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(54) REFRIGERATION DEVICE

(57)  An air-conditioning apparatus (1) comprises a
two-stage compression-type compression mechanism
(2), a heat source-side heat exchanger (4), a usage-side
heat exchanger (6), a switching mechanism (3), and an
intermediate heat exchanger (7). The switching mecha-
nism (3) is a mechanism for switching between a cooling
operation state wherein refrigerant is circulated sequen-
tially through the compression mechanism (2), the heat
source-side heat exchanger (4), and the usage-side heat
exchanger (6); and a heating operation state wherein re-
frigerant is circulated sequentially through the compres-
sion mechanism (2), the usage-side heat exchanger (6),
and the heat source-side heat exchanger (4). The inter-
mediate heat exchanger (7) is a heat exchanger capable
of functioning as a cooler of refrigerant discharged from
a first-stage compression element (2¢) and drawn into a
second-stage compression element (2d) when the
switching mechanism (3) has been set to a cooling op-
eration state, and also capable of functioning as an evap-
orator of refrigerant whose heat is radiated in the usage-
side heat exchanger (6) when the switching mechanism
(3) has been set to a heating operation state.

FIG. 1
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Description
TECHNICAL FIELD

[0001] The present invention relates to a refrigeration
apparatus, and particularly relates to a refrigeration ap-
paratus which has a refrigerant circuit configured to be
capable of switching between a cooling operation and a
heating operation and which performs a multistage com-
pression refrigeration cycle.

BACKGROUND ART

[0002] As one conventional example of a refrigeration
apparatus which has a refrigerant circuit configured to
be capable of switching between a cooling operation and
a heating operation and which performs a multistage
compression refrigeration cycle, there is disclosed in Pat-
ent Document 1 an air-conditioning apparatus which has
a refrigerant circuit configured to be capable of switching
between an air-cooling operation and an air-warming op-
eration and which performs a two-stage compression re-
frigeration cycle. This air-conditioning apparatus prima-
rily has a compressor having two compression elements
connected in series, a four-way switching valve for
switching between an air-cooling operation and an air-
warming operation, an outdoor heat exchanger, and an
indoor heat exchanger.

<Patent Document 1>
Japanese Laid-open
2007-232263

Patent Application No.

DISCLOSURE OF THE INVENTION

[0003] Arefrigeration apparatus according to afirst as-
pect of the present invention comprises a compression
mechanism, a heat source-side heat exchanger which
functions as a radiator or evaporator of refrigerant, a us-
age-side heat exchanger which functions as an evapo-
rator or radiator of refrigerant, a switching mechanism,
and an intermediate heat exchanger. The compression
mechanism has a plurality of compression elements and
is configured so that the refrigerant discharged from the
first-stage compression element, which is one of a plu-
rality of compression elements, is sequentially com-
pressed by the second-stage compression element. As
used herein, the term "compression mechanism" refers
to a compressor in which a plurality of compression ele-
ments are integrally incorporated, or a configuration that
includes a compressor in which a single compression
element is incorporated and/or a plurality of compressor
in which a plurality of compression elements have been
incorporated are connected together. The phrase "the
refrigerant discharged from a first-stage compression el-
ement, which is one of the plurality of compression ele-
ments, is sequentially compressed by a second-stage
compression element" does not mean merely that two
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compression elements connected in series are included,
namely, the "first-stage compression element" and the
"second-stage compression element," but that a plurality
of compression elements are connected in series and
the relationship between the compression elements is
the same as the relationship between the aforemen-
tioned "first-stage compression element" and "second-
stage compression element." The switching mechanism
is a mechanism for switching between a cooling opera-
tion state wherein refrigerant is circulated sequentially
through the compression mechanism, the heat source-
side heat exchanger functioning as a refrigerant radiator,
and the usage-side heat exchanger functioning as an
evaporator of refrigerant; and a heating operation state
wherein refrigerant is circulated sequentially through the
compression mechanism, the usage-side heat exchang-
er functioning as a refrigerant radiator, and the heat
source-side heat exchanger functioning as an evaporator
of refrigerant. The intermediate heat exchanger is a heat
exchanger capable of functioning as a cooler of refriger-
ant discharged from the first-stage compression element
and drawn into the second-stage compression element
when the switching mechanism has been set to the cool-
ing operation state, and also capable of functioning as
an evaporator of refrigerant whose heat is radiated in the
usage-side heat exchanger when the switching mecha-
nism has been set to the heating operation state.
[0004] In a conventional air-conditioning apparatus,
since the refrigerant discharged from a first stage com-
pression element of the compressor is drawn into a sec-
ond-stage compression element of the compressor and
further compressed, the temperature of the refrigerant
discharged from the second-stage compression element
of the compressor increases. In an outdoor heat ex-
changer functioning as a refrigerant radiator, for exam-
ple, the temperature difference between the refrigerant
and the water and/or air as a heating source increases,
and heat radiation loss in the outdoor heat exchanger
increases, therefore causing a problem in that high op-
eration efficiency is difficult to obtain.

[0005] As a countermeasure to this problem, in cases
in which an intermediate heat exchanger is provided
which functions as a cooler of refrigerant discharged from
the first-stage compression element and drawn into the
second-stage compression element, such as is the case
with this refrigeration apparatus, the temperature of the
refrigerant drawn into the second-stage compression el-
ement is lower, and the temperature of the refrigerant
ultimately discharged from the compression mechanism
can therefore be kept low in comparison with cases in
which no intermediate heat exchanger is provided. Op-
eration efficiency can therefore be improved during the
cooling operation because heat radiation loss during the
cooling operation can be reduced in the heat source-side
heat exchanger which functions as a refrigerant radiator.
[0006] However, since an intermediate heat exchang-
er is provided, the heat that would have been useable in
the usage-side heat exchanger during the heating oper-
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ation if there were no intermediate heat exchanger func-
tioning as a cooler of refrigerant discharged from the first-
stage compression element and drawn into the second-
stage compression element during the heating operation
is radiated to the exterior from the intermediate heat ex-
changer, whereby the heating capacity in the usage-side
heat exchanger decreases, and the operation efficiency
during the heating operation decreases.

[0007] As a countermeasure to this, for example, an
intermediate heat exchanger bypass tube for bypassing
the intermediate heat exchanger is provided, and during
the heating operation the intermediate heat exchanger
bypass tube is used so that the refrigerant discharged
from the first-stage compression element and drawn into
the second-stage compression element bypasses the in-
termediate heat exchanger so as not to be cooled, there-
by creating a state in which the intermediate heat ex-
changeris not used, whereby the loss of heating capacity
in the usage-side heat exchanger is minimized during
the heating operation, and operation efficiency during the
heating operation can be prevented from decreasing.
[0008] However, when a state is created in which the
intermediate heat exchanger is not used during the heat-
ing operation, the intermediate heat exchanger is provid-
ed as a heat exchanger used only during the cooling op-
eration, and the intermediate heat exchanger will there-
fore be a device not used during the heating operation.
[0009] In view of this, in this refrigeration apparatus,
the intermediate heat exchanger is made to function as
a cooler when the switching mechanism has been set to
the cooling operation state, and when the switching
mechanism has been set to the heating operation state,
the intermediate heat exchanger is made to function as
an evaporator of refrigerant whose heat is radiated in the
usage-side heat exchanger. Therefore, in this refrigera-
tion apparatus, the temperature of the refrigerant dis-
charged from the compression mechanism can be min-
imized during the cooling operation, and during the heat-
ing operation, the refrigerant evaporation capacity can
be improved while the heat radiated to the exterior from
the intermediate heat exchanger can be minimized.
[0010] Thereby, in this refrigeration apparatus, during
the cooling operation, heat radiation loss in the heat
source-side heat exchanger functioning as a refrigerant
radiator is reduced, and the operation efficiency during
the cooling operation can be improved, while during the
heating operation, it is possible to efficiently use the in-
termediate heat exchanger, loss of heating capacity in
the usage-side heat exchanger can be minimized, and
the operation efficiency during the heating operation can
be prevented from decreasing.

[0011] The refrigeration apparatus according to a sec-
ond aspect of the present invention is the refrigeration
apparatus according to the first aspect, wherein the in-
termediate heat exchanger is provided with an interme-
diate refrigerant tube for drawing the refrigerant dis-
charged from the frst-stage compression element into
the second-stage compression element, an intermediate
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heat exchanger bypass tube is connected to the inter-
mediate refrigerant tube so as to bypass the intermediate
heat exchanger; and the refrigeration apparatus further
comprises an intake return tube for connecting one end
of the intermediate heat exchanger with an intake side
of the compression mechanism, and an intermediate
heat exchanger return tube for connecting the other end
of the intermediate heat exchanger with the portion be-
tween the usage-side heat exchanger and the heat
source-side heat exchanger.

[0012] Inthisrefrigeration apparatus, theintermediate-
pressure refrigerant flowing through the intermediate re-
frigerant tube can be cooled by the intermediate heat
exchanger during the cooling operation, and during the
heating operation, the intermediate-pressure refrigerant
flowing through the intermediate refrigerant tube is made
to bypass the intermediate heat exchanger by the inter-
mediate heat exchanger bypass tube, and some of the
refrigerant cooled in the usage-side heat exchanger can
be drawn into and evaporated in the intermediate heat
exchanger and can be returned to the intake side of the
compression mechanism by the intake return tube and
the intermediate heat exchanger return tube.

[0013] The refrigeration apparatus according to a third
aspect of the present invention is the refrigeration appa-
ratus according to the second aspect, wherein atthe start
of the operation for setting the switching mechanism to
the cooling operation state, the refrigerant discharged
from the first-stage compression element is drawn into
the second-stage compression element through the in-
termediate heat exchanger bypass tube, and the inter-
mediate heat exchanger is connected with the intake side
of the compression mechanism through the intake return
tube.

[0014] Inthis refrigeration apparatus, at the start of the
operation for setting the switching mechanism to the cool-
ing operation state, since the refrigerant discharged from
the first-stage compression element is drawn into the
second-stage compression element through the interme-
diate heat exchanger bypass tube and the intermediate
heat exchanger is connected with the intake side of the
compression mechanism through the intake return tube,
even if liquid refrigerant accumulates in the intermediate
heat exchanger at the start of the operation for setting
the switching mechanism to the cooling operation state,
this liquid refrigerant can be removed from the interme-
diate heat exchanger. Thereby, at the start of the oper-
ation for setting the switching mechanism to the cooling
operation state, it is possible to avoid states in which
liquid refrigerant has accumulated in the intermediate
heat exchanger, and the refrigerant discharged from the
first-stage compression element can be drawn into the
second-stage compression element through the interme-
diate heat exchanger without any liquid compression oc-
curring in the second-stage compression element as a
result of liquid refrigerant accumulating in the intermedi-
ate heat exchanger.

[0015] The refrigeration apparatus according to a
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fourth aspect of the present invention is the refrigeration
apparatus according to the second or third aspect,
wherein the intermediate heat exchanger return tube is
provided with a flow rate control valve.

[0016] In this refrigeration apparatus, refrigerant can
be prevented from flowing into the intermediate heat ex-
changer return tube during the cooling operation, and it
is possible to achieve a reliable distribution between the
flow rate of the refrigerant flowing through the heat
source-side heat exchanger and the flow rate of the re-
frigerant flowing through the intermediate heat exchang-
er during the heating operation.

[0017] The refrigeration apparatus according to a fifth
aspect of the present invention is the refrigeration appa-
ratus according to any of the first through fourth aspects,
wherein an expansion device for isentropically expand-
ing the refrigerant flowing between the heat source-side
heat exchanger and the usage-side heat exchanger is
connected to the portion between the heat source-side
heat exchanger and the usage-side heat exchanger via
arectifier circuit which rectifies the refrigerant flow so that
refrigerant flows in from the inlet of the expansion device
both in cases in which refrigerant flows from the heat
source-side heat exchanger to the usage-side heat ex-
changer and cases in which refrigerant flows from the
usage-side heat exchanger to the heat source-side heat
exchanger.

[0018] In this refrigeration apparatus, it is possible to
improve the coefficient of performance and to recover
energy through the expansion device during both the
cooling operation and the heating operation, and opera-
tion efficiency during both the cooling operation and the
heating operation can therefore be further improved.
[0019] The refrigeration apparatus according to a sixth
aspect of the present invention is the refrigeration appa-
ratus according to the fifth aspect, wherein a gas-liquid
separator for performing gas-liquid separation of the re-
frigerant is connected to an outlet of the expansion de-
vice, and a second-stage injection tube for returning to
the second-stage compression element gas refrigerant
separated in the gas-liquid separator is connected to the
gas-liquid separator.

[0020] In this refrigeration apparatus, operation effi-
ciency can be further improved because intermediate
pressure injection can be performed for returning inter-
mediate-pressure refrigerant to the second-stage com-
pression element.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

FIG 1 is a schematic structural diagram of an air-
conditioning apparatus as an embodiment of the re-
frigeration apparatus according to the presentinven-
tion.

FIG 2 is a diagram showing the flow of refrigerant
within the air-conditioning apparatus during the air-
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cooling operation.

FIG 3 is a pressure-enthalpy graph representing the
refrigeration cycle during the air-cooling operation.
FIG. 4 is a temperature-entropy graph representing
the refrigeration cycle during the air-cooling opera-
tion.

FIG. 5 is a diagram showing the flow of refrigerant
within the air-conditioning apparatus during the air-
warming operation.

FIG. 6 is a pressure-enthalpy graph representing the
refrigeration cycle during the air-warming operation.
FIG. 7 is a temperature-entropy graph representing
the refrigeration cycle during the air-warming oper-
ation.

FIG 8 is a flowchart of the air-cooling start control.
FIG 9 is a diagram showing the flow of refrigerant
within the air-conditioning apparatus during the air-
cooling start control.

FIG. 10 is a schematic structural diagram of an air-
conditioning apparatus according to Modification 1.
FIG 11 is an external perspective view of a heat
source unit (the fan grill having been removed).
FIG. 12is a side view of the heat source unitin which
the right plate of the heat source unit has been re-
moved.

FIG. 13 is a diagram showing the characteristics of
the heat transfer coefficient when carbon dioxide of
anintermediate pressure lower than the critical pres-
sure is flowing into the heat transfer channel, and of
the heat transfer coefficient when carbon dioxide of
a high pressure exceeding the critical pressure is
flowing into the heat transfer channel.

FIG. 14 is a schematic structural diagram of an air-
conditioning apparatus according to Modification 3.
FIG 15 is a pressure-enthalpy graph representing
the refrigeration cycle during the air-cooling opera-
tion in the air-conditioning apparatus according to
Modification 3.

FIG. 16 is atemperature-entropy graph representing
the refrigeration cycle during the air-cooling opera-
tion in the air-conditioning apparatus according to
Modification 3.

FIG. 17 is a pressure-enthalpy graph representing
the refrigeration cycle during the air-warming oper-
ation in the air-conditioning apparatus according to
Modification 3.

FIG. 18 is atemperature-entropy graph representing
the refrigeration cycle during the air-warming oper-
ation in the air-conditioning apparatus according to
Modification 3.

FIG 19 is a schematic structural diagram of an air-
conditioning apparatus according to Modification 4.
FIG 20 is a pressure-enthalpy graph representing
the refrigeration cycle during the air-warming oper-
ation in the air-conditioning apparatus according to
Modification 4.

FIG. 21 is atemperature-entropy graph representing
the refrigeration cycle during the air-warming oper-
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ation in the air-conditioning apparatus according to
Modification 4.

FIG. 22 is a schematic structural diagram of an air-
conditioning apparatus according to Modification 5.
FIG 23 is a pressure-enthalpy graph representing
the refrigeration cycle during the air-cooling opera-
tion in the air-conditioning apparatus according to
Modification 5.

FIG. 24 is atemperature-entropy graph representing
the refrigeration cycle during the air-cooling opera-
tion in the air-conditioning apparatus according to
Modification 5.

FIG. 25 is a schematic structural diagram of an air-
conditioning apparatus according to Modification 6.
FIG. 26 is a schematic structural diagram of an air-
conditioning apparatus according to Modification 7.
FIG 27 is a schematic structural diagram of an air-
conditioning apparatus according to Modification 8.
FIG. 28 is a schematic structural diagram of an air-
conditioning apparatus according to Modification 9.
FIG. 29 is a schematic structural diagram of an air-
conditioning apparatus according to Modification 10.
FIG. 30 is a schematic structural diagram of an air-
conditioning apparatus according to Modification 11.
FIG 31 is a schematic structural diagram of an air-
conditioning apparatus according to Modification 11.
FIG. 32 is a schematic structural diagram of an air-
conditioning apparatus according to Modification 12.
FIG. 33 is a schematic structural diagram of an air-
conditioning apparatus according to Modification 13.

EXPLANATION OF THE REFERENCE NUMERALS
[0022]

1 Air-conditioning apparatus (refriger-
ation apparatus)

Compression mechanism
Switching mechanism

Heat source-side heat exchanger

2,102, 202, 302

3

4

6 Usage-side heat exchanger
7

8

9

~

0 Intermediate heat exchanger

0 Intermediate refrigerant tube

0 Intermediate heat exchanger by-
pass tube

W W Ww
©

9]

92, 392 Second intake return tube

94, 394 Intermediate heat exchanger return
tube

94b, 394b Intermediate heat exchanger return
valve (flow rate control valve)

97 Expansion device

17 Rectifier circuit (bridge circuit)

18 Receiver (gas-liquid separator)

18¢c Second second-stage injection tube

BEST MODE FOR CARRYING OUT THE INVENTION

[0023] Embodiments of the refrigeration apparatus ac-
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cording to the present invention are described hereinbe-
low with reference to the drawings.

(1) Configuration of air-conditioning apparatus

[0024] FIG. 1 is a schematic structural diagram of an
air-conditioning apparatus 1 as an embodiment of the
refrigeration apparatus according to the present inven-
tion. The air-conditioning apparatus | has a refrigerant
circuit 10 configured to be capable of switching between
an air-cooling operation and an air-warming operation,
and the apparatus performs a two-stage compression
refrigeration cycle by using a refrigerant (carbon dioxide
in this case) for operating in a supercritical range.
[0025] The refrigerant circuit 10 of the air-conditioning
apparatus 1 primarily has a compression mechanism 2,
a switching mechanism 3, a heat source-side heat ex-
changer 4, a bridge circuit 17, a receiver 18, a first ex-
pansion mechanism 5a, a second expansion mechanism
5b, a usage-side heat exchanger 6, and an intermediate
heat exchanger 7.

[0026] In the present embodiment, the compression
mechanism 2 is configured from a compressor 21 which
uses two compression elements to subject a refrigerant
to two-stage compression. The compressor 21 has a her-
metic structure in which a compressor drive motor 21 b,
a drive shaft 21c, and compression elements 2c, 2d are
housed within a casing 21 a. The compressor drive motor
21b is linked to the drive shaft 21 c. The drive shaft 21c
is linked to the two compression elements 2c, 2d. Spe-
cifically, the compressor 21 has a so-called single-shaft
two-stage compression structure in which the two com-
pression elements 2¢, 2d are linked to a single drive shaft
21c and the two compression elements 2c, 2d are both
rotatably driven by the compressor drive motor 21b. In
the present embodiment, the compression elements 2c,
2d are rotary elements, scroll elements, or another type
of positive displacement compression element. The com-
pressor 21 is configured so as to admitrefrigerant through
an intake tube 2a, to discharge this refrigerant to an in-
termediate refrigerant tube 8 after the refrigerant has
been compressed by the compression element 2c, to
draw the refrigerant discharged to the intermediate re-
frigerant tube 8 into the compression element 2d, and to
discharge the refrigerant to a discharge tube 2b after the
refrigerant has been further compressed. The interme-
diate refrigerant tube 8 is a refrigerant tube for drawing
refrigerant into the compression element 2d connected
to the second-stage side of the compression element 2¢
after the refrigerant has been discharged at an interme-
diate pressure in the refrigeration cycle from the com-
pression element 2¢ connected to the first-stage side of
the compression element 2d. The discharge tube 2b is
a refrigerant tube for feeding refrigerant discharged from
the compression mechanism 2 to the switching mecha-
nism 3, and the discharge tube 2b is provided with an oil
separation mechanism 41 and a non-return mechanism
42. The oil separation mechanism 41 is a mechanism for
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separating refrigerator oil accompanying the refrigerant
from the refrigerant discharged from the compression
mechanism 2 and returning the oil to the intake side of
the compression mechanism 2, and the oil separation
mechanism 41 has primarily an oil separator 41 a for
separating refrigerator oil accompanying the refrigerant
from the refrigerant discharged from the compression
mechanism 2, and an oil return tube 41b connected to
the oil separator 41a for returning the refrigerator oil sep-
arated from the refrigerant to the intake tube 2a of the
compression mechanism 2. The oil return tube 41b is
provided with a pressure-reducing mechanism 41c for
depressurizing the refrigerator oil flowing through the oil
return tube 41b. A capillary tube is used for the pressure-
reducing mechanism 41 c in the present embodiment.
The non-return mechanism 42 is a mechanism for allow-
ing the flow of refrigerant from the discharge side of the
compression mechanism 2 to the heat source-side heat
exchanger 4 as a radiator and for blocking the flow of
refrigerant from the heat source-side heat exchanger 4
as a radiator to the discharge side of the compression
mechanism 2, and a non-return valve is used in the
present embodiment.

[0027] Thus,inthe presentembodiment, the compres-
sion mechanism 2 has two compression elements 2c, 2d
and is configured so that among these compression el-
ements 2c, 2d, refrigerant discharged from the first-stage
compression element is compressed in sequence by the
second-stage compression element.

[0028] The switching mechanism 3 is a mechanism for
switching the direction of refrigerant flow in the refrigerant
circuit 10. In order to allow the heat source-side heat
exchanger 4 to function as a refrigerant radiator com-
pressed by the compression mechanism 2 and to allow
the usage-side heat exchanger 6 to function as an evap-
orator of refrigerant cooled in the heat source-side heat
exchanger 4 during the air-cooling operation, the switch-
ing mechanism 3 is capable of connecting the discharge
side of the compression mechanism 2 and one end of
the heat source-side heat exchanger 4 and also connect-
ing the intake side of the compressor 21 and the usage-
side heat exchanger 6 (refer to the solid lines of the
switching mechanism 3 in FIG. 1, this state of the switch-
ing mechanism 3 is hereinbelow referred to as the "cool-
ing operation state"). In order to allow the usage-side
heat exchanger 6 to function as a refrigerant radiator
compressed by the compression mechanism 2 and to
allow the heat source-side heat exchanger 4 to function
as an evaporator of refrigerant cooled in the usage-side
heat exchanger 6 during the air-warming operation, the
switching mechanism 3 is capable of connecting the dis-
charge side of the compression mechanism 2 and the
usage-side heat exchanger 6 and also of connecting the
intake side of the compression mechanism 2 and one
end of the heat source-side heat exchanger 4 (refer to
the dashed lines of the switching mechanism 3 in FIG 1,
this state of the switching mechanism 3 is hereinbelow
referred to as the "heating operation state"). In the
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present embodiment, the switching mechanism 3 is a
four-way switching valve connected to the intake side of
the compression mechanism 2, the discharge side of the
compression mechanism 2, the heat source-side heat
exchanger 4, and the usage-side heat exchanger 6. The
switching mechanism 3 is not limited to a four-way switch-
ing valve, and may be configured so as to have a function
for switching the direction of the flow of the refrigerant in
the same manner as described above by using, e.g., a
combination of a plurality of electromagnetic valves.
[0029] Thus, focusing solely on the compression
mechanism 2, the heat source-side heat exchanger 4,
and the usage-side heat exchanger 6 constituting the
refrigerant circuit 10; the switching mechanism 3 is con-
figured so as to be capable of switching between the
cooling operation state in which refrigerant is circulated
in sequence through the compression mechanism 2, the
heat source-side heat exchanger 4 functioning as a ra-
diator of the refrigerant, and the usage-side heat ex-
changer 6 functioning as an evaporator of the refrigerant;
and the heating operation state in which refrigerant is
circulated in sequence through the compression mech-
anism 2, the usage-side heat exchanger 6 functioning as
a radiator of the refrigerant, and the heat source-side
heat exchanger 4 functioning as an evaporator of the
refrigerant.

[0030] Theheatsource-side heatexchanger4isaheat
exchanger that functions as a radiator or an evaporator
of refrigerant. One end of the heat source-side heat ex-
changer 4 is connected to the switching mechanism 3,
and the other end is connected to the first expansion
mechanism 5a via the bridge circuit 17. Though not
shown in the drawings, the heat source-side heat ex-
changer 4 is supplied with water or air as a cooling source
for conducting heat exchange with the refrigerant flowing
through the heat source-side heat exchanger 4.

[0031] The bridge circuit 17 is disposed between the
heat source-side heat exchanger 4 and the usage-side
heat exchanger 6, and is connected to a receiver inlet
tube 18a connected to the inlet of the receiver 18 and to
a receiver outlet tube 18b connected to the outlet of the
receiver 18. The bridge circuit 17 has four non-return
valves 17a, 17b, 17c, 17d in the present embodiment.
The inlet non-return valve 17a is a non-return valve that
allows only the flow of refrigerant from the heat source-
side heat exchanger 4 to the receiver inlet tube 18a. The
inletnon-returnvalve 17bis a non-return valve that allows
only the flow of refrigerant from the usage-side heat ex-
changer 6 to the receiver inlet tube 18a. In other words,
the inlet non-return valves 17a, 17b have a function for
allowing refrigerant to flow from one among the heat
source-side heat exchanger 4 and the usage-side heat
exchanger 6 to the receiver inlet tube 18a. The outlet
non-return valve 17c¢ is a non-return valve that allows
only the flow of refrigerant from the receiver outlet tube
18b to the usage-side heat exchanger 6. The outlet non-
return valve 17d is a non-return valve that allows only
the flow of refrigerant from the receiver outlet tube 18b
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to the heat source-side heat exchanger 4. In other words,
the outlet non-return valves 17c, 17d have a function for
allowing refrigerant to flow from the receiver outlet tube
18b to the heat source-side heat exchanger 4 or the us-
age-side heat exchanger 6.

[0032] The first expansion mechanism 5a is a mech-
anism for depressurizing the refrigerant, is provided to
the receiver inlet tube 18a, and is an electrically driven
expansion valve in the present embodiment. In the
present embodiment, the first expansion mechanism 5a
depressurizes the high-pressure refrigerant cooled in the
heat source-side heat exchanger 4 to a nearly saturated
pressure before feeding the refrigerant to the usage-side
heat exchanger 6 via the receiver 18 during the air-cool-
ing operation, and depressurizes the high-pressure re-
frigerant cooled in the usage-side heat exchanger 6 to a
nearly saturated pressure before feeding the refrigerant
to the heat source-side heat exchanger 4 via the receiver
18 during the air-warming operation.

[0033] The receiver 18 is a container provided in order
to temporarily accumulate refrigerant that has been de-
pressurized by the first expansion mechanism 5a, so that
it is possible to collect excess refrigerant which may be
produced depending on operation states in which the
quantity of refrigerant circulated in the refrigerant circuit
10 differs between the air-cooling operation and the air-
warming operation, for example. The inlet of the receiver
18 is connected to the receiver inlet tube 18a and the
outlet is connected to the receiver outlet tube 18b. Also
connected to the receiver 18 is a first intake return tube
18f capable of withdrawing refrigerant from inside the
receiver 18 and returning the refrigerant to the intake
tube 2a of the compression mechanism 2 (i.e., to the
intake side of the compression element 2c on the first-
stage side of the compression mechanism 2). This first
intake return tube 18fis provided with a first intake return
on/off valve 18g. The first intake return on/off valve 18g
is an electromagnetic valve in the present embodiment.
[0034] The second expansion mechanism 5b is a
mechanism provided to the receiver outlet tube 18b and
used for depressurizing the refrigerant, and is an electri-
cally driven expansion valve in the present embodiment.
In the present embodiment, in the second expansion
mechanism 5b, the refrigerant depressurized by the first
expansion mechanism 5a is further depressurized during
the air-cooling operation to a low pressure in the refrig-
eration cycle prior to being fed to the usage-side heat
exchanger 6 via the receiver 18, and the refrigerant de-
pressurized by the first expansion mechanism 5a is fur-
ther depressurized during the air-warming operation to
a low pressure in the refrigeration cycle prior to being
sent to the heat source-side heat exchanger 4 via the
receiver 18.

[0035] The usage-side heat exchanger 6 is a heat ex-
changer that functions as an evaporator or refrigerant
radiator. One end of the usage-side heat exchanger 6 is
connected to the first expansion mechanism 5a via the
bridge circuit, and the other end is connected to the
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switching mechanism 3. Though not shown in the draw-
ings, the usage-side heat exchanger 6 is supplied with
water or air as a heating source for conducting heat ex-
change with the refrigerant flowing through the usage-
side heat exchanger 6.

[0036] Thus, in the present embodiment, when the
switching mechanism 3 is brought to the cooling opera-
tion state by the bridge circuit 17, the receiver 18, the
receiver inlet tube 18a, and the receiver outlet tube 18b,
the high-pressure refrigerant cooled in the heat source-
side heat exchanger 4 can be fed to the usage-side heat
exchanger 6 through the inlet non-return valve 17a of the
bridge circuit 17, the first expansion mechanism 5a of
the receiver inlet tube 18a, the receiver 18, the second
expansion mechanism 5b of the receiver outlet tube 18b,
and the outlet non-return valve 17c of the bridge circuit
17. When the switching mechanism 3 is brought to the
heating operation state, the high-pressure refrigerant
cooled in the usage-side heat exchanger 6 can be fed to
the heat source-side heat exchanger 4 through the inlet
non-return valve 17b of the bridge circuit 17, the first ex-
pansion mechanism 5a of the receiver inlet tube 18a, the
receiver 18, the second expansion mechanism 5b of the
receiver outlet tube 18b, and the outlet non-return valve
17d of the bridge circuit 17.

[0037] The intermediate heat exchanger 7 is provided
to the intermediate refrigerant tube 8, and is either a cool-
er of the refrigerant discharged from the first-stage com-
pression element 2c and drawn into the compression el-
ement 2d, or a heat exchanger capable of functioning as
an evaporator of the refrigerant whose heat has been
radiated in the usage-side heat exchanger 6. Though not
shown in the drawings, the intermediate heat exchanger
7 is supplied with water or air as a cooling source for
conducting heat exchange with the refrigerant flowing
through the intermediate heat exchanger 7. Thus, it is
acceptable to say that the intermediate heat exchanger
7 is a cooler that uses an external heating source, mean-
ing that the intermediate heat exchanger does not use
the refrigerant that circulates through the refrigerant cir-
cuit 10.

[0038] An intermediate heat exchanger bypass tube 9
is connected to the intermediate refrigerant tube 8 so as
to bypass the intermediate heat exchanger 7. This inter-
mediate heat exchanger bypass tube 9 is a refrigerant
tube for limiting the flow rate of refrigerant flowing through
the intermediate heat exchanger 7. The intermediate
heat exchanger bypass tube 9 is provided with an inter-
mediate heat exchanger bypass on/off valve 11. The in-
termediate heat exchanger bypass on/off valve 11 is an
electromagnetic valve in the present embodiment. Ex-
cluding cases in which temporary operations such as the
hereinafter-described air-cooling start control are per-
formed, in the present embodiment the intermediate heat
exchanger bypass on/off valve 11 is essentially control-
led so as to close when the switching mechanism 3 is
set for the cooling operation state, and to open when the
switching mechanism 3 is set for the heating operation
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state. In other words, the intermediate heat exchanger
bypass on/off valve 11 is closed when the air-cooling
operationis performed and opened when the air-warming
operation is performed.

[0039] In the intermediate refrigerant tube 8, an inter-
mediate heat exchanger on/off valve 12 is provided to
the portion extending from the connection with the end
of the intermediate heat exchanger bypass tube 9 near
the first-stage compression element 2c to the end of the
intermediate heat exchanger 7 near the first-stage com-
pression element 2c. This intermediate heat exchanger
on/off valve 12 is a mechanism for limiting the flow rate
of refrigerant flowing through the intermediate heat ex-
changer 7. The intermediate heat exchanger on/off valve
12 is an electromagnetic valve in the present embodi-
ment. Excluding cases in which temporary operations
such as the hereinafter-described air-cooling start control
are performed, in the present embodiment the interme-
diate heat exchanger on/off valve 12 is essentially con-
trolled so as to open when the switching mechanism 3
is set for the cooling operation state, and to close when
the switching mechanism 3 is set for the heating opera-
tion state. In other words, the intermediate heat exchang-
er on/off valve 12 is controlled so as to open when the
air-cooling operation is performed and close when the
air-warming operation is performed.

[0040] The intermediate refrigerant tube 8 is also pro-
vided with a non-return mechanism 15 for allowing re-
frigerant to flow from the discharge side of the first-stage
compression element 2c to the intake side of the second-
stage compression element 2d and for blocking the re-
frigerant from flowing from the intake side of the second-
stage compression element 2d to the discharge side of
the first-stage compression element 2c. The non-return
mechanism 15 is a non-return valve in the present em-
bodiment. In the present embodiment, the non-return
mechanism 15 is provided to the intermediate refrigerant
tube 8 in the portion extending from the end of the inter-
mediate heat exchanger 7 near the second-stage com-
pression element 2d to the connection with the end of
the intermediate heat exchanger bypass tube 9 near the
second-stage compression element 2d.

[0041] Furthermore, a second intake return tube 92 is
connected to one end of the intermediate heat exchanger
7 (here, the end near the first-stage compression element
2c¢), and an intermediate heat exchanger return tube 94
is connected to the other end of the intermediate heat
exchanger 7 (herein, the end near the second-stage com-
pression element 2d). This second intake return tube 92
is a refrigerant tube for connecting one end of the inter-
mediate heat exchanger 7 and the intake side of the com-
pressor 2 (here, the intake tube 2a) during a state in which
the refrigerant discharged from the first-stage compres-
sion element 2c is being drawn into the second-stage
compression element 2d through the intermediate heat
exchanger bypass tube 9. The intermediate heat ex-
changerreturn tube 94 is a refrigerant tube for connecting
the portion between the usage-side heat exchanger 6
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and the heat source-side heat exchanger 4 (here, the
portion between the second expansion mechanism 5b
which depressurizes the refrigerant to a low pressure in
the refrigeration cycle and the heat source-side heat ex-
changer 4 as an evaporator) with the other end of the
intermediate heat exchanger 7, when the refrigerant dis-
charged from the first-stage compression element 2c is
being drawn into the second-stage compression element
2d through the intermediate heat exchanger bypass tube
9 and the switching mechanism 3 has been set to the
heating operation state. In the present embodiment, the
second intake return tube 92 is connected at one end to
the portion of the intermediate refrigerant tube 8 extend-
ing from the connection with the end of the intermediate
heat exchanger bypass tube 9 near the first-stage com-
pression element 2c to the end of the intermediate heat
exchanger 7 near the first-stage compression element
2c, while the other end is connected to the intake side of
the compressor 2 (here, the intake tube 2a). One end of
the intermediate heat exchanger return tube 94 is con-
nected to the portion extending from the second expan-
sion mechanism 5b to the heat source-side heat ex-
changer 4, while the other end is connected to the portion
of the intermediate refrigerant tube 8 extending from the
end of the intermediate heat exchanger 7 near the first-
stage compression element 2¢ to the non-return mech-
anism 15. The second intake return tube 92 is also pro-
vided with a second intake return on/off valve 92a, and
the intermediate heat exchanger return tube 94 is pro-
vided with an intermediate heat exchanger return on/off
valve 94a. The second intake return on/off valve 92a and
the intermediate heat exchanger return on/off valve 94a
are electromagnetic valves in the present embodiment.
Excluding cases in which temporary operations such as
the hereinafter-described air-cooling start control are
performed, in the present embodiment the second intake
return on/off valve 92a is essentially controlled so as to
close when the switching mechanism 3 is set for the cool-
ing operation state, and to open when the switching
mechanism 3 is set for the heating operation state. The
intermediate heat exchanger return on/off valve 94a is
controlled so as to close when the switching mechanism
3 is set for the cooling operation state and to open when
the switching mechanism 3 is set for the heating opera-
tion state, including cases in which temporary operations
such as the hereinafter-described air-cooling start control
are performed.

[0042] Thus, inthe present embodiment, owing prima-
rily to the intermediate heat exchanger bypass tube 9,
the second intake return tube 92, and the intermediate
heat exchanger return tube 94, the intermediate-pres-
sure refrigerant flowing through the intermediate refrig-
erant tube 8 can be cooled by the intermediate heat ex-
changer 7 during the air-cooling operation; and during
the air-warming operation, the intermediate-pressure re-
frigerant flowing through the intermediate refrigeranttube
8 can be made to bypass the intermediate heat exchang-
er 7 by the intermediate heat exchanger bypass tube 9,
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and some of the refrigerant cooled in the usage-side heat
exchanger 6 can be drawn into and evaporated in the
intermediate heat exchanger 7 and returned to the intake
side of the compression mechanism 2 by the second in-
take return tube 92 and the intermediate heat exchanger
return tube 94.

[0043] Furthermore, though not shown in the draw-
ings, the air-conditioning apparatus 1 has a controller for
controlling the actions of the components constituting the
air-conditioning apparatus 1, including the compression
mechanism 2, the switching mechanism 3, the expansion
mechanisms 5a, 5b, the intermediate heat exchanger by-
pass on/off valve 11, the intermediate heat exchanger
on/off valve 12, the first intake return on/off valve 18g,
the second intake return on/off valve 92a, the intermedi-
ate heat exchanger return on/off valve 94a, and the like.

(2) Action of the air-conditioning apparatus

[0044] Next, the action of the air-conditioning appara-
tus 1 of the present embodiment will be described using
FIGS. 1 through 9. FIG 2 is a diagram showing the flow
of refrigerant within the air-conditioning apparatus 1 dur-
ing the air-cooling operation, FIG. 3 is a pressure-en-
thalpy graph representing the refrigeration cycle during
the air-cooling operation, FIG. 4 is a temperature-entropy
graph representing the refrigeration cycle during the air-
cooling operation, FIG. 5 is a diagram showing the flow
of refrigerant within the air-conditioning apparatus 1 dur-
ing the air-warming operation, FIG. 6 is a pressure-en-
thalpy graph representing the refrigeration cycle during
the air-warming operation, FIG. 7 is a temperature-en-
tropy graph representing the refrigeration cycle during
the air-warming operation, FIG. 8 is a flowchart of air-
cooling start control, and FIG. 9 is a diagram showing
the flow of refrigerant within the air-conditioning appara-
tus 1 during air-cooling start control. Operation control
and air-cooling start control during the following air-cool-
ing operation and air-warming operation are performed
by the aforementioned controller (not shown). In the fol-
lowing description, the term "high pressure" means a high
pressure in the refrigeration cycle (specifically, the pres-
sure at points D, D’, and E in FIGS. 3 and 4, and the
pressure at points D, D’, and F in FIGS. 6 and 7), the
term "low pressure" means a low pressure in the refrig-
eration cycle (specifically, the pressure at points A and
F in FIGS. 3 and 4, and the pressure at points A, E, and
VinFIGS. 6 and 7), and the term "intermediate pressure"
means an intermediate pressure in the refrigeration cycle
(specifically, the pressure at points B1 and C1 in FIGS.
3 and 4; and the pressure at points B1, C1, and C1’ in
FIGS. 6 and 7).

<Air-cooling operation>
[0045] During the air-cooling operation, the switching

mechanism 3 is brought to the cooling operation state
shown by the solid lines in FIGS. 1 and 2. The opening
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degrees of the first expansion mechanism 5a and the
second expansion mechanism 5b are adjusted. Since
the switching mechanism 3 is set for the cooling operation
state, the intermediate heat exchanger on/off valve 12 of
the intermediate refrigerant tube 8 is opened and the in-
termediate heat exchanger bypass on/off valve 11 of the
intermediate heat exchanger bypass tube 9 is closed,
whereby the intermediate heat exchanger 7 is set to func-
tion as a cooler. Additionally, the second intake return
on/off valve 92a of the second intake return tube 92 is
closed, thereby creating a state in which the intermediate
heat exchanger 7 and the intake side of the compression
mechanism 2 are not connected (except when air-cooling
start control is in effect, described hereinafter), and the
intermediate heat exchanger return on/off valve 94a of
the intermediate heat exchanger return tube 94 is closed,
thereby creating a state in which the intermediate heat
exchanger 7 is not connected with the portion between
the usage-side heat exchanger 6 and the heat source-
side heat exchanger 4.

[0046] When the refrigerant circuit 10 is in this state,
low-pressure refrigerant (refer to point A in FIGS. 1
through 4) is drawn into the compression mechanism 2
through the intake tube 2a, and after the refrigerant is
first compressed to an intermediate pressure by the com-
pression element 2c, the refrigerant is discharged to the
intermediate refrigerant tube 8 (refer to point B1 in FIGS.
1 through 4). The intermediate-pressure refrigerant dis-
charged from the first-stage compression element 2c is
cooled by heat exchange with water or air as a cooling
source in the intermediate heat exchanger 7 (refer to
point C1 in FIGS. 1 to 4). The refrigerant cooled in the
intermediate heat exchanger 7 is then drawn into and
further compressed in the compression element 2d con-
nected to the second-stage side of the compression el-
ement 2c¢, and the refrigerant is then discharged from the
compression mechanism 2 to the discharge tube 2b (re-
fer to point D in FIGS. 1 through 4). The high-pressure
refrigerant discharged from the compression mechanism
2 is compressed by the two-stage compression action of
the compression elements 2c, 2d to a pressure exceed-
ing a critical pressure (i.e., the critical pressure Pcp at
the critical point CP shown in FIG. 3). The high-pressure
refrigerant discharged from the compression mechanism
2 flows into the oil separator 41a constituting the oil sep-
aration mechanism 41, and the accompanying refriger-
ation oil is separated. The refrigeration oil separated from
the high-pressure refrigerant in the oil separator 41a
flows into the oil return tube 41b constituting the oil sep-
aration mechanism 41 wherein it is depressurized by the
pressure-reducing mechanism 41¢ provided to the oil re-
turn tube 4 1 b, and the oil is then returned to the intake
tube 2a of the compression mechanism 2 and drawn back
into the compression mechanism 2. Next, having been
separated from the refrigeration oil in the oil separation
mechanism 41, the high-pressure refrigerant is passed
through the non-return mechanism 42 and the switching
mechanism 3, and is fed to the heat source-side heat
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exchanger 4 functioning as a refrigerant radiator. The
high-pressure refrigerant fed to the heat source-side heat
exchanger 4 is cooled in the heat source-side heat ex-
changer 4 by heat exchange with water or air as a cooling
source (refer to point E in FIGS. 2 through 4). The high-
pressure refrigerant cooled in the heat source-side heat
exchanger 4 then flows into the receiver inlet tube 18a
through the inlet non-return valve 17a of the bridge circuit
17, and the refrigerant is depressurized to a nearly sat-
urated pressure by the first expansion mechanism 5a
and is temporarily retained inside the receiver 18 (refer
to point | in FIGS. 1 and 2). The refrigerant retained in
the receiver 18 is fed to the receiver outlet tube 18b and
is depressurized by the second expansion mechanism
5b to become a low-pressure gas-liquid two-phase re-
frigerant, and is then fed through the outlet non-return
valve 17c¢ of the bridge circuit 17 to the usage-side heat
exchanger 6 functioning as arefrigerant evaporator (refer
to point F in FIGS. 1 to 4). The low-pressure gas-liquid
two-phase refrigerant fed to the usage-side heat ex-
changer 6 is heated by heat exchange with water or air
as a heating source, and the refrigerant is evaporated as
aresult (referto point Ain FIGS. 1to4). The low-pressure
refrigerant heated in the usage-side heat exchanger 6 is
then drawn back into the compression mechanism 2 via
the switching mechanism 3. In this manner the air-cooling
operation is performed.

[0047] Thus, in the air-conditioning apparatus 1 of the
present embodiment, the intermediate heat exchanger 7
is provided to the intermediate refrigerant tube 8 for draw-
ing refrigerant discharged from the compression element
2cinto the compression element 2d, and in the air-cooling
operation the intermediate heat exchanger on/off valve
12 is opened and the intermediate heat exchanger by-
pass on/off valve 11 of the intermediate heat exchanger
bypass tube 9 is closed, thereby putting the intermediate
heat exchanger 7 into a state of functioning as a cooler.
Therefore, the refrigerant drawn into the compression
element 2d on the second-stage side of the compression
element 2c decreases in temperature (refer to points B1
and C1in FIG. 4) and the refrigerant discharged from the
compression element 2d also decreases in temperature
(refer to points D and D’ in FIG. 4), in comparison with
cases in which no intermediate heat exchanger 7 is pro-
vided (in this case, the refrigeration cycle is performed
in the sequence in FIGS. 3 and 4: point A — point B1 —
point D’ — point E — point F). Therefore, in the heat
source-side heat exchanger 4 functioning as a radiator
of high-pressure refrigerant in this air-conditioning appa-
ratus 1, operating efficiency can be improved over cases
in which no intermediate heat exchanger 7 is provided,
because the temperature difference between the refrig-
erant and water or air as the cooling source can be re-
duced, and heat radiation loss can be reduced by an
amount equivalent to the area enclosed by connecting
points B1, D’, D, and C1 in FIG. 4.
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<Air-warming operation>

[0048] During the air-warming operation, the switching
mechanism 3 is brought to the heating operation state
shown by the dashed lines in FIGS. 1 and 5. The opening
degrees of the first expansion mechanism 5a and the
second expansion mechanism 5b are also adjusted.
Since the switching mechanism 3 is set to a heating op-
eration state, the intermediate heat exchanger on/off
valve 12 of the intermediate refrigerant tube 8 is closed
and the intermediate heat exchanger bypass on/off valve
11 of the intermediate heat exchanger bypass tube 9 is
opened, thereby putting the intermediate heat exchanger
7 into a state of not functioning as a cooler. Furthermore,
since the switching mechanism 3 is set for the heating
operation, the second intake return on/off valve 92a of
the second intake return tube 92 is opened, thereby cre-
ating a state in which the intermediate heat exchanger 7
and the intake side of the compression mechanism 2 are
connected, and the intermediate heat exchanger return
on/off valve 94a of the intermediate heat exchanger re-
turn tube 94 is also opened, thereby creating a state in
which the intermediate heat exchanger 7 is connected
with the portion between the usage-side heat exchanger
6 and the heat source-side heat exchanger 4.

[0049] When the refrigerant circuit 10 is in this state,
low-pressure refrigerant (refer to point A in FIG. 1 and
FIGS. 5 7) is drawn into the compression mechanism 2
through the intake tube 2a, and after the refrigerant is
first compressed to an intermediate pressure by the com-
pression element 2c, the refrigerant is discharged to the
intermediate refrigerant tube 8 (refer to point B1 in FIG.
1 and FIGS. 5 through 7). The intermediate-pressure re-
frigerant discharged from the first-stage compression el-
ement 2c passes through the intermediate heat exchang-
er bypass tube 9 (refer to point C1 in FIG. 1 and FIGS.
5 through 7) without passing through the intermediate
heat exchanger 7 (i.e., without being cooled), unlike in
the air-cooling operation. The refrigerant is drawn into
and further compressed in the compression element 2d
connected to the second-stage side of the compression
element 2c, and is discharged from the compression
mechanism 2 to the discharge tube 2b (refer to point D
in FIG. 1 and FIGS. 5 through 7). The high-pressure re-
frigerant discharged from the compression mechanism
2 is compressed by the two-stage compression action of
the compression elements 2c, 2d to a pressure exceed-
ing a critical pressure (i.e., the critical pressure Pcp at
the critical point CP shown in FIG. 6), similar to the air-
cooling operation. The high-pressure refrigerant dis-
charged from the compression mechanism 2 flows into
the oil separator 41a constituting the oil separation mech-
anism 41, and the accompanying refrigeration oil is sep-
arated. The refrigeration oil separated from the high-
pressure refrigerant in the oil separator 41a flows into
the oil return tube 41b constituting the oil separation
mechanism 41 wherein it is depressurized by the pres-
sure-reducing mechanism 41 c provided to the oil return
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tube 41b, and the ail is then returned to the intake tube
2a of the compression mechanism 2 and drawn back into
the compression mechanism 2. Next, having been sep-
arated from the refrigeration oilin the oil separation mech-
anism41, the high-pressure refrigerantis passed through
the non-return mechanism 42 and the switching mecha-
nism 3, is fed to the usage-side heat exchanger 6 func-
tioning as a refrigerant radiator, and is cooled by heat
exchange with water or air as a cooling source (refer to
point F in FIGS. 1 and FIGS. 5 to 7). The high-pressure
refrigerant cooled in the usage-side heat exchanger 6
then flows into the receiver inlet tube 18a through the
inlet non-return valve 17b of the bridge circuit 17, and
the refrigerant is depressurized to a nearly saturated
pressure by the first expansion mechanism 5a and is
temporarily retained inside the receiver 18 (refer to point
I in FIGS. 1 and 5). The refrigerant retained inside the
receiver 18 is fed to the receiver outlet tube 18b and is
depressurized by the second expansion mechanism 5b
into a low-pressure gas-liquid two-phase refrigerant,
which is then fed through the outlet non-return valve 17d
of the bridge circuit 17 to the heat source-side heat ex-
changer 4 functioning as an evaporator of refrigerant,
and is also fed through the intermediate heat exchanger
return tube 94 to the intermediate heat exchanger 7 func-
tioning as an evaporator of refrigerant (refer to point E in
FIGS. 1 and Figs. 5 to 7). The low-pressure gas-liquid
two-phase refrigerant fed to the heat source-side heat
exchanger 4 is heated by heat exchange with water or
air as a heating source, and the refrigerant evaporates
as a result (refer to point Ain FIGS. 1, 5 through 7). The
low-pressure gas-liquid two-phase refrigerant fed to the
intermediate heat exchanger 7 is also heated by heat
exchange with water or air as a heating source, and the
refrigerantevaporates as a result (referto point Vin FIGS.
1, 5 through 7). The low-pressure refrigerant heated and
evaporated in the heat source-side heat exchanger 4 is
then drawn back into the compression mechanism 2 via
the switching mechanism 3. The low-pressure refrigerant
heated and evaporated in the intermediate heat exchang-
er 7 is then drawn back into the compression mechanism
2 via the second intake return tube 92. In this manner
the air-warming operation is performed.

[0050] Thus, in the air-conditioning apparatus 1 of the
present embodiment, during the air-warming operation
in which the switching mechanism 3 is set to the heating
operation state, the intermediate heat exchanger on/off
valve 12 is closed and the intermediate heat exchanger
bypass on/off valve 11 is opened, thereby putting the
intermediate heat exchanger 7 into a state of not func-
tioning as a cooler. Therefore, the temperature decrease
is minimized in the refrigerant discharged from the com-
pression mechanism 2 (refer to points D and D’ in FIG.
7), in comparison with cases in which only the interme-
diate heat exchanger 7 is provided and/or cases in which
the intermediate heat exchanger 7 is made to function
as a cooler similar to the air-cooling operation described
above (in these cases, the refrigeration cycle is per-
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formed in the sequence in FIGS. 6 and 7: point A — point
B1 — point C1’ — point D’ — point F — point E). There-
fore, in the air-conditioning apparatus 1, heat radiation
to the exterior can be minimized, temperature decreases
can be minimized in the refrigerant supplied to the usage-
side heat exchanger 6 functioning as a refrigerant radi-
ator, loss of heating performance can be minimized in
proportion to the difference between the enthalpy differ-
ence of points D and F and the enthalpy difference of
points D’ and F in FIG. 7, and loss of operating efficiency
can be prevented, in comparison with cases in which only
the intermediate heat exchanger 7 is provided and/or
cases in which the intermediate heat exchanger 7 is
made to function as a cooler similar to the air-cooling
operation described above.

[0051] Moreover, in the air-conditioning apparatus 1
of the present embodiment, during the air-warming op-
eration in which the switching mechanism 3 is set for the
heating operation state, the intermediate heat exchanger
7 is not merely set to a state of not functioning as a cooler
due to not being used. Instead, the intermediate heat
exchanger 7, along with the heat source-side heat ex-
changer 4, is made to function as an evaporator of the
refrigerant whose heat has been radiated in the usage-
side heat exchanger 6, and is used during the air-warm-
ing operation as well to increase refrigerant-evaporating
capacity during the air-warming operation and to in-
crease the quantity of refrigerant circulating within the
refrigerant circuit 10 while minimizing the heat radiated
from the intermediate heat exchanger 7 to the exterior,
for example, thereby minimizing the decrease in heating
capacity in the usage-side heat exchanger 6. Thereby,
in the air-conditioning apparatus 1 of the present embod-
iment, heat radiation loss decreases in the heat source-
side heat exchanger 4 functioning as a refrigerant radi-
ator during the air-cooling operation, and operating effi-
ciency during the air-cooling operation can be improved.
During the air-warming operation, it is possible to use the
intermediate heat exchanger 7 more effectively, mini-
mize the reduction in the heating capacity of the heat
source-side heat exchanger 6, and prevent operating ef-
ficiency during the air-warming operation from decreas-

ing.
<Air-cooling start control>

[0052] With the intermediate heat exchanger 7 de-
scribed above, there is a risk of liquid refrigerant accu-
mulating when the air-conditioning apparatus 1 has
stopped, or in other instances. When the above-de-
scribed air-cooling operation is started during a state in
which liquid refrigerant has accumulated in the interme-
diate heat exchanger 7, the liquid refrigerant accumulat-
ed in the intermediate heat exchanger 7 is drawn into the
second-stage compression element 2d; therefore, the
liquid begins to be compressed in the second-stage com-
pression element 2d, and the reliability of the compres-
sion mechanism 2 is compromised.
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[0053] In view whereof, in the present embodiment,
during the start of the above-described air-cooling oper-
ation, a state is created in which the refrigerant dis-
charged from the first-stage compression element 2c is
drawn into the second-stage compression element 2d
through the intermediate heat exchanger bypass tube 9,
and air-cooling start control is performed in which the
intermediate heat exchanger 7 and the intake side of the
compression mechanism 2 are connected by the second
intake return tube 92.

[0054] The air-cooling start control of the present em-
bodiment is described in detail hereinbelow using FIGS.
8 and 9.

[0055] First, in step S1, when a command to start the
air-cooling operation is issued, the process advances to
operating the various valves in step S2.

[0056] Next, in step S2, the on/off state of the on/off
valves 11, 12, 92ais switched to a refrigerant return state
in which the refrigerant discharged from the first-stage
compression element 2c¢ through the intermediate heat
exchanger bypass tube 9 is drawn into the second-stage
compression element 2d, and the intermediate heat ex-
changer 7 and the intake side of the compression mech-
anism 2 are connected through the second intake return
tube 92. Specifically, the intermediate heat exchanger
bypass on/off valve 11 is opened and the intermediate
heat exchanger on/off valve 12 is closed. A flow is thus
created by the intermediate heat exchanger bypass tube
9 in which the refrigerant discharged from the first-stage
compression element 2¢ is drawn into the second-stage
compression element 2d without passing through the in-
termediate heat exchanger 7. In other words, the inter-
mediate heat exchanger 7 is put into a state of not func-
tioning as a cooler, and a state is created in which the
refrigerant discharged from the first-stage compression
element 2c is drawn into the second-stage compression
element 2d through the intermediate heat exchanger by-
pass tube 9 (see FIG. 9). In this type of state, the second
intake return on/off valve 92a is opened. The intermedi-
ate heat exchanger 7 and the intake side of the compres-
sion mechanism 2 are then connected by the second
intake return tube 92, the pressure of the refrigerant in
the intermediate heat exchanger 7 (more specifically, in
the portion between the intermediate heat exchanger
on/off valve 12 and the non-return mechanism 15 which
includes the intermediate heat exchanger 7) decreases
nearly to the low pressure of the refrigeration cycle, and
a state is created in which the refrigerant inside the in-
termediate heat exchanger 7 can be withdrawn into the
intake side of the compression mechanism 2 (see FIG. 9).
[0057] Next, in step S3, the on/off state of the on/off
valves 11, 12, 92a in step S2 (i.e., the refrigerant return
state) is maintained for a predetermined time duration.
Thereby, even if liquid refrigerant has accumulated in the
intermediate heat exchanger 7 while the air-conditioning
apparatus 1 has been stopped, for example, the liquid
refrigerant accumulated inside the intermediate heat ex-
changer 7 is depressurized and evaporated, then re-
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moved out of the intermediate heat exchanger 7 (more
specifically, to the intake side of the compression mech-
anism 2) without being drawn into the second-stage com-
pression element 2d, and is drawn into the compression
mechanism 2 (the first-stage compression element 2c,
in this case). The predetermined time duration is herein
set to a time duration whereby the liquid refrigerant ac-
cumulating in the intermediate heat exchanger 7 can be
drawn out of the intermediate heat exchanger 7.

[0058] Next, in step S4, the on/off state of the on/off
valves 11, 12, 92a is switched to a refrigerant non-return
state in which the refrigerant discharged from the first-
stage compression element 2c is drawn into the second-
stage compression element 2d through the intermediate
heat exchanger 7, and the intermediate heat exchanger
7 and the intake side of the compression mechanism 2
are not connected through the second intake return tube
92. In other words, a transition is made to the on/off state
of the valves 11, 12, 92a during the above-described air-
cooling operation, and the air-cooling start control is end-
ed. Specifically, the second intake return on/off valve 92a
is closed. A state is thus created in which the refrigerant
inside the intermediate heat exchanger 7 does not flow
out to the intake side of the compression mechanism 2.
In this type of state, the intermediate heat exchanger
on/off valve 12 is then opened, and the intermediate heat
exchanger bypass on/off valve 11 is closed. A state is
thus created in which the intermediate heat exchanger 7
functions as a cooler.

[0059] Thereby, in the air-conditioning apparatus 1,
during the start of the air-cooling operation, there is no
liquid compression in the second-stage compression el-
ement 2d, which would occur as a result of liquid refrig-
erant accumulating in the intermediate heat exchanger
7, and the reliability of the compression mechanism 2
can be improved.

(3) Modification 1

[0060] In the embodiment described above, switching
between the air-cooling operation and air-cooling start
control, i.e., switching between the refrigerant non-return
state and the refrigerant return state was performed by
changing the on/off state of the on/off valves 11, 12, 923,
but another option is a refrigerant circuit 110 as shown
in FIG 10, wherein an intermediate heat exchanger
switching valve 93 capable of switching between the re-
frigerant non-return state and the refrigerant return state
is provided instead of the on/off valves 11, 12, 92a.

[0061] The intermediate heat exchanger switching
valve 93 herein is a valve capable of switching between
the refrigerant non-return state and the refrigerant return
state, and in the present modification is a four-way switch-
ing valve connected to the discharge side of the first-
stage compression element 2¢ of the intermediate refrig-
erant tube 8, the inlet side of the intermediate heat ex-
changer 7 of the intermediate refrigerant tube 8, the end
of the intermediate heat exchanger bypass tube 9 on the
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side near the first-stage compression element 2c, and
the end of the second intake return tube 92 on the side
near the intermediate heat exchanger 7. The intermedi-
ate heat exchanger bypass tube 9 is also provided with
a non-return mechanism 9a for allowing refrigerant to
flow from the discharge side of the first-stage compres-
sion element 2c to the intake side of the second-stage
compression element 2d and for blocking the refrigerant
from flowing from the intake side of the second-stage
compression element 2d to the discharge side of the first-
stage compression element 2c and the intake side of the
compression mechanism 2. The non-return mechanism
9a is a non-return valve in the present modification.
[0062] In the present modification, although a detailed
description is not given, the same air-cooling operation
as in the embodiment described above can be performed
by switching the intermediate heat exchanger switching
valve 93 to the refrigerant non-return state (refer to the
solid lines of the intermediate heat exchanger switching
valve 93 in FIG. 10) in which the refrigerant discharged
from the first-stage compression element 2c is drawn into
the second-stage compression element 2d through the
intermediate heat exchanger 7 and the intermediate heat
exchanger 7 and the intake side of the compression
mechanism 2 are not connected through the second in-
take return tube 92, and the same air-warming operation
and/or air-cooling start control as in the embodiment de-
scribed above can be performed by switching the inter-
mediate heat exchanger switching valve 93 to the refrig-
erant return state (refer to the dashed lines of the inter-
mediate heat exchanger switching valve 93 in FIG. 10)
in which the refrigerant discharged from the first-stage
compression element 2c¢ is drawn into the second-stage
compression element 2d through the intermediate heat
exchanger bypass tube 9 and the intermediate heat ex-
changer 7 and the intake side of the compression mech-
anism 2 are connected through the second intake return
tube 92.

[0063] The same operational effects as those of the
embodiment described above can also be achieved with
the configuration of the present modification. Moreover,
in the present modification, since the refrigerant non-re-
turn state and the refrigerant return state can be switched
by the intermediate heat exchanger switching valve 93,
the number of valves can be reduced in comparison with
the case of using the configuration in which the refrigerant
non-return state and the refrigerant return state are
switched by a plurality of valves 11, 12, 92a such as those
of the embodiment described above. Since pressure loss
is reduced in comparison with cases of using electromag-
netic valves, the decrease in intermediate pressure in
the refrigeration cycle can be minimized, and the de-
crease operating efficiency can also be minimized.

(4) Modification 2

[0064] In the above-described embodiment and the
modification thereof, consideration is given to using a
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configuration in which the intermediate heat exchanger
7 and the heat source-side heat exchanger 4 are heat
exchangers that use air as a heat source (that is, as a
cooling source or a heating source), and air as a heat
source is supplied by a common heat source-side fan 40
(described hereinafter) to both heat exchangers 4, 7.
[0065] For example, in cases in which the air-condi-
tioning apparatus 1 has a configuration in which a heat
source unit 1a provided primarily with the heat source-
side fan 40, the heat source-side heat exchanger 4, and
the intermediate heat exchanger 7 is connected with a
usage unit (not shown) provided primarily with the usage-
side heat exchanger 6, the heat source unit 1a such as
is shown in FIGS. 11 and 12 could possibly be used.
Here, FIG. 11 is an external perspective view of the heat
source unit 1a (the fan grill having been removed), and
FIG. 12 is a side view of the heat source unit 1a with the
right plate of the heat source unit 1a having been re-
moved. The terms "left" and "right" in the following de-
scription refer to a case of viewing the heat source unit
1a from the side of the front plate.

[0066] The heat source unit 1a constituting the air-con-
ditioning apparatus 1 of the present modification is a so-
called upward-blowing type in which air is drawn in from
the sides and the air is blown upwards, the heat source
unit 1a having primarily a casing 71, and disposed inside
the casing 71 a heat source-side heat exchanger 4, a
intermediate heat exchanger 7, and other refrigerant cir-
cuit structural components, and/or a heat source-side fan
40 and other devices.

[0067] In the present modification, the casing 71 is a
substantially rectangular parallelepiped-shaped box,
and is configured primarily from a top plate 72 constituting
the top surface of the casing 71, a left plate 73 constituting
the external peripheral surface of the casing 71, a right
plate 74, a front plate 75, a rear plate 76, and a bottom
plate 77. The top plate 72 is primarily a member consti-
tuting the top surface of the casing 71, and in the present
modification is a plate-shaped member seen as a sub-
stantial rectangle in a plan view, an air-blowing opening
71a being formed substantially in the middle. A fan grill
78 is provided to the top plate 72 so as to cover the air-
blowing opening 71 a from above. The left plate 73 is
primarily a member constituting the left surface of the
casing 71, and in the present modification is plate-shaped
member seen as a substantial rectangle in a side view,
extending downward from the left edge of the top plate
72. Intake openings 73a are formed throughout almost
the entire left plate 73, except for the top part. The right
plate 74 is primarily a member constituting the right sur-
face of the casing 71, and in the present modification is
a plate-shaped member seen as a substantial rectangle
in a side view, extending downward from the right edge
of the top plate 72. Intake openings 74a are formed
throughout almost the entire right plate 74, except for the
top part. The front plate 75 is a member primarily consti-
tuting the front surface of the casing 71, andin the present
modification is configured from a plate-shaped member
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seen as a substantial rectangle in a front view, disposed
in sequence below the front edge of the top plate 72. The
rear plate 76 is primarily a member constituting the rear
surface of the casing 71, and in the present modification
is configured from a plate-shaped member seen as a
substantial rectangle in a front view, disposed in se-
quence below the rear edge of the top plate 72. Intake
openings 76a are formed throughout almost the entire
rear plate 76, except for the top part. The bottom plate
77 is primarily a member constituting the bottom surface
of the casing 71, and in the present modification is a
plate-shaped member seen as a substantial rectangle in
a plan view.

[0068] In the present modification, the intermediate
heat exchanger 7 is integrated with the heat source-side
heat exchanger 4 in a state of being disposed above the
heat source-side heat exchanger 4, and is also disposed
on top of the bottom plate 77. More specifically, the in-
termediate heat exchanger 7 is integrated with the heat
source-side heat exchanger 4 due to sharing heat trans-
fer fins. The integration of the heat source-side heat ex-
changer 4 and the intermediate heat exchanger 7 forms
a heat exchanger panel seen as a substantial U shape
in a plan view in the present modification, and this panel
is disposed so as to face the intake openings 73a, 74a,
76a. The heat source-side fan 40 is directed towards the
air-blowing opening 71a of the top plate 72, and is dis-
posed on the top side of the integration of the heat source-
side heat exchanger 4 and the intermediate heat ex-
changer7 (i.e., the heat exchanger panel). In the present
modification, the heat source-side fan 40 is an axial flow
fan and is rotatably driven by a fan drive motor 403,
whereby air as a heat source is drawn from the intake
openings 73a, 74a, 76ainto the casing 71, and after pass-
ing through the heat source-side heat exchanger 4 and
the intermediate heat exchanger 7, the air can be blown
upwards from the air-blowing opening 71a (refer to the
arrows indicating the flow of air in FIG. 12). Specifically,
the heat source-side fan 40 is designed so as to supply
air as a heat source to both the heat source-side heat
exchanger 4 and the intermediate heat exchanger 7. The
external shape of the heat source unit 1a and/or the
shape of the integration of the heat source-side heat ex-
changer 4 and intermediate heat exchanger 7 (i.e., the
heat exchanger panel) are not limited to those described
above. Thus, the intermediate heat exchanger 7 consti-
tutes a heat exchanger panel integrated with the heat
source-side heat exchanger 4, and the intermediate heat
exchanger 7 is disposed in the top part of the heat ex-
changer panel.

[0069] Theintermediate heatexchanger7 and the heat
source-side heat exchanger 4 are integrated and the in-
termediate heat exchanger 7 is disposed in the top part
of the heat exchanger panel consisting of the two inte-
grated heat exchangers in light of the fact that the air-
conditioning apparatus 1 of the present modification uses
arefrigerant that operatesin a supercritical range (carbon
dioxide in this case), and also the fact that the heat source
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unit 1a is a model that draws air in from the sides and
blows the air upward. To describe these facts in detail,
sometimes the refrigeration cycle of the air-cooling op-
eration, for example, is performed (see FIG. 3) in which
refrigerant of an intermediate pressure lower than the
critical pressure Pcp (approximately 7.3 MPa with carbon
dioxide) flows into the intermediate heat exchanger 7 as
a cooler during the air-cooling operation, and refrigerant
of a high pressure exceeding the critical pressure Pcp
flows into the heat source-side heat exchanger 4 func-
tioning as a refrigerant radiator. In this case, as a result
of the difference between the properties of the refrigerant
at a pressure lower than the critical pressure Pcp and
the properties (particularly the heat transfer coefficient
and the specific heat at constant pressure) of the refrig-
erant at a pressure exceeding the critical pressure Pcp,
there is a tendency for the heat transfer coefficient of the
refrigerantin the intermediate heat exchanger 7 as a cool-
er to be lower than the heat transfer coefficient of the
refrigerantin the heat source-side heat exchanger 4 func-
tioning as a refrigerant radiator, as shown in FIG. 13.
Here, FIG. 13 shows the heat transfer coefficient value
(corresponding to the heat transfer coefficient of the re-
frigerantinthe intermediate heatexchanger 7 as a cooler)
in a case in which carbon dioxide at 6.5 MPa flows at a
predetermined mass flow rate into a heat transfer pas-
sage having a predetermined passage cross-sectional
surface area, as well as the heat transfer coefficient value
(corresponding to the heat transfer coefficient of the re-
frigerant in the heat source-side heat exchanger 4 as a
radiator) of carbon dioxide at 10 MPa in the same heat
transfer passage and under the same mass flow rate
conditions as the 6.5 MPa carbon dioxide. It is clear from
this diagram that in the temperature range (35 to 70 de-
grees) of the refrigerant flowing within the heat source-
side heat exchanger 4 functioning as a refrigerant radi-
atorand/orthe intermediate heat exchanger 7 functioning
as a cooler of refrigerant, the heat transfer coefficient
value of the 6.5 MPa carbon dioxide will be less than the
heat transfer coefficient value of the 10 MPa carbon di-
oxide. Therefore, in the heat source unit 1a of the air-
conditioning apparatus 1 of the present modification (i.e.,
in a heat source unit configured so as to take air in from
the sides and blow air upwards), when the intermediate
heat exchanger 7 is tentatively integrated with the heat
source-side heatexchanger 4 in a state of being disposed
below the heat source-side heat exchanger 4, the inter-
mediate heat exchanger 7 integrated with the heat
source-side heat exchanger 4 is disposed in the bottom
part of the heat source unit 1 a where the flow rate of air
as the heat source is low, and the effects of the reduction
inthe heat transfer coefficient of the airin the intermediate
heat exchanger 7 caused by disposing the intermediate
heat exchanger 7 in the bottom part of the heat source
unit 1a combine with the effects of the heat transfer co-
efficient of the refrigerant in the intermediate heat ex-
changer 7 being lower than the heat transfer coefficient
of the refrigerant in the heat source-side heat exchanger
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4, which is because there is a reduction in the heat trans-
fer performance of the intermediate heat exchanger 7.
[0070] In this type of heat source unit 1a, if the inter-
mediate heat exchanger bypass tube 9 were to be used
during the air-warming operation so that the refrigerant
discharged from the first-stage compression element 2c
and drawn into the second-stage compression element
2d bypasses the intermediate heat exchanger 7 so as
not to be cooled therein and the intermediate heat ex-
changer 7 is not used, there would be a severe disad-
vantage in that the intermediate heat exchanger 7, which
is disposed in a position where the flow rate of air as a
heat source is fastest in light of the heat transfer coeffi-
cient during the air-cooling operation, would not contrib-
ute at all during the air-warming operation, and the inter-
mediate heat exchanger 7 would not be effectively used.
[0071] However, during the air-warming operation in
the present modification, as in the above-described em-
bodiment and the modification thereof, the intermediate
heat exchanger bypass tube 9 is used so that the refrig-
erant discharged from the first-stage compression ele-
ment 2¢ and drawn into the second-stage compression
element 2d bypasses the intermediate heat exchanger
7 so as not to be cooled therein, and the intermediate
heat exchanger 7 is made to function as an evaporator
of refrigerant, thereby contributing to improving the evap-
oration capacity during the air-warming operation.

(5) Modification 3

[0072] In the above-described embodiment and the
modifications thereof, the air-conditioning apparatus 1
which is configured to be capable of switching between
the air-cooling operation and the air-warming operation
via the switching mechanism 3 and which performs a
two-stage compression refrigeration cycle is provided
with an intermediate heat exchanger 7 that functions as
a cooler of the refrigerant discharged from the first-stage
compression element 2c and drawn into the second-
stage compression element 2d, an intermediate heat ex-
changer bypass tube 9 connected to the intermediate
refrigerant tube 8 so as to bypass the intermediate heat
exchanger 7, a second intake return tube 92 for connect-
ing one end of the intermediate heat exchanger 7 and
the intake side of the compression mechanism 2, and an
intermediate heat exchanger return tube 94 for connect-
ing the portion between the usage-side heat exchanger
6 and the heat source-side heat exchanger 4 with the
other end of the intermediate heat exchanger 7, but in
addition to this configuration, intermediate pressure in-
jection may be performed by a first second-stage injec-
tion tube 19 and an economizer heat exchanger 20.
[0073] Forexample, the refrigerant circuit 10 (see FIG.
1) of the above-described embodiment in which the two-
stage compression-type compression mechanism 2 is
used can be replaced by arefrigerant circuit 210 provided
with the first second-stage injection tube 19 and the econ-
omizer heat exchanger 20, as shown in FIG. 14.
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[0074] The first second-stage injection tube 19 has a
function for branching off and returning the refrigerant
flowing between the heat source-side heat exchanger 4
and the usage-side heat exchanger 6 to the second-
stage compression element 2d of the compression mech-
anism 2. In the present modification, the first second-
stage injection tube 19 is provided so as to branch off
refrigerant flowing through the receiver inlet tube 18a and
return the refrigerant to the second-stage compression
element 2d. More specifically, the first second-stage in-
jection tube 19 is provided so as to branch off refrigerant
from a position upstream of the first expansion mecha-
nism 5a of the receiver inlet tube 18a (i.e., a position
between the heat source-side heat exchanger 4 and the
first expansion mechanism 5a when the switching mech-
anism 3 is set to the cooling operation state) and return
the refrigerant to a position in the intermediate refrigerant
tube 8 downstream of the intermediate heat exchanger
7. The first second-stage injection tube 19 is provided
with a first second-stage injection valve 19a whose open-
ing degree can be controlled. The first second-stage in-
jection valve 19a s an electrically driven expansion valve
in the present modification.

[0075] The economizer heat exchanger 20 is a heat
exchanger for carrying out heat exchange between the
refrigerant flowing between the heat source-side heat ex-
changer 4 and the usage-side heat exchanger 6 and the
refrigerant that flows through the first second stage in-
jection tube 19 (more specifically, the refrigerant that has
been depressurized to a nearly intermediate pressure in
the first second-stage injection valve 19a). In the present
modification, the economizer heat exchanger 20 is pro-
vided so as to perform heat exchange between the re-
frigerant flowing through a position in the receiver inlet
tube 18a upstream of the first expansion mechanism 5a
(i.e., between the heat source-side heat exchanger 4 and
the first expansion mechanism 5a when the switching
mechanism 3 is set to the cooling operation state) and
the refrigerant flowing through the first second-stage in-
jection tube 19, and the economizer heat exchanger 20
has a flow passage through which both refrigerants flow
against each other. In the present modification, the econ-
omizer heat exchanger 20 is provided farther down-
stream than the position where the first second-stage
injection tube 19 branches from the receiver inlet tube
18a. Therefore, the refrigerant flowing between the heat
source-side heat exchanger 4 and the usage-side heat
exchanger 6 is branched off in the receiver inlet tube 18a
into the first second-stage injection tube 19 before un-
dergoing heat exchange in the economizer heat ex-
changer 20, and heat exchange is then conducted in the
economizer heat exchanger 20 with the refrigerant flow-
ing through the first second-stage injection tube 19.
[0076] Thus, in the present modification, when the
switching mechanism 3 is set to the cooling operation
state, the high-pressure refrigerant cooled in the heat
source-side heat exchanger 4 can be fed to the usage-
side heat exchanger 6 through the inlet non-return valve
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17a of the bridge circuit 17, the economizer heat ex-
changer 20, the first expansion mechanism 5a of the re-
ceiver inlet tube 18a, the receiver 18, the second expan-
sion mechanism 5b of the receiver outlet tube 18b, and
the outlet non-return valve 17c of the bridge circuit 17.
When the switching mechanism 3 is brought to the heat-
ing operation state, the high-pressure refrigerant cooled
in the usage-side heat exchanger 6 can be fed to the
heat source-side heat exchanger 4 through the inlet non-
return valve 17b of the bridge circuit 17, the economizer
heat exchanger 20, the first expansion mechanism 5a of
the receiver inlet tube 18a, the receiver 18, the second
expansion mechanism 5b of the receiver outlet tube 18b,
and the outlet non-return valve 17d of the bridge circuit
17.

[0077] Furthermore, inthe present modification, the in-
termediate refrigerant tube 8 or the compression mech-
anism 2 is provided with an intermediate pressure sensor
54 for detecting the pressure of the refrigerant that flows
through the intermediate refrigerant tube 8. The outlet of
the first second-stage injection tube 19 side of the econ-
omizer heat exchanger 20 is provided with an economiz-
er outlet temperature sensor 55 for detecting the temper-
ature of the refrigerant at the outlet of the first second-
stage injection tube 19 side of the economizer heat ex-
changer 20.

[0078] Next, the action of the air-conditioning appara-
tus 1 of the present modification will be described using
FIGS. 14 through 18. FIG. 15 is a pressure-enthalpy
graph representing the refrigeration cycle during the air-
cooling operation, FIG. 16 is a temperature-entropy
graph representing the refrigeration cycle during the air-
cooling operation, FIG. 17 is a pressure-enthalpy graph
representing the refrigeration cycle during the air-warm-
ing operation, and FIG. 18 is a temperature-entropy
graph representing the refrigeration cycle during the air-
warming operation. This air-cooling start control is the
same as that of the embodiment described above and is
therefore not described herein. Operation control in the
air-cooling operation and air-warming operation de-
scribed below (including the air-cooling start control not
described herein) is performed by the controller (not
shown) in the embodiment described above. In the fol-
lowing description, the term "high pressure" means a high
pressure in the refrigeration cycle (specifically, the pres-
sure at points D, D’, E, and H in FIGS. 15 and 16, and
the pressure at points D, D’, F, and H in FIGS. 17 and
18), the term "low pressure" means a low pressure in the
refrigeration cycle (specifically, the pressure at points A
and F in FIGS. 15 and 16, and the pressure at points A,
E, V in FIGS. 17 and 18), and the term "intermediate
pressure" means an intermediate pressure in the refrig-
eration cycle (specifically, the pressure at points B1, C1,
G, J, and Kin FIGS. 15 through 18).

<Air-cooling operation>

[0079] During the air-cooling operation, the switching
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mechanism 3 is brought to the cooling operation state
shown by the solid lines in FIG. 14. The opening degrees
of the first expansion mechanism 5a and the second ex-
pansion mechanism 5b are adjusted. Furthermore, the
opening degree of the first second-stage injection valve
19a is also adjusted. More specifically, in the present
modification, what is known as superheat degree control
is performed, wherein the opening degree of the first sec-
ond-stage injection valve 19a is adjusted so that a target
value is achieved in the degree of superheat of the re-
frigerant at the outlet in the first second-stage injection
tube 19 side of the economizer heat exchanger 20. In
the present modification, the degree of superheat of the
refrigerant at the outlet in the first second-stage injection
tube 19 side of the economizer heat exchanger 20 is
obtained by converting the intermediate pressure detect-
ed by the intermediate pressure sensor 54 to a saturation
temperature and subtracting this refrigerant saturation
temperature value from the refrigerant temperature de-
tected by the economizer outlet temperature sensor 55.
Though not used in the present modification, another
possible option is to provide a temperature sensor to the
inlet in the first second-stage injection tube 19 side of the
economizer heat exchanger 20, and to obtain the degree
of superheat of the refrigerant at the outlet in the first
second-stage injection tube 19 side of the economizer
heat exchanger 20 by subtracting the refrigerant temper-
ature detected by this temperature sensor from the re-
frigerant temperature detected by the economizer outlet
temperature sensor 55. Adjusting the opening degree of
the first second-stage injection valve 19a is not limited
to the superheat degree control, and the valve may be
opened to predetermined opening degree in accordance
with the flow rate of refrigerant circulating in the refriger-
ant circuit 10, for example. Since the switching mecha-
nism 3 is set to the cooling operation state, a state in
which the intermediate heat exchanger 7 functions as a
cooler is created by opening the intermediate heat ex-
changer on/off valve 12 of the intermediate refrigerant
tube 8 and closing the intermediate heat exchanger by-
pass on/off valve 11 of the intermediate heat exchanger
bypass tube 9, a state in which the intermediate heat
exchanger 7 and the intake side of the compression
mechanism 2 are not connected is created (except during
air-cooling start control) by closing the second intake re-
turn on/off valve 92a of the second intake return tube 92,
and a state in which the portion between the usage-side
heat exchanger 6 and the heat source-side heat ex-
changer 4 is not connected with the intermediate heat
exchanger 7 is created by closing the intermediate heat
exchanger return on/off valve 94a of the intermediate
heat exchanger return tube 94.

[0080] When the refrigerant circuit 210 is in this state,
low-pressure refrigerant (refer to point A in FIGS. 14
through 16) is drawn into the compression mechanism 2
through the intake tube 2a, and after the refrigerant is
first compressed to an intermediate pressure by the com-
pression element 2c, the refrigerant is discharged to the
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intermediate refrigerant tube 8 (refer to point B1 in FIGS.
14 through 16). The intermediate-pressure refrigerant
discharged from the first-stage compression element 2c
is cooled by heat exchange with water or air as a cooling
source in the intermediate heat exchanger 7 (refer to
point C1in FIGS. 14 to 16). The refrigerant cooled in the
intermediate heat exchanger 7 is further cooled (refer to
point G in FIGS. 14 to 16) by being mixed with refrigerant
being returned from the first second-stage injection tube
19 to the second-stage compression element 2d (refer
to point K in FIGS. 14 to 16). Next, having been mixed
with the refrigerant returning from the first second-stage
injection tube 19 (i.e., intermediate pressure injection is
carried out by the economizer heat exchanger 20), the
intermediate-pressure refrigerant is drawn into and fur-
ther compressed in the compression element 2d con-
nected to the second-stage side of the compression el-
ement 2c, and the refrigerant is discharged from the com-
pression mechanism 2 to the discharge tube 2b (refer to
point D in FIGS. 14 through 16). The high-pressure re-
frigerant discharged from the compression mechanism
2 is compressed by the two-stage compression action of
the compression elements 2c, 2d to a pressure exceed-
ing a critical pressure (i.e., the critical pressure Pcp at
the critical point CP shown in FIG. 15). The high-pressure
refrigerant discharged from the compression mechanism
2 flows into the oil separator 41 a constituting the oil sep-
aration mechanism 41, and the accompanying refriger-
ation oil is separated. The refrigeration oil separated from
the high-pressure refrigerant in the oil separator 41a
flows into the oil return tube 41b constituting the oil sep-
aration mechanism 41 wherein it is depressurized by the
pressure-reducing mechanism 41c¢ provided to the oil re-
turn tube 41b, and the oil is then returned to the intake
tube 2a of the compression mechanism 2 and drawn back
into the compression mechanism 2. Next, having been
separated from the refrigeration oil in the oil separation
mechanism 41, the high-pressure refrigerant is passed
through the non-return mechanism 42 and the switching
mechanism 3, and is fed to the heat source-side heat
exchanger 4 functioning as a refrigerant radiator. The
high-pressure refrigerant fed to the heat source-side heat
exchanger 4 is cooled in the heat source-side heat ex-
changer 4 by heat exchange with water or air as a cooling
source (refer to point Ein FIGS. 14 through 16). The high-
pressure refrigerant cooled in the heat source-side heat
exchanger 4 flows through the inlet non-return valve 17a
of the bridge circuit 17 into the receiver inlet tube 18a,
and some of the refrigerant is branched off into the first
second-stage injection tube 19. The refrigerant flowing
through the first second-stage injection tube 19 is de-
pressurized to a nearly intermediate pressure in the first
second-stage injection valve 19a and is then fed to the
economizer heat exchanger 20 (refer to point J in FIGS.
14 to 16). The refrigerant branched off to the first second-
stage injection tube 19 then flows into the economizer
heat exchanger 20, where it is cooled by heat exchange
with the refrigerant flowing through the first second-stage
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injection tube 19 (refer to point H in FIGS. 14 to 16). The
refrigerant flowing through the first second-stage injec-
tion tube 19 is heated by heat exchange with the high-
pressure refrigerant cooled in the heat source-side heat
exchanger 4 as a radiator (refer to point K in FIGS. 14
through 16), and is then mixed with the intermediate-
pressure refrigerant discharged from the first-stage com-
pression element 2c as described above. The high-pres-
sure refrigerant cooled in the economizer heat exchanger
20 is depressurized to a nearly saturated pressure by the
first expansion mechanism 5a and is temporarily retained
in the receiver 18 (refer to point | in FIG 14). The refrig-
erant retained in the receiver 18 is fed to the receiver
outlet tube 18b and is depressurized by the second ex-
pansion mechanism 5b to become a low-pressure gas-
liquid two-phase refrigerant, and is then fed through the
outlet non-return valve 17c¢ of the bridge circuit 17 to the
usage-side heat exchanger 6 functioning as a refrigerant
evaporator (refer to point F in FIGS. 14 to 16). The low-
pressure gas-liquid two-phase refrigerant fed to the us-
age-side heat exchanger 6 is heated by heat exchange
with water or air as a heating source, and the refrigerant
is evaporated as a result (refer to point A in FIGS. 14 to
16). The low-pressure refrigerant heated in the usage-
side heat exchanger 6 is then drawn back into the com-
pression mechanism 2 via the switching mechanism 3.
In this manner the air-cooling operation is performed.
[0081] Inthe configuration of the present modification,
as in Modification 2 described above, since the interme-
diate heat exchanger 7 is in a state of functioning as a
cooler during the air-cooling operation in which the
switching mechanism 3 is brought to the cooling opera-
tion state, heat radiation loss in the heat source-side heat
exchanger 4 can be reduced in comparison with cases
in which no intermediate heat exchanger 7 is provided.
[0082] Moreover, in the configuration of the present
modification, since the first second-stage injection tube
19 and the economizer heat exchanger 20 are provided
so as to branch off refrigerant fed from the heat source-
side heat exchanger 4 to the expansion mechanisms 5a,
5b and return the refrigerant to the second-stage com-
pression element 2d, the temperature of refrigerant
drawn into the second-stage compression element 2d
can be kept even lower (refer to points C1 and G in FIG.
16) without performing heat radiation to the exterior, such
as is done with the intermediate heat exchanger 7. The
temperature of the refrigerant discharged from the com-
pression mechanism 2 is thereby kept even lower (refer
to points D and D’ in FIG. 16), and operating efficiency
can be further improved because heat radiation loss can
be further reduced in proportion to the area enclosed by
connecting the points C1, D’, D, and G in FIG. 16, in
comparison with cases in which no first second-stage
injection tube 19 is provided.

[0083] In the present modification, as in Modification
2 described above, at the start of the air-cooling operation
in which the switching mechanism 3 is set to the cooling
operation state, the refrigerant discharged from the first-
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stage compression element 2c is drawn into the second-
stage compression element 2d through the intermediate
heat exchanger bypass tube 9, and the intermediate heat
exchanger 7 and the intake side of the compression
mechanism 2 are connected through the second intake
return tube 92. Therefore, even if liquid refrigerant has
accumulated in the intermediate heat exchanger 7 prior
to the start of the operation in which the switching mech-
anism 3 is set to the cooling operation state, the liquid
refrigerant can be removed from the intermediate heat
exchanger 7. Thereby, at the start of the operation in
which the switching mechanism 3 is set to the cooling
operation state, it is possible to avoid a state of liquid
refrigerant accumulating inside the intermediate heat ex-
changer 7, liquid compression does not occur in the sec-
ond-stage compression element 2d as a result of liquid
refrigerant accumulating in the intermediate heat ex-
changer 7, and the reliability of the compression mech-
anism 2 can be improved.

<Air-warming operation>

[0084] Duringthe air-warming operation, the switching
mechanism 3 is brought to the heating operation state
shown by the dashed lines in FIG. 14. The opening de-
grees of the first expansion mechanism 5a and the sec-
ond expansion mechanism 5b are adjusted. The first sec-
ond-stage injection valve 19a is also subjected to the
same opening degree adjustment as in the air-cooling
operation described above. Since the switching mecha-
nism 3 is set to the heating operation state, the interme-
diate heat exchanger on/off valve 12 of the intermediate
refrigerant tube 8 is closed and the intermediate heat
exchanger bypass on/off valve 11 of the intermediate
heat exchanger bypass tube 9 is opened, thereby putting
the intermediate heat exchanger 7 into a state of not func-
tioning as a cooler. Furthermore, since the switching
mechanism 3 is in the heating operation state, a state in
which the intermediate heat exchanger 7 and the intake
side of the compression mechanism 2 are connected is
created by opening the second intake return on/off valve
92a of the second intake return tube 92, and a state in
which the portion between the usage-side heat exchang-
er 6 and the heat source-side heat exchanger 4 is con-
nected with the intermediate heat exchanger 7 is created
by opening the intermediate heat exchanger return on/off
valve 94a of the intermediate heat exchanger return tube
94.

[0085] When the refrigerant circuit 210 is in this state,
low-pressure refrigerant (refer to point A in FIGS. 14, 17,
and 18) is drawn into the compression mechanism 2
through the intake tube 2a, and after the refrigerant is
first compressed to an intermediate pressure by the com-
pression element 2¢, the refrigerant is discharged to the
intermediate refrigerant tube 8 (refer to point B1 in FIGS.
14, 17, 18). Unlike in the air-cooling operation, the inter-
mediate-pressure refrigerant discharged from the first-
stage compression element 2c passes through the inter-
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mediate heat exchanger bypass tube 9 (refer to point C1
in FIGS. 14, 17, and 18) without passing through the in-
termediate heat exchanger 7 (i.e., without being cooled),
and the refrigerant is cooled (refer to point G in FIGS.
14, 17, and 18) by being mixed with refrigerant being
returned from the first second-stage injection tube 19 to
the second-stage compression element 2d (refer to point
Kin FIGS. 14, 17, and 18). Next, having been mixed with
the refrigerant returning from the first second-stage in-
jection tube 19, the intermediate-pressure refrigerant is
drawn into and further compressed in the compression
element 2d connected to the second-stage side of the
compression element 2c, and the refrigerant is dis-
charged from the compression mechanism 2 to the dis-
charge tube 2b (refer to point D in FIGS. 14, 17, and 18).
The high-pressure refrigerant discharged from the com-
pression mechanism 2 is compressed by the two-stage
compression action of the compression elements 2¢, 2d
to a pressure exceeding a critical pressure (i.e., the crit-
ical pressure Pcp at the critical point CP shown in FIG.
17), similar to the air-cooling operation. The high-pres-
sure refrigerant discharged from the compression mech-
anism 2 flows into the oil separator 41a constituting the
oil separation mechanism 41, and the accompanying re-
frigeration oil is separated. The refrigeration oil separated
from the high-pressure refrigerantin the oil separator41a
flows into the oil return tube 41b constituting the oil sep-
aration mechanism 41 wherein it is depressurized by the
pressure-reducing mechanism 41 ¢ provided to the oil
return tube 41 b, and the oil is then returned to the intake
tube 2a of the compression mechanism 2 and drawn back
into the compression mechanism 2. Next, after the re-
frigeration oil has been separated in the oil separation
mechanism 41, the high-pressure refrigerant is fed
through the non-return mechanism 42 and the switching
mechanism 3 to the usage-side heat exchanger 6 func-
tioning as a refrigerant radiator, and is cooled by heat
exchange with water and/or air as a cooling source (refer
to point F in FIGS. 14, 17, and 18). The high-pressure
refrigerant cooled in the usage-side heat exchanger 6
flows through the inlet non-return valve 17b of the bridge
circuit 17 into the receiver inlet tube 18a, and some of
the refrigerant is branched off into the first second-stage
injection tube 19. The refrigerant flowing through the first
second-stage injection tube 19 is depressurized to a
nearly intermediate pressure in the first second-stage in-
jection valve 19a and is then fed to the economizer heat
exchanger 20 (refer to point J in FIGS. 14, 17, and 18).
The refrigerant branched off to the first second-stage in-
jection tube 19 then flows into the economizer heat ex-
changer 20, where it is cooled by heat exchange with the
refrigerant flowing through the first second-stage injec-
tion tube 19 (refer to point H in FIGS. 14, 17, and 18).
The refrigerant flowing through the first second-stage in-
jection tube 19 is heated by heat exchange with the high-
pressure refrigerant cooled in the heat source-side heat
exchanger 4 as a radiator (refer to point K in FIGS. 14,
17, and 18), and is mixed with the intermediate-pressure
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refrigerant discharged from the first-stage compression
element 2c as described above. The high-pressure re-
frigerant cooled in the economizer heat exchanger 20 is
depressurized to a nearly saturated pressure by the first
expansion mechanism 5a and is temporarily retained in
the receiver 18 (refer to point | in FIG. 14). The refrigerant
retained in the receiver 18 is then fed to the receiver outlet
tube 18b and depressurized by the second expansion
mechanism 5b to become low-pressure gas-liquid two-
phase refrigerant, which is then fed through the outlet
non-return valve 17d of the bridge circuit 17 to the heat
source-side heat exchanger 4 functioning as an evapo-
rator of refrigerant, and is also fed through the interme-
diate heat exchanger return tube 94 to the intermediate
heat exchanger 7 functioning as an evaporator of refrig-
erant (refer to point E in FIGS. 14, 17, and 18). The low-
pressure gas-liquid two-phase refrigerant fed to the heat
source-side heat exchanger 4 is heated by heat ex-
change with water or air as a heating source, and the
refrigerantevaporates as aresult (referto point Ain FIGS.
14, 17, and 18). The low-pressure gas-liquid two-phase
refrigerant fed to the intermediate heat exchanger 7 is
also heated by heat exchange with water or air as a heat-
ing source, and the refrigerant evaporates as a result
(refer to point V in FIGS. 14, 17, and 18). The low-pres-
sure refrigerant heated and evaporated in the heat
source-side heat exchanger 4 is then drawn back into
the compression mechanism 2 via the switching mech-
anism 3. The low-pressure refrigerant heated and evap-
oratedinthe intermediate heat exchanger 7 is then drawn
back into the compression mechanism 2 via the second
intake return tube 92. In this manner the air-warming op-
eration is performed.

[0086] Inthe configuration of the present modification,
as in Modification 2 described above, during the air-
warming operation in which the switching mechanism 3
is set to the heating operation state, heat radiation to the
exterior can be minimized, the decrease of heating ca-
pacity can be minimized, and decreases in operating ef-
ficiency can be prevented in comparison with cases in
which only the intermediate heat exchanger 7 is provided
and/or cases in which the intermediate heat exchanger
7 is made to function as a cooler, similar to the air-cooling
operation described above.

[0087] Moreover, in the configuration of the present
modification, since the first second-stage injection tube
19 and the economizer heat exchanger 20 are provided
so as to branch off refrigerant fed from the heat source-
side heat exchanger 4 to the expansion mechanisms 5a,
5b and return the refrigerant to the second-stage com-
pression element 2d in the same manner as the air-cool-
ing operation, the temperature of refrigerant drawn into
the second-stage compression element 2d can be kept
even lower (refer to points B1 and G in FIG. 18) without
performing heat radiation to the exterior, such as is done
with the intermediate heat exchanger 7. The temperature
of refrigerant discharged from the compression mecha-
nism 2 is thereby kept even lower (refer to points D and
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D’ in FIG. 18), and operating efficiency can be further
improved because heat radiation loss can be reduced in
proportion to the area enclosed by connecting the points
B1, D’, D, and G in FIG. 18, in comparison with cases in
which no first second-stage injection tube 19 is provided.
[0088] Inthe configuration of the present modification,
similar to the embodiment described above, during the
air-cooling operation, there is less heat radiation loss in
the heat source-side heat exchanger 4 functioning as a
refrigerant radiator, and the operating efficiency during
the air-cooling operation can be improved. During the air-
warming operation, it is possible to effectively use the
intermediate heat exchanger 7, minimize the loss of heat-
ing capacity in the usage-side heat exchanger 6, and
prevent the operating efficiency during the air-warming
operation from decreasing.

[0089] Advantages of both the air-cooling operation
and the air-warming operation in the configuration of the
present modification are that the economizer heat ex-
changer 20 is a heat exchanger which has flow channels
through which refrigerant fed from the heat source-side
heat exchanger 4 or usage-side heat exchanger 6 to the
expansion mechanisms 5a, 5b and refrigerant flowing
through the second-stage injection tube 19 both flow so
as to oppose each other; therefore, itis possible to reduce
the temperature difference between the refrigerant fed
to the expansion mechanisms 5a, 5b from the heat
source-side heat exchanger 4 or the usage-side heat ex-
changer 6 in the economizer heat exchanger 20 and the
refrigerant flowing through the second-stage injection
tube 19, and high heat exchange efficiency can be ob-
tained.

[0090] In the present modification, switching between
the air-cooling operation and the air-cooling start control,
i.e., switching between the refrigerant non-return state
and the refrigerant return state is performed through the
on/off states of the on/off valves 11, 12, 92a, but another
optioninstead ofthe on/off valves 11, 12, 92ais to provide
an intermediate heat exchanger switching valve 93 ca-
pable of switching between the refrigerant non-return
state and the refrigerant return state, as in Modification
1 described above.

[0091] Furthermore, particularly advantageous effects
can be obtained when using the configuration of the heat
source unit 1a, such as the one in Modification 2.

(6) Modification 4

[0092] In the refrigerant circuit 210 (see FIG. 14) in
Modification 3 described above, in both the air-cooling
operation in which the switching mechanism 3 is set to
the cooling operation state and the air-warming operation
in which the switching mechanism 3 is set to the heating
operation state as described above, performing interme-
diate pressure injection through the economizer heat ex-
changer 20 reduces the temperature of the refrigerant
discharged from the second-stage compression element
2d, reduces the power consumption of the compression
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mechanism 2, and makes it possible to improve operating
efficiency. Intermediate pressure injection by the econ-
omizer heat exchanger 20 can be used in conditions in
which the intermediate pressure in the refrigeration cycle
has increased to a nearly critical pressure, which is be-
lieved to be particularly advantageous in cases in which
refrigerant that operates in a supercritical range is used
with a configuration having a single usage-side heat ex-
changer 6, such as the refrigerant circuits 10, 110, 210
(see FIGS. 1, 10, and 14) in the above-described em-
bodiment and the modifications thereof.

[0093] However, inorderto create a configuration hav-
ing a plurality of usage-side heat exchangers 6 connect-
ed in parallel to each other, and to make it possible to
control the flow rate of refrigerant flowing through the
usage-side heat exchangers 6 and obtain the refrigera-
tion load required by the usage-side heat exchangers 6,
the objective being to perform air-cooling or air-warming
corresponding to the air-conditioning loads of a plurality
of air-conditioned spaces, for example; in some cases
usage-side expansion mechanisms 5¢ are provided be-
tween the receiver 18 as a gas-liquid separator and the
usage-side heat exchangers 6 so as to correspond to the
usage-side heat exchangers 6.

[0094] For example, although the details are not
shown, one possibility in the refrigerant circuit 210 (see
FIG. 14) having the bridge circuit 17 in Modification 3
described above is that a plurality (two herein) of usage-
side heat exchangers 6 connected to each other in par-
allel be provided, usage-side expansion mechanisms 5¢
(see FIG 19) be provided between the receiver 18 as a
gas-liquid separator (more specifically, the bridge circuit
17) and the usage-side heat exchangers 6 so as to cor-
respond to the usage-side heat exchangers 6, the second
expansion mechanism 5b that has been provided to the
receiver outlet tube 18b be omitted, and a third expansion
mechanism for depressurizing the refrigerant to a low
pressure in the refrigeration cycle during the air-warming
operation be provided instead of the outlet non-return
valve 17d of the bridge circuit 17.

[0095] In this type of configuration as well, the inter-
mediate pressure injection by the economizer heat ex-
changer 20 is advantageous similar to Modification 3 de-
scribed above, under the condition that the pressure dif-
ference between the high pressure in the refrigeration
cycle and the nearly intermediate pressure of the refrig-
eration cycle can be used without performing a severe
depressurizing operation everywhere but the first expan-
sion mechanism 5a as a heat source-side expansion
mechanism after cooling takes place in the heat source-
side heat exchanger 4 as a radiator, as is the case in the
air-cooling operation in which the switching mechanism
3 is set to the cooling operation state.

[0096] However, in conditions such as those of the air-
warming operation for setting the switching mechanism
3 to the heating operation state, the usage-side expan-
sion mechanisms 5c control the flow rate of refrigerant
flowing through the usage-side heat exchangers 6 as ra-
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diators so as to obtain the refrigeration loads required by
the usage-side heat exchangers 6 as radiators, and the
flow rate of refrigerant passing through the usage-side
heat exchangers 6 as radiators is established for the most
part by the operation of depressurizing the refrigerant by
controlling the opening degrees of the usage-side expan-
sion mechanisms 5c provided downstream of the usage-
side heat exchangers 6 as radiators and upstream of the
economizer heat exchanger 20. Under such conditions,
the extent of refrigerant depressurization by controlling
the opening degrees of the usage-side expansion mech-
anisms 5c fluctuates not only due to the flow rate of re-
frigerant flowing through the usage-side heat exchangers
6 as radiators, but also due to the state of flow rate dis-
tribution among the plurality of usage-side heat exchang-
ers 6 as radiators, and there are cases in which the extent
of depressurization differs greatly among the plurality of
usage-side expansion mechanisms 5c, or the extent of
depressurization in the usage-side expansion mecha-
nisms 5c is comparatively large. Therefore, there is a risk
of a decrease in the refrigerant pressure in the inlet of
the economizer heat exchanger 20, and in such cases
there is a risk that the quantity of heat exchanged in the
economizer heat exchanger 20 (i.e., the flow rate of re-
frigerant flowing through the first second-stage injection
tube 19) will decrease and usage will be difficult. Partic-
ularly in cases in which this type of air-conditioning ap-
paratus 1 is configured as a separate-type air-condition-
ing apparatus in which a heat source unit including pri-
marily a compression mechanism 2, a heat source-side
heat exchanger 4, and a receiver 18 is connected by
communication pipe with a usage unit including primarily
a usage-side heat exchanger 6, the communication pipe
might be extremely long depending on the arrangement
of the usage unit and the heat source unit; therefore, in
addition to the effects of pressure drop, the pressure of
the refrigerant in the inlet of the economizer heat ex-
changer 20 further decreases. In cases in which there is
a risk of a decrease in the pressure of the refrigerant in
the inlet of the economizer heat exchanger 20, if the gas-
liquid separator pressure is lower than the critical pres-
sure, intermediate pressure injection by a useable gas-
liquid separator is still advantageous even under condi-
tions in which there is a small difference in pressure be-
tween the gas-liquid separator pressure and the interme-
diate pressure in the refrigeration cycle (here, the pres-
sure of the refrigerant flowing through the intermediate
refrigerant tube 8).

[0097] In view of this, in the present modification as
shown in FIG. 19, to enable the receiver 18 to function
as a gas-liquid separator and to enable intermediate
pressure injection to be performed, a refrigerant circuit
310 is used in which a second second-stage injection
tube 18c is connected to the receiver 18, intermediate
pressure injection can be performed by the economizer
heat exchanger 20 during the air-cooling operation, and
intermediate pressure injection can be performed by the
receiver 18 as a gas-liquid separator during the air-warm-
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ing operation.

[0098] The second second-stage injection tube 18c is
a refrigerant tube capable of performing intermediate
pressure injection for removing refrigerant from the re-
ceiver 18 and returning the refrigerant to the second-
stage compression element 2d of the compression mech-
anism 2, and in the present modification, the second sec-
ond-stage injection tube 18c is provided so as to connect
the top part of the receiver 18 and the intermediate re-
frigerant tube 8 (i.e., the intake side of the second-stage
compression element 2d of the compression mechanism
2). The second second-stage injection tube 18c is pro-
vided with a second second-stage injection on/off valve
18d and a second second-stage injection non-return
mechanism 18e. The second second-stage injection
on/off valve 18d is a valve capable of opening and clos-
ing, and is an electromagnetic valve in the present mod-
ification. The second second-stage injection non-return
mechanism 18e is a mechanism for allowing refrigerant
to flow from the receiver 18 to the second-stage com-
pression element2d and blocking refrigerant from flowing
from the second-stage compression element 2d to the
receiver 18, and a non-return valve is used in the present
modification. The second second-stage injection tube
18c and the first intake return tube 18f are integrated in
a portion near the receiver 18. The second second-stage
injection tube 18c and the first second-stage injection
tube 19 are integrated in a portion near the intermediate
refrigerant tube 8. In the present modification, the usage-
side expansion mechanisms 5c are electrically driven ex-
pansion valves. In the present modification, as described
above, the first second-stage injection tube 19 and the
economizer heat exchanger 20 are used during the air-
cooling operation, and the second second-stage injection
tube 18c is used during the air-warming operation; there-
fore, since there is no need for the direction of refrigerant
flow to the economizer heat exchanger 20 to be constant
for both the air-cooling operation and the air-warming
operation, the bridge circuit 17 is omitted and the config-
uration of the refrigerant circuit 310 is simplified.

[0099] Next, the action of the air-conditioning appara-
tus 1 of the present modification will be described using
FIGS. 19, 15, 16, 20, and 21. FIG. 20 is a pressure-en-
thalpy graph representing the refrigeration cycle during
the air-warming operation, and FIG. 21 is a temperature-
entropy graph representing the refrigeration cycle during
the air-warming operation. This air-cooling start control
is the same as that of the embodiment described above
and is therefore not described herein. The refrigeration
cycle during the air-cooling operation in the present mod-
ification is described using FIGS. 15 and 16. Operation
control (including air-cooling start control not described
herein) in the following air-cooling operation and air-
warming operation is performed by the controller (not
shown) in the embodiment described above. In the fol-
lowing description, the term "high pressure" means a high
pressure in the refrigeration cycle (specifically, the pres-
sure at points D, D’, E, and H in FIGS. 15 and 16, and
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the pressure at points D, D’, and F in FIGS. 20 and 21),
the term "low pressure" means a low pressure in the re-
frigeration cycle (specifically, the pressure at points A
and F in FIGS. 15 and 16, and the pressure at points A,
E, and Vin FIGS. 20 and 21), and the term "intermediate
pressure" means an intermediate pressure in the refrig-
eration cycle (specifically, the pressure at points B1, C1,
G, J,andKinFIGS. 15 and 16, and the pressure at points
B1,C1, G, I, L,and M in FIGS. 20 and 21).

<Air-cooling operation>

[0100] During the air-cooling operation, the switching
mechanism 3 is brought to the cooling operation state
shown by the solid lines in FIG. 19. The opening degrees
of the first expansion mechanism 5a and the usage-side
expansion mechanisms 5c¢ as heat source-side expan-
sion mechanisms are adjusted. Since the switching
mechanism 3 is in the cooling operation state, opening
the intermediate heat exchanger on/off valve 12 of the
intermediate refrigerant tube 8 and closing the interme-
diate heat exchanger bypass on/off valve 11 of the inter-
mediate heat exchanger bypass tube 9 creates a state
in which the intermediate heat exchanger 7 functions as
a cooler, closing the second intake return on/off valve
92a of the second intake return tube 92 creates a state
in which the intermediate heat exchanger 7 and the intake
side of the compression mechanism 2 are not connected
(except during air-cooling start control), and closing the
intermediate heat exchanger return on/off valve 94a of
the intermediate heat exchanger return tube 94 creates
a state in which the portion between the usage-side heat
exchangers 6 and the heat source-side heat exchanger
4 is not connected with the intermediate heat exchanger
7. When the switching mechanism 3 has been set to the
cooling operation state, intermediate pressure injection
is not performed by the receiver 18 as a gas-liquid sep-
arator, but instead intermediate pressure injection is per-
formed by the economizer heat exchanger 20 for return-
ing the refrigerant heated in the economizer heat ex-
changer 20 to the second-stage compression element
2d through the first second-stage injection tube 19. More
specifically, the second second-stage injection on/off
valve 18d is closed, and the opening degree of the first
second-stage injection valve 19a is adjusted in the same
manner as Modification 3 described above.

[0101] When the refrigerant circuit 310 is in this state,
low-pressure refrigerant (refer to point A in FIGS. 19, 15,
and 16) is drawn into the compression mechanism 2
through the intake tube 2a, and after the refrigerant is
first compressed to an intermediate pressure by the com-
pression element 2c, the refrigerant is discharged to the
intermediate refrigerant tube 8 (refer to point B1 in FIGS.
19, 15, 16). The intermediate-pressure refrigerant dis-
charged from the first-stage compression element 2c is
cooled by heat exchange with water or air as a cooling
source in the intermediate heat exchanger 7 (refer to
point C1in FIGS. 19, 15, and 16). The refrigerant cooled
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in the intermediate heat exchanger 7 is further cooled
(refer to point G in FIGS. 19, 15, and 16) by being mixed
with refrigerant being returned from the first second-
stage injection tube 19 to the second-stage compression
element 2d (referto pointKin FIGS. 19, 15, and16). Next,
having been mixed with the refrigerant returning from the
first second-stage injection tube 19 (i.e., intermediate
pressure injection is carried out by the economizer heat
exchanger 20), the intermediate-pressure refrigerant is
drawn into and further compressed in the compression
element 2d connected to the second-stage side of the
compression element 2c, and the refrigerant is dis-
charged from the compression mechanism 2 to the dis-
charge tube 2b (refer to point D in FIGS. 19, 15, and 16).
The high-pressure refrigerant discharged from the com-
pression mechanism 2 is compressed by the two-stage
compression action of the compression elements 2c, 2d
to a pressure exceeding a critical pressure (i.e., the crit-
ical pressure Pcp at the critical point CP shown in FIG.
15). The high-pressure refrigerant discharged from the
compression mechanism 2 is fed via the switching mech-
anism 3 to the heat source-side heat exchanger 4 func-
tioning as a refrigerant radiator, and the refrigerant is
cooled by heat exchange with water or air as a cooling
source (refer to point E in FIGS. 19, 15, and 16). Some
ofthe high-pressure refrigerant cooled in the heat source-
side heat exchanger 4 as a radiator is then branched off
to the first second-stage injection tube 19. The refrigerant
flowing through the first second-stage injection tube 19
is depressurized to a nearly intermediate pressure in the
first second-stage injection valve 19a and is then fed to
the economizer heat exchanger 20 (refer to point J in
FIGS. 19, 15, and 16). The refrigerant branched off to
the first second-stage injection tube 19 then flows into
the economizer heat exchanger 20, where it is cooled by
heat exchange with the refrigerant flowing through the
first second-stage injection tube 19 (refer to point H in
FIGS. 19, 15, and 16). The refrigerant flowing through
the first second-stage injection tube 19 is heated by heat
exchange with the high-pressure refrigerant cooled in the
heat source-side heat exchanger 4 as a radiator (refer
to point Kin FIGS. 19, 15, and 16), and is mixed with the
intermediate-pressure refrigerant discharged from the
first-stage compression element 2¢ as described above.
The high-pressure refrigerant cooled in the economizer
heat exchanger 20 is depressurized to a nearly saturated
pressure by the first expansion mechanism 5a and is
temporarily retained in the receiver 18 (refer to point | in
FIGS. 19, 15, and 16). The refrigerant retained in the
receiver 18is then fed to the usage-side expansion mech-
anisms 5¢ and depressurized by the usage-side expan-
sionmechanisms 5c to become alow-pressure gas-liquid
two-phase refrigerant, which is fed to the usage-side heat
exchangers 6 functioning as evaporators of refrigerant
(refer to point F in FIGS. 19, 15, and 16). The low-pres-
sure gas-liquid two-phase refrigerant fed to the usage-
side heat exchangers 6 that function as evaporators is
heated by heat exchange with water or air as a heating
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source, and the refrigerantis evaporated as a result (refer
to point A in FIGS. 19, 15, and 16). The low-pressure
refrigerant heated and evaporated in the usage-side heat
exchangers 6 that function evaporators is then drawn
back into the compression mechanism 2 via the switching
mechanism 3. In this manner the air-cooling operation is
performed.

<Air-warming operation>

[0102] During the air-warming operation, the switching
mechanism 3 is brought to the heating operation state
shown by the dashed lines in FIG. 19. The opening de-
grees of the first expansion mechanism 5a and the us-
age-side expansion mechanisms 5c as heat source-side
expansion mechanisms are adjusted. Since the switch-
ing mechanism 3 is set to the heating operation state,
the intermediate heat exchanger on/off valve 12 of the
intermediate refrigerant tube 8 is closed and the interme-
diate heat exchanger bypass on/off valve 11 of the inter-
mediate heat exchanger bypass tube 9 is opened, there-
by putting the intermediate heat exchanger 7 into a state
of not functioning as a cooler. Furthermore, since the
switching mechanism 3 is in the heating operation state,
opening the second intake return on/off valve 92a of the
second intake return tube 92 creates a state in which the
intermediate heat exchanger 7 and the intake side of the
compression mechanism 2 are connected, and opening
the intermediate heat exchanger return on/off valve 94a
ofthe intermediate heat exchangerreturn tube 94 creates
a state in which the portion between the usage-side heat
exchangers 6 and the heat source-side heat exchanger
4 is connected with the intermediate heat exchanger 7.
When the switching mechanism 3 has been set to the
heating operation state, intermediate pressure injection
is not performed by the economizer heat exchanger 20,
but instead intermediate pressure injection is performed
by the receiver 18 for returning the refrigerant from the
receiver 18 as a gas-liquid separator to the second-stage
compression element 2d through the second second-
stage injection tube 18c. More specifically, the second
second-stage injection on/off valve 18d is opened, and
the first second-stage injection valve 19a is fully closed.
[0103] When the refrigerant circuit 310 is in this state,
low-pressure refrigerant (refer to point A in FIGS. 19
through 21) is drawn into the compression mechanism 2
through the intake tube 2a, and after the refrigerant is
first compressed to an intermediate pressure by the com-
pression element 2c¢, the refrigerant is discharged to the
intermediate refrigerant tube 8 (refer to point B1 in FIGS.
19 through 21). Unlike during the air-cooling operation,
the intermediate-pressure refrigerant discharged from
the first-stage compression element 2c passes through
the intermediate heat exchanger bypass tube 9 (refer to
point C1 in FIGS. 19 to 21) without passing through the
intermediate heat exchanger 7 (i.e., without being
cooled), and is mixed with the refrigerant returning from
the receiver 18 to the second-stage compression ele-
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ment 2d through the second second-stage injection tube
18c (refer to point M in FIGS. 19 to 21), thereby being
cooled (refer to point G in FIGS. 19 to 21). Next, having
been mixed with the refrigerant returning from the second
second-stage injection tube 18c (i.e., intermediate pres-
sure injection is carried out by the receiver 18 which acts
as a gas-liquid separator), the intermediate-pressure re-
frigerantis drawn into and further compressed in the com-
pression element 2d connected to the second-stage side
of the compression element 2c, and the refrigerant is
discharged from the compression mechanism 2 to the
discharge tube 2b (refer to point D in FIGS. 19 through
21). The high-pressure refrigerant discharged from the
compression mechanism 2 is compressed by the two-
stage compression action of the compression elements
2c, 2d to a pressure exceeding a critical pressure (i.e.,
the critical pressure Pcp at the critical point CP shown in
FIG 20), similar to the air-cooling operation. The high-
pressure refrigerant discharged from the compression
mechanism 2 is fed via the switching mechanism 3 to the
usage-side heat exchangers 6 functioning as refrigerant
radiators, and the refrigerant is cooled by heat exchange
with water or air as a cooling source (refer to point F in
FIGS. 19 to 21). The high-pressure refrigerant cooled in
the usage-side heat exchangers 6 as radiators is then
depressurized to a nearly intermediate pressure by the
usage-side expansion mechanisms 5c, and is then tem-
porarily retained in the receiver 18 and subjected to gas-
liquid separation (refer to points I, L, and M in FIGS. 19
to 21). The gas refrigerant after having undergone gas-
liquid separation in the receiver 18 is then removed from
the top part of the receiver 18 by the second second-
stage injection tube 18c, and is mixed with the interme-
diate-pressure refrigerant discharged from the first-stage
compression element 2c¢ as described above. The liquid
refrigerant retained in the receiver 18 is depressurized
by the first expansion mechanism 5a to become a low-
pressure gas-liquid two-phase refrigerant, which is fed
to the heat source-side heat exchanger 4 functioning as
an evaporator of refrigerant, and is also fed through the
intermediate heat exchanger return tube 94 to the inter-
mediate heat exchanger 7 functioning as an evaporator
of refrigerant (refer to point E in FIGS. 19 to 21). The low-
pressure gas-liquid two-phase refrigerant fed to the heat
source-side heat exchanger 4 is heated by heat ex-
change with water or air as a heating source, and the
refrigerant is evaporated as a result (refer to point A in
FIGS. 19 to 21). The low-pressure gas-liquid two-phase
refrigerant fed to the intermediate heat exchanger 7 is
also heated by heat exchange with water or air as a heat-
ing source, and the refrigerant evaporates as a result
(refer to point V in FIGS. 19 through 21). The low-pres-
sure refrigerant heated and evaporated in the heat
source-side heat exchanger 4 is then drawn back into
the compression mechanism 2 via the switching mech-
anism 3. The low-pressure refrigerant heated and evap-
oratedinthe intermediate heat exchanger 7 is then drawn
back into the compression mechanism 2 via the second
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intake return tube 92. In this manner the air-warming op-
eration is performed.

[0104] The configuration of the present modification is
different from that of Modification 3 in that intermediate
pressure injection is performed by the receiver 18 as a
gas-liquid separator instead of intermediate pressure in-
jection by the economizer heat exchanger 20 during the
air-warming operation, but otherwise the same opera-
tional effects as those of Modification 3 can be obtained.
[0105] In the present modification, the switching be-
tween the air-cooling operation and air-cooling start con-
trol, i.e., the switching between the refrigerant non-return
state and the refrigerant return state is performed by the
on/off states of the on/off valves 11, 12, 92a, but an in-
termediate heat exchanger switching valve 93 capable
of switching between the refrigerant non-return state and
the refrigerant return state may be provided instead of
the on/off valves 11, 12, 92a, as in Modification 1 de-
scribed above.

[0106] Furthermore, particularly advantageous effects
can be obtained when using the configuration of the heat
source unit 1a such as the one in Modification 2.

(7) Modification 5

[0107] The refrigerant circuit 310 (see FIG. 19) in Mod-
ification 4 described above comprises a configuration
having a plurality of usage-side heat exchangers 6 con-
nected to each other in parallel with the objective of per-
forming air cooling and/or air warming according to the
air-conditioning load of a plurality of air-conditioned spac-
es, for example, and also uses a configuration in which
usage-side expansion mechanisms 5c are provided be-
tween the receiver 18 and the usage-side heat exchang-
ers 6 so as to correspond to the usage-side heat ex-
changers 6, in order to make it possible to control the
flow rate of refrigerant flowing through the usage-side
heat exchangers 6 and obtain the refrigeration load re-
quired by the usage-side heat exchangers 6. With this
type of configuration, during the air-cooling operation,
the refrigerant depressurized to a nearly saturated pres-
sure by the first expansion mechanism 5a and temporar-
ily retained in the receiver 18 (refer to point | in FIG. 19)
is distributed among the usage-side expansion mecha-
nisms 5c¢, but when the refrigerant fed from the receiver
18 to the usage-side expansion mechanisms 5c is in a
gas-liquid two-phase state, there is arisk of the flow being
imbalanced when the refrigerant is distributed among the
usage-side expansion mechanisms 5c¢, and it is therefore
preferable that the refrigerant fed from the receiver 18 to
the usage-side expansion mechanisms 5c be brought as
much as possible to a subcooled state.

[0108] In view of this, in the present modification, the
refrigerant circuit 310 in Modification 4 described above
is replaced by a refrigerant circuit 410 provided with a
subcooling heat exchanger 96 and a third intake return
tube 95 between the receiver 18 and the usage-side ex-
pansion mechanisms 5c, as shown in FIG. 22.
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[0109] The subcooling heat exchanger 96 is a heat ex-
changer for cooling the refrigerant fed from the receiver
18 to the usage-side expansion mechanisms 5c¢. More
specifically, during the air-cooling operation, the subcool-
ing heat exchanger 96 is a heat exchanger for performing
heat exchange with the refrigerant flowing through the
third intake return tube 95, which branches off some of
the refrigerant fed from the receiver 18 to the usage-side
expansion mechanisms 5c and returns the refrigerant to
the intake side of the compression mechanism 2 (i.e., to
the intake tube 2a between the compression mechanism
2 and the usage-side heat exchangers 6 as evaporators),
and the subcooling heat exchanger 96 has a flow pas-
sage through which both refrigerants flow against each
other. The third intake return tube 95 herein is a refrig-
erant tube for branching off the refrigerant fed from the
heat source-side heat exchanger 4 as a radiator to the
usage-side expansion mechanisms 5c and returning the
refrigerant to the intake side of the compression mech-
anism 2 (i.e., the intake tube 2a). The third intake return
tube 95 is provided with a third intake return valve 95a
whose opening degree can be controlled, and in the sub-
cooling heat exchanger 96, heat exchange is performed
between the refrigerant fed from the receiver 18 to the
usage-side expansion mechanisms 5c¢ and the refriger-
ant flowing through the third intake return tube 95 after
having been depressurized to a nearly low pressure in
the third intake return valve 95a. The intake return valve
95a is an electrically driven expansion valve in the
present modification. An intake pressure sensor 60 for
detecting the pressure of the refrigerant flowing through
the intake side of the compression mechanism 2 is pro-
vided to either the intake tube 2a or the compression
mechanism 2. The outlet of the subcooling heat exchang-
er 96 on the side near the third intake return tube 95 is
provided with a subcooling heat exchange outlet temper-
ature sensor 59 for detecting the temperature of the re-
frigerant in the outlet of the subcooling heat exchanger
96 on the side near the third intake return tube 95.

[0110] Next, the action of the air-conditioning appara-
tus 1 in the present modification will be described using
FIGS. 221024, 20,and 21. FIG. 23 is a pressure-enthalpy
graph representing the refrigeration cycle during the air-
cooling operation, and FIG 24 is a temperature-entropy
graph representing the refrigeration cycle during the air-
cooling operation. This air-cooling start control is the
same as that of the embodiment described above and is
therefore not described herein. The refrigeration cycle
during the air-warming operation in the present modifi-
cation is described using FIGS. 20 and 21. Operation
control during the following air-cooling operation and air-
warming operation (including the air-cooling start control
not described herein) is performed by the controller (not
shown) in the embodiment described above. In the fol-
lowing description, the term "high pressure" means a high
pressure in the refrigeration cycle (specifically, the pres-
sure at points D, E, I, and R in FIGS. 23 and 24, and the
pressure at points D, D’, and F in FIGS. 20 and 21), the
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term "low pressure" means a low pressure in the refrig-
eration cycle (specifically, the pressure at points A, F, F,
S’, and U in FIGS. 23 and 24, and the pressure at points
A, E, and Vin FIGS. 20 and 21), and the term "interme-
diate pressure" means an intermediate pressure in the
refrigeration cycle (specifically, the pressure at points B1,
C1, G, J, and Kin FIGS. 23 and 24, and the pressure at
points B1, C1, G, I, L, and M in FIGS. 20 and 21).

<Air-cooling operation>

[0111] During the air-cooling operation, the switching
mechanism 3 is brought to the cooling operation state
shown by the solid lines in FIG. 22. The opening degrees
of the first expansion mechanism 5a and the usage-side
expansion mechanisms 5c as heat source-side expan-
sion mechanisms are adjusted. Since the switching
mechanism 3 is in the cooling operation state, opening
the intermediate heat exchanger on/off valve 12 of the
intermediate refrigerant tube 8 and closing the interme-
diate heat exchanger bypass on/off valve 11 of the inter-
mediate heat exchanger bypass tube 9 creates a state
in which the intermediate heat exchanger 7 functions as
a cooler, closing the second intake return on/off valve
92a of the second intake return tube 92 creates a state
in which the intermediate heat exchanger 7 and the intake
side of the compression mechanism 2 are not connected
(except during air-cooling start control), and closing the
intermediate heat exchanger return on/off valve 94a of
the intermediate heat exchanger return tube 94 creates
a state in which the portion between the usage-side heat
exchangers 6 and the heat source-side heat exchanger
4 is not connected with the intermediate heat exchanger
7. When the switching mechanism 3 has been set to the
cooling operation state, intermediate pressure injection
is not performed by the receiver 18 as a gas-liquid sep-
arator, but instead intermediate pressure injection is per-
formed by the economizer heat exchanger 20 for return-
ing the refrigerant heated in the economizer heat ex-
changer 20 to the second-stage compression element
2d through the first second-stage injection tube 19. More
specifically, the second second-stage injection on/off
valve 18d is closed, and the opening degree of the first
second-stage injection valve 19a is adjusted in the same
manner as Modification 3 described above. When the
switching mechanism 3 is in the cooling operation state,
the opening degree of the third intake return valve 95a
is also adjusted because the subcooling heat exchanger
96 is used. More specifically, in the present modification,
what is known as superheat degree control is performed,
wherein the opening degree of the third intake return
valve 95a is adjusted so that a target value is achieved
in the degree of superheat of the refrigerant at the outlet
in the third intake return tube 95 side of the subcooling
heat exchanger 96. In the present modification, the de-
gree of superheat of the refrigerant at the outlet in the
third intake return tube 95 side of the subcooling heat
exchanger 96 is obtained by converting the low pressure
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detected by the intake pressure sensor 60 to a saturation
temperature and subtracting this refrigerant saturation
temperature value from the refrigerant temperature de-
tected by the subcooling heat exchanger outlet temper-
ature sensor 59. Though not used in the present modifi-
cation, another possible option is to provide a tempera-
ture sensor to the inlet in the third intake return tube 95
side of the subcooling heat exchanger 96, and to obtain
the degree of superheat of the refrigerant at the outlet in
the third intake return tube 95 side of the subcooling heat
exchanger 96 by subtracting the refrigerant temperature
detected by this temperature sensor from the refrigerant
temperature detected by the subcooling heat exchanger
outlet temperature sensor 59. Adjusting the opening de-
gree of the third intake return valve 95a is not limited to
the superheat degree control, and the third intake return
valve 95a may be opened to a predetermined opening
degree in accordance with the flow rate of refrigerant
circulating within the refrigerant circuit 410, for example.
[0112] When the refrigerant circuit 410 is in this state,
low-pressure refrigerant (refer to point A in FIGS. 22
through 24) is drawn into the compression mechanism 2
through the intake tube 2a, and after the refrigerant is
first compressed to an intermediate pressure by the com-
pression element 2c, the refrigerant is discharged to the
intermediate refrigerant tube 8 (refer to point B1 in FIGS.
22 through 24). The intermediate-pressure refrigerant
discharged from the first-stage compression element 2c
is cooled by heat exchange with water or air as a cooling
source in the intermediate heat exchanger 7 (refer to
point C1in FIGS. 22 to 24). The refrigerant cooled in the
intermediate heat exchanger 7 is further cooled (refer to
point G in FIGS. 22 to 24) by being mixed with refrigerant
being returned from the first second-stage injection tube
19 to the second-stage compression element 2d (refer
to point K in FIGS. 22 to 24). Next, having been mixed
with the refrigerant returning from the first second-stage
injection tube 19 (i.e., intermediate pressure injection is
carried out by the economizer heat exchanger 20), the
intermediate-pressure refrigerant is drawn into and fur-
ther compressed in the compression element 2d con-
nected to the second-stage side of the compression el-
ement 2c¢, and the refrigerant is discharged from the com-
pression mechanism 2 to the discharge tube 2b (refer to
point D in FIGS. 22 through 24). The high-pressure re-
frigerant discharged from the compression mechanism
2 is compressed by the two-stage compression action of
the compression elements 2¢, 2d to a pressure exceed-
ing a critical pressure (i.e., the critical pressure Pcp at
the critical point CP shown in FIG. 23). The high-pressure
refrigerant discharged from the compression mechanism
2 is fed via the switching mechanism 3 to the heat source-
side heat exchanger 4 functioning as a refrigerant radi-
ator, and the refrigerant is cooled by heat exchange with
water or air as a cooling source (refer to point E in FIGS.
22 to 24). Some of the high-pressure refrigerant cooled
in the heat source-side heat exchanger 4 as a radiator
is then branched off to the first second-stage injection
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tube 19. The refrigerant flowing through the first second-
stage injection tube 19 is depressurized to a nearly in-
termediate pressure in the first second-stage injection
valve 19a and is then fed to the economizer heat ex-
changer 20 (refer to point J in FIGS. 22 to 24). The re-
frigerant branched off to the first second-stage injection
tube 19 then flows into the economizer heat exchanger
20, where it is cooled by heat exchange with the refrig-
erantflowing through the first second-stage injection tube
19 (refer to point H in FIGS. 20 to 22). The refrigerant
flowing through the first second-stage injection tube 19
is heated by heat exchange with the high-pressure re-
frigerant cooled in the heat source-side heat exchanger
4 as a radiator (refer to point K in FIGS. 22 to 24), and
is mixed with the intermediate-pressure refrigerant dis-
charged from the first-stage compression element 2c as
described above. The high-pressure refrigerant cooled
in the economizer heat exchanger 20 is depressurized
to a nearly saturated pressure by the first expansion
mechanism 5a and is temporarily retained in the receiver
18 (refer to point I in FIGS. 22 to 24). Some of the refrig-
erant retained in the receiver 18 is then branched off to
the third intake return tube 95. The refrigerant flowing
through the third intake return tube 95 is depressurized
to a nearly low pressure in the third intake return valve
95a and is then fed to the subcooling heat exchanger 96
(refer to point S in FIGS. 20 to 22). The refrigerant
branched off to the third intake return tube 95 then flows
into the subcooling heat exchanger 96, where it is further
cooled by heat exchange with the refrigerant flowing
through the third intake return tube 95 (refer to point R
in FIGS. 22 to 24). The refrigerant flowing through the
third intake return tube 95 is heated by heat exchange
with the high-pressure refrigerant cooled in the econo-
mizer heat exchanger 20 (refer to point U in FIGS. 22 to
24), and is mixed with the refrigerant flowing through the
intake side of the compression mechanism 2 (here, the
intake tube 2a). The refrigerant cooled in the subcooling
heat exchanger 96 is then fed to the usage-side expan-
sion mechanisms 5c¢ and depressurized by the usage-
side expansion mechanisms 5c to become a low-pres-
sure gas-liquid two-phase refrigerant, and is then fed to
the usage-side heat exchangers 6 functioning as evap-
orators of refrigerant (refer to point F in FIGS. 22 to 24).
The low-pressure gas-liquid two-phase refrigerant fed to
the usage-side heat exchangers 6 that function as evap-
orators is heated by heat exchange with water or air as
a heating source, and the refrigerant is evaporated as a
result (refer to point A in FIGS. 22 to 24). The low-pres-
sure refrigerant heated and evaporated in the usage-side
heat exchangers 6 that function as evaporators is then
drawn back into the compression mechanism 2 via the
switching mechanism 3. In this manner the air-cooling
operation is performed.

<Air-warming operation>

[0113] During the air-warming operation, the switching
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mechanism 3 is brought to the heating operation state
shown by the dashed lines in FIG. 22. The opening de-
grees of the first expansion mechanism 5a and the us-
age-side expansion mechanisms 5c¢ as heat source-side
expansion mechanisms are adjusted. Since the switch-
ing mechanism 3 is set to the heating operation state,
the intermediate heat exchanger on/off valve 12 of the
intermediate refrigerant tube 8 is closed and the interme-
diate heat exchanger bypass on/off valve 11 of the inter-
mediate heat exchanger bypass tube 9 is opened, there-
by putting the intermediate heat exchanger 7 into a state
of not functioning as a cooler. Furthermore, since the
switching mechanism 3 is in the heating operation state,
opening the second intake return on/off valve 92a of the
second intake return tube 92 creates a state in which the
intermediate heat exchanger 7 and the intake side of the
compression mechanism 2 are connected, and opening
the intermediate heat exchanger return on/off valve 94a
oftheintermediate heat exchangerreturn tube 94 creates
a state in which the portion between the usage-side heat
exchangers 6 and the heat source-side heat exchanger
4 is connected with the intermediate heat exchanger 7.
When the switching mechanism 3 has been set to the
heating operation state, intermediate pressure injection
is not performed by the economizer heat exchanger 20,
but instead intermediate pressure injection is performed
by the receiver 18 for returning the refrigerant from the
receiver 18 as a gas-liquid separator to the second-stage
compression element 2d through the second second-
stage injection tube 18c. More specifically, the second
second-stage injection on/off valve 18d is opened, and
the first second-stage injection valve 19a is fully closed.
When the switching mechanism 3 has been set to the
heating operation state, the third intake return valve 95a
is also fully closed because the subcooling heat exchang-
er 96 is not used.

[0114] When the refrigerant circuit 410 is in this state,
low-pressure refrigerant (refer to point A in FIGS. 22, 20,
and 21) is drawn into the compression mechanism 2
through the intake tube 2a, and after the refrigerant is
first compressed to an intermediate pressure by the com-
pression element 2¢, the refrigerant is discharged to the
intermediate refrigerant tube 8 (refer to point B1 in FIGS.
22,20, 21). Unlike the air-cooling operation, the interme-
diate-pressure refrigerant discharged from the first-stage
compression element 2c passes through the intermedi-
ate heat exchanger bypass tube 9 (refer to point C1 in
FIGS. 22, 20, and 21) without passing through the inter-
mediate heat exchanger 7 (i.e., without being cooled),
and the refrigerant is cooled (refer to point G in FIGS.
22, 20, and 21) by being mixed with refrigerant being
returned from the receiver 18 via the second second-
stage injection tube 18c to the second-stage compres-
sion element 2d (refer to point M in FIGS. 22, 20, and
21). Next, having been mixed with the refrigerant return-
ing from the second second-stage injection tube 18c (i.e.,
intermediate pressure injection is carried out by the re-
ceiver 18 which acts as a gas-liquid separator), the in-
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termediate-pressure refrigerant is drawn into and further
compressed in the compression element 2d connected
to the second-stage side of the compression element 2c,
and the refrigerant is discharged from the compression
mechanism 2 to the discharge tube 2b (refer to point D
in FIGS. 22, 20, and 21). The high-pressure refrigerant
discharged from the compression mechanism 2 is com-
pressed by the two-stage compression action of the com-
pression elements 2c, 2d to a pressure exceeding a crit-
ical pressure (i.e., the critical pressure Pcp at the critical
point CP shown in FIG. 20), similar to the air-cooling op-
eration. The high-pressure refrigerant discharged from
the compression mechanism 2 is fed via the switching
mechanism 3 to the usage-side heat exchangers 6 func-
tioning as refrigerant radiators, and the refrigerant is
cooled by heat exchange with water or air as a cooling
source (refer to point F in FIGS. 22, 20, and 21). The
high-pressure refrigerant cooled in the usage-side heat
exchangers 6 as radiators is then depressurized to a
nearly intermediate pressure by the usage-side expan-
sion mechanisms 5c, and is then temporarily retained in
the receiver 18 and subjected to gas-liquid separation
(refer to points I, L, and M in FIGS. 22, 20, and 21). The
gas refrigerant after having undergone gas-liquid sepa-
ration in the receiver 18 is then removed out of the top
part of the receiver 18 by the second second-stage in-
jection tube 18c, and is mixed with the intermediate-pres-
sure refrigerant discharged from the first-stage compres-
sion element 2¢ as described above. The liquid refriger-
ant retained in the receiver 18 is depressurized by the
first expansion mechanism 5a to become a low-pressure
gas-liquid two-phase refrigerant, which is fed to the heat
source-side heat exchanger 4 functioning as an evapo-
rator of refrigerant, and is also fed through the interme-
diate heat exchanger return tube 94 to the intermediate
heat exchanger 7 functioning as an evaporator of refrig-
erant (refer to point E in FIGS. 22, 20, and 21). The low-
pressure gas-liquid two-phase refrigerant fed to the heat
source-side heat exchanger 4 is heated by heat ex-
change with water or air as a heating source, and the
refrigerant evaporates as aresult (referto point Ain FIGS.
22, 20, and 21). The low-pressure gas-liquid two-phase
refrigerant fed to the intermediate heat exchanger 7 is
also heated by heat exchange with water or air as a heat-
ing source, and the refrigerant evaporates as a result
(refer to point V in FIGS. 22, 20, and 21). The low-pres-
sure refrigerant heated and evaporated in the heat
source-side heat exchanger 4 is then drawn back into
the compression mechanism 2 via the switching mech-
anism 3. The low-pressure refrigerant heated and evap-
orated inthe intermediate heat exchanger 7 is then drawn
back into the compression mechanism 2 via the second
intake return tube 92. In this manner the air-warming op-
eration is performed.

[0115] Inthe configuration of the present modification,
the same operational effects as those of Modification 5
described above are achieved, and the risk of an imbal-
anced flow of refrigerant during distribution to the usage-
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side expansion mechanisms 5c can be reduced because
the refrigerant fed from the receiver 18 to the usage-side
expansion mechanisms 5c¢ during the air-cooling opera-
tion (refer to point | in FIGS. 22 to 24) can be cooled to
a subcooled state by the subcooling heat exchanger 96
(refer to points | and R in FIGS. 23 and 24).

[0116] In the present modification, the switching be-
tween the air-cooling operation and air-cooling start con-
trol, i.e., the switching between the refrigerant non-return
state and the refrigerant return state is performed by the
on/off states of the on/off valves 11, 12, 92a, but an in-
termediate heat exchanger switching valve 93 capable
of switching between the refrigerant non-return state and
the refrigerant return state may be provided instead of
the on/off valves 11, 12, 92a, as in Modification 1 de-
scribed above.

[0117] Furthermore, particularly advantageous effects
can be obtained when using the configuration of the heat
source unit 1a such as the one in Modification 2.

(8) Modification 6

[0118] In the above-described embodiment and the
modifications thereof, a two-stage compression-type
compression mechanism 2 is configured such that the
refrigerant discharged from the first-stage compression
element of two compression elements 2c, 2d is sequen-
tially compressed in the second-stage compression ele-
ment by one compressor 21 having a single-axis two-
stage compression structure, but other options include
using a compression mechanism having more stages
than a two-stage compression system, such as a three-
stage compression system or the like; or configuring a
multistage compression mechanism connecting in series
a plurality of compressors incorporated with a single com-
pression element and/or compressors incorporated with
a plurality of compression elements. In cases in which
the capacity of the compression mechanism must be in-
creased, such as cases in which numerous usage-side
heat exchangers 6 are connected, for example, a parallel
multistage compression-type compression mechanism
may be used in which two or more multistage compres-
sion-type compression mechanisms are connected in
parallel.

[0119] For example, the refrigerant circuit 410 in Mod-
ification 5 described above (see FIG. 22) may be replaced
by a refrigerant circuit 510 that uses a compression
mechanism 102 in which two-stage compression-type
compression mechanisms 103, 104 are connected in
parallel instead of the two-stage compression-type com-
pression mechanism 2, as shown in FIG. 25.

[0120] In the present modification, the first compres-
sion mechanism 103 is configured using a compressor
29 for subjecting the refrigerant to two-stage compres-
sion through two compression elements 103c, 103d, and
is connected to a first intake branch tube 103a which
branches off from an intake header tube 102a of the com-
pression mechanism 102, and also to a first discharge
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branch tube 103b whose flow merges with a discharge
header tube 102b of the compression mechanism 102.
In the present modification, the second compression
mechanism 104 is configured using a compressor 30 for
subjecting the refrigerant to two-stage compression
through two compression elements 104c, 104d, and is
connected to a second intake branch tube 104a which
branches off from the intake header tube 102a of the
compression mechanism 102, and also to a second dis-
charge branch tube 104b whose flow merges with the
discharge header tube 102b of the compression mech-
anism 102. Since the compressors 29, 30 have the same
configuration as the compressor 21 in the embodiment
and modifications thereof described above, symbols in-
dicating components other than the compression ele-
ments 103c, 103d, 104c, 104d are replaced with symbols
beginning with 29 or 30, and these components are not
described here. The compressor 29 is configured so that
refrigerantis drawn from thefirstintake branch tube 103a,
the refrigerant thus drawn in is compressed by the com-
pression element 103c and then discharged to afirstinlet-
side intermediate branch tube 81 that constitutes the in-
termediate refrigerant tube 8, the refrigerant discharged
to the first inlet-side intermediate branch tube 81 is
caused to be drawn into the compression element 103d
by way of an intermediate header tube 82 and a first
outlet-side intermediate branch tube 83 constituting the
intermediate refrigerant tube 8, and the refrigerant is fur-
ther compressed and then discharged to the first dis-
charge branch tube 103b. The compressor 30 is config-
ured so that refrigerant is drawn in through the second
intake branch tube 104a, the drawn-in refrigerant is com-
pressed by the compression element 104c and then dis-
charged to a second inlet-side intermediate branch tube
84 constituting the intermediate refrigerant tube 8, the
refrigerant discharged to the second inlet-side interme-
diate branch tube 84 is drawn into the compression ele-
ment 104d via the intermediate header tube 82 and a
second outlet-side intermediate branch tube 85 consti-
tuting the intermediate refrigerant tube 8, and the refrig-
erant is further compressed and then discharged to the
second discharge branch tube 104b. In the present mod-
ification, the intermediate refrigerant tube 8 is a refriger-
ant tube for drawing in refrigerant discharged from the
compression elements 103c, 104c connected to the first-
stage sides of the compression elements 103d, 104d into
the compression elements 103d, 104d connected to the
second-stage sides of the compression elements 103c,
104c, and the intermediate refrigerant tube 8 primarily
comprises the firstinlet-side intermediate branch tube 81
connected to the discharge side of the first-stage com-
pression element 103c of the first compression mecha-
nism 103, the second inlet-side intermediate branch tube
84 connected to the discharge side of the first-stage com-
pression element 104c of the second compression mech-
anism 104, the intermediate header tube 82 whose flow
merges with both inlet-side intermediate branch tubes
81, 84, the first outlet-side intermediate branch tube 83
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branching off from the intermediate header tube 82 and
connected to the intake side of the second-stage com-
pression element 103d of the first compression mecha-
nism 103, and the second outlet-side intermediate
branch tube 85 branching off from the intermediate head-
ertube 82 and connected to the intake side of the second-
stage compression element 104d of the second com-
pression mechanism 104. The discharge header tube
102b is a refrigerant tube for feeding refrigerant dis-
charged from the compression mechanism 102 to the
switching mechanism 3. A first oil separation mechanism
141 and a first non-return mechanism 142 are provided
to the first discharge branch tube 103b connected to the
discharge header tube 102b. A second oil separation
mechanism 143 and a second non-return mechanism
144 are provided to the second discharge branch tube
104b connected to the discharge header tube 102b. The
first oil separation mechanism 141 is a mechanism
whereby refrigeration oil that accompanies the refriger-
ant discharged from the first compression mechanism
103 is separated from the refrigerant and returned to the
intake side of the compression mechanism 102. The first
oil separation mechanism 141 mainly has a first oil sep-
arator 141a for separating from the refrigerant the refrig-
eration oil that accompanies the refrigerant discharged
from the first compression mechanism 103, and a first oil
return tube 141b thatis connected to the first oil separator
141a and that is used for returning the refrigeration oil
separated from the refrigerant to the intake side of the
compression mechanism 102. The second oil separation
mechanism 143 is a mechanism whereby refrigeration
oil that accompanies the refrigerant discharged from the
second compression mechanism 104 is separated from
the refrigerant and returned to the intake side of the com-
pression mechanism 102. The second oil separation
mechanism 143 mainly has a second oil separator 143a
for separating from the refrigerant the refrigeration oil that
accompanies the refrigerant discharged from the second
compression mechanism 104, and a second oil return
tube 143b that is connected to the second oil separator
143a and that is used for returning the refrigeration oil
separated from the refrigerant to the intake side of the
compression mechanism 102. In the present modifica-
tion, the first oil return tube 141b is connected to the sec-
ond intake branch tube 104a, and the second oil return
tube 143c is connected to the first intake branch tube
103a. Accordingly, a greater amount of refrigeration oil
returns to the compression mechanism 103, 104 that has
the lesser amount of refrigeration oil even when there is
animbalance between the amount of refrigeration oil that
accompanies the refrigerant discharged from the first
compression mechanism 103 and the amount of refrig-
eration oil that accompanies the refrigerant discharged
from the second compression mechanism 104, which is
due to the imbalance in the amount of refrigeration oil
retained in the first compression mechanism 103 and the
amount of refrigeration oil retained in the second com-
pression mechanism 104. The imbalance between the
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amount of refrigeration oil retained in the first compres-
sion mechanism 103 and the amount of refrigeration oil
retained in the second compression mechanism 104 is
therefore resolved. In the present modification, the first
intake branch tube 103a is configured so that the portion
leading from the flow juncture with the second oil return
tube 143b to the flow juncture with the intake header tube
102a slopes downward toward the flow juncture with the
intake header tube 102a, while the second intake branch
tube 104a is configured so that the portion leading from
the flow juncture with the first oil return tube 141b to the
flow juncture with the intake header tube 102a slopes
downward toward the flow juncture with the intake header
tube 102a. Therefore, even if either one of the compres-
sion mechanisms 103, 104 is stopped, refrigeration oil
being returned from the oil return tube corresponding to
the operating compression mechanism to the intake
branch tube corresponding to the stopped compression
mechanism is returned to the intake header tube 102a,
and there will be little likelihood of a shortage of oil sup-
plied to the operating compression mechanism. The oil
return tubes 141b, 143b are provided with pressure-re-
ducing mechanisms 141c, 143c for depressurizing the
refrigeration oil that flows through the oil return tubes
141b, 143b. The non-return mechanisms 142, 144 are
mechanisms for allowing refrigerant to flow from the dis-
charge side of the compression mechanisms 103, 104
to the switching mechanism 3, and for blocking the flow
of refrigerant from the switching mechanism 3 to the dis-
charge side of the compression mechanisms 103, 104.
[0121] Thus, in the present modification, the compres-
sion mechanism 102 is configured by connecting two
compression mechanisms in parallel; namely, the first
compression mechanism 103 having two compression
elements 103c, 103d and configured so that refrigerant
discharged from the first-stage compression element of
these compression elements 103c, 103d is sequentially
compressed by the second-stage compression element,
and the second compression mechanism 104 having two
compression elements 104¢, 104d and configured so that
refrigerant discharged from the first-stage compression
element of these compression elements 104c, 104d is
sequentially compressed by the second-stage compres-
sion element.

[0122] In the present modification, the intermediate
heat exchanger 7 is provided to the intermediate header
tube 82 constituting the intermediate refrigerant tube 8,
and the intermediate heat exchanger 7 is aheat exchang-
er for cooling the mixed flow of the refrigerant discharged
from the first-stage compression element 103c of the first
compression mechanism 103 and the refrigerant dis-
charged from the first-stage compression element 104c
of the second compression mechanism 104. Specifically,
the intermediate heat exchanger 7 functions as a shared
cooler for two compression mechanisms 103, 104. Ac-
cordingly, the circuit configuration is simplified around
the compression mechanism 102 when the intermediate
heat exchanger 7 is provided to the parallel-multistage-
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compression-type compression mechanism 102 in which
a plurality of multistage-compression-type compression
mechanisms 103, 104 are connected in parallel.

[0123] The firstinlet-side intermediate branch tube 81
constituting the intermediate refrigerant tube 8 is provid-
ed with a non-return mechanism 81a for allowing the flow
of refrigerant from the discharge side of the first-stage
compression element 103c of the first compression
mechanism 103 toward the intermediate header tube 82
and for blocking the flow of refrigerant from the interme-
diate header tube 82 toward the discharge side of the
first-stage compression element 103c, while the second
inlet-side intermediate branch tube 84 constituting the
intermediate refrigerant tube 8 is provided with a non-
return mechanism 84a for allowing the flow of refrigerant
from the discharge side of the first-stage compression
element 104c of the second compression mechanism
104 toward the intermediate header tube 82 and for
blocking the flow of refrigerant from the intermediate
header tube 82 toward the discharge side of the first-
stage compression element 104c. In the present modifi-
cation, non-return valves are used as the non-return
mechanisms 81a, 84a. Therefore, even if either one of
the compression mechanisms 103, 104 has stopped,
there are no instances in which refrigerant discharged
from the first-stage compression element of the operating
compression mechanism passes through the intermedi-
ate refrigerant tube 8 and travels to the discharge side
of the first-stage compression element of the stopped
compression mechanism. Accordingly, there are no in-
stances in which refrigerant discharged from the first-
stage compression element of the operating compres-
sion mechanism passes through the interior of the first-
stage compression element of the stopped compression
mechanism and exits out through the intake side of the
compression mechanism 102, which would cause the
refrigeration oil of the stopped compression mechanism
to flow out, and it is thus unlikely that there will be insuf-
ficient refrigeration oil for starting up the stopped com-
pression mechanism. In the case that the compression
mechanisms 103, 104 are operated in order of priority
(for example, in the case of a compression mechanism
in which priority is given to operating the first compression
mechanism 103), the stopped compression mechanism
described above will always be the second compression
mechanism 104, and therefore in this case only the non-
return mechanism 84a corresponding to the second com-
pression mechanism 104 need be provided.

[0124] In cases of a compression mechanism which
prioritizes operating the first compression mechanism
103 as described above, since a shared intermediate re-
frigerant tube 8 is provided for both compression mech-
anisms 103, 104, the refrigerant discharged from the first-
stage compression element 103c corresponding to the
operating first compression mechanism 103 passes
through the second outlet-side intermediate branch tube
85 of the intermediate refrigerant tube 8 and travels to
the intake side of the second-stage compression element
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104d of the stopped second compression mechanism
104, whereby there is a danger that refrigerant dis-
charged from the first-stage compression element 103c
of the operating first compression mechanism 103 will
pass through the interior of the second-stage compres-
sion element 104d of the stopped second compression
mechanism 104 and exit out through the discharge side
of the compression mechanism 102, causing the refrig-
eration oil of the stopped second compression mecha-
nism 104 to flow out, resulting in insufficient refrigeration
oil for starting up the stopped second compression mech-
anism 104. In view of this, an on/off valve 85a is provided
to the second outlet-side intermediate branch tube 85 in
the present modification, and when the second compres-
sion mechanism 104 has stopped, the flow of refrigerant
through the second outlet-side intermediate branch tube
85 is blocked by the on/off valve 85a. The refrigerant
discharged from the first-stage compression element
103c of the operating first compression mechanism 103
thereby no longer passes through the second outlet-side
intermediate branch tube 85 of the intermediate refriger-
ant tube 8 and travels to the intake side of the second-
stage compression element 104d of the stopped second
compression mechanism 104; therefore, there are no
longer any instances in which the refrigerant discharged
from the first-stage compression element 103c of the op-
erating first compression mechanism 103 passes
through the interior of the second-stage compression el-
ement 104d of the stopped second compression mech-
anism 104 and exits out through the discharge side of
the compression mechanism 102 which causes the re-
frigeration oil of the stopped second compression mech-
anism 104 to flow out, and it is thereby even more unlikely
that there will be insufficient refrigeration oil for starting
up the stopped second compression mechanism 104. An
electromagnetic valve is used as the on/off valve 85a in
the present modification.

[0125] Inthe case of a compression mechanism which
prioritizes operating the first compression mechanism
103, the second compression mechanism 104 is started
up in continuation from the starting up of the first com-
pression mechanism 103, but at this time, since a shared
intermediate refrigerant tube 8 is provided for both com-
pression mechanisms 103, 104, the starting up takes
place from a state in which the pressure in the discharge
side of the first-stage compression element 103c of the
second compression mechanism 104 and the pressure
in the intake side of the second-stage compression ele-
ment 103d are greater than the pressure in the intake
side of the first-stage compression element 103c and the
pressure in the discharge side of the second-stage com-
pression element 103d, and it is difficult to start up the
second compression mechanism 104 in a stable manner.
In view of this, in the present modification, there is pro-
vided a startup bypass tube 86 for connecting the dis-
charge side of the first-stage compression element 104c
of the second compression mechanism 104 and the in-
take side of the second-stage compression element
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104d, and an on/off valve 86a is provided to this startup
bypass tube 86. In cases in which the second compres-
sion mechanism 104 has stopped, the flow of refrigerant
through the startup bypass tube 86 is blocked by the
on/off valve 86a and the flow of refrigerant through the
second outlet-side intermediate branch tube 85 is
blocked by the on/off valve 85a. When the second com-
pression mechanism 104 is started up, a state in which
refrigerant is allowed to flow through the startup bypass
tube 86 can be restored via the on/off valve 86a, whereby
the refrigerant discharged from the first-stage compres-
sion element 104c¢ of the second compression mecha-
nism 104 is drawn into the second-stage compression
element 104d via the startup bypass tube 86 without be-
ing mixed with the refrigerant discharged from the first-
stage compression element 104c of the first compression
mechanism 103, a state of allowing refrigerant to flow
through the second outlet-side intermediate branch tube
85 can be restored via the on/off valve 85a at point in
time when the operating state of the compression mech-
anism 102 has been stabilized (e.g., a point in time when
the intake pressure, discharge pressure, and intermedi-
ate pressure of the compression mechanism 102 have
been stabilized), the flow of refrigerant through the star-
tup bypass tube 86 can be blocked by the on/off valve
86a, and operation can transition to the normal air-cool-
ing operation. In the present modification, one end of the
startup bypass tube 86 is connected between the on/off
valve 85a of the second outlet-side intermediate branch
tube 85 and the intake side of the second-stage com-
pression element 104d of the second compression mech-
anism 104, while the other end is connected between the
discharge side of the first-stage compression element
104c of the second compression mechanism 104 and
the non-return mechanism 84a of the second inlet-side
intermediate branch tube 84, and when the second com-
pression mechanism 104 is started up, the startup by-
pass tube 86 can be kept in a state of being substantially
unaffected by the intermediate pressure portion of the
first compression mechanism 103. An electromagnetic
valve is used as the on/off valve 86a in the present mod-
ification.

[0126] The action of the air-conditioning apparatus 1
of the present modification during the air-cooling opera-
tion, the air-warming operation, and the like are essen-
tially the same as the action in the above-described Mod-
ification 5 (FIGS. 22 through 24, 20, and 21 and the rel-
evant descriptions), except that the points modified by
the circuit configuration surrounding the compression
mechanism 102 are somewhat more complex due to the
compression mechanism 102 being provided instead of
the compression mechanism 2, for which reason the ac-
tion is not described herein.

[0127] The same operational effects as those of Mod-
ification 5 described above can also be achieved with the
configuration of the present modification.

[0128] In the present modification, the switching be-
tween the air-cooling operation and air-cooling start con-
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trol, i.e., the switching between the refrigerant non-return
state and the refrigerant return state is performed by the
on/off states of the on/off valves 11, 12, 92a, but an in-
termediate heat exchanger switching valve 93 capable
of switching between the refrigerant non-return state and
the refrigerant return state may be provided instead of
the on/off valves 11, 12, 92a, as in Modification 1 de-
scribed above.

[0129] Furthermore, particularly advantageous effects
can be obtained when using the configuration of the heat
source unit 1a such as the one in Modification 2.

(9) Modification 7

[0130] In the above-described embodiment and the
modifications thereof, either a two-stage compression-
type compression mechanism 2 is configured such that
the refrigerant discharged from the first-stage compres-
sion element is sequentially compressed in the second-
stage compression element by one compressor 21 hav-
ing a single-axis two-stage compression structure, or a
two-stage compression-type compression mechanism
102 is configured such that two single-axis two-stage
compression-type compressors 29, 30 are connected in
parallel, whereby the refrigerant discharged from the first-
stage compression element is sequentially compressed
by the second-stage compression element; but another
optionis to configure a two-stage compression-type com-
pression mechanism such that compressors 22, 23 hav-
ing single-stage compression structures are connected
in series, whereby the refrigerant discharged from the
first-stage compression element is sequentially com-
pressed by the second-stage compression element.
[0131] For example, the refrigerant circuit 110 in Mod-
ification 1 described above (see FIG. 10) may be replaced
by a refrigerant circuit 610 that uses a compression
mechanism 202 in which compressors 22, 23 having sin-
gle-stage compression structures are connected in se-
ries instead of the compression mechanism 2 composed
of a compressor 21 having a single-axis two-stage com-
pression structure, as shown in FIG. 26.

[0132] In the present modification, the compression
mechanism 202 is configured from a compressor 22 in
which refrigerant is compressed by a compression ele-
ment 202c as a first-stage compression element, and a
compressor 23 in which refrigerant is compressed by a
compression element 202d as a second-stage compres-
sion element. The compressor 22 has a hermetic struc-
ture in which a casing 22a houses a compressor drive
motor 22b, a drive shaft 22c, and a compression element
202c. The compressor drive motor 22b is linked to the
drive shaft 22c. The compressor 23 has a hermetic struc-
ture in which a casing 23a houses a compressor drive
motor 23b, a drive shaft 23c, and a compression element
202d. The compressor drive motor 23b is linked to the
drive shaft 23c. In the present modification, the compres-
sion elements 202c, 202d are rotary elements, scroll el-
ements, or another type of positive displacement com-
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pression element. The compression mechanism 202 is
configured so as to draw in refrigerant through an intake
tube 2a, to discharge this refrigerant to an intermediate
refrigerant tube 8 after the refrigerant has been com-
pressed by the compression element 202c of the com-
pressor 22, to admit the refrigerant discharged to the in-
termediate refrigerant tube 8 into the compression ele-
ment 202d of the compressor 23, and to discharge the
refrigerant to a discharge tube 2b after the refrigerant
has been further compressed.

[0133] The action of the air-conditioning apparatus 1
of the present modification during the air-cooling opera-
tion, the air-warming operation, and the like are essen-
tially the same as the action in the above-described Mod-
ification 1 (FIGS. 10 and 1 through 9 and the relevant
descriptions), except for the compression mechanism 2
being replaced by the compression mechanism 202, for
which reason the action is not described herein.

[0134] The same operational effects as those of Mod-
ification 1 and the like described above can also be ob-
tained with the configuration of the present modification.

(10) Modification 8

[0135] In the embodiment described above and the
modifications thereof, the intermediate heat exchanger
return tube 94 is provided with the intermediate heat ex-
changer return on/off valve 94a composed of an electro-
magnetic valve, and control is performed for closing the
valve when the switching mechanism 3 is in the cooling
operation state and opening the valve when the switching
mechanism 3 is in the heating operation state, butinstead
of this intermediate heat exchanger return on/off valve
94a, another option is to provide a flow rate control valve
so as to enable control of the quantity of refrigerant flow-
ing through the intermediate heat exchanger 7 function-
ing as an evaporator of refrigerant during the air-warming
operation.

[0136] Forexample, the refrigerant circuit 610 in Mod-
ification 7 described above (see FIG. 26) may be replaced
with a refrigerant circuit 710 provided with an intermedi-
ate heat exchanger return valve 94b as a flow rate control
valve instead of the intermediate heat exchanger return
on/off valve 94a, as shown in FIG. 27. In the present
modification, an electrically driven expansion valve
whose opening degree can be adjusted is used as the
intermediate heat exchanger return valve 94b. When the
intermediate heat exchanger return valve 94b is provid-
ed, the first expansion mechanism 5a provided to the
receiver inlet tube 18a is provided to a refrigerant tube
18h connecting the heat source-side heat exchanger 4
and the bridge circuit 17 together (more specifically, to
the portion of the refrigerant tube 18h between the
branching position of the intermediate heat exchanger
return tube 94 and the heat source-side heat exchanger
4), thereby ensuring a pressure difference in the area
before the intermediate heat exchanger return valve 94b
andthe area after the intermediate heat exchanger return
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valve 94b. The second expansion mechanism 5b provid-
ed to the receiver outlet tube 18b is also provided to a
refrigerant tube 18i connecting the bridge circuit 17 and
the usage-side heat exchanger 6 together, whereby the
pressure of the refrigerant in the receiver 18 is brought
to an intermediate pressure in the refrigeration cycle.
[0137] The configuration of the present modification is
different from that of Modification 7 described above in
that refrigerant flows in the refrigerant circuit 710 sequen-
tially through the first expansion mechanism 5a, the re-
ceiver 18, and the second expansion mechanism 5b via
the bridge circuit 17 during the air-cooling operation and
refrigerant flows in the refrigerant circuit 710 sequentially
through the second expansion mechanism 5b, the re-
ceiver 18, and the first expansion mechanism 5a via the
bridge circuit 17 during the air-warming operation (in
Modification 7, refrigerant flows in the refrigerant circuit
610 sequentially through the first expansion mechanism
5a, the receiver, and the second expansion mechanism
5b during both the air-cooling operation and the air-warm-
ing operation), but otherwise the same operational ef-
fects as those of Modification 7 described above can be
obtained. Moreover, in the configuration of the present
modification, since the intermediate heat exchanger re-
turn valve 94b as a flow rate control valve is provided to
the intermediate heat exchanger return tube 94, not only
can the flow of refrigerant into the intermediate heat ex-
changer return tube 94 be prevented during the air-cool-
ing operation, but it is also possible to reliably distribute
the flow rate of refrigerant flowing through the heat
source-side heat exchanger 4 and the flow rate of refrig-
erant flowing through the intermediate heat exchanger 7
during the heating operation.

(11) Modification 9

[0138] In the configurations of the above-described
embodiment and the modifications thereof, an expansion
device forisentropically expanding the refrigerant flowing
between the heat source-side heat exchanger 4 and the
usage-side heat exchanger 6 may be provided between
the heat source-side heat exchanger 4 and the usage-
side heat exchanger 6.

[0139] For example, the refrigerant circuit 710 in Mod-
ification 8 described above (see FIG. 27) may be replaced
with arefrigerant circuit 810 in which an expansion device
97 for isentropically expanding the refrigerant is provided
to the receiver inlet tube 18a, as shown in FIG. 28. Spe-
cifically, inthe presentmodification, the expansion device
97 is connected via the bridge circuit 17 as a rectifier
circuit for rectifying the refrigerant flow so that the refrig-
erant flows in from the inlet of the expansion device 97,
both in cases in which the refrigerant flows from the heat
source-side heat exchanger 4 to the usage-side heat ex-
changer 6 and cases in which the refrigerant flows from
the usage-side heat exchanger 6 to the heat source-side
heat exchanger 4. In the present modification, a centrif-
ugal or positive displacement expansion device is used
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as the expansion device 97. In the present modification,
the bridge circuit 17 is used as a rectifier circuit, but the
configuration may also be designed so that the same
function is fulfilled by a four-way switching valve or by
combining a plurality of electromagnetic valves.

[0140] The same operational effects as those of Mod-
ification 8 and the like described above can also be ob-
tained with the configuration of the present modification.
Moreover, in the configuration of the present modifica-
tion, during the air-cooling operation, refrigerant flows in
the refrigerant circuit 810 sequentially through the first
expansion mechanism 5a, the expansion device 97, the
receiver 18, and the second expansion mechanism 5b
via the bridge circuit 17 as a rectifier circuit, and during
the air-warming operation, refrigerant flows in the refrig-
erant circuit 810 sequentially through the second expan-
sion mechanism 5b, the receiver 18, and the first expan-
sion mechanism 5a via the bridge circuit 17 as a rectifier
circuit, whereby the refrigerant is isentropically depres-
surized by the expansion device 97 during the process
in which the refrigerantis depressurized from a high pres-
sure to a low pressure in the refrigeration cycle during
both the air-cooling operation and the air-warming oper-
ation (in other words, during the air-cooling operation,
using FIGS. 3 and 4 as examples, the refrigerant is de-
pressurized while point F moves to an area of lower en-
thalpy and lower entropy; and during the air-warming op-
eration, using FIGS. 6 and 7 as examples, the refrigerant
is depressurized while point E moves to an area of lower
enthalpy and lower entropy). It is thereby possible to im-
prove the coefficient of performance and to recover en-
ergy, and operation efficiency during both the air-cooling
operation and the air-warming operation can therefore
be further improved. In the present modification, the de-
pressurizing range in the expansion device 97 may be
increased to maximize the improvement of operating ef-
ficiency, either by performing control for increasing the
opening degree of the second expansion mechanism 5b
downstream of the expansion device 97 and/or control
for opening the first intake return on/off valve 18g during
the air-cooling operation, or by performing control for in-
creasing the opening degree of the first expansion mech-
anism 5a downstream of the expansion device 97 and/or
control for opening the first intake return on/off valve 18g
during the air-cooling operation, for example.

(12) Modification 10

[0141] In the configuration of Modification 9 described
above, the receiver 18 positioned in the outlet of the ex-
pansion device 97 may be made to function as a gas-
liquid separator, a second-stage injection tube may be
connected for returning the gas refrigerant separated
from the liquid in the receiver 18 to the second-stage
compression element 2d, and intermediate pressure in-
jection may be performed by the receiver 18 as a gas-
liquid separator during both the air-cooling operation and
the air-warming operation.
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[0142] For example, the refrigerant circuit 810 (see
FIG. 28) in Modification 9 described above may be re-
placed by a refrigerant circuit 910 in which the second
second-stage injection tube 18c is connected to the re-
ceiver 18, and intermediate pressure injection can be per-
formed by the receiver 18 as a gas-liquid separator, as
shown in FIG. 29.

[0143] The second second-stage injection tube 18c is
a refrigerant tube capable of performing intermediate
pressure injection for removing refrigerant out of the re-
ceiver 18 and returning the refrigerant to the second-
stage compression element 202d of the compression
mechanism 202, and in the present modification, the sec-
ond second-stage injection tube 18c is provided so as to
connect the top part of the receiver 18 with the interme-
diate refrigerant tube 8 (i.e., with the intake side of the
second-stage compression element 202d of the com-
pression mechanism 202). The second second-stage in-
jection on/off valve 18d and the second second-stage
injection non-return mechanism 18e are provided to the
second second-stage injection tube 18c. The second
second-stage injection on/off valve 18dis a valve capable
of opening and closing, and is an electromagnetic valve
in the present modification. The second second-stage
injection non-return mechanism 18e is a mechanism for
allowing the flow of refrigerant from the receiver 18 to the
second-stage compression element 202d and for block-
ing the flow of refrigerant from the second-stage com-
pression element 202d to the receiver 18, and a non-
return valve is used in the present modification. The sec-
ond second-stage injection tube 18c and the first intake
return tube 18f are integrated in the portion near the re-
ceiver 18.

[0144] The same operational effects as those of Mod-
ification 9 described above can also be obtained with the
configuration of the present modification. Moreover, in
the configuration of the present modification, operation
efficiency can be further improved because it is also pos-
sible, during both the air-cooling operation and the air-
warming operation, to cause the receiver 18 connected
to the outlet of the expansion device 97 to function as a
gas-liquid separator, to perform intermediate pressure
injection for returning the gas refrigerant separated from
the liquid in the receiver 18 to the second-stage com-
pression element 202d through the second second-stage
injection tube 18c (i.e., using FIGS. 20 and 21 as exam-
ples, to perform a process for returning from point | to
point G by way of point M), and thereby to reduce the
temperature of the intermediate-pressure refrigerant in
the refrigeration cycle drawn into the second-stage com-
pression element 202d.

(13) Modification 11

[0145] In Modifications 7 through 10 described above,
the configuration may be designed having a plurality of
usage-side heat exchangers 6 connected in parallel to
each other, the objective being to perform air cooling or
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air warming according to the air-conditioning load of a
plurality of air-conditioned spaces, for example.

[0146] For example, the refrigerant circuits 810 and
910 in Modifications 9 and 10 described above (see
FIGS. 28 and 29) may be replaced by refrigerant circuits
1010 and 1110 having a plurality (two in this case) of
usage-side heat exchangers 6 connected to each other
in parallel, as shown in FIGS. 30 and 31. When a plurality
of usage-side heat exchangers 6 are provided, in order
to control the flow rate of the refrigerant flowing through
the usage-side heat exchangers 6 and ensure that the
refrigeration load required by the usage-side heat ex-
changers 6 can be obtained, usage-side expansion
mechanisms 5c¢ are provided instead of the second ex-
pansion mechanism 5b between the receiver 18 and the
usage-side heat exchangers 6, so as to correspond to
the usage-side heat exchangers 6 (i.e., to portions in the
refrigerant tube 18i branching off toward the usage-side
heat exchangers 6).

[0147] The same operational effects as those of Mod-
ifications 9 and 10 and the like described above can also
be obtained with the configuration of the present modifi-
cation.

(14) Modification 12

[0148] In Modifications 7 through 11 described above,
a subcooler may be provided, the objective being to cool
the refrigerant fed to the usage-side heat exchanger 6
and the heat source-side heat exchanger 4 so that the
refrigerant reaches a subcooled state.

[0149] Forexample,therefrigerantcircuit 1010in Mod-
ification 11 described above (see FIG. 30) may be re-
placed by a refrigerant circuit 1210, as shown in FIG. 32,
in which a subcooling heat exchanger 96 is provided to
the receiver outlet tube 18b and a third intake return tube
95 is provided to the portion extending through the re-
ceiver 18 from the receiver inlet tube 18a to the receiver
outlet tube 18b (i.e., is provided to the receiver 18).
[0150] The subcooling heat exchanger 96 is a heat ex-
changer for cooling refrigerant fed from the receiver 18
through the plurality (two in this case) of usage-side ex-
pansion mechanisms 5cto the usage-side heat exchang-
ers 6 during the air-cooling operation, and also for cooling
refrigerant fed from the receiver 18 through the first ex-
pansion mechanism 5a and the intermediate heat ex-
changer return valve 94b to the heat source-side heat
exchanger 4 and the intermediate heat exchanger 7 dur-
ing the air-warming operation. More specifically, the sub-
cooling heat exchanger 96 is a heat exchanger for per-
forming heat exchange with the refrigerant flowing
through the third intake return tube 95 which returns from
the receiver 18 to the intake side of the compression
mechanism 2 (i.e., to the intake tube 2a). The third intake
return tube 95 is provided with a third intake return valve
95a whose opening degree can be controlled, and during
the air-cooling operation in the subcooling heat exchang-
er 96, heat exchange is performed between the refriger-
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ant fed from the receiver 18 to the usage-side expansion
mechanisms 5c and the refrigerant flowing through the
third intake return tube 95 after being depressurized to
a nearly low pressure in the third intake return valve 95a,
and heat exchange is also performed between the refrig-
erantfed from the receiver 18 to the first expansion mech-
anism 5a and the intermediate heat exchanger return
valve 94b and the refrigerant flowing through the third
intake return tube 95 after being depressurized toanearly
low pressure in the third intake return valve 95a. The third
intake return valve 95ais an electrically driven expansion
valve in the present modification. The third intake return
tube 95 and the first intake return tube 18f are integrated
in the portion near the receiver 18.

[0151] The same operational effects as those of Mod-
ification 11 and the like described above can also be ob-
tained with the configuration of the present modification.
Moreover, in the configuration of the present modifica-
tion, the refrigerant fed from the receiver 18 to the usage-
side expansion mechanisms 5c can be brought to a sub-
cooled state during the air-cooling operation, and the re-
frigerant fed from the receiver 18 to the first expansion
mechanism 5a and the intermediate heat exchanger re-
turn valve 94b can be brought to a subcooled state during
the air-warming operation (in other words, using FIGS.
23 and 24 as examples, the process from point | to point
R is performed). Therefore, it is thereby possible to re-
duce the risk of an imbalanced flow of refrigerant being
distributed to the usage-side expansion mechanisms 5¢
during the air-cooling operation, and also to reduce the
risk of an imbalanced flow of refrigerant being distributed
to the first expansion mechanism 5a and the intermediate
heat exchanger return valve 94b during the air-warming
operation.

(15) Modification 13

[0152] In the above-described embodiment and the
modifications thereof, two-stage compression-type com-
pression mechanisms 2, 102, 202 are used, but three-
stage compression systems or compression mecha-
nisms having even more stages may also be used.

[0153] For example, in the refrigerant circuit 1010 in
Modification 11 described above (see FIG. 30), a three-
stage compression-type compression mechanism 302
may be used in which single-stage-compression com-
pressors 25, 26, 27 identical to the compressors 22, 23
constituting the compression mechanism 202 are con-
nected in series; the intermediate refrigerant tube 8 for
connecting the discharge of the first compressor 25 and
the intake of the second compressor 26 may be provided
with the same intermediate heat exchanger 7, interme-
diate heatexchanger bypass tube 9, second intake return
tube 92, intermediate heat exchanger switching valve 93,
and intermediate heat exchanger return tube 94 as those
of the above-described embodiment and modifications
thereof; and an intermediate refrigerant tube 308 for con-
necting the intake of the second compressor 26 with the
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third compressor 27 may be provided with an intermedi-
ate heat exchanger 307, an intermediate heat exchanger
bypass tube 309, a second intake return tube 392, an
intermediate heat exchanger switching valve 393, and
an intermediate heat exchanger return tube 394 identical
to the intermediate heat exchanger 7, the intermediate
heat exchanger bypass tube 9, the second intake return
tube 92, the intermediate heat exchanger switching valve
93, and the intermediate heat exchanger return tube 94,
as shown in FIG. 33.

[0154] The configuration of the present modification
differs from that of the above-described Modification 11,
for example, in that since the three-stage compression-
type compression mechanism 302 is used, the interme-
diate heat exchangers 7, 307 can be made to function
as coolers of the intermediate-pressure refrigerant in the
refrigeration cycle (the refrigerant fed to the second-
stage compression element 302d after being discharged
from the first-stage compression element 302c, and the
refrigerant fed to the second-stage compression element
302¢ after being discharged from the first-stage com-
pression element 303c) by switching the intermediate
heat exchanger switching valves 93, 393 to the refriger-
ant non-return state during the air-cooling operation, and
the intermediate heat exchangers 7, 307 can be made
to function as evaporators of the low-pressure refrigerant
in the refrigeration cycle (the refrigerant whose heat is
radiated in the usage-side heat exchangers 6) by switch-
ing the intermediate heat exchanger switching valves 93,
393 to the refrigerant return state during the air-warming
operation. However, aside from this difference, it is pos-
sible to obtain the same operational effects as those of
the above-described Modification 11, for example.

(16) Other embodiments

[0155] Embodiments of the present invention and
modifications thereof are described above with reference
to the drawings, but the specific configuration is not lim-
ited to these embodiments or their modifications, and can
be changed within a range that does not deviate from the
scope of the invention.

[0156] For example, in the above-described embodi-
ment and modifications thereof, the present invention
may be applied to a "chiller-type" air-conditioning appa-
ratus in which water or brine is used as a heating source
or cooling source for conducting heat exchange with the
refrigerant flowing through the usage-side heat exchang-
er 6, and a secondary heat exchanger is provided for
conducting heat exchange between indoor air and the
water or brine that has undergone heat exchange in the
usage-side heat exchanger 6.

[0157] The present invention can also be applied to
other types of refrigeration apparatuses besides the
above-described chiller-type air-conditioning apparatus,
as long as the apparatus performs a multistage compres-
sion refrigeration cycle using a refrigerant that operates
in a supercritical range as its refrigerant.
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[0158] The refrigerant that operates in a supercritical
range is not limited to carbon dioxide; ethylene, ethane,
nitric oxide, and other gases may also be used.

INDUSTRIAL APPLICABILITY

[0159] If the present invention is used, high operation
efficiency is obtained in a refrigeration apparatus which
has a refrigerant circuit configured to be capable of
switching between a cooling operation and a heating op-
eration and which performs a multistage compression-
type refrigeration cycle.

Claims
1. A refrigeration apparatus (1), comprising:

a compression mechanism (2, 102, 202, 302)
having a plurality of compression elements and
configured so that refrigerant discharged from a
first-stage compression element of the plurality
of compression elements is sequentially com-
pressed by a second-stage compression ele-
ment;

a heat source-side heat exchanger (4) which
functions as a radiator or evaporator of refriger-
ant;

a usage-side heat exchanger (6) which func-
tions as an evaporator or radiator of refrigerant;
a switching mechanism (3) for switching be-
tween a cooling operation state wherein refrig-
erantis sequentially circulated through the com-
pression mechanism, the heat source-side heat
exchanger functioning as a refrigerant radiator,
and the usage-side heat exchanger functioning
as an evaporator of refrigerant; and a heating
operation state wherein refrigerant is sequen-
tially circulated through the compression mech-
anism, the usage-side heat exchanger function-
ing as arefrigerantradiator, and the heat source-
side heat exchanger functioning as an evapora-
tor of refrigerant; and

an intermediate heat exchanger (7, 307) capa-
ble of functioning as a cooler of refrigerant dis-
charged from the first-stage compression ele-
ment and drawn into the second-stage compres-
sion element when the switching mechanism
has been set to the cooling operation state, and
also capabile of functioning as an evaporator of
refrigerant whose heat is radiated in the usage-
side heat exchanger when the switching mech-
anism has been set to the heating operation
state.

2. Therefrigeration apparatus (1) according to claim 1,
wherein
the intermediate heat exchanger (7, 307) is provided
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with an intermediate refrigerant tube (8, 308) for
drawing the refrigerant discharged from the first-
stage compression element into the second-stage
compression element;

anintermediate heat exchanger bypass tube (9, 309)
is connected to the intermediate refrigerant tube so
as to bypass the intermediate heat exchanger; and
the refrigeration apparatus further comprises an in-
take return tube (92, 392) for connecting one end of
the intermediate heat exchanger with an intake side
of the compression mechanism (2, 102, 202, 302),
and an intermediate heat exchanger return tube (94,
394) for connecting the other end of the intermediate
heat exchanger with the portion between the usage-
side heat exchanger (6) and the heat source-side
heat exchanger (4).

The refrigeration apparatus (1) according to claim 2,
wherein at the start of the operation for setting the
switching mechanism (3) to the cooling operation
state, the refrigerant discharged from the first-stage
compression elementis drawn into the second-stage
compression element through the intermediate heat
exchanger bypass tube (9, 309), and the intermedi-
ate heat exchanger (7, 307) is connected with the
intake side of the compression mechanism (2, 102,
202, 302) through the intake return tube (92, 392).

The refrigeration apparatus (1) according to claim 2
or 3, wherein the intermediate heat exchanger return
tube (94, 394) is provided with a flow rate control
valve (94b, 394b).

The refrigeration apparatus (1) according to any of
claims 1 through 4, wherein an expansion device
(97) for isentropically expanding the refrigerant flow-
ing between the heat source-side heat exchanger
(4) and the usage-side heat exchanger (6) is con-
nected to the portion between the heat source-side
heat exchanger and the usage-side heat exchanger
via a rectifier circuit (17) which rectifies the refriger-
ant flow so that refrigerant flows in from the inlet of
the expansion device both in cases in which refrig-
erant flows from the heat source-side heat exchang-
er to the usage-side heat exchanger and cases in
which refrigerant flows from the usage-side heat ex-
changer to the heat source-side heat exchanger.

The air-conditioning apparatus (1) according to claim
5, wherein

a gas-liquid separator (18) for performing gas-liquid
separation of the refrigerant is connected to an outlet
of the expansion device (97); and

a second-stage injection tube (18c) for returning to
the second-stage compression element gas refrig-
erant separated in the gas-liquid separator is con-
nected to the gas-liquid separator.
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