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(54) REFRIGERATION CYCLE DEVICE

(57)  Arefrigeration cycle apparatus includes a heat
source unit (301), a plurality of indoor units (303a, 303b),
and a branch unit (302) configured to transfer refrigerant.
The branch unit (302) includes a plurality of six-way
valves (10a, 10b) each being provided for a correspond-
ing one of the plurality of indoor units (303a, 303b). Each
of the six-way valves includes a housing (41) having a
first port to a sixth port, and a valve body (42) disposed
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inside the housing and provided with a first flow path and
a second flow path. In a second switching state, the first
port communicates with the second port through the first
flow path, and the fourth port communicates with the fifth
port through the second flow path. In a first switching
state, the second port communicates with the third port
through the first flow path, and the fifth port communi-
cates with the sixth port through the second flow path.

«
©
~

0

w

w

a4
My

[ v
L.

- _
i el 0P oo )07

: / FLOW PATH>

iz 10a_/ - IObJ{” H
|

|

|

|

|

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 382 834 A1 2

Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to a refrigeration
cycle apparatus.

BACKGROUND ART

[0002] There is known a refrigeration cycle apparatus
in which a plurality of indoor units are connected to an
outdoor unit with a branch unit interposed therebetween.
In some of these refrigeration cycle apparatuses, each
of the plurality of indoor units is capable of selecting cool-
ing/heating independently of the operation states of cool-
ing/heating in other indoor units.

[0003] For example, in a large-scale building, heating
is required in an office room, whereas cooling may be
required in aroom in which heat is generated, such as a
computer room or a kitchen. When the above-mentioned
refrigeration cycle apparatus is employed in such a case,
air conditioning for cooling and heating different rooms
can be simultaneously achieved by one refrigeration cy-
cle apparatus. This air conditioning system is generally
called a simultaneous cooling and heating-type air con-
ditioning system.

[0004] As an example of such a simultaneous cooling
and heating-type air conditioning system, there is known
a system in which an outdoor unit and a branch unit are
connected by a total of two refrigerant pipes including a
first pipe and a second pipe (for example, Japanese Pat-
ent Laying-Open No. 2011-112233, PTL 1).

CITATION LIST
PATENT LITERATURE

[0005] PTL 1: Japanese Patent Laying-Open No.
2011-112233

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0006] However, in the configuration as disclosed in
Japanese Patent Laying-Open No. 2011-112233 (PTL
1) in which two solenoid valves and two check valves are
used as a mechanism for switching between a cooling
operation and a heating operation of each indoor unit,
there occur problems that the number of components is
increased, the cost becomes expensive, and a larger in-
stallation space is also required.

[0007] The presentdisclosure has been made in order
to describe embodiments for solving the above-de-
scribed problems, and relates to a refrigeration cycle ap-
paratus including a branch unit in which a mechanism
for switching between a cooling operation and a heating
operation of each indoor unit is implemented by a six-
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way valve.
SOLUTION TO PROBLEM

[0008] The presentdisclosure relates to a refrigeration
cycle apparatus. The refrigeration cycle apparatus in-
cludes: a heat source unit including a compressor and
an outdoor heat exchanger; a plurality of indoor units;
and a branch unit connected between the heat source
unit and the plurality of indoor units, the branch unit being
configured to transfer refrigerant. The branch unit has a
first pipe through which the refrigerant delivered from the
heat source unit passes, a second pipe through which
the refrigerant returning to the heat source unit passes,
athird pipe, a fourth pipe, a first expansion valve provided
between the first pipe and the third pipe, a second ex-
pansion valve provided between the fourth pipe and the
second pipe, and a plurality of six-way valves, each of
the plurality of six-way valves being provided for a cor-
responding one of the plurality of indoor units. Each of
the plurality of six-way valves has: a first port connected
to the second pipe; a second port connected to one end
of a refrigerant flow path of the corresponding one of the
plurality of indoor units; a third port connected to the first
pipe; a fourth port connected to the fourth pipe; a fifth
port connected to the other end of the refrigerant flow
path of the corresponding one of the plurality of indoor
units; a sixth port connected to the third pipe; a housing
having the first port to the sixth port; and a valve body
disposed inside the housing, the valve body being pro-
vided with a first flow path and a second flow path. The
valve body is configured to switch a communication state
of each of the plurality of six-way valves between a first
switching state and a second switching state. In the sec-
ond switching state, the first port communicates with the
second port through the first flow path, and the fourth
port communicates with the fifth port through the second
flow path. At this time, the third port and the sixth port
are closed. In the first switching state, the second port
communicates with the third port through the first flow
path, and the fifth port communicates with the sixth port
through the second flow path. At this time, the first port
and the fourth port are closed.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] The refrigeration cycle apparatus of the present
disclosure makes it possible to implement a refrigeration
cycle apparatus in which a cooling/heating switching
mechanism of an indoor unit is implemented by a six-
way valve to thereby achieve a less expensive and more
compact configuration as compared with the configura-
tion employing two solenoid valves and two check valves.

BRIEF DESCRIPTION OF DRAWINGS

[0010]
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Fig. 1 is a refrigerant circuit diagram showing a re-
frigerant circuit configuration of a refrigeration cycle
apparatus 300 according to a first embodiment.
Fig. 2 is a diagram representatively showing one in-
door unit and one six-way valve (of a rotary type)
corresponding thereto.

Fig. 3 is adiagram showing a state of a six-way valve
(of a rotary type) when an indoor unit performs a
heating operation.

Fig. 4 is a diagram showing a state of the six-way
valve (of a rotary type) when the indoor unit performs
a cooling operation.

Fig. 5 is a diagram representatively showing one in-
door unit and one six-way valve (of a slide type) cor-
responding thereto.

Fig. 6 is adiagram showing a state of a six-way valve
(of aslide type) when the indoor unit performs a heat-
ing operation.

Fig. 7 is adiagram showing a state of a six-way valve
(of a slide type) when the indoor unit performs a cool-
ing operation.

Fig. 8 is a refrigerant circuit diagram showing a re-
frigerant circuit configuration of a refrigeration cycle
apparatus 500 according to a comparative example.
Fig. 9is adiagram showing a state in which anindoor
unit of a six-way valve (of a rotary type) used in a
second embodiment performs a heating operation.
Fig. 10 is a diagram showing a state in which the
indoor unit of the six-way valve (of a rotary type) used
in the second embodiment performs a cooling oper-
ation.

Fig. 11 is a diagram showing a state in which an
indoor unit of a six-way valve (of a slide type) used
in the second embodiment performs a heating oper-
ation.

Fig. 12 is a diagram showing a state in which the
indoor unit of the six-way valve (of a slide type) used
in the second embodiment performs a cooling oper-
ation.

Fig. 13 is a diagram showing a state in which an
indoor unit of a six-way valve (of a slide type) used
in a third embodiment performs a heating operation.
Fig. 14 is adiagram showing a state at some midpoint
of switching an operation of a six-way valve (of a
slide type) used in the third embodiment.

Fig. 15 is a diagram showing a state in which the
indoor unit of the six-way valve (of a slide type) used
in the third embodiment performs a cooling opera-
tion.

Fig. 16is adiagram showing a state at some midpoint
of switching an operation of a six-way valve (of a
rotary type) used in the third embodiment.

Fig. 17 is a diagram showing configurations of a
branch unit, an indoor unit, and a controller for illus-
trating six-way valve control according to a fourth
embodiment.

Fig. 18 is a flowchart for illustrating six-way valve
switching control executed by a controller 100.

10

15

20

25

30

35

40

45

50

55

DESCRIPTION OF EMBODIMENTS

[0011] The following describes embodiments in detail
with reference to the accompanying drawings. While a
plurality of embodiments will be described below, it has
been originally intended at the time of filing of the present
application to appropriately combine the configurations
described in the embodiments. In the accompanying
drawings, the same or corresponding portions are denot-
ed by the same reference characters, and the description
thereof will not be repeated.

First Embodiment
<Apparatus Configuration>

[0012] Fig. 1is a refrigerant circuit diagram showing a
refrigerant circuit configuration of a refrigeration cycle ap-
paratus 300 according to the first embodiment. The con-
figuration and the operation of refrigeration cycle appa-
ratus 300 shown in Fig. 1 will be described.

[0013] Refrigeration cycle apparatus 300 is a two pipe-
type multi-system air conditioner capable of simultane-
ously processing a cooling operation and a heating op-
eration selected in each indoor unit by performing a vapor
compression-type refrigeration cycle operation.

[0014] Note that, in the accompanying drawings in-
cluding Fig. 1, the relation between components in terms
of size may be different from the actual one. Also, com-
ponents each having a reference character with a suffix
"a" are disposed in an indoor unit 303a and components
each having a reference character with a suffix "b" are
disposed in an indoor unit 303b.

[0015] Refrigeration cycle apparatus 300 includes a
heat source unit 301, a branch unit 302, and indoor units
303a and 303b. Note that one of indoor units 303a and
303b may be representatively referred to as an indoor
unit 303 in the following description.

[0016] Heat source unit 301 and branch unit 302 are
connected to each other through a high-pressure con-
nection pipe 6 and a low-pressure connection pipe 24.
Specifically, an outlet side of a check valve 5is connected
to ahigh-pressure pipe H of branch unit 302 through high-
pressure connection pipe 6. Further, an inlet of check
valve 25 is connected to a low-pressure pipe L of branch
unit 302 through low-pressure connection pipe 24.
[0017] Four pipes of branch unit 302 are connected to
indoor unit 303a via a six-way valve 10a. Four pipes of
branch unit 302 are connected to indoor unit 303b via a
six-way valve 10b.

[0018] Although the firstembodiment is described with
reference to an example in which two indoor units are
connectedtoone heat source unit, the presentdisclosure
is not limited thereto, and the number of indoor units and
the number of heat source units may be the equal to or
greater than or may be equal to or less than those shown
in the figure. Examples of the refrigerant used in refrig-
eration cycle apparatus 300 include HFC (hydrofluoro-
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carbon) refrigerant such as R32 and R410A, natural re-
frigerant such as hydrocarbon, carbon dioxide, and am-
monia, or the like.

<Operation Mode of Heat Source Unit 301>

[0019] The following briefly describes the operation
mode executed by refrigeration cycle apparatus 300.
[0020] In refrigeration cycle apparatus 300, the oper-
ation mode of heat source unit 301 is determined based
on the ratio of the cooling load to the heating load of
indoor units 303 connected thereto. Refrigeration cycle
apparatus 300 executes the following four operation
modes.

(a) An operation mode of heat source unit 301 in a
case where no heating load exists and all of indoor
units 303 perform a cooling operation (hereinafter
referred to as a full-cooling operation mode).

(b) An operation mode of heat source unit 301 in a
case where a cooling load is large in a simultaneous
cooling and heating operation in which indoor units
303 simultaneously perform both a cooling operation
and a heating operation (hereinafter referred to as a
cooling-dominated operation mode).

(c) An operation mode of heat source unit 301 in a
case where no cooling load exists and all of indoor
units 303 perform a heating operation (hereinafter
referred to as a full-heating operation mode).

(d) An operation mode of heat source unit 301 in a
case where a heating load is large in a simultaneous
cooling and heating operation in which indoor units
303 simultaneously perform both a cooling operation
and a heating operation (hereinafter referred to as a
heating-dominated operation mode).

<Indoor Unit 303>

[0021] Indoor unit 303 is installed in a place where it
can blow conditioned air out to an air conditioning target
area. Indoor unit 303 is installed in such a place, for ex-
ample, by embedding it in an indoor ceiling, by suspend-
ing it from the indoor ceiling, or by hanging it on a wall
surface. Indoor unit 303 is connected to heat source unit
301 through branch unit 302, high-pressure connection
pipe 6, and low-pressure connection pipe 24, and con-
stitutes a part of a refrigerant circuit.

[0022] Indoor unit 303a includes an indoor-side refrig-
erant circuit that constitutes a part of the refrigerant cir-
cuit. The indoor-side refrigerant circuit includes an indoor
heat exchanger 12a as a use-side heat exchanger and
an indoor decompressing mechanism 14a connected in
series to indoor heat exchanger 12a. Further, indoor unit
303a is provided with an indoor fan (not shown) with
which the conditioned air having exchanged heat with
the refrigerant in indoor heat exchanger 12a is supplied
to an air conditioning target area such as anindoor space.
[0023] Similarly, indoor unit 303b includes an indoor-
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side refrigerant circuit that constitutes a part of the refrig-
erant circuit. The indoor-side refrigerant circuit includes
an indoor heat exchanger 12b as a use-side heat ex-
changer and an indoor decompressing mechanism 14b
connected in series to indoor heat exchanger 12b. Fur-
ther, indoor unit 303b is provided with an indoor fan (not
shown) with which the conditioned air having exchanged
heat with the refrigerant in indoor heat exchanger 12b is
supplied to an air conditioning target area such as an
indoor space.

[0024] Each of indoor heat exchangers 12a and 12b
can be configured, for example, of a cross-fin type fin-
and-tube type heat exchanger formed of a heat transfer
tube and a plurality of fins. Further, each of indoor heat
exchangers 12a and 12b may be configured of a micro-
channel heat exchanger, a shell-and-tube type heat ex-
changer, a heat-pipe type heat exchanger, or a double-
pipe type heat exchanger. When indoor units 303a and
303b each operate in a cooling operation mode, indoor
heat exchangers 12a and 12b each function as an evap-
orator of refrigerant to cool the air in the air conditioning
target area. When indoor units 303a and 303b each op-
erate in a heating operation mode, indoor heat exchang-
ers 12a and 12b each function as a condenser of refrig-
erant to heat the air in the air conditioning target area.
[0025] The indoor fan (not shown) has a function of
suctioning indoor air into each of indoor units 303a and
303b to cause the suctioned indoor air to exchange heat
with the refrigerant in indoor heat exchangers 12a and
12b, respectively, and then supplying the resultant air as
conditioned air to the air conditioning target area. In other
words, in each of indoor units 303a and 303b, heat can
be exchanged between the indoor air taken in by the
indoor fan and the refrigerant flowing through each of
indoor heat exchangers 12a and 12b.

[0026] The indoor fan is capable of changing the flow
rate of the conditioned air to be supplied to the corre-
sponding indoor heat exchanger, and includes a fan such
as a centrifugal fan or a multi-blade fan, and a motor
including, for example, a DC fan motor for driving the fan.

<Heat Source Unit 301>

[0027] Heat source unit 301 is installed outdoors, for
example, and is connected to indoor unit 303 through
high-pressure connection pipe 6, low-pressure connec-
tion pipe 24, and branch unit 302, and also constitutes a
part of the refrigerant circuit in refrigeration cycle appa-
ratus 300.

[0028] Heat source unit 301 is provided with two con-
nection pipes 27 and 29 that connect high-pressure con-
nection pipe 6 and low-pressure connection pipe 24 in
order to fix the flow direction of the refrigerant that flows
into and out of branch unit 302.

[0029] Heat source unit 301 includes an outdoor-side
refrigerant circuit that constitutes a part of the refrigerant
circuit. The outdoor-side refrigerant circuit includes: a
compressor 1 that compresses refrigerant; a four-way
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valve 2 for switching the flow direction of the refrigerant;
an outdoor heat exchanger 3 as a heat source-side heat
exchanger; four check valves 5, 25, 26, and 28 that each
allow the refrigerant to flow only in one direction to control
the flow of the refrigerant; and an accumulator 30 in which
excessive refrigerant is accumulated. Further, heat
source unit 301 is provided with an outdoor fan 4 for sup-
plying air to outdoor heat exchanger 3.

[0030] Compressor 1suctions the refrigerantand com-
presses the refrigerantinto a high-temperature and high-
pressure state. Compressor 1 installed in the air condi-
tioner according to the first embodiment can be changed
in operation capacity and is configured, for example, of
a positive displacement compressor driven by a motor
(not shown) controlled by an inverter. In the first embod-
iment, only one compressor 1 is presented as an exam-
ple, but the present disclosure is not limited thereto, and
two or more compressors 1 may be connected in parallel
depending on the number of connected indoor units.
[0031] Four-way valve 2 serves as a flow-path switch-
ing device that switches the flow direction of the refrig-
erant according to the operation mode of heat source
unit301. In the full-cooling operation mode or the cooling-
dominated operation mode, four-way valve 2 connects
the discharge side of compressor 1 to the gas side of
outdoor heat exchanger 3 and also connects the suction
side of compressor 1 to the low-pressure connection pipe
24 side via check valve 25 in order to allow outdoor heat
exchanger 3 to function as a condenser for the refrigerant
that is to be compressed in compressor 1. In this case,
a flow path is formed as indicated by a solid line in four-
way valve 2.

[0032] Further, in the full-heating operation mode or
the heating-dominated operation mode, four-way valve
2 connects the discharge side of compressor 1 to the
high-pressure connection pipe 6 side via check valve 26
and also connects the suction side of compressor 1 to
the gas side of outdoor heat exchanger 3 in order to allow
outdoor heat exchanger 3 to function as an evaporator
for refrigerant. In this case, a flow path is formed as in-
dicated by a dashed line in four-way valve 2.

[0033] Checkvalve5isprovided between aconnection
portion "a" at which high-pressure connection pipe 6 is
connected to connection pipe 27 and a connection por-
tion "b" at which high-pressure connection pipe 6 is con-
nected to connection pipe 29, and allows the refrigerant
to flow only in a direction from heat source unit 301 toward
branch unit 302.

[0034] Check valve 25 is provided between a connec-
tion portion "c" at which low-pressure connection pipe 24
is connected to connection pipe 27 and a connection por-
tion "d" at which low-pressure connection pipe 24 is con-
nected to connection pipe 29, and allows the refrigerant
to flow only in a direction from branch unit 302 toward
heat source unit 301.

[0035] Check valve 26 is provided in connection pipe
27 and allows the refrigerant to flow only in a direction
from heat source unit 301 toward branch unit 302.
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[0036] Check valve 28 is provided in connection pipe
29 and allows the refrigerant to flow only in a direction
from branch unit 302 toward heat source unit 301.
[0037] Four check valves 5, 25, 26, and 28 disposed
in this manner allow the refrigerant to flow only in the
direction from heat source unit 301 toward branch unit
302 through high-pressure connection pipe 6, and also
allow the refrigerant to flow only in the direction from
branch unit 302 toward heat source unit 301 through low-
pressure connection pipe 24. By the configuration as de-
scribed above, the flow direction of the refrigerant at the
time when four-way valve 2 is switched is determined.
[0038] Outdoor heat exchanger 3 can be configured,
for example, of a cross-fin type fin-and-tube type heat
exchanger formed of a heat transfer tube and a plurality
of fins. Further, outdoor heat exchanger 3 may be con-
figured of a micro-channel heat exchanger, a shell-and-
tube type heat exchanger, a heat-pipe type heat ex-
changer, or a double-pipe type heat exchanger. In the
full-cooling operation mode and the cooling-dominated
operation mode, outdoor heat exchanger 3 functions as
a condenser for refrigerant and the refrigerant dissipates
heat. In the full-heating operation mode and the heating-
dominated operation mode, outdoor heat exchanger 3
functions as an evaporator for refrigerant and the refrig-
erant absorbs heat. Outdoor heat exchanger 3 has a gas
side connected to four-way valve 2, and a liquid side con-
nected to check valves 5 and 28.

[0039] Outdoor fan 4 has a function of suctioning out-
door air into heat source unit 301 to cause the outdoor
air to exchange heat by outdoor heat exchanger 3, and
then discharging the resultant air to the outdoors. Heat
source unit 301 exchanges heat between outdoor air tak-
en in by outdoor fan 4 and the refrigerant flowing through
outdoor heat exchanger 3.

[0040] Outdoor fan 4 is capable of changing the flow
rate of the air to be supplied to outdoor heat exchanger
3, and includes a fan such as a propeller fan, and a motor
including, for example, a DC fan motor for driving the fan.
[0041] Accumulator 30is connected to the suction side
of compressor 1 in order to accumulate liquid refrigerant
to prevent liquid from flowing back to compressor 1 when
an abnormality occurs in refrigeration cycle apparatus
300 or in the transient response of the operation state
that occurs when the operation control is changed.
[0042] The operations of compressor 1, four-way valve
2, and outdoor fan 4 are controlled by a controller 100
functioning as a normal operation controller that performs
a normal operation, including operations in a full-cooling
operation mode, a cooling-dominated operation mode, a
full-heating operation mode, and a heating-dominated
operation mode.

[0043] Controller 100 is configured to include a central
processing unit (CPU) 101, a memory 102 (a read only
memory (ROM) and a random access memory (RAM)),
an input/output buffer (not shown), and the like. CPU 101
deploys a program stored in the ROM into the RAM or
the like and executes the program. The programs stored
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in the ROM describe the processing procedure for con-
troller 100. Controller 100 controls each of devices in
refrigeration cycle apparatus 300 according to these pro-
grams. Such control is not necessarily processed by soft-
ware, but can also be processed by dedicated hardware
(an electronic circuit).

<Branch Unit 302>

[0044] Branch unit 302 is, for example, installed in-
doors, connected to heat source unit 301 through low-
pressure connection pipe 24 and high-pressure connec-
tion pipe 6, connected to indoor unit 303 through pipes
11 and 15, and constitutes a part of the refrigerant circuit
in refrigeration cycle apparatus 300. Branch unit 302 is
interposed between heat source unit 301 and each indoor
unit 303, and has a function of controlling the flow of the
refrigerant in accordance with the operation requested
for each indoor unit 303.

[0045] Branch unit 302 includes a branch refrigerant
circuit that constitutes a part of the refrigerant circuit. The
branch refrigerant circuit includes: heat exchange units
19 and 21 for exchanging heat of the refrigerant; expan-
sion valves 20 and 22 for controlling the distribution flow
rate of the refrigerant; a low-pressure pipe L; a high-pres-
sure pipe H; amiddle pressure junction pipe MJ; a middle
pressure branched pipe MB; and six-way valves 10a and
10b.

[0046] The refrigerant supplied from high-pressure
connection pipe 6 flows through expansion valves 20 and
22 into the low-pressure connection pipe, and is distrib-
uted to high-pressure pipe H and middle pressure
branched pipe MB by adjusting the degree of opening of
expansion valves 20 and 22.

[0047] Fig. 2 is a diagram representatively showing
one indoor unit and one six-way valve (of a rotary type)
corresponding thereto. Fig. 3 is a diagram showing the
state of the six-way valve (of a rotary type) when the
indoor unit performs a heating operation. Fig. 4 is a dia-
gram showing the state of the six-way valve (of a rotary
type) when the indoor unit performs a cooling operation.
[0048] In accordance with the operation requested for
indoor unit 303a, six-way valve 10a connects a pipe 11a
to one of low-pressure pipe L and high-pressure pipe H,
and connects a pipe 15a to one of middle pressure junc-
tion pipe MJ and middle pressure branched pipe MB.
[0049] In accordance with the operation requested for
indoor unit 303b, six-way valve 10b connects pipe 1 1b
to one of low-pressure pipe L and high-pressure pipe H,
and connects pipe 15b to one of middle pressure junction
pipe MJ and middle pressure branched pipe MB.
[0050] In the following description, indoor units 303a
and 303b may be collectively referred to as an indoor
unit 303, six-way valves 10a and 10b may be collectively
referred to as a six-way valve 10, pipes 11aand 11b may
be collectively referred to as a pipe 11, and pipes 15a
and 15b may be collectively referred to as a pipe 15.
[0051] Whenthe heating operation is requested for the
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corresponding indoor unit 303, six-way valve 10 is set as
shown in Fig. 3. Six-way valve 10 includes a housing 41
and a valve body 42. Valve body 42 is provided with a
first flow path C1 and a second flow path C2. By control-
ling the rotational position of valve body 42 as shown in
Fig. 3, a heating flow path is formed in six-way valve 10.
In this case, port P2 communicates with port P3 through
first flow path C1, port P5 communicates with port P6
through second flow path C2, and ports P1 and P4 are
closed by valve body 42. Thus, via six-way valve 10, pipe
11 is connected to high-pressure pipe H and pipe 15 is
connected to middle pressure junction pipe MJ. Also, low-
pressure pipe L and middle pressure branched pipe MB
are blocked at their end portions by six-way valve 10.
When a heating flow path is formed in six-way valve 10,
flow paths are formed in six-way valve 10 as indicated
by solid lines in Fig. 2.

[0052] When the cooling operation is requested for the
corresponding indoor unit 303, six-way valve 10 is set as
shown in Fig. 4. By controlling the rotational position of
valve body 42 as shown in Fig. 4, a cooling flow path is
formed in six-way valve 10. In this case, port P2 commu-
nicates with port P1 through first flow path C1, port P5
communicates with port P4 through second flow path C2,
and ports P3 and P6 are closed by valve body 42. Thus,
via six-way valve 10, pipe 11 is connected to low-pres-
sure pipe L and pipe 15 is connected to middle pressure
branched pipe MB. Also, high-pressure pipe H and mid-
dle pressure junction pipe MJ are blocked at their end
portions by six-way valve 10. When a cooling flow path
is formed in six-way valve 10, flow paths are formed in
six-way valve 10 as indicated by dashed lines in Fig. 2.
[0053] Referringbackto Fig. 1, the description will con-
tinue. Heat exchange unit 19 includes flow paths 31 and
32, and is configured to exchange heat between the re-
frigerant flowing through flow path 31 and the refrigerant
flowing through flow path 32. Heat exchange unit 21 in-
cludes flow paths 33 and 34, and is configured to ex-
change heat between the refrigerant flowing through flow
path 33 and the refrigerant flowing through flow path 34.
Part of the refrigerant flowing through high-pressure pipe
H passes through flow path 31 and reaches expansion
valve 20. Middle pressure junction pipe MJ is connected
at the downstream of expansion valve 20. Flow path 33
is connected between middle pressure junction pipe MJ
and middle pressure branched pipe MB. Part of the re-
frigerant branched from middle pressure branched pipe
MB passes through expansion valve 22, flow path 34,
and flow path 32 in this order and then flows toward low-
pressure pipe L.

[0054] Each of expansion valves 20 and 22 can be
configured of a flow rate controller whose degree of open-
ing can be variably controlled. Examples of such a flow
rate controller can be a precise flow rate controller such
as an electronic expansion valve or an inexpensive re-
frigerant flow rate regulator such as a capillary tube in
place of an expansion valve.
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<Full-Cooling Operation Mode>

[0055] First, a full-cooling operation mode will be de-
scribed. The full-cooling operation mode is an operation
mode of the refrigeration cycle apparatus executed when
all the indoor units to be operated are in the cooling op-
eration state while there is no indoor unit operating in the
heating operation state.

[0056] In the full-cooling operation mode, four-way
valve 2 is in the state indicated by a solid line, i.e., the
state in which the discharge side of compressor 1 is con-
nected to the gas side of outdoor heat exchanger 3 and
the suction side of compressor 1 is connected to low-
pressure connection pipe 24 via check valve 25. Further,
all of indoor units 303 are in the cooling operation mode,
in which six-way valves 10a and 10b each are controlled
to form a cooling flow path.

[0057] When compressor 1, outdoor fan 4, and an in-
door fan 13 are started to operate in the above-described
state of the refrigerant circuit, the low-pressure gas re-
frigerantis suctioned into compressor 1 and compressed
into high-temperature and high-pressure gas refrigerant.
Then, the high-temperature and high-pressure gas re-
frigerantis sent to outdoor heat exchanger 3 via four-way
valve 2, exchanges heat with the outdoor air supplied by
outdoor fan 4, and is condensed into high-pressure liquid
refrigerant.

[0058] The high-pressure liquid refrigerant passes via
check valve 5, flows through high-pressure connection
pipe 6, and is sent to high-pressure pipe H of branch unit
302. Then, the refrigerant flows into flow path 31 on the
high-pressure side of heat exchange unit 19. The refrig-
erant having flowed into flow path 31 releases heat to
the refrigerant flowing through flow path 32 on the low-
pressure side of heat exchange unit 19. The refrigerant
flows out of flow path 31 and then flows into expansion
valve 20 whose degree of opening is fully opened. The
refrigerant having passed through expansion valve 20
then flows into flow path 33 on the high-pressure side of
heat exchange unit 21, and releases heat to the refrig-
erant flowing through flow path 34 on the low-pressure
side of heat exchange unit 21. Then, the refrigerant is
divided into refrigerant flowing via expansion valve 22
and refrigerant passing via six-way valves 10a and 10b
and flowing through pipes 15a and 15b, respectively.
[0059] The refrigerant having flowed into expansion
valve 22 is decompressed into a low-pressure gas-liquid
two-phase state, flows into flow path 34 on the low-pres-
sure side of heat exchange unit 21, and is then heated
by the refrigerant flowing through flow path 33 on the
high-pressure side of heat exchange unit 21. Then, the
refrigerant flows out of flow path 34 on the low-pressure
side of heat exchange unit 21, flows into flow path 32 on
the low-pressure side of heat exchange unit 19, and is
then heated by the refrigerant flowing through flow path
31 on the high-pressure side of heat exchange unit 19.
The refrigerant thereafter flows through a bypass con-
nection pipe 23 into low-pressure connection pipe 24.
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[0060] Expansion valve 22 is controlled by controller
100 to be set at a degree of opening such that the degree
of superheat at the downstream of flow path 32 on the
low-pressure side of heat exchange unit 19 reaches a
reference value. Thereby, the low-pressure gas refriger-
ant evaporated at the downstream of flow path 32 on the
low-pressure side of heat exchange unit 19 has a degree
of superheat having a reference value. In this way, ex-
pansion valve 22 is controlled such that the refrigerant
flows through each of indoor units 303a and 303b at a
flow rate corresponding to the cooling load requested in
each air-conditioned space.

[0061] On the other hand, the refrigerant flowing from
middle pressure branched pipe MB via six-way valve 10
through pipe 15 flows into indoor unit 303. Then, the re-
frigerant is decompressed by an indoor decompressing
mechanism 14 into a low-pressure gas-liquid two-phase
state, and then flows into an indoor heat exchanger 12.
Then, the refrigerant exchanges heat with the indoor air
supplied by the indoor fan and is evaporated into low-
pressure gas refrigerant.

[0062] In indoor decompressing mechanism 14, the
flow rate of the refrigerant flowing through indoor heat
exchanger 12 is controlled, so that the refrigerant flows
through indoor heat exchanger 12 at a flow rate corre-
sponding to the cooling load requested in the air-condi-
tioned space in which indoor unit 303 is installed.
[0063] The low-pressure gas refrigerant having cooled
the indoor air in indoor heat exchanger 12 flows out of
indoor heat exchanger 12, flows through pipe 11, and
then flows out of indoor unit 303. The refrigerant then
flows into low-pressure connection pipe 24 through first
flow path C1 of six-way valve 10, and merges with the
refrigerant that has flowed through bypass connection
pipe 23 after having passed through expansion valve 22.
[0064] The merged refrigerant flows into heat source
unit 301, passes through check valve 25 and further
through four-way valve 2 and accumulator 30, and is then
suctioned again into compressor 1.

[0065] In the full-cooling operation mode, all of indoor
units 303 are in the cooling operation in which no heating
load exists and only a cooling load exists. Thus, an evap-
oration temperature Te is controlled by the operating fre-
quency of compressor 1 to control the cooling capability
of indoor unit 303 that is performing the cooling operation
at the maximum temperature difference. Further, the air
volume of outdoor fan 4 is maximized to thereby maxi-
mize the performance of outdoor heat exchanger 3.
When a large number of indoor units 303 are connected,
in indoor unit 303 in which the temperature difference is
not the maximum, the degree of opening of indoor de-
compressing mechanism 14 is controlled according to
the temperature difference to thereby control the cooling
capability. The degree of opening of indoor decompress-
ing mechanism 14 in indoor unit 303 that is performing
the cooling operation at the maximum temperature dif-
ference is controlled to be large to such an extent that
liquid does not flow back to compressor 1.
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<Cooling-Dominated Operation Mode>

[0066] Next, the cooling-dominated operation mode
will be described. The cooling-dominated operation
mode is an operation mode of the refrigeration cycle ap-
paratus in the case where the indoor units to be operated
include both the indoor units each in the cooling operation
state and the indoor units each in the heating operation
state, and the cooling air-conditioning load is larger than
the heating air-conditioning load.

[0067] In the configuration shown in Fig. 1, indoor unit
303bis in the cooling operation state and indoor unit 303a
is in the heating operation state. At this time, the cooling-
dominated operation mode is an operation mode in the
state in which the cooling operation load is larger than
the heating operation load.

[0068] In the cooling-dominated operation mode, four-
way valve 2 is controlled to form flow paths indicated by
solid lines in four-way valve 2 in the same manner as in
the full-cooling operation mode. Further, six-way valves
10a and 10b are controlled such that a heating path is
formed in six-way valve 10a and a cooling path is formed
in six-way valve 10b, as indicated by solid lines in Fig. 1.
[0069] When compressor 1, outdoor fan 4, and the in-
door fan (not shown) are started to operate in the above-
described state of the refrigerant circuit, the low-pressure
gas refrigerant is suctioned into compressor 1 and com-
pressed into high-temperature and high-pressure gas re-
frigerant. Then, the high-temperature and high-pressure
gas refrigerant is sent to outdoor heat exchanger 3 via
four-way valve 2, exchanges heat with the outdoor air
supplied by outdoor fan 4, and is condensed into high-
pressure liquid refrigerant.

[0070] The high-pressure liquid refrigerant passes via
check valve 5 through high-pressure connection pipe 6,
flows into branch unit 302, and is then sent to high-pres-
sure pipe H.

[0071] The gas refrigerant having flowed from high-
pressure pipe H through first flow path C1 of six-way valve
10a into pipe 11a exchanges heat with the indoor air in
indoor heat exchanger 12a of indoor unit 303a and is
consequently condensed into high-pressure liquid refrig-
erant. Then, the high-pressure liquid refrigerant having
heated the indoor air is decompressed by indoor decom-
pressing mechanism 14a into intermediate-pressure re-
frigerant in gas-liquid two phases or in a liquid phase.
[0072] In indoor decompressing mechanism 14a, the
flow rate of the refrigerant flowing through indoor heat
exchanger 12a is controlled, so that the refrigerant flows
through indoor heat exchanger 12a at a flow rate corre-
sponding to the heating load requested in the air-condi-
tioned space in which indoor unit 303a is installed. Then,
the refrigerant passes through indoor decompressing
mechanism 14a, flows out of indoor unit 303a, and is sent
to middle pressure junction pipe MJ through second flow
path C2 of six-way valve 10a.

[0073] On the other hand, partof the refrigerant having
passed through high-pressure connection pipe 6 flows
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into flow path 31 on the high-pressure side of heat ex-
change unit 19, releases heat to the refrigerant flowing
through flow path 32 on the low-pressure side of heat
exchange unit 19, and is then decompressed by expan-
sion valve 20 into intermediate-pressure refrigerant in
gas-liquid two phases or in a liquid phase.

[0074] In this case, expansion valve 20 is controlled
by controller 100 to be set at a degree of opening such
that the differential pressure between the high pressure
and the intermediate pressure reaches a predetermined
target value. In order to detect the differential pressure,
a pressure sensor may be provided in each of high-pres-
sure pipe H and middle pressure junction pipe MJ so as
to detect a pressure difference.

[0075] Since expansion valve 20 controls the flow rate
of the refrigerant flowing through expansion valve 20 at
the degree of opening at which the differential pressure
between the high pressure side and the intermediate
pressure side reaches the target value, the differential
pressure between the high pressure side and the inter-
mediate pressure side is controlled to be set at the pres-
sure necessary for performing a heating operation. In this
way, expansion valve 20 is controlled such that the re-
frigerant flows through indoor unit 303a at a flow rate
corresponding to the heating operation load requested
in the air-conditioned space.

[0076] The refrigerant having passed through expan-
sion valve 20 flows out of indoor unit 303a, merges with
the refrigerant having passed through second flow path
C2 of six-way valve 10a and middle pressure junction
pipe MJ, and then flows into flow path 33 on the high-
pressure side of heat exchange unit 21.

[0077] The refrigerant flowing through flow path 33 on
the high-pressure side of heat exchange unit 21 releases
heat to the refrigerant flowing through flow path 34 on
the low-pressure side, and is then divided into refrigerant
flowing through expansion valve 22 and refrigerant flow-
ing through middle pressure branched pipe MB.

[0078] The refrigerant having flowed into expansion
valve 22 is decompressed into a low-pressure gas-liquid
two-phase state, and flows into flow path 34 on the low-
pressure side of heat exchange unit 21. The refrigerant
having flowed into flow path 34 is heated by the refriger-
ant flowing through flow path 33 on the high-pressure
side of heat exchange unit 21. Then, the refrigerant flows
into flow path 32 on the low-pressure side of heat ex-
change unit 19, is heated by the refrigerant flowing
through flow path 31 on the high-pressure side in heat
exchange unit 19, and then flows into low-pressure con-
nection pipe 24 through bypass connection pipe 23.
[0079] Note that expansion valve 22 is controlled by
controller 100 to be set at a degree of opening such that
the degree of superheat at the downstream on the low-
pressure side of heat exchange unit 19 reaches a target
value.

[0080] Onthe otherhand, the refrigeranthaving flowed
into second flow path C2 of six-way valve 10b flows into
indoor unit 303b through pipe 15b. The refrigerant having
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flowed into indoor unit 303b is decompressed by indoor
decompressing mechanism 14b into a low-pressure gas-
liquid two-phase state and flows into indoor heat ex-
changer 12b. Therefrigerant passing through indoor heat
exchanger 12b exchanges heat with the indoor air and
evaporates into low-pressure gas refrigerant.

[0081] In indoor decompressing mechanism 14b, the
flow rate of the refrigerant flowing through indoor heat
exchanger 12b is controlled, so that the refrigerant flows
through indoor heat exchanger 12b at a flow rate corre-
sponding to the cooling load requested in the air-condi-
tioned space in which indoor unit 303b is installed. The
refrigerant having cooled the indoor air in indoor heat
exchanger 12b flows out of indoor unit 303b.

[0082] The refrigerant having flowed out of indoor unit
303b flows through pipe 1 1b and further through first
flow path C 1 of six-way valve 10b into low-pressure pipe
L. The refrigerant having flowed into low-pressure pipe
L merges with the refrigerant having flowed into expan-
sion valve 22 and passed through bypass connection
pipe 23, and is then sent to low-pressure connection pipe
24,

[0083] The merged refrigerant then flows into heat
source unit 301, passes through check valve 25 and fur-
ther through four-way valve 2 and accumulator 30, and
is then suctioned again into compressor 1.

[0084] In the cooling-dominated operation, a cooling
load and a heating load both exist at the same time in
indoor units 303, and the cooling load is larger than the
heating load. Thus, evaporation temperature Te is con-
trolled by the operating frequency of compressor 1 to
control the cooling capability of indoor unit 303 that is
performing the cooling operation at the maximum tem-
perature difference. Further, a condensation tempera-
ture Tc is controlled by the air volume of outdoor fan 4
to control the heating capability of indoor unit 303 that is
performing the heating operation at the maximum tem-
perature difference. When a large number of indoor units
303 are connected, in indoor unit 303 in which the tem-
perature difference is not the maximum, the air condi-
tioning capability is controlled by controlling the degree
of opening of indoor decompressing mechanism 14 ac-
cording to the temperature difference.

[0085] The degree of opening of indoor decompress-
ing mechanism 14 in indoor unit 303 that is performing
the cooling operation at the maximum temperature dif-
ference is controlled to be large to such an extent that
liquid does not flow back to compressor 1. Further, the
degree of opening of indoor decompressing mechanism
14 in indoor unit 303 that is performing the heating op-
eration at the maximum temperature difference is con-
trolled to be large such that the performance of indoor
heat exchanger 12 is maximized.

[0086] For example, in the operation state in Fig. 1,
when the maximum temperature difference is 4 °C in in-
door unit 303b among the indoor units that each are per-
forming the cooling operation, compressor 1 controls the
cooling capability of indoor unit 303b. When the maxi-
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mum temperature difference is 2 °C in indoor unit 303a
among the indoor units that each are performing the heat-
ing operation, outdoor fan 4 controls the heating capa-
bility of indoor unit 303a. When the indoor units other
than indoor units 303a and 303b are connected to the
branch unit, indoor decompressing mechanism 14 con-
trols the cooling capability and the heating capability of
each indoor unit in which the temperature difference is
not the maximum.

<Full-Heating Operation Mode>

[0087] The full-heating operation mode will be subse-
quently described. The full-heating operation mode is an
operation mode of the refrigeration cycle apparatus in
which all of the indoor units to be operated are in the
heating operation state and there is no indoor unit oper-
ating in the cooling operation state.

[0088] In the full-heating operation mode, four-way
valve 2 is in the state indicated by dashed lines, i.e., the
state in which the discharge side of compressor 1 is con-
nected to high-pressure connection pipe 6 via check
valve 26, and the suction side of compressor 1 is con-
nected to the gas side of outdoor heat exchanger 3. Fur-
ther, all of indoor units 303 are in the heating operation
mode, and six-way valves 10a and 10b each are control-
led so as to form a heating flow path.

[0089] When compressor 1, outdoor fan 4, and the in-
door fan (not shown) are started to operate in the above-
described state of the refrigerant circuit, the low-pressure
gas refrigerant is suctioned into compressor 1 and com-
pressed into high-temperature and high-pressure gas re-
frigerant. Then, the high-temperature and high-pressure
gas refrigerant flows into branch unit 302 via four-way
valve 2 and check valve 26. The refrigerant having flowed
into branch unit 302 flows into indoor unit 303 through
high-pressure pipe H and first flow path C1 of six-way
valve 10.

[0090] The refrigerant having flowed into indoor unit
303 flows into indoor heat exchanger 12, exchanges heat
with the indoor air, and is condensed into high-pressure
liquid refrigerant, which then flows out of indoor heat ex-
changer 12. The refrigerant having heated the indoor air
in indoor heat exchanger 12 is decompressed by indoor
decompressing mechanism 14 into intermediate-pres-
sure refrigerant in gas-liquid two phases or in a liquid
phase.

[0091] The refrigerant having passed through indoor
decompressing mechanism 14 flows out of indoor unit
303, and then flows into heat exchange unit 21 through
second flow path C2 of six-way valve 10 and middle pres-
sure junction pipe MJ. Note that expansion valve 20 is
controlled to be fully closed.

[0092] The refrigerant having flowed into flow path 33
on the high-pressure side of heat exchange unit 21 re-
leases heat to the refrigerant flowing through flow path
34 on the low-pressure side of heat exchange unit 21,
flows into expansion valve 22, and is then decompressed



17 EP 4 382 834 A1 18

into low-pressure gas-liquid two-phase refrigerant.
[0093] In this case, expansion valve 22 is controlled
by controller 100 to be set at a degree of opening such
that the differential pressure between the high pressure
and the intermediate pressure reaches a target value.
The differential pressure between the high pressure and
the intermediate pressure can be detected by a pressure
sensor (not shown). In this way, expansion valve 22 is
controlled such that the refrigerant flows through indoor
unit 303 at a flow rate corresponding to the heating op-
eration load requested in the air-conditioned space.
[0094] The refrigerant having passed through expan-
sion valve 22 is then heated in flow path 34 on the low-
pressure side of heat exchange unit 21 by the refrigerant
flowing through flow path 33 on the high-pressure side
of heat exchange unit 21, further flows into flow path 32
on the low-pressure side of heat exchange unit 19, and
then flows into low-pressure connection pipe 24 through
bypass connection pipe 23.

[0095] Then, the refrigerant having flowed into heat
source unit 301 and then flowed via check valve 28 into
outdoor heat exchanger 3 exchanges heat with the out-
door air supplied by outdoor fan 4 and then evaporates
into low-pressure gas refrigerant. The low-pressure gas
refrigerant subsequently flows via four-way valve 2 and
through accumulator 30 and is suctioned again into com-
pressor 1.

[0096] In the full-heating operation, all of indoor units
303 are in the heating operation in which no cooling load
exists and only a heating load exists. Thus, condensation
temperature Tc is controlled by the operating frequency
of compressor 1 to thereby control the heating capability
ofindoor unit 303 that is performing the heating operation
at the maximum temperature difference. Further, the air
volume of outdoor fan 4 is maximized to maximize the
performance of outdoor heat exchanger 3. When a large
number of indoor units 303 are connected, in indoor unit
303 in which the temperature difference is not the max-
imum, the degree of opening of indoor decompressing
mechanism 14 is controlled according to the temperature
difference to thereby control the heating capability. Fur-
ther, the degree of opening of indoor decompressing
mechanism 14 in indoor unit 303 that is performing the
heating operation at the maximum temperature differ-
ence is controlled to be large such that the performance
of indoor heat exchanger 12 is maximized.

<Heating-Dominated Operation Mode>

[0097] Finally, the heating-dominated operation mode
will be described. The heating-dominated operation
mode is an operation mode of the refrigeration cycle ap-
paratus in the case where the indoor units to be operated
include both the indoor units each in the cooling operation
state and the indoor units each in the heating operation
state, and the heating air-conditioning load is larger than
the cooling air-conditioning load.

[0098] In the configuration shown in Fig. 1, indoor unit
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303b is in the cooling operation state while indoor unit
303a is in the heating operation state. At this time, the
heating-dominated operation mode is an operation mode
in the state in which the heating operation load is larger
than the cooling operation load.

[0099] Inthe heating-dominated operation mode, four-
way valve 2 is controlled in the same manner as in the
full-heating operation mode. Six-way valves 10a and 10b
are controlled such that a heating path is formed in six-
way valve 10a and a cooling path is formed in six-way
valve 10b, as indicated by solid lines in Fig. 1.

[0100] When compressor 1, outdoor fan 4, and the in-
door fan (not shown) are started to operate in the above-
described state of the refrigerant circuit, the low-pressure
gas refrigerant is suctioned into compressor 1 and com-
pressed into high-temperature and high-pressure gas re-
frigerant.

[0101] The high-pressure liquid refrigerant passes via
four-way valve 2 and check valve 26 and through high-
pressure connection pipe 6, flows into branch unit 302,
and is then sent to high-pressure pipe H.

[0102] The gas refrigerant having flowed from high-
pressure pipe H through first flow path C1 of six-way valve
10a into pipe 11a exchanges heat with the indoor air in
indoor heat exchanger 12a of indoor unit 303a and is
consequently condensed into high-pressure liquid refrig-
erant. Then, the high-pressure liquid refrigerant having
heated the indoor air is decompressed by indoor decom-
pressing mechanism 14a into intermediate-pressure re-
frigerant in gas-liquid two phases or in a liquid phase.
[0103] The refrigerant having passed through indoor
decompressing mechanism 14a flows out of indoor unit
303a, and then flows into flow path 33 on the high-pres-
sure side of heat exchange unit 21 through pipe 15a,
second flow path C2 of six-way valve 10a, and middle
pressure junction pipe MJ. Note that expansion valve 20
is controlled to be fully closed.

[0104] The refrigerant having flowed into flow path 33
on the high-pressure side of heat exchange unit 21 re-
leases heat to the refrigerant flowing through flow path
34 on the low-pressure side of heat exchange unit 21.
The refrigerant having passed through flow path 33 is
divided into refrigerant flowing toward expansion valve
22 and refrigerant flowing toward middle pressure
branched pipe MB.

[0105] The refrigerant having been divided and flowed
into expansionvalve 22is decompressed into alow-pres-
sure gas-liquid two-phase state, and flows into flow path
34 on the low-pressure side of heat exchange unit 21. In
this case, expansion valve 22 is controlled by controller
100 to be set at a degree of opening such that the differ-
ential pressure between the high pressure and the inter-
mediate pressure reaches a target value.

[0106] The refrigerant having flowed into flow path 34
of heatexchange unit 21 is heated by the refrigerant flow-
ing through flow path 33 on the high-pressure side of
heat exchange unit 21, then flows into flow path 32 on
the low-pressure side of heat exchange unit 19, and fur-
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ther flows into low-pressure connection pipe 24 through
bypass connection pipe 23.

[0107] On the other hand, the refrigerant having been
divided and flowed into middle pressure branched pipe
MB flows into indoor unit 303b through second flow path
C2 of six-way valve 10b and pipe 15b. The refrigerant
having flowed into indoor unit 303b is first decompressed
by indoor decompressing mechanism 14b into low-pres-
sure gas-liquid two-phase state, and then flows into in-
door heat exchanger 12b. The refrigerant having flowed
into indoor heat exchanger 12b exchanges heat with the
indoor air and evaporates into low-pressure gas refrig-
erant.

[0108] Thelow-pressure gas refrigerant having cooled
the indoor air in indoor heat exchanger 12b flows out of
indoor heat exchanger 12b, and then flows through pipe
11b and out of indoor unit 303b. The refrigerant having
flowed out of indoor unit 303b flows through first flow path
C1 of six-way valve 10b and low-pressure pipe L, then
merges with the refrigeranthaving flowed through bypass
connection pipe 23, and flows into low-pressure connec-
tion pipe 24.

[0109] The merged refrigerant flows into heat source
unit 301 and flows via check valve 28 into outdoor heat
exchanger 3. The refrigerant having flowed into outdoor
heat exchanger 3 exchanges heat with the outdoor air
supplied by outdoor fan 4, and evaporates into low-pres-
sure gas refrigerant.

[0110] Then, the refrigerant flows through the flow path
indicated by the dashed lines in four-way valve 2 and
passes through accumulator 30, and is then suctioned
again into compressor 1.

[0111] Inthe heating-dominated operation, the heating
load and the cooling load both exist at the same time in
indoor units 303, and the heating load is larger than the
cooling load. Thus, condensation temperature Tc is con-
trolled by the operating frequency of compressor 1 to
control the heating capability of indoor unit 303 that is
performing the heating operation at the maximum tem-
perature difference. Further, evaporation temperature Te
is controlled by the air volume of outdoor fan 4 to control
the cooling capability of indoor unit 303 that is performing
the cooling operation at the maximum temperature dif-
ference. When a large number of indoor units 303 are
connected, in indoor unit 303 in which the temperature
difference is not the maximum, the air conditioning ca-
pability is controlled by controlling the degree of opening
ofindoor decompressing mechanism 14 according to the
temperature difference.

[0112] The degree of opening of indoor decompress-
ing mechanism 14 in indoor unit 303 that is performing
the cooling operation at the maximum temperature dif-
ference is controlled to be large to such an extent that
liquid does not flow back to compressor 1. Further, the
degree of opening of indoor decompressing mechanism
14 in indoor unit 303 that is performing the heating op-
eration at the maximum temperature difference is con-
trolled to be large such that the performance of indoor
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heat exchanger 12 is maximized.

[0113] For example, when the maximum temperature
difference is 8 °C in indoor unit 303a among the indoor
units that each are performing the heating operation,
compressor 1 controls the heating capability of indoor
unit 303a. Further, when the maximum temperature dif-
ferenceis 2 °C inindoor unit 303b among the indoor units
that each are performing the cooling operation, outdoor
fan 4 controls the cooling capability of indoor unit 303b.
When a further indoor unit is connected, indoor decom-
pressing mechanism 14 controls the cooling capability
and the heating capability of the indoor unit in which the
temperature difference is not the maximum.

[0114] As described above, in refrigeration cycle ap-
paratus 300 according to the first embodiment, the cool-
ing operation and the heating operation of the indoor unit
to be operated can be individually switched by the flow
path switching function of the six-way valve in any of the
full-cooling operation mode, the cooling-dominated op-
eration, the full-heating operation, and the heating-dom-
inated operation.

(Modifications of Six-Way Valve)

[0115] In Figs. 1 to 4, the valve body of the six-way
valve has a structure of a rotary-type valve body, but may
have a structure of a slide-type valve body.

[0116] Fig. 5 is a diagram representatively showing
one indoor unit and one six-way valve (of a slide type)
corresponding thereto. Fig. 6 is a diagram showing the
state of a six-way valve (of a slide type) when the indoor
unit performs a heating operation. Fig. 7 is a diagram
showing the state of a six-way valve (of a slide type) when
the indoor unit performs a cooling operation.

[0117] In the modification shown in Fig. 5, a slide-type
six-way valve 410 is used in place of rotary-type six-way
valve 10 in the configuration shown in Fig. 2.

[0118] In accordance with the operation requested for
indoor unit 303a, a six-way valve 410a connects pipe 11a
to one of low-pressure pipe L and high-pressure pipe H,
and connects pipe 15a to one of middle pressure junction
pipe MJ and middle pressure branched pipe MB.
[0119] In accordance with the operation requested for
indoor unit 303b, a six-way valve 410b connects pipe 1
1b to one of low-pressure pipe L and high-pressure pipe
H, and connects pipe 15b to one of middle pressure junc-
tion pipe MJ and middle pressure branched pipe MB.
[0120] In the following description, indoor units 303a
and 303b may be collectively referred to as an indoor
unit 303, six-way valves 10a and 10b may be collectively
referred to as a six-way valve 10, pipes 11a and 11b may
be collectively referred to as a pipe 11, and pipes 15a
and 15b may be collectively referred to as a pipe 15.
[0121] When the heating operation is requested for the
corresponding indoor unit 303, six-way valve 410 is set
as shown in Fig. 6. Six-way valve 410 includes a housing
411 and a valve body 412. Valve body 412 is provided
with a first flow path C1 and a second flow path C2. By
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controlling the position along which valve body 412 slides
as shown in Fig. 6, a heating flow path is formed in six-
way valve 410. In this case, port P2 communicates with
port P3 through first flow path C1, port P5 communicates
with port P6 through second flow path C2, and ports P1
and P4 are closed by valve body 412. Thus, via six-way
valve 410, pipe 11 is connected to high-pressure pipe H
and pipe 15 is connected to middle pressure junction pipe
MJ. Also, low-pressure pipe L and middle pressure
branched pipe MB are blocked at their end portions by
six-way valve 410. When a heating flow path is formed
in six-way valve 410, a flow path is formed in six-way
valve 410 as shown in Fig. 5.

[0122] When the cooling operation is requested for the
corresponding indoor unit 303, six-way valve 410 is set
as shownin Fig. 7. By controlling the position along which
valve body 412 slides as shown in Fig. 7, a cooling flow
path is formed in six-way valve 410. In this case, port P2
communicates with port P1 through first flow path C1,
port P5 communicates with port P4 through second flow
path C2, and ports P3 and P6 are closed by valve body
412. Thus, via six-way valve 410, pipe 11 is connected
to low-pressure pipe L and pipe 15 is connected to middle
pressure branched pipe MB. Also, high-pressure pipe H
and middle pressure junction pipe MJ are blocked at their
end portions by six-way valve 410.

[0123] Fig. 8 is a refrigerant circuit diagram showing a
refrigerant circuit configuration of a refrigeration cycle ap-
paratus 500 according to a comparative example. In re-
frigeration cycle apparatus 500, a branch unit 502 is dis-
posed in place of branch unit 302 in the configuration of
refrigeration cycle apparatus 300 shown in Fig. 1.
[0124] The refrigeration cycle apparatus of the com-
parative example shown in Fig. 8 is characterized in that
low-pressure connection pipe 24 and high-pressure con-
nection pipe 6 are used as a low-pressure pipe and a
high-pressure pipe, respectively, by a refrigerant flow
path switching mechanism formed using one four-way
valve and four check valves both in the first switching
state of four-way valve 2 that operates outdoor heat ex-
changer 3 in heat source unit 301 as a condenser and
the second switching state of four-way valve 2 that op-
erates outdoor heat exchanger 3 in heat source unit 301
as an evaporator, and also in that there is an advantage
of simplified construction as compared with a system
commonly used as a simultaneous cooling and heating-
type air conditioning system in which an outdoor unit is
connected to a branch unit through three pipes.

[0125] Note that the first switching state of four-way
valve 2 corresponds to the full-cooling operation mode
and the cooling-dominated operation described above,
and the second switching state of four-way valve 2 cor-
responds to the full-heating operation and the heating-
dominated operation described above.

[0126] On the other hand, each indoor unit 303 is con-
nected to branch unit 502 through two refrigerant pipes
including pipes 11 and 15.

[0127] Inside branch unit 502, pipe 11 is connected to
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high-pressure pipe H via a solenoid valve 511 and con-
nected to low-pressure pipe L via a solenoid valve 512.
Further, pipe 15 is connected to middle pressure junction
pipe MJ via a check valve 514 and connected to middle
pressure branched pipe MB via a check valve 515.
[0128] In general, solenoid valve 512 connecting pipe
11 and low-pressure pipe L is provided with a solenoid
valve 513 and an orifice 501 in parallel.

[0129] Switching between the cooling operation and
the heating operation in each indoor unit is done by
switching the opened/closed state of each of the solenoid
valve and the check valve inside the branch unit that cor-
respond to the connection ports of each indoor unit.
[0130] During the cooling operation of indoor unit 303,
solenoid valve 511 is closed and solenoid valve 512 is
opened to thereby connect indoor unit 303 to low-pres-
sure pipe L. At this time, check valve 514 is closed and
check valve 515 is opened to allows refrigerant to flow
therethrough, and thereby, indoor unit 303 is connected
to middle pressure branched pipe MB.

[0131] During the heating operation of indoor unit 303,
solenoid valve 511 is opened and solenoid valve 512 is
closed to thereby connect indoor unit 303 to high-pres-
sure pipe H. At this time, check valve 514 is opened to
allow refrigerant to flow therethrough and check valve
515 is closed, and thereby, indoor unit 303 is connected
to middle pressure junction pipe MJ.

[0132] In other words, when the operation of indoor
unit 303 is switched from the heating operation to the
cooling operation, solenoid valve 511 is switched from
the opened state to the closed state and solenoid valve
512 is switched from the closed state to the opened state.
In this case, when solenoid valve 512 is opened in the
state in which there is a pressure difference between
both ends of solenoid valve 512, the high-temperature
and high-pressure refrigerant inside indoor unit 303 in
the heating operation rapidly flows out toward low-pres-
sure pipe L while it is expanding, so that a large noise of
expanding refrigerant is produced.

[0133] Thus, in general, in the state in which solenoid
valve 513 smaller in diameter than solenoid valve 512 is
provided in parallel with solenoid valve 512, solenoid
valve 513 is opened before solenoid valve 512 is opened,
and then, the pressure inside the indoor heat exchanger
and the pressure inside the low-pressure pipe are grad-
ually equalized, and thereafter, solenoid valve 512 is
opened to thereby suppress the noise of expanding re-
frigerant.

[0134] Further, when the refrigeration cycle apparatus
is newly installed, disassembled for relocation, or in-
spected due to some abnormal conditions in the refrig-
eration cycle, a vacuum pump may be connected to a
service port inside heat source unit 301 to recover air or
refrigerant inside the refrigeration cycle apparatus.
[0135] At this time, the solenoid valve is generally
closed in the non-conductive state, and if the degree of
opening of indoor decompressing mechanism 14 is un-
known, indoor decompressing mechanism 14 may also
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be in a fully closed state. In this case, even when the
vacuum pump connected to heat source unit 301 is op-
erated, air or refrigerant blocked inside indoor heat ex-
changer 12 may not be able to be recovered.

[0136] When the refrigerant is additionally introduced
into the refrigeration cycle apparatus in the state in which
air or refrigerant inside the refrigeration cycle apparatus
is not completely recovered, the required performance
may not be able to be exhibited since the composition or
the weight of the refrigerant is different from the design
values. Further, there may be a risk of causing defects
in the apparatus due to entry of impurities such as water
or air into the refrigerant.

[0137] Thus, in general, orifice 501 is provided in par-
allel with solenoid valve 512 so as to continuously ensure
communication between the interior of indoor unit 303
and heat source unit 301 through low-pressure pipe L
and low-pressure connection pipe 24.

[0138] On the other hand, in the comparative example
in Fig. 8, orifice 501 is in communication at all times, and
thus, high-temperature and high-pressure refrigerant
flows out of high-pressure pipe H through orifice 501 into
low-pressure pipe L during the heating operation, which
may lead to a disadvantage of deteriorated heating per-
formance.

[0139] By replacing the functions of solenoid valves
511,512, and 513, orifice 501, and check valves 514 and
515in the comparative example in Fig. 8 with the function
of six-way valve 10 shown in Figs. 2 to 4 or six-way valve
410 shown in Figs. 5 to 7, reduction in number of com-
ponents, cost reduction, and downsizing can be
achieved.

[0140] In particular, in a branch unit having a large
number of connection ports such as a branch unit having
connection ports to which up to eight or sixteen indoor
units are connected, it is effective to replace the functions
of the solenoid valve, the check valve, and the orifice with
the function of the six-way valve.

[0141] In addition, at the time of switching between the
first switching state in which a heating flow path is formed
and the second switching state in which a cooling flow
path is formed, the six-way valve of a rotary type shown
in Figs. 2 to 4 or of a slide type shown in Figs. 5 to 7
gradually opens or closes the refrigerant flow path as the
valve body moves, and equalizes the pressure over sev-
eral seconds, so that the noise of expanding refrigerant
can be reduced without having to provide solenoid valves
having small diameters in parallel.

[0142] Further, in the case of each of six-way valves
10 and 410, indoor unit 303 communicates with heat
source unit 301 through high-pressure pipe H or low-
pressure pipe L both in the first switching state and the
second switching state, and therefore, no orifice is re-
quired and the heating performance is not deteriorated.
[0143] Further, the check valve may cause a risk of a
noise produced by vibrations of the valve body resulting
from balanced gravity, fluid force, and buoyant force, or
a risk of breakage of the check valve resulting from shav-
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ing of the inner wall of the check valve. Further, the valve
body resin may be shaved or may swell and thereby may
be deformed to cause a closing failure in the check valve,
which may also cause an operation failure of the system.
In the first embodiment, failures resulting from the check
valve can be overcome by replacing the function of the
check valve with the function of the six-way valve.
[0144] Thus, in the first embodiment, the refrigeration
cycle apparatus can be improved in quality and perform-
ance.

Second Embodiment

[0145] The second embodiment will be described with
reference to Figs. 9 to 12. Fig. 9 is a diagram showing
the state in which an indoor unit of a six-way valve (of a
rotary type) used in the second embodiment performs a
heating operation. Fig. 10 is a diagram showing the state
in which the indoor unit of the six-way valve (of a rotary
type) used in the second embodiment performs a cooling
operation. A six-way valve 450 includes a housing 451
and a valve body 452. Fig. 11 is a diagram showing the
state in which an indoor unit of a six-way valve (of a slide
type) used in the second embodiment performs a heating
operation. Fig. 12 is a diagram showing the state in which
the indoor unit of the six-way valve (of a slide type) used
in the second embodiment performs a cooling operation.
A six-way valve 460 includes a housing 461 and a valve
body 462.

[0146] In the first switching state in which a heating
flow path is formed and the second switching state in
which a cooling flow path is formed, vapor refrigerant
flows through first flow path C 1 in communication with
pipe 11 during both the cooling operation and the heating
operation of indoor unit 303. Both in the first switching
state and the second switching state, the liquid refrigerant
flows through second flow path C2 in communication with
pipe 15 during the cooling operation of indoor unit 303,
and the gas-liquid two-phase refrigerant flows through
this second flow path C2 during the heating operation of
indoor unit 303.

[0147] As compared with the liquid refrigerant or the
gas-liquid two-phase refrigerant, the vapor refrigerant is
relatively low in density and relatively highin flow velocity.
Thus, the flow path is designed to have a relatively large
cross-sectional area to thereby reduce the flow velocity
of the refrigerant, so that the pressure loss and the per-
formance deterioration in the six-way valve can be re-
duced.

[0148] In particular, in the case where the installation
constraints inside the branch unit impose design con-
straints upon the outer dimensions of the six-way valve
or the valve body thereof, first flow path C1 is designed
to be larger in flow path cross-sectional area than second
flow path C2, which makes it possible to minimize the
performance deterioration resulting from the dimensions
of two flow paths inside the six-way valve.

[0149] Further, as shownin Figs. 9 to 12, the minimum
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dimension among the inner diameters of high-pressure
pipe H, low-pressure pipe L, and pipe 11 is designed to
be larger than the maximum dimension among the inner
diameters of middle pressure junction pipe MJ, middle
pressure branched pipe MB, and pipe 15 in accordance
with the dimensions of first flow path C 1 and the dimen-
sions of second flow path C2, and thereby, the pipes
connected to the six-way valve can be downsized and
reduced in cost.

Third Embodiment

[0150] The second embodiment will be described with
reference to Figs. 13 to 15. Fig. 13 is a diagram showing
the state in which an indoor unit of a six-way valve (of a
slide type) used in the third embodiment performs a heat-
ing operation. Fig. 14 is a diagram showing the state at
some midpoint of switching the operation of the six-way
valve (of a slide type) used in the third embodiment. Fig.
15 is a diagram showing the state in which the indoor
unit of the six-way valve (of a slide type) used in the third
embodiment performs a cooling operation. A six-way
valve 470 includes a housing 471 and a valve body 472.
[0151] As shown in Figs. 13 to 15, first flow path C1
inside six-way valve 470 is formed such that first flow
path C1 communicates with at least one of high-pressure
pipe H and low-pressure pipe L at an arbitrary position
of valve body 472 between the first switching state in
which a heating flow path is formed in six-way valve 470
and the second switching state in which a cooling flow
path is formed in six-way valve 470. Thereby, even if the
valve body stops operating at an arbitrary position at
some midpoint of switching due to power loss at some
midpoint of switching of the six-way valve, due to insuf-
ficient differential pressure for switching operation, ordue
to increased frictional resistance in switching, the interior
of the indoor unit communicates with at least one of high-
pressure pipe H or low-pressure pipe L, and thereby, the
refrigerant inside indoor heat exchanger 12 can be re-
covered using the vacuum pump connected to the heat
source unit.

[0152] Although Figs. 13 to 15 each show an example
of a slide-type six-way valve, even in the case of a rotary-
type six-way valve, forming a similar first flow path C 1
in its valve body allows the similar effect to be achieved.
Fig. 16 is a diagram showing the state at some midpoint
of switching an operation of a six-way valve (of a rotary
type) used in the third embodiment. As shown in Fig. 16,
even in the case of a rotary-type six-way valve, forming
a similar first flow path C1 in its valve body allows the
interior of indoor heat exchanger 12 to communicate with
at least one of high-pressure pipe H or low-pressure pipe
L.

Fourth Embodiment

[0153] When a plurality of six-way valves are simulta-
neously switched in the state in which pipe 11 commu-
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nicates with both high-pressure pipe H and low-pressure
pipe L at a certain valve body position between the first
switching state and the second switching state of the six-
way valve, high-pressure pipe H and low-pressure pipe
L are short-circuited through first flow path C1 inside the
six-way valve. Accordingly, in the case of a differential
pressure-operated type valve, the differential pressure
required for valve switching cannot be maintained, so
thatthe valve body may remain stopped at some midpoint
during switching and may not be able to be restored.
[0154] Further, when a plurality of six-way valves are
simultaneously switched in the state in which pipe 11
does not communicate with both high-pressure pipe H
and low-pressure pipe L at a certain valve body position
between the first switching state and the second switch-
ing state of the six-way valve, the refrigerant discharged
from compressor 1 is less likely to return to the suction
side of compressor 1, and thus, the air conditioning sys-
tem may abnormally stop due to excessive pressurerise,
low pressure fall, or the like.

[0155] The fourth embodiment is characterized in that
the plurality of six-way valves are switched one by one
when these six-way valves are switched in accordance
with the state of the cooling/heating operation of the in-
door unit. The above-described problems can be pre-
vented by switching the plurality of six-way valves one
by one without simultaneously switching these six-way
valves.

[0156] For example, after the completion of switching
of one six-way valve is detected according to the value
of a pressure sensor or a temperature sensor that is sep-
arately installed, switching of the next six-way valve is
started. Alternatively, after an instruction to switch the
six-way valve is given, switching of the next six-way valve
is started after an elapse of a pre-estimated required
switching time period (for example, 5 seconds) or more.
[0157] Fig. 17 is a diagram showing configurations of
a branch unit, an indoor unit, and a controller for illustrat-
ing six-way valve control according to the fourth embod-
iment.

[0158] Indoor unit 303a further includes a controller
110a. Indoor unit 303b furtherincludes a controller 110b.
Branch unit 302 further includes sensors 120a and 120b.
[0159] Six-way valves 10a and 10b are controlled by
controller 100. Controller 100 controls six-way valves 10a
and 10b based on signals from controller 1 10a, sensor
120a, controller 110b and sensor 120b.

[0160] Since other configurations of branch unit 302
and indoor units 303a and 303b are the same as those
in Fig. 1, the description thereof will not be repeated.
[0161] Fig. 18 is a flowchart for illustrating six-way
valve switching control executed by controller 100. Con-
troller 100 stores a switching permission flag indicating
whether or not to permit switching of the six-way valve,
and includes a switching waiting counter for counting the
number of six-way valves that are waiting for being
switched.

[0162] In step S1, controller 100 initializes the switch-
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ing permission flag to "permitted" and initializes the
switching waiting counter to zero.

[0163] Then, controller 100 determines whether or not
a switching request signal for requesting switching of the
corresponding six-way valve has been received from one
of controller 110a of indoor unit 303a and controller 110b
of indoor unit 303b. When the switching request signal
has been received (YES in S2), controller 100 adds 1 to
the count value of the switching waiting counter in step
S3, and advances the process to step S4. On the other
hand, when the switching request signal has not been
received (NO in S2), the process proceeds to step S4
without performing the process in step S3.

[0164] In step S4, controller 100 determines whether
or not the count value of the switching waiting counter is
"equalto or greater than 1" and whether or not the switch-
ing permission flag indicates "permitted". When the count
value of the switching waiting counteris "equal to or great-
er than 1" and the switching permission flag indicates
"permitted" (YES in S4), then in step S5, controller 100
transmits a switching signal to the next waiting six-way
valve, starts switching of the six-way valve, changes the
switching permission flag to "not permitted”, and then
advances the process to step S6.

[0165] On the other hand, when the switching permis-
sion flag indicates "not permitted" (NO in S4), switching
of the six-way valve is already being performed, and
therefore, completion of the switching needs to be waited.
Thus, the process proceeds to step S6 without perform-
ing the process in step S5.

[0166] Controller 100 subsequently determines by the
processes in steps S6 and S7 whether or not the state
of the six-way valve that is being switched has been sta-
bilized. First, in step S6, it is determined whether or not
the temperature value or the pressure value measured
by a sensor 120 corresponding to the six-way valve that
is being switched has reached a value falling within a
prescribed range corresponding to completion of the
switching. In step S7, it is determined whether or not a
prescribed time period has elapsed since the switching
signal was transmitted to the six-way valve.

[0167] When one of the conditions in steps S6 and S7
is satisfied, it is determined that switching of the six-way
valve has completed. Then, in step S8, controller 100
changes the switching permission flag from "not permit-
ted" to "permitted" and subtracts 1 from the count value
of the switching waiting counter.

[0168] Between the processes in steps S5and S8, the
order of executing the process may be changed by re-
placing step S6 with step S7, or only one of steps S6 and
S7 may be performed.

[0169] Subsequent to step S8, in step S9, controller
100 determines whether or not the count value of the
switching waiting counter is zero. When the count value
is not zero (NO in S9), there still remains a six-way valve
to be switched, and thus, the processes in step S2 and
subsequent steps are repeated. When the count value
is zero (YES in S9), there remains no six-way valve to
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be switched, and thus, the process in this flowchart ends.
[0170] By the control executed as described above, in
the present embodiment, the plurality of six-way valves
are switched one by one when these six-way valves are
switched. This makes it possible to prevent the plurality
of six-way valves from being simultaneously switched
and also prevent a problem, for example, that the valve
body remains stopped at some midpoint during switching
and cannot be restored.

(Summary)

[0171] The following summarizes the present embod-
iment again with reference to the accompanying draw-
ings.

[0172] The presentdisclosure relates to a refrigeration
cycle apparatus. A refrigeration cycle apparatus 300
shown in Fig. 1 includes: a heat source unit 301 including
a compressor 1 and an outdoor heat exchanger 3; a plu-
rality of indoor units 303a and 303b; and a branch unit
302 connected between heat source unit 301 and the
plurality of indoor units 303a and 303b, the branch unit
302 being configured to transfer refrigerant. Branch unit
302 has: a first pipe (a high-pressure pipe H) through
which the refrigerant delivered from heat source unit 301
passes; a second pipe (a low-pressure pipe L) through
which the refrigerant returning to the heat source unit
passes; a third pipe (a middle pressure junction pipe MJ);
afourth pipe (middle pressure branched pipe) MB; a first
expansion valve 20 provided between the first pipe and
the third pipe; a second expansion valve 22 provided
between the fourth pipe and the second pipe; and a plu-
rality of six-way valves 10a and 10b, each of the plurality
of six-way valves 10a and 10b being provided for a cor-
responding one of the plurality of indoor units 303a and
303b. As shown in Figs. 2 to 4, each of the plurality of
six-way valves 10a and 10b has: afirstport P1 connected
to the second pipe; a second port P2 connected to one
end of the refrigerant flow path of the corresponding one
of the plurality of indoor units; a third port P3 connected
to the first pipe; a fourth port P4 connected to the fourth
pipe; a fifth port P5 connected to the other end of the
refrigerant flow path of the corresponding one of the plu-
rality of indoor units; a sixth port P6 connected to the third
pipe; a housing 41 having the first port to the sixth port;
and a valve body 42 disposed inside the housing, valve
body 42 being provided with a first flow path C1 and a
second flow path C2. Valve body 42 is configured to
switch a communication state of each of the plurality of
six-way valves 10a and 10b between a first switching
state shown in Fig. 3 and a second switching state shown
in Fig. 4. In the second switching state, first port P1 com-
municates with second port P2 through first flow path C1,
and fourth port P4 communicates with fifth port P5
through second flow path C2. At this time, third port P3
and sixth port P6 are closed. In the first switching state,
second port P2 communicates with third port P3 through
first flow path C1, and fifth port P5 communicates with
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sixth port P6 through second flow path C2. At this time,
first port P1 and fourth port P4 are closed.

[0173] Preferably, as shown in Figs. 9 to 12, a cross-
sectional area of first flow path C1 is equal to or greater
than a cross-sectional area of second flow path C2.
[0174] Preferably,asshowninFigs.9to 12,a minimum
dimension of inner diameters of three pipes (a low-pres-
sure pipe L, a pipe 1 1a (or 1 1b), and a high-pressure
pipe H) each connected to a corresponding one of first
port P1 to third port P3 of each of six-way valves 450a,
450b, 460a, and 460b is equal to or greater than a max-
imum dimension of inner diameters of three pipes (a mid-
dle pressure branched pipe MB, a pipe 15a (or 15b), and
a middle pressure junction pipe MJ) each connected to
a corresponding one of fourth port P4 to sixth port P6 of
each of six-way valves 450a, 450b, 460a, and 460b.
[0175] Preferably, as shown in Figs. 13 to 15, valve
body 472 is configured to slide inside housing 471 to
switch the communication state of each of six-way valves
470a and 470b between the first switching state and the
second switching state. As shown in Fig. 16, valve body
452 is configured to rotate inside housing 451 to switch
the communication state of each of six-way valves 450a
and 450b between the first switching state and the sec-
ond switching state. As shown in Figs. 14 and 16, first
flow path C1 is formed such that second port P2 com-
municates with at least one of first port P1 or third port
P3 at an arbitrary position between a position in the first
switching state and a position in the second switching
state.

[0176] Preferably,asshowninFig. 17, the refrigeration
cycle apparatus further includes a controller 100 config-
ured to perform control to switch the plurality of six-way
valves. When controller 100 collectively switches com-
munication states of a first six-way valve 10a and a sec-
ond six-way valve 10b among the plurality of six-way
valves, controller 100 is configured to start switching of
first six-way valve 10a, and, after completion of the
switching of first six-way valve 10a, start switching of sec-
ond six-way valve 10b, as shown in S5 of Fig. 18.
[0177] More preferably, as shown in Fig. 17, the refrig-
eration cycle apparatus further includes a sensor 120a
configured to detect a switching state offirst six-way valve
10a. As shown in S6 in Fig. 18, controller 100 is config-
ured to determine completion of the switching of first six-
way valve 10a based on an output from sensor 120a.
Sensor 120a may be a pressure sensor or a temperature
sensor.

[0178] More preferably, when controller 100 collective-
ly switches the communication states of first six-way
valve 10a and second six-way valve 10b among the plu-
rality of six-way valves, controller 100 is configured to
start switching of the first six-way valve, and, after an
elapse of a predetermined time period or longer, start
switching of second six-way valve 10b as shown in S7
in Fig. 18.

[0179] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in
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every respect. The scope of the present disclosure is
defined by the terms of the claims, rather than the de-
scription of the aforementioned embodiments, and is in-
tended to include any modifications within the meaning
and scope equivalent to the terms of the claims.

REFERENCE SIGNS LIST

[0180] 1 compressor, 2 four-way valve, 3,12, 12a, 12b
heat exchanger, 4 outdoor fan, 5, 25, 26, 28, 514, 515
check valve, 6 high-pressure connection pipe, 10, 10a,
10b, 410, 410a, 410b, 470 six-way valve, 11, 11a, 11b,
15, 15a, 15b pipe, 13 indoor fan, 14, 14a, 14b indoor
decompressing mechanism, 19, 21 heat exchange unit,
20, 22 expansion valve, 23 bypass connection pipe, 24
low-pressure connection pipe, 27, 29 connection pipe,
30 accumulator, 31 to 34, C1, C2 flow path, 41,411, 451,
461, 471 housing, 42, 412, 452, 462, 472 valve body,
100, 110a, 110b controller, 101 CPU, 102 memory, 120,
120a, 120b sensor, 300, 500 refrigeration cycle appara-
tus, 301 heat source unit, 302, 502 branch unit, 303,
303a, 303b indoor unit, 501 orifice, 511, 512, 513 sole-
noid valve, H high-pressure pipe, L low-pressure pipe,
MJ middle pressure junction pipe, MB middle pressure
branched pipe, P1 to P6 port.

Claims
1. A refrigeration cycle apparatus comprising:

a heat source unit comprising a compressor and
an outdoor heat exchanger;

a plurality of indoor units; and

a branch unit connected between the heat
source unit and the plurality of indoor units, the
branch unit being configured to transfer refrig-
erant, wherein

the branch unit has

afirst pipe through which the refrigerant de-
livered from the heat source unit passes,
a second pipe through which the refrigerant
returning to the heat source unit passes,

a third pipe,

a fourth pipe,

a first expansion valve provided between
the first pipe and the third pipe,

a second expansion valve provided be-
tween the fourth pipe and the second pipe,
and

a plurality of six-way valves, each of the plu-
rality of six-way valves being provided for a
corresponding one of the plurality of indoor
units,

each of the plurality of six-way valves has

a first port connected to the second
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pipe,

a second port connected to one end of
a refrigerant flow path of the corre-
sponding one of the plurality of indoor
units,

a third port connected to the first pipe,
a fourth port connected to the fourth
pipe,

a fifth port connected to the other end
of the refrigerant flow path of the corre-
sponding one of the plurality of indoor
units,

a sixth port connected to the third pipe,
a housing having the first port to the
sixth port, and

a valve body disposed inside the hous-
ing, the valve body being provided with
afirst flow path and a second flow path,

the valve body is configured to switch a commu-
nication state of each of the plurality of six-way
valves between a first switching state and a sec-
ond switching state,

in the second switching state, the first port com-
municates with the second port through the first
flow path, and the fourth port communicates with
the fifth port through the second flow path, and
in the first switching state, the second port com-
municates with the third port through the first
flow path, and the fifth port communicates with
the sixth port through the second flow path.

The refrigeration cycle apparatus according to claim
1, wherein a cross-sectional area of the first flow path
is equal to or greater than a cross-sectional area of
the second flow path.

The refrigeration cycle apparatus according to claim
1, wherein a minimum dimension of inner diameters
of three pipes each connected to a corresponding
one of the first port to the third port of each of the
plurality of six-way valves is equal to or greater than
a maximum dimension of inner diameters of three
pipes each connected to a corresponding one of the
fourth port to the sixth port of each of the plurality of
six-way valves.

The refrigeration cycle apparatus according to claim
1, wherein

the valve body is configured to rotate or slide
inside the housing to switch the communication
state of each of the plurality of six-way valves
between the first switching state and the second
switching state, and

the first flow path is formed such that the second
port communicates with at least one of the first
port or the third port at an arbitrary position be-
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tween a position in the first switching state and
a position in the second switching state.

The refrigeration cycle apparatus according to claim
1, further comprising a controller configured to per-
form control to switch the plurality of six-way valves,
wherein

when the controller switches communication states
of a first six-way valve and a second six-way valve
among the plurality of six-way valves, the controller
is configured to start switching of the first six-way
valve, and, after completion of the switching of the
first six-way valve, start switching of the second six-
way valve.

The refrigeration cycle apparatus according to claim
5, further comprising a sensor configured to detect
a switching state of the first six-way valve, wherein
the controller is configured to determine completion
of the switching of the first six-way valve based on
an output from the sensor.

The refrigeration cycle apparatus according to claim
5, wherein, when the controller collectively switches
the communication states of the first six-way valve
and the second six-way valve, the controller is con-
figured to start switching of the first six-way valve,
and, after an elapse of a predetermined time period
orlonger, start switching of the second six-way valve.
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