heat exchanger (21), an in-
door heat exchanger (22), a gas-liquid separator (51), a
first four-way selector valve (31) and a second four-way
selector valve (33) which are connected therein.

[0362] Unlike Embodiment 12, in the gas-liquid sepa-
rator (51) in Embodiment 13, one end of the heat transfer
tube (50) is connected to the inlet side of the expander
and the other end is connected via a liquid inflow pipe
(56) to the second four-way selector valve (33). The liquid
inflow pipe (56) is provided with a first solenoid shut-off
valve (34) selectively allowing or inhibiting the flow of
refrigerant through the heat transfer tube (50). Further-
more, one end of a bypass pipe (57) is connected to the
liquid inflow pipe (56) between the first solenoid shut-off
valve (34) and the second four-way selector valve (33).
The other end of the bypass pipe (57) is connected to
the inlet side of the expander (12). In other words, the
bypass pipe (57) is a pipe for allowing refrigerant to by-
pass the heat transfer tube (50) and to be introduced into
the expander (12). Furthermore, the bypass pipe (57) is
provided with a second solenoid shut-off valve (35) se-
lectively allowing or inhibiting the flow of refrigerant
through the bypass pipe (57). With the configuration as
described so far, the bypass pipe (57) and the first and
second solenoid shut-off valves (34, 35) constitute a heat
exchange control mechanism (60) for changing the
amount of heat exchange of refrigerant in the heat trans-
fer tube (50) and allows heat exchange of refrigerant in
the heat transfer tube (50) only during the cooling oper-
ation of the air conditioner (1).

[0363] Furthermore, unlike Embodiment 12, the first
four-way selector valve (31) has the first port (P1) con-
nected to the discharge side of the compressor (11), the
second port (P2) connected to one end of the outdoor
heat exchanger (21), the third port (P3) connected to the
suction side of the compressor (11) and the fourth port
(P4) connected to one end of the indoor heat exchanger
(22). The second four-way selector valve (33) has the
first port (P1) connected via the separated liquid pipe
(54) to the liquid storage section (52) of the gas-liquid
separator (51), the second port (P2) connected to the
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other end of the outdoor heat exchanger (21), the third
port (P3) connected via the liquid inflow pipe (56) to the
heat transfer tube (50) of the gas-liquid separator (51)
and the fourth port (P4) connected to the other end of
the indoor heat exchanger (22).

[0364] Each of the first and second four-way selector
valves (31, 33) is configured, like Embodiment 12, to be
switchable between the first position and the second po-
sition. Furthermore, the first and second four-way selec-
tor valves (31, 33) constitute a refrigerant switching
mechanism for switching the circulation direction of re-
frigerant to selectively provide either the cooling opera-
tion or the heating operation.

- Operational Behavior -

[0365] Next, a description is given of the behaviors of
the air conditioner (1) according to Embodiment 13 during
cooling and heating operations.

(Cooling Operation)

[0366] In the cooling operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(33) are selected to the first position and the second po-
sition, respectively, as shown in Figure 24. Furthermore,
the first solenoid shut-off valve (34) is turned open and
the second solenoid shut-off valve (35) is turned closed.
When the motor (13) is turned on in this state, refrigerant
circulates through the refrigerant circuit (10), whereby
the refrigerant circuit (10) operates in a refrigeration cy-
cle. During this operation, the outdoor heat exchanger
(21) serves as a gas cooler and the indoor heat exchang-
er (22) serves as an evaporator. The high-side pressure
of the refrigeration cycle is set higher than the critical
pressure of carbon dioxide which is the refrigerant.
[0367] The compressor (11) discharges supercritical
high-pressure refrigerant. The high-pressure refrigerant
flows through the first four-way selector valve (31) and
into the outdoor heat exchanger (21). In the outdoor heat
exchanger (21), the high-pressure refrigerant releases
heat to outdoor air.

[0368] The high-pressure refrigerant having released
heat in the outdoor heat exchanger (21) passes through
the second four-way selector valve (33) and the liquid
inflow pipe (56) and then flows through the heat transfer
tube (50). During the flowing through the heat transfer
tube (50), the high-pressure refrigerant is cooled by heat
exchange with liquid refrigerant stored in the liquid stor-
age section (52) of the gas-liquid separator (51). The
high-pressure refrigerant after flowing out of the heat
transfer tube (50) flows into the expander (12). In the
expander (12), the high-pressure refrigerant expands,
whereby the internal energy of the high-pressure refrig-
erantis converted into power of rotation for the compres-
sor (11). Because of expansion in the expander (12), the
high-pressure refrigerant decreases its pressure to
change from supercritical to gas-liquid two-phase form.
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[0369] The low-pressure refrigerant obtained by pres-
sure reduction in the expander (12) flows into the con-
tainer of the gas-liquid separator (51). In the gas-liquid
separator (51), the low-pressure refrigerant in gas-liquid
two-phase form is separated into a liquid refrigerant and
a gas refrigerant. The low-pressure liquid refrigerant
stored in the liquid storage section (52) is heated by heat
exchange with the high-pressure refrigerant flowing
through the heat transfer tube (50). On the other hand,
the low-pressure gas refrigerant stored in the gas storage
section (53) flows through the separated gas pipe (55)
back to the suction side of the compressor (11) by open-
ing the gas control valve (38) to an appropriate opening
at appropriate times.

[0370] The low-pressure liquid refrigerant in the liquid
storage section (52) passes through the separated liquid
pipe (54) and the second four-way selector valve (33)
and then flows into the indoor heat exchanger (22). In
the indoor heat exchanger (22), the low-pressure refrig-
erant takes heat from room air to evaporate. Then, the
room air cooled by the low-pressure refrigerant is fed to
the room. The low-pressure refrigerant evaporated in the
indoor heat exchanger (22) passes through the first four-
way selector valve (31) and is then sucked into the com-
pressor (11).

(Heating Operation)

[0371] In the heating operation, the first four-way se-
lector valve (31) and the second four-way selector valve
(33) are selected to the second position and the first po-
sition, respectively, as shown in Figure 25. Furthermore,
the first solenoid shut-off valve (34) is turned closed and
the second solenoid shut-off valve (35) is turned open.
When the motor (13) is turned on in this state, refrigerant
circulates through the refrigerant circuit (10), whereby
the refrigerant circuit (10) operates in a refrigeration cy-
cle. During this operation, the indoor heat exchanger (22)
serves as a gas cooler and the outdoor heat exchanger
(21) serves as an evaporator. The high-side pressure of
the refrigeration cycle, like in the cooling operation, is set
higher than the critical pressure of carbon dioxide which
is the refrigerant.

[0372] The compressor (11) discharges supercritical
high-pressure refrigerant. The high-pressure refrigerant
flows through the first four-way selector valve (31) and
into the indoor heat exchanger (22). In the indoor heat
exchanger (22), the high-pressure refrigerant releases
heat to room air. Then, the room air heated by the high-
pressure refrigerant is fed to the room.

[0373] The high-pressure refrigerant having released
heat in the indoor heat exchanger (22) passes through
the second four-way selector valve (33) and the bypass
pipe (57) and then flows into the expander (12). In the
expander (12), the high-pressure refrigerant expands,
whereby the internal energy of the high-pressure refrig-
erantis converted into power of rotation for the compres-
sor (11). Because of expansion in the expander (12), the
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high-pressure refrigerant decreases its pressure to
change from supercritical to gas-liquid two-phase form.
[0374] The low-pressure refrigerant obtained by pres-
sure reduction in the expander (12) flows into the con-
tainer of the gas-liquid separator (51). In the gas-liquid
separator (51), the low-pressure refrigerant in gas-liquid
two-phase form is separated into a liquid refrigerant and
a gas refrigerant. In this case, refrigerant does not flow
through the heat transfer tube (50). Therefore, the liquid
refrigerant in the liquid storage section (52) does not ex-
change heat.

[0375] The low-pressure liquid refrigerant in the liquid
storage section (52) passes through the separated liquid
pipe (54) and the second four-way selector valve (33)
and then flows into the outdoor heat exchanger (21). In
the outdoor heat exchanger (21), the low-pressure re-
frigerant takes heat from outdoor air to evaporate. The
low-pressure refrigerant evaporated in the outdoor heat
exchanger (21) flows through the first four-way selector
valve (31) and is then sucked into the compressor (11).

- Effects of Embodiment 13 -

[0376] In Embodiment 13, the refrigeration system is
configured to allow heat exchange of refrigerant in the
heat transfer tube (50) only during the cooling operation
by position change of the first and second solenoid shut-
off valves (34, 35). Therefore, during the cooling opera-
tion, the density de of refrigerant flowing into the expand-
er (12) isincreased. As aresult, the refrigerant mass flow
rates (Mc and Me) through the compressor (11) and the
expander (12) can be balanced, whereby the refrigera-
tion system can operate in a desired refrigeration cycle.

<Modification of Embodiment 13>

[0377] Next, a description is given of a refrigeration
system according to a modification of Embodiment 13.
In the refrigeration system of the modification, first and
second motor-operated valves (36, 37) are provided in
place of the first and second solenoid shut-off valves (34,
35) in Embodiment 13. The following description is given
of different points from Embodiment 13.

[0378] As shown in Figure 26, in the refrigerant circuit
(10) of this modification, the liquid inflow pipe (56) is pro-
vided with a first motor-operated valve (36) having a var-
iable opening. The first motor-operated valve (36) is con-
figured to be capable of controlling the flow rate of refrig-
erant flowing through the heat transfer tube (50). The
bypass pipe (57) is provided with a second motor-oper-
ated valve (37) having a variable opening. The second
motor-operated valve (37) is configured to be capable of
controlling the flow rate of refrigerant flowing through the
bypass pipe (57). Furthermore, the bypass pipe (57) and
the first and second motor-operated valves (36, 37) con-
stitute a heat exchange control mechanism (60) for
changing the amount of heat exchange of refrigerant in
the heat transfer tube (50).
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[0379] According to this modification, the flow rate of
refrigerant flowing through the heat transfer tube (50) can
be controlled to control the amount of heat exchange of
refrigerant in the heat transfer tube (50) by controlling
the openings of the first and second motor-operated
valves (36, 37). Therefore, the refrigerant mass flow rates
(Me and Mc) through the compressor (11) and the ex-
pander (12) can be balanced with high accuracy accord-
ing to the operating conditions.

[0380] Furthermore, the refrigeration system accord-
ing to this modification enables, only during the cooling
operation, refrigerant to flow through the heat transfer
tube (50) and exchange heat therein by fully opening the
first motor-operated valve (36) and concurrently fully
closing the second motor-operated valve (37).

«Embodiment 14 of the Invention»

[0381] Next, a refrigeration system according to Em-
bodiment 14 is described. The refrigeration system of
Embodiment 14 is different in the configuration of the
refrigerant circuit (10) from the refrigeration system of
Embodiment 12. The following description is given of dif-
ferent points from Embodiment 12.

[0382] As shown in Figure 27, the refrigerant circuit
(10) in Embodiment 14 is provided with a four-way se-
lector valve (31) similar to the first four-way selector valve
in Embodiment 12 but, unlike Embodiment 12, not pro-
vided with the second four-way selector valve (32). The
four-way selector valve (31) constitutes a refrigerant
switching mechanism for switching the circulation direc-
tion of refrigerant to selectively provide either the cooling
operation or the heating operation.

[0383] In this embodiment, the outdoor heat exchang-
er(21) and the indoor heat exchanger (22) are connected
to each other by a first pipe (71). The first pipe (71) is
provided with a first check valve (81) located towards the
outdoor heat exchanger (21) and a second check valve
(82) located towards the indoor heat exchanger (22). One
end of the liquid inflow pipe (56) is connected to the first
pipe (71) between the outdoor heat exchanger (21) and
thefirstcheck valve (81). The other end of the liquid inflow
pipe (56) is connected to one end of the heat transfer
tube (50). The other end of the heat transfer tube (50) is
connected to the inlet side of the expander (12). Further-
more, the liquid inflow pipe (56) is provided with a third
check valve (83).

[0384] The separated liquid pipe (54) in this embodi-
ment is connected at one end thereofto the liquid storage
section (52) of the gas-liquid separator (51) and connect-
ed at the other end to the first pipe (71) between the first
check valve (81) and the second check valve (82). Fur-
thermore, one end of a second pipe (72) is connected to
the first pipe (71) between the second check valve (82)
and the indoor heat exchanger (22). The other end of the
second pipe (72) is connected to a pipe connecting be-
tween the inlet side of the expander (12) and the gas-
liquid separator (51). The second pipe (72) is provided
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with a fourth check valve (84).

[0385] The first check valve (81) allows only the flow
of refrigerant from a connecting point of the first pipe (71)
with the separated liquid pipe (54) towards a connecting
point thereof with the liquid inflow pipe (56). The second
check valve (82) allows only the flow of refrigerant from
the connecting point of the first pipe (71) with the sepa-
rated liquid pipe (54) towards a connecting point thereof
with the second pipe (72). The third check valve (83)
allows only the flow of refrigerant from the first pipe (71)
towards the heat transfer tube (50). The fourth check
valve (84) allows only the flow of refrigerant from the first
pipe (71) towards the inlet side of the expander (12).
[0386] Thus, since the refrigerant circuit (10) in this
embodimentincludes a sub-circuit formed by connecting
the first pipe (71), the second pipe (72), the liquid inflow
pipe (56) and the heat transfer pipe (50) and provided
with the check valves (81, 82, 83, 84), the sub-circuit
constitutes a circuit resembling a so-called bridge circuit.
Furthermore, the sub-circuit constitutes a heat exchange
control mechanism (60) for changing the amount of heat
exchange of refrigerant in the heat transfer tube (50) and
allows heat exchange of refrigerant in the heat transfer
tube (50) only during the cooling operation of the air con-
ditioner (1).

- Operational Behavior -

[0387] Next, a description is given of the behaviors of
the air conditioner (1) according to Embodiment 14 during
cooling and heating operations.

(Cooling Operation)

[0388] In the cooling operation, the four-way selector
valve (31) is selected to the first position as shown in
Figure 28. When the motor (13) is turned on in this state,
refrigerant circulates through the refrigerant circuit (10),
whereby the refrigerant circuit (10) operates in a refrig-
eration cycle. During this operation, the outdoor heat ex-
changer (21) serves as a gas cooler and the indoor heat
exchanger (22) serves as an evaporator. The high-side
pressure of the refrigeration cycle is set higher than the
critical pressure of carbon dioxide which is the refrigerant.
[0389] The compressor (11) discharges supercritical
high-pressure refrigerant. The high-pressure refrigerant
flows through the four-way selector valve (31) and into
the outdoor heat exchanger (21). In the outdoor heat ex-
changer (21), the high-pressure refrigerant releases heat
to outdoor air.

[0390] The high-pressure refrigerant having released
heat in the outdoor heat exchanger (21) passes through
the third check valve (83) in the liquid inflow pipe (56)
and then flows through the heat transfer tube (50). During
the flowing through the heat transfer tube (50), the high-
pressure refrigerant is cooled by heat exchange with lig-
uid refrigerant stored in the liquid storage section (52) of
the gas-liquid separator (51). The high-pressure refrig-
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erant after flowing out of the heat transfer tube (50) flows
into the expander (12). In the expander (12), the high-
pressure refrigerant expands, whereby the internal en-
ergy of the high-pressure refrigerant is converted into
power of rotation for the compressor (11). Because of
expansion in the expander (12), the high-pressure refrig-
erant decreases its pressure to change from supercritical
to gas-liquid two-phase form.

[0391] The low-pressure refrigerant obtained by pres-
sure reduction in the expander (12) flows into the con-
tainer of the gas-liquid separator (51). Then, the low-
pressure refrigerant in gas-liquid two-phase form is sep-
arated into a liquid refrigerant and a gas refrigerant. The
low-pressure liquid refrigerant stored in the liquid storage
section (52) is heated by heat exchange with the high-
pressure refrigerant flowing through the heat transfer
tube (50). On the other hand, the low-pressure gas re-
frigerant stored in the gas storage section (53) flows
through the separated gas pipe (55) back to the suction
side of the compressor (11) by opening the gas control
valve (38) to an appropriate opening at appropriate times.
[0392] The low-pressure liquid refrigerant in the liquid
storage section (52) passes through the separated liquid
pipe (54) and the second check valve (82) in the first pipe
(71) and then flows into the indoor heat exchanger (22).
In the indoor heat exchanger (22), the low-pressure re-
frigerant takes heat from room air to evaporate. Then,
the room air cooled by the low-pressure refrigerant is fed
to the room. The low-pressure refrigerant evaporated in
the indoor heat exchanger (22) passes through the four-
way selector valve (31) and is then sucked into the com-
pressor (11).

(Heating Operation)

[0393] In the heating operation, the four-way selector
valve (31) is selected to the second position as shown
in Figure 29. When the motor (13) is turned on in this
state, refrigerant circulates through the refrigerant circuit
(10), whereby the refrigerant circuit (10) operates in a
refrigeration cycle. During this operation, the indoor heat
exchanger (22) serves as a gas cooler and the outdoor
heat exchanger (21) serves as an evaporator. The high-
side pressure of the refrigeration cycle, like in the cooling
operation, is set higher than the critical pressure of car-
bon dioxide which is the refrigerant.

[0394] The compressor (11) discharges supercritical
high-pressure refrigerant. The high-pressure refrigerant
flows through the four-way selector valve (31) and into
the indoor heat exchanger (22). In the indoor heat ex-
changer (22), the high-pressure refrigerant releases heat
to room air. Then, the room air heated by the high-pres-
sure refrigerant is fed to the room.

[0395] The high-pressure refrigerant having released
heat in the indoor heat exchanger (22) passes through
the first pipe (71) and the fourth check valve (84) in the
second pipe (72) and then flows into the expander (12).
In the expander (12), the high-pressure refrigerant ex-
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pands, whereby the internal energy of the high-pressure
refrigerantis converted into power of rotation for the com-
pressor (11). Because of expansion in the expander (12),
the high-pressure refrigerant decreases its pressure to
change from supercritical to gas-liquid two-phase form.
[0396] The low-pressure refrigerant obtained by pres-
sure reduction in the expander (12) flows into the con-
tainer of the gas-liquid separator (51). In the gas-liquid
separator (51), the low-pressure refrigerant in gas-liquid
two-phase form is separated into a liquid refrigerant and
a gas refrigerant. In this case, refrigerant does not flow
through the heat transfer tube (50). Therefore, the liquid
refrigerant in the liquid storage section (52) hardly ex-
changes heat.

[0397] The low-pressure liquid refrigerant in the liquid
storage section (52) passes through the separated liquid
pipe (54) and the first check valve (81) in the first pipe
(71) and then flows into the outdoor heat exchanger (21).
In the outdoor heat exchanger (21), the low-pressure re-
frigerant takes heat from outdoor air to evaporate. The
low-pressure refrigerant evaporated in the outdoor heat
exchanger (21) flows through the four-way selector valve
(31) and is then sucked into the compressor (11).

- Effects of Embodiment 14 -

[0398] According to Embodiment 14, heat exchange
of refrigerant in the heat transfer tube (50) can be made
only during the cooling operation through a combination
of the particular pipe lines and the check valves (81, 82,
83, 84). Therefore, during the cooling operation, the den-
sity de of refrigerant flowing into the expander (12) is
increased. As a result, the refrigerant mass flow rates
(Mc and Me) through the compressor (11) and the ex-
pander (12) can be balanced, whereby the refrigeration
system can operate in a desired refrigeration cycle.
[0399] According to this embodiment, heat exchange
of refrigerant in the heat transfer tube (50) can be selec-
tively executed or not according to the switching between
the cooling operation and the heating operation simply
by position change control over the four-way selector
valve (31). This provides an easy control operation of the
refrigerant circuit (10).

«Other Embodiments»

[0400] The above embodiments of the present inven-
tion may have the following configurations.

[0401] For example, although the first to eleventh em-
bodiments describe examples in which an internal heat
exchanger (23) is provided as a temperature controller
that can control the temperature of refrigerant flowing
towards the expander (12), the temperature controller
may be any device for controlling the refrigerant temper-
ature other than the internal heat exchanger (23).
[0402] Furthermore, the temperature controller is not
limited to those by which the capacity to cool refrigerant
flowing towards the expander (12) during the cooling op-
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eration is different from that during the heating operation.
For example, the temperature controller may be config-
ured to control the refrigerant temperature when the op-
erating conditions of the refrigerant circuit (10) change.
[0403] In Embodiments 12 to 14, the refrigeration sys-
tem is configured to send gas refrigerant separated in
the gas-liquid separator (51) through the separated gas
pipe (55) to the suction side of the compressor (11). In-
stead of or in addition to this, a liquid injection pipe may
be provided for sending liquid refrigerant separated in
the gas-liquid separator (51) to the suction side of the
compressor (11).

[0404] Figure 30 indicates an example in which the
refrigeration system of Embodiment 13 is provided with
the above liquid injection pipe (second injection pipe)
(59). The liquid injection pipe (59) is connected at one
end thereof to a pipe connecting between the liquid stor-
age section (52) and the second four-way selector valve
(33) and connected at the other end to the suction pipe
for the compressor (11). Furthermore, the liquid injection
pipe (59) is provided with a liquid control valve (39) for
controlling the flow rate of refrigerant through the liquid
injection pipe (59).

[0405] With the above configuration, a so-called liquid
injection can be made by sending liquid refrigerant sep-
arated in the gas-liquid separator (51) through the liquid
injection pipe (59) to the suction side of the compressor
(11). During the time, the refrigeration system can control
the degree of superheat of refrigerant to be sucked into
the compressor (11) by controlling the amount of liquid
injection with the liquid control valve (39), thereby pro-
viding an optimum control over the refrigeration cycle.
Furthermore, combination of gas injection using the gas
injection pipe (55) and liquid injection using the liquid
injection pipe (59) provides a finer-tuned control over the
refrigeration cycle. Furthermore, the liquid injection pipe
(59) canbe used as a so-called oil return pipe for returning
refrigerator oil contained in refrigerant flowing out of the
expander (12), together with the liquid refrigerant sepa-
rated in the gas-liquid separator (51), to the suction side
of the compressor (11).

[0406] Furthermore, although in the above embodi-
ments the compressor (11) and the expander (12) are
constituted by rotary piston fluid machines, they are not
limited to rotary piston fluid machines. For example, they
may be constituted by positive displacement fluid ma-
chines, such as scroll type, swing type or multi-vane type,
or may be constituted by a combination of a compressor
and an expander of different two types selected from the
above different types of positive displacement fluid ma-
chines (also including rotary piston type one).

[0407] Furthermore, although in the above embodi-
ments carbon dioxide is used as refrigerant, the refriger-
ant used is not limited to this. For example, HFC refrig-
erant, HC refrigerant or natural refrigerant, such as water,
air or ammonia, may be used.
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Industrial Applicability

[0408] As seen from the above, the present invention
is useful for a refrigeration system which includes a re-
frigerant circuit operating in a vapor compression refrig-
eration cycle and in which an expander constituting an
expansion mechanism in the refrigerant circuit is me-
chanically connected to a compressor in the refrigerant
circuit.

Claims

1. Arrefrigeration system including a refrigerant circuit
(10) in which a compressor (11), a heat-source side
heat exchanger (21), an expansion mechanism (12)
and a utilization side heat exchanger (22) are con-
nected to provide a vapor compression refrigeration
cycle, the expansion mechanism (12) being consti-
tuted by an expander (12) for generating power by
the expansion of refrigerant, the expander (12) being
mechanically connected to the compressor (11), the
refrigeration system further comprising
a temperature controller (23) capable of controlling
the temperature of refrigerant flowing towards the
expander (12).

2. The refrigeration system of claim 1, wherein

the refrigerant circuit (10) is configured to be capable
of a heating operation in which refrigerant flowing
through the utilization side heat exchanger (22) re-
leases heat and a cooling operation in which refrig-
erant flowing through the utilization side heat ex-
changer (22) takes heat, and

the temperature controller (23) is configured to have
a higher capacity to cool refrigerant flowing towards
the expander (12) during the cooling operation than
during the heating operation.

3. Therefrigeration system of claim 2, wherein the tem-
perature controller (23) is constituted by an internal
heat exchanger (23) in which, during the cooling op-
eration, refrigerant after passing through the heat-
source side heat exchanger (21) serving as a gas
cooler is cooled by heat exchange with refrigerant
before or after passing through the utilization side
heat exchanger (22) serving as an evaporator.

4. The refrigeration system of claim 3, wherein the in-
ternal heat exchanger (23) is configured so that, dur-
ing the cooling operation, a refrigerant channel (25)
thereof through which refrigerant before or after
passing through the utilization side heat exchanger
(22) serving as an evaporator flows has a higher heat
transfer capacity than a refrigerant channel (24)
thereof through which refrigerant after passing
through the heat-source side heat exchanger (21)
serving as a gas cooler flows and that, during the
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heating operation, the refrigerant channel (24)
through which refrigerant before or after passing
through the heat-source side heat exchanger (21)
serving as an evaporator flows has a lower heat
transfer capacity than the refrigerant channel (25)
through which refrigerant after passing through the
utilization side heat exchanger (22) serving as a gas
cooler flows.

The refrigeration system of claim 4, wherein the in-
ternal heat exchanger (23) includes a heat transfer
fin (26) provided on the refrigerant channel (25)
through which, during the cooling operation, refrig-
erant before or after passing through the utilization
side heat exchanger (22) serving as an evaporator
flows and, during the heating operation, refrigerant
after passing through the utilization side heat ex-
changer (22) serving as a gas cooler flows.

The refrigeration system of claim 3, wherein the in-
ternal heat exchanger (23) is configured so that, dur-
ing the cooling operation, refrigerant before or after
passing through the utilization side heat exchanger
(22) serving as an evaporator and refrigerant after
passing through the heat-source side heat exchang-
er (21) serving as a gas cooler flow therethrough in
opposite directions to each other and that, during the
heating operation, refrigerant before or after passing
through the heat-source side heat exchanger (21)
serving as an evaporator and refrigerant after pass-
ing through the utilization side heat exchanger (22)
serving as agas cooler flow therethrough in the same
direction.

The refrigeration system of claim 3, wherein the in-
ternal heatexchanger (23) is constituted by a double-
pipe heat exchanger including an inner channel (24)
and an outer channel (25) disposed adjacent each
other.

The refrigeration system of claim 3, wherein the in-
ternal heat exchanger (23) is constituted by a three-
layered plate heat exchanger including an inner
channel (24), a first outer channel (25A) disposed
adjacent an outside of the inner channel (24) and a
second outer channel (25B) disposed adjacent an-
other outside of the inner channel (24).

A refrigeration system including a refrigerant circuit
(10) in which a compressor (11), a heat-source side
heat exchanger (21), an expansion mechanism (12)
and a utilization side heat exchanger (22) are con-
nected to provide a vapor compression refrigeration
cycle, the refrigerant circuit (10) being configured to
be capable of a heating operationin which refrigerant
flowing through the utilization side heat exchanger
(22) releases heat and a cooling operation in which
refrigerant flowing through the utilization side heat
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exchanger (22) takes heat, the expansion mecha-
nism (12) being constituted by an expander (12) for
generating power by the expansion of refrigerant,
the expander (12) being mechanically connected to
the compressor (11), the refrigeration system further
comprising

a temperature controller (23) capable of controlling
the temperature of high-pressure refrigerant flowing
towards the expander (12),

the temperature controller (23) being configured to
cool the high-pressure refrigerant only during the
cooling operation but stop the cooling of the high-
pressure refrigerant during the heating operation.

The refrigeration system of claim 9, wherein the tem-
perature controller (23) is constituted by an internal
heat exchanger (23) in which during the cooling op-
eration the high-pressure refrigerant is cooled by
heat exchange with low-pressure refrigerant.

The refrigeration system of claim 10, wherein
theinternal heatexchanger(23) includes afirst chan-
nel (27) and a second channel (28) and is configured
to be capable of heat exchange between refrigerant
flowing through the first channel (27) and refrigerant
flowing through the second channel (28), and

the internal heat exchanger (23) is configured so
that, during the cooling operation, high-pressure re-
frigerant flows through the first channel (27) and low-
pressure refrigerant flows through the second chan-
nel (28) and that, during the heating operation, high-
pressure refrigerant flows through both the channels
(27, 28).

The refrigeration system of claim 10, wherein
theinternal heatexchanger (23) includes afirst chan-
nel (27) and a second channel (28) and is configured
to be capable of heat exchange between refrigerant
flowing through the first channel (27) and refrigerant
flowing through the second channel (28),

the internal heat exchanger (23) is configured so
that, during the cooling operation, high-pressure re-
frigerant flows through the first channel (27) and low-
pressure refrigerant flows through the second chan-
nel (28), and

the refrigeration system further comprises a bypass
passage (45) that, during the heating operation, al-
lows high-pressure refrigerant to bypass the internal
heat exchanger (23).

The refrigeration system of claim 10, wherein
theinternal heatexchanger (23) includes afirst chan-
nel (27) and a second channel (28) and is configured
to be capable of heat exchange between refrigerant
flowing through the first channel (27) and refrigerant
flowing through the second channel (28),

the internal heat exchanger (23) is configured so
that, during the cooling operation, high-pressure re-
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frigerant flows through the first channel (27) and low-
pressure refrigerant flows through the second chan-
nel (28), and

the refrigeration system further comprises a bypass
passage (46) that, during the heating operation, al-
lows low-pressure refrigerant to bypass the internal
heat exchanger (23).

The refrigeration system of claim 10, wherein the
internal heat exchanger (23) is configured so that,
during the cooling operation, high-pressure refriger-
ant after passing through the heat-source side heat
exchanger (21) is cooled therein by heat exchange
with low-pressure refrigerant before passing through
the utilization side heat exchanger (22).

The refrigeration system of claim 10, wherein the
internal heat exchanger (23) is configured so that,
during the cooling operation, high-pressure refriger-
ant after passing through the heat-source side heat
exchanger (21) is cooled therein by heat exchange
with low-pressure refrigerant after passing through
the utilization side heat exchanger (22).

The refrigeration system of claim 10, wherein the
internal heat exchanger (23) is configured so that,
during the cooling operation, high-pressure refriger-
ant and low-pressure refrigerant flow therethrough
in opposite directions to each other.

The refrigeration system of claim 9, wherein refrig-
erant in the refrigerant circuit (10) is carbon dioxide.

A refrigeration system including a refrigerant circuit
(10) in which a compressor (11), a heat-source side
heat exchanger (21), an expander (12) and a utili-
zation side heat exchanger (22) are connected to
provide a refrigeration cycle, the compressor (11)
being mechanically connected to the expander (12)
to recover expansion power from the expander (12),
the refrigeration system further comprising

a gas-liquid separator (51) for separating refrigerant
expanded by the expander (12) into a liquid refrig-
erant and a gas refrigerant and temporarily storing
the liquid and gas refrigerants,

the gas-liquid separator (51) comprising an internal
heat exchange part (50) for exchanging heat be-
tween the liquid refrigerant separated in the gas-lig-
uid separator (51) and refrigerant to be introduced
into the expander (12).

The refrigeration system of claim 18, further com-
prising a heat exchange control mechanism (60) for
changing the amount of heat exchange of refrigerant
in the internal heat exchange part (50) according to
the operating conditions.

The refrigeration system of claim 19, wherein
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the gas-liquid separator (51) further comprises a lig-
uid storage section (52) for storing the separated
liquid refrigerant and a heat transfer tube (50) which
is disposed adjacent the liquid storage section (52)
and through which the refrigerant to be introduced
into the expander (12) flows, and

the heat transfer tube (50) constitutes an internal
heat exchange part for exchanging heat between the
liquid refrigerant in the liquid storage section (52)
and the refrigerant in the heat transfer tube (50).

The refrigeration system of claim 20, further com-
prising

a refrigerant switching mechanism (31, 33) for
switching the circulation direction of refrigerantin the
refrigerant circuit (10) to selectively provide either
the cooling operation or the heating operation,
wherein the heat exchange control mechanism (60)
allows heat exchange of refrigerant in the internal
heat exchange part (50) only during the cooling op-
eration.

The refrigeration system of claim 21, wherein the
heat exchange control mechanism (60) is constitut-
ed by a bypass pipe (57) allowing refrigerant to by-
pass the heat transfer tube (50) and then flow into
the expander (12), a first motor-operated valve (36)
for controlling the flow rate of refrigerant flowing
through the heat transfer tube (50), and a second
motor-operated valve (37) for controlling the flow
rate of refrigerant through the bypass pipe (57).

The refrigeration system of claim 21, wherein the
heat exchange control mechanism (60) is constitut-
ed by a four-way selector valve (32).

The refrigeration system of claim 21, wherein the
heat exchange control mechanism (60) is constitut-
ed by a bypass pipe (57) allowing refrigerant to by-
pass the heat transfer tube (50) and then flow into
the expander (12), a first solenoid shut-off valve (34)
selectively allowing or inhibiting the flow of refriger-
ant through the heat transfer tube (50), and a second
solenoid shut-off valve (35) selectively allowing or
inhibiting the flow of refrigerant through the bypass

pipe (57).

The refrigeration system of claim 21, wherein the
heat exchange control mechanism (60) is constitut-
ed by a combination of pipes and check valves (81,
82, 83, 84).

The refrigeration system of claim 18, wherein the
refrigerant circuit (10) further includes afirstinjection
pipe (55) for sending the gas refrigerant in the gas-
liquid separator (51) to the suction side of the com-
pressor (11) and a gas control valve (38) for control-
ling the flow rate of refrigerant through the first injec-
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tion pipe (55).

The refrigeration system of claim 18, wherein the
refrigerant circuit (10) further includes a second in-
jection pipe (59) for sending the liquid refrigerant in
the gas-liquid separator (51) to the suction side of
the compressor (11) and a liquid control valve (39)
for controlling the flow rate of refrigerant through the
second injection pipe (59).

The refrigeration system of claim 18, wherein

a plurality of said utilization side heat exchangers
(22a, 22b, 22c) are connected in parallel with each
other in the refrigerant circuit (10), and

the refrigeration system further comprises a plurality
of flow control valves (61a, 61b, 61c) each for con-
trolling the flow rate of refrigerant flowing into an as-
sociated one of the plurality of utilization side heat
exchangers (22a, 22b, 22c).

The refrigeration system of claim 18, wherein carbon
dioxide is used as the refrigerant in the refrigerant
circuit (10).
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