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(54) REFRIGERATION AND AIR‑CONDITIONING DEVICE

(57) A refrigerating and air-conditioning apparatus
includes an outdoor unit including a compressor and
an outdoor heat exchanger; a plurality of indoor units
each including an indoor expansion valve and an indoor
heat exchanger; a relay unit connected between the
outdoor unit and the plurality of indoor units and including
a plurality of three-way valves, the plurality of three-way
valves each being configured to switch flows of refriger-
ant and to adjust a flow rate of the refrigerant that passes
through the three-way valve, the plurality of three-way
valves being provided in number relative to the number of
the plurality of indoor units, the relay unit being configured
to distribute the refrigerant in a low-temperature state to
each of ones of the plurality of indoor units that perform
cooling operations and the refrigerant in a high-tempera-
ture state to each of ones of the plurality of indoor units
that perform heating operations; and a controller config-
ured to control switching and opening degrees of the
plurality of three-way valves. The plurality of indoor units
each include an indoor-side pressure sensor configured
to detect an indoor-side pressure, the indoor-side pres-
sure being a pressure of the refrigerant that passes
through the indoor heat exchanger. The controller is
configured to control, with reference to the indoor-side
pressure of each of ones of the plurality of indoor units
that perform cooling operations, the opening degree of a

corresponding three-way valve of the plurality of three-
way valves such that the controller is configured to adjust
the flow rate of the refrigerant passing through the corre-
sponding three-way valve.
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Description

Technical Field

[0001] The present disclosure relates to a refrigerating
and air-conditioning apparatus capable of simulta-
neously performing cooling operations and heating op-
erations on a plurality of air-conditioning target spaces.

Background Art

[0002] In known arts, buildings having a wide contin-
uous space or many rooms, such as high-rises and
factories, are provided with air-conditioning apparatuses
each including a plurality of indoor units. Such buildings
are to be subjected to cooling operations or heating
operations that are performed by the air-conditioning
apparatuses. For example, an air-conditioning apparatus
disclosed in Patent Literature 1 includes a plurality of
indoor units, an outdoor unit configured to cause refrig-
erant to circulate through the individual indoor units, and
a control board on which operations of the units are to be
controlled such that temperature-adjusted air is blown
from the individual indoor units.

Citation List

Patent Literature

[0003] Patent Literature 1: International Publication
No. 2018/155056

Summary of Invention

Technical Problem

[0004] In the air-conditioning apparatus disclosed in
Patent Literature 1, however, the evaporating tempera-
tures of the indoor units are controlled by an expansion
valve device included in the outdoor unit. Therefore, the
evaporating temperatures cannot be varied among the
indoor units. Such an air-conditioning apparatus has a
problem of incapability in controlling the indoor units
individually according to their respective loads.
[0005] In view of the above technical problem in known
arts, an object of the present disclosure is to provide a
refrigerating and air-conditioning apparatus capable of
controlling a plurality, if any, of indoor units individually.

Solution to Problem

[0006] A refrigerating and air-conditioning apparatus
according to an embodiment of the present disclosure
includes an outdoor unit including a compressor and an
outdoor heat exchanger; a plurality of indoor units each
including an indoor expansion valve and an indoor heat
exchanger; a relay unit connected between the outdoor
unit and the plurality of indoor units and including a

plurality of three-way valves, the plurality of three-way
valves each being configured to switch flows of refriger-
ant and to adjust a flow rate of the refrigerant that passes
through the three-way valve, the plurality of three-way
valves being provided in number relative to the number of
the plurality of indoor units, the relay unit being configured
to distribute the refrigerant in a low-temperature state to
each of ones of the plurality of indoor units that perform
cooling operations and the refrigerant in a high-tempera-
ture state to each of ones of the plurality of indoor units
that perform heating operations; and a controller config-
ured to control switching and opening degrees of the
plurality of three-way valves. The plurality of indoor units
each include an indoor-side pressure sensor configured
to detect an indoor-side pressure, the indoor-side pres-
sure being a pressure of the refrigerant that passes
through the indoor heat exchanger. The controller is
configured to control, with reference to the indoor-side
pressure of each of ones of the plurality of indoor units
that perform cooling operations, the opening degree of a
corresponding three-way valve of the plurality of three-
way valves such that the controller is configured to adjust
the flow rate of the refrigerant passing through the corre-
sponding three-way valve.

Advantageous Effects of Invention

[0007] According to an embodiment of the present
disclosure, the opening degree of the three-way valve
of each of ones of the indoor units that perform cooling
operations is controlled with reference to the indoor-side
pressure of the indoor unit. Therefore, even when the
refrigerating and air-conditioning apparatus includes a
plurality of indoor units, the indoor units are controllable
individually.

Brief Description of Drawings

[0008]

[Fig. 1] Fig. 1 is a circuit diagram illustrating an
exemplary configuration of a refrigerating and air-
conditioning apparatus according to Embodiment 1.
[Fig. 2] Fig. 2 is a functional block diagram illustrating
an exemplary configuration of a controller illustrated
in Fig. 1.
[Fig. 3] Fig. 3 illustrates an exemplary hardware
configuration of the controller illustrated in Fig. 2.
[Fig. 4] Fig. 4 illustrates another exemplary hardware
configuration of the controller illustrated in Fig. 2.
[Fig. 5] Fig. 5 schematically illustrates the flow of
refrigerant in the refrigerating and air-conditioning
apparatus illustrated in Fig. 1 in a cooling only opera-
tion mode.
[Fig. 6] Fig. 6 schematically illustrates the flow of
refrigerant in the refrigerating and air-conditioning
apparatus illustrated in Fig. 1 in a heating only op-
eration mode.
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[Fig. 7] Fig. 7 schematically illustrates the flow of
refrigerant in the refrigerating and air-conditioning
apparatus illustrated in Fig. 1 in a cooling main
operation mode.
[Fig. 8] Fig. 8 schematically illustrates the flow of
refrigerant in the refrigerating and air-conditioning
apparatus illustrated in Fig. 1 in a heating main
operation mode.
[Fig. 9] Fig. 9 is a flow chart illustrating an exemplary
flow of an evaporating-temperature-adjusting pro-
cess according to Embodiment 1.
[Fig. 10] Fig. 10 is a flow chart illustrating an exemp-
lary flow of a liquid-carryover-prevention process
according to Embodiment 1.
[Fig. 11] Fig. 11 is a flow chart illustrating an exemp-
lary flow of a first liquid-carryover-prevention pro-
cess illustrated in Fig. 10.
[Fig. 12] Fig. 12 is a flow chart illustrating an exemp-
lary flow of a second liquid-carryover-prevention
process illustrated in Fig. 10.
[Fig. 13] Fig. 13 is a circuit diagram illustrating an
exemplary configuration of a refrigerating and air-
conditioning apparatus according to Embodiment 2.

Description of Embodiments

[0009] Embodiments of the present disclosure will be
described below with reference to the drawings. The
present disclosure is not limited to the following embodi-
ments. Various modifications can be made to the embo-
diments without departing from the essence of the pre-
sent disclosure. Furthermore, the present disclosure in-
cludes any combination of features that are combinable
among the features described in the following embodi-
ments. Whether the temperature, the pressure, and any
other factors are high or low is not determined by their
relationships with absolute values but is determined by
their relative values regarding the conditions, behaviors,
and any other factors of relevant systems, devices, and
other elements. In the drawings, the same reference
signs denote the same or equivalent elements, which
applies throughout this specification.

Embodiment 1

[0010] A refrigerating and air-conditioning apparatus
according to Embodiment 1 will be described below. The
refrigerating and air-conditioning apparatus according to
Embodiment 1 is configured to perform on a plurality of
air-conditioning target spaces cooling operations alone,
heating operations alone, or cooling operations and heat-
ing operations simultaneously.

[Configuration of Refrigerating and Air-conditioning Ap-
paratus 100]

[0011] Fig. 1 is a circuit diagram illustrating an exemp-
lary configuration of the refrigerating and air-conditioning

apparatus according to Embodiment 1. A refrigerating
and air-conditioning apparatus 100 according to Embo-
diment 1 includes an outdoor unit 10, a plurality of indoor
units 20, a relay unit 30, and a controller 40. In the
example illustrated in Fig. 1, the refrigerating and air-
conditioning apparatus 100 has one outdoor unit 10, five
indoor units 20a to 20e, and one relay unit 30. In the
refrigerating and air-conditioning apparatus 100, the out-
door unit 10, the relay unit 30, and the indoor units 20a to
20e are connected to one another by a high-pressure
pipe 101 and a low-pressure pipe 102, whereby a refrig-
erant circuit is formed. The number of the indoor units 20
is not limited to the above and may be two or more and
four or less, or six or more.
[0012] In the present example, the indoor units 20a to
20e are provided in respective rooms 1a to 1e, which are
air-conditioning target spaces and are different from one
another. The high-pressure pipe 101 and the low-pres-
sure pipe 102 connect the outdoor unit 10 and the relay
unit 30 and connect each of the indoor units 20a to 20e
and the relay unit 30.
[0013] The plurality of indoor units 20a to 20e have the
same configuration. Therefore, in Fig. 1, the indoor units
20c and 20d and a part of the circuit configuration of the
relay unit 30 that is connected to the indoor units 20c and
20d are not illustrated. Furthermore, the circuit config-
urations of the indoor units 20b and 20e are the same as
that of the indoor unit 20a and are therefore not illu-
strated.

(Outdoor Unit 10)

[0014] The outdoor unit 10 includes a compressor 11, a
refrigerant-flow switching device 12, an outdoor heat
exchanger 13, an outdoor expansion valve 14, check
valves 15a to 15d, and an accumulator 16. The outdoor
unit 10 further includes an outdoor-side pressure sensor
17 and an outdoor-side temperature sensor 18.
[0015] The compressor 11 is configured to suck low-
temperature and low-pressure refrigerant, compress the
refrigerant into high-temperature and high-pressure re-
frigerant, and discharge the refrigerant. The compressor
11 is, for example, an inverter compressor whose capa-
city is controllable by changing the driving frequency as
appropriate. The capacity of the inverter compressor
refers to the amount of refrigerant delivery per unit time.
The driving frequency of the compressor 11 is controlled
by the controller 40, which will be described separately
below.
[0016] The refrigerant-flow switching device 12 is, for
example, a four-way valve and is configured to switch
directions for the refrigerant to flow, thereby switching
between a cooling operation and a heating operation.
The switching by the refrigerant-flow switching device 12
is controlled by the controller 40. The refrigerant-flow
switching device 12 is not limited to the above and
may be, for example, a combination of any of other valves
such as two-way valves and three-way valves.
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[0017] The outdoor heat exchanger 13 causes air and
the refrigerant to exchange heat with each other. The air
(hereinafter referred to as "outdoor air" as appropriate) is
supplied by an air-sending device such as a fan, which is
not illustrated. Specifically, in the cooling operation, the
outdoor heat exchanger 13 serves as a condenser that
transfers the heat of the refrigerant to the outdoor air,
thereby condensing the refrigerant. In the heating opera-
tion, the outdoor heat exchanger 13 serves as an eva-
porator that evaporates the refrigerant into heat of va-
porization, thereby taking away heat from the outdoor air.
[0018] The outdoor expansion valve 14 is configured to
depressurize and expand the refrigerant by adjusting the
flow rate of the refrigerant. The outdoor expansion valve
14 is, for example, an electronic expansion valve whose
opening degree is controllable. In such a case, the open-
ing degree of the outdoor expansion valve 14 is controlled
by the controller 40. The outdoor expansion valve 14 is
not limited to the above and may be any other expansion
device such as a capillary.
[0019] The check valves 15a to 15d are each config-
ured to allow the refrigerant in the refrigerant circuit to
flow only in a predetermined direction. The check valve
15a is provided to the high-pressure pipe 101 at a position
between the outdoor heat exchanger 13 and the relay unit
30. In the cooling operation, which includes a cooling only
operation and a cooling main operation to be described
separately below, the check valve 15a allows the refrig-
erant to flow only in a direction from the outdoor unit 10
toward the relay unit 30. The check valve 15d is provided
to the low-pressure pipe 102 at a position between the
relay unit 30 and the refrigerant-flow switching device 12.
In the cooling operation, the check valve 15d allows the
refrigerant to flow only in a direction from the relay unit 30
toward the outdoor unit 10.
[0020] The check valve 15b is provided to a first con-
necting pipe 103, which connects a portion of the high-
pressure pipe 101 that is located downstream of the
check valve 15a and a portion of the low-pressure pipe
102 that is located downstream of the check valve 15d to
each other. In the heating operation, which includes a
heating only operation and a heating main operation to be
described separately below, the check valve 15b allows
the refrigerant to flow only in a direction from the com-
pressor 11 toward the relay unit 30. The check valve 15c
is provided to a second connecting pipe 104, which
connects a portion of the high-pressure pipe 101 that
is located upstream of the check valve 15a and a portion
of the low-pressure pipe 102 that is located upstream of
the check valve 15d to each other. In the heating opera-
tion, the check valve 15c allows the refrigerant to flow
only in a direction from the relay unit 30 toward the
compressor 11.
[0021] The accumulator 16 is provided at a position on
a suction side, that is, a low-pressure side, of the com-
pressor 11. The accumulator 16 stores, for example,
excess refrigerant that is generated with differences
between conditions of the cooling operation and the

heating operation and excess refrigerant that is gener-
ated at a transition between operations. The accumulator
16 does not necessarily need to be provided.
[0022] The outdoor-side pressure sensor 17 is pro-
vided to a pipe extending between the refrigerant-suction
side of the compressor 11 and the refrigerant-flow switch-
ing device 12. The outdoor-side pressure sensor 17 is
configured to detect a suction pressure, which is the
pressure of the refrigerant that is sucked into the com-
pressor 11. The outdoor-side temperature sensor 18 is
provided to the pipe extending between the refrigerant-
suction side of the compressor 11 and the refrigerant-flow
switching device 12. The outdoor-side temperature sen-
sor 18 is configured to detect a suction temperature,
which is the temperature of the refrigerant that is sucked
into the compressor 11.

(Indoor Units 20a to 20e)

[0023] The indoor units 20a to 20e are each configured
to cool and heat air in, for example, a corresponding one
of the rooms 1a to 1e. The indoor units 20a to 20e each
include an indoor expansion valve 21 and an indoor heat
exchanger 22. The indoor units 20a to 20e each further
include an indoor-side pressure sensor 23. Hereinafter,
the indoor units 20a to 20e are simply denoted as "indoor
unit 20" as appropriate when the indoor units 20a to 20e
do not need to be distinguished from one another.
[0024] The indoor expansion valve 21 is configured to
depressurize and expand the refrigerant by adjusting the
flow rate of the refrigerant. The indoor expansion valve 21
is, for example, an electronic expansion valve whose
opening degree is controllable. In such a case, the open-
ing degree of the indoor expansion valve 21 is controlled
by the controller 40. The indoor expansion valve 21 is not
limited to the above and may be any other expansion
device such as a capillary.
[0025] The indoor heat exchanger 22 causes air and
the refrigerant to exchange heat with each other. The air
is supplied by an air-sending device such as a fan, which
is not illustrated. Thus, heating air or cooling air to be
supplied to a corresponding one of the rooms 1a to 1e is
generated. Specifically, in the cooling operation, the in-
door heat exchanger 22 serves as an evaporator to cool
the air in a corresponding one of the rooms 1a to 1e,
which are air-conditioning target spaces. Furthermore, in
the heating operation, the indoor heat exchanger 22
serves as a condenser to heat the air in a corresponding
one of the rooms 1a to 1e.
[0026] The indoor-side pressure sensor 23 is provided
to the low-pressure pipe 102 at a position between the
indoor heat exchanger 22 and the relay unit 30. The
indoor-side pressure sensor 23 is configured to detect
an indoor-side pressure, which is the pressure of the
refrigerant that passes through the indoor heat exchan-
ger 22. In particular, in the cooling operation in which the
indoor heat exchanger 22 serves as an evaporator, the
indoor-side pressure sensor 23 detects a pressure
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equivalent to the evaporating pressure of the indoor heat
exchanger 22. The indoor-side pressure in this case is
obtained as follows, for example: a sensor is inserted into
the pipe; or a distortion sensor is attached to the pipe to
detect the amount of deformation of the pipe, and the
indoor-side pressure is calculated from the relationship
between the amount of deformation and the pressure
received by the pipe.

(Relay Unit 30)

[0027] The relay unit 30 is configured to switch flows of
the refrigerant according to the operating states of the
indoor units 20 such that the refrigerant in a low-tem-
perature state is distributed to those indoor units 20 that
perform cooling operations and the refrigerant in a high-
temperature state is distributed to those indoor units 20
that perform heating operations.
[0028] The relay unit 30 includes a gas-liquid separator
31, a first refrigerant-heat exchanger 32, a first relay
expansion valve 33, a second refrigerant-heat exchan-
ger 34, a second relay expansion valve 35, check valves
36, and three-way linear expansion valves 37. The relay
unit 30 further includes a gas pipe 105, which is for gas
refrigerant to flow through; and a liquid pipe 106, which is
for liquid refrigerant to flow through. The relay unit 30
further includes a branch pipe 107 and a merging pipe
108. The branch pipe 107 branches off from a portion of
the liquid pipe 106 that is located downstream of the
second refrigerant-heat exchanger 34, and is connected
to the low-pressure pipe 102. The merging pipe 108 is
connected to the individual indoor units 20 and is con-
nected to the liquid pipe 106 at a position between the first
relay expansion valve 33 and the second refrigerant-heat
exchanger 34.
[0029] The gas-liquid separator 31 is connected to the
high-pressure pipe 101, to the gas pipe 105, and to the
liquid pipe 106 and is configured to separate a two-phase
refrigerant received from the high-pressure pipe 101 into
gas refrigerant and liquid refrigerant. The gas refrigerant
obtained in the gas-liquid separator 31 flows through the
gas pipe 105 and is supplied to the three-way linear
expansion valves 37. The liquid refrigerant obtained in
the gas-liquid separator 31 flows through the liquid pipe
106 and is supplied to the first refrigerant-heat exchanger
32.
[0030] The first refrigerant-heat exchanger 32 includes
a primary-side passage and a secondary-side passage.
Refrigerant flowing in the primary-side passage and re-
frigerant flowing in the secondary-side passage are
caused to exchange heat with each other, whereby the
refrigerant flowing in the primary-side passage is sub-
cooled. The primary-side passage of the first refrigerant-
heat exchanger 32 is connected to the gas-liquid separa-
tor 31 and to the first relay expansion valve 33 and allows
the liquid refrigerant obtained in the gas-liquid separator
31 to flow through. The secondary-side passage of the
first refrigerant-heat exchanger 32 is connected to a

secondary-side passage of the second refrigerant-heat
exchanger 34 and to the low-pressure pipe 102 and
allows the refrigerant discharged from the secondary-
side passage of the second refrigerant-heat exchanger
34 to flow through.
[0031] The first relay expansion valve 33 is connected
to the primary-side passage of the first refrigerant-heat
exchanger 32 and to a primary-side passage of the
second refrigerant-heat exchanger 34. The first relay
expansion valve 33 is configured to depressurize and
expand the refrigerant by adjusting the flow rate of the
refrigerant. The first relay expansion valve 33 is, for
example, an electronic expansion valve whose opening
degree is controllable. In such a case, the opening de-
gree of the first relay expansion valve 33 is controlled by
the controller 40. The first relay expansion valve 33 is not
limited to the above and may be any other expansion
device such as a capillary.
[0032] The second refrigerant-heat exchanger 34 in-
cludes the primary-side passage and the secondary-side
passage. Refrigerant flowing in the primary-side passage
and refrigerant flowing in the secondary-side passage
are caused to exchange heat with each other, whereby
the refrigerant flowing in the primary-side passage is
subcooled. The primary-side passage of the second
refrigerant-heat exchanger 34 is connected to the first
relay expansion valve 33 and allows the refrigerant dis-
charged from the first relay expansion valve 33 to flow
through. The secondary-side passage of the second
refrigerant-heat exchanger 34 is connected to the second
relay expansion valve 35 and to the secondary-side
passage of the first refrigerant-heat exchanger 32 and
allows the refrigerant discharged from the second relay
expansion valve 35 to flow through.
[0033] The second relay expansion valve 35 is pro-
vided to the branch pipe 107 and its downstream end is
connected to the secondary-side passage of the second
refrigerant-heat exchanger 34. The second relay expan-
sion valve 35 is configured to depressurize and expand
the refrigerant by adjusting the flow rate of the refrigerant.
The second relay expansion valve 35 is, for example, an
electronic expansion valve whose opening degree is
controllable. In such a case, the opening degree of the
second relay expansion valve 35 is controlled by the
controller 40. The second relay expansion valve 35 is
not limited to the above and may be any other expansion
device such as a capillary.
[0034] The check valves 36 each allow the refrigerant
in the refrigerant circuit to flow only in a predetermined
direction. The check valves 36 are provided in number
relative to the number of the indoor units 20. Specifically,
in the example illustrated in Fig. 1, check valves 36a1 and
36a2 are provided for the indoor unit 20a. The check
valves 36b1 and 36b2 are provided for the indoor unit
20b. The check valves 36c1 and 36c2 are provided for the
indoor unit 20c. The check valves 36d1 and 36d2 are
provided for the indoor unit 20d. The check valves 36e1
and 36e2 are provided for the indoor unit 20e.
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[0035] The check valves 36a1, 36b1, 36c1, 36d1, and
36e1 are each located between a corresponding one of
the indoor units 20a to 20e and the merging pipe 108. The
check valves 36a1, 36b1, 36c1, 36d1, and 36e1 each
allow the refrigerant to flow from a corresponding one of
the indoor units 20a to 20e toward the merging pipe 108.
[0036] The check valves 36a2, 36b2, 36c2, 36d2, and
36e2 are each located between the downstream end of
the primary-side passage of the second refrigerant-heat
exchanger 34 and acorresponding one of the indoor units
20a to 20e. The check valves 36a2, 36b2, 36c2, 36d2,
and 36e2 each allow the refrigerant to flow from the
second refrigerant-heat exchanger 34 toward a corre-
sponding one of the indoor units 20a to 20e.
[0037] The three-way linear expansion valves 37 are
each connected to a corresponding one of the indoor
units 20, to the low-pressure pipe 102, and to the gas pipe
105 and are each configured to switch directions of the
refrigerant flow according to the operating state of the
corresponding indoor unit 20. Specifically, when the cor-
responding indoor unit 20 is operated to perform a cooling
operation, the three-way linear expansion valve 37
switches its connection to the one that allows the indoor
unit 20 to communicate with the low-pressure pipe 102.
On the other hand, when the corresponding indoor unit 20
is operated to perform a heating operation, the three-way
linear expansion valve 37 switches its connection to the
one that allows the gas pipe 105 to communicate with the
indoor unit 20.
[0038] The three-way linear expansion valves 37 each
also have a function of depressurizing and expanding the
refrigerant by adjusting the flow rate of the refrigerant.
The three-way linear expansion valves 37 are, for exam-
ple, electronic expansion valves whose opening degrees
are controllable. The switching and the opening degrees
of the three-way linear expansion valves 37 are con-
trolled by the controller 40.
[0039] The three-way linear expansion valves 37 are
provided in number relative to the number of the indoor
units 20. Specifically, in the example illustrated in Fig. 1,
three-way linear expansion valves 37a to 37e are pro-
vided for the respective indoor units 20a to 20e.

(Controller 40)

[0040] The controller 40 is configured to control the
entirety of the refrigerating and air-conditioning appara-
tus 100. For example, the controller 40 controls the
refrigerant-flow switching device 12, the outdoor expan-
sion valve 14, the indoor expansion valves 21, the first
relay expansion valve 33, the second relay expansion
valve 35, the three-way linear expansion valves 37, and
other relevant devices according to the operating state of
the refrigerating and air-conditioning apparatus 100. In
particular, the controller 40 according to Embodiment 1 is
configured to control the opening degrees of the three-
way linear expansion valves 37 to execute an evaporat-
ing-temperature-adjusting process, in which the evapor-

ating temperatures of the indoor heat exchangers 22
provided in the respective indoor units 20 are adjusted
individually. Furthermore, the controller 40 is configured
to execute a liquid-carryover-prevention process, in
which the occurrence of a liquid carryover into the com-
pressor 11 is prevented. These processes will be de-
scribed in detail separately below.
[0041] Fig. 2 is a functional block diagram illustrating
an exemplary configuration of the controller illustrated in
Fig. 1. As illustrated in Fig. 2, the controller 40 includes
information acquisition circuitry 41, arithmetic circuitry
42, comparison circuitry 43, valve control circuitry 44,
and storage circuitry 45. In the controller 40, various
functions are implemented by executing pieces of soft-
ware on an arithmetic device such as a microcomputer.
Alternatively, for example, the controller 40 is provided as
hardware such as a circuit device configured to imple-
ment various functions. Herein, among the functions of
the controller 40, only those functions that are character-
istic to Embodiment 1 will be described.
[0042] The information acquisition circuitry 41 is con-
figured to acquire a suction pressure that is detected by
the outdoor-side pressure sensor 17, a suction tempera-
ture that is detected by the outdoor-side temperature
sensor 18, and indoor-side pressures that are detected
by the respective indoor-side pressure sensors 23. The
suction pressure is the pressure of the refrigerant that is
sucked into the compressor 11. The suction temperature
is the temperature of the refrigerant that is sucked into the
compressor 11.
[0043] The arithmetic circuitry 42 is configured to de-
rive saturation temperatures, regarded as evaporating
temperatures, from the pressures acquired by the infor-
mation acquisition circuitry 41. Specifically, in the eva-
porating-temperature-adjusting process, the arithmetic
circuitry 42 derives an evaporating temperature of the
indoor heat exchanger 22 of each of those indoor units 20
that are in cooling operation from a corresponding one of
the indoor-side pressures detected by the indoor-side
pressure sensors 23 and acquired by the information
acquisition circuitry 41. On the other hand, in the li-
quid-carryover-prevention process, the arithmetic circui-
try 42 derives an evaporating temperature from the suc-
tion pressure detected by the outdoor-side pressure
sensor 17 and acquired by the information acquisition
circuitry 41. Furthermore, in the liquid-carryover-preven-
tion process, the arithmetic circuitry 42 calculates a de-
gree of superheat from the suction temperature detected
by the outdoor-side temperature sensor 18 and acquired
by the information acquisition circuitry 41 and the calcu-
lated evaporating temperature.
[0044] The comparison circuitry 43 is configured to
compare such a value calculated by the arithmetic cir-
cuitry 42 with a corresponding one of set values stored in
the storage circuitry 45. Specifically, in the evaporating-
temperature-adjusting process, the comparison circuitry
43 compares the evaporating temperature derived by the
arithmetic circuitry 42 with a set evaporating temperature
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stored in the storage circuitry 45. The set evaporating
temperature is an evaporating temperature to be set for
cooling a corresponding indoor space to a set tempera-
ture.
[0045] On the other hand, in the liquid-carryover-pre-
vention process, the comparison circuitry 43 compares
the degree of superheat calculated by the arithmetic
circuitry 42 with a set degree of superheat stored in the
storage circuitry 45. The set degree of superheat is a
value that is set in advance for preventing the occurrence
of a liquid carryover. The set degree of superheat is
determined by, for example, the outdoor-air temperature,
the refrigerant pressure, the refrigerant temperature, and
any other relevant factors of the refrigerating and air-
conditioning apparatus 100.
[0046] The valve control circuitry 44 is configured to
control the opening degrees of the outdoor expansion
valve 14, the indoor expansion valves 21, and the three-
way linear expansion valves 37 with reference to the
result of the comparison performed by the comparison
circuitry 43. For example, in the evaporating-tempera-
ture-adjusting process, the valve control circuitry 44 con-
trols the opening degrees of the three-way linear expan-
sion valves 37 with reference to the result of the compar-
ison by the comparison circuitry 43 between the evapor-
ating temperatures and the set evaporating tempera-
tures. On the other hand, in the liquid-carryover-preven-
tion process, the valve control circuitry 44 controls the
opening degrees of the outdoor expansion valve 14, the
indoor expansion valves 21, and the three-way linear
expansion valves 37 with reference to the result of the
comparison by the comparison circuitry 43 between the
degree of superheat and the set degree of superheat.
[0047] The storage circuitry 45 is configured to store
relevant values and other pieces of information to be
used by pieces of circuitry included in the controller 40.
For example, the storage circuitry 45 stores in advance
set evaporating temperatures to be compared by the
comparison circuitry 43 with evaporating temperatures,
and a set degree of superheat to be compared with the
degree of superheat.
[0048] Fig. 3 illustrates an exemplary hardware con-
figuration of the controller illustrated in Fig. 2. When the
functions of the controller 40 are executed by hardware,
the controller 40 illustrated in Fig. 2 is provided as a
processing circuit 51 as illustrated in Fig. 3. The functions
of the information acquisition circuitry 41, the arithmetic
circuitry 42, the comparison circuitry 43, the valve control
circuitry 44, and the storage circuitry 45 illustrated in Fig.
2 are implemented by the processing circuit 51.
[0049] When the functions are executed by hardware,
the processing circuit 51 corresponds to, for example, a
single circuit, a composite circuit, a programmed proces-
sor, a parallel-programmed processor, an application
specific integrated circuit (ASIC), a field-programmable
gate array (FPGA), or a combination of any of the fore-
going. The functions of the information acquisition circui-
try 41, the arithmetic circuitry 42, the comparison circuitry

43, the valve control circuitry 44, and the storage circuitry
45 may be implemented by respective processing circuits
51 or may collectively be implemented by a single pro-
cessing circuit 51.
[0050] Fig. 4 illustrates another exemplary hardware
configuration of the controller illustrated in Fig. 2. When
the functions of the controller 40 are executed by soft-
ware, the controller 40 illustrated in Fig. 2 is provided as a
combination of a processor 52 and a memory 53 as
illustrated in Fig. 4. The functions of the information
acquisition circuitry 41, the arithmetic circuitry 42, the
comparison circuitry 43, the valve control circuitry 44, and
the storage circuitry 45 are implemented by the proces-
sor 52 and the memory 53.
[0051] When the functions are executed by software,
the functions of the information acquisition circuitry 41,
the arithmetic circuitry 42, the comparison circuitry 43,
the valve control circuitry 44, and the storage circuitry 45
are implemented by software, firmware, or a combination
of software and firmware. Such software and firmware is
written as programs and is stored in the memory 53. The
processor 52 is configured to implement the functions by
reading and executing the programs stored in the mem-
ory 53.
[0052] The memory 53 is, for example, a nonvolatile or
volatile semiconductor memory such as a random ac-
cess memory (RAM), a read only memory (ROM), a flash
memory, an erasable and programmable ROM
(EPROM), and an electrically erasable and programma-
ble ROM (EEPROM). The memory 53 may alternatively
be, for example, a detachable recording medium such as
a magnetic disk, a flexible disk, an optical disc, a compact
disc (CD), a mini disc (MD), and a digital versatile disc
(DVD).

[Refrigerant Behaviors in Refrigerating and Air-condi-
tioning Apparatus 100]

[0053] Behaviors of the refrigerant in different opera-
tion modes of the refrigerating and air-conditioning ap-
paratus 100 configured as above will be described below.
The refrigerating and air-conditioning apparatus 100 ac-
cording to Embodiment 1 is configured to perform any of
the following operation modes: a cooling only operation,
a heating only operation, a cooling main operation, and a
heating main operation.
[0054] The cooling only operation is an operation in
which all of the indoor units 20 perform cooling opera-
tions. The heating only operation is an operation in which
all of the indoor units 20 perform heating operations. The
cooling main operation is an operation performed when
the cooling load generated by those indoor units 20 that
perform cooling operations exceeds the heating load
generated by those indoor units 20 that perform heating
operations. The heating main operation is an operation
performed when the heating load generated by those
indoor units 20 that perform heating operations exceeds
the cooling load generated by those indoor units 20 that
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perform cooling operations.
[0055] The cooling main operation in which the cooling
load exceeds the heating load is performed when, for
example, the number of the indoor units 20 that perform
cooling operations is greater than the number of the
indoor units 20 that perform heating operations. The
heating main operation in which the heating load exceeds
the cooling load is performed when, for example, the
number of the indoor units 20 that perform heating op-
erations is greater than the number of the indoor units 20
that perform cooling operations.

(Cooling Only Operation Mode)

[0056] Fig. 5 schematically illustrates the flow of re-
frigerant in the refrigerating and air-conditioning appara-
tus illustrated in Fig. 1 in the cooling only operation mode.
In the cooling only operation mode, all of the indoor units
20a to 20e perform cooling operations. In Fig. 5, bold
lines represent the refrigerant passages in the cooling
only operation mode, and arrows represent the direction
in which the refrigerant flows in the refrigerant passages.
[0057] In the cooling only operation mode, the refrig-
erant-flow switching device 12 of the outdoor unit 10 is
first controlled such that the discharge side of the com-
pressor 11 is connected to the outdoor heat exchanger 13
while the suction side of the compressor 11 is connected
to the low-pressure pipe 102. Furthermore, the three-way
linear expansion valves 37a to 37e are each controlled
such that the corresponding indoor unit 20 is connected
to the low-pressure pipe 102.
[0058] Low-temperature and low-pressure refrigerant
is compressed by the compressor 11 into high-tempera-
ture and high-pressure gas refrigerant, which is dis-
charged. The high-temperature and high-pressure gas
refrigerant discharged from the compressor 11 flows
through the refrigerant-flow switching device 12 and
flows into the outdoor heat exchanger 13. The high-
temperature and high-pressure gas refrigerant received
by the outdoor heat exchanger 13 exchanges heat with
outdoor air and thus transfers heat to the outdoor air and
condenses into high-pressure liquid refrigerant, which is
discharged from the outdoor heat exchanger 13. The
high-pressure liquid refrigerant discharged from the out-
door heat exchanger 13 flows through the check valve
15a, is discharged from the outdoor unit 10, and flows into
the relay unit 30.
[0059] The high-pressure liquid refrigerant received by
the relay unit 30 flows through the gas-liquid separator 31
into the primary-side passage of the first refrigerant-heat
exchanger 32. The liquid refrigerant received by the
primary-side passage of the first refrigerant-heat exchan-
ger 32 is subcooled by the refrigerant flowing in the
secondary-side passage of the first refrigerant-heat ex-
changer 32 and is discharged from the primary-side
passage of the first refrigerant-heat exchanger 32. The
liquid refrigerant discharged from the primary-side pas-
sage of the first refrigerant-heat exchanger 32 flows

through the first relay expansion valve 33 into the pri-
mary-side passage of the second refrigerant-heat ex-
changer 34. The liquid refrigerant received by the pri-
mary-side passage of the second refrigerant-heat ex-
changer 34 is further subcooled by the refrigerant flowing
in the secondary-side passage of the second refrigerant-
heat exchanger 34 and is discharged from the primary-
side passage of the second refrigerant-heat exchanger
34.
[0060] The liquid refrigerant discharged from the pri-
mary-side passage of the second refrigerant-heat ex-
changer 34 is split into portions, some of which flow
through the check valves 36a2, 36b2, 36c2, 36d2, and
36e2 and are discharged from the relay unit 30. The
portions of the liquid refrigerant that are discharged from
the relay unit 30 flow into the respective indoor units 20a
to 20e. Meanwhile, the remaining portion of the liquid
refrigerant that is discharged from the primary-side pas-
sage of the second refrigerant-heat exchanger 34 flows
into the second relay expansion valve 35, where the
remaining portion is depressurized and expanded into
low-pressure gas refrigerant and flows into the branch
pipe 107. Hence, the low-pressure gas refrigerant con-
tributes to the subcooling of the refrigerant flowing from
the gas-liquid separator 31 through to the first refrigerant-
heat exchanger 32 and the second refrigerant-heat ex-
changer 34.
[0061] The portion of the liquid refrigerant that is re-
ceived by the indoor unit 20a is depressurized and ex-
panded by the indoor expansion valve 21 into low-tem-
perature and low-pressure two-phase gas-liquid refrig-
erant or low-temperature and low-pressure liquid refrig-
erant and flows into the indoor heat exchanger 22. The
low-temperature and low-pressure two-phase gas-liquid
refrigerant or the low-temperature and low-pressure li-
quid refrigerant received by the indoor heat exchanger 22
exchanges heat with indoor air and thus receives heat
from the indoor air and evaporates, thereby cooling the
indoor air. Consequently, the refrigerant turns into low-
pressure gas refrigerant and is discharged from the in-
door heat exchanger 22. The low-pressure gas refriger-
ant discharged from the indoor heat exchanger 22 is then
discharged from the indoor unit 20a and flows into the
relay unit 30.
[0062] Likewise, the other portions of the liquid refrig-
erant that are received by the respective indoor units 20b
to 20e each turn into low-pressure gas refrigerant are
discharged from the respective indoor units 20b to 20e,
and flow into the relay unit 30.
[0063] The gas refrigerant portions received by the
relay unit 30 flow through the respective three-way linear
expansion valves 37a to 37e and are collected into the
low-pressure pipe 102. The collected low-pressure gas
refrigerant in the low-pressure pipe 102 merges with the
refrigerant discharged from the primary-side passage of
the second refrigerant-heat exchanger 34 and flowing
through the second relay expansion valve 35, the second
refrigerant-heat exchanger 34, and the first refrigerant-
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heat exchanger 32 into the branch pipe 107. Then, the
low-pressure gas refrigerant is discharged from the relay
unit 30 and flows into the outdoor unit 10.
[0064] The low-pressure gas refrigerant received by
the outdoor unit 10 flows through the check valve 15d, the
refrigerant-flow switching device 12, and the accumulator
16 and is sucked into the compressor 11. Thereafter, the
above cycle is repeated.

(Heating Only Operation Mode)

[0065] Fig. 6 schematically illustrates the flow of re-
frigerant in the refrigerating and air-conditioning appara-
tus illustrated in Fig. 1 in the heating only operation mode.
In the heating only operation mode, all of the indoor units
20a to 20e perform heating operations. In Fig. 6, bold
lines represent the refrigerant passages in the heating
only operation mode, and arrows represent the direction
in which the refrigerant flows in the refrigerant passages.
[0066] In the heating only operation mode, the refrig-
erant-flow switching device 12 of the outdoor unit 10 is
first controlled such that the discharge side of the com-
pressor 11 is connected to the gas-liquid separator 31 of
the relay unit 30 while the suction side of the compressor
11 is connected to the outdoor heat exchanger 13.
Furthermore, the three-way linear expansion valves
37a to 37e are each controlled such that the gas pipe
105 is connected to the corresponding indoor unit 20.
[0067] Low-temperature and low-pressure refrigerant
is compressed by the compressor 11 into high-tempera-
ture and high-pressure gas refrigerant, which is dis-
charged. The high-temperature and high-pressure gas
refrigerant discharged from the compressor 11 flows
through the refrigerant-flow switching device 12 and
the check valve 15b, is discharged from the outdoor unit
10, and flows into the relay unit 30. The high-temperature
and high-pressure gas refrigerant received by the relay
unit 30 flows through the gas-liquid separator 31 and the
three-way linear expansion valves 37a to 37e, is dis-
charged from the relay unit 30, and flows into the indoor
units 20a to 20e.
[0068] A portion of the high-temperature and high-
pressure gas refrigerant that is received by the indoor
unit 20a flows into the indoor heat exchanger 22, ex-
changes heat with indoor air and thus transfers heat to
the indoor air and condenses, thereby heating the indoor
air. Consequently, the refrigerant turns into high-pressure
liquid refrigerant and is discharged from the indoor heat
exchanger 22. The high-pressure liquid refrigerant dis-
charged from the indoor heat exchanger 22 is depressur-
ized and expanded by the indoor expansion valve 21 into
medium-pressure liquid refrigerant, which is discharged
from the indoor unit 20a and then flows into the relay unit
30.
[0069] Likewise, the other portions of the high-tem-
perature and high-pressure gas refrigerant that are re-
ceived by the respective indoor units 20b to 20e each turn
into medium-pressure liquid refrigerant are discharged

from the indoor units 20b to 20e, and flow into the relay
unit 30.
[0070] The medium-pressure liquid refrigerant por-
tions received by the relay unit 30 flow through the
respective check valves 36a1, 36b1, 36c1, 36d1, and
36e1 and are collected into the merging pipe 108. Sub-
sequently, the collected medium-pressure liquid refrig-
erant flows through the second refrigerant-heat exchan-
ger 34 and flows through the second relay expansion
valve 35, thereby turning into low-pressure liquid refrig-
erant. The low-pressure liquid refrigerant then flows
through the first refrigerant-heat exchanger 32 and
reaches the low-pressure pipe 102. The low-pressure
liquid refrigerant received by the low-pressure pipe 102 is
then discharged from the relay unit 30 and flows into the
outdoor unit 10.
[0071] The low-pressure liquid refrigerant received by
the outdoor unit 10 flows through the check valve 15c and
the outdoor expansion valve 14 and flows into the outdoor
heat exchanger 13. The low-pressure liquid refrigerant
received by the outdoor heat exchanger 13 exchanges
heat with outdoor air and thus receives heat from the
outdoor air and evaporates. Consequently, the refriger-
ant turns into low-temperature and low-pressure gas
refrigerant and is discharged from the outdoor heat ex-
changer 13. The low-temperature and low-pressure gas
refrigerant discharged from the outdoor heat exchanger
13 flows through the refrigerant-flow switching device 12
and the accumulator 16 and is sucked into the compres-
sor 11. Thereafter, the above cycle is repeated.

(Cooling Main Operation Mode)

[0072] Fig. 7 schematically illustrates the flow of re-
frigerant in the refrigerating and air-conditioning appara-
tus illustrated in Fig. 1 in the cooling main operation
mode. The following description relates to an exemplary
case where the indoor units 20a to 20d perform cooling
operations while the indoor unit 20e performs a heating
operation. In Fig. 7, bold lines represent the refrigerant
passages in the cooling main operation mode, and ar-
rows represent the direction in which the refrigerant flows
in the refrigerant passages.
[0073] In the cooling main operation mode, the refrig-
erant-flow switching device 12 of the outdoor unit 10 is
first controlled such that the discharge side of the com-
pressor 11 is connected to the outdoor heat exchanger 13
while the suction side of the compressor 11 is connected
to the low-pressure pipe 102. Furthermore, the three-way
linear expansion valves 37a to 37d are each controlled
such that the corresponding indoor unit 20 is connected
to the low-pressure pipe 102. The three-way linear ex-
pansion valve 37e is controlled such that the gas pipe 105
is connected to the corresponding indoor unit 20.
[0074] Low-temperature and low-pressure refrigerant
is compressed by the compressor 11 into high-tempera-
ture and high-pressure gas refrigerant, which is dis-
charged. The high-temperature and high-pressure gas
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refrigerant discharged from the compressor 11 flows
through the refrigerant-flow switching device 12 and
flows into the outdoor heat exchanger 13. The high-
temperature and high-pressure gas refrigerant received
by the outdoor heat exchanger 13 exchanges heat with
outdoor air and thus transfers heat to the outdoor air and
condenses into high-pressure two-phase gas-liquid re-
frigerant, which is discharged from the outdoor heat
exchanger 13. The high-pressure two-phase gas-liquid
refrigerant discharged from the outdoor heat exchanger
13 flows through the check valve 15a, is discharged from
the outdoor unit 10, and flows into the relay unit 30.
[0075] The high-pressure two-phase gas-liquid refrig-
erant received by the relay unit 30 flows into the gas-liquid
separator 31, thereby being separated into high-pres-
sure gas refrigerant and high-pressure liquid refrigerant.
The high-pressure liquid refrigerant obtained in the gas-
liquid separator 31 flows into the primary-side passage of
the first refrigerant-heat exchanger 32.
[0076] The liquid refrigerant received by the primary-
side passage of the first refrigerant-heat exchanger 32 is
subcooled by the refrigerant flowing in the secondary-
side passage of the first refrigerant-heat exchanger 32
and is discharged from the primary-side passage of the
first refrigerant-heat exchanger 32. The liquid refrigerant
discharged from the primary-side passage of the first
refrigerant-heat exchanger 32 flows through the first
relay expansion valve 33 into the primary-side passage
of the second refrigerant-heat exchanger 34. The med-
ium-pressure liquid refrigerant received by the primary-
side passage of the second refrigerant-heat exchanger
34 is further subcooled by the refrigerant flowing in the
secondary-side passage of the second refrigerant-heat
exchanger 34 and is discharged from the primary-side
passage of the second refrigerant-heat exchanger 34.
[0077] The liquid refrigerant discharged from the pri-
mary-side passage of the second refrigerant-heat ex-
changer 34 is split into portions, some of which flow
through the check valves 36a2, 36b2, 36c2, and 36d2
and are discharged from the relay unit 30. The portions of
the liquid refrigerant that are discharged from the relay
unit 30 flow into the respective indoor units 20a to 20d.
Meanwhile, the remaining portion of the liquid refrigerant
that is discharged from the primary-side passage of the
second refrigerant-heat exchanger 34 flows into the sec-
ond relay expansion valve 35, where the remaining por-
tion is depressurized and expanded into low-pressure
gas refrigerant and flows into the branch pipe 107.
Hence, the low-pressure gas refrigerant contributes to
the subcooling of the refrigerant flowing from the gas-
liquid separator 31 through to the first refrigerant-heat
exchanger 32 and the second refrigerant-heat exchan-
ger 34.
[0078] The portion of the liquid refrigerant that is re-
ceived by the indoor unit 20a is depressurized and ex-
panded by the indoor expansion valve 21 into low-tem-
perature and low-pressure two-phase gas-liquid refrig-
erant or low-temperature and low-pressure liquid refrig-

erant and flows into the indoor heat exchanger 22. The
low-temperature and low-pressure two-phase gas-liquid
refrigerant or low-temperature and low-pressure liquid
refrigerant received by the indoor heat exchanger 22
exchanges heat with indoor air and thus receives heat
from the indoor air and evaporates, thereby cooling the
indoor air. Consequently, the refrigerant turns into low-
pressure gas refrigerant and is discharged from the in-
door heat exchanger 22. The low-pressure gas refriger-
ant discharged from the indoor heat exchanger 22 is then
discharged from the indoor unit 20a and flows into the
relay unit 30.
[0079] Likewise, the other portions of the liquid refrig-
erant that are received by the respective indoor units 20b
to 20d each turn into low-pressure gas refrigerant are
discharged from the indoor units 20b to 20e, and flow into
the relay unit 30. The portions of the refrigerant that are
received by the relay unit 30 flow through the respective
three-way linear expansion valves 37a to 37d and are
collected into the low-pressure pipe 102.
[0080] Meanwhile, the high-pressure gas refrigerant
obtained in the gas-liquid separator 31 flows through
the three-way linear expansion valve 37e, is discharged
from the relay unit 30, and flows into the indoor unit 20e
that performs a heating operation. The high-temperature
and high-pressure gas refrigerant received by the indoor
unit 20e flows into the indoor heat exchanger 22, ex-
changes heat with indoor air and thus transfers heat to
the indoor air and condenses, thereby heating the indoor
air. Consequently, the refrigerant turns into high-pressure
liquid refrigerant and is discharged from the indoor heat
exchanger 22. The high-pressure liquid refrigerant dis-
charged from the indoor heat exchanger 22 is depressur-
ized and expanded by the indoor expansion valve 21 into
liquid refrigerant, which is discharged from the indoor unit
20e and then flows into the relay unit 30.
[0081] The refrigerant received by the relay unit 30
flows through the check valve 36e1 into the merging pipe
108. Then, the refrigerant flows through the second re-
frigerant-heat exchanger 34, the second relay expansion
valve 35, and the first refrigerant-heat exchanger 32 and
reaches the low-pressure pipe 102.
[0082] The portions of the refrigerant that are dis-
charged from the indoor units 20a to 20d that perform
cooling operations and from the indoor unit 20e that
performs a heating operation as above merge together
at the low-pressure pipe 102. The merged refrigerant is
discharged from the relay unit 30 and then flows into the
outdoor unit 10. The low-pressure gas refrigerant re-
ceived by the outdoor unit 10 flows through the check
valve 15d, the refrigerant-flow switching device 12, and
the accumulator 16 and is sucked into the compressor 11.
Thereafter, the above cycle is repeated.

(Heating Main Operation Mode)

[0083] Fig. 8 schematically illustrates the flow of re-
frigerant in the refrigerating and air-conditioning appara-
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tus illustrated in Fig. 1 in a heating main operation mode.
The following description relates to an exemplary case
where the indoor units 20a to 20d perform heating opera-
tions while the indoor unit 20e performs a cooling opera-
tion. In Fig. 8, bold lines represent the refrigerant pas-
sages in the heating main operation mode, and arrows
represent the direction in which the refrigerant flows in the
refrigerant passages.
[0084] In the heating main operation mode, the refrig-
erant-flow switching device 12 of the outdoor unit 10 is
first controlled such that the discharge side of the com-
pressor 11 is connected to the gas-liquid separator 31 of
the relay unit 30 while the suction side of the compressor
11 is connected to the outdoor heat exchanger 13.
Furthermore, the three-way linear expansion valves
37a to 37d are each controlled such that the gas pipe
105 is connected to the corresponding indoor unit 20. The
three-way linear expansion valve 37e is controlled such
that the corresponding indoor unit 20 is connected to the
low-pressure pipe 102.
[0085] Low-temperature and low-pressure refrigerant
is compressed by the compressor 11 into high-tempera-
ture and high-pressure gas refrigerant, which is dis-
charged. The high-temperature and high-pressure gas
refrigerant discharged from the compressor 11 flows
through the refrigerant-flow switching device 12 and
the check valve 15b, is discharged from the outdoor unit
10, and flows into the relay unit 30. The high-temperature
and high-pressure gas refrigerant received by the relay
unit 30 flows through the gas-liquid separator 31 and the
three-way linear expansion valves 37a to 37d, is dis-
charged from the relay unit 30, and flows into the indoor
units 20a to 20d.
[0086] A portion of the high-temperature and high-
pressure gas refrigerant that is received by the indoor
unit 20a flows into the indoor heat exchanger 22, ex-
changes heat with indoor air and thus transfers heat to
the indoor air and condenses, thereby heating the indoor
air. Consequently, the refrigerant turns into high-pressure
liquid refrigerant and is discharged from the indoor heat
exchanger 22. The high-pressure liquid refrigerant dis-
charged from the indoor heat exchanger 22 is depressur-
ized and expanded by the indoor expansion valve 21 into
medium-pressure liquid refrigerant, which is discharged
from the indoor unit 20a and then flows into the relay unit
30.
[0087] Likewise, the other portions of the high-tem-
perature and high-pressure gas refrigerant that are re-
ceived by the respective indoor units 20b to 20d each turn
into medium-pressure liquid refrigerant are discharged
from the indoor units 20b to 20d, and flow into the relay
unit 30.
[0088] The medium-pressure liquid refrigerant por-
tions received by the relay unit 30 flow through the
respective check valves 36a1, 36b1, 36c1, and 36d1
and are collected into the merging pipe 108. Then, the
collected refrigerant flows into the primary-side passage
of the second refrigerant-heat exchanger 34. The low-

pressure liquid refrigerant received by the primary-side
passage of the second refrigerant-heat exchanger 34 is
subcooled by the refrigerant flowing in the secondary-
side passage of the second refrigerant-heat exchanger
34 and is discharged from the primary-side passage of
the second refrigerant-heat exchanger 34.
[0089] The medium-pressure liquid refrigerant dis-
charged from the primary-side passage of the second
refrigerant-heat exchanger 34 is split into portions, one of
which flows through the check valve 36e2 and is dis-
charged from the relay unit 30. The portion of the liquid
refrigerant that is discharged from the relay unit 30 flows
into the corresponding indoor unit 20e that performs a
cooling operation. Meanwhile, the remaining portion of
the medium-pressure liquid refrigerant that is discharged
from the primary-side passage of the second refrigerant-
heat exchanger 34 flows through the branch pipe 107 into
the secondary-side passage of the second refrigerant-
heat exchanger 34.
[0090] The portion of the low-pressure liquid refriger-
ant that is received by the indoor unit 20e is depressur-
ized and expanded by the indoor expansion valve 21 into
low-pressure two-phase gas-liquid refrigerant or low-
pressure liquid refrigerant and flows into the indoor heat
exchanger 22. The low-pressure two-phase gas-liquid
refrigerant or the low-pressure liquid refrigerant received
by the indoor heat exchanger 22 exchanges heat with
indoor air and thus receives heat from the indoor air and
evaporates, thereby cooling the indoor air. Consequently,
the refrigerant turns into low-pressure gas refrigerant and
is discharged from the indoor heat exchanger 22. The
low-pressure gas refrigerant discharged from the indoor
heat exchanger 22 is then discharged from the indoor unit
20e and flows into the relay unit 30. The gas refrigerant
received by the relay unit 30 flows through the three-way
linear expansion valve 37e and reaches into the low-
pressure pipe 102.
[0091] The low-pressure gas refrigerant in the low-
pressure pipe 102 merges with the refrigerant discharged
from the primary-side passage of the second refrigerant-
heat exchanger 34 and flowing through the second relay
expansion valve 35, the second refrigerant-heat exchan-
ger 34, and the first refrigerant-heat exchanger 32 into the
branch pipe 107. Then, the low-pressure gas refrigerant
is discharged from the relay unit 30 and flows into the
outdoor unit 10.
[0092] The low-pressure gas refrigerant received by
the outdoor unit 10 flows through the check valve 15c and
the outdoor expansion valve 14 and flows into the outdoor
heat exchanger 13. The low-pressure gas refrigerant
received by the outdoor heat exchanger 13 exchanges
heat with outdoor air and thus receives heat from the
outdoor air and evaporates, thereby being further gasi-
fied. Then, the refrigerant is discharged from the outdoor
heat exchanger 13. The low-temperature and low-pres-
sure gas refrigerant discharged from the outdoor heat
exchanger 13 flows through the refrigerant-flow switch-
ing device 12 and the accumulator 16 and is sucked into
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the compressor 11. Thereafter, the above cycle is re-
peated.

[Evaporating-temperature-adjusting Process]

[0093] The evaporating-temperature-adjusting pro-
cess according to Embodiment 1 will be described below.
In a refrigerating and air-conditioning apparatus, to pre-
vent the freezing of the pipes of the indoor units, factors
such as the driving frequency of the compressor and the
opening degrees of the expansion valves are usually
controlled such that the evaporating temperatures be-
come 0 degrees C. On the other hand, as the length of the
pipe provided between each indoor unit and the outdoor
unit increases, the pressure loss increases, which raises
the evaporating temperature of the indoor unit. There-
fore, in the operation modes of the refrigerating and air-
conditioning apparatus that involve cooling operations;
particularly, in the heating main operation, an indoor unit
that is connected to the outdoor unit by the shortest pipe
among those indoor units that perform cooling operations
marks the lowest evaporating temperature compared
with the evaporating temperatures of the other indoor
units, and the lowest evaporating temperature may be
below 0 degrees C. When the evaporating temperature of
any indoor unit is below 0 degrees C, the pipe connected
to the indoor unit is frozen and may be damaged.
[0094] To prevent the occurrence of such freezing of
the pipe, in a known refrigerating and air-conditioning
apparatus, the opening degree of the expansion valve
included in the outdoor unit is adjusted according to the
evaporating temperature of the indoor unit that has the
shortest connection pipe among those indoor units that
perform cooling operations. However, such a configura-
tion raises the evaporating temperatures of the other
indoor units that perform cooling operations. Conse-
quently, the cooling capacity may become short when
the cooling load is high, resulting in incapability of satis-
factory cooling of the indoor spaces.
[0095] In Embodiment 1, when a plurality of indoor
units 20 perform cooling operations, the evaporating-
temperature-adjusting process is thus executed in which
the evaporating temperatures of the indoor units 20 are
individually adjusted by controlling the opening degrees
of the three-way linear expansion valves 37 provided in
the relay unit 30.
[0096] Fig. 9 is a flow chart illustrating an exemplary
flow of the evaporating-temperature-adjusting process
according to Embodiment 1. In step S1, the controller 40
checks whether the current operation is any of the heat-
ing main operation, the cooling main operation, and the
cooling only operation. When the current operation is any
of the heating main operation, the cooling main opera-
tion, and the cooling only operation (YES in step S1), the
valve control circuitry 44 of the controller 40 sets in step
S2 the opening degrees of all of the three-way linear
expansion valves 37a to 37e to respective initial opening
degrees. The initial opening degrees of the three-way

linear expansion valves 37a to 37e are predetermined
opening degrees and are set according to the capacities
of the respective three-way linear expansion valves 37a
to 37e.
[0097] When the current operation is none of the heat-
ing main operation, the cooling main operation, and the
cooling only operation; that is, when the current operation
is the heating only operation (NO in step S1), the process
ends.
[0098] In step S3, the indoor-side pressure sensors 23
provided in the respective indoor units 20a to 20e detect
respective indoor-side pressures. The information acqui-
sition circuitry 41 acquires the indoor-side pressures
detected by the indoor-side pressure sensors 23. The
pressures thus acquired are regarded as being equiva-
lent to the evaporating pressures of the corresponding
indoor heat exchangers 22.
[0099] For example, under an atmospheric pressure of
1 or below, water boils at 100 degrees C and reaches a
two-phase gas-liquid state. It is known that the pressure
and the temperature in the two-phase gas-liquid state
usually have a correlation with each other. In the two-
phase gas-liquid state, one of the pressure and the
temperature can be derived from the other. The arith-
metic circuitry 42 thus utilizes such a relationship be-
tween the pressure and the temperature to derive eva-
porating temperatures from the evaporating pressures.
[0100] In step S4, for those indoor units 20 that are in
cooling operation, the arithmetic circuitry 42 converts
each of the pressures acquired as the evaporating pres-
sures in step S3 into an evaporating temperature of a
corresponding one of the indoor heat exchangers 22.
Thus, the evaporating temperature is derived.
[0101] In step S5, the comparison circuitry 43 checks
whether the evaporating temperature of the indoor heat
exchanger 22 of each of those indoor units 20 that are in
cooling operation is higher than or equal to a correspond-
ing one of the predetermined set evaporating tempera-
tures. When the evaporating temperature is below the set
evaporating temperature (NO in step S5), the process
proceeds to step S6, in which the valve control circuitry 44
reduces by a set opening degree the opening degree of a
corresponding one of the three-way linear expansion
valves 37 such that the evaporating temperature ap-
proaches the set evaporating temperature.
[0102] For example, when the indoor unit 20a is in
cooling operation and the evaporating temperature of
the indoor heat exchanger 22 of the indoor unit 20a is
lower than the set evaporating temperature, the valve
control circuitry 44 reduces by a set opening degree the
opening degree of the three-way linear expansion valve
37a corresponding to the indoor unit 20a. The set open-
ing degree in such a case is predetermined according to
any factor such as the capacity of the corresponding
indoor unit 20. When the evaporating temperature is
higher than or equal to the set evaporating temperature
(YES in step S5), the process proceeds to step S7.
[0103] In step S7, the comparison circuitry 43 checks
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whether the evaporating temperature of the indoor heat
exchanger 22 of each of those indoor units 20 that are in
cooling operation is equal to the corresponding set eva-
porating temperature. When the evaporating tempera-
ture is equal to the set evaporating temperature (YES in
step S7), the process returns to step S3.
[0104] When the evaporating temperature is not equal
to the set evaporating temperature (NO in step S7), the
process proceeds to step S8, in which the valve control
circuitry 44 increases by a set opening degree the open-
ing degree of the corresponding three-way linear expan-
sion valve 37 such that the evaporating temperature
approaches the set evaporating temperature. Then,
the process returns to step S3.
[0105] As described above, the opening degree of
each of the three-way linear expansion valves 37 is
controlled such that the evaporating temperature be-
comes equal to the set evaporating temperature. Thus,
the evaporating temperatures of the indoor heat exchan-
gers 22 provided in the respective indoor units 20 are
individually adjustable. Therefore, cooling operations are
performable according to respective air-conditioning
loads that are set for individual rooms provided with
the indoor units 20, avoiding a situation in the above
known art that leads to incapability of satisfactory cooling
of the indoor spaces.
[0106] In a heating main operation, for example, cool-
ing operations may be performed in a room with a low air-
conditioning load such as a server room and in a room
with a high air-conditioning load such as a residential
space, while heating operations may be performed in the
other rooms. Even in such a case, cooling operations
suited for the air-conditioning loads of the individual
rooms are achieved through the execution of the evapor-
ating-temperature-adjusting process. The above open-
ing-degree control is applicable not only to the heating
main operation but also to the cooling main operation and
to the cooling only operation.
[0107] While the present example relates to a case
where the evaporating temperatures of the indoor heat
exchangers 22 are derived from the indoor-side pres-
sures detected by the indoor-side pressure sensors 23,
such a method is not the only example. For example, a
thermocouple may be placed inside the pipe of each
indoor heat exchanger 22 to directly detect refrigerant
temperature regarded as evaporating temperature. Al-
ternatively, for example, a thermocouple may be pasted
to the outer wall of the pipe to detect refrigerant tempera-
ture.

[Liquid-carryover-prevention Process]

[0108] The liquid-carryover-prevention process will be
described below. When the refrigerating and air-condi-
tioning apparatus 100 causes a liquid carryover in which
liquid refrigerant is sucked into the compressor 11 pro-
vided in the outdoor unit 10, the compressor 11 may fail.
[0109] In Embodiment 1, the liquid-carryover-preven-

tion process is thus executed in which suction of liquid
refrigerant into the compressor 11 is prevented. In the
liquid-carryover-prevention process, a first liquid-carry-
over-prevention process is executed when the operation
mode of the refrigerating and air-conditioning apparatus
100 is the heating main operation or the heating only
operation,whereas asecond liquid-carryover-prevention
process is executed when the operation mode is the
cooling main operation or the cooling only operation.
[0110] Fig. 10 is a flow chart illustrating an exemplary
flow of the liquid-carryover-prevention process according
to Embodiment 1. In step S100, the controller 40 checks
whether the operation mode of the refrigerating and air-
conditioning apparatus 100 is the heating main operation
or the heating only operation.
[0111] When the operation mode is the heating main
operation or the heating only operation (YES in step
S100), the controller 40 executes the first liquid-carry-
over-prevention process in step S10. When the operation
mode is neither the heating main operation nor the heat-
ing only operation; that is, when the operation mode is the
cooling main operation or the cooling only operation (NO
in step S100), the controller 40 executes the second
liquid-carryover-prevention process in step S30.

(First Liquid-carryover-prevention Process)

[0112] Fig. 11 is a flow chart illustrating an exemplary
flow of the first liquid-carryover-prevention process illu-
strated in Fig. 10. In step S11, the outdoor-side pressure
sensor 17 provided in the outdoor unit 10 detects a
suction pressure P17 of the refrigerant that is sucked
into the compressor 11. The information acquisition cir-
cuitry 41 acquires the suction pressure P17 detected by
the outdoor-side pressure sensor 17. When the operation
mode is the heating main operation or the heating only
operation, the suction pressure P17 thus acquired is
regarded as being equivalent to the evaporating pressure
of the outdoor heat exchanger 13.
[0113] In step S12, the outdoor-side temperature sen-
sor 18 provided in the outdoor unit 10 detects a suction
temperature T18 of the refrigerant that is sucked into the
compressor 11. The information acquisition circuitry 41
acquires the suction temperature T18 detected by the
outdoor-side temperature sensor 18.
[0114] In step S13, the arithmetic circuitry 42 converts
the suction pressure P17 acquired as the evaporating
pressure in step S11 into an evaporating temperature Te
of the outdoor heat exchanger 13. Thus, the evaporating
temperature Te is derived. In step S14, the arithmetic
circuitry 42 calculates a degree of superheat SH1 (= T18 -
Te) of the refrigerant that is sucked into the compressor 11
from the suction temperature T18 acquired in step S12
and the evaporating temperature Te derived in step S13.
[0115] In step S15, the comparison circuitry 43 checks
whether the degree of superheat SH1 is lower than or
equal to the set degree of superheat. When the degree of
superheat SH1 is lower than or equal to the set degree of
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superheat (YES in step S15), the process proceeds to
step S16. When the degree of superheat SH1 is below
the set degree of superheat (NO in step S15), the process
returns to step S11.
[0116] In step S16, the valve control circuitry 44 re-
duces by a set opening degree the opening degree of the
three-way linear expansion valve 37 corresponding to
each of those indoor units 20 that are in cooling operation
such that a liquid carryover of the refrigerant to be sucked
into the compressor 11 does not occur. The set opening
degree in such a case is predetermined according to any
factors such as the amount of refrigerant in the refriger-
ating and air-conditioning apparatus 100, the outdoor-air
temperature, the refrigerant pressure, and the refrigerant
temperature.
[0117] In step S17, the outdoor-side pressure sensor
17 detects a suction pressure P17, and the information
acquisition circuitry 41 acquires the suction pressure P17
detected by the outdoor-side pressure sensor 17. In step
S18, the outdoor-side temperature sensor 18 detects a
suction temperature T18, and the valve control circuitry
44 acquires the suction temperature T18 detected by the
outdoor-side temperature sensor 18.
[0118] In step S19, the arithmetic circuitry 42 converts
the suction pressure P17 acquired in step S17 into an
evaporating temperature Te of the outdoor heat exchan-
ger 13. Thus, the evaporating temperature Te is derived.
In step S20, the arithmetic circuitry 42 calculates a de-
gree of superheat SH1 from the suction temperature T18
acquired in step S18 and the evaporating temperature Te
derived in step S19.
[0119] In step S21, the comparison circuitry 43 checks
whether the degree of superheat SH1 is lower than or
equal to the set degree of superheat. When the degree of
superheat SH1 is lower than or equal to the set degree of
superheat (YES in step S21), the process proceeds to
step S22. When the degree of superheat SH1 is below
the set degree of superheat (NO in step S21), the process
returns to step S11.
[0120] In step S22, the valve control circuitry 44 re-
duces by a set opening degree the opening degree of the
outdoor expansion valve 14 provided in the outdoor unit
10 such that a liquid carryover of the refrigerant that is to
be sucked into the compressor 11 does not occur. Then,
the process returns to step S11.
[0121] As described above, in Embodiment 1, when
the heating main operation or the heating only operation
is being performed, the first liquid-carryover-prevention
process is executed. Thus, the liquid refrigerant is assu-
redly gasified before the refrigerant is sucked into the
compressor 11. Therefore, the occurrence of a failure of
the compressor 11 is prevented.
[0122] In the heating main operation or the heating only
operation, the first liquid-carryover-prevention process is
executed simultaneously with the above-described eva-
porating-temperature-adjusting process. In such a case,
the two processes each include a step of controlling the
opening degrees of the three-way linear expansion

valves 37. When the degree of superheat SH1 of the
refrigerant that is sucked into the compressor 11 is below
the set degree of superheat, priority is given to the
protection of the compressor 11. That is, priority is given
to the control of the opening degrees of the three-way
linear expansion valves 37 in step S16 of the first liquid-
carryover-prevention process.

(Second Liquid-carryover-prevention Process)

[0123] Fig. 12 is a flow chart illustrating an exemplary
flow of the second liquid-carryover-prevention process
illustrated in Fig. 10. In step S31, the outdoor-side pres-
sure sensor 17 provided in the outdoor unit 10 detects a
suction pressure P17 of the refrigerant that is sucked into
the compressor 11. The information acquisition circuitry
41 acquires the suction pressure P17 detected by the
outdoor-side pressure sensor 17.
[0124] In step S32, the outdoor-side temperature sen-
sor 18 provided in the outdoor unit 10 detects a suction
temperature T18 of the refrigerant that is sucked into the
compressor 11. The information acquisition circuitry 41
acquires the suction temperature T18 detected by the
outdoor-side temperature sensor 18.
[0125] In step S33, the arithmetic circuitry 42 converts
the suction pressure P17 acquired in step S11 into an
evaporating temperature Te of the outdoor heat exchan-
ger 13. Thus, the evaporating temperature Te is derived.
In step S34, the arithmetic circuitry 42 calculates a de-
gree of superheat SH2 (= T18 - Te) of the refrigerant that
is sucked into the compressor 11 from the suction tem-
perature T18 acquired in step S12 and the evaporating
temperature Te derived in step S13.
[0126] In step S35, the comparison circuitry 43 checks
whether the degree of superheat SH2 is lower than or
equal to the set degree of superheat. When the degree of
superheat SH2 is lower than or equal to the set degree of
superheat (YES in step S35), the process proceeds to
step S36. When the degree of superheat SH2 is below
the set degree of superheat (NO in step S35), the process
returns to step S31.
[0127] In step S36, the valve control circuitry 44 re-
duces by a set opening degree the opening degree of the
indoor expansion valve 21 of each of those indoor units
20 that are in heating operation such that a liquid carry-
over of the refrigerant that is to be sucked into the
compressor 11 does not occur.
[0128] In step S37, the outdoor-side pressure sensor
17 detects a suction pressure P17, and the information
acquisition circuitry 41 acquires the suction pressure P17
detected by the outdoor-side pressure sensor 17. In step
S38, the outdoor-side temperature sensor 18 detects a
suction temperature T18, and the information acquisition
circuitry 41 acquires the suction temperature T18 de-
tected by the outdoor-side temperature sensor 18.
[0129] In step S39, the arithmetic circuitry 42 converts
the suction pressure P17 acquired in step S37 into an
evaporating temperature Te of the outdoor heat exchan-

5

10

15

20

25

30

35

40

45

50

55



15

27 EP 4 467 897 A1 28

ger 13. Thus, the evaporating temperature Te is derived.
In step S40, the arithmetic circuitry 42 calculates a de-
gree of superheat SH2 from the suction temperature T18
acquired in step S38 and the evaporating temperature Te
derived in step S39.
[0130] In step S41, the comparison circuitry 43 checks
whether the degree of superheat SH2 is lower than or
equal to the set degree of superheat. When the degree of
superheat SH2 is lower than or equal to the set degree of
superheat (YES in step S41), the process proceeds to
step S42. When the degree of superheat SH2 is below
the set degree of superheat (NO in step S41), the process
returns to step S31.
[0131] In step S42, the valve control circuitry 44 re-
duces by a set opening degree the opening degree of the
three-way linear expansion valve 37 corresponding to
each of those indoor units 20 that are in cooling operation
such that a liquid carryover of the refrigerant that is to be
sucked into the compressor 11 does not occur. Then, the
process returns to step S31.
[0132] As described above, in Embodiment 1, when
the cooling main operation or the cooling only operation is
being performed, the second liquid-carryover-prevention
process is executed. Thus, the liquid refrigerant is assu-
redly gasified before the refrigerant is sucked into the
compressor 11. Therefore, the occurrence of a failure of
the compressor 11 is prevented.
[0133] In the cooling main operation or the cooling only
operation, the second liquid-carryover-prevention pro-
cess is executed simultaneously with the above-de-
scribed evaporating-temperature-adjusting process. In
such a case, the two processes each include a step of
controlling the opening degrees of the three-way linear
expansion valves 37. When the degree of superheat SH2
of the refrigerant that is sucked into the compressor 11 is
below the set degree of superheat, priority is given to the
protection of the compressor 11. That is, priority is given
to the control of the opening degrees of the three-way
linear expansion valves 37 in step S42 of the second
liquid-carryover-prevention process.
[0134] As described above, in the refrigerating and air-
conditioning apparatus 100 according to Embodiment 1,
according to the indoor-side pressure of each of those
indoor units 20 that are in cooling operation, the opening
degree of a corresponding one of the three-way linear
expansion valves 37 is controlled. Specifically, the in-
door-side pressure of each of those indoor units 20 that
are in cooling operation is used to derive an evaporating
temperature, and the opening degree of a corresponding
one of the three-way linear expansion valves 37 is con-
trolled according to the result of comparison between the
evaporating temperature and the set evaporating tem-
perature. Hence, each of those indoor units 20 that are in
cooling operation is subjected to adjustment of its eva-
porating temperature. Thus, the indoor units are control-
lable individually.
[0135] Furthermore, in the refrigerating and air-condi-
tioning apparatus 100, the evaporating temperature is

derived from the suction pressure, and the degree of
superheat is calculated from the suction temperature
and the evaporating temperature. Then, when the degree
of superheat is lower than or equal to the constant degree
of superheat, the opening degree of at least one of the
corresponding three-way linear expansion valve 37, the
outdoor expansion valve 14, and the corresponding in-
door expansion valve 21 is controlled. Thus, the refrig-
erant that is sucked into the compressor 11 is super-
heated satisfactorily. Therefore, the occurrence of a li-
quid carryover into the compressor 11 is prevented.

Embodiment 2

[0136] Embodiment 2 will be described below. Embo-
diment 2 differs from Embodiment 1 in employing indoor
units that are configured to take in outdoor air and to blow
the outdoor air into respective rooms. In Embodiment 2,
elements that are common to those described in Embo-
diment 1 are denoted by corresponding ones of the
reference signs, and detailed description of such ele-
ments is omitted.

[Configuration of Refrigerating and Air-conditioning Ap-
paratus 100A]

[0137] Fig. 13 is a circuit diagram illustrating an ex-
emplary configuration of a refrigerating and air-condition-
ing apparatus according to Embodiment 2. A refrigerating
and air-conditioning apparatus 100A according to Em-
bodiment 2 includes an outdoor unit 10, a plurality of
indoor units 120, a relay unit 30, and a controller 40. In the
example illustrated in Fig. 13, the refrigerating and air-
conditioning apparatus 100A includes one outdoor unit
10, five indoor units 120a to 120e, and one relay unit 30.
In the refrigerating and air-conditioning apparatus 100,
the outdoor unit 10, the relay unit 30, and the indoor units
120a to 120e are connected to one another by a high-
pressure pipe 101 and a low-pressure pipe 102, whereby
a refrigerant circuit is formed. The number of the indoor
units 120 is not limited to the above and may be two or
more and four or less, or six or more.
[0138] The plurality of indoor units 120a to 120e have
the same configuration. Therefore, in Fig. 13, the indoor
units 120c and 120d and a part of the circuit configuration
of the relay unit 30 that is connected to the indoor units
120c and 120d are not illustrated. Furthermore, the circuit
configurations of the indoor units 120b and 120e are the
same as that of the indoor unit 120a and are therefore not
illustrated.
[0139] Furthermore, the configurations of the outdoor
unit 10, the relay unit 30, and the controller 40 of the
refrigerating and air-conditioning apparatus 100A ac-
cording to Embodiment 2 are the same as in Embodiment
1 and are not described herein.
[0140] The indoor units 120a to 120e are each config-
ured to take in outdoor air, condition the air, and then blow
the conditioned air into an indoor space, thereby cooling
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and heating, for example, a corresponding one of rooms
1a to 1e. Since the indoor units 120a to 120e are each
configured to condition the outdoor air taken in the indoor
unit and blow the conditioned air into an indoor space, the
indoor units 120a to 120e are each capable of cooling or
heating a corresponding one of the rooms 1a to 1e while
ventilating the corresponding one of the rooms 1a to 1e.
[0141] The indoor units 120a to 120e each have an
outdoor-air inlet 151, through which outdoor air is taken
in; and an air outlet 152, through which air is blown out.
The indoor units 120a to 120e each include an indoor
expansion valve 21 and an indoor heat exchanger 122.
The indoor units 120a to 120e each further include an
indoor-side pressure sensor 23 and a blown-air tempera-
ture sensor 24. Hereinafter, the indoor units 120a to 120e
are simply denoted as "indoor unit 120" as appropriate
when the indoor units 120a to 120e do not need to be
distinguished from one another.
[0142] The indoor heat exchanger 122 causes outdoor
air and the refrigerant to exchange heat with each other.
The outdoor air is supplied through the outdoor-air inlet
151 by an air-sending device such as a fan, which is not
illustrated. Thus, heating air or cooling air to be supplied
to each of the rooms 1a to 1e is generated.
[0143] The blown-air temperature sensor 24 is pro-
vided at the air outlet 152 of the indoor unit 120. The
blown-air temperature sensor 24 is configured to detect a
blown-air temperature, which is the temperature of air
blown from the air outlet 152.
[0144] While the present example relates to a case
where all indoor units included in the refrigerating and air-
conditioning apparatus 100A each serve as the indoor
unit 120 configured to taken in outdoor air, such a case is
not the only example. For example, the refrigerating and
air-conditioning apparatus 100A may include, among all
the indoor units, at least one indoor unit serving as the
indoor unit 120 configured to take in outdoor air, with the
other indoor units each serving as the indoor unit 20
described in Embodiment 1.
[0145] In Embodiment 2, the controller 40 is configured
to control the opening degrees of the indoor expansion
valves 21 of the indoor units 120 and the three-way linear
expansion valves 37 of the relay unit 30 such that the
blown-air temperatures detected by the blown-air tem-
perature sensors 24 of the respective indoor units 120
become equal to respective set temperatures.

[Operation of Refrigerating and Air-conditioning Appa-
ratus 100A]

[0146] In the refrigerating and air-conditioning appa-
ratus 100A according to Embodiment 1, the refrigerant
behavior, the evaporating-temperature-adjusting pro-
cess, and the liquid-carryover-prevention process are
the same as in the refrigerating and air-conditioning
apparatus 100 according to Embodiment 1 and are there-
fore not described herein.
[0147] As described above, the refrigerating and air-

conditioning apparatus 100A according to Embodiment 2
includes the indoor units 120 each configured to take in
outdoor air and blow the outdoor air. Thus, while the
rooms provided with the indoor units 120 are ventilated,
the same advantageous effects as in Embodiment 1 are
produced.

Reference Signs List

[0148] 1a, 1b, 1c, 1d, 1e: room, 10: outdoor unit, 11:
compressor, 12: refrigerant-flow switching device, 13:
outdoor heat exchanger, 14: outdoor expansion valve,
15a, 15b, 15c, 15d, 15e: check valve, 16: accumulator,
17: outdoor-side pressure sensor, 18: outdoor-side tem-
perature sensor, 20, 20a, 20b, 20c, 20d, 20e, 120, 120a,
120b, 120c, 120d, 120e: indoor unit, 21: indoor expan-
sion valve, 22, 122: indoor heat exchanger, 23: indoor-
side pressure sensor, 24: blown-air temperature sensor,
30: relay unit, 31: gas-liquid separator, 32: first refriger-
ant-heat exchanger, 33: first relay expansion valve, 34:
second refrigerant-heat exchanger, 35: second relay
expansion valve, 36, 36a1, 36a2, 36b1, 36b2, 36c1,
36c2, 36d1, 36d2, 36e1, 36e2: check valve, 37, 37a,
37b, 37c, 37d, 37e: three-way linear expansion valve,
40: controller, 41: information acquisition circuitry, 42:
arithmetic circuitry, 43: comparison circuitry, 44: valve
control circuitry, 45: storage circuitry, 51: processing
circuit, 52: processor, 53: memory, 100, 100A: refrigerat-
ing and air-conditioning apparatus, 101: high-pressure
pipe, 102: low-pressure pipe, 103: first connecting pipe,
104: second connecting pipe, 105: gas pipe, 106: liquid
pipe, 107: branch pipe, 108: merging pipe, 151: outdoor-
air inlet, 152: air outlet

Claims

1. A refrigerating and air-conditioning apparatus com-
prising:

an outdoor unit including a compressor and an
outdoor heat exchanger;
a plurality of indoor units each including an in-
door expansion valve and an indoor heat ex-
changer;
a relay unit connected between the outdoor unit
and the plurality of indoor units and including a
plurality of three-way valves, the plurality of
three-way valves each being configured to
switch flows of refrigerant and to adjust a flow
rate of the refrigerant that passes through the
three-way valve, the plurality of three-way
valves being provided in number relative to
the number of the plurality of indoor units, the
relay unit being configured to distribute the re-
frigerant in a low-temperature state to each of
ones of the plurality of indoor units that perform
cooling operations and the refrigerant in a high-
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temperature state to each of ones of the plurality
of indoor units that perform heating operations;
and
a controller configured to control switching and
opening degrees of the plurality of three-way
valves,
the plurality of indoor units each including an
indoor-side pressure sensor configured to de-
tect an indoor-side pressure, the indoor-side
pressure being a pressure of the refrigerant that
passes through the indoor heat exchanger,
the controller being configured to control, with
reference to the indoor-side pressure of each of
ones of the plurality of indoor units that perform
cooling operations, the opening degree of a
corresponding three-way valve of the plurality
of three-way valves such that the controller is
configured to adjust the flow rate of the refriger-
ant passing through the corresponding three-
way valve.

2. The refrigerating and air-conditioning apparatus of
claim 1,
wherein the controller is configured to

derive from the indoor-side pressure of each of
ones of the plurality of indoor units that perform
cooling operations an evaporating temperature
of the corresponding indoor heat exchanger,
reduce the opening degree of the corresponding
three-way valve when the evaporating tempera-
ture exceeds a set evaporating temperature,
which is predetermined, and
increase the opening degree of the correspond-
ing three-way valve when the evaporating tem-
perature is below the set evaporating tempera-
ture.

3. The refrigerating and air-conditioning apparatus of
claim 1 or 2,
wherein the outdoor unit further includes

an outdoor expansion valve configured to de-
pressurize and expand the refrigerant,
an outdoor-side pressure sensor configured to
detect a suction pressure, the suction pressure
being a pressure of the refrigerant that is sucked
into the compressor, and
an outdoor-side temperature sensor configured
to detect a suction temperature, the suction
temperature being a temperature of the refrig-
erant that is sucked into the compressor, and
wherein the controller is configured to

derive an evaporating temperature from the
suction pressure,
calculate a degree of superheat from the
suction temperature and the evaporating

temperature, and
control an opening degree of at least one of
the corresponding three-way valve, the out-
door expansion valve, and the correspond-
ing indoor expansion valve when the de-
gree of superheat is lower than or equal to a
set degree of superheat, which is predeter-
mined.

4. The refrigerating and air-conditioning apparatus of
claim 3, wherein the controller is configured to, in a
heating main operation or in a heating only opera-
tion, reduce, when the degree of superheat is lower
than or equal to the set degree of superheat, the
opening degree of the three-way valve correspond-
ing to each of ones of the plurality of indoor units that
perform cooling operations.

5. The refrigerating and air-conditioning apparatus of
claim 4, wherein the controller is configured to re-
duce the opening degree of the outdoor expansion
valve when the degree of superheat is lower than or
equal to the set degree of superheat after the open-
ing degree of the corresponding three-way valve is
reduced.

6. The refrigerating and air-conditioning apparatus of
claim 3, wherein the controller is configured to, in a
cooling main operation or in a cooling only operation,
reduce, when the degree of superheat is lower than
or equal to the set degree of superheat, the opening
degree of the indoor expansion valve of each of ones
of the plurality of indoor units that perform heating
operations.

7. The refrigerating and air-conditioning apparatus of
claim 6, wherein the controller is configured to re-
duce, when the degree of superheat is lower than or
equal to the set degree of superheat after the open-
ing degree of the indoor expansion valve is reduced,
the opening degree of the three-way valve corre-
sponding to each of ones of the plurality of indoor
units that perform cooling operations.

8. The refrigerating and air-conditioning apparatus of
any one of claims 1 to 7, wherein at least one of the
plurality of indoor units is configured to take in out-
door air and blow conditioned air to a corresponding
one of the indoor spaces.
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