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(67)  To provide a refrigeration cycle device that has FIG. 1
a refrigerant flow path with a structure to form a counter
flow of air and refrigerant not only during cooling, but also
during heating, and that allows low-pressure two-phase
refrigerant to flow through a liquid pipe and can thereby
reduce the amount of refrigerant needed. The refrigera-
tion cycle device includes: an outdoor unit 1 including a
compressor 5, a four-way valve 6, an outdoor heat ex-
changer 7, and an outdoor expansion valve 9, the
four-way valve 6 being configured to switch between
cooling operation and heating operation; an indoor unit
2 including an indoor heat exchanger 12 and an indoor
expansion valve 14; and a gas pipe 3 and a liquid pipe
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unit 2; and at least either one of a first bridge circuit 10 Ry COINe
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having a configuration including a plurality of flow path PIRECTIONBURE HEATNG
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through the outdoor heat exchanger 7 in the same direc-

tion both during the cooling operation and during the heat-

ing operation, and a second bridge circuit 15 having a

configuration including a plurality of flow path open-

ing-closing units 16 to allow the refrigerant to flow through

the indoor heat exchanger 12 in the same direction both

during the cooling operation and during the heating op-
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Description
Technical Field

[0001] The presentdisclosure relates to a refrigeration
cycle device that conditions air, and particularly relates
to a refrigeration cycle device configured to be capable
of switching between cooling operation and heating op-
eration.

Background Art

[0002] Many of the current refrigeration cycle devices
that condition air are configured to change the refrigerant
flow directions to select either cooling operation or heat-
ing operation.

[0003] Inrecentyears, for the purpose of reducing the
global warming performance (GWP) of refrigerant filled
in a refrigeration cycle device, application of a non-aze-
otropic refrigerant mixture, in which multiple types of re-
frigerants with different boiling points are mixed together,
has been under consideration.

[0004] The non-azeotropic refrigerant mixture has
properties that the saturation temperature varies be-
tween the process of condensation and the process of
evaporation. In view of that, a heat exchanger that ex-
changes heat between air and refrigerant is designed to
have a flow direction of air and a flow direction of refrig-
erant such that heat is exchanged between the air on its
inlet side and the refrigerant on its outlet side, and such
that heatis exchanged between the refrigerant onits inlet
side and the air on its outlet side. That is, the heat ex-
changer is designed to form such a counter flow as to
easily ensure a sufficient temperature difference be-
tween air and refrigerant in the entirety of the heat ex-
changer.

[0005] However, in a refrigeration cycle device that
switches between the refrigerant flow direction for cooling
operation and the refrigerant flow direction for heating
operation, when either the flow direction for cooling op-
eration or the flow direction for heating operation is se-
lected, the heat exchanger forms a parallel flow of refrig-
erant and air, which degrades its performance.

[0006] A method to avoid the problems as described
above has been known as employing a bridge circuit that
uses a plurality of check valves to thereby prevent the
positions of refrigerant inlet and refrigerant outlet of a
heat exchanger from being reversed between during
cooling and during heating, so that the heat exchanger
forms a counter flow of refrigerant and air not only during
cooling, but also during heating (for example, Patent Lit-
erature 1).

Citation List
Patent Literature

[0007] PatentLiterature 1: Japanese Unexamined Pat-
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ent Application Publication No. H09-178283
Summary of Invention
Technical Problem

[0008] However, in the refrigeration cycle device hav-
ing the configuration as disclosed in Patent Literature 1,
condensed and liquified high-pressure refrigerant flows
through a liquid pipe extending between an outdoor heat
exchanger and an indoor heat exchanger not only during
cooling operation, but also during heating operation. This
results in a problem that the amount of refrigerant needed
is increased.

[0009] In addition, the indoor side expansion valve
needs to be fully closed when cooling operation is se-
lected, and the outdoor side expansion valve needs to
be fully closed when heating operation is selected. This
results in a problem that the expansion valves frequently
operate to be opened and closed, which degrades the
durability of the expansion valves.

[0010] The presentdisclosure has been made to solve
the above problems, and it is an object of the present
disclosure to provide a refrigeration cycle device that has
a configuration in which at least either one of an outdoor
heat exchanger and an indoor heat exchanger forms a
counter flow not only during cooling, but also during heat-
ing, and that can reduce the amount of refrigerant need-
ed.

Solution to Problem

[0011] To achieve the above object, a refrigeration cy-
cle device according to an embodiment of the present
disclosure includes:

an outdoor unit including a compressor, a four-way
valve, an outdoor heat exchanger, and an outdoor
expansion valve, the four-way valve being config-
ured to switch between cooling operation and heat-
ing operation;

an indoor unit including an indoor heat exchanger
and an indoor expansion valve; and

a gas pipe and a liquid pipe configured to connect
the outdoor unit and the indoor unit to form a refrig-
erant circuit, the refrigerant circuit being filled with a
non-azeotropic refrigerant mixture, wherein

the refrigeration cycle device comprises at least ei-
ther one of

a first bridge circuit accommodated in the outdoor
unit, the first bridge circuit having a configuration in-
cluding a plurality of flow path opening-closing units
to allow the non-azeotropic refrigerant mixture to flow
through the outdoor heat exchanger in a same di-
rection both during the cooling operation and during
the heating operation, a flow path opening-closing
unit of the plurality of flow path opening-closing units,
installed in a flow path connecting the liquid pipe and
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an outlet side of the outdoor heat exchanger, being
the outdoor expansion valve, and

a second bridge circuit having a configuration includ-
ing a plurality of flow path opening-closing units to
allow the non-azeotropic refrigerant mixture to flow
through the indoor heat exchanger in a same direc-
tion both during the cooling operation and during the
heating operation, a flow path opening-closing unit
of the plurality of flow path opening-closing units, in-
stalled in a flow path connecting the liquid pipe and
an outlet side of the indoor heat exchanger, being
the indoor expansion valve. Advantageous Effects
of Invention

[0012] In the refrigeration cycle device according to an
embodiment of the present disclosure, the first bridge
circuit and the second bridge circuit allow the outdoor
heat exchanger and the indoor heat exchanger to form
a counter flow both during cooling and during heating.
Thus, even when a non-azeotropic refrigerant mixture is
applied as refrigerant, the heat exchangers still ensure
a sufficient temperature difference between air and the
refrigerant from their inlet to outlet, and can thereby ex-
change heat efficiently, so that the performance of the
refrigeration cycle device is improved.

[0013] The refrigerant flowing through the liquid pipe
is brought into a low-pressure two-phase state not only
during cooling operation, but also during heating opera-
tion. The liquid pipe is not filled with liquid refrigerant in
any operational state, so that the amount of refrigerant
filled in the refrigerant circuit can be reduced.

Brief Description of Drawings
[0014]

[Fig. 1] Fig. 1 is a refrigerant circuit configuration di-
agram of a refrigeration cycle device according to
Embodiment 1.

[Fig. 2] Fig. 2 is a schematic diagram illustrating a
relationship between an air flow direction and a re-
frigerant flow path of an outdoor heat exchanger ac-
cording to Embodiment 1.

[Fig. 3] Fig. 3 is a graph illustrating an example of
temperature variations from when refrigerant and air
enter a condenser to when the refrigerant and the
air flow out of the condenser.

[Fig. 4] Fig. 4 is a graph illustrating an example of
temperature variations from when refrigerant and air
enter an evaporator to when the refrigerant and the
air flow out of the evaporator.

[Fig. 5] Fig. 5 is a refrigerant circuit configuration di-
agram of a refrigeration cycle device according to
Embodiment 2.

[Fig. 6] Fig. 6 is a sectional view illustrating the con-
figuration of the flow path extending from an indoor
heat exchanger outlet to a liquid pipe in an indoor
bridge circuit according to Embodiment 2.
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[Fig. 7] Fig. 7 is a refrigerant circuit configuration di-
agram of a refrigeration cycle device according to
Embodiment 3.
[Fig. 8] Fig. 8 is a refrigerant circuit configuration di-
agram of a refrigeration cycle device according to
Embodiment 4.

Description of Embodiments

[0015] Hereinafter, the refrigeration cycle device ac-
cording to the embodiments of the present disclosure will
be described in detail with reference to the drawings.
Note that the same orequivalentcomponentsin the draw-
ings below are denoted by the same reference numerals,
and descriptions thereof are not repeated.

Embodiment 1
Configuration of refrigeration cycle device

[0016] Fig. 1 is a refrigerant circuit configuration dia-
gram of a refrigeration cycle device according to Embod-
iment 1 of the present disclosure. As illustrated in Fig. 1,
in a refrigeration cycle device 100, an outdoor unit 1 and
an indoor unit 2 are connected by a gas pipe 3 and a
liquid pipe 4, forming a single refrigerant circuit. This re-
frigerant circuit is filled with R407C that is a refrigerant
mixture of three types of HFC refrigerants with different
boiling points. The refrigerant to be filled is not limited to
this refrigerant mixture. For example, a refrigerant mix-
ture of HF O refrigerants, R1234yf and R32, may also be
employed. A refrigerant mixture containing an HC refrig-
erant such as R290 or a natural refrigerant such as CO,
as one of the components may also be employed.
[0017] The outdoor unit 1 has a compressor 5, a four-
way valve 6, an outdoor heat exchanger 7, an outdoor
fan 8, and an outdoor bridge circuit 10 incorporated there-
in. The operational capacity of the compressor 5 is ad-
justable. On the upstream side and the downstream side
of the outdoor heat exchanger 7, an outdoor inlet header
17a and an outdoor outlet header 17b are installed that
each have an end connected to the outdoor bridge circuit
10 on the opposite side to the outdoor heat exchanger
7. The outdoor fan 8 provided along with the outdoor heat
exchanger 7 changes the amount of air delivered to the
outdoor heat exchanger 7 to adjust the amount of heat
exchange between refrigerant and outside air.

[0018] The outdoor bridge circuit 10 includes four in-
let/outlet ports in total at one end of the outdoor inlet
header 17a described above, at one end of the outdoor
outlet header 17b described above, at one end of the
four-way valve 6, and at a connection end with the liquid
pipe 4. The outdoor bridge circuit 10 is made up of three
check valves 11a, 11b, and 11c, and an outdoor expan-
sion valve 9. The outdoor expansion valve 9 has a con-
figuration in which its valve body is movable by a pulse
motor or other motor. The opening degree of the outdoor
expansion valve 9 is adjustable continuously from a fully
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closed state to a fully opened state. In the outdoor bridge
circuit 10, a refrigerant flow path is formed such that re-
frigerant flows toward the indoorinlet header 17a not only
during cooling operation in which refrigerant enters from
the four-way valve 6, but also during heating operation
in which refrigerant enters from the liquid pipe 4.

[0019] Theindoor unit2 has anindoor heat exchanger
12, an indoor fan 13, and an indoor bridge circuit 15 in-
corporated therein. The indoor fan 13 is configured to
adjust the amount of heat exchange between refrigerant
flowing through the indoor heat exchanger 12 and the
room air. At opposite ends of the indoor heat exchanger
12,anindoorinlet header 18a and anindoor outlet header
18b are installed, while being connected to the indoor
bridge circuit 15 at an end of the respective headers on
the opposite side to the indoor heat exchanger 12.
[0020] The indoor bridge circuit 15 includes three
check valves 16a, 16b, and 16¢, and an indoor expansion
valve 14. Similarly to the outdoor expansion valve 9, the
opening degree of the indoor expansion valve 14 is ad-
justable continuously from a fully closed state to a fully
opened state. In the indoor bridge circuit 15, a refrigerant
flow path is formed such that refrigerant flows through
the indoor heat exchanger 12 from the indoorinlet header
18a not only during cooling operation in which refrigerant
enters from the liquid pipe 4, but also during heating op-
eration in which refrigerant enters from the gas pipe 3.
[0021] Fig. 2 is a schematic diagram illustrating a re-
lationship between an air flow direction and a refrigerant
flow path of the outdoor heat exchanger 7. The outdoor
heatexchanger 7 is made up of a plurality of heat transfer
tubes 19 and a plurality of layered fins 20. The heat trans-
fer tubes 19 are circular tubes made of copper. In the
presentembodiment, the heat transfer tubes 19 are lined
upinsixin the vertical direction and arranged in four rows
in the air flow direction. The fins 20, each of which is a
thin plate made of aluminum with a thickness of approx-
imately 0.1 mm, are layered with a 1 to 2 mm spacing in
between.

[0022] A flow of refrigerant into the outdoor heat ex-
changer 7 is divided at the outdoor inlet header 17a into
three flows. The three flows of refrigerant enter the out-
door heat exchanger 7, move in the row direction while
flowing back and forth in the direction in which the fins
20 are layered, and then merge at the outdoor outlet
header 17b. In contrast, a flow of the outside air gener-
ated by the outdoor fan 8 (not illustrated) moves from the
right side to the left side on the drawing, so that a com-
monly-called counter flow is formed, in which the air and
the refrigerant exchange heat between the air inlet side
and the refrigerant outlet side and between the air outlet
side and the refrigerant inlet side. The indoor heat ex-
changer 12 also has the same configuration as this con-
figuration, in which the refrigerant inlet and the air outlet
are thermally in contact with each other, while the refrig-
erant outlet and the air inlet are thermally in contact with
each other. Subsequently, refrigerant control during cool-
ing operation and during heating operation is described.
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Cooling operation

[0023] During cooling operation, in the four-way valve
6 illustrated in Fig. 1, an internal flow path is set in a
direction of the solid line. Refrigerant discharged from
the compressor 5 enters the outdoor bridge circuit 10 via
the four-way valve 6. The refrigerant having entered the
outdoor bridge circuit 10 passes through the check valve
11a, and enters the indoor heat exchanger 12 from the
inlet header 17a. At this time, the check valve 11b is
closed because the pressure on the outlet side is in-
creased to a high level. The refrigerant, having trans-
ferred heat to the outside air in the indoor heat exchanger
12 and then condensed and liquified, passes through the
outdoor outlet header 17b, enters the outdoor bridge cir-
cuit 10 again, and is then reduced in pressure by the
outdoor expansion valve 9 into low-pressure two-phase
refrigerant. The opening degree of the outdoor expansion
valve is controlled, for example, in such a manner that
the temperature of gas refrigerant discharged from the
compressor 5 reaches its target value.

[0024] The refrigerant in a low-pressure two-phase
state having flowed out of the outdoor unit 1 passes
through the liquid pipe 4 and enters the indoor unit 2. In
the indoor unit 2, the refrigerant enters the indoor bridge
circuit 15, passes through the check valve 16¢, and en-
ters the indoor heat exchanger 12 from the indoor inlet
header 18a. At this time, the indoor expansion valve 14
is closed to prevent the refrigerant from flowing through
the indoor expansion valve 14.

[0025] The refrigerant having entered the indoor heat
exchanger 12 is heated by the room air, then evaporates
into low-pressure gas refrigerant, and flows out of the
indoor outlet header 18b. The refrigerant having flowed
out of the indoor heat exchanger 12 enters the indoor
bridge circuit 15 again, passes through the check valve
16b, and flows out of the indoor unit 2.

[0026] The refrigerant having flowed out of the indoor
unit 2 flows through the gas pipe 3, returns to the outdoor
unit 1, and is then suctioned into the compressor 5 via
the four-way valve 6. In this manner, the non-azeotropic
refrigerant filled in the refrigeration cycle device 100 cir-
culates in the refrigerant circuit to perform cooling oper-
ation.

[0027] As explained above, during cooling operation,
since the refrigerant having condensed in the outdoor
heat exchanger 7 is reduced in pressure by the outdoor
expansion valve 9, the refrigerant flowing through the
liquid pipe 4 is low-pressure two-phase refrigerant. The
temperature of the low-pressure two-phase refrigerant is
relatively low. When the liquid pipe 4 is in contact with
the outside air, condensation of water contained in the
outside air can occur. It is thus necessary to insulate the
liquid pipe 4 sufficiently. Meanwhile, the density of the
low-pressure two-phase refrigerant is lower than that of
high-pressure liquid refrigerant having condensed in the
outdoor heat exchanger 7. Thus, the amount of refriger-
ant filled in the refrigerant circuit can be reduced.
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[0028] Fig. 3 is a graph illustrating an example of tem-
perature variations from when refrigerant and air enter
the condenser to when the refrigerant and the air flow
out of the condenser. Fig. 4 is a graph illustrating an ex-
ample of temperature variations from when refrigerant
and air enter the evaporator to when the refrigerant and
the air flow out of the evaporator. In Figs. 3 and 4, the
vertical axis represents the temperature, while the hori-
zontal axis represents the relative positions of refrigerant
and air on the path extending from the inlet to the outlet
of the heat exchanger. Since the condenser and evapo-
rator illustrated in Figs. 3 and 4 have a structure to form
a counter flow, refrigerant flows through the condenser
orthe evaporator from the left-side end A toward the right-
side end B on the horizontal axis, while air flows through
the condenser or the evaporator from the right-side end
B toward the left-side end A. The section C on the hori-
zontal axis shows that the refrigerant is in a two-phase
gas-liquid state.

[0029] Fig. 3 illustrates variations in the temperature
of airand the temperature of refrigerantinside the outdoor
heat exchanger 7 that operates as a condenser during
cooling operation in this embodiment. The refrigerant en-
ters the outdoor heat exchanger 7 in a high-temperature
gas state at a temperature of approximately 70 degrees
C. This refrigerant flows through the outdoor heat ex-
changer 7, is cooled by the air, and then starts liquefying
at a temperature of around 50 degrees C. Since the re-
frigerant is a non-azeotropic refrigerant mixture, the tem-
perature of this refrigerant gradually decreases even in
the section C in which the refrigerant is in a two-phase
state, and further decreases even after the refrigerant
has liquefied completely. On the outlet side of the outdoor
heat exchanger 7, the refrigerant is cooled to a temper-
ature close to the air inlet temperature at 35 degrees C
to ensure a predetermined degree of subcooling. There-
after, the refrigerant flows out of the outdoor heat ex-
changer 7. In contrast, a phase change of the air does
not occur during the process of exchanging heat. Thus,
after entering the outdoor heat exchanger 7 at a temper-
ature of 35 degrees C, the air is heated with heat from
the refrigerant, which simply increases the air tempera-
ture.

[0030] In the condenser having the structure to form a
counter flow as described above, the air at a sufficiently
high temperature on the air outlet side exchanges heat
with high-temperature gas refrigerant on the refrigerant
inlet side, while the subcooled liquid refrigerant on the
refrigerant outlet side exchanges heat with the outside
air on the air inlet side. Even after the refrigerant has
changed from the two-phase gas-liquid state to a single-
phase liquid state, a sufficient temperature difference be-
tween this refrigerant and the air is still ensured, so that
the condenser can exchange heat with high efficiency.
[0031] Fig. 4 illustrates temperature variations in the
indoor heat exchanger 12 that serves as an evaporator
during cooling operation in this embodiment. Refrigerant
that enters the indoor heat exchanger 12 is in a low-pres-
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sure two-phase state at a temperature of approximately
10 degrees C at the refrigerant inlet A. The temperature
of the refrigerant gradually increases, while this refriger-
ant exchanges heat with the room air. This refrigerant
flows out of the section C showing that the refrigerant is
in a two-phase state. Thereafter, the refrigerant further
exchanges heat with the room air, and then flows out of
the refrigerant outlet B in a low-pressure gas state with
a predetermined degree of superheat.

[0032] Incontrast, the temperature of air at the air inlet
B is the room temperature at approximately 27 degrees
C. The air is cooled by the refrigerant to a lower temper-
ature of approximately 15 degrees C at the air outlet A.
The cooling operation is performed by delivering this low-
er-temperature air to the room.

[0033] Inthe evaporator having the structure to form a
counter flow as described above, due to the properties
of non-azeotropic refrigerant mixture, the refrigerant and
the air exchange heat at the refrigerant inlet where the
refrigerant temperature is lowest and at the air outlet
where the airtemperature is lowest. This allows the evap-
orator to efficiently cool the air, and also allows the re-
frigerant to exchange heat with the room air on the re-
frigerant outlet side where the room air is maintained at
a high temperature. Thus, the refrigerant can obtain a
sufficient degree of superheat.

Heating operation

[0034] During heating operation, in the four-way valve
6 illustrated in Fig. 1, an internal flow path is set in a
direction of the dotted line. Refrigerant discharged from
the compressor 5 flows out of the outdoor unit 1 via the
four-way valve 6. The refrigerant having flowed out of the
outdoor unit 1 enters the indoor unit 2 via the gas pipe
3, and initially enters the indoor bridge circuit 15. In the
indoor bridge circuit 15, the refrigerant passes through
the check valve 16a, then flows out of the indoor bridge
circuit 15, and enters the indoor heat exchanger 12 from
the indoor inlet header 18a. At this time, the check valve
16b is closed because the pressure on the outlet side is
increased to a high level.

[0035] In the indoor heat exchanger 12, refrigerant
transfers heat to the room air to condense and liquify,
and then flows out of the indoor heat exchanger 12 from
the indoor outlet header 18b. The refrigerant having
flowed out of the indoor heat exchanger 12 enters the
indoor bridge circuit 15 again, and is reduced in pressure
by the indoor expansion valve 14 to be brought into a
low-pressure two-phase state.

[0036] The refrigerant having been brought into a low-
pressure two-phase state flows out of the indoor unit 2,
and then enters the outdoor unit 1 via the liquid pipe 4.
In the outdoor unit 1, the refrigerant passes through the
check valve 11c provided in the outdoor bridge circuit 10,
and enters the outdoor heatexchanger 7 from the outdoor
inlet header 17a.

[0037] In the outdoor heat exchanger 7, refrigerant is
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heated by the outside air to be brought into a low-pres-
sure gas state, and enters the outdoor bridge circuit 10
again via the outdoor outlet header 17b. At this time, the
outdoor expansion valve 9 is closed, and thus the refrig-
erant passes through the check valve 11b and flows out
of the outdoor bridge circuit 10. Subsequently, the refrig-
erant is suctioned into the compressor 5 again via the
four-way valve 6.

[0038] As described above, in the refrigeration cycle
device 100 in the present Embodiment 1, refrigerant flow-
ing through the outdoor heat exchanger 7 and the indoor
heat exchanger 12 forms, along with the air, a counter
flow not only during cooling operation, but also during
heating operation. With this configuration, the heat ex-
changers ensure a sufficient temperature difference be-
tween the air and the refrigerant from their inlet to outlet,
and can thereby exchange heat efficiently, so that the
performance of the refrigeration cycle device isimproved.
This effectis exhibited significantly when the refrigeration
cycle device 100 uses a non-azeotropic refrigerant mix-
ture.

[0039] Note that while a bridge circuit is accommodat-
ed in each of the outdoor unit 1 and the indoor unit 2 in
the present embodiment, even when either the outdoor
unit 1 or the indoor unit 2 is provided with the bridge
circuit, the heat exchange efficiency in either one provid-
ed with the bridge circuit is still improved. Therefore, the
effect of improving the performance of the refrigeration
cycle device can be obtained.

[0040] Further, in the refrigeration cycle device in the
present embodiment, refrigerant flowing through the lig-
uid pipe 4 is brought into a low-pressure two-phase state
not only during cooling operation, but also during heating
operation. The liquid pipe 4 is not filled with liquid refrig-
erant in any operational state, so that the amount of re-
frigerant filled in the refrigerant circuit can be reduced.

Embodiment 2

[0041] Fig. 5 is a refrigerant circuit configuration dia-
gram of a refrigeration cycle device 101 according to Em-
bodiment 2 of the present disclosure. In contrast to the
refrigeration cycle device 100 according to Embodiment
1, the refrigeration cycle device 101 includes a check
valve 11d installed in the flow path of an outdoor bridge
circuit 110, in which the outdoor expansion valve 9 is
located. In the flow path of an indoor bridge circuit 115,
in which the indoor expansion valve 14 is located, a check
valve 16d is installed and also a rectifier 20 is installed
on the upstream side of the indoor expansion valve 14.
[0042] Intheoutdoorbridge circuit 110, the check valve
11d mechanically blocks the flow path provided with the
outdoor expansion valve 9 to prevent the refrigerant, en-
tering the outdoor unit 1 from the liquid pipe 4 during
heating operation, from flowing toward the outlet side of
the indoor heat exchanger 12. Due to this configuration,
a refrigerant circuit for heating operation is formed with-
out fully closing the outdoor expansion valve 9 during
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heating operation.

[0043] The operation of the expansion valve to be fully
closed often involves operation of the valve body fre-
quently colliding against the valve seat. Thus, particularly
on such an operational condition that cooling and heating
are alternately performed, this operation promotes the
wearing out of the expansion valve. According to the
present embodiment, the number of times of controlling
the opening degree of the outdoor expansion valve 9 is
decreased, so that deterioration of the outdoor expansion
valve 9 over time can be reduced.

[0044] Similarly to the outdoor bridge circuit 110, in the
indoor bridge circuit 115, the check valve 16d mechani-
cally stops refrigerant from flowing from the liquid pipe 4
toward the outlet side of the indoor heat exchanger 12
during cooling operation. This eliminates the need for
fully closing the outdoor expansion valve 14 during cool-
ing operation. This decreases the number of times of
controlling the opening degree of the indoor expansion
valve 14, so that deterioration of the indoor expansion
valve 14 over time can be reduced.

[0045] Fig. 6 is a sectional view illustrating the flow
path configuration provided with the indoor expansion
valve 14 in the indoor bridge circuit 115. A rectifier 20
includes a rectification portion 21 therein. The rectifica-
tion portion 21 is made of metallic mesh or foam metal.
Even in a circumstance where bubbles do not continu-
ously flow to the inlet of the expansion valve 14, such as
a case where a refrigerant distribution is unstable imme-
diately after the refrigeration cycle device 100 has started
heating operation, the rectifier 20 still converts the bub-
bles to a uniform flow of bubbles in the rectification portion
21. This prevents generation of irregular vibration or re-
frigerant flow sound in the indoor expansion valve 14,
and ensures the comfort of the room environmentwithout
being impaired by noise from the refrigeration cycle de-
vice.

[0046] As described above, the refrigeration cycle de-
vice 101 according to Embodiment 2 can achieve the
same effects as those obtained by the refrigeration cycle
device 100 according to Embodiment 1. Further, the re-
frigeration cycle device 101 includes the check valves
11d and 16d, so that the number of times of controlling
the opening degree of the outdoor expansion valve 9 and
the indoor expansion valve 14 is decreased, and thus
deterioration of the expansion valves over time can be
reduced. Furthermore, the refrigeration cycle device 101
includes the rectifier 20, and therefore can provide com-
fortable air-conditioned environment without generating
refrigerant flow sound or irregular vibration in the room.

Embodiment 3

[0047] Fig. 7 is a refrigerant circuit configuration dia-
gram of a refrigeration cycle device 102 according to Em-
bodiment 3 of the present disclosure. In contrast to the
refrigeration cycle device 100 according to Embodiment
1, the refrigeration cycle device 102 has an indoor bridge
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circuit 215 that is located independently from the indoor
unit 2, instead of being incorporated in the indoor unit 2.
Indoor units 2a, 2b, and 2c are connected in parallel to
the indoor bridge circuit 215, and include opening-closing
valves 22a, 22b, and 22c, respectively, on the refrigerant
inlet side of indoor heat exchangers 12a, 12b, and 12c.
The opening-closing valves 22a, 22b, and 22c can block
refrigerant from flowing through the indoor heat exchang-
ers 12a, 12b, and 12c.

[0048] The refrigeration cycle device 102 is an air-con-
ditioning device for multiple rooms. The indoor units 2a,
2b, and 2c are installed in the respective rooms to control
the air temperature in their respective rooms. At this time,
assuming that each of the indoor units 2a, 2b, and 2c is
provided with each individual indoor bridge circuit 15 as
described in Embodiment 1 or Embodiment 2, the air
conditioning capacity cannot be adjusted for each indi-
vidual room during cooling operation. For this reason,
when the air conditioning loads are unbalanced between
the rooms, the air conditioning capacity may be exces-
sive or insufficient depending on the air conditioning load
in each of the rooms.

[0049] The refrigeration cycle device 102 includes the
opening-closing valves 22a, 22b, and 22c¢ in individual
indoor units. Thus, when the air conditioning capacity
becomes excessive for a certain room during cooling op-
eration or heating operation, the corresponding opening-
closing valve is closed temporarily to prevent the air con-
ditioning capacity for the certain room from being fully
utilized. With this configuration, even when a plurality of
indoor units are connected, it is still possible to independ-
ently control the air conditioning capacity for each indi-
vidual indoor unit, so that the refrigeration cycle device
102 can provide comfortable air-conditioned environ-
ment.

[0050] Since the refrigeration cycle device 102 has a
configuration in which a plurality of indoor units are con-
nected to a single unit of indoor bridge circuit 215, the
number of components that make up the bridge circuit,
such as a check valve, is reduced, and accordingly the
manufacturing costs are reduced.

[0051] As described above, the refrigeration cycle de-
vice 102 according to Embodiment 3 can still achieve the
same effects as those obtained by the refrigeration cycle
device 100 according to Embodiment 1, even when the
refrigeration cycle device 102 connects to a plurality of
indoor units to serve as an air-conditioning device for
multiple rooms. That is, the outdoor heat exchanger 7
and the indoor heat exchangers 12a, 12b, and 12c can
form a counter flow, and also change the refrigerant flow-
ing through the liquid pipe 4 to low-density two-phase
refrigerant not only during cooling, but also during heat-
ing. Further, the air conditioning capacity for each indi-
vidual indoor unit can be adjusted, so that even when the
air conditioning loads are unbalanced between the
rooms, the refrigeration cycle device 102 can still provide
comfortable air-conditioned environment.

[0052] The refrigerantcircuitis made up of a single unit
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of indoor bridge circuit 215 for a plurality of indoor units
2a, 2b, and 2c, so that the number of components that
make up the refrigerant circuit, such as a check valve, is
reduced and accordingly the manufacturing costs can be
reduced.

Embodiment 4

[0053] Fig. 8 is a refrigerant circuit configuration dia-
gram of a refrigeration cycle device 103 according to Em-
bodiment 4 of the present disclosure. In contrast to the
refrigeration cycle device 100 according to Embodiment
1, the refrigeration cycle device 103 uses a mechanical
fixed throttle 31 such as a capillary tube as an expansion
unitincorporated in an indoor bridge circuit 315. The out-
door expansion valve 9 is not incorporated in the outdoor
bridge circuit 10, but is located between the liquid pipe 4
and one end of the outdoor bridge circuit 10.

[0054] Intheindoor bridge circuit 315, the fixed throttle
31 located in series to the flow path provided with the
check valve 16d is designed to have such a flow resist-
ance as to reduce the pressure of high-pressure liquid
refrigerant, having flowed out of the indoor heat exchang-
er 12 during heating operation, to a two-phase gas-liquid
state. During heating operation, the refrigerant having
been brought into a two-phase gas-liquid state by the
fixed throttle 31 enters the outdoor unit 1 via the liquid
pipe 4.

[0055] The refrigerant having entered the outdoor unit
1is further reduced in pressure by the outdoor expansion
valve 9, and thereafter enters an outdoor bridge circuit
310. At this time, the opening degree of the outdoor ex-
pansion valve 9 is controlled, for example, in such a man-
ner that the temperature of gas discharged from the com-
pressor 5 reaches its target value. That is, in the refrig-
eration cycle device 103 according to the present Em-
bodiment4, first the fixed throttle 31 located in the outdoor
bridge circuit 315 reduces the pressure of refrigerant that
flows through the liquid pipe 4 into a two-phase state,
and further the outdoor expansion valve 9 reduces the
pressure of this refrigerant to an appropriate level.
[0056] Since the indoor bridge circuit 315 is made up
of only the check valves 16a, 16b, 16¢c, and 16d, and the
fixed throttle 31, the indoor bridge circuit 315 does not
need a power source or a signal for controlling the open-
ing degree. Due to this configuration, it is unnecessary
to connect electric wires to the indoor bridge circuit 315,
so that the installation location is less limited, while the
installation work is simplified.

[0057] The opening degree of the outdoor expansion
valve 9 is controlled not only during cooling operation,
but also during heating operation. Thus, when only the
outdoor unit 1 is provided with a controller for the expan-
sion valve, it is still possible to control the flow rate of
refrigerant, and costs of the components such as an elec-
tric circuit can be reduced.

[0058] As described above, the refrigeration cycle de-
vice 103 according to Embodiment 4 can achieve the
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same effects as those obtained by the refrigeration cycle
device 100 according to Embodiment 1. That is, the out-
door heat exchanger 7 and the indoor heat exchanger
12 can form a counter flow, and also change the refrig-
erant flowing through the liquid pipe 4 to low-density two-
phase refrigerant not only during cooling, but also during
heating.

[0059] The indoor bridge circuit 315 is made up of only
mechanical components, so that electric wires are not
needed and therefore costs of the installation work can
be reduced.

[0060] The opening degree of the outdoor expansion
valve 9 is controlled to adjust the flow rate of refrigerant
not only during cooling operation, but also during heating
operation. Itis thus unnecessary to provide an expansion
valve drive circuit on the indoor side, and accordingly
costs of the electric components can be reduced.
[0061] The configurations described in the foregoing
embodiments are examples of the present disclosure.
Combining these configurations with other publicly
known techniques is possible, and partial omissions and
modifications of the configurations are possible without
departing from the spirit of the present disclosure.

Reference Signs List

[0062] 1:outdoor unit, 2, 2a, 2b, 2c: indoor unit, 3: gas
pipe, 4: liquid pipe, 5: compressor, 6: four-way valve, 7:
outdoor heat exchanger, 8: outdoor fan, 9: outdoor ex-
pansion valve, 10, 110, 310: outdoor bridge circuit, 11a,
11b, 11c, 11d: outdoor check valve, 12, 12a, 12b, 12c:
indoor heat exchanger, 13, 13a, 13b, 13c: indoor fan, 14:
indoor expansion valve, 15, 115, 215, 315: indoor bridge
circuit, 16a, 16b, 16c, 16d: indoor check valve, 17a: out-
doorinlet header, 17b: outdoor outlet header, 18a: indoor
inlet header, 18b: indoor outlet header, 20: rectifier, 21:
rectification portion, 22a, 22b, 22c: opening-closing
valve, 31: fixed throttle, 100, 101, 102, 103: refrigeration
cycle device

Claims
1. A-refrigeration cycle device comprising:

an outdoor unit including a compressor, a four-
way valve, an outdoor heat exchanger, and an
outdoor expansion valve, the four-way valve be-
ing configured to switch between cooling oper-
ation and heating operation;

anindoor unitincluding an indoor heat exchang-
er and an indoor expansion valve; and

a gas pipe and a liquid pipe configured to con-
nect the outdoor unit and the indoor unit to form
a refrigerant circuit, the refrigerant circuit being
filled with refrigerant, wherein

the refrigeration cycle device comprises at least
either one of
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a first bridge circuit accommodated in the out-
door unit, the first bridge circuit having a config-
uration including a plurality of flow path opening-
closing units to allow the refrigerant to flow
through the outdoor heat exchanger in a same
direction both during the cooling operation and
during the heating operation, a flow path open-
ing-closing unit of the plurality of flow path open-
ing-closing units, installed in a flow path con-
necting the liquid pipe and an outlet side of the
outdoor heat exchanger, being the outdoor ex-
pansion valve, and

a second bridge circuit having a configuration
including a plurality of flow path opening-closing
units to allow the refrigerant to flow through the
indoor heat exchanger in a same direction both
during the cooling operation and during the heat-
ing operation, a flow path opening-closing unit
ofthe plurality of flow path opening-closing units,
installed in a flow path connecting the liquid pipe
and an outlet side of the indoor heat exchanger,
being the indoor expansion valve.

The refrigeration cycle device of claim 1, wherein the
first bridge circuitincludes a first check valve located
in series to the outdoor expansion valve and config-
ured to stop the refrigerant from flowing through the
outdoor expansion valve during the heating opera-
tion.

The refrigeration cycle device of claim 1, wherein the
second bridge circuit includes a second check valve
located in series to the indoor expansion valve and
configured to stop the refrigerant from flowing
through the indoor expansion valve during the cool-
ing operation.

The refrigeration cycle device of any one of claims
1 to 3, wherein the second bridge circuit includes a
rectification unit on an upstream side of the indoor
expansion valve, the rectification unit being config-
ured to allow the refrigerant to flow in a uniform state.

A refrigeration cycle device comprising:

an outdoor unit including a compressor, a four-
way valve, an outdoor heat exchanger, and an
outdoor expansion valve, the four-way valve be-
ing configured to switch between cooling oper-
ation and heating operation;

a plurality of indoor units each including an in-
door heatexchanger and a solenoid valve; afirst
bridge circuitaccommodated in the outdoor unit,
the first bridge circuit having a configuration in-
cluding a plurality of flow path opening-closing
units to allow the refrigerant to flow through the
outdoor heatexchangerin a same direction both
during the cooling operation and during the heat-
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ing operation, a flow path opening-closing unit 7. The refrigeration cycle device of any one of claims
ofthe plurality of flow path opening-closing units, 1 to 6, wherein the refrigerant is a non-azeotropic
installed in a flow path connecting the liquid pipe refrigerant mixture made up of two or more types of
and an outlet side of the outdoor heat exchang- refrigerants with different boiling points.

er, being the outdoor expansion valve; 5

a second bridge circuit to which each of the plu-
rality of indoor units is connected in parallel, the
second bridge circuit having a configuration in-
cluding a plurality of flow path opening-closing
units to allow the refrigerant to flow through each 70
of the plurality of indoor units in a same direction
both during the cooling operation and during the
heating operation, the second bridge circuit in-
cluding an indoor expansion valve in a flow path
connecting the liquid pipe and an outlet side of 75
each of the plurality of indoor units; and

a gas pipe and a liquid pipe configured to con-
nect the outdoor unit and the second bridge cir-

cuit to form a refrigerant circuit, the refrigerant
circuit being filled with refrigerant. 20

6. A refrigeration cycle device comprising:

an outdoor unit including a compressor, a four-
way valve, an outdoor heat exchanger, and an 25
outdoor expansion valve, the four-way valve be-

ing configured to switch between cooling oper-
ation and heating operation;

anindoor unitincluding an indoor heat exchang-

er; and 30
a gas pipe and a liquid pipe configured to con-
nect the outdoor unit and the indoor unit to form

a refrigerant circuit, the refrigerant circuit being
filled with refrigerant, wherein

the refrigeration cycle device comprises: 35

a first bridge circuit accommodated in the
outdoor unit, the first bridge circuit having a
configuration including a plurality of flow
path opening-closing units to allow the re- 40
frigerant to flow through the outdoor heat
exchanger in a same direction both during

the cooling operation and during the heating
operation; and

a second bridge circuit having a configura- 45
tion including a plurality of flow path open-
ing-closing units to allow the refrigerant to
flow through the indoor unit in a same direc-

tion both during the cooling operation and
during the heating operation, the second 50
bridge circuitincluding a fixed throttle locat-

ed in series to a flow path opening-closing

unit of the plurality of flow path opening-
closing units, the flow path opening-closing
unitbeinginstalled in a flow path connecting 55
the liquid pipe and an outlet side of the in-
door unit.
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