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(57) Abstract: An air-conditioning apparatus (100) is provided with: an intake injection pipe (4c) that introduces a fluid or two-
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and a control apparatus (50) that adjusts the flow volume of intake injection of the refrigerant introduced into the intake side of the
compressor (10) via the intake injection pipe (4c) by controlling the degree of opening of the choke apparatus (14b).
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DESCRIPTION
Title of Invention
AIR-CONDITIONING APPARATUS
Technical Field
[0001]

The present invention relates to air-conditioning apparatuses applied to, for
example, multi-air-conditioning apparatuses for buildings.
Background Art
[0002]

As an air-conditioning apparatus, such as a multi-air-conditioning apparatus for
a building, an air-conditioning apparatus has existed which implements a cooling and
heating mixed operation by causing a refrigerant to circulate from an outdoor unit to a
relay unit and causing a heat medium, such as water, to circulate from the relay unit
to an indoor unit so that the conveyance power of the heat medium is reduced while
the heat medium, such as water, is circulating in the indoor unit (see, for example,
Patent Literature 1).
[0003]

Furthermore, a circuit which injects liquid into the middle of a compressor from
a high-pressure liquid pipe in a refrigeration cycle in order to reduce the discharge
temperature of the compressor and an air-conditioning apparatus which is capable of
controlling the discharge temperature to a set temperature, regardless of the
operating state, have existed (see, for example, Patent Literature 2).
[0004]

Furthermore, an air-conditioning apparatus exists which is capable of injecting
a liquid refrigerant in a high-pressure state in a refrigeration cycle into a suction side
of a compressor either in a cooling operation or a heating operation (see, for example
Patent Literature 3).
Citation List
Patent Literature

[0005]
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Patent Literature 1; WO10/048988 (Page 3, Fig. 1 efe)

Patent Literature 2: Japanese Unexamined Patent Application Publication No.
2005-282872 (Page 4, Fig. 1 etc.)

Patent Literature 3: Japanese Unexamined Patent Application Publication No.
2-110255 (Page 3, Fig. 1 sfc)

[UO05A]

Refarence to any prior art in the specification i not an acknowledgment or
suggestion that this prior art forms part of the commaon general knowledge in any
jurisdiction or that this prior art could reasonably be expected to be understood,
regarded as relevant, and/or combined with other pieces of prior art by a skilled
person in the art,

[0D05B]

As used herein, except where the context requires otherwise, the term
"comprise"” and variations of the term, such as "comprising”, “comprises” and
“comprised”, are not intended to exclude further additives, components, integers or
steps,

Summary of Invention
Technical Problem
{0008]

i the air-conditioning apparatus, such as a mulii-air-conditioning apparatus for
a building, described in Patent Literature 1, there is no problem if R410A or the like is
used as a refrigerant,  However, in the case where R32 or the like is used as a
refrigerant, af the tima of a heating operation or the like when the cutdoor air
temperature is low, the dischargs temperature from a compressor begomes
excassively high, which may dsteriorate the refrigerant and refrigerating maching oil.
Furthermore, although the description of & cooling and heating concurrent aperation
is provided in Patent Literature 1, there is no description about a method of reducing
the discharge temperature.  Moreover, in the mulli-air-conditioning apparatus for a

huilding, an expansion device, such as an sleclronic expansion valve, for reducing
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the pressure of a refrigerant, is installed in the relay unit or the indoor unit, which is
remote from the outdoor unit.
{0007]

In the air-conditioning apparatus disclosed in Patent Literature 2, only the
method of injection to the middle of the compressor fram the high-pressure liguld pipe
is dascribad, and the air-conditioning apparatus cannot handle, for example, a ¢ase in
which the circulation passage in the refrigeration cycle is reversed (switching between
cooling and heating). Furthermore, the airconditioning apparatus does not support
a cooling and heating mixed operation.

{0008}

The air-conditioning apparatus described in Patent Literature 3 has a
configuration in which check vaives are arranged in paraliel with expansion devices
on the indoor side and the outdoor side so that suction-injection of the Rquid
refrigerant can be performed at the time of heating and cooling.  However, a special
indoor unit is required for this configuration, and therefore there is a problem in that a
normal indgor unit in which a check valve is not connected in parallel with an
expansion device cannot be used and the required configuration is not a general-
purpose configuration.

[0009]

Embodiments of the present disclosure have been made in order to solve at
least some of the above-described problems.  Accordingly, & safe-operation and
fong-service-life air-conditioning apparatus is provided which Is capable of injecting a
refrigerant into a suction side of a compressor either at the time of a coeling operation
or a healing operation and capable of reducing the discharge temperature of the
compressor regardless of the operation mode.

[0008A]

it is a further or allernative object of the invention 1o provide the public with a

useful cheice.

Solution o Problem

£
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{0010}

An air-conditioning apparatus according to the present invention has a
refrigeration cycle including a compressor, 3 first heat exchanger, a first expansion
device, and second haat exchangers that are connected by pipes and includes a
suclior-injection pipe configured to introduce, into & suction side of the compressor, &
refrigarant in a liquid or two-phase state that is branched from a refrigerant flow
passage through which the refrigerant that transfers heat in the first heat exchanger
or the second heat exchangers circulates; a second expansion device arranged at the
suction-injection pipe; and a controller configured to regulate, by controliing an
opening degree of the second expansion device, a suction-injection flow rate of the
refrigerant introduced into the suction side of the compressor through the suction-
injection pipe,

Advantageous Effects of Embodiments of the Invention
[0014]

in an airconditioning apparatus according to an embodiment of the present
disclosure, the discharge temperature from the compressor is restrained from rising
excessively high even in the case where a refrigerant whose discharge temperature
goes high is used by performing suction-injection of the refrigerant into or cut of a
suction side of the compressor, regardiess of the operation mode.  Therefore, the
girconditioning apparatus according to an embodiment of the present disclosure is
capable of operaling safely without the refrigerant and refrigerating machine oil being
deteriorated, thus a longer service life is ensured.

Brief Description of Drawings
{0012]

(Fig. 1] Fig. 1 is & schematic diagram illustrating an installation example of an
air-conditioning apparatus according o Embodiment 1 of the present invention,

[Fig. 2] Fig. 2 is a schematic cireuit configuration diagram llustrating an
example of the circuit configuration of an air-conditioning apparatus according to

Embodiment 1 of the present invention.
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{Fig. 3] Fig. 3 is a relationship diagram iflustrating the relationship betwsen the
mass ratio of R32 and discharge temperature in the cass where a mixed refrigerant is
used.

{Fig. 4] Fig. 4 is a refrigerant circuit diagram illustrating the flow of a refrigerant
when the air-conditioning apparatus according to Embodiment 1 of the present
invention is in a cooling only operation mods,

[Fig. 5] Fig. 5 is a p-h diagram {pressure-enthalpy diagram) fllustrating the
transition of the state of a heat-source-side refrigerant when the air-conditioning
apparatus according to Embodiment 1 of the present invention is in & cooling only
operation mods.

[Fig. 8] Fig. 6 is a refrigerant circuit diagram illustrating the flow of a refrigerant
when the airconditioning apparatus according to Embodiment 1 of the present
invention is in & heating only operation modea.

{Fig. 71 Fig. 7 is a p-h diagram (pressure-enthalpy diagram) ilustrating the
transition of the state of a heat-source-side refrigerant when the air-conditioning
apparatus according to Embodiment 1 of the present invention is in a heating only

operation mode.
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[Fig. 8] Fig. 8 is a refrigerant circuit diagram illustrating the flow of a refrigerant
when the air-conditioning apparatus according to Embodiment 1 of the present
invention is in a cooling main operation mode.

[Fig. 9] Fig. 9 is a p-h diagram (pressure-enthalpy diagram) illustrating the
transition of the state of a heat-source-side refrigerant when the air-conditioning
apparatus according to Embodiment 1 of the present invention is in a cooling main
operation mode.

[Fig. 10] Fig. 10 is a refrigerant circuit diagram illustrating the flow of a
refrigerant when the air-conditioning apparatus according to Embodiment 1 of the
present invention is in a heating main operation mode.

[Fig. 11] Fig. 11 is a p-h diagram (pressure-enthalpy diagram) illustrating the
transition of the state of a heat-source-side refrigerant when the air-conditioning
apparatus according to Embodiment 1 of the present invention is in a heating main
operation mode.

[Fig. 12] Fig. 12 is a schematic diagram illustration an example of the
configuration of an expansion device.

[Fig. 13] Fig. 13 is a schematic circuit configuration diagram illustrating an
example of a modification of the circuit configuration of the air-conditioning apparatus
according to Embodiment 1 of the present invention.

[Fig. 14] Fig. 14 is a schematic circuit configuration diagram illustrating an
example of the circuit configuration of an air-conditioning apparatus according to
Embodiment 2 of the present invention.

Description of Embodiments
[0013]

Hereinafter, embodiments of the present invention will be described with
reference to the drawings.
Embodiment 1.

Fig. 1 is a schematic diagram illustrating an installation example of an air-
conditioning apparatus according to Embodiment 1 of the present invention. With

reference to Fig. 1, an installation example of the air-conditioning apparatus will be
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described. This air-conditioning apparatus allows each indoor unit to select freely
between a cooling mode and a heating mode as an operation mode by utilizing a
refrigeration cycle (a refrigerant circuit A and a heat medium circuit B) which causes
refrigerants (a heat-source-side refrigerant and a heat medium) to circulate. In the
following drawings including Fig. 1, the correspondence between the sizes of
components is not always the same as the actual correspondence.

[0014]

In Fig. 1, the air-conditioning apparatus according to Embodiment 1 includes an
outdoor unit 1 which is a heat source unit, a plurality of indoor units 2, and a heat
medium relay unit 3 which is arranged between the outdoor unit 1 and each of the
indoor units 2. The heat medium relay unit 3 exchanges heat between a heat-
source-side refrigerant and a heat medium. The outdoor unit 1 and the heat medium
relay unit 3 are connected by refrigerant pipes 4 through which the heat-source-side
refrigerant flows. The heat medium relay unit 3 and the indoor units 2 are connected
by pipes (heat medium pipes) 5 through which the heat medium flows. Furthermore,
cooling energy or heating energy generated in the outdoor unit 1 is sent to the indoor
units 2 via the heat medium relay unit 3.

[0015]

Generally, the outdoor unit 1 is arranged in an outdoor space 6 (for example, a
rooftop, etc.), which is a space outside a structure 9, such as a building, and supplies
cooling energy or heating energy to the indoor units 2 via the heat medium relay unit
3. The indoor units 2 are arranged in positions from which cooling air or heating air
can be supplied to an indoor space 7 (for example, a living room, etc.), which is a
space inside the structure 9, and supply cooling air or heating air to the indoor space
7, which is to be an air-conditioned space. The heat medium relay unit 3 is
configured as a unit separated from the outdoor unit 1 and the indoor unit 2 so as to
be installed at a position different from the outdoor space 6 and the indoor space 7,
and is connected to the outdoor unit 1 and the indoor units 2 by the refrigerant pipes 4
and the pipes 5, respectively, and transmits cooling energy or heating energy

supplied from the outdoor unit 1 to the indoor units 2.
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[0016]

As illustrated in Fig. 1, in the air-conditioning apparatus according to
Embodiment 1, the outdoor unit 1 and the heat medium relay unit 3 are connected
through the two refrigerant pipes 4, and the heat medium relay unit 3 and each of the
indoor units 2 are connected through two of the pipes 5. As described above, a
simple construction of the air-conditioning apparatus according to Embodiment 1 can
be achieved by connecting the units (the outdoor unit 1, the indoor units 2, and the
heat medium relay unit 3) using the two pipes (the refrigerant pipes 4 and the pipes
5).

[0017]

In Fig. 1, an example of the state in which the heat medium relay unit 3 is
installed in a space, such as a space above the ceiling, which is a space inside the
structure 9 and yet is different from the indoor space 7 (hereinafter, simply referred to
as a space 8), is illustrated. Alternatively, the heat medium relay unit 3 may be
installed in a shared space or the like where an elevator or the like is located.
Furthermore, although an example of the indoor units 2 of a ceiling cassette type is
illustrated in Fig. 1, the indoor units 2 are not necessarily of this type, and may be of
any type, such as a ceiling concealed type or a ceiling suspended type, as long as
they can blow heating air or cooling air to the indoor space 7 directly or through ducts
or the like.

[0018]

Fig. 1 illustrates an example in which the outdoor unit 1 is installed in the
outdoor space 6. However, the outdoor unit 1 is not necessarily installed in the
above-mentioned position. For example, the outdoor unit 1 may be installed in a
surrounded space, such as a machine room provided with a ventilation opening or the
like. The outdoor unit 1 may be installed inside the structure 9 as long as waste heat
may be discharged to the outside of the structure 9 through an exhaust duct.
Alternatively, the outdoor unit 1 of a water-cooled type may be installed inside the
structure 9. In whichever location the outdoor unit 1 is installed, no particular

problem occurs.
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[0019]

The heat medium relay unit 3 may also be installed in close proximity to the
outdoor unit 1. However, in the case where the distance from the heat medium relay
unit 3 to each of the indoor units 2 is excessively long, the conveyance power of a
heat medium is increased considerably. Therefore, attention needs to be paid to the
fact that the energy saving effect is degraded. Moreover, the number of the
connected outdoor units 1, indoor units 2, and heat medium relay units 3 is not
necessarily equal to the number illustrated in Fig. 1, and may be determined in
accordance with the structure 9 for which the air-conditioning apparatus according to
Embodiment 1 is installed.

[0020]

In the case where a plurality of heat medium relay units 3 are connected to a
single outdoor unit 1, the plurality of heat medium relay units 3 may be installed in a
scattered manner in shared spaces, spaces above the ceiling, or the like of a
structure, such as a building. With this arrangement, an air-conditioning load can be
handled by an intermediate heat exchanger of each of the heat medium relay units 3.
Furthermore, each of the indoor units 2 can be installed at a distance or a height
within a conveyance allowable range of a heat medium conveyance device of a
corresponding one of the heat medium relay units 3, and the heat medium relay units
3 can thus be arranged over the entire structure such as a building.

[0021]

Fig. 2 is a schematic circuit configuration diagram illustrating an example of the
circuit configuration of the air-conditioning apparatus (hereinafter, referred to as the
air-conditioning apparatus 100) according to Embodiment 1. With reference to Fig.
2, a detailed configuration of the air-conditioning apparatus 100 will be described.

As illustrated in Fig. 2, the outdoor unit 1 and the heat medium relay unit 3 are
connected through the refrigerant pipes 4 via an intermediate heat exchanger 15a
and an intermediate heat exchanger 15b provided in the heat medium relay unit 3.
Furthermore, the heat medium relay unit 3 and the indoor units 2 are connected

through the pipes 5 via the intermediate heat exchanger 15a and the intermediate
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will be provided later.

[0022]

[Outdoor unit 1]

The outdoor unit 1 includes a compressor 10, a first refrigerant flow switching
device 11 such as a four-way valve, a heat-source-side heat exchanger 12, and an
accumulator 19 that are connected in series with one another by the refrigerant pipes
4. Furthermore, the outdoor unit 1 includes a first connecting pipe 4a, a second
connecting pipe 4b, a check valve 13a, a check valve 13b, a check valve 13c, and a
check valve 13d. By providing the first connecting pipe 4a, the second connecting
pipe 4b, the check valve 13a, the check valve 13Db, the check valve 13c, and the
check valve 13d, the flow of a heat-source-side refrigerant flowing into the heat
medium relay unit 3 can be maintained in a constant direction, regardless of an
operation requested from each of the indoor units 2.

[0023]

The compressor 10 may be, for example, a capacity-controllable inverter
compressor or the like that sucks a heat-source-side refrigerant and compresses the
heat-source-side refrigerant into the high-temperature and high-pressure state. The
first refrigerant flow switching device 11 performs switching between the flow of a
heat-source-side refrigerant at the time of a heating operation (at the time in a heating
only operation mode and the time in a heating main operation mode) and the flow of a
heat-source-side refrigerant at the time of a cooling operation (at the time in a cooling
only operation mode and the time in a cooling main operation mode). The heat-
source-side heat exchanger 12 functions as an evaporator at the time of a heating
operation and a condenser (or a radiator) at the time of a cooling operation,
exchanges heat between air supplied from a fan, which is not illustrated, and a heat-
source-side refrigerant, and evaporates and gasifies or condenses and liquefies the
heat-source-side refrigerant. The accumulator 19 is provided on the suction side of

the compressor 10, and stores an excess refrigerant generated due to a difference
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between the time of a heating operation and the time of a cooling operation or an
excess refrigerant generated due to a change in a transitional operation.
[0024]

The check valve 13d is arranged at a portion of the refrigerant pipe 4
positioned between the heat medium relay unit 3 and the first refrigerant flow
switching device 11, and allows a heat-source-side refrigerant to flow only in a
specific direction (the direction from the heat medium relay unit 3 to the outdoor unit
1). The check valve 13a is arranged at a portion of the refrigerant pipe 4 positioned
between the heat-source-side heat exchanger 12 and the heat medium relay unit 3,
and allows a heat-source-side refrigerant to flow only in a specific direction (the
direction from the outdoor unit 1 to the heat medium relay unit 3). The check valve
13b is arranged at the first connecting pipe 4a, and causes a heat-source-side
refrigerant discharged from the compressor 10 to circulate in the heat medium relay
unit 3 at the time of a heating operation. The check valve 13c is arranged at the
second connecting pipe 4b, and causes a heat-source-side refrigerant that has
returned from the heat medium relay unit 3 to circulate into the suction side of the
compressor 10 at the time of a heating operation.

[0025]

In the outdoor unit 1, the first connecting pipe 4a connects the refrigerant pipe
4 positioned between the first refrigerant flow switching device 11 and the check valve
13d with the refrigerant pipe 4 positioned between the check valve 13a and the heat
medium relay unit 3. In the outdoor unit 1, the second connecting pipe 4b connects
the refrigerant pipe 4 positioned between the check valve 13d and the heat medium
relay unit 3 with the refrigerant pipe 4 positioned between the heat-source-side heat
exchanger 12 and the check valve 13a.

[0026]

In a refrigeration cycle, a rise in the temperature of a refrigerant causes
deterioration of the refrigerant and refrigerating machine oil which circulate within the
circuit, and thus, the upper limit of the temperature is set. This upper limit

temperature is normally set, for example, at 120 degrees Centigrade. The highest
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temperature in the refrigeration cycle is a refrigerant temperature on the discharge
side (discharge temperature) of the compressor 10. Therefore, control may be
performed such that the discharge temperature does not reach 120 degrees
Centigrade or higher. If, for example, R410A or the like is used as a refrigerant, the
discharge temperature does not usually reach 120 degrees Centigrade under a
normal operation. However, if R32 is used as a refrigerant, the discharge
temperature becomes high due to its physical properties, and thus, it is necessary to
provide means for reducing the discharge temperature in the refrigeration cycle.
[0027]

Accordingly, the outdoor unit 1 is configured to include a gas-liquid separator
27a, a gas-liquid separator 27b, an opening/closing device 24, a backflow prevention
device 20, an expansion device 14a, an expansion device 14b, a medium pressure
detection device 32, a discharged refrigerant temperature detection device 37, a high-
pressure detection device 39, a suction-injection pipe 4c, a branch pipe 4d, and a
controller 50. Furthermore, the compressor 10 has a low-pressure shell structure.
With this structure, the compressor 10 includes a compression chamber within an air-
tight container which is under a refrigerant pressure atmosphere of low pressure, and
a low-pressure refrigerant within the air-tight container is sucked into the compression
chamber and is compressed. However, the structure of the compressor 10 is not
limited thereto.

[0028]

In addition, a refrigerant introduction port is provided at the flow passage
between the compressor 10 and the accumulator 19, and the suction-injection pipe 4c
for introducing the refrigerant into the suction side of the compressor from the outside
of the compressor is provided, so that the refrigerant can be introduced (injected)
from the suction-injection pipe 4c into the suction side of the compressor.
Accordingly, the temperature of the refrigerant discharged from the compressor 10 or
the degree of superheat (discharge superheat) of the refrigerant discharged from the
compressor 10 can be reduced.

[0029]

11
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By controlling the opening/closing device 24, the expansion device 14a, the
expansion device 14b, and so on with the controller 50, the discharge temperature of
the compressor 10 can be reduced, thus a safe operation being achieved. A more
specific control operation will be explained later in the explanation of an operation in
each operation mode. The controller 50 includes a microcomputer or the like. On
the basis of detection information obtained by various detection devices and
instructions from a remote controller, the controller 50 controls, not only the above-
described actuators, but also the driving frequency of the compressor 10, the rotation
speed (including ON/OFF) of the fan, the switching operation of the first refrigerant
flow switching device 11, and so on, and executes various operation modes, which
will be described below.

[0030]

The branch pipe 4d connects the gas-liquid separator 27a, which is provided
on the downstream side of the check valve 13a and the check valve 13b, with the
gas-liquid separator 27b, which is provided on the upstream side of the check valve
13d and the check valve 13c. In the branch pipe 4d, the backflow prevention device
20 and the opening/closing device 24 are arranged in this order from the side of the
gas-liquid separator 27b. The suction-injection pipe 4c connects the branch pipe 4d
positioned between the backflow prevention device 20 and the expansion device 14b
to the refrigerant introduction port, which is arranged on the suction side of the
compressor 10. The suction-injection pipe 4c is connected to the branch pipe 4d via
a connection port formed at the branch pipe 4d.

[0031]

The gas-liquid separator 27a separates the refrigerant that has flowed via the
check valve 13a or the check valve 13b into a flow into the refrigerant pipe 4 and a
flow into the branch pipe 4d. The gas-liquid separator 27b separates the refrigerant
that has returned from the heat medium relay unit 3 into a flow into the branch pipe 4d
and a flow into the check valve 13b or the check valve 13c. The gas-liquid separator
27a and the gas-liquid separator 27b each have, in an operation mode in which a

liquid refrigerant flows into the gas-liquid separators, a function of separating part of
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the liquid refrigerant from the liquid refrigerant which has flowed into the gas-liquid
separator, and in an operation mode in which a two-phase refrigerant flows into the
gas-liquid separator, a function of separating part of a liquid refrigerant from the two-
phase refrigerant which has flowed into the gas-liquid separator. The backflow
prevention device 20 allows the refrigerant to flow only in a specific direction (the
direction from the gas-liquid separator 27b to the gas-liquid separator 27a). The
opening/closing device 24 includes a two-way valve or the like and opens and closes
the branch pipe 4d. The expansion device 14a is provided on the upstream side of
the check valve 13c in the second connecting pipe 4b, and decompresses and
expands the refrigerant flowing through the second connecting pipe 4b. The
expansion device 14b is provided at the suction-injection pipe 4c, and decompresses
and expands the refrigerant flowing through the suction-injection pipe 4c.

[0032]

The medium pressure detection device 32 is provided on the upstream side of
the check valve 13d and the expansion device 14a and on the downstream side of
the gas-liquid separator 27b, and detects the pressure of the refrigerant flowing
through the refrigerant pipe 4 at a position at which the medium pressure detection
device 32 is installed. The discharged refrigerant temperature detection device 37 is
provided on the discharge side of the compressor 10, and detects the temperature of
the refrigerant discharged from the compressor 10. The high-pressure detection
device 39 is provided on the discharge side of the compressor 10, and detects the
pressure of the refrigerant discharged from the compressor 10.

[0033]

The difference in the discharge temperature between when R410A is used as a
refrigerant and when R32 is used as a refrigerant will be briefly explained. The case
in which the evaporating temperature in a refrigeration cycle is zero degrees
Centigrade, the condensing temperature is 49 degrees Centigrade, and the superheat
(degree of superheat) of the refrigerant sucked into the compressor is zero degrees
Centigrade will be considered. If R410Ais used as a refrigerant and adiabatic

compression (isentropic compression) is performed, the discharge temperature of the
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compressor 10 is about 70 degrees Centigrade, due to the physical properties of the
refrigerant. In contrast, if R32 is used as a refrigerant and adiabatic compression
(isentropic compression) is performed, the discharge temperature of the compressor
10 is about 86 degrees Centigrade, due to the physical properties of the refrigerant.
Specifically, when R32 is used as a refrigerant, the discharge temperature rises by
about 16 degrees Centigrade than when R410A is used as a refrigerant.

[0034]

In an actual operation, polytropic compression, which is an operation less
efficient than the adiabatic compression, is performed in the compressor 10, and thus,
the discharge temperature becomes higher than the above-described value. When
R410A is used as a refrigerant, it is not unusual that an operation is performed in the
state in which the discharge temperature exceeds 100 degrees Centigrade. Under
the condition that an operation is performed using R410A in the state in which the
discharge temperature exceeds 104 degrees Centigrade, in the case of the use of
R32, the discharge temperature exceeds the upper limit temperature, that is, 120
degrees Centigrade. Therefore, it is necessary to reduce the discharge temperature.
[0035]

Here, the case where the compressor 10 has a low-pressure shell structure in
which a compression chamber and a motor are accommodated in an air-tight
container (compressor shell) and the air-tight container in the compressor 10 has a
low pressure refrigerant atmosphere and where, for example, the compression
chamber is arranged in an upper portion of the air-tight container and the motor is
arranged in a lower portion of the air-tight container, will be considered. In the
compressor 10 having such a structure, a low-pressure refrigerant sucked into the
lower portion of the air-tight container passes around the motor and is sucked into the
compression chamber, and after being compressed, the refrigerant is flowed out to
the upper portion of the air-tight container which is partitioned off so that the
refrigerant is prevented from circulating in the lower portion of the air-tight container,
and then the refrigerant is discharged from the compressor 10. The air-tight

container is made of metal and is in contact with a low-temperature and low-pressure
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refrigerant in the lower portion and a high-temperature and high-pressure refrigerant
in the upper portion. Furthermore, the motor also generates heat.
[0036]

Therefore, the refrigerant sucked into the compressor 10 is heated by the air-
tight container and the motor, and reaches the compression chamber after the degree
of superheat increases. Thus, when the liquid or the two-phase, low-temperature
and low-pressure refrigerant is suction-injected into the suction side of the
compressor 10, the degree of superheat of the refrigerant sucked into the
compression chamber can be decreased, and the discharge temperature can be
decreased. Furthermore, in the case where the compressor 10 has a high-pressure
shell structure, in which the air-tight container has high pressure, the refrigerant
sucked into the compressor 10 directly enters the compression chamber and is
compressed. Therefore, when a liquid or two-phase, low-temperature and low-
pressure refrigerant is suction-injected into the refrigerant sucked into the compressor
10, the refrigerant starting to be compressed enters the two-phase state, and the
discharge temperature decreases by the latent heat.

[0037]

Regarding a way how to control the suction-injection flow rate into the suction
side of the compressor 10, preferably, the discharge temperature is controlled to a
target value, for example, 100 degrees Centigrade, and the control target value is
changed in accordance with outdoor air temperature. Furthermore, control may be
performed such that suction-injection is performed if the discharge temperature is
likely to exceed a target value, for example, 110 degrees Centigrade and such that
suction-injection is not performed if the discharge temperature is likely to be equal to
or lower than the target value. Furthermore, control may be performed such that the
discharge temperature falls within a target range, for example, from 80 to 100
degrees Centigrade and such that the suction-injection flow rate is increased if the
discharge temperature is likely to exceed the upper limit of the target range and the
suction-injection flow rate is decreased if the discharge temperature is likely to be

lower than the lower limit of the target range.
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[0038]

Preferably, the discharge superheat (discharge heat degree) is calculated using
a high pressure detected by the high-pressure detection device 39 and a discharge
temperature detected by the discharged refrigerant temperature detection device 37,
the suction-injection flow rate is controlled such that the discharge superheat
becomes a target value, for example, 30 degrees Centigrade, and the control target
value is changed in accordance with outdoor air temperature. Alternatively, control
may be performed such that suction-injection is performed if the discharge superheat
is likely to exceed a target value, for example, 40 degrees Centigrade, and such that
injection is not performed if the discharge superheat is likely to be equal to or lower
than the target value. Furthermore, control may be performed such that the
discharge superheat falls within a target range, for example, from 10 to 40 degrees
Centigrade and such that the suction-injection flow rate is increased if the discharge
superheat is likely to exceed the upper limit of the target range and the suction-
injection flow rate is decreased if the discharge superheat is likely to be lower than
the lower limit of the target range.

[0039]

Furthermore, as a method of causing a refrigerant in a two-phase state to be
sucked into the compressor 10, a method of causing a refrigerant in a two-phase
state to be flowed out of an evaporator. Since the accumulator 19 is arranged on the
upstream side of the compressor 10, the refrigerant which has flowed out of the
evaporator first flows into the accumulator 19. The accumulator 19 has a structure
that can store a certain amount of refrigerant. Unless a certain amount or more of
refrigerant is accumulated, two-phase refrigerant including a large amount of liquid
refrigerant does not flow out of the accumulator 19 and into the compressor 10.
[0040]

However, the amount of refrigerant enclosed within the refrigeration cycle has a
limit, and only excess refrigerant is stored within the accumulator 19. Thus, it is not
possible to control the two-phase refrigerant including the amount of liquid refrigerant

required to reduce the discharge temperature to be supplied to the compressor 10 in
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accordance with the discharge temperature. Therefore, it is necessary to perform
suction-injection of the liquid refrigerant between the accumulator 19 and the
compressor 10 to supply the required liquid refrigerant to the compressor 10.
[0041]

The case in which R32 circulates within the refrigerant pipes 4 has been
explained above. However, the refrigerant is not limited to R32.  Any refrigerant
can decrease the discharge temperature and can obtain effects similar to those
described above if the configuration of the present invention is employed, as long as
the refrigerant causes the discharge temperature to become higher than that in the
case of using conventional R410A when the condensing temperature, the evaporating
temperature, the superheat (degree of superheat), the subcool (degree of
subcooling), and the efficiency of the compressor are the same as those of R410A.

In particular, if a refrigerant that causes the discharge temperature to become higher
than R410A by three degrees Centigrade or higher is used, more positive effects can
be obtained.

[0042]

Fig. 3 is a graph illustrating a change in the discharge temperature relative to
the mass ratio of R32 in the case where trial calculation of the discharge temperature
is performed in a method similar to that described above when a mixed refrigerant of
R32 and HFO1234yf, which is a tetrafluoropropene refrigerant having a small global
warming potential and having a chemical formula represented by CF3 CF=CHpy, is
used. Asis clear from Fig. 3, the discharge temperature is about 70 degrees
Centigrade, which is substantially the same as the discharge temperature of R410A,
when the mass ratio of R32 is 52%, and the discharge temperature is about 73
degrees Centigrade, which is higher than that of R410A by three degrees Centigrade,
when the mass ratio of R32 is 62%. Accordingly, in the case of the mixed refrigerant
of R32 and HFO1234yf, when a mixed refrigerant containing R32 having a mass ratio
of 62% or higher is used, more positive effects can be obtained by reducing the
discharge temperature by performing suction-injection.

[0043]
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Furthermore, as is clear from the calculation of the discharge temperature
using a method similar to that described above for a mixed refrigerant of R32 and
HFO1234ze, which is a tetrafluoropropene refrigerant having a small global warming
potential and having a chemical formula represented by CF; CH=CHF, the discharge
temperature is about 70 degrees Centigrade, which is substantially the same as the
discharge temperature of R410A, when the mass ratio of R32 is 34% and the
discharge temperature is about 73 degrees Centigrade, which is higher than that of
R410A by three degrees Centigrade, when the mass ratio of R32 is 43%.
Accordingly, when the mass ratio of R32 is 43% or higher, more positive effects can
be obtained by reducing the discharge temperature by performing suction-injection.
[0044]

These trial calculations were made using REFPROP Version 8.0 released by
NIST (National Institute of Standards and Technology). Additionally, the type of
mixed refrigerant is not limited to the above-described type. The use of a mixed
refrigerant containing a small amount of another refrigerant component does not
greatly affect the discharge temperature, and effects similar to those described above
can be obtained. For example, a mixed refrigerant containing R32, HFO1234yf, and
a small amount of another refrigerant may be used. As stated above, the above-
described calculations are made, assuming that adiabatic compression is performed.
However, the actual compression is performed by polytropic compression, and thus,
the temperature is higher than the above-described temperature by several tens of
degrees Centigrade, for example, by 20 degrees Centigrade or higher.

[0045]
[Indoor units 2]

A use-side heat exchanger 26 is provided in each of the indoor units 2. The
use-side heat exchangers 26 are connected to heat medium flow control devices 25
and second heat medium flow switching devices 23 in the heat medium relay unit 3
through the pipes 5. The use-side heat exchangers 26 perform heat exchange
between air supplied from a fan, which is not illustrated, and a heat medium, and

generate heating air or cooling air to be supplied to the indoor space 7.
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[0046]

Fig. 2 illustrates an example of the case where four indoor units 2 are
connected to the heat medium relay unit 3, and the indoor units 2 are illustrated as an
indoor unit 2a, an indoor unit 2b, an indoor unit 2c, and an indoor unit 2d in this order
from the bottom of the drawing. In association with the indoor units 2a to 2d, the
use-side heat exchangers 26 are illustrated as a use-side heat exchanger 26a, a use-
side heat exchanger 26b, a use-side heat exchanger 26¢, and a use-side heat
exchanger 26d in this order from the bottom side of the drawing. As in Fig. 1, the
number of connected indoor units 2 is not necessarily four, as illustrated in Fig. 2.
[0047]

[Heat medium relay unit 3]

The two intermediate heat exchangers 15, two expansion devices 16, two
opening/closing devices 17, two second refrigerant flow switching devices 18, two
pumps 21, four first heat medium flow switching devices 22, the four second heat
medium flow switching devices 23, and the four heat medium flow control devices 25
are provided in the heat medium relay unit 3.

[0048]

The two intermediate heat exchangers 15 (the intermediate heat exchanger
15a and the intermediate heat exchanger 15b) function as condensers (radiators) or
evaporators, perform heat exchange between a heat-source-side refrigerant and a
heat medium, and transmit cooling energy or heating energy generated in the outdoor
unit 1 and stored in the heat-source-side refrigerant to the heat medium. The
intermediate heat exchanger 15a is arranged between an expansion device 16a and
a second refrigerant flow switching device 18a in the refrigerant circuit A, and is used
for cooling the heat medium in the cooling and heating mixed operation mode. The
intermediate heat exchanger 15b is arranged between an expansion device 16b and
a second refrigerant flow switching device 18b in the refrigerant circuit A, and is used
for heating the heat medium in the cooling and heating mixed operation mode.

[0049]
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The two expansion devices 16 (the expansion device 16a and the expansion
device 16b) each have a function as a pressure reducing valve or an expansion
valve, and each decompress and expand a heat-source-side refrigerant. The
expansion device 16a is arranged on the upstream side of the intermediate heat
exchanger 15a in the flow of a heat-source-side refrigerant at the time of a cooling
operation. The expansion device 16b is arranged on the upstream side of the
intermediate heat exchanger 15b in the flow of a heat-source-side refrigerant at the
time of a cooling operation. The two expansion devices 16 each preferably include a
device whose opening degree (opening area) can be variably controlled, for example,
an electronic expansion valve or the like.

[0050]

The two opening/closing devices 17 (an opening/closing device 17a and an
opening/closing device 17b) each include a two-way valve or the like and open and
close the refrigerant pipes 4. The opening/closing device 17a is arranged at the
refrigerant pipe 4 on the entry side of a heat-source-side refrigerant. The
opening/closing device 17b is arranged at a pipe (a bypass pipe 4¢e) which connects
the entry side and exit side for a heat-source-side refrigerant of the refrigerant pipe 4
together. The opening/closing devices 17 may be of any type as long as they can
open and close the refrigerant pipes 4. The opening/closing devices 17 may be, for
example, electronic expansion valves whose opening degree can be variably
controlled.

[0051]

The two second refrigerant flow switching devices 18 (the second refrigerant
flow switching device 18a and the second refrigerant flow switching device 18b) each
include a four-way valve or the like and perform switching of the flow of a heat-
source-side refrigerant so that the corresponding intermediate heat exchanger 15
operates as a condenser or an evaporator in accordance with an operation mode.
The second refrigerant flow switching device 18a is arranged on the downstream side
of the intermediate heat exchanger 15a in the flow of a heat-source-side refrigerant at

the time of a cooling operation. The second refrigerant flow switching device 18b is
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arranged on the downstream side of the intermediate heat exchanger 15b in the flow
of a heat-source-side refrigerant at the time of a cooling only operation.
[0052]

The two pumps 21 (a pump 21a and a pump 21b) cause the heat medium
flowing through the pipes 5 to circulate in the heat medium circuit B. The pump 21a
is arranged at the pipe 5 positioned between the intermediate heat exchanger 15a
and the second heat medium flow switching devices 23. The pump 21b is arranged
at the pipe 5 positioned between the intermediate heat exchanger 15b and the
second heat medium flow switching devices 23. The two pumps 21 each preferably
include, for example, a capacity-controllable pump or the like, and the flow rate of the
pumps 21 is adjustable in accordance with the size of load in the indoor units 2.
[0053]

The four first heat medium flow switching devices 22 (first heat medium flow
switching devices 22a to 22d) each include a three-way valve or the like and perform
switching of the flow passage of the heat medium. The first heat medium flow
switching devices 22 are arranged in such a manner that the number of the first heat
medium flow switching devices 22 corresponds to the number of the indoor units 2
installed (here, four). One of the three ways of each of the first heat medium flow
switching devices 22 is connected to the intermediate heat exchanger 15a, another
one of the three ways is connected to the intermediate heat exchanger 15b, and the
other one of the three ways is connected to the corresponding one of the heat
medium flow control devices 25. The first heat medium flow switching devices 22
are arranged on the exit side of the heat medium flow passages of the use-side heat
exchangers 26. The first heat medium flow switching devices 22 are illustrated as
the first heat medium flow switching device 223, the first heat medium flow switching
device 22b, the first heat medium flow switching device 22c¢, and the first heat
medium flow switching device 22d in this order from the bottom side of the drawing, in
association with the indoor units 2. Furthermore, the switching of the heat medium
flow passages includes partial switching from one to another way as well as complete

switching from one to another way.
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[0054]

The four second heat medium flow switching devices 23 (second heat medium
flow switching devices 23a to 23d) each include a three-way valve or the like and
perform switching of the flow of the heat medium. The second heat medium flow
switching devices 23 are arranged in such a manner that the number of the second
heat medium flow switching devices 23 corresponds to the number of the indoor units
2 installed (here, four). One of the three ways of each of the second heat medium
flow switching devices 23 is connected to the intermediate heat exchanger 15a,
another one of the three ways is connected to the intermediate heat exchanger 15b,
and the other one of the three ways is connected to the corresponding one of the use-
side heat exchangers 26. The second heat medium flow switching devices 23 are
arranged on the entry side of the heat medium flow passages of the use-side heat
exchangers 26. The second heat medium flow switching devices 23 are illustrated
as the second heat medium flow switching device 23a, the second heat medium flow
switching device 23b, the second heat medium flow switching device 23c, and the
second heat medium flow switching device 23d in this order from the bottom side of
the drawing, in association with the indoor units 2. Furthermore, the switching of the
heat medium flow passages includes partial switching from one to another way as
well as complete switching from one to another way.

[0055]

The four heat medium flow control devices 25 (heat medium flow control
devices 25a to 25d) each include a two-way valve or the like whose opening area can
be controlled and control the flow rate of the heat medium flowing through the
corresponding pipes 5. The heat medium flow control devices 25 are arranged in
such a manner that the number of the heat medium flow control devices 25
corresponds to the number of the indoor units 2 installed (here, four). One of the two
ways of each of the heat medium flow control devices 25 is connected to the
corresponding one of the use-side heat exchangers 26 and the other one of the two
ways is connected to the corresponding one of the first heat medium flow switching

devices 22. The heat medium flow control devices 25 are arranged on the exit side
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of the heat medium flow passages of the use-side heat exchangers 26. That is, the

heat medium flow control devices 25 regulate the amount of heat medium flowing into
the indoor units 2 on the basis of the temperature of the heat medium flowing into the
indoor units 2 and the temperature of the heat medium flowing out of the indoor units

2, and are capable of supplying an optimal amount of heat medium corresponding to

the indoor load to the indoor units 2.

[0056]

The heat medium flow control devices 25 are illustrated as the heat medium
flow control device 25a, the heat medium flow control device 25b, the heat medium
flow control device 25c, and the heat medium flow control device 25d in this order
from the bottom side of the drawing, in association with the indoor units 2. The heat
medium flow control devices 25 may be arranged on the entry side of the heat
medium flow passages of the use-side heat exchangers 26. Furthermore, the heat
medium flow control devices 25 may be arranged at positions on the entry side of the
heat medium flow passages of the use-side heat exchangers 26 and between the
second heat medium flow switching devices 23 and the use-side heat exchangers 26.
Furthermore, in the case of stopping, thermo-off, or the like, which requires no load, in
the indoor units 2, by fully-closing the heat medium flow control devices 25, heat
medium supply to the indoor units 2 can be stopped.

[0057]

The heat medium relay unit 3 includes various detection devices (two first
temperature sensors 31, four second temperature sensors 34, four third temperature
sensors 35, and two pressure sensors 36). Information (temperature information
and pressure information) detected by these detection devices are transmitted to a
controller (for example, the controller 50) that performs integrated control of the
operation of the air-conditioning apparatus 100, and is used for controlling the driving
frequency of the compressor 10, the rotation speed of a fan, which is not illustrated,
switching of the first refrigerant flow switching device 11, the driving frequency of the
pumps 21, switching of the second refrigerant flow switching devices 18, switching of

the flow passage of the heat medium, and the like. Although the state in which the
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controller 50 is provided inside the outdoor unit 1 has been described above, the
arrangement is not limited thereto and may be provided so as to be capable of
communicating with the heat medium relay unit 3, the indoor units 2, or individual
units.

[0058]

The two first temperature sensors 31 (a first temperature sensor 31a and a first
temperature sensor 31b) each detect the temperature of the heat medium that has
flowed out of the corresponding intermediate heat exchanger 15, that is, the
temperature of the heat medium at the exit of the corresponding intermediate heat
exchanger 15, and each include, for example, a thermistor or the like. The first
temperature sensor 31a is arranged at the pipe 5 on the entry side of the pump 21a.
The first temperature sensor 31b is arranged at the pipe 5 on the entry side of the
pump 21b.

[0059]

The four second temperature sensors 34 (second temperature sensors 34a to
34d) are arranged between the first heat medium flow switching devices 22 and the
flow control devices 25, each detect the temperature of the heat media that have
flowed out of the use-side heat exchangers 26, and each may include a thermistor or
the like. The second temperature sensors 34 are arranged in such a manner that
the number of the second temperature sensors 34 corresponds to the number of the
indoor units 2 installed (here, four). The second temperature sensors 34 are
illustrated as the second temperature sensor 34a, the second temperature sensor
34Db, the second temperature sensor 34c, and the second temperature sensor 34d in
this order from the bottom side of the drawing, in association with the indoor units 2.
[0060]

The four third temperature sensors 35 (third temperature sensors 35a to 35d)
are arranged on the entry side or exit side of heat-source-side refrigerants of the
intermediate heat exchangers 15, each detect the temperature of the heat-source-
side refrigerants flowing into the intermediate heat exchangers 15 or the temperature

of the heat-source-side refrigerants flowing out of the intermediate heat exchanges
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15, and each may include a thermistor or the like. The third temperature sensor 35a
is arranged between the intermediate heat exchanger 15a and the second refrigerant
flow switching device 18a. The third temperature sensor 35b is arranged between
the intermediate heat exchanger 15a and the expansion device 16a. The third
temperature sensor 35c¢ is arranged between the intermediate heat exchanger 15b
and the second refrigerant flow switching device 18b. The third temperature sensor
35d is arranged between the intermediate heat exchanger 15b and the expansion
device 16b.

[0061]

A pressure sensor 36b is arranged at a position similar to the position at which
the third temperature sensor 35d is arranged, between the intermediate heat
exchanger 15b and the expansion device 16a, and detects the pressure of a heat-
source-side refrigerant flowing between the intermediate heat exchanger 15b and the
expansion device 16b. A pressure sensor 36a is arranged at a position similar to the
position at which the third temperature sensor 35a is arranged, between the
intermediate heat exchanger 15a and the second refrigerant flow switching device
18a, and detects the pressure of a heat-source-side refrigerant flowing between the
intermediate heat exchanger 15a and the second refrigerant flow switching device
18a.

[0062]

The heat medium relay unit 3 includes a controller, which is not illustrated,
including a microcomputer. The controller controls driving of the pumps 21, the
opening degree of the expansion devices 16, opening and closing of the
opening/closing devices 17, switching of the second refrigerant flow switching devices
18, switching of the first heat medium flow switching devices 22, switching of the
second heat medium flow switching devices 23, the opening degree of the heat
medium flow control devices 25, and so on, on the basis of detection information
obtained by various detection devices and instructions from a remote controller, and
executes various operation modes, which will be described below. The controller

may be arranged in only one of the outdoor unit 1 and the heat medium relay unit 3.

25



10

15

20

25

30

That is, the controller 50 arranged in the outdoor unit 1 may control various devices
provided in the heat medium relay unit 3.
[0063]

The pipes 5 through which flows of the heat medium flow include pipes
connected to the intermediate heat exchanger 15a and pipes connected to the
intermediate heat exchanger 15b. The pipes 5 are branched in accordance with the
number of the indoor units 2 connected to the heat medium relay unit 3 (here, four
branches for each pipe). The pipes 5 are connected through the first heat medium
flow switching devices 22 and the second heat medium flow switching devices 23.
By controlling the first heat medium flow switching devices 22 and the second heat
medium flow switching devices 23, a determination as to whether the heat medium
from the intermediate heat exchanger 15a is to be flowed into the use-side heat
exchangers 26 or the heat medium from the intermediate heat exchanger 15b is to be
flowed into the use-side heat exchangers 26, is made.

[0064]

In the air-conditioning apparatus 100, the compressor 10, the first refrigerant
flow switching device 11, the heat-source-side heat exchanger 12, the
opening/closing devices 17, the second refrigerant flow switching devices 18, a
refrigerant flow passage for the intermediate heat exchanger 15a, the expansion
devices 16, and the accumulator 19 are connected through the refrigerant pipes 4 to
configure the refrigerant circuit A. Furthermore, a heat medium flow passage for the
intermediate heat exchanger 15a, the pumps 21, the first heat medium flow switching
devices 22, the heat medium flow control devices 25, the use-side heat exchangers
26, and the second heat medium flow switching devices 23 are connected through
the pipes 5 to configure the heat medium circuit B. That is, the plurality of use-side
heat exchangers 26 are connected in parallel to each of the intermediate heat
exchangers 15, so that the heat medium circuit B is formed as a plural system.
[0065]

Accordingly, in the air-conditioning apparatus 100, the outdoor unit 1 and the

heat medium relay unit 3 are connected through the intermediate heat exchanger 15a
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and the intermediate heat exchanger 15b provided in the heat medium relay unit 3,
and the heat medium relay unit 3 and the indoor units 2 are connected through the
intermediate heat exchanger 15a and the intermediate heat exchanger 15b. That is,
in the air-conditioning apparatus 100, heat exchange is performed, in the intermediate
heat exchanger 15a and the intermediate heat exchanger 15b, between a heat-
source side refrigerant circulating in the refrigerant circuit A and a heat medium
circulating in the heat medium circuit B.

[0066]

[Operation modes]

Various operation modes executed by the air-conditioning apparatus 100 will be
explained. The air-conditioning apparatus 100 is capable of performing, with each of
the indoor units 2, a cooling operation or a heating operation on the basis of an
instruction from the respective indoor units 2. That is, the air-conditioning apparatus
100 is capable of allowing all the indoor units 2 to perform the same operation and
also allowing the individual indoor units 2 to perform different operations.

[0067]

The operation modes executed by the air-conditioning apparatus 100 include a
cooling only operation mode in which all of the operating indoor units 2 perform
cooling operations, a heating only operation mode in which all of the operating indoor
units 2 perform heating operations, a cooling main operation mode, which is a mode
in which cooling load is larger than heating load of a cooling and heating mixed
operation mode in which a cooling operation and a heating operation coexist, and a
heating main operation mode, which is a mode in which the heating load is larger
than the cooling load of the cooling and heating mixed operation mode. Hereinafter,
the various operation modes will be explained, together with the flow of the heat-
source side refrigerant and the heat medium.

[0068]
[Cooling only operation mode]
Fig. 4 is a refrigerant circuit diagram illustrating the flow of a refrigerant when

the air-conditioning apparatus 100 is in the cooling only operation mode. With
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reference to Fig. 4, the cooling only operation mode will be explained by way of an
example of the case where cooling load is generated in only in the use-side heat
exchanger 26a and the use-side heat exchanger 26b. In Fig. 4, pipes expressed by
thick lines represent pipes through which the refrigerant (the heat-source-side
refrigerant and heat medium) flows. Furthermore, in Fig. 4, the direction of the flow
of the heat-source-side refrigerant is expressed by solid-line arrows, and the direction
of the flow of the heat medium is expressed by broken-line arrows.

[0069]

In the case of the cooling only operation mode illustrated in Fig. 4, the outdoor
unit 1 performs switching of the first refrigerant flow switching device 11 such that a
heat-source-side refrigerant discharged from the compressor 10 flows into the heat-
source-side heat exchanger 12. In the heat medium relay unit 3, the pump 21a and
the pump 21b are driven, the heat medium flow control device 25a and the heat
medium flow control device 25b are opened, and the heat medium flow control device
25c and the heat medium flow control device 25d are fully closed, so that the heat
medium circulates between each of the intermediate heat exchanger 15a and the
intermediate heat exchanger 15b and the use-side heat exchanger 26a and between
each of the intermediate heat exchanger 15a and the intermediate heat exchanger
15b and the use-side heat exchanger 26b.

[0070]

First, the flow of a heat-source-side refrigerant in the refrigerant circuit A will be
explained.

A low-temperature and low-pressure refrigerant is compressed by the
compressor 10 and is discharged as a high-temperature and high-pressure gas
refrigerant. The high-temperature and high-pressure gas refrigerant discharged from
the compressor 10 passes through the first refrigerant flow switching device 11 and
flows into the heat-source-side heat exchanger 12. Then, the gas refrigerant is
condensed and liquefied by the heat-source-side heat exchanger 12 into the high-
pressure liquid refrigerant while transferring heat to outdoor air. The high-pressure

liquid refrigerant that has flowed out of the heat-source-side heat exchanger 12
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passes through the check valve 13a, partially flows out of the outdoor unit 1 via the
gas-liquid separator 27a, passes through the refrigerant pipe 4, and flows into the
heat medium relay unit 3. The high-pressure liquid refrigerant that has flowed into
the heat medium relay unit 3 passes through the opening/closing device 17a, is split
out, and is expanded by the expansion device 16a and the expansion device 16b into
the low-temperature and low-pressure two-phase refrigerant.

[0071]

The two-phase refrigerant flows into the intermediate heat exchanger 15a and
the intermediate heat exchanger 15b operating as evaporators, and turns into the
low-temperature and low-pressure gas refrigerant while cooling the heat medium by
receiving heat from the heat medium circulating in the heat medium circuit B. The
gas refrigerant discharged from the intermediate heat exchanger 15a and the
intermediate heat exchanger 15b passes through the second refrigerant flow
switching device 18a and the second refrigerant flow switching device 18b, flows out
of the heat medium relay unit 3, passes through the refrigerant pipe 4, and flows into
the outdoor unit 1 again. The refrigerant that has flowed into the outdoor unit 1
passes through the gas-liquid separator 27b and the check valve 13d, passes through
the first refrigerant flow switching device 11 and the accumulator 19, and is sucked
into the compressor 10 again.

[0072]

At this time, the opening degree (opening area) of the expansion device 16a is
controlled such that the superheat (degree of superheat) obtained as the difference
between the temperature detected by the third temperature sensor 35a and the
temperature detected by the third temperature sensor 35b is maintained constant.
Similarly, the opening degree of the expansion device 16b is controlled such that the
superheat obtained as the difference between the temperature detected by the third
temperature sensor 35¢ and the temperature detected by the third temperature
sensor 35d is maintained constant. Furthermore, the opening/closing device 17a is
opened, and the opening/closing device 17b is closed.

[0073]
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In the case of a refrigerant such as R32, since the discharge temperature of the
compressor 10 is high, the discharge temperature is reduced by using a suction-
injection circuit. An operation performed at this time will be explained with reference
to Fig. 4 and a p-h diagram (pressure-enthalpy diagram) in Fig. 5. Fig. 5is a p-h
diagram (pressure-enthalpy diagram) representing the transition of the state of a
heat-source-side refrigerant in the cooling only operation mode. In Fig. 5, the
vertical axis represents pressure and the horizontal axis represents enthalpy.

[0074]

In the cooling only operation mode, the refrigerant that has been sucked into
the compressor 10 and compressed by the compressor 10 (point | in Fig. 5) is
condensed and liquefied into the high-pressure liquid refrigerant by the heat-source-
side heat exchanger 12 (point J in Fig. 5), and reaches the gas-liquid separator 27a
via the check valve 13a. The opening/closing device 24 is opened, and the high-
pressure liquid refrigerant is separated by the gas-liquid separator 27a. Part of the
refrigerant that has been separated by the gas-liquid separator 27a is flowed into the
suction-injection pipe 4c via the opening/closing device 24 and the branch pipe 4d.
The refrigerant that has flowed into the suction-injection pipe 4c is decompressed by
the expansion device 14b into the two-phase, low-temperature and low-pressure
refrigerant (point K in Fig. 5). Then, the refrigerant flows into the flow passage
between the compressor 10 and the accumulator 19.

[0075]

In the case where the compressor 10 is of a low-pressure shell type, within the
compressor 10, sucked refrigerant and oil flow into a lower portion thereof, a motor is
arranged in an intermediate portion thereof, and a high-temperature and high-
pressure refrigerant compressed by a compassion chamber is discharged into a
discharge chamber inside an air-tight container from an upper portion thereof and
then discharged from the compressor 10. Therefore, since the air-tight container,
which is made of metal, in the compressor 10 includes a portion exposed to a high-
temperature and high-pressure refrigerant and a portion exposed to a low-

temperature and low-pressure refrigerant, the air-tight container has a medium
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temperature between the temperatures of these portions. Furthermore, since
current flows in the motor, the motor generates heat. Therefore, the low-temperature
and low-pressure refrigerant that has been sucked into the compressor 10 is heated
by the air-tight container and the motor in the compressor 10, and is sucked into the
compression chamber after the temperature increases (point F in Fig. 5 if suction-
injection is not performed).

[0076]

In the case where suction-injection is performed, the low-temperature and low-
pressure gas refrigerant that has passed through an evaporator and the two-phase
and low-temperature, suction-injected refrigerant are merged together, and the
refrigerant in the two-phase state is sucked into the compressor 10. The two-phase
refrigerant is heated and evaporated by the air-tight container and the motor in the
compressor 10, turns into the low-temperature and low-pressure gas refrigerant (point
H in Fig. 5), which has a temperature lower than the temperature of the case where
suction-injection is not performed, and is sucked into the compression chamber.
Thus, by performing suction-injection, the discharge temperature of the refrigerant
discharged from the compressor 10 is also reduced (point | in Fig. 5), and the
discharge temperature is reduced compared to the discharge temperature of the
compressor 10 in the case where suction-injection is not performed (point G in Fig. 5).
[0077]

With the operation described above, in the case where a refrigerant, such as
R32, the use of which increases the discharge temperature of the compressor 10, is
used, the discharge temperature of the compressor 10 can be reduced, thereby a
safety use is ensured.

[0078]

At this time, the refrigerant in the flow passage in the branch pipe 4d from the
opening/closing device 24 to the backflow prevention device 20 is a high-pressure
refrigerant, and the refrigerant flowing out of the heat medium relay unit 3 via the
refrigerant pipe 4, returning to the outdoor unit 1, and reaching the gas-liquid

separator 27b is a low-pressure refrigerant. The backflow prevention device 20
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prevents a refrigerant from flowing from the branch pipe 4d to the gas-liquid separator
27b. With the operation of the backflow prevention device 20, the high-pressure
refrigerant in the branch pipe 4d and the low-pressure refrigerant in the gas-liquid
separator 27b are prevented from mixing together.

[0079]

Instead of a solenoid valve or the like for which switching between opening and
closing can be performed, the opening/closing device 24 may be an electronic
expansion valve or the like whose opening area can be changed. The
opening/closing device 24 may be of any type as long as it can perform switching
between opening and closing of a flow passage. The backflow prevention device 20
may be a check valve or a device that can perform switching between opening and
closing of a flow passage, such as a solenoid valve or the like for which switching
between opening and closing can be performed or an electronic expansion valve or
the like whose opening area can be changed. Since the refrigerant does not flow in
the expansion device 14a, the opening degree of the expansion device 14a may be
set to a desired value. Furthermore, an electronic expansion valve or the like whose
opening area can be changed is used as the expansion device 14b, and the opening
area is controlled such that the discharge temperature of the compressor 10 detected
by the discharged refrigerant temperature detection device 37 does not become
excessively high.

[0080]

Regarding a way how to perform control, control may be performed such that
the opening degree increases by a specific opening degree, for example, by 10
pulses, when the discharge temperature exceeds a specific value, for example, 110
degrees Centigrade. Furthermore, the opening degree of the expansion device 14b
may be controlled such that the discharge temperature is maintained at a target
value, for example, 100 degrees Centigrade. Furthermore, the expansion device
14b may be a capillary tube, and injection of the amount of refrigerant corresponding
to a pressure difference may be performed.

[0081]
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Next, the flow of the heat medium in the heat medium circuit B will be
explained.

In the cooling only operation mode, both the intermediate heat exchanger 15a
and the intermediate heat exchanger 15b transmit the cooling energy of the heat-
source-side refrigerant to the heat medium, and the pump 21a and the pump 21b
allow the cooled heat medium to flow through the pipes 5. The heat medium that
have been pressurized by and flowed out of the pump 21a and the pump 21b passes
through the second heat medium flow switching device 23a and the second heat
medium flow switching device 23b, and flows into the use-side heat exchanger 26a
and the use-side heat exchanger 26b. When the heat medium receives heat from
indoor air by the use-side heat exchanger 26a and the use-side heat exchanger 26b,
cooling of the indoor space 7 is performed.

[0082]

Then, the heat medium flows out of the use-side heat exchanger 26a and the
use-side heat exchanger 26b, and flows into the heat medium flow control device 25a
and the heat medium flow control device 25b. At this time, the heat medium is
flowed into the use-side heat exchanger 26a and the use-side heat exchanger 26b in
such a manner that the flow rate of the heat medium is controlled, with the operation
of the heat medium flow control device 25a and the heat medium flow control device
25b, to a flow rate required for the air conditioning load necessary for inside the room.
The heat medium that has flowed out of the heat medium flow control device 25a and
the heat medium flow control device 25b passes through the first heat medium flow
switching device 22a and the first heat medium flow switching device 22b, flows into
the intermediate heat exchanger 15a and the intermediate heat exchanger 15b, and
is sucked into the pump 21a and the pump 21b again.

[0083]

In the pipes 5 for the use-side heat exchangers 26, the heat medium flows in
the direction in which the heat medium from the second heat medium flow switching
devices 23 passes through the heat medium flow control devices 25 and flows into

the first heat medium flow switching devices 22. Furthermore, the air-conditioning
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load necessary for the indoor space 7 can be achieved by controlling the difference
between the temperature detected by the first temperature sensor 31a or the
temperature detected by the first temperature sensor 31b and the temperature
detected by the second temperature sensors 34 to be maintained at a target value.
As the exit temperature of the intermediate heat exchangers 15, either the
temperature obtained by the first temperature sensor 31a or the first temperature
sensor 31b may be used. Alternatively, the average of these temperatures may be
used. At this time, the opening degree of the first heat medium flow switching
devices 22 and the second heat medium flow switching devices 23 is set to an
intermediate degree so that flow passages to both the intermediate heat exchanger
15a and the intermediate heat exchanger 15b can be secured.

[0084]

For execution of the cooling only operation mode, since it is not necessary to
flow the heat medium into a use-side heat exchanger 26 in which heat load is not
generated (including thermo-off), the flow passage is closed by the corresponding
heat medium flow control device 25 so that the heat medium is not flowed into the
use-side heat exchanger 26. In Fig. 4, the heat medium flows into the use-side heat
exchanger 26a and the use-side heat exchanger 26b due to the presence of the heat
load. However, since no heat load exists in the use-side heat exchanger 26¢ and
the use-side heat exchanger 26d, the corresponding heat medium flow control device
25¢ and heat medium flow control device 25d are fully closed. In the case where
heat load is generated in the use-side heat exchanger 26¢ or the use-side heat
exchanger 26d, the heat medium flow control device 25c or the heat medium flow
control device 25d is to be opened so that the heat medium can circulate.

[0085]
[Heating only operation mode]

Fig. 6 is a refrigerant circuit diagram illustrating the flow of the refrigerant when
the air-conditioning apparatus 100 is in the heating only operation mode. With
reference to Fig. 6, the heating only operation mode will be explained by way of an

example of the case where heating load is generated only in the use-side heat
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exchanger 26a and the use-side heat exchanger 26b. In Fig. 6, pipes expressed by
thick lines represent pipes through which the refrigerants (heat-source-side refrigerant
and heat medium) flow. Furthermore, in Fig. 6, the direction of the flow of the heat-
source-side refrigerant is expressed by solid-line arrows, and the direction of the flow
of the heat medium is expressed by broken-line arrows.

[0086]

In the case of the heating only operation mode illustrated in Fig. 6, the outdoor
unit 1 performs switching of the first refrigerant flow switching device 11 such that the
heat-source-side refrigerant discharged from the compressor 10 flows into the heat
medium relay unit 3 without passing through the heat-source-side heat exchanger 12.
In the heat medium relay unit 3, the pump 21a and the pump 21b are driven, the heat
medium flow control device 25a and the heat medium flow control device 25b are
opened, and the heat medium flow control device 25¢ and the heat medium flow
control device 25d are fully closed, so that the heat medium circulates between each
of the intermediate heat exchanger 15a and the intermediate heat exchanger 15b and
the use-side heat exchanger 26a and between each of the intermediate heat
exchanger 15a and the intermediate heat exchanger 15b and the use-side heat
exchanger 26b.

[0087]

First, the flow of a heat-source-side refrigerant in the refrigerant circuit A will be
explained.

A low-temperature and low-pressure refrigerant is compressed by the
compressor 10, and is discharged as a high-temperature and high-pressure gas
refrigerant. The high-temperature and high-pressure gas refrigerant discharged from
the compressor 10 passes through the first refrigerant flow switching device 11, flows
through the first connecting pipe 4a, passes through the check valve 13b and the gas-
liquid separator 27a, and is flowed out of the outdoor unit 1. The high-temperature
and high-pressure gas refrigerant that has flowed out of the outdoor unit 1 passes
through the refrigerant pipe 4 and flows into the heat medium relay unit 3. The high-

temperature and high-pressure gas refrigerant that has flowed into the heat medium

35



10

15

20

25

30

relay unit 3 is split out, and the split flows of gas refrigerant pass through the second
refrigerant flow switching device 18a and the second refrigerant flow switching device
18b and flow into the intermediate heat exchanger 15a and the intermediate heat
exchanger 15b.

[0088]

The high-temperature and high-pressure gas refrigerant that has flowed into
the intermediate heat exchanger 15a and the intermediate heat exchanger 15b is
condensed and liquefied into high-pressure liquid refrigerant while transferring heat to
the heat medium circulating in the heat medium circuit B. The liquid refrigerant that
has flowed out of the heat intermediate heat exchanger 15a and the intermediate heat
exchanger 15b is expanded by the expansion device 16a and the expansion device
16b and turns into two-phase, intermediate-temperature and medium pressure
refrigerant. The two-phase refrigerant passes through the opening/closing device
17b, flows out of the heat medium relay unit 3, passes through the refrigerant pipe 4,
and flows into the outdoor unit 1 again. The refrigerant that has flowed into the
outdoor unit 1 partially flows into the second connecting pipe 4b via the gas-liquid
separator 27b and passes through the expansion device 14a, is expanded by the
expansion device 14a into the two-phase, low-temperature and low-pressure
refrigerant, passes through the check valve 13c, and flows into the heat-source-side
heat exchanger 12 operating as an evaporator.

[0089]

Then, the refrigerant that has flowed into the heat-source-side heat exchanger
12 receives heat from outdoor air by the heat-source-side heat exchanger 12 and
turns into the low-temperature and low-pressure gas refrigerant. The low-
temperature and low-pressure gas refrigerant that has flowed out of the heat-source-
side heat exchanger 12 passes through the first refrigerant flow switching device 11
and the accumulator 19, and is sucked into the compressor 10 again.

[0090]
At this time, the opening degree of the expansion device 16a is controlled such

that the subcool (degree of subcooling) obtained as the difference between the value
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obtained by converting the pressure detected by the pressure sensor 36 into a
saturation temperature and the temperature detected by the third temperature sensor
35b is maintained constant. Similarly, the opening degree of the expansion device
16b is controlled such that the subcool obtained as the difference between the value
obtained by converting the pressure detected by the pressure sensor 36 into a
saturation temperature and the temperature detected by the third temperature sensor
35d is maintained constant. The opening/closing device 17a is closed, and the
opening/closing device 17b is opened. In the case where the temperature of the
intermediate position of the intermediate heat exchangers 15 can be measured, the
temperature at the intermediate position may be used instead of the pressure sensor
36. In this case, an inexpensive system configuration can be achieved.

[0091]

In the case of a refrigerant such as R32, since the discharge temperature of the
compressor 10 is high, the discharge temperature is reduced by using a suction-
injection circuit. An operation performed at this time will be explained with reference
to Fig. 6 and a p-h diagram (pressure-enthalpy diagram) in Fig. 7. Fig. 7 is a p-h
diagram (pressure-enthalpy diagram) representing the transition of the state of a
heat-source-side refrigerant in the heating only operation mode. In Fig. 7, the
vertical axis represents pressure and the horizontal axis represents enthalpy.

[0092]

In the heating only operation mode, the refrigerant that has been sucked into
the compressor 10 and compressed by the compressor 10 (point | in Fig. 7) is
condensed by the heat medium relay unit 3 and then returns from the heat medium
relay unit 3 via the refrigerant pipe 4 to the outdoor unit 1.  The refrigerant that has
returned to the outdoor unit 1 reaches the gas-liquid separator 27b. With the
operation of the expansion device 14a, the pressure of the refrigerant on the
upstream side of the expansion device 14a is controlled to a medium pressure state
(point J in Fig. 7). The two-phase refrigerant that has been controlled to the medium
pressure state by the expansion device 14a is separated by the gas-liquid separator

27b into the liquid refrigerant and a two-phase refrigerant. Then, the separated
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liquid refrigerant (saturated liquid refrigerant, point J' in Fig. 7) is distributed and
flowed into the branch pipe 4d. The liquid refrigerant that has been distributed to the
branch pipe 4d flows into the suction-injection pipe 4c via the backflow prevention
device 20. The liquid refrigerant is decompressed by the expansion device 14b into
the two-phase, low-temperature and low-pressure refrigerant (point K in Fig. 7), and is
suction-injected into the flow passage between the compressor 10 and the
accumulator 19.

[0093]

In the case where the compressor 10 is of a low-pressure shell type, the
temperature of the air-tight container is a medium temperature, as described above.
Therefore, a low-temperature and low-pressure refrigerant that has been sucked into
the compressor 10 is heated by the air-tight container and the motor in the
compressor 10, and is sucked into the compression chamber after the temperature
increases (point F in Fig. 7 if suction-injection is not performed).

[0094]

In the case where suction-injection is performed, the low-temperature and low-
pressure gas refrigerant that has passed through the evaporator and the two-phase
and low-temperature, suction-injected refrigerant are merged together, and the
refrigerant in the two-phase state is sucked into the compressor 10. The two-phase
refrigerant is heated and evaporated by the air-tight container and the motor in the
compressor 10, turns into the low-temperature and low-pressure gas refrigerant (point
Hin Fig. 7), which has a temperature lower than the temperature of the case where
suction-injection is not performed, and is sucked into the compression chamber.
Thus, by performing suction-injection, the discharge temperature of the refrigerant
discharged from the compressor 10 is also reduced (point | in Fig. 7), and the
discharge temperature is reduced compared to the discharge temperature of the
compressor 10 in the case where suction-injection is not performed (point G in Fig. 7).
[0095]

With the operation described above, in the case where a refrigerant, such as

R32, the use of which increases the discharge temperature of the compressor 10, is
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used, the discharge temperature of the compressor 10 can be reduced, thereby a
safety use is ensured, similar to the time of the cooling only operation mode.
[0096]

At this time, the opening/closing device 24 is closed, which prevents the
refrigerant in the high-pressure state from the gas-liquid separator 27a from being
mixed with the refrigerant in the medium pressure state that has passed through the
backflow prevention device 20. The configuration of the opening/closing device 24
and the backflow prevention device 20 are similar to that explained for the cooling
only operation mode. Furthermore, the configuration and control method of the
expansion device 14b are also similar to those explained for the cooling only
operation mode.

[0097]

Furthermore, preferably, an electronic expansion valve or the like whose
opening area can be changed is used as the expansion device 14a. With the use of
an electronic expansion valve, the medium pressure on the upstream side of the
expansion device 14a can be controlled to a desired pressure. For example, by
controlling the opening degree of the expansion device 14a such that the medium
pressure detected by the medium pressure detection device 32 is maintained
constant, a stable control of the discharge temperature by the expansion device 14b
is ensured. However, the expansion device 14a is not limited thereto. It may be
possible, with a combination of opening/closing valves such as compact solenoid
valves, to perform selection between a plurality of opening areas. Alternatively,
medium pressure may be formed in accordance with pressure loss of the refrigerant
by using a capillary tube as the expansion device 14a. In this case, although
controllability is slightly degraded, the discharge temperature can be controlled to a
target value. Furthermore, the medium pressure detection device 32 may be a
pressure sensor. Alternatively, medium pressure may be obtained by calculation
using a temperature sensor.

[0098]
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In the heating only operation mode, since both the intermediate heat exchanger
15a and the intermediate heat exchanger 15b heat the heat medium, the pressure
(medium pressure) of the refrigerant on the upstream side of the expansion device
14a may be controlled to be slightly high as long as the pressure falls within a range
in which the expansion device 16a and the expansion device 16b can control subcool.
By controlling the medium pressure to be slightly high, its pressure difference from the
pressure inside the compression chamber becomes larger, thereby a large suction-
injection flow rate can be ensured. Thus, even in the case where the outdoor air
temperature is low, a suction-injection flow rate sufficient for reducing the discharge
temperature can be ensured.

[0099]

Furthermore, the expansion device 14a and the expansion device 14b are not
necessarily controlled in the way described above. The expansion device 14a and
the expansion device 14b may be controlled in such a way that the expansion device
14b is fully opened and the discharge temperature of the compressor 10 is controlled
by the expansion device 14a. With this way, control can be simplified, and an
inexpensive device can be advantageously used as the expansion device 14b.

[0100]

Next, the flow of the heat medium in the heat medium circuit B will be
explained.

In the heating only operation mode, both the intermediate heat exchanger 15a
and the intermediate heat exchanger 15b transmit the heating energy of heat-source-
side refrigerant to heat medium, and the pump 21a and the pump 21b allow the
heated heat medium to flow through the pipes 5. The heat medium that have been
pressurized by and flowed out of the pump 21a and the 21b pass through the second
heat medium flow switching device 23a and the second heat medium flow switching
device 23b, and flow into the use-side heat exchanger 26a and the use-side heat
exchanger 26b. Then, when the flows of the heat medium transfer heat to indoor air
by the use-side heat exchanger 26a and the use-side heat exchanger 26b, heating of

the indoor space 7 is performed.

40



10

15

20

25

30

[0101]

Then, the flows of the heat medium flow out of the use-side heat exchanger
26a and the use-side heat exchanger 26b, and flow into the heat medium flow control
device 25a and the heat medium flow control device 25b. At this time, the flows of
the heat medium are flowed into the use-side heat exchanger 26a and the use-side
heat exchanger 26b in such a manner that the flow rate of the heat medium is
controlled, with the operation of the heat medium flow control devices 25a and 25b, to
a flow rate required for the air-conditioning load necessary for inside the room. The
heat medium that has flowed out of the heat medium flow control device 25a and the
heat medium flow control device 25b passes through the first heat medium flow
switching device 22a and the first heat medium flow switching device 22b, flows into
the intermediate heat exchanger 15a and the intermediate heat exchanger 15b, and
is sucked into the pump 21a and the pump 21b again.

[0102]

In the pipes 5 for the use-side heat exchangers 26, the heat medium flows in
the direction in which the heat medium from the second heat medium flow switching
devices 23 passes through the heat medium flow control devices 25 and flows into
the first heat medium flow switching devices 22. Furthermore, the air-conditioning
load necessary for the indoor space 7 can be achieved by controlling the difference
between the temperature detected by the first temperature sensor 31a or the
temperature detected by the first temperature sensor 31b and the temperature
detected by the second temperature sensors 34 to be maintained at a target value.
As the exit temperature of the intermediate heat exchangers 15, either the
temperature obtained by the first temperature sensor 31a or the first temperature
sensor 31b may be used. Alternatively, the average of these temperatures may be
used.

[0103]

At this time, the opening degree of the first heat medium flow switching devices

22 and the second heat medium flow switching devices 23 is set to an intermediate

degree so that flows to both the intermediate heat exchanger 15a and the
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intermediate heat exchanger 15b can be secured. Originally, the use-side heat
exchanger 26a should be controlled on the basis of the difference between the
temperature of the entry and exit thereof. However, since the heat medium
temperature on the entry side of the use-side heat exchanger 26 is almost the same
as the temperature detected by the first temperature sensor 31b, using the first
temperature sensor 31b reduces the number of temperature sensors. Accordingly,
an inexpensive system configuration can be achieved. Similar to the cooling only
operation mode, the opening degree of the heat medium flow control devices 25 may
be controlled in accordance with the presence or absence of the heat load in the use-
side heat exchangers 26.

[0104]

[Cooling main operation mode]

Fig. 8 is a refrigerant circuit diagram illustrating the flow of the refrigerant when
the air-conditioning apparatus 100 is in the cooling main operation mode. With
reference to Fig. 8, the cooling main operation mode will be explained by way of an
example of the case where the cooling load is generated in the use-side heat
exchanger 26a and the heating load is generated in the use-side heat exchanger 26b.
In Fig. 8, pipes expressed by thick lines represent pipes through which the
refrigerants (heat-source-side refrigerant and heat medium) circulate. Furthermore,
in Fig. 8, the direction of the flow of the heat-source-side refrigerant is expressed by
solid-line arrows, and the direction of the flow of the heat medium is expressed by
broken-line arrows.

[0105]

In the case of the cooling main operation mode illustrated in Fig. 8, the outdoor
unit 1 performs switching of the first refrigerant flow switching device 11 in such a
manner that the heat-source-side refrigerant discharged from the compressor 10 is
flowed into the heat-source-side heat exchanger 12. In the heat medium relay unit
3, the pump 21a and the pump 21b are driven, the heat medium flow control device
25a and the heat medium flow control device 25b are opened, and the heat medium

flow control device 25c¢ and the heat medium flow control device 25d are fully closed,
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so that the heat medium circulates between the intermediate heat exchanger 15a and
the use-side heat exchanger 26a and between the intermediate heat exchanger 15b
and the use-side heat exchanger 26b.

[0106]

First, the flow of a heat-source-side refrigerant in the refrigerant circuit A will be
explained.

A low-temperature and low-pressure refrigerant is compressed by the
compressor 10, and is discharged as a high-temperature and high-pressure gas
refrigerant. The high-temperature and high-pressure gas refrigerant discharged from
the compressor 10 passes through the first refrigerant flow switching device 11, and
flows into the heat-source-side heat exchanger 12. Then, the gas refrigerant is
condensed into the two-phase refrigerant while transferring heat to outdoor air by the
heat-source-side heat exchanger 12. The two-phase refrigerant that has flowed out
of the heat-source-side heat exchanger 12 passes through the check valve 13a,
partially flows out of the outdoor unit 1 via the gas-liquid separator 27a, passes
through the refrigerant pipe 4, and flows into the heat medium relay unit 3. The two-
phase refrigerant that has flowed into the heat medium relay unit 3 passes through
the second refrigerant flow switching device 18b, and flows into the intermediate heat
exchanger 15b operating as a condenser.

[0107]

The two-phase refrigerant that has flowed into the intermediate heat exchanger
15b is condensed and liquefied into the liquid refrigerant while transferring heat to the
heat medium circulating in the heat medium circuit B. The liquid refrigerant that has
flowed out of the intermediate heat exchanger 15b is expanded by the expansion
device 16b into the two-phase, low-pressure refrigerant. The two-phase, low-
pressure refrigerant passes through the expansion device 16a, and flows into the
intermediate heat exchanger 15a operating as an evaporator. The two-phase, low-
pressure refrigerant that has flowed into the intermediate heat exchanger 15a turns
into the low-pressure gas refrigerant while cooling the heat medium by receiving heat

from the heat medium circulating in the heat medium circuit B. The gas refrigerant
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flows out of the intermediate heat exchanger 15a, passes through the second
refrigerant flow switching device 18a, flows out of the heat medium relay unit 3,
passes through the refrigerant pipe 4, and flows into the outdoor unit 1 again. The
refrigerant that has flowed into the outdoor unit 1 passes through the gas-liquid
separator 27a, the check valve 13d, the first refrigerant flow switching device 11, and
the accumulator 19, and is sucked into the compressor 10 again.

[0108]

At this time, the opening degree of the expansion device 16b is controlled such
that the superheat obtained as the difference between the temperature detected by
the third temperature sensor 35a and the temperature detected by the third
temperature sensor 35b is maintained constant. Furthermore, the expansion device
16a is fully opened, the opening/closing device 17a is closed, and the opening/closing
device 17b is closed. Here, the opening degree of the expansion device 16b may be
controlled such that the subcool obtained as the difference between the value
obtained by converting the pressure detected by the pressure sensor 36 into a
saturation temperature and the temperature detected by the third temperature sensor
35d is maintained constant. Furthermore, the expansion device 16b may be fully
opened, and the superheat or the subcool may be controlled using the expansion
device 16a.

[0109]

In the case of a refrigerant such as R32, since the discharge temperature of the
compressor 10 is high, the discharge temperature is reduced by using a suction-
injection circuit. An operation performed at this time will be explained with reference
to Fig. 8 and a p-h diagram (pressure-enthalpy diagram) in Fig. 9. Fig. 9 is a p-h
diagram (pressure-enthalpy diagram) representing the transition of the state of a
heat-source-side refrigerant in the cooling main operation mode. In Fig. 9, the
vertical axis represents pressure and the horizontal axis represents enthalpy.

[0110]
In the cooling main operation mode, the refrigerant that has been compressed

by the compressor 10 is condensed by the heat-source-side heat exchanger 12 into
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the two-phase, high-pressure refrigerant (point J in Fig. 9), and reaches the gas-liquid
separator 27a via the check valve 13a. The opening/closing device 24 is opened,
and the two-phase, high-pressure refrigerant is separated by the gas-liquid separator
27a into the liquid refrigerant and a two-phase refrigerant. The separated liquid
refrigerant (saturated liquid refrigerant, point J' in Fig. 9) is distributed to the
opening/closing device 24 and the branch pipe 4d. The liquid refrigerant distributed
to the branch pipe 4d flows into the suction-injection pipe 4c, is decompressed by the
expansion device 14b into the two-phase, low-temperature and low-pressure
refrigerant (point K in Fig. 9). Then, the two-phase, low-temperature and low-
pressure refrigerant flows into the flow passage between the compressor 10 and the
accumulator 19.

[0111]

In the case where the compressor 10 is of a low-pressure shell type, the
temperature of the air-tight container is a medium temperature, as described above.
Therefore, a low-temperature and low-pressure refrigerant that has been sucked into
the compressor 10 is heated by the air-tight container and the motor in the
compressor 10, and is sucked into the compression chamber after the temperature
increases (point F in Fig. 9 if suction-injection is not performed).

[0112]

In the case where suction-injection is performed, the low-temperature and low-
pressure gas refrigerant that has passed through the evaporator and the two-phase
and low-temperature, suction-injected refrigerant are merged together, and the
refrigerant in the two-phase state is sucked into the compressor 10. The two-phase
refrigerant is heated and evaporated by the air-tight container and the motor in the
compressor 10, turns into the low-temperature and low-pressure gas refrigerant (point
H in Fig. 9), which has a temperature lower than the temperature of the case where
suction-injection is not performed, and is sucked into the compression chamber.
Thus, by performing suction-injection, the discharge temperature of the refrigerant

discharged from the compressor 10 is also reduced (point | in Fig. 9), and the
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discharge temperature is reduced compared to the discharge temperature of the
compressor 10 in the case where suction-injection is not performed (point G in Fig. 9).
[0113]

With the operation described above, in the case where a refrigerant, such as
R32, the use of which increases the discharge temperature of the compressor 10, is
used, the discharge temperature of the compressor 10 can be reduced, thereby a
safety use is ensured, similar to the cooling only operation mode.

[0114]

The configuration and operation of the opening/closing device 24, the backflow
prevention device 20, the expansion device 14a, and the expansion device 14b are
similar to those explained for the cooling only operation mode.

[0115]

Next, the flow of the heat medium in the heat medium circuit B will be
explained.

In the cooling main operation mode, the intermediate heat exchanger 15b
transmits the heating energy of a heat-source-side refrigerant to the heat medium,
and the pump 21b allows the heated heat medium to flow through the pipes 5.
Furthermore, in the cooling main operation mode, the intermediate heat exchanger
15a transmits the cooling energy of the heat-source-side refrigerant to the heat
medium, and the pump 21a allows the cooled heat medium to flow through the pipes
5. The heat medium that has been pressurized by and flowed out of the pump 21a
and the pump 21b passes through the second heat medium flow switching device 23a
and the second heat medium flow switching device 23b, and flows into the use-side
heat exchanger 26a and the use-side heat exchanger 26b.

[0116]

In the use-side heat exchanger 26b, when the heat medium transfers heat to
indoor air, heating of the indoor space 7 is performed. Furthermore, in the use-side
heat exchanger 26a, when the heat medium receives heat from indoor air, cooling of
the indoor space 7 is performed. At this time, the heat medium is flowed into the

use-side heat exchanger 26a and the use-side heat exchanger 26b in such a manner
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that the flow rate of the heat medium is controlled, with the operation of the heat
medium flow control device 25a and the heat medium flow control device 25b, to be a
flow rate required for the air-conditioning load necessary for inside the room. The
heat medium that has passed through the use-side heat exchanger 26b and whose
temperature has been slightly reduced passes through the heat medium flow control
device 25b and the first heat medium flow switching device 22b, flows into the
intermediate heat exchanger 15b, and is sucked into the pump 21b again. The heat
medium that has passed through the use-side heat exchanger 26a and whose
temperature has been slightly increased passes through the heat medium flow control
device 25a and the first heat medium flow switching device 22a, flows into the
intermediate heat exchanger 15a, and is sucked into the pump 21a again.

[0117]

During this processing, with the operation of the first heat medium flow
switching devices 22 and the second heat medium flow switching devices 23, the
warm heat medium and the cold heat medium do not mix together and are individually
introduced into the corresponding use-side heat exchangers 26 in which the heating
load and the cooling load are generated. Here, in the pipes 5 for the use-side heat
exchangers 26, the heat medium flows in the direction, for both the heating side and
the cooling side, in which the heat medium from the second heat medium flow
switching devices 23 passes through the heat medium flow control devices 25 and
reaches the first heat medium flow switching devices 22. Furthermore, the air-
conditioning load necessary for the indoor space 7 can be achieved by, for the
heating side, controlling the difference between the temperature detected by the first
temperature sensor 31b and the temperature detected by the corresponding second
temperature sensor 34 to be maintained at a target value and, for the cooling side,
controlling the difference between the temperature detected by the corresponding
second temperature sensor 34 and the temperature detected by the first temperature
sensor 31a to be maintained at a target value.

[0118]
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As in the cooling only operation mode and the heating only operation mode, the
opening degree of the heat medium flow control devices 25 is controlled in
accordance with the presence or absence of heat load in the use-side heat
exchangers 26.

[0119]
[Heating main operation mode]

Fig. 10 is a refrigerant circuit diagram illustrating the flow of the refrigerant
when the air-conditioning apparatus 100 is in the heating main operation mode.

With reference to Fig. 10, the heating main operation mode will be explained by way
of an example of the case where heating load is generated in the use-side heat
exchanger 26a and cooling load is generated in the use-side heat exchanger 26b. In
Fig. 10, pipes expressed by thick lines represent pipes through which the refrigerants
(heat-source-side refrigerant and heat medium) circulate. Furthermore, in Fig. 10,
the direction of the flow of the heat-source-side refrigerant is expressed by solid-line
arrows, and the direction of the flow of the heat medium is expressed by broken-line
arrows.

[0120]

In the case of the heating main operation mode illustrated in Fig. 10, the
outdoor unit 1 performs switching of the first refrigerant flow switching device 11 in
such a manner that a heat-source-side refrigerant discharged from the compressor 10
is flowed into the heat medium relay unit 3 without causing the heat-source-side
refrigerant to pass through the heat-source-side heat exchanger 12. In the heat
medium relay unit 3, the pump 21a and the pump 21b are driven, the heat medium
flow control device 25a and the heat medium flow control device 25b are opened, and
the heat medium flow control device 25c and the heat medium flow control device 25d
are fully closed, so that the heat medium circulates between the intermediate heat
exchanger 15a and the use-side heat exchanger 26b and between the intermediate
heat exchanger 15b and the use-side heat exchanger 26a.

[0121]

First, the flow of a refrigerant in the refrigerant circuit A will be explained.
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A low-temperature and low-pressure refrigerant is compressed by the
compressor 10, and is discharged as a high-temperature and high-pressure gas
refrigerant. The high-temperature and high-pressure gas refrigerant discharged from
the compressor 10 passes through the first refrigerant flow switching device 11, the
first connecting pipe 4a, and the check valve 13b, and flows out of the outdoor unit 1
via the gas-liquid separator 27a. The high-temperature and high-pressure gas
refrigerant that has flowed out of the outdoor unit 1 passes through the refrigerant
pipe 4, and flows into the heat medium relay unit 3. The high-temperature and high-
pressured gas refrigerant that has flowed into the heat medium relay unit 3 passes
through the second refrigerant flow switching device 18b, and flows into the
intermediate heat exchanger 15b operating as a condenser.

[0122]

The gas refrigerant that has flowed into the intermediate heat exchanger 15b is
condensed and liquefied into the liquid refrigerant while transferring heat to the heat
medium circulating in the heat medium circuit B. The liquid refrigerant that has
flowed out of the intermediate heat exchanger 15b is expanded by the expansion
device 16b and turns into the two-phase, medium pressure refrigerant. The two-
phase, medium pressure refrigerant passes through the expansion device 16a, and
flows into the intermediate heat exchanger 15a operating as an evaporator. The
two-phase, medium pressure refrigerant that has flowed into the intermediate heat
exchanger 15a evaporates by receiving heat from the heat medium circulating in the
heat medium circuit B, and thus cools the heat medium. The two-phase, medium
pressure refrigerant flows out of the intermediate heat exchanger 15a, passes
through the second refrigerant flow switching device 18a, flows out of the heat
medium relay unit 3, and flows through the refrigerant pipe 4 into the outdoor unit 1
again.

[0123]

The refrigerant that has flowed into the outdoor unit 1 partially flows into the

second connecting pipe 4b via the gas-liquid separator 27b, passes through the

expansion device 14a, is expanded by the expansion device 14a into the two-phase,
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low-temperature and low-pressure refrigerant, passes through the check valve 13c,
and flows into the heat-source-side heat exchanger 12 operating as an evaporator.
Then, the refrigerant that has flowed into the heat-source-side heat exchanger 12
receives heat from outdoor air by the heat-source-side heat exchanger 12, and thus
turns into the low-temperature and low-pressure gas refrigerant. The low-
temperature and low-pressure gas refrigerant that has flowed out of the heat-source-
side heat exchanger 12 passes through the first refrigerant flow switching device 11
and the accumulator 19, and is sucked into the compressor 10 again.

[0124]

At this time, the opening degree of the expansion device 16b is controlled such
that the subcool obtained as the difference between the value obtained by converting
the pressure detected by the pressure sensor 36 into a saturation temperature and
the temperature detected by the third temperature sensor 35b is maintained constant.
Furthermore, the expansion device 16a is fully opened, the opening/closing device
17a is closed, and the opening/closing device 17b is closed. Here, the expansion
device 16b may be fully opened, and the subcool may be controlled using the
expansion device 16a.

[0125]

In the case of a refrigerant such as R32, since the discharge temperature of the
compressor 10 is high, the discharge temperature is reduced by using a suction-
injection circuit. An operation performed at this time will be explained with reference
to Fig. 10 and a p-h diagram (pressure-enthalpy diagram) in Fig. 11. Fig. 11 is a p-h
diagram (pressure-enthalpy diagram) representing the transition of the state of a
heat-source-side refrigerant in the heating main operation mode. In Fig. 11, the
vertical axis represents pressure and the horizontal axis represents enthalpy.

[0126]

In the heating main operation mode, the refrigerant returns from the heat
medium relay unit 3 via the refrigerant pipe 4 to the outdoor unit 1. The refrigerant
that has returned to the outdoor unit 1 reaches the gas-liquid separator 27b. With

the operation of the expansion device 14a, the pressure of the refrigerant on the
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upstream side of the expansion device 14a is controlled to a medium pressure state
(point J in Fig. 11). The two-phase refrigerant that has been controlled to the
medium pressure state by the expansion device 14a is separated by the gas-liquid
separator 27b into the liquid refrigerant and the two-phase refrigerant. Then, the
separated liquid refrigerant (saturated liquid refrigerant, point J' in Fig. 11) is
distributed and flowed into the branch pipe 4d. The liquid refrigerant that has been
distributed to the branch pipe 4d flows into the suction-injection pipe 4c via the
backflow prevention device 20, is decompressed by the expansion device 14b into
the two-phase, low-temperature and low-pressure refrigerant (point Kin Fig. 11), and
is flowed into the flow passage between the compressor 10 and the accumulator 19.
[0127]

In the case where the compressor 10 is of a low-pressure shell type, the
temperature of the air-tight container is a medium temperature, as described above.
Therefore, a low-temperature and low-pressure refrigerant that has been sucked into
the compressor 10 is heated by the air-tight container and the motor in the
compressor 10, and is sucked into the compression chamber after the temperature
increases (point F in Fig. 11 if suction-injection is not performed).

[0128]

In the case where suction-injection is performed, the low-temperature and low-
pressure gas refrigerant that has passed through the evaporator and the two-phase
and low-temperature, suction-injected refrigerant are merged together, and the
refrigerant in the two-phase state is sucked into the compressor 10. The two-phase
refrigerant is heated and evaporated by the air-tight container and the motor in the
compressor 10, turns into the low-temperature and low-pressure gas refrigerant (point
Hin Fig. 11), which has a temperature lower than the temperature of the case where
suction-injection is not performed, and is sucked into the compression chamber.
Thus, by performing suction-injection, the discharge temperature of the refrigerant
discharged from the compressor 10 is also reduced (point | in Fig. 11), and the

discharge temperature is reduced compared to the discharge temperature of the
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compressor 10 in the case where suction-injection is not performed (point G in Fig.
11).
[0129]

With the operation described above, in the case where a refrigerant, such as
R32, the use of which increases the discharge temperature of the compressor 10, is
used, the discharge temperature of the compressor 10 can be reduced, thereby a
safety use is ensured, similar to the cooling only operation mode.

[0130]

The configuration and operation of the opening/closing device 24, the backflow
prevention device 20, the expansion device 14a, and the expansion device 14b are
similar to those explained for the heating only operation mode. Furthermore, the
expansion device 14a and the expansion device 14b are controlled in a way similar to
that explained for the heating only operation mode.

[0131]

In the heating main operation mode, the heat medium needs to be cooled in
the intermediate heat exchanger 15a. Therefore, the pressure (medium pressure) of
the refrigerant on the upstream side of the expansion device 14a cannot be controlled
to be very high. Since the medium pressure cannot be controlled to become high,
the suction-injection flow rate is small, thus reducing a decrease in the discharge
temperature. However, since it is necessary to prevent the heat medium from
freezing, when the outdoor air temperature is low, for example, -5 degrees Centigrade
or lower, the heating only operation mode is not entered. When the outdoor air
temperature is high, since the discharge temperature is not very high and a large
injection flow rate is not required, no problem occurs. With the expansion device
14a, the heat medium in the intermediate heat exchanger 15b can be cooled, and
setting to a medium pressure at which an injection flow rate sufficient for reducing the
discharge temperature can be supplied to the compression chamber is performed.
Therefore, a safety operation can be ensured.

[0132]
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Next, the flow of the heat medium in the heat medium circuit B will be
explained.

In the heating main operation mode, the intermediate heat exchanger 15b
transmits the heating energy of the heat-source-side refrigerant to the heat medium,
and the pump 21b allows the heated heat medium to flow through the pipes 5.
Furthermore, in the heating main operation mode, the intermediate heat exchanger
15a transmits the cooling energy of the heat-source-side refrigerant to the heat
medium, and the pump 21a allows the cooled heat medium to flow through the pipes
5. The heat medium that has been pressurized by and flowed out of the pump 21a
and the pump 21b passes through the second heat medium flow switching device 23a
and the second heat medium flow switching device 23b, and flows into the use-side
heat exchanger 26a and the use-side heat exchanger 26b.

[0133]

In the use-side heat exchanger 26b, when the heat medium receives heat from
indoor air, cooling of the indoor space 7 is performed. Furthermore, in the use-side
heat exchanger 26a, when the heat medium transfers heat to indoor space, heating of
the indoor space 7 is performed. At this time, the heat medium is flowed into the
use-side heat exchanger 26a and the use-side heat exchanger 26b in such a manner
that the flow rate of the heat medium is controlled, with the operation of the heat
medium flow control device 25a and the heat medium flow control device 25b, to be a
flow rate required for the air-conditioning load necessary for inside the room. The
heat medium that has passed through the use-side heat exchanger 26b and whose
temperature has been slightly increased passes through the heat medium flow control
device 25b and the first heat medium flow switching device 22b, flows into the
intermediate heat exchanger 15a, and is sucked into the pump 21a again. The heat
medium that has passed through the use-side heat exchanger 26a and whose
temperature has been slightly reduced passes through the heat medium flow control
device 25a and the first heat medium flow switching device 22a, flows into the
intermediate heat exchanger 15b, and is sucked into the pump 21b again.

[0134]
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During this processing, with the operation of the first heat medium flow
switching devices 22 and the second heat medium flow switching devices 23, the
warm heat medium and the cold heat medium do not mix together and are individually
introduced into the corresponding use-side heat exchangers 26 in which the heating
load and the cooling load are generated. Here, in the pipes 5 for the use-side heat
exchangers 26, for both the heating side and the cooling side, the heat medium flows
in the direction in which the heat medium from the second heat medium flows
switching devices 23 passes through the heat medium flow control devices 25 and
flows into the first heat medium flow switching devices 22. Furthermore, the air-
conditioning load necessary for the indoor space 7 can be achieved by, for the
heating side, controlling the difference between the temperature detected by the first
temperature sensor 31b and the temperature detected by the corresponding second
temperature sensor 34 to be maintained at a target value and, for the cooling side,
controlling the difference between the temperature detected by the corresponding
second temperature sensor 34 and the temperature detected by the first temperature
sensor 31a to be maintained at a target value.

[0135]

As in the cooling only operation mode, the heating only operation mode, and
the cooling main operation mode, the opening degree of the heat medium flow control
devices 25 may be controlled in accordance with the presence or absence of heat
load in the use-side heat exchangers 26.

[0136]
[Expansion device 14a and/or expansion device 14b]

Suction-injection to the suction side of the compressor 10 in each operation
mode is performed as described above. Accordingly, the flows of liquid refrigerant
separated by the gas-liquid separator 27a and the gas-liquid separator 27b flow into
the expansion device 14a and the expansion device 14b. However, in any mode
except for the cooling only operation mode, the liquid refrigerant separated by the
gas-liquid separator 27a and the gas-liquid separator 27b is not sub-cooled, and the

liquid refrigerant is in the saturated liquid state. In actuality, saturated liquid
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represents a state in which a small amount of minute refrigerant gas exists. In
addition, due to minute pressure loss in the opening/closing device 24, a refrigerant
pipe, or the like, the liquid refrigerant may turn into the two-phase refrigerant.
[0137]

In the case where an electronic expansion valve is used as an expansion
device, when the refrigerant in a two-phase state flows into the expansion device, if a
gas refrigerant and a liquid refrigerant flow separately, the state in which gas flows
into the expansion part and the state in which liquid flows into the expansion part may
occur individually. In this case, the pressure on the exit side of the expansion device
may be unstable. In particular, when the quality is low, refrigerant separation occurs,
and this tendency is highly likely to occur. Under such a situation, by using the
expansion device 14a and/or the expansion device 14b having the configuration
illustrated in Fig. 12, a stable control can be ensured even if a two-phase refrigerant
flows into the expansion device 14a and/or the expansion device 14b. In the case
where a gas-liquid separator is used, a sufficiently stable control can be achieved
without providing such a configuration on the expansion device. However, with the
use of the expansion device having the configuration illustrated in Fig. 12, a further
stable control can be ensured, regardless of environmental conditions.

[0138]

Fig. 12 is a schematic diagram illustrating an example of the configuration of
the expansion device 14a and/or the expansion device 14b. An example of the
expansion device 14a and/or the expansion device 14b will be explained with
reference to Fig. 12. In the explanation provided below, the expansion device 14a
and/or the expansion device 14b may be simply referred to as an expansion device
14.

[0139]

Referring to Fig. 12, the expansion device 14 includes an inflow pipe 41, an
outflow pipe 42, an expansion part 43, a valve body 44, a motor 45, and a mixing
device 46. The mixing device 46 is mounted within the inflow pipe 41. A two-phase

refrigerant flowing in from the inflow pipe 41 reaches the mixing device 46. With the
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operation of the mixing device 46, the gas refrigerant and the liquid refrigerant are
agitated and mixed substantially uniformly. The two-phase refrigerant containing the
gas refrigerant and the liquid refrigerant that have been mixed substantially uniformly
is expanded by the valve body 44 in the expansion part 43, is decompressed, and
flows out of the outflow pipe 42. At this time, the position of the valve body 44 is
controlled by the motor 45, so that the expansion amount by the expansion part 43 is
controlled.

[0140]

The mixing device 46 may be of any type as long as it is capable of generating
a state in which the gas refrigerant and the liquid refrigerant mix together substantially
uniformly. For example, this state can be achieved by using foam metal. Foam
metal is a metal porous body having the same three-dimensional net-like structure as
a resin foam body, such as a sponge, and has the maximum (between 80% and 97%)
porosity (void) of all the types of metal porous body. Circulation of a two-phase
refrigerant through such foam metal achieves an advantage of finely cutting gas in the
refrigerant, agitating the gas, and mixing the gas with the liquid uniformly, due to the
three-dimensional net-like structure.

[0141]

In the field of fluid mechanics, it is clear that when a refrigerant inside a pipe
travels from a portion having a structure disturbing the flow to a portion in which L/D
reaches between 8 and 10, where D represents the inner diameter of the pipe and L
represents the length of the pipe, the influence of the disturbance disappears and the
original flow is recovered. In the case where the mixing device 46 is arranged at a
position where L/D is 6 or less, where D represents the inner diameter of the inflow
pipe 41 of the expansion device 14 and L represents the length from the mixing
device 46 to the expansion part 43, the mixed two-phase refrigerant maintained in the
mixed state can reach the expansion part 43, thus a stable control is ensured.

[0142]
Furthermore, the state of a high discharge temperature occurs in the case

where the frequency of the compressor 10 increases and the condensing temperature

56



10

15

20

25

increases in order to maintain the evaporating temperature at a target temperature,
for example, zero degrees Centigrade during a cooling operation when the outdoor air
temperature is high. Alternatively, the state of a high discharge temperature occurs
in the case where the frequency of the compressor 10 increases and the evaporating
temperature decreases in order to maintain the condensing temperature at a target
temperature, for example, 49 degrees Centigrade during a heating operation when
the outdoor air temperature is low. At the time of a cooling main operation, the
condensing temperature and the evaporating temperature need to be maintained at
corresponding target temperatures, for example, 49 degrees Centigrade and zero
degrees Centigrade, respectively. In the case of a cooling main operation when the
outdoor air temperature is high, since the condensing temperature and the
evaporating temperature are higher than the corresponding target temperatures, the
state in which the frequency of the compressor 10 becomes very high is not likely to
occur, unlike a cooling operation when the outdoor air temperature is high, and
increasing the frequency of the compressor 10 is limited in order not to cause the
condensing temperature to become excessively high.

[0143]

Thus, in the cooling main operation mode, the discharge temperature is less
likely to become high. Because of this, as illustrated in Fig. 13, by eliminating the
gas-liquid separator 27a and providing a branching unit that splits the refrigerant, the
opening/closing device 24 may be closed at the time of a cooling main operation, and
suction-injection may not be performed. Fig. 13 is a schematic circuit configuration
diagram illustrating an example in which the circuit configuration of the air-
conditioning apparatus 100 according to Embodiment 1 of the present invention is
modified.

[0144]
[Refrigerant pipes 4]
As described above, the air-conditioning apparatus 100 according to this

embodiment have some operation modes. In these operation modes, the heat-
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source-side refrigerant flows in refrigerant pipes 4, which connect the outdoor unit 1
with the heat medium relay unit 3.

[0145]

[Pipes 5]

In some operation modes executed by the air-conditioning apparatus 100
according to this embodiment, the heat medium, such as water, antifreeze, or the like,
flow in the pipes 5, which connect the heat medium relay unit 3 with the indoor units
2.

[0146]

The case in which the pressure sensor 36a is arranged at the flow passage
between the intermediate heat exchanger 15a and the second refrigerant flow
switching device 18a that operate as a cooling side in a cooling and heating mixed
operation and the pressure sensor 36b is arranged at the flow passage between the
intermediate heat exchanger 15b and the expansion device 16b that operate as a
heating side in a cooling and heating mixed operation has been described above.
With this arrangement, even if pressure loss occurs in the intermediate heat
exchanger 15a and the intermediate heat exchanger 15b, the saturation temperature
can be accurately calculated.

[0147]

However, since pressure loss on the condensing side is small, the pressure
sensor 36b may be arranged at the flow passage between the intermediate heat
exchanger 15b and the expansion device 16b. Even in this case, the accuracy in
calculation is not very degraded. Furthermore, although pressure loss in an
evaporator is relatively large, in the case where an intermediate heat exchanger
whose pressure loss can be estimated or whose pressure loss is small is used, the
pressure sensor 36a may be arranged at the flow passage between the intermediate
heat exchanger 15a and the second refrigerant flow switching device 18a.

[0148]
In the case where only heating load or cooling load is generated in a use-side

heat exchanger 26, the air-conditioning apparatus 100 sets the opening degree of a
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corresponding first heat medium flow switching device 22 and a corresponding
second heat medium flow switching device 23 to an intermediate degree so that the
heat medium flows to both the intermediate heat exchanger 15a and the intermediate
heat exchanger 15b. Accordingly, since both the intermediate heat exchanger 15a
and the intermediate heat exchanger 15b can be used for a heating operation or a
cooling operation, a large heat transmission area can be achieved, thus an efficient
heating operation or cooling operation is ensured.

[0149]

Furthermore, in the case where heating load and cooling load are generated in
a mixed manner in the use-side heat exchangers 26, a heating operation and a
cooling operation can be freely performed in each of the indoor units 2 by switching a
first heat medium flow switching device 22 and a second heat medium flow switching
device 23 corresponding to a use-side heat exchanger 26 that is performing a heating
operation to the flow connected to the intermediate heat exchanger 15b for heating
and switching a first heat medium flow switching device 22 and a second heat
medium flow switching device 23 corresponding to a use-side heat exchanger 26 that
is performing a cooling operation to the flow connected to the intermediate heat
exchanger 15a for cooling.

[0150]

Furthermore, the medium pressure detection device 32 may calculate medium
pressure, for example, by a calculation by the controller 50 on the basis of
temperature detected by a temperature sensor, as well as by a pressure sensor.
Furthermore, in the case where an electronic expansion valve or the like whose
opening area can be changed is used as the expansion device 14b, the controller 50
controls the opening area of the expansion device 14b such that the discharge
temperature of the compressor 10 detected by the discharged refrigerant temperature
detection device 37 does not become excessively high. Regarding a way how to
perform control, when it is determined that the discharge temperature exceeds a

specific value (for example, 110 degrees Centigrade or the like), the opening degree
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of the expansion device 14b may be controlled to be opened by a specific opening
degree, for example, by 10 pulses.
[0151]

Furthermore, the opening degree of the expansion device 14b may be
controlled such that the discharge temperature is maintained at a target value (for
example, 100 degrees Centigrade). Alternatively, the opening degree of the
expansion device 14b may be controlled such that the discharge temperature falls
within a target range (for example, between 90 degrees Centigrade and 100 degrees
Centigrade). Furthermore, by calculating the discharge degree of superheat of the
compressor 10 on the basis of the temperature detected by the discharged refrigerant
temperature detection device 37 and the pressure detected by the high-pressure
detection device 39, the opening degree of the expansion device 14b may be
controlled such that the discharge degree of superheat is maintained at a target value
(for example, 40 degrees Centigrade) or such that the discharge degree of superheat
falls within a target range (for example, between 20 degrees Centigrade and 40
degrees Centigrade).

[0152]

Although the first heat medium flow switching devices 22 and the second heat
medium flow switching devices 23 explained in Embodiment 1 may be devices that
can perform switching of a flow passage, such as a combination of two devices, that
is, a three-way valve or the like that can perform switching between three-way
passages and an opening/closing valve or the like that opens and closes two-way
passages. Furthermore, two devices, that is, a combination of a mixing valve of a
stepping motor driven type or the like that can change the flow rate of three-way
passages and an electronic expansion valve or the like that can change the flow rate
of two-way passages, may be used as the first heat medium flow switching devices
22 and the second heat medium flow switching devices 23. In this case, occurrence
of water hammering, which is caused by sudden opening/closing of a flow passage,
can be prevented. Furthermore, although the case in which the heat medium flow

control devices 25 are two-way valves has been described as an example in
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Embodiment 1, control valves having three-way passages may be provided as the
heat medium flow control devices 25, together with bypass pipes for bypassing the
use-side heat exchangers 26.

[0153]

Furthermore, devices of a stepping motor driven type that can control the flow
rate in a flow passage preferably be used as the heat medium flow control devices
25. Two-way valves, three-way vales whose one end is closed, or the like may be
used as the heat medium flow control devices 25. Furthermore, opening/closing
valves or the like that open and close two-way passages may be used as the heat
medium flow control devices 25, so that the average flow rate can be controlled by
repeating ON and OFF.

[0154]

Furthermore, although the second refrigerant flow switching devices 18 have
been explained as if they were four-way valves, the second refrigerant flow switching
devices 18 are not necessarily four-way valves. The second refrigerant flow
switching devices 18 may be configured to include a plurality of two-way flow
switching valves or three-way flow switching valves so that the refrigerant flows in a
way similar to that described above.

[0155]

Furthermore, needless to mention, a similar operation can be achieved even in
the case where only one use-side heat exchanger 26 and one heat medium flow
control device 25 are connected. In addition, naturally, there is no problem if a
plurality of devices that perform the same operations are provided as the intermediate
heat exchangers 15 and the expansion devices 16. Moreover, although the case in
which the heat medium flow control devices 25 are built in the heat medium relay unit
3 has been described above as an example, the heat medium flow control devices 25
are not necessarily built in the heat medium relay unit 3 and may be built in the indoor
units 2. Alternatively, the heat medium flow control devices 25 may be configured
independent of the heat medium relay unit 3 and the indoor units 2.

[0156]
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As a heat medium, for example, brine (antifreeze), water, a liquid mixture of
brine and water, a liquid mixture of water and an additive having a high anticorrosive
effect, or the like may be used. Thus, in the air-conditioning apparatus 100, even if
the heat medium leaks through the indoor units 2 to the indoor space 7, since a
material used for the heat medium is highly safe, the use of the highly safe material
contributes to improvement in the safety.

[0157]

Furthermore, in general, a fan is mounted in each of the heat-source-side heat
exchanger 12 and the use-side heat exchangers 26a to 26d in many cases, so that
condensation or evaporation is urged by air sending. However, a fan is not
necessarily mounted in each of the heat-source-side heat exchanger 12 and the use-
side heat exchangers 26a to 26d. For example, panel heaters or the like that use
radiation may be used as the use-side heat exchangers 26a to 26d, and a device of a
water cooled type that transports heat by water or antifreeze may be used as the
heat-source-side heat exchanger 12. That is, devices of any type may be used as
the heat-source-side heat exchanger 12 and the use-side heat exchangers 26a to
26d as long as they have a configuration capable of transferring or receiving heat.
[0158]

In Embodiment 1, the case where four use-side heat exchangers, the use-side
heat exchangers 26a to 26d, are provided has been explained as an example.
However, any number of use-side heat exchangers may be connected.

Furthermore, the case where two intermediate heat exchangers, the intermediate
heat exchanger 15a and the intermediate heat exchanger 15b, are provided has been
explained as an example. However, obviously, the configuration is not limited
thereto and any number of intermediate heat exchangers can be provided as long as
they are configured to be capable of cooling and/or heating the heat medium.
Furthermore, the number of each of the pump 21a and the pump 21b is not
necessarily one. A plurality of small-capacity pumps may be arranged in parallel to

one another. Furthermore, although the case in which the air-conditioning apparatus
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100 includes the accumulator 19 has been explained as an example in Embodiment
1, the accumulator 19 is not necessarily provided.
[0159]

Normal gas-liquid separators separate a gas refrigerant and a liquid refrigerant
in a two-phase refrigerant from each other. In contrast, as explained above, in the
case of the gas-liquid separators 27 (the gas-liquid separator 27a and the gas-liquid
separator 27b) used in the air-conditioning apparatus 100, when the refrigerant in the
two-phase state flows into the inlet of the gas-liquid separators 27, the gas-liquid
separators 27 separate part of a liquid refrigerant from the two-phase refrigerant, run
the separated part of liquid refrigerant through the branch pipe 4d, and cause the
residual two-phase refrigerant (having a slightly increased quality) to flow out of the
gas-liquid separators 27. Thus, as shown in Fig. 2 or the like, it is preferable that
horizontal gas-liquid separators having a structure in which an inlet pipe and an outlet
pipe are arranged on lateral sides (left and right sides) of the gas-liquid separators
and an extraction pipe for a liquid refrigerant (branch pipe 4d) allows the separated
liquid refrigerant to flow toward a lower portion of the gas-liquid separators (a portion
lower than the center in the height direction of the gas-liquid separators 27) are used
as the gas-liquid separators 27.

[0160]

A horizontal gas-liquid separator represents a gas-liquid separator having a
structure in which when the gas-liquid separator is arranged, the length in the
horizontal direction, which is a direction in which the refrigerant flows in and flows out
is greater than the length in the vertical direction, which is perpendicular to the
direction in which the refrigerant flows in (the horizontal direction in which the
refrigerant flows in). However, as the gas-liquid separators 27, any structure may be
adoptable as long as part of a liquid refrigerant can be separated from the refrigerant
that has flowed in the gas-liquid separators 27 in the two-phase state and the residual
two-phase refrigerant can be flowed out of the gas-liquid separators 27.

[0161]
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Furthermore, the system has been explained as an example in which the
compressor 10, the first refrigerant flow switching device 11, the heat-source-side
heat exchanger 12, the expansion device 14a, the expansion device 14b, the
opening/closing device 24, and the backflow prevention device 20 are accommodated
within the outdoor unit 1, the use-side heat exchangers 26 are accommodated within
the indoor units 2, and the intermediate heat exchangers 15 and the expansion
devices 16 are accommodated within the heat medium relay unit 3. The system has
been further explained as an example in which a pair of pipes connects the outdoor
unit 1 with the heat medium relay unit 3, so that the heat medium circulates between
the outdoor unit 1 and the heat medium relay unit 3, a pair of pipes connects each of
the indoor units 2 with the heat medium relay unit 3, so that the heat medium
circulates between the indoor unit 2 and the heat medium relay unit 3, and the
intermediate heat exchangers 15 perform heat exchange between the refrigerant and
the heat medium. However, the system does not necessarily have the above-
mentioned configuration.

[0162]

For example, application to a direct expansion system is also possible in which
the compressor 10, the first refrigerant flow switching device 11, the heat-source-side
heat exchanger 12, the expansion device 14a, the expansion device 14b, the
opening/closing device 24, and the backflow prevention device 20 are accommodated
within the outdoor unit 1, load-side heat exchangers that perform heat exchange
between air in an air-conditioned space and the refrigerant and the expansion devices
16 are accommodated within the indoor units 2, a relay unit formed independent of
the outdoor unit 1 and the indoor units 2 is provided, a pair of pipes connects the
outdoor unit 1 with the relay unit, a pair of pipes connects each of the indoor units 2
with the relay unit, the refrigerant is caused to circulate between the outdoor unit 1
and each of the indoor units 2 via the relay unit, and a cooling only operation, a
heating only operation, a cooling main operation, and a heating main operation can
be performed. With this system, similar effects can be achieved.

[0163]
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Furthermore, application to an air-conditioning apparatus of a direct expansion
type is also possible in which the compressor 10, the first refrigerant flow switching
device 11, the heat-source-side heat exchanger 12, the expansion device 14a, and
the expansion device 14b are accommodated within the outdoor unit 1, load-side heat
exchangers that perform heat exchange between air in an air-conditioned space and
the refrigerant and the expansion devices 16 are accommodated within the indoor
units 2, a pair of pipes connects each of a plurality of indoor units to the outdoor unit
1, so that the refrigerant circulates between the outdoor unit 1 and the indoor units 2,
and only switching between a cooling only operation and a heating only operation is
performed. With this system, similar effects can also be achieved.

[0164]

Furthermore, application to an air-conditioning apparatus is also possible in
which a heat exchanger that exchanges heat between water and the refrigerant is
provided in the heat medium relay unit 3 and only switching between a cooling only
operation and a heating only operation is performed. With this system, similar
effects can also be achieved.

[0165]

As described above, the air-conditioning apparatus 100 according to
Embodiment 1 can perform suction-injection of the refrigerant to the suction side of
the compressor 10 so that the discharge temperature is controlled not to become
excessively high, regardless of an operation mode, even in the case where a
refrigerant, such as R32, the use of which increases the discharge temperature of the
compressor 10, is used. Therefore, with the air-conditioning apparatus 100, the
refrigerant and refrigerating machine oil can be efficiently suppressed from being
deteriorated, and a safe operation can be achieved, thus a longer service life is
ensured.

[0166]
Embodiment 2.
Fig. 14 is a schematic circuit configuration diagram illustrating an example of

the circuit configuration of an air-conditioning apparatus (hereinafter, referred to as an
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air-conditioning apparatus 100A) according to Embodiment 2. The air-conditioning
apparatus 100A will be explained with reference to Fig. 14. In Embodiment 2,
differences from Embodiment 1 described above will be mainly explained, and
explanation for the same portions as those in Embodiment 1, such as the refrigerant
circuit configuration, will be omitted. Furthermore, since operation modes executed
by the air-conditioning apparatus 100A are similar to those executed by the air-
conditioning apparatus 100 according to Embodiment 1, explanation for the operation
modes will also be omitted.

[0167]

As illustrated in Fig. 14, in the air-conditioning apparatus 100A, a refrigerant-
refrigerant heat exchanger 28 is mounted at the suction-injection pipe 4c¢ connected
to the suction side of the compressor 10. A liquid refrigerant separated by the gas-
liquid separator 27a and the gas-liquid separator 27b flows into the expansion device
14a and the expansion device 14b. However, the liquid refrigerant separated by the
gas-liquid separator 27a and the gas-liquid separator 27b is not sub-cooled in any
mode except for a cooling only operation mode and are in the saturated liquid state.
[0168]

In actuality, saturated liquid is in a state in which a small amount of minute
refrigerant gas exists, and may turn into the two-phase refrigerant due to minute
pressure loss in the opening/closing device 24, a refrigerant pipe, or the like. With
the use of an electronic expansion valve as an expansion device, when the refrigerant
in the two-phase state flows into the expansion device, in the case where a gas
refrigerant and a liquid refrigerant flow separately, a state in which gas flows in the
expansion part and a state in which liquid flows in the expansion part occur
independently. Therefore, the pressure at the exit side of the expansion device may
be unstable. In particular, in the case where the quality is low, refrigerant separation
occurs, and this tendency is highly likely to occur.

[0169]
Under such circumstances, in the air-conditioning apparatus 100A according to

Embodiment 2, the refrigerant-refrigerant heat exchanger 28 is mounted at the
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suction-injection pipe 4c. The refrigerant-refrigerant heat exchanger 28 exchanges
heat between a high-pressure liquid refrigerant separated by the gas-liquid separator
27a or the gas-liquid separator 27b and a two-phase, low-pressure refrigerant
decompressed by the expansion device 14b. By this processing, a high-pressure
liquid refrigerant flowing into the refrigerant-refrigerant heat exchanger 28 is
decompressed and cooled by a two-phase, low-pressure refrigerant whose pressure
and temperature have been reduced, and thus the liquid refrigerant is sub-cooled and
flows into the expansion device 14b. Therefore, the refrigerant containing bubbles is
prevented from flowing into the expansion device 14b, and a stable control can be
ensured in all the cooling only operation, heating only operation, cooling main
operation, and heating main operation.

[0170]

As described above, the air-conditioning apparatus 100A according to
Embodiment 2 achieves effects similar to those of the air-conditioning apparatus 100
according to Embodiment 1, and is capable of controlling individual executed
operation modes more stably.

Reference Signs List
[0171]

1: outdoor unit, 2: indoor unit, 2a: indoor unit, 2b: indoor unit, 2¢: indoor unit,
2d: indoor unit, 3: heat medium relay unit, 4: refrigerant pipe, 4a: first connecting pipe,
4b: second connecting pipe, 4c: suction-injection pipe, 4d: branch pipe, 4e: bypass
pipe, 5: pipe, 6: outdoor space, 7: indoor space, 8: space, 9: structure, 10:
compressor, 11: first refrigerant flow switching device, 12: heat-source-side heat
exchanger, 13a: check valve, 13b: check valve, 13c: check valve, 13d: check valve,
14: expansion device, 14a: expansion device (third expansion device), 14b:
expansion device (second expansion device), 15: intermediate heat exchanger, 15a:
intermediate heat exchanger, 15b: intermediate heat exchanger, 16: expansion device
(first expansion device), 16a: expansion device, 16b: expansion device, 17:
opening/closing device, 17a: opening/closing device, 17b: opening/closing device, 18:

second refrigerant flow switching device, 18a: second refrigerant flow switching
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device, 18b: second refrigerant flow switching device, 19: accumulator, 20; backflow
prevention device (second conduction means), 21: pump, 21a: pump, 210 pump, 22;
first heat meadium flow switching device, 22a: first heat medium flow switching device,
22b: first heat medium flow switching device, 22¢: first heat medium flow switching
device, 22d: first heat medium flow switching device, 23: second heat medium flow
switching device, 23a: second heat medium flow swilching device, 23b: second heat
medium flow switching device, 23¢: secand heat medium flow switching device, 23d:
sacond heat medium flow switching device, 24; opening/closing device (first
conduction means), 25; heat medium flow control device, 25a; heat medium flow
control device, 25b: heat medium flow control device, 25¢: heat medium flow controt
device, 25d: heat medium flow control device, 28 use-side heat exchanger, 28a; use-
side heat exchanger, 26b; use-side heat exchanger, 26¢: use-side heat exchanger,
26d: use-side heat exchanger, 27: gas-liquid separator, 27a; gas-liquid separator {first
branching unit), 27b: gas-liquid separator (second branching unit), 28: refrigerant-
refrigerant heat exchanger, 31 first temperature sensor, 31a: first temperature sansor,
31b: first temperature sensor, 32: medium pressure detection device, 34: second
temperature sensor, 34a; second temperaturs sensor, 34k second temperaturs

sensor, 34c: second temperature sensor, 34d: second temperature sensor, 35; third

temperature sensor, 35a: third temperature sensor, 35b: third temperature sensor,

35¢: third temperature sensor, 35d: third temperature sensor, 38 pressire sensor,
38a: pressure sensor, 36b: pressure sensor, 37: discharged refrigerant temperature
detection device, 39 high-pressure detection device, 41: inflow pipe, 42 cutflow pips,
43: expansion par, 44; valve body, 45: motor, 48: mixing device, 50: controller, 100:
air-conditioning apparatus, 100A: air-conditioning apparatus, A; refrigerant circuit, B:

heat medium circuit
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CLAIMS
[Claim 1]

An air-conditioning apparatus having a refrigeration cycle including a
comprassor, & first heat exchanger, a first expansion device, and second heat
gxchangers that are connected by pipes, the air-conditioning apparatus comprising:

a sugction-injection pipe configured to introduce, into & suction side of the
compressor, & refrigerant in a liguid or two-phase state that is branched from a
refrigerant flow passage through which the refrigerant that transfers heat in the first
heat exchanger or the second heat sxchangers circulates;

a second expansion device arranged at the suction-injection pipe; and

a controller configured to regulate, by controlling an opening degree of the
second expansion device, a suction-injection flow rate of the refrigerant introduced
into the suction side of the compressor through the suction-injection pipe.

[Claim 2]

The air-conditioning apparatus of claim 1, further comprising:

a refrigerant flow switching device configured to perform switching of the
refrigerant flow passage, depending on whether a high-pressure refrigerant is flowed
in the first heat exchanger so that the first heat exchanger functions as a condenser
or & low-pressure refrigarant is flowed in the first heat exchanger so that the first heat
gxchanger functions as an evaporator; and

a third expansion device configured to generate, in a case where the first heat
axchanger functions as an evapoerator, medium pressure that is lower than high
pressure, which is pressure inside the second heat exchangers functioning as a
condenser and that is higher than low pressure, which is pressure inside the first heat
exchangsr functioning as the svaporator,

wherain the controlier aliows

in & case whera the first heat exchanger functions as a condenser, a

high-pressure refrigerant o flow through the suction-injection pips, and
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in the case where the first heat exchanger functions as an evaporator, a
medium pressure refrigarant generated by the third expansion device to flow through
the suction-injection pipe.

[Claim 3]

The air-conditioning apparatus of claim 2,

wherein in the case where the first heat exchanger functions as a condenser,
the refrigerant is caused to circulate between the first heat exchanger and the second
heat exchangers without causing the refrigerant to pass through the third expansion
device, and

wherein in the case where the first heat exchanger functions as an evaporator,
the refrigerant is caused to pass through the second heat exchangers and then the
third expansion device and to flow into the first heat exchanger,

{Claim 4]

The air-conditioning apparatus of any one of claims 1 to 3, further comprising:

a first branching unit configured to branch a refrigerant from the refrigerant flow
passage in a case where the refrigerant flows from the first heat exchanger to the first
expansion device;

a second branching unit configured to branch a refrigerant from the refrigerant
flow passage in a case where the refrigerant flows from the first expansion device to
the first heat exchanger;

a branch pipe configured o connedt the first branching unit with the second
branching unit and connected thereof the suction-injsction pipe;

first conduction means arranged between the first branching unit and a
connection portion of the branch pips and the suction-injection pipe; and

second conduction means arranged between the second branching unit and
the connsction portion of the branch pipe and the suction-injection pipe.

{Claim 5]
The air-conditioning apparatus of claim 4,
wherein the first condugtion means is an opening/closing device configured to

open and clozse the refrigerant flow passage of the branch pipe, and
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wherein the second conduction means is a backflow prevention davice
configured to flow a refrigerant only in a direction from the second branching unit to
the suction-injection pipe.
{Claim 8]
The air-conditioning apparatus of claim 4 or 5,
wherein the first branching unit is a gas-liguid separator configurad to flow
mainly a refrigerant in a liquid state to circulate through the branch pipe,
[Claim 7]
The alr-conditioning apparatus of any one of claims 4 1o 8,
whearein the second branching unit is a gas-liquid separator configured to flow
mainly a refrigerant in a liquid state to circulate through the branch pipe,
{Claim 8]
The air-conditioning apparatus of claim 8 or 7,
wherein the gas-liquid separator has a structure in which
a length in a direction in which the refrigerant flows in is greater than a
length in a direction perpandicular to the direction in which the refrigerant flows in,
an inlet pipe from which a refrigerant flows therein and an outlet pipe
through which a majority of the flowed refrigerant flows out are connected in paraliel
fo the dirsction in which the reftigerant flows in, and
the branch pipe is connected {0 a lower portion that is lower than a
central portion in a height direction of the gas-liquid separator, the branch pipe
configured o extract part of the refrigerant in the liquid state from inside thereof to
outside.
[Claim 8}
The air-conditioning apparatus of any one of claims 4 to 8, further comprising:
discharged refrigerant temperature detecting means for detecting temperature
of a refrigerant discharged from the compressor,
wherein the controfler regulates an opening area of the sscond axpansion
device in such a manner that the temperature of the discharged refrigerant detected

by the discharged refrigerant temperature delecting means becomss closerto a
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target temperature, does not excesd the target temperature, or falls within a target
temperaiure range.
[Claim 10}

The air-conditioning apparatus of any oneg of claims 4 to 8, further comgprising:

discharged refrigerant temperature detecting means for detecting temperature
of a refrigerant discharged from the comprassor; and

high-pressure detecting means for detecting pressure of the refrigerant
discharged from the compressor,

wherein the controller regulates an opening area of the second expansion
device in such a manner that a discharge degree of superheat calculated from the
temperature of the discharged refrigerant detected by the discharged refrigerant
temperature detecting means and the refrigerant pressure detected by the high-
pressure detecting means becomes closer o a target degree of superheat, does not
exceed the target degree of superhaat, or falls within a target degree range of
supsrheat,
{Claim 11}

The air-conditioning apparatus of any one of claims 4 to 10, further comprising:

a medium pressure detection device for detecting medium pressure of
saturation temperature at the medium pressure, the medium pressure detection
means being arranged at the refrigerant flow passage between the second branching
unit and the third sxpansion device,

wherein in a state in which the first heat exchanger funclions as an svaporator,

the controller regulates an opening area of the third expansion device in such a
manner that the medium pressure or the saturation temperature at the medium
pressure detected by the medium pressure detection device becomes closerto a
target value or falls within a farget range.
[Claim 12}

The air-conditioning apparatus of any one of claims 4 to 11,
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wherein a refrigerant-refrigerant heat exchanger is arranged at a portion of the
suction-injection pipe that is positioned between the connection portion of the branch
pipe and the suction-injection plpe and the second expansion device, and

wherein the refrigerant-refrigerant heat exchanger exchanges heat between the
refdgerant that has flowed in from the connection portion and the refrigerant that has
flowed out of the second expansion device.
{Claim 13}

The air-conditioning apparatus of any one of claims 2 to 11,

wherein the third expansion device includes, at a portion of a flow passage that
is-on an entry side of an expansion part and that is near the expansion part, a mixing
device configured to mix a two-phase gas-liquid refrigerant that has flowed into the
third expansion device.
{Claim 14]

The air-conditioning apparatus of any one of claims 1 to 11 or 13,

wherein the second expansion device includes, at a portion of a flow passage
that is on an entry side of an expansion part and that is near the expansion part, a
mixing device configured to mix a two-phase gas-liquid refrigerant that has flowed into
the second expansion device,
{Claim 18]

The air-conditioning apparatus of any one of claims 4 to 14, further comprising:

an outdoor unit accommodating the compressor, the refrigerant flow switching
device, the first heat exchanger, the second expansion device, the suction-injection
pipe, the branch pipe, the first branching unit, the second branching unit, the first
conduction means, and the second conduction means;

an indoor unit accommodating a use-side heat exchanger configured to
exchange heat with air in an air-conditioned space and arranged at a position from
which the air-conditioned space can be air-conditioned; and

a heat medium refay unit accommodating the second heat exchangers and the
first expansion device, the heat medium relay unit being configured independent of

the outdoor unit and the indoor unit,
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whereain two refrigerant pipes through which a refrigerant circulates connect
between the cutdoor unit and the heat medium relay unit,

wherein two heat medium pipes through which a heat medium circulates
connect between the heat medium relay unitand the indoor unit,

wharein the second heat exchangers exchange heat between the refrigerant
and the heat medium, and

wherein the use-side heat exchanger exchanges heat batween the air in the
gir-conditionad space and the heat medium,
[Claim 18]

The air-conditioning apparatus of any one of claims 4 to 14, further comprising:

an outdoor unit accammuodating the compressor, the refrigerant flow switching
device, the first heat exchangey, the second expansion device, the suction-injection
pipe, the branch pipe, the first branching unit, the second branching unit, the first
conduction mgansg, and the second conduction means;

an indoor unit accommiadating the second heat exchanger and the first
expansion device and arranged at a position from which an air-conditioned space can
be gir-conditionad; and

a relay unit configured {0 be independent of the outdoor unit and the indoor
unit,

wherein two refrigerant pipes connect between the outdoor unit and the relay
unit and between the relay unit and the indoor unit,

wherein the refrigerant circulates, via the relay unit, between the outdoor unit
and the indoor unif, and

wherein the second heat exchanger exchanges heat between the reftigerant
and the air in the air-conditioned space.
{Claim 17}

The air-conditioning apparatus of claim 15 or 18,

wherein the controller is capabile of selectively exscuting

a cooling only operation mode, in which the first heat exchangsr

operates as a condenser, all of the second heat exchangers operats as an
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avaporator, a high-pressure liquid refrigerant flows in one of the two refrigerant pipes,
and a low-pressure gas refrigerant flows in the other one of the two refrigerant pipes,
and
& hesating only operation mode, in which the first heat exchanger
operates as an evaporator, all of the secand heat exchangers operate as a
condenser, a high-pressure gas refrigerant flows in one of the two refrigerant pipss,
and & medium pressure, two-phase gas-liquid refrigerant or a madium pressure liquid
refrigerant flows in the other one of the two refrigerant pipes.
[Claim 18}
The air-conditioning apparatus of any one of claims 15 to 17,
wherein the controller is capable of selectively executing
a coualing main operation mode, in which the first heat exchanger
operates as a condenser, part of the second heat exchangers operate as an
gvaporator, the rest of the second heat exchangers operate as a condensexr, a high-
pressure, two-phase gas-liquid refrigerant flows in one of the two refrigerant pipes,
and a low-pressure gas refrigerant flows in the other one of the two refrigerant pipes,
and
a heating main operation mode, irn which the first heat exchanger
operates as an evaporator, part of the second heat exchangers operate s a
condenser, the rest of the second heat exchangers operate as an evaporator, @ high-
pressure gas refrigerant flows in one of the two refrigerant pipes, and a medium
pressurg, two-phase gas-liquid refrigerant flows in the other one of the two refrigerant
pipes.
[Claim 18]
The air-conditioning apparatus of any one of claims 1 to 18,
wherein a refrigerant used in the refrigeration cycle is R32, a mixed refrigerant
containing R32 having a mass ratio of 82% or higher and HFO1234yf, or a mixed

refrigerant containing R32 having & mass ratio of 43% or higher and HFO1234ze.
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