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APPARATUS

(57) A heat source circuit (12) includes: a first gas
port (31) constantly communicating with a discharge side
of a compressor (14); a second gas port (32) constantly
communicating with a suction side of the compressor
(14); a third gas port (33) selectively communicating with
one of a first gas line (25) and a second gas line (26); a

liquid port (34) constantly communicating with a liquid
inlet/�outlet end of a heat- �source heat exchanger (15); a
first switching mechanism (17) which switches a state of
communication of a gas inlet/ �outlet end of the heat-
source heat exchanger (15); and a second switching
mechanism (18) which switches a state of communica-
tion of a third gas line (27).
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Description

TECHNICAL FIELD

�[0001] The present disclosure relates to a heat source
unit of a refrigeration system connected to a heat using
unit through a connecting pipe, and a refrigeration system
including the heat source unit.

BACKGROUND ART

�[0002] Conventionally, heat source units of refrigera-
tion systems including a compressor and a heat-�source
heat exchanger have been known. The heat source unit
constitutes a refrigeration system, together with a heat
using unit connected to the heat source unit through a
connecting pipe. The heat source unit of this kind has
been described in Patent Documents 1 and 2.
�[0003] Specifically, as a heat source unit of this kind,
Patent Document 1 discloses an outdoor unit of an air
conditioner. The outdoor unit includes a single gas port
and a single liquid port. The gas port is connected to a
four-�way switching valve connected to a discharge side
and a suction side of a compressor. The liquid port is
connected to a liquid inlet/ �outlet end of an outdoor heat
exchanger. This air conditioner is switchable between air
cooling operation and air heating operation by operating
the four- �way switching valve.
�[0004] FIG. 3 of Patent Document 2 describes an out-
door unit including two gas ports and a single liquid port.
In this outdoor unit, one of the gas ports is constantly
connected to a discharge side of a compressor through
a discharge line, and the other gas port is constantly con-
nected to a suction side of the compressor through a
suction line. The liquid port is constantly connected to a
liquid inlet/ �outlet end of an outdoor heat exchanger. A
gas inlet/�outlet end of the outdoor heat exchanger is con-
nected to a four-�way switching valve connected to the
discharge side and the suction side of the compressor.
�[0005] Patent Document 2 further describes an air con-
ditioned to which the outdoor unit is applied. The air con-
ditioner includes a plurality of indoor units, and BS units
for selecting the operation states of the indoor units, re-
spectively. The BS unit switches a gas pipe of the corre-
sponding indoor unit into communication with the dis-
charge line or communication with the suction line. In this
air conditioner, when the BS unit allows the gas pipe of
the indoor unit to communicate with the discharge line of
the outdoor unit, air heating operation is performed in
which a heat-�using heat exchanger of the indoor unit
functions as a condenser. When the BS unit allows the
gas pipe of the indoor unit to communicate with the suc-
tion line of the outdoor unit, air cooling operation is per-
formed in which the heat- �using heat exchanger of the
indoor unit functions as an evaporator. The air condition-
er is a so- �called individually controllable air conditioner
capable of individually selecting the air cooling operation
or the air heating operation as the operation state of each

of the indoor units.
�[0006] In the refrigeration system described in Patent
Document 1, the operation state of the heat using unit is
switched by a switching mechanism (e.g., a four-�way
switching valve) provided in the heat source unit. In the
refrigeration system described in Patent Document 2, the
operation states of the heat using units are switched by
switching mechanisms provided in the heat using units,
respectively. Since the heat source unit of Patent Docu-
ment 1 has only a single gas port, it cannot be applied
to the latter refrigeration system. Further, as the heat
source unit of Patent Document 2 does not have the
switching mechanism for changing the operation state of
the heat using unit in the heat-�source circuit, it cannot be
applied to the former refrigeration system.
�[0007] A heat source unit applicable to both of the
former and latter refrigeration systems can be configured,
for example, as shown in FIG. 13. A heat- �source circuit
(12) of a heat source unit (10) shown in FIG. 13 includes
two gas ports (32, 33) and a single liquid port (34). One
of the gas ports (32) constantly communicates with a
suction side of a compressor (14), and the other gas port
(33) selectively communicates with a discharge side or
the suction side of the compressor (14). The liquid port
(34) constantly communicates with a liquid inlet/�outlet
end of an outdoor heat exchanger (15). A gas inlet/�outlet
end of the outdoor heat exchanger (15) selectively com-
municates with the discharge side or the suction side of
the compressor (14). The former refrigeration system (5)
is constituted by connecting a heat using unit (7) to the
heat source unit (10) as shown in FIG. 13 �(A). Further,
the latter refrigeration system (5) is constituted by con-
necting the heat using unit (7) to the heat source unit (10)
as shown in FIG. 13�(B).
�[0008] In a refrigeration system using this heat source
unit, when a relatively high cooling or heating capacity is
required by the heat using unit, e.g., when a large number
of the indoor units are connected, the amount of heat
exchange required by the heat-�using heat exchanger of
the heat using unit cannot be supplied by only the heat-
source heat exchanger of the heat source unit. In this
case, an appropriate refrigeration cycle cannot be per-
formed, and a coefficient of performance (COP) becomes
relatively low. This problem can be solved by connecting
an auxiliary unit including an auxiliary heat exchanger to
the refrigerant circuit. When a high heating capacity is
required by the heat using units (7), the auxiliary unit (50)
is connected as shown in FIG. 14 so that the auxiliary
heat exchanger (52) functions as an evaporator together
with the heat-�source heat exchanger (15) in the heating
operation. Further, when a high cooling capacity is re-
quired by the heat using units (7), the auxiliary unit (50)
is connected as shown in FIG. 15 so that the auxiliary
heat exchanger (52) functions as a condenser together
with the heat-�source heat exchanger (15) in the cooling
operation.�

Patent Document 1: Published Japanese Patent Ap-
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plication No. 2006-078087
Patent Document 2: Published Japanese Patent Ap-
plication No. H11-241844

DISCLOSURE OF THE INVENTION

PROBLEM THAT THE INVENTION IS TO SOLVE

�[0009] However, it has been impossible to configure
the auxiliary unit so as to use it for both of the heating
and cooling operations in the refrigeration system includ-
ing the conventional heat source unit. More specifically,
when the auxiliary unit is configured for use in the heating
operation, a refrigerant discharged from the compressor
in the cooling operation cannot be supplied to the auxil-
iary heat exchanger of the auxiliary unit. As a result, the
auxiliary heat exchanger does not function as a condens-
er. On the other hand, when the auxiliary unit is config-
ured for use in the cooling operation, a refrigerant evap-
orated in the auxiliary heat exchanger of the auxiliary unit
in the heating operation cannot be guided to the suction
side of the compressor. As a result, the auxiliary heat
exchanger does not function as an evaporator.
�[0010] In view of the foregoing, the present invention
was developed. The present invention relates to the
structure of a heat source unit which is applicable to both
a refrigeration system in which the operation state of the
heat using unit is switched by a switching mechanism
provided in the heat source unit, and a refrigeration sys-
tem in which the operation states of the heat using units
are switched by switching mechanisms included in
switching units corresponding to the heat using units, re-
spectively. An object of the invention is to configure the
heat source unit so that an auxiliary unit including an
auxiliary heat exchanger can be used in both of the cool-
ing and heating operations.

MEANS OF SOLVING THE PROBLEM

�[0011] A first aspect of the invention is directed to a
heat source unit (10) of a refrigeration system including
a heat source circuit (12) including a compressor (14)
and a heat-�source heat exchanger (15) connected to
each other. The heat source circuit (12) of the heat source
unit (10) includes a first gas port (31) which is provided
at an end of a first gas line (25) constantly communicating
with a discharge side of the compressor (14), a second
gas port (32) which is provided at an end of a second
gas line (26) constantly communicating with a suction
side of the compressor (14), a third gas port (33) which
is provided at an end of a third gas line (27) selectively
communicating with one of the first gas line (25) and the
second gas line (26), a liquid port (34) which is provided
at an end of a liquid line (28) constantly communicating
with a liquid inlet/�outlet end of the heat-�source heat ex-
changer (15), a first switching mechanism (17) which
switches a gas inlet/ �outlet end of the heat-�source heat
exchanger (15) into communication with the discharge

side of the compressor (14) or communication with the
suction side of the compressor (14), and a second switch-
ing mechanism (18) which switches the third gas line (27)
into communication with the first gas line (25) or commu-
nication with the second gas line (26).
�[0012] According to a second aspect of the present
invention, a refrigeration system (5) includes: the heat
source unit (10) of the refrigeration system (5) according
to the first aspect of the invention; and a heat using unit
(7) having a heat- �using circuit (8) including a decompres-
sion mechanism (41) and a heat-�using heat exchanger
(40) connected to each other to be arranged in this order
from a liquid inlet/�outlet end of the heat-�using circuit (8),
wherein a refrigerant circuit (9) is constituted by connect-
ing the third gas port (33) of the heat source circuit (12)
of the heat source unit (10) and a gas inlet/�outlet end of
the heat- �using circuit (8), and connecting the liquid port
(34) of the heat source circuit (12) and the liquid inlet/
outlet end of the heat-�using circuit (8), the refrigerant cir-
cuit (9) performing a vapor compression refrigeration cy-
cle.
�[0013] According to a third aspect of the invention, the
refrigeration system according to the second aspect fur-
ther includes: an auxiliary unit (50) having an auxiliary
heat exchanger (52), a first connection port (56) constant-
ly communicating with a liquid inlet/ �outlet end of the aux-
iliary heat exchanger (52), a second connection port (57)
and a third connection port (58) with which a gas inlet/
outlet end of the auxiliary heat exchanger (52) selectively
communicates, and an auxiliary switching mechanism
(54) which switches the gas inlet/ �outlet end of the auxil-
iary heat exchanger (52) into communication with the
second connection port (57) or communication with the
third connection port (58), wherein in the refrigerant cir-
cuit (9), the first connection port (56) is connected to the
liquid port (34) of the heat source circuit (12), the second
connection port (57) is connected to the first gas port (31)
of the heat source circuit (12), and the third connection
port (58) is connected to the second gas port (32) of the
heat source circuit (12).
�[0014] According to a fourth aspect of the invention, in
the refrigeration system according to the second or third
aspect, a plurality of heat using units (7) are provided,
and in the refrigerant circuit (9), a plurality of heat-�using
circuits (8) connected to the heat source circuit (12) are
parallel to each other.
�[0015] According to a fifth aspect of the invention, the
refrigeration system according to the fourth aspect further
includes: switching units (60) corresponding to the plu-
rality of the heat using units (7), respectively, each of
which including operation state switching mechanisms
(63, 64) which switch a gas inlet/�outlet end of the heat-
using circuit (8) of the heat using unit (7) into communi-
cation with the second gas port (32) or communication
with the third gas port (33).
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-Operation-

�[0016] According to the first aspect of the invention,
the heat source circuit (12) of the heat source unit (10)
includes three gas ports (31, 32, 33) and a single liquid
port (34). The first gas port (31) constantly communicates
with a discharge side of the compressor (14). The second
gas port (32) constantly communicates with a suction
side of the compressor (14). The third gas port (33) is
switched into communication with the first gas line (25)
or the second gas line by switching of the second switch-
ing mechanism (18). The liquid port (34) constantly com-
municates with the liquid inlet/�outlet end of the heat-
source heat exchanger (15). The gas inlet/ �outlet end of
the heat- �source heat exchanger (15) is switched into
communication with the discharge side of the compres-
sor (14) or communication with the suction side of the
compressor (14) by switching of the first switching mech-
anism (17). Thus, the heat source unit (10), e.g., the heat
source unit (10) shown in FIG. 13, which is applicable to
both a refrigeration system (5) in which the operation
state of the heat using unit (7) is switched by the switching
mechanism (17) provided in the heat source unit (10),
and a refrigeration system (5) in which the operation
states of the heat using units (7) are switched by the
switching mechanisms (63, 64) included in switching
units (60) corresponding to the heat using units (7), re-
spectively, is provided with a first gas port (31) � constantly
communicating with the discharge side of the compres-
sor (14).
�[0017] According to the second aspect of the invention,
in the refrigerant circuit (9) of the refrigeration system (5),
the third gas port (33) of the heat source circuit (12) of
the heat source unit (10) is connected to the gas inlet/
outlet end of the heat- �using circuit �(8), and the liquid port
(34) of the heat source circuit (12) is connected to the
liquid inlet/�outlet end of the heat- �using circuit �(8). In this
refrigeration system (5), when the switching units (60)
described later are not connected, the first switching
mechanism (17) and the second switching mechanism
(18) switch the operation state of the heat using unit (7).
Specifically, when the first switching mechanism (17) al-
lows the gas inlet/�outlet end of the heat- �source heat ex-
changer (15) to communicate with the discharge side of
the compressor (14), and the second switching mecha-
nism (18) allows the third gas line (27) to communicate
with the second gas line (26), the cooling operation is
performed in which the heat- �source heat exchanger (15)
functions as a condenser, and the heat- �using heat ex-
changer (40) functions as an evaporator. Further, when
the first switching mechanism (17) allows the gas inlet/
outlet end of the heat-�source heat exchanger (15) to com-
municate with the suction side of the compressor (14),
and the second switching mechanism (18) allows the
third gas line (27) to communicate with the first gas line
(25), the heating operation is performed in which the heat-
using heat exchanger (40) functions as a condenser, and
the heat-�source heat exchanger (15) functions as an

evaporator.
�[0018] According to the third aspect of the invention,
the refrigeration system (5) includes an auxiliary unit (50).
In the auxiliary unit (50), the gas inlet/�outlet end of the
auxiliary heat exchanger (52) is switched into communi-
cation with the second connection port (57) or commu-
nication with the third connection port (58) by the oper-
ation of the auxiliary switching mechanism (54). Thus, in
the refrigeration system (5) according to the third aspect
of the invention, the gas inlet/�outlet end of the auxiliary
heat exchanger (52) is switched into communication with
the first gas port (31) connected to the second connection
port (57) or communication with the second gas port (32)
connected to the third connection port (58) by the oper-
ation of the auxiliary switching mechanism (54).
�[0019] According to the fourth aspect of the invention,
the refrigeration system (5) includes a plurality of heat
using units (7). The heat- �using circuits (8) of the heat
using units (7) connected to the heat source circuit (12)
are parallel to each other. The gas inlet/ �outlet end of each
of the heat using units (7) is connected to the third gas
port (33), and the liquid inlet/�outlet end of each of the
heat using units (7) is connected to the liquid port (34).
�[0020] According to the fifth aspect of the invention,
the operation state switching mechanisms (63, 64) pro-
vided in each of the switching units (60) corresponding
to the heat using units (7), respectively, switch the gas
inlet/�outlet end of the heat-�using circuit (8) of the heat
using unit (7) into communication with the second gas
port (32) or communication with the third gas port (33).
When the operation state switching mechanisms (63, 64)
allow the gas inlet/ �outlet end of the heat- �using circuit (8)
to communicate with the second gas port (32), the cooling
operation is performed in which the heat-�using circuit (8)
functions as an evaporator. Specifically, the refrigerant
condensed in the heat-�source heat exchanger (15) is
supplied to the heat-�using circuit (8) through the liquid
port (34). The refrigerant supplied to the heat-�using circuit
(8) evaporates in the heat-�using heat exchanger (40),
and then returns to the suction side of the compressor
(14) through the second gas port (32). When the opera-
tion state switching mechanisms (63, 64) allow the gas
inlet/�outlet end of the heat- �using circuit (8) to communi-
cate with the third gas port (33), the heating operation is
performed in which the heat-�using circuit (8) functions as
a condenser. Specifically, the refrigerant discharged
from the compressor (14) is supplied to the heat-�using
circuit (8) through the third gas port (33). The refrigerant
supplied to the heat- �using circuit (8) condenses in the
heat- �using heat exchanger (40), is supplied to the heat-
source heat exchanger (15) through the liquid port (34)
and evaporates therein, and then is sucked into the com-
pressor (14). According to the fifth aspect of the invention,
the heat source unit (10) according to the first aspect of
the invention is applied to the refrigeration system (5)� in
which the operation state of each of the heat using units
(7) is switched by the operation state switching mecha-
nisms (63, 64) included in the switching units (60) corre-
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sponding to the heat using units (7), respectively.

EFFECT OF THE INVENTION

�[0021] According to the present invention, in the heat
source unit (10), which is applicable to both the refriger-
ation system (5) in which the operation state of the heat
using unit (7) is switched by the switching mechanism
(17) provided in the heat source unit (10), and the refrig-
eration system (5) in which the operation states of the
heat using units (7) are switched by the switching mech-
anisms (63, 64) included in the switching units (60) cor-
responding to the heat using units (7), respectively, the
first gas port (31) constantly communicating with the dis-
charge side of the compressor (14) is provided. In this
heat source unit (10), when the second switching mech-
anism (18) allows the third gas port (33) to communicate
with the first gas line (25), the third gas port (33) functions
as a port through which the compressed refrigerant dis-
charged from the compressor (14) flows out, the liquid
port (34) functions as a port through which the condensed
liquid refrigerant to be evaporated in the heat-�source heat
exchanger (15) flows in, and the second gas port (32)
functions as a port through which the evaporated refrig-
erant to be sucked into the compressor (14) flows in. On
the other hand, when the second switching mechanism
(18) allows the third gas port (33) to communicate with
the second gas line (26), the liquid port (34) functions as
a port through which the liquid refrigerant condensed in
the heat-�source heat exchanger (15) flows out, the sec-
ond gas port (32) functions as a port through which the
evaporated refrigerant to be sucked into the compressor
(14) flows in, and the first gas port (31) functions as a
port through which the compressed refrigerant dis-
charged from the compressor (14) flows out.
�[0022] For example, as shown in FIG. 5, in the state
where the second switching mechanism (18) allows the
third gas port (33) to communicate with the first gas line
(25), with the gas inlet/ �outlet end of the heat-�using circuit
(8) connected to the third gas port (33),� the liquid inlet/
outlet end of the heat-�using circuit (8) connected to the
liquid port (34), the liquid inlet/�outlet end of the auxiliary
heat exchanger (52) of the auxiliary unit (50) connected
to the liquid port (34), and the gas inlet/�outlet end of the
auxiliary heat exchanger (52) selectively connected to
the first gas port (31) or the second gas port (32), the
heating operation is performed in which the heat-�using
heat exchanger (40), to which a high pressure refrigerant
discharged from the compressor (14) is supplied through
the third gas port (33), functions as a condenser. In the
heating operation, when the refrigerant condensed in the
heat- �using heat exchanger (40) is supplied to the auxil-
iary heat exchanger (52), the supplied refrigerant evap-
orates in the auxiliary heat exchanger (52), flows into the
heat source circuit (12) through the second gas port (32),
and is sucked into the compressor (14). Further, in the
state where the second switching mechanism (18) allows
the third gas port (33) to communicate with the second

gas line (26), the cooling operation is performed in which
the heat-�using heat exchanger (40), to which a liquid re-
frigerant condensed in the heat- �source heat exchanger
(15) is supplied through the liquid port (34), functions as
an evaporator. In the cooling operation, when the refrig-
erant discharged from the compressor (14) is supplied
to the auxiliary heat exchanger (52) through the first gas
port (31), the supplied refrigerant condenses in the aux-
iliary heat exchanger (52), and is supplied to the heat-
using heat exchanger (40) together with the liquid refrig-
erant condensed in the heat-�source heat exchanger (15).
The refrigerant supplied to the heat- �using heat exchang-
er (40) evaporates in the heat- �using heat exchanger (40),
and the evaporated low-�pressure refrigerant flows into
the heat source circuit (12) through the third gas port
(33), and is sucked into the compressor (14).
�[0023] In this way, by selectively connecting the gas
inlet/�outlet end of the auxiliary heat exchanger (52) of the
auxiliary unit (50) to the first gas port (31) or the second
gas port (32), the low-�pressure gaseous refrigerant from
the auxiliary heat exchanger (52) serving as an evapo-
rator in the heating operation can be supplied to the com-
pressor (14) through the second gas port (32), and the
high-�pressure gaseous refrigerant can be supplied to the
auxiliary heat exchanger (52) serving as a condenser in
the cooling operation through the first gas port (31).
Therefore, the auxiliary unit (50) can be used for both of
the cooling operation and the heating operation. The out-
door unit (10) of the present invention makes it possible
to connect the auxiliary unit (50) to the outdoor unit (10)
so that the auxiliary unit (50) can be used for both of the
cooling operation and the heating operation.
�[0024] According to the third aspect of the invention,
the gas inlet/ �outlet end of the auxiliary heat exchanger
(52) is selectively connected to the first gas port (31) or
the second gas port (32). Therefore, as described above,
the low- �pressure gaseous refrigerant from the auxiliary
heat exchanger (52) serving as an evaporator in the heat-
ing operation can be supplied to the compressor (14)
through the second gas port (32), and the high-�pressure
gaseous refrigerant can be supplied to the auxiliary heat
exchanger (52) serving as a condenser in the cooling
operation through the first gas port (31). The auxiliary
unit (50) according to the third aspect of the invention
can be connected to the refrigeration system (5) so as
to make up the lack of the amount of heat exchange in
the heat-�source heat exchanger (15) both in the cooling
operation and the heating operation.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0025]

FIG. 1 is a schematic block diagram of an outdoor
unit according to an embodiment.

FIG. 2 is a schematic block diagram of a first example
air conditioner including the outdoor unit according
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to the embodiment.

FIG. 3 is a schematic block diagram illustrating air
cooling operation performed in the first example air
conditioner including the outdoor unit according to
the embodiment.

FIG. 4 is a schematic block diagram illustrating air
heating operation performed in the first example air
conditioner including the outdoor unit according to
the embodiment.

FIG. 5 is a schematic block diagram of a second
example air conditioner including the outdoor unit
according to the embodiment.

FIG. 6 is a schematic block diagram illustrating air
cooling operation performed in the second example
air conditioner including the outdoor unit according
to the embodiment.

FIG. 7 is a schematic block diagram illustrating air
heating operation performed in the second example
air conditioner including the outdoor unit according
to the embodiment.

FIG. 8 is a schematic block diagram of a third exam-
ple air conditioner including the outdoor unit accord-
ing to the embodiment.

FIG. 9 is a schematic block diagram illustrating air
cooling operation performed in the third example air
conditioner combined with the outdoor unit accord-
ing to the embodiment.

FIG. 10 is a schematic block diagram illustrating air
heating operation performed in the third example air
conditioner including the outdoor unit according to
the embodiment.

FIG. 11 is a schematic block diagram illustrating air
cooling/ �heating operation performed in the third ex-
ample air conditioner including the outdoor unit ac-
cording to the embodiment.

FIG. 12 is a schematic block diagram of an air con-
ditioner according to another embodiment.

FIGS. 13�(A) and (B) are schematic block diagrams
of a refrigeration system including a conventional
heat source unit, FIG. 13�(A) is a schematic block
diagram of the former refrigeration system described
in the section of Background Art, and FIG. 13�(B) is
a schematic block diagram of the latter refrigeration
system described in the section of

Background Art.

�[0026] FIG. 14 is a schematic block diagram of the re-
frigeration system including the conventional heat source
unit, to which an auxiliary unit is connected for use in
heating operation.
�[0027] FIG. 15 is a schematic block diagram of the re-
frigeration system including the conventional heat source
unit, to which the auxiliary unit is connected for use in
cooling operation.

EXPLANATION OF REFERENCE NUMERALS

�[0028]

5 Air conditioner (refrigeration system)
7 Indoor unit (heat using unit)
8 Indoor circuit (heat-�using circuit)
9 Refrigerant circuit
10 Outdoor unit (heat source unit)
12 Outdoor circuit (heat source circuit)
14 Compressor
15 Outdoor heat exchanger (heat- �source heat ex-

changer)
17 First four-�way switching valve (first switching

mechanism)
18 Second four-�way switching valve (second switch-

ing mechanism)
25 First gas line
26 Second gas line
27 Third gas line
28 Liquid line
31 First gas port
32 Second gas port
33 Third gas port
34 Liquid port
40 Indoor heat exchanger (heat- �using heat exchang-

er)
41 Decompression mechanism (indoor expansion

valve)
50 Auxiliary unit
52 Auxiliary heat exchanger
54 Auxiliary switching mechanism
56 First connection port
57 Second connection port
58 Third connection port
63 First solenoid valve (operation state switching

mechanism)
64 Second solenoid valve (operation state switching

mechanism)

BEST MODE FOR CARRYING OUT THE INVENTION

�[0029] Hereinafter, embodiments of the present inven-
tion will be described in detail with reference to the ac-
companying drawings.

9 10 
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[Structure of Outdoor Unit]

�[0030] An outdoor unit (10) of the present embodiment
constitutes a heat source unit of a refrigeration system
of the present invention. The outdoor unit (10) is con-
nected to a heat using unit (7) through a gas connecting
pipe (20) and a liquid connecting pipe (21).
�[0031] As shown in FIG. 1, the outdoor unit (10) in-
cludes an outdoor circuit (12) as a heat source circuit.
To the outdoor circuit (12), a compressor (14), an outdoor
heat exchanger (15), an outdoor expansion valve (16),
a first four-�way switching valve (17), and a second four-
way switching valve (18) are connected. The first four-
way switching valve (17) constitutes a first switching
mechanism, and the second four-�way switching valve
(18) constitutes a second switching mechanism. The out-
door unit (10) is provided with a first gas port (31), a sec-
ond gas port (32), a third gas port (33), and a liquid port
(34).
�[0032] The compressor (14) is configured as a varia-
ble- �volume compressor. A discharge side of the com-
pressor (14) is connected to the first gas port (31) through
a first gas line (25). A first port of the first four-�way switch-
ing valve (17) is connected to the first gas line (25). A
suction side of the compressor (14) is connected to the
second gas port (32) through a second gas line (26). A
third port of the first four-�way switching valve (17) is con-
nected to the second gas line (26).
�[0033] The outdoor heat exchanger (15) is a cross fin/
tube heat exchanger and constitutes a heat-�source heat
exchanger. A liquid inlet/ �outlet end of the outdoor heat
exchanger (15) is connected to a liquid port (34) through
a liquid line (28). A gas inlet/�outlet end of the outdoor
heat exchanger (15) is connected to a second port of the
first four-�way switching valve (17). A fourth port of the
first four-�way switching valve (17) is closed. The outdoor
expansion valve (16) is configured as an electronic ex-
pansion valve and arranged on the liquid line (28).
�[0034] A first port of the second four-�way switching
valve (18) is connected to the second gas line (26). A
second port of the second four-�way switching valve (18)
is closed. A third port of the second four-�way switching
valve (18) is connected to the first gas line (25). A fourth
port of the second four- �way switching valve (18) is con-
nected to the third gas port (33) through a third gas line
(27).
�[0035] Each of the first four-�way switching valve (17)
and the second four-�way switching valve (18) is switch-
able between a first state in which the first and second
ports communicate with each other, and the third and
fourth ports communicate with each other (a state de-
picted by a solid line in FIG. 1), and a second state in
which the first and fourth ports communicate with each
other, and the second and third ports communicate with
each other (a state depicted by a broken line in FIG. 1).
Instead of the four-�way switching valves (17, 18), three-
way switching valves may be used to constitute the first
switching mechanism (17) and a second switching mech-

anism (18), or two solenoid valves may be used to con-
stitute the first switching mechanism (17) and a second
switching mechanism (18).

(Structure and Operation of Refrigeration System)

�[0036] Hereinafter, three example refrigeration sys-
tems (5) including the outdoor unit (10) of the present
invention, respectively, will be described.

[First Example Refrigeration System]

�[0037] A first example refrigeration system (5) is an air
conditioner (5) capable of performing air cooling opera-
tion as cooling operation and air heating operation as
heating operation. As shown in FIG. 2, the air conditioner
(5) includes a plurality of indoor units (7a, 7b, ...) con-
nected to an outdoor unit (10) to be parallel to each other.
The number of the indoor units (7) may be reduced to 1.
�[0038] Each of the indoor units (7) includes an indoor
circuit (8). The indoor circuit (8) includes an indoor heat
exchanger (40) and an indoor expansion valve (41) con-
nected in this order from a gas inlet/�outlet end of the
indoor circuit (8). The indoor heat exchanger (40) is con-
figured as a cross fin/ �tube heat exchanger. The indoor
expansion valve (41) is configured as an electronic ex-
pansion valve.
�[0039] The gas inlet/�outlet end of each indoor circuit
(8) is connected to the third gas port (33) of the outdoor
unit (10) through the gas connecting pipe (20). A liquid
inlet/�outlet end of each indoor circuit (8) is connected to
the liquid port (34) of the outdoor unit (10) through the
liquid connecting pipe (21). In the air conditioner (5), the
outdoor circuit (12) and the indoor circuits (8a, 8b, ...) are
connected through the gas connecting pipe (20) and the
liquid connecting pipe (21) to constitute a refrigerant cir-
cuit (9) which performs a vapor compression refrigeration
cycle.

-Operation Mechanism-

�[0040] Hereinafter, the operation mechanism of the
first example air conditioner (5) will be described. In this
air conditioner (5), whether air cooling operation or air
heating operation is performed is controlled by the first
four-�way switching valve (17) and the second four-�way
switching valve (18) of the outdoor unit (10). When the
first four-�way switching valve (17) and the second four-
way switching valve (18) are set to the state of the air
cooling operation, every working indoor unit (7) performs
the air cooling operation. On the other hand, when the
first four- �way switching valve (17) and the second four-
way switching valve (18) are set to the state of the air
heating operation, every working indoor unit (7) performs
the air heating operation.
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(Air Cooling Operation)

�[0041] In the air cooling operation, as shown in FIG.
3, the first four-�way switching valve (17) is set to the first
state, and the second four- �way switching valve (18) is
set to the second state. Then, when the compressor (14)
is actuated in this state, the refrigerant circuit (9) performs
the vapor compression refrigeration cycle in which the
outdoor heat exchanger (15) functions as a condenser,
and the indoor heat exchanger (40) functions as an evap-
orator.
�[0042] More specifically, a refrigerant discharged from
the compressor (14) condenses as it exchanges heat
with outdoor air in the outdoor heat exchanger (15). The
refrigerant condensed in the outdoor heat exchanger (15)
is distributed to each of the indoor circuits (8a, 8b, ...).
The refrigerant flowed into each of the indoor circuits (8)
is reduced in pressure by the indoor expansion valve
(41), and then evaporates as it exchanges heat with in-
door air in the indoor heat exchanger (40). The refrigerant
evaporated in the indoor heat exchanger (40) and flowed
into the outdoor circuit (12) is sucked into the compressor
(14) and compressed.

(Air Heating Operation)

�[0043] In the air heating operation, as shown in FIG.
4, the first four-�way switching valve (17) is set to the sec-
ond state, and the second four- �way switching valve (18)
is set to the first state. Then, when the compressor (14)
is actuated in this state, the refrigerant circuit (9) performs
the vapor compression refrigeration cycle in which the
indoor heat exchanger (40) functions as a condenser,
and the outdoor heat exchanger (15) functions as an
evaporator.
�[0044] More specifically, a refrigerant discharged from
the compressor (14) is distributed to each of the indoor
circuits (8a, 8b, ...). The refrigerant flowed into each of
the indoor circuits (8) condenses as it exchanges heat
with indoor air in the indoor heat exchanger (40). The
refrigerant condensed in the indoor heat exchanger (40)
flows into the outdoor circuit (12). The refrigerant flowed
into the outdoor circuit (12) is reduced in pressure by the
outdoor expansion vale (16), and then evaporates as it
exchanges heat with outdoor air in the outdoor heat ex-
changer (15). The refrigerant evaporated in the outdoor
heat exchanger (15) is sucked into the compressor (14)
and compressed.

[Second Example Refrigeration System]

�[0045] As shown in FIG. 5, a second example air con-
ditioner (5) includes an auxiliary unit (50), in addition to
the structure of the first example air conditioner (5). The
auxiliary unit (50) is placed outside together with the out-
door unit (10). Two or more auxiliary units (50) may be
used.
�[0046] The auxiliary unit (50) includes an auxiliary unit

circuit (51). The auxiliary unit circuit (51) includes an aux-
iliary heat exchanger (52), an expansion valve (53), and
a four-�way switching valve (54). The auxiliary unit (50)
further includes a first connection port (56), a second
connection port (57), and a third connection port (58).
�[0047] The auxiliary heat exchanger (52) is configured
as a cross fin/ �tube heat exchanger. A liquid inlet/�outlet
end of the auxiliary heat exchanger (52) is connected to
the first connection port (56). A gas inlet/ �outlet end of the
auxiliary heat exchanger (52) is connected to a second
port of the four-�way switching valve (54). A first port of
the four- �way switching valve (54) is connected to the third
connection port (58). A third port of the four-�way switching
valve (54) is connected to the second connection port
(57). A fourth port of the four- �way switching valve (54) is
closed. The expansion valve (53) is configured as an
electronic expansion valve, and arranged between the
auxiliary heat exchanger (52) and the first connection
port (56).
�[0048] The four-�way switching valve (54) is switchable
between a first state in which the first and second ports
communicate with each other, and the third and fourth
ports communicate with each other (a state depicted by
a solid line in FIG. 5), and a second state in which the
first and fourth ports communicate with each other, and
the second and third ports communicate with each other
(a state depicted by a broken line in FIG. 5). When the
four-�way switching valve (54) is set to the first state, the
gas inlet/ �outlet end of the auxiliary heat exchanger (52)
communicates with the third connection port (58). When
the four- �way switching valve (54) is set to the second
state, the gas inlet/ �outlet end of the auxiliary heat ex-
changer (52) communicates with the second connection
port (57). In this way, the four-�way switching valve (54)
constitutes an auxiliary switching mechanism.� Instead of
the four-�way switching valve (54), a three-�way switching
valve may be used to constitute the auxiliary switching
mechanism, or two solenoid valves may be used to con-
stitute the auxiliary switching mechanism.
�[0049] The first connection port (56) of the auxiliary
unit (50) is connected to the liquid connecting pipe (21).
The second connection port (57) is connected to the first
gas port (31) of the outdoor unit (10). The third connection
port (58) is connected to the second gas port (32) of the
outdoor unit (10).

-Operation Mechanism-

�[0050] Hereinafter, the operation mechanism of the
second example air conditioner (5) will be described. In
the air conditioner (5), in the same manner as in the first
example air conditioner (5), every working indoor unit (7)
performs the air cooling operation when the first four- �way
switching valve (17) and the second four-�way switching
valve (18) are set to the state of the air cooling operation.
On the other hand, when the first four- �way switching valve
(17) and the second four-�way switching valve (18) are
set to the state of the air heating operation, every working
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indoor unit (7) performs the air heating operation.

(Air Cooling Operation)

�[0051] In the air cooling operation, as shown in FIG.
6, the first four-�way switching valve (17) is set to the first
state, and the second four- �way switching valve (18) is
set to the second state. Then, when the compressor (14)
is actuated in this state, the refrigerant circuit (9) performs
the vapor compression refrigeration cycle in which the
outdoor heat exchanger (15) functions as a condenser,
and the indoor heat exchanger (40) functions as an evap-
orator.
�[0052] When a relatively high air cooling capacity is
required, e.g., when a large number of the indoor units
(7) that perform the air cooling operation are connected,
the four-�way switching valve (54) of the auxiliary unit (50)
is set to the second state. In this state, the auxiliary heat
exchanger (52) of the auxiliary unit (50) functions as a
condenser together with the outdoor heat exchanger
(15). On the other hand, the four-�way switching valve
(54)� of the auxiliary unit (50) is set to the first state when
the required air cooling capacity is relatively low. In this
case, the expansion valve (53) is closed, and the refrig-
erant does not flow into the auxiliary heat exchanger (52)
of the auxiliary unit (50). The air conditioner (5) is able
to perform a refrigeration cycle which is always appro-
priate to the required air cooling capacity by using or not
using the auxiliary heat exchanger (52) of the auxiliary
unit (50). Thus, the air conditioner (5) can be operated
with a high coefficient of performance (COP) at all times.
�[0053] Hereinafter, the flow of the refrigerant when the
auxiliary heat exchanger (52) of the auxiliary unit (50) is
used as a condenser will be described. The flow of the
refrigerant in the outdoor unit (10) and the indoor unit (7)
is omitted because it is the same as that in the air cooling
operation of the first example air conditioner (5).
�[0054] In the air cooling operation, part of the refriger-
ant discharged from the compressor (14) flows into the
auxiliary unit circuit (51). The refrigerant flowed into the
auxiliary unit circuit (51) condenses as it exchanges heat
with outdoor air in the auxiliary heat exchanger (52). The
refrigerant condensed in the auxiliary heat exchanger
(52) flows together with the refrigerant condensed in the
outdoor heat exchanger (15) to be distributed to the in-
door circuits (8).

(Air Heating Operation)

�[0055] In the air heating operation, as shown in FIG.
7, the first four-�way switching valve (17) is set to the sec-
ond state, and the second four- �way switching valve (18)
is set to the first state. Then, when the compressor (14)
is actuated in this state, the refrigerant circuit (9) performs
the vapor compression refrigeration cycle in which the
indoor heat exchanger (40) functions as a condenser,
and the outdoor heat exchanger (15) functions as an
evaporator.

�[0056] When a relatively high air heating capacity is
required, e.g., when a large number of the indoor units
(7) that perform the air heating operation are connected,
the four-�way switching valve (54) of the auxiliary unit (50)
is set to the first state. In this state, the auxiliary heat
exchanger (52) of the auxiliary unit (50) functions as an
evaporator together with the outdoor heat exchanger
(15). The four-�way switching valve (54) of the auxiliary
unit (50) is set to the second state when the required air
heating capacity is relatively low. In this case, the expan-
sion valve (53) is closed, and the refrigerant does not
flow into the auxiliary heat exchanger (52) of the auxiliary
unit (50). The air conditioner (5) is able to perform a re-
frigeration cycle which is always appropriate to the re-
quired air heating capacity by using or not using the aux-
iliary heat exchanger (52) of the auxiliary unit (50). Thus,
the air conditioner (5) can be operated with a high coef-
ficient of performance (COP) at all times.
�[0057] Hereinafter, the flow of the refrigerant when the
auxiliary heat exchanger (52) of the auxiliary unit (50) is
used as an evaporator will be described. The flow of the
refrigerant in the outdoor unit (10) and the indoor unit (7)
is omitted because it is the same as that in the air heating
operation of the first example air conditioner (5).
�[0058] In the air heating operation, part of the refriger-
ant condensed in the indoor heat exchanger (40) flows
into the auxiliary unit circuit (51). The refrigerant flowed
into the auxiliary unit circuit (51) is reduced in pressure
by the expansion valve (53), and then evaporates as it
exchanges heat with outdoor air in the auxiliary heat ex-
changer (52). The refrigerant evaporated in the auxiliary
heat exchanger (52) flows into the outdoor circuit (12),
and flows together with the refrigerant evaporated in the
outdoor heat exchanger (15) to be sucked into the com-
pressor (14).

[Third Example Refrigeration System]

�[0059] A third example air conditioner (5) is a so-�called
individually controllable air conditioner (5) capable of in-
dividually selecting the cooling operation or the heating
operation for each of the indoor units (7a, 7b, ...). In this
air conditioner (5), as shown in FIG. 8, a plurality of indoor
units (7a, 7b, ...) are connected to the outdoor unit (10)
to be parallel to each other, and BS units (60a, 60b, ...)
corresponding to the indoor units (7a, 7b, ...), respective-
ly, are provided. Each of the BS units (60a, 60b, ...) con-
stitutes a switching unit. In FIG. 8, other indoor units than
a first indoor unit (7a) and a second indoor unit (7b) are
omitted.
�[0060] Each of the BS units (60) includes a liquid circuit
(61) and a gas circuit (62). An end of the liquid circuit (61)
is connected to the liquid connecting pipe (21) extending
from the liquid port (34) of the outdoor unit (10). The other
end of the liquid circuit (61) is connected to a refrigerant
pipe connected to the liquid inlet/�outlet end of the indoor
circuit (8).
�[0061] The gas circuit (62) includes a first pipe provid-
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ed with a first solenoid valve (63) and a second pipe pro-
vided with a second solenoid valve (64). An end of the
first pipe and an end of the second pipe are connected
to each other. A refrigerant pipe extending from a junction
of the ends of the first and second pipes is connected to
a gas inlet/ �outlet end of the indoor circuit (8). The other
end of the first pipe is connected to a first gas connecting
pipe (20a) extending from a third gas port (33) of the
outdoor unit (10). The other end of the second pipe is
connected to a second gas connecting pipe (20b) ex-
tending from a second gas port (32) of the outdoor unit
(10). The first solenoid valve (63) and the second sole-
noid valve (64) constitute operation state switching
mechanisms.
�[0062] This air conditioner (5) includes the same aux-
iliary unit (50) as that used in the second example air
conditioner (5). The first connection port (56) of the aux-
iliary unit (50) is connected to the liquid connecting pipe
(21). The second connection port (57) is connected to a
first gas port (31) of the outdoor unit (10). The third con-
nection port (58) is connected to the second gas con-
necting pipe (20b).

-Operation Mechanism-

�[0063] Hereinafter, the operation mechanism of the
third example air conditioner (5) will be described. In ad-
dition to the air cooling operation and the air heating op-
eration, this air conditioner (5) performs air cooling/ �heat-
ing operation in which an indoor unit (7) performs the air
cooling operation, and simultaneously, the other indoor
unit (7) performs the air heating operation.

(Air cooling operation)

�[0064] In the air cooling operation, as shown in FIG.
9, the second four- �way switching valve (18) of the outdoor
unit (10) is set to the second state. The four-�way switching
valve (54) of the auxiliary unit (50) is set to the second
state. In each of the BS units (60), the first solenoid valve
(63) is closed, and the second solenoid valve (64) is
opened. Then, when the compressor (14) is actuated in
this state, the refrigerant circuit (9) performs the vapor
compression refrigeration cycle in which the auxiliary
heat exchanger (52) of the auxiliary unit (50) functions
as a condenser, and the indoor heat exchanger (40) func-
tions as an evaporator.
�[0065] When a relatively high air cooling capacity is
required, e.g., when a large number of the indoor units
(7) that perform the air cooling operation are connected,
the first four-�way switching valve (17) of the outdoor unit
(10) is set to the first state. In this state, the outdoor heat
exchanger (15) functions as a condenser together with
the auxiliary heat exchanger (52) of the auxiliary unit (50).
The first four-�way switching valve (17) is set to the second
state when the required air cooling capacity is relatively
low. In this case, the outdoor expansion valve (16) is
closed, and the refrigerant does not flow into the outdoor

heat exchanger (15). The air conditioner (5) is able to
perform a refrigeration cycle which is always appropriate
to the required air cooling capacity by using or not using
the outdoor heat exchanger (15). Thus, the air condition-
er (5) can be operated with a high coefficient of perform-
ance (COP) at all times.
�[0066] Hereinafter, the flow of the refrigerant when the
outdoor heat exchanger (15) is used as a condenser will
be described.
�[0067] In the air cooling operation, part of the refriger-
ant discharged from the compressor (14) flows into the
auxiliary unit circuit (51) through the second connection
port (57) of the auxiliary unit (50). The refrigerant flowed
into the auxiliary unit circuit (51) condenses as it exchang-
es heat with outdoor air in the auxiliary heat exchanger
(52). The rest of the refrigerant discharged from the com-
pressor (14) condenses as it exchanges heat with out-
door air in the outdoor heat exchanger (15). The refrig-
erant condensed in the outdoor heat exchanger (15)
flows together with the refrigerant condensed in the aux-
iliary heat exchanger (52) of the auxiliary unit (50).
�[0068] The co-�flowing condensed refrigerants are dis-
tributed to each of the indoor circuits (8). The distributed
refrigerant passes through the liquid circuit (61) of the
BS unit (60) and flows into the indoor circuit (8). The
refrigerant flowed into the indoor circuit (8) is reduced in
pressure by the indoor expansion valve (41), and evap-
orates as it exchanges heat with outdoor air in the indoor
heat exchanger (40). The refrigerant evaporated in the
indoor heat exchanger (40) flows into the outdoor circuit
(12) through the second pipe of the gas circuit (62) of the
BS unit (60) and other pipes, and is sucked into the com-
pressor (14).

(Air Heating Operation)

�[0069] In the air heating operation, as shown in FIG.
10, the second four-�way switching valve (18) of the out-
door unit (10) is set to the first state. The four-�way switch-
ing valve (54) of the auxiliary unit (50) is set to the first
state. In each of the BS units (60), the first solenoid valve
(63) is opened, and the second solenoid valve (64) is
closed. Then, when the compressor (14) is actuated in
this state, the refrigerant circuit (9) performs the vapor
compression refrigeration cycle in which the indoor heat
exchanger (40) functions as a condenser, and the aux-
iliary heat exchanger (52) of the auxiliary unit (50) func-
tions as an evaporator.
�[0070] When a relatively high air heating capacity is
required, e.g., when a large number of the indoor units
(7) that perform the air heating operation are connected,
the first four-�way switching valve (17) of the outdoor unit
(10) is set to the second state. In this state, the outdoor
heat exchanger (15) functions as an evaporator together
with the auxiliary heat exchanger (52) of the auxiliary unit
(50). The first four-�way switching valve (17) is set to the
first state when the required heating capacity is relatively
low. In this case, the outdoor expansion valve (16) is
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closed, and the refrigerant does not flow into the outdoor
heat exchanger (15). The air conditioner (5) is able to
perform a refrigeration cycle which is always appropriate
to the required air heating capacity by using or not using
the outdoor heat exchanger (15). Thus, the air condition-
er (5) can be operated with a high coefficient of perform-
ance (COP) at all times.
�[0071] Hereinafter, the flow of the refrigerant when the
outdoor heat exchanger (15) is used as an evaporator
will be described.
�[0072] In the air heating operation, the refrigerant dis-
charged from the compressor (14) is distributed to each
of the indoor circuits (8). The distributed refrigerant pass-
es through the first pipe of the gas circuit (62) of the BS
unit (60), and flows into the indoor circuit (8). The refrig-
erant flowed into the indoor circuit (8) condenses as it
exchanges heat with outdoor air in the indoor heat ex-
changer (40).
�[0073] Part of the refrigerant condensed in the indoor
heat exchanger (40) flows into the auxiliary unit circuit
(51). The refrigerant flowed into the auxiliary unit circuit
(51) is reduced in pressure by the expansion valve (53),
and then evaporates as it exchanges heat with outdoor
air in the auxiliary heat exchanger (52). The rest of the
refrigerant condensed in the indoor heat exchanger (40)
flows into the outdoor circuit (12). The refrigerant flowed
into the outdoor circuit (12) is reduced in pressure by the
outdoor expansion valve (16), and then evaporates as it
exchanges heat with outdoor air in the outdoor heat ex-
changer (15). The refrigerant evaporated in the outdoor
heat exchanger (15) flows together with the refrigerant
evaporated in the auxiliary heat exchanger (52) of the
auxiliary unit (50) to be sucked into the compressor (14).

(Air Cooling/�heating Operation)

�[0074] The air cooling/ �heating operation will be de-
scribed. Specifically, the case where only the first indoor
unit (7a) performs the air cooling operation, and the other
indoor units (7b, ...) perform the air heating operation will
be described. In the air cooling/�heating operation, as
shown in FIG. 11, the second four-�way switching valve
(18) of the outdoor unit (10) is set to the first state. In the
BS unit (60a) of the first indoor unit (7a), the first solenoid
valve (63b) is closed, and the second solenoid valve
(64b) is opened. In the BS units (60b, ...) corresponding
to the indoor units other than the first indoor unit (7a), the
first solenoid valves (63b, ...) are opened, and the second
solenoid valves (64b, ...) are closed. Then, when the
compressor (14) is actuated in this state, the refrigerant
circuit (9) performs the vapor compression refrigeration
cycle in which the indoor heat exchangers (40b, ...) of
the indoor units (7b, ...) other than the first indoor unit
(7a) function as condensers, and the indoor heat ex-
changer (40a) of the first indoor unit (7a) functions as an
evaporator.
�[0075] The first four-�way switching valve (17) and the
outdoor expansion valve (16) allow the outdoor heat ex-

changer (15) to function as a condenser or an evaporator,
or stop the distribution of the refrigerant to the outdoor
heat exchanger (15). More specifically, when the outdoor
expansion valve (16) is opened, and the first four-�way
switching valve (17) is set to the first state, the outdoor
heat exchanger (15) functions as a condenser. When the
outdoor expansion valve (16) is opened, and the first four-
way switching valve (17) is set to the second state, the
outdoor heat exchanger (15) functions as an evaporator.
Further, when the outdoor expansion valve (16) is closed,
the distribution of the refrigerant to the outdoor heat ex-
changer (15) is stopped.
�[0076] The expansion valve (53) and the four- �way
switching valve (54) allow the auxiliary heat exchanger
(52) of the auxiliary unit (50) to function as a condenser
or an evaporator, or stop the distribution of the refrigerant
to the auxiliary heat exchanger (52). More specifically,
when the expansion valve (53) is opened, and the four-
way switching valve (54) is set to the second state, the
auxiliary heat exchanger (52) functions as a condenser.
When the expansion valve (53) is opened, and the four-
way switching valve (54) is set to the first state, the aux-
iliary heat exchanger (52) functions as an evaporator.
Further, when the expansion valve (53) is closed, the
distribution of the refrigerant to the auxiliary heat ex-
changer (52) is stopped.
�[0077] In this air conditioner (5), the first four-�way
switching valve (17), the outdoor expansion valve (16),
and the four- �way switching valve (54) and the expansion
valve (53) of the auxiliary unit (50) are appropriately con-
trolled in response to the required air cooling capacity
and air heating capacity. As a result, the functions of the
outdoor heat exchanger (15) and the auxiliary heat ex-
changer (52) of the auxiliary unit (50) are determined.
Thus, the air conditioner (5) can perform a suitable re-
frigeration cycle, and maintain high coefficient of perform-
ance (COP) at all times.
�[0078] Hereinafter, the flow of the refrigerant when the
outdoor heat exchanger (15) and the auxiliary heat ex-
changer (52) of the auxiliary unit (50) function as con-
densers will be described.
�[0079] In the air cooling/�heating operation, the refrig-
erant discharged from the compressor (14) is distributed
to the indoor circuits (8b, ...) other than the indoor circuit
(8a) of the first indoor unit (7a). The refrigerant flowed
into the indoor circuits (8b, ...) condenses as it exchanges
heat with indoor air in the indoor heat exchangers
(40b, ...). The refrigerant condensed in the indoor heat
exchangers (40b, ...) is distributed to the outdoor circuit
(12), the auxiliary unit circuit (51), and the indoor circuit
(8a) of the first indoor unit (7a).
�[0080] The refrigerant flowed into the outdoor circuit
(12) is reduced in pressure by the outdoor expansion
valve (16), and then evaporates as it exchanges heat
with outdoor air in the outdoor heat exchanger (15). The
refrigerant flowed into the auxiliary unit circuit (51) is re-
duced in pressure by the expansion valve (53), and then
evaporates as it exchanges heat with outdoor air in the

19 20 



EP 2 078 905 A1

12

5

10

15

20

25

30

35

40

45

50

55

auxiliary heat exchanger (52). The refrigerant flowed into
the indoor circuit (8a) of the first indoor unit (7a) is reduced
in pressure by the indoor expansion valve (41a), and then
evaporates as it exchanges heat with indoor air in the
indoor heat exchanger (40a). Then, the refrigerant evap-
orated in the outdoor heat exchanger (15), the refrigerant
evaporated in the auxiliary heat exchanger (52) of the
auxiliary unit (50), and the refrigerant evaporated in the
indoor heat exchanger (40a) of the first indoor unit (7a)
flow together to be sucked into the compressor (14).

-Effect of the Embodiment-

�[0081] According to the embodiment, the outdoor unit
(10), which is applicable to both the refrigeration system
(5) in which the operation state of the heat using unit (7)
is switched by the switching mechanism (17) provided in
the heat source unit (10), and the refrigeration system
(5) in which the operation states of the heat using units
(7) are switched by switching mechanisms (63, 64) in-
cluded in switching units (60) corresponding to the heat
using units (7), respectively, is provided with the first gas
port (31) constantly communicating with the discharge
side of the compressor (14).
�[0082] Like in the second example refrigeration system
(5) or the third example refrigeration system (5), the sec-
ond switching mechanism (18) allows the third gas port
(33) to communicate with the first gas line (25), with the
gas inlet/�outlet end of the indoor circuit (8) connected to
the third gas port (33), the liquid inlet/�outlet end of the
indoor circuit (8) connected to the liquid port (34), the
liquid inlet/�outlet end of the auxiliary heat exchanger (52)
of the auxiliary unit (50) connected to the liquid port (34),
and the gas inlet/�outlet end of the auxiliary heat exchang-
er (52) selectively connected to the first gas port (31) or
the second gas port (32). Then, the air heating operation
is performed in which the indoor heat exchanger (40), to
which a high pressure refrigerant discharged from the
compressor (14) is supplied through the third gas port
(33), functions as a condenser. In the air heating opera-
tion, when the refrigerant condensed in the indoor heat
exchanger (40) is supplied to the auxiliary heat exchang-
er (52), the supplied refrigerant evaporates in the auxil-
iary heat exchanger (52), flows into the outdoor circuit
(12) through the second gas port (32), and is sucked into
the compressor (14). Further, when the second switching
mechanism (18) allows the third gas port (33) to commu-
nicate with the second gas line (26), the air cooling op-
eration is performed in which the indoor heat exchanger
(40), to which a liquid refrigerant condensed in the out-
door heat exchanger (15) is supplied through the liquid
port (34), functions as an evaporator. In the air cooling
operation, when the refrigerant discharged from the com-
pressor (14) through the first gas port (31) is supplied to
the auxiliary heat exchanger (52), the supplied refrigerant
condenses in the auxiliary heat exchanger (52), and is
supplied to the indoor heat exchanger (40) together with
the liquid refrigerant condensed in the outdoor heat ex-

changer (15). The refrigerant supplied to the indoor heat
exchanger (40) evaporates in the indoor heat exchanger
(40), and the evaporated low- �pressure refrigerant flows
into the outdoor circuit (12) through the third gas port
(33), and is sucked into the compressor (14).
�[0083] In this way, by connecting the gas inlet/�outlet
end of the auxiliary heat exchanger (52) of the auxiliary
unit (50) selectively to the first gas port (31) or the second
gas port (32), the low-�pressure gaseous refrigerant from
the auxiliary heat exchanger (52) serving as an evapo-
rator in the air heating operation can be supplied to the
compressor (14) through the second gas port (32), and
the high-�pressure gaseous refrigerant can be supplied
to the auxiliary heat exchanger (52) serving as a con-
denser in the air cooling operation through the first gas
port (31). Therefore, the auxiliary unit (50) can be used
for both of the air cooling operation and the air heating
operation. Thus, the outdoor unit (10) of the present em-
bodiment makes it possible to connect the auxiliary unit
(50) to the outdoor unit (10) so that the auxiliary unit (50)
can be used for both of the air cooling operation and the
air heating operation. The auxiliary unit (50) of the present
embodiment is configured so that the auxiliary heat ex-
changer (52) can make up the lack of the amount of heat
exchange in the outdoor heat exchanger (15) both in the
cooling operation and the heating operation.

[Other Embodiments]

�[0084] Regarding the above-�described embodiments,
the air conditioner (5) may include a plurality of outdoor
units (10, 10, ...) connected in parallel to each other as
shown in FIG. 12.
�[0085] The above embodiments are merely preferred
embodiments in nature, and are not intended to limit the
scope, applications and use of the invention.

INDUSTRIAL APPLICABILITY

�[0086] As described above, the present invention is
useful for a heat source unit of a refrigeration system
connected to a heat using unit through a connecting pipe,
and a refrigeration system including the heat source unit.

Claims

1. A heat source unit of a refrigeration system compris-
ing: a heat source circuit (12) including a compressor
(14) and a heat- �source heat exchanger (15) connect-
ed to each other, wherein
the heat source circuit (12) includes

a first gas port (31) which is provided at an end
of a first gas line (25) constantly communicating
with a discharge side of the compressor (14),
a second gas port (32) which is provided at an
end of a second gas line (26) constantly com-
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municating with a suction side of the compressor
(14),
a third gas port (33) which is provided at an end
of a third gas line (27) selectively communicating
with one of the first gas line (25) and the second
gas line (26),
a liquid port (34) which is provided at an end of
a liquid line (28) constantly communicating with
a liquid inlet/ �outlet end of the heat- �source heat
exchanger (15),
a first switching mechanism (17) which switches
a gas inlet/ �outlet end of the heat-�source heat
exchanger (15) into communication with the dis-
charge side of the compressor (14) or commu-
nication with the suction side of the compressor
(14), and
a second switching mechanism (18) which
switches the third gas line (27) into communica-
tion with the first gas line (25) or communication
with the second gas line (26).

2. A refrigeration system comprising: �

the heat source unit (10) of the refrigeration sys-
tem (5) of claim 1; and
a heat using unit (7) having a heat- �using circuit
(8) including a decompression mechanism (41)
and a heat- �using heat exchanger (40) connect-
ed to each other to be arranged in this order from
a liquid inlet/ �outlet end of the heat-�using circuit
(8), wherein
a refrigerant circuit (9) is constituted by connect-
ing the third gas port (33) of the heat source
circuit (12) of the heat source unit (10) and a gas
inlet/ �outlet end of the heat-�using circuit (8), and
connecting the liquid port (34) of the heat source
circuit (12) and the liquid inlet/�outlet end of the
heat-�using circuit (8), the refrigerant circuit (9)
performing a vapor compression refrigeration
cycle.

3. The refrigeration system of claim 2, further compris-
ing:�

an auxiliary unit (50) having an auxiliary heat
exchanger (52), a first connection port (56) con-
stantly communicating with a liquid inlet/�outlet
end of the auxiliary heat exchanger (52), a sec-
ond connection port (57) and a third connection
port (58) with which a gas inlet/ �outlet end of the
auxiliary heat exchanger (52) selectively com-
municates, and an auxiliary switching mecha-
nism (54) which switches the gas inlet/ �outlet end
of the auxiliary heat exchanger (52) into com-
munication with the second connection port (57)
or communication with the third connection port
(58), wherein
in the refrigerant circuit (9), the first connection

port (56) is connected to the liquid port (34) of
the heat source circuit (12), the second connec-
tion port (57) is connected to the first gas port
(31) of the heat source circuit (12), and the third
connection port (58) is connected to the second
gas port (32) of the heat source circuit (12).

4. The refrigeration system of claim 2 or 3, wherein
a plurality of heat using units (7) are provided, and
in the refrigerant circuit (9), a plurality of heat-�using
circuits (8) connected to the heat source circuit (12)
are parallel to each other.

5. The refrigeration system of claim 4, further compris-
ing:�

switching units (60) corresponding to the plural-
ity of the heat using units (7), respectively, each
of which including operation state switching
mechanisms (63, 64) which switch a gas inlet/
outlet end of the heat- �using circuit (8) of the heat
using unit (7) into communication with the sec-
ond gas port (32) or communication with the third
gas port (33).
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