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(54) AIR CONDITIONING DEVICE

(67)  An air-conditioning apparatus including a com-
pressor, a load-side heat exchanger, an expansion unit,
and a heat source-side heat exchanger connected to one
another via a pipe to allow refrigerant to circulate also
includes a gas-liquid separator configured to separate
the refrigerant, a bypass pipe connecting between the
gas-liquid separator and a suction side of the compres-
sor, a bypass expansion unit provided to the bypass pipe
and configured to adjust a flow rate of the refrigerant, a

FIG. 1

heat source-side expansion unit configured to adjust a
flow rate of the refrigerant flowing into the heat
source-side heat exchanger, and a controller configured
to adjust an opening degree of the bypass expansion unit
on the basis of a bypass flow rate of the refrigerant flowing
through the bypass pipe calculated from an opening de-
gree of the heat source-side expansion unit, an inflow
flow rate of the refrigerant flowing into the gas-liquid sep-
arator, and inlet quality of the gas-liquid separator.
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EP 3 165 844 A1
Description
Technical Field
[0001] The present invention relates to an air-conditioning apparatus that includes a controller.
Background Art

[0002] An air-conditioning apparatus has been known that includes a heat source-side unit and a plurality of load-side
units connected to the heat source-side unit, and is capable of performing a cooling and heating mixed operation, so
that each of the load-side units independently performs a heating operation or a cooling operation (see, for example,
Patent Literature 1). In the air-conditioning apparatus according to Patent Literature 1, the flow path of refrigerant is
switched to cause a heat source-side heat exchanger to act as evaporator or condenser, depending on a heating load
or cooling load required by the load-side unit. In a heating-main operation in which the heating load is primarily required
by the load-side unit, the heat source-side heat exchanger acts as evaporator, and in a cooling-main operation in which
the cooling load is primarily required by the load-side unit, the heat source-side heat exchanger acts as condenser. The
refrigerant flowing out of the heat source-side unit is supplied to the load-side unit via a relay unit, and the flow direction
of the refrigerant in the load-side unit is switched.

[0003] In the air-conditioning apparatus configured to perform the mentioned cooling and heating mixed operation, a
dual evaporation temperature control may be performed during the heating-main operation in which the heating load is
primarily required. In the dual evaporation temperature control, an on-off valve provided on an inlet side of the heat
source-side heat exchanger, acting as evaporator, of the heat source-side unit is closed, when a liquid pipe temperature
of the load-side unit currently performing the cooling operation is equal to or lower than a predetermined temperature,
and the opening degree of an expansion device located parallel to the on-off valve is controlled so that an evaporation
temperature of the heat source-side heat exchanger remains within a predetermined range.

Citation List

Patent Literature

[0004] Patent Literature 1: Japanese Unexamined Patent Application Publication No. 4-359767 (Fig. 1, page 8)
Summary of Invention

Technical Problem

[0005] However, with the dual evaporation temperature control, controlling the opening degree of the expansion device
provokes a change in flow rate of the refrigerant flowing into the heat source-side heat exchanger of the heat source-
side unit. This change in flow rate may degrade the operation efficiency of the air-conditioning apparatus. For example,
the change in flow rate of the refrigerant flowing into the heat source-side heat exchanger may lead to a reduction in
pressure loss in the heat source-side heat exchanger as well as on the downstream side of the heat source-side heat
exchanger. In addition, when the air-conditioning apparatus includes a gas-liquid separator, the separation ratio of the
refrigerant in the gas-liquid separator may change. For example, gas refrigerant may flow through the heat source-side
heat exchanger that is configured to exclusively allow liquid refrigerant to flow through the heat source-side heat ex-
changer. In this case, the heat exchange efficiency of the heat source-side heat exchanger is degraded. Further, a liquid
return phenomenon may occur in which liquid refrigerant flows into a bypass pipe that is configured to exclusively allow
gas refrigerant to flow through the bypass pipe. In the case where the on-off valve provided for the bypass pipe is closed
to prevent the refrigerant from flowing into the bypass pipe, to prevent the liquid return phenomenon, the gas-liquid
separator can no longer perform the expected function, and an energy saving effect supposed to be provided by the
gas-liquid separator is unable to be attained.

[0006] The presentinvention has been accomplished in view of the foregoing problem, and provides an air-conditioning
apparatus having the improved operation efficiency. Solution to Problem

[0007] In one embodiment, the present invention provides an air-conditioning apparatus including a compressor, a
load-side heat exchanger, an expansion unit, and a heat source-side heat exchanger connected to one another via a
pipe to allow refrigerant to circulate. The air-conditioning apparatus includes a gas-liquid separator configured to separate
the refrigerant, a bypass pipe connecting between the gas-liquid separator and a suction side of the compressor, a
bypass expansion unit provided to the bypass pipe and configured to adjust a flow rate of the refrigerant, a heat source-
side expansion unit configured to adjust a flow rate of the refrigerant flowing into the heat source-side heat exchanger,
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and a controller configured to adjust an opening degree of the bypass expansion unit on the basis of a bypass flow rate
of the refrigerant flowing through the bypass pipe calculated from an opening degree of the heat source-side expansion
unit, an inflow flow rate of the refrigerant flowing into the gas-liquid separator, and inlet quality (inlet dryness) of the gas-
liquid separator. Advantageous Effects of Invention

[0008] With the configuration according to the one embodiment of the present invention, the controller adjusts the
opening degree of the bypass expansion unit on the basis of the bypass flow rate, the inflow flow rate, and the inlet
quality. Consequently, the operation efficiency of the air-conditioning apparatus is improved.

Brief Description of Drawings
[0009]

[Fig. 1] Fig. 1 is a circuit diagram of an air-conditioning apparatus 1 according to Embodiment 1.

[Fig. 2] Fig. 2 is a block diagram showing a configuration of a controller 80 of the air-conditioning apparatus 1
according to Embodiment 1.

[Fig. 3] Fig. 3 is a circuit diagram representing a heating-only operation according to Embodiment 1.

[Fig. 4] Fig. 4 is a circuit diagram representing a heating-main operation according to Embodiment 1.

[Fig. 5] Fig. 5 is a circuit diagram representing a cooling-only operation according to Embodiment 1.

[Fig. 6] Fig. 6 is a circuit diagram representing a cooling-main operation according to Embodiment 1.

[Fig. 7] Fig. 7 is a flowchart showing an operation of the air-conditioning apparatus 1 according to Embodiment 1.
[Fig. 8] Fig. 8 is aflowchart showing another operation of the air-conditioning apparatus 1 according to Embodiment 1.

Description of Embodiments

[0010] An air-conditioning apparatus according to Embodiment of the present invention will be described below with
reference to the drawings. The present invention is not limited to the following Embodiment. In Fig. 1 and all other
drawings, dimensional relationships among the components illustrated in the drawings may differ from actual dimensional
relationships.

Embodiment 1

[0011] Fig. 1 is a circuit diagram of an air-conditioning apparatus 1 according to Embodiment 1. The air-conditioning
apparatus 1 will be described with reference to Fig. 1. The air-conditioning apparatus 1 is intended for use in a building
or a condominium, and utilizes a heat pump cycle, which is a refrigeration cycle in which refrigerant circulates, to perform
a cooling and heating mixed operation. As shown in Fig. 1, the air-conditioning apparatus 1 includes a controller 80 and
a refrigerant circuit 2 in which a heat source-side unit 3 and a load-side unit group 5, including a plurality of load-side
units, are connected to each other via a pipe and a relay unit 4.

[0012] The heat source-side unit 3 and the relay unit 4 are connected to each other via a high-pressure pipe 72 and
a low-pressure pipe 73. The relay unit 4 serves to switch the flow direction of the refrigerant flowing in from the high-
pressure pipe 72 or the low-pressure pipe 73, to thereby allow each of the plurality of load-side units to independently
perform a heating operation or a cooling operation. The relay unit 4 and the load-side unit group 5 are connected to
each other via liquid pipes 79 and gas pipes 78.

(Refrigerant)

[0013] Examples of the refrigerant that may be used in the refrigerant circuit 2 include natural refrigerants such as
carbon dioxide, hydrocarbon, and helium, chlorine-free fluorocarbon-substitute refrigerants such as HFC410A,
HFC407C, and HFC404A, and fluorocarbon-based refrigerants used in conventional apparatuses such as R22 and
R134a, among which a desired one may be selected.

(Heat Source-side Unit 3)

[0014] The heat source-side unit 3 supplies cooling energy or heating energy to the load-side unit group 5. The heat
source-side unit 3 includes a compressor 31 that compresses the refrigerant, a flow switching device 32 that switches
the flow direction of the refrigerant, a heat source-side heat exchanger 34 that exchanges heat between a heat medium
and the refrigerant, an accumulator 36 for storing liquid refrigerant, and a gas-liquid separator 33 that separates the
refrigerant into gas refrigerant and liquid refrigerant.
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(Compressor 31)

[0015] The compressor 31 sucks and compresses low-temperature, low-pressure gas refrigerant into high-tempera-
ture, high-pressure gas refrigerant, and discharges the gas refrigerant to the refrigerant circuit 2. Subsequently, the
refrigerant circulates through the refrigerant circuit 2, so that the air-conditioning apparatus 1 performs an air-conditioning
operation. The compressor 31, which thus serves to compress the sucked refrigerant into high-pressure refrigerant, may
be constituted of, for example, an inverter-based compressor configured to adjust the capacity. The compressor 31 may
be, instead of the inverter-based compressor configured to adjust the capacity, a constant-speed compressor, or a
compressor designed to perform both inverter control and constant speed control. Further, a reciprocating compressor,
a rotary compressor, a scroll compressor, or a screw compressor may be employed as the compressor 31.

(Flow Switching Device 32)

[0016] The flow switching device 32 is located on the discharge side of the compressor 31, to switch the flow direction
of the refrigerant between the heating operation and the cooling operation. The flow switching device 32 switches the
flow direction of the refrigerant to cause the heat source-side heat exchanger 34 to act as evaporator in the heating
operation, and to cause the heat source-side heat exchanger 34 to act as condenser in the cooling operation. For
example, a four-way valve may be employed as the flow switching device 32.

(Heat Source-side Heat Exchanger 34)

[0017] The heat source-side heat exchanger 34 is connected to the flow switching device 32 via a first connection
pipe 11, and exchanges heat between the refrigerant and a heat medium, for example, ambient outdoor air or water. In
the heating operation, the heat source-side heat exchanger 34 acts as evaporator to evaporate and gasify the refrigerant,
and, in the cooling operation, the heat source-side heat exchanger 34 acts as condenser (radiator) to condense and
liquefy the refrigerant. In Embodiment 1, the heat source-side heat exchanger 34 is an air-cooled heat exchanger, and
a heat source-side fan 35 is located close to the heat source-side heat exchanger 34. The heat source-side fan 35 serves
to supply the outdoor air to the heat source-side heat exchanger 34, and the rotation speed of the heat source-side fan
35 is controlled to adjust the evaporation capacity or condensation capacity of the heat source-side heat exchanger 34.
When the heat source-side heat exchanger 34 is a water-cooled heat exchanger, a water circulation pump is located
close to the heat source-side heat exchanger 34, and the rotation speed of the water circulation pump is controlled to
adjust the evaporation capacity or condensation capacity of the heat source-side heat exchanger 34.

(Accumulator 36)

[0018] The accumulator 36 is located on the suction side of the compressor 31, to store a surplus of the refrigerant
and separate the refrigerant into liquid refrigerant and gas refrigerant. Only the liquid refrigerant is stored in the accu-
mulator 36, and the gas refrigerant passes through the accumulator 36 to be sucked into the compressor 31.

(Gas-liquid Separator 33)

[0019] The gas-liquid separator 33 is located between the heat source-side heat exchanger 34 and a separation pipe
73a branched from the low-pressure pipe 73 connecting between the heat source-side unit 3 and the relay unit 4, and
is connected to the accumulator 36 via a bypass pipe 71. When the accumulator 36 is not provided, the gas-liquid
separator 33 is directly connected to the suction side of the compressor 31, via the bypass pipe 71. In this case, the
gas-liquid separator 33 separates the refrigerant flowing in from the high-pressure pipe 72 into liquid refrigerant and gas
refrigerant, and sends the liquid refrigerant to the heat source-side heat exchanger 34 and the gas refrigerant to the
bypass pipe 71. Thus, the gas-liquid separator 33 serves to prevent the gas refrigerant from flowing to the heat source-
side heat exchanger 34 thereby minimizing degradation of heat exchange performance of the heat source-side heat
exchanger 34.

[0020] The gas-liquid separator 33 is provided in the separation pipe 73a branched from the low-pressure pipe 73.
Thus, the gas-liquid separator 33 serves to prevent reduction in pressure in the low-pressure pipe 73 caused by a
pressure loss generating in the gas-liquid separator 33 when the heat source-side heat exchanger 34 acts as condenser.
Alternatively, the gas-liquid separator 33 may be located in the low-pressure pipe 73 when the separation pipe 73a is
not provided. The gas-liquid separator 33 is not limited in its type and shape, and may be constituted of a desired type
such as a gravity separation type and a centrifugal separation type, as long as two-phase refrigerant can be separated
into gas phase and liquid phase. Further, the separation efficiency of the gas-liquid separator 33 may be selected as
desired, depending on a liquid return amount, refrigerant circulation amount, target performance, or target cost specified
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by the system.
(Connection Pipe 10 and Check Valve 20)

[0021] The heat source-side unit 3 includes a plurality of connection pipes 10 and a plurality of check valves 20, to
maintain a constant flow direction of the refrigerant flowing into the relay unit 4, irrespective of the operation requirement
from the load-side unit group 5. The first connection pipe 11, which connects between the flow switching device 32 and
the heat source-side heat exchanger 34 as stated above, includes a first check valve 21. The first check valve 21 serves
to force the refrigerant flowing through the first connection pipe 11 to flow in the direction from the flow switching device
32 toward the heat source-side heat exchanger 34.

[0022] An end of a second connection pipe 12 is connected to the outlet side of the heat source-side heat exchanger
34, and the second connection pipe 12 includes a second check valve 22. The second check valve 22 serves to force
the refrigerant flowing through the second connection pipe 12 to flow in the direction from the heat source-side heat
exchanger 34 toward each of the components.

[0023] The second connection pipe 12 and the high-pressure pipe 72 are connected to each other via a third connection
pipe 13, which includes a third check valve 23 and a fourth check valve 24. The third check valve 23 and the fourth
check valve 24 serve to force the refrigerant flowing through the third connection pipe 13 to flow in the direction from
the second connection pipe 12 toward the high-pressure pipe 72.

[0024] The low-pressure pipe 73 connecting between the relay unit 4 and the flow switching device 32 includes a fifth
check valve 25, which serves to force the refrigerant flowing through the low-pressure pipe 73 to flow in the direction
from the relay unit 4 toward the flow switching device 32.

[0025] The gas-liquid separator 33 and the third connection pipe 13 are connected to each other via a fourth connection
pipe 14, which includes a sixth check valve 26. The sixth check valve 26 serves to force the refrigerant flowing through
the fourth connection pipe 14 to flow in the direction from the gas-liquid separator 33 toward the third connection pipe 13.
[0026] The third connection pipe 13 and the first connection pipe 11 are connected to each other via a fifth connection
pipe 15, which includes a seventh check valve 27. The seventh check valve 27 serves to force the refrigerant flowing
through the fifth connection pipe 15 to flow in the direction from the third connection pipe 13 toward the first connection
pipe 11.

[0027] The flow switching device 32 and the high-pressure pipe 72 are connected to each other via a sixth connection
pipe 16, which includes an eighth check valve 28. The eighth check valve 28 serves to force the refrigerant flowing
through the sixth connection pipe 16 to flow in the direction from the flow switching device 32 toward the high-pressure
pipe 72.

[0028] The second connection pipe 12 and the first connection pipe 11 are connected to each other via a seventh
connection pipe 17, which includes a ninth check valve 29. The ninth check valve 29 serves to force the refrigerant
flowing through the seventh connection pipe 17 to flow in the direction from the second connection pipe 12 toward the
first connection pipe 11.

(Heat Source-side On-off Valve 38 and Heat Source-side Expansion Unit 39)

[0029] The first connection pipe 11 includes a heat source-side on-off valve 38, and an expansion pipe 11 a connected
parallel to the heat source-side on-off valve 38 includes a heat source-side expansion unit 39. When the heat source-
side on-off valve 38 is opened, the refrigerant flows through the first connection pipe 11, and when the heat source-side
on-off valve 38 is closed, the refrigerant is prevented from flowing through the first connection pipe 11. In addition, the
opening degree of the heat source-side expansion unit 39 is adjustable, and hence the flow rate of the refrigerant flowing
through the expansion pipe 11 a can be controlled with the opening degree. Consequently, a pipe temperature in the
load-side unit group 5, for example, the evaporation temperature of the load-side heat exchanger 51 provided in the
load-side unit group 5, can be controlled. For example, an electronic expansion valve may be employed as the heat
source-side expansion unit 39.

(Bypass Expansion Unit 37)

[0030] The bypass expansion unit 37 is located on the bypass pipe 71, to adjust the flow rate of the refrigerant flowing
through the bypass pipe 71, with the opening degree of the bypass expansion unit 37. For example, an electronic
expansion valve may be employed as the bypass expansion unit 37.

(Discharge Pressure Detection Unit 61 and Suction Pressure Detection Unit 62)

[0031] A discharge pressure detection unit 61 is provided on the discharge side of the compressor 31, to detect the
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discharge pressure of the refrigerant passing through the discharge side of the compressor 31. In addition, a suction
pressure detection unit 62 is provided on the suction side of the compressor 31, to detect the suction pressure of the
refrigerant passing through the suction side of the compressor 31.

(Inflow Pressure Detection Unit 63)

[0032] An inflow pressure detection unit 63 is provided to the separation pipe 73a, to detect the inflow pressure of the
refrigerant flowing into the gas-liquid separator 33.

(Relay Unit 4)

[0033] The relay unit 4 distributes the refrigerant to each of the plurality of load-side units in the load-side unit group
5, and switches the flow direction of the refrigerant flowing in from the high-pressure pipe 72 or the low-pressure pipe
73. Thus, each of the plurality of load-side units can independently perform the heating operation or the cooling operation.
Therelay unit4 includes a sub gas-liquid separator 41, afirst refrigerant-to-refrigerant heat exchanger 42, afirstrefrigerant
expansion unit 43, a second refrigerant-to-refrigerant heat exchanger 44, a second refrigerant expansion unit 45, and
a refrigerant switch group 46.

(Sub Gas-liquid Separator 41)

[0034] A sub bypass pipe 74 is connected, via the refrigerant switch group 46, to the gas pipes 78 connecting between
the relay unit 4 and the load-side unit group 5, and the sub gas-liquid separator 41 is located between the high-pressure
pipe 72 and the sub bypass pipe 74. In addition, the sub gas-liquid separator 41 and the liquid pipes 79, connecting
between the relay unit 4 and the load-side unit group 5, are connected to each other via a primary-side pipe 75. The
sub gas-liquid separator 41 separates the refrigerant flowing in from the low-pressure pipe 73 into gas refrigerant and
liquid refrigerant, and sends the gas refrigerant to the sub bypass pipe 74 and the liquid refrigerant to the primary-side
pipe 75. The sub gas-liquid separator 41 is not limited in its type and shape, and may be constituted of a desired type
such as a gravity separation type and a centrifugal separation type, as long as two-phase refrigerant can be separated
into gas phase and liquid phase. Further, the separation efficiency of the sub gas-liquid separator 41 may be selected
as desired, depending on a liquid return amount, refrigerant circulation amount, target performance, or target cost
specified by the system.

(First Refrigerant-to-refrigerant Heat Exchanger 42)

[0035] A secondary-side pipe 76 is further provided at the joint between the primary-side pipe 75 and the liquid pipes
79. The secondary-side pipe 76 is connected to the low-pressure pipe 73. The first refrigerant-to-refrigerant heat ex-
changer 42 is located on the outlet side of the sub gas-liquid separator 41 in the primary-side pipe 75, to exchange heat
between the liquid refrigerant flowing out of the sub gas-liquid separator 41 in the primary-side pipe 75 and the refrigerant
flowing through the secondary-side pipe 76.

(First Refrigerant Expansion Unit 43)

[0036] The first refrigerant expansion unit 43 is located on the outlet side of the first refrigerant-to-refrigerant heat
exchanger 42 in the primary-side pipe 75, to depressurize and expand the refrigerant flowing through the primary-side
pipe 75. Thus, the first refrigerant expansion unit 43 is configured to serve as reducing valve or expansion valve, and
may be constituted of, for example, an elaborate flow control device such as an electronic expansion valve with variable
opening degree, or an inexpensive flow control device such as capillary tubes.

(Second Refrigerant-to-refrigerant Heat Exchanger 44)

[0037] The second refrigerant-to-refrigerant heat exchanger 44 is located on the outlet side of the first refrigerant
expansion unit 43 in the primary-side pipe 75, to exchange heat between the refrigerant flowing out of the first refrigerant
expansion unit 43 in the primary-side pipe 75 and the refrigerant flowing through the secondary-side pipe 76.

(Second Refrigerant Expansion Unit 45)

[0038] The second refrigerant expansion unit 45 is located on the outlet side of the second refrigerant-to-refrigerant
heat exchanger 44 in the secondary-side pipe 76, to depressurize and expand the refrigerant flowing through the sec-
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ondary-side pipe 76. Thus, the second refrigerant expansion unit 45 is configured to serve as reducing valve or expansion
valve, and may be constituted of, for example, an elaborate flow control device such as an electronic expansion valve
with variable opening degree, or an inexpensive flow control device such as capillary tubes.

[0039] The first refrigerant-to-refrigerant heat exchanger 42, the first refrigerant expansion unit 43, the second refrig-
erant-to-refrigerant heat exchanger 44, and the second refrigerant expansion unit 45 allow the refrigerant flowing through
the primary-side pipe 75 and the refrigerant flowing through the secondary-side pipe 76 to exchange heat with each
other, so that the refrigerant flowing through the primary-side pipe 75 can be subcooled. Optimizing the opening degree
of the second refrigerant expansion unit 45 enables the refrigerant flowing through the primary-side pipe 75 to be properly
subcooled.

(Refrigerant Switch Group 46)

[0040] The refrigerant switch group 46 includes a plurality of refrigerant switches whose number is the same as the
number of the load-side units. The refrigerant switch group 46 serves to allow the refrigerant to flow and prevent the
refrigerant from flowing. In Embodiment 1, the load-side unit group 5 includes a first load-side unit 5a and a second load-
side unit 5b, and the refrigerant switch group 46 includes a first refrigerant switch 47 and a second refrigerant switch
48, correspondingly.

(First Refrigerant Switch 47)

[0041] The first refrigerant switch 47 includes an eleventh refrigerant switch 47a and a twelfth refrigerant switch 47b
connected in parallel. The eleventh refrigerant switch 47a is connected to the sub gas-liquid separator 41 via the sub
bypass pipe 74, and the twelfth refrigerant switch 47b is connected to the secondary low-pressure pipe 77 additionally
provided to the joint between the secondary-side pipe 76 and the low-pressure pipe 73. The eleventh refrigerant switch
47a and the twelfth refrigerant switch 47b are configured to work in linkage with each other, so that when the eleventh
refrigerant switch 47a is opened, the twelfth refrigerant switch 47b is closed. In this state, the sub bypass pipe 74
communicates with one of the gas pipes 78, so that the refrigerant flows between the sub gas-liquid separator 41 and
the first load-side unit 5a. When the eleventh refrigerant switch 47a is closed, the twelfth refrigerant switch 47b is opened.
In this state, the secondary low-pressure pipe 77 communicates with one of the gas pipes 78, so that the refrigerant
flows between the heat source-side unit 3 and the first load-side unit 5a.

(Second Refrigerant Switch 48)

[0042] The second refrigerant switch 48 includes a twenty-first refrigerant switch 48a and a twenty-second refrigerant
switch 48b connected in parallel. The twenty-first refrigerant switch 48a is connected to the sub gas-liquid separator 41
via the sub bypass pipe 74, and the twenty-second refrigerant switch 48b is connected to the secondary low-pressure
pipe 77 additionally provided to the joint between the secondary-side pipe 76 and the low-pressure pipe 73. The twenty-
first refrigerant switch 48a and the twenty-second refrigerant switch 48b are configured to work in linkage with each
other, so that when the twenty-first refrigerant switch 48a is opened, the twenty-second refrigerant switch 48b is closed.
In this state, the sub bypass pipe 74 communicates with one of the gas pipes 78, so that the refrigerant flows between
the sub gas-liquid separator 41 and the second load-side unit 5b. When the twenty-first refrigerant switch 48a is closed,
the twenty-second refrigerant switch 48b is opened. In this state, the secondary low-pressure pipe 77 communicates
with one of the gas pipes 78, so that the refrigerant flows between the heat source-side unit 3 and the second load-side
unit 5b.

(Load-side Unit Group 5)

[0043] Theload-side unit group 5 receives cooling energy or heating energy from the heat source-side unit 3 to process
the cooling load or the heating load, and includes a plurality of load-side heat exchangers 51, a plurality of expansion
units 52, a plurality of gas pipe temperature detection units 64, and a plurality of liquid pipe temperature detection units
65. As stated above, the load-side unit group 5 includes the first load-side unit 5a and the second load-side unit 5b. In
correspondence to the above configuration, the load-side heat exchangers 51 include a first load-side heat exchanger
51 a and a second load-side heat exchanger 51 b, the expansion units 52 include a first expansion unit 52a and a second
expansion unit 52b, the gas pipe temperature detection units 64 include a first gas pipe temperature detection unit 64a
and a second gas pipe temperature detection unit 64b, and the liquid pipe temperature detection units 65 include a first
liquid pipe temperature detection unit 65a and a second liquid pipe temperature detection unit 65b. Each of the plurality
of load-side heat exchangers 51 can independently act as condenser or evaporator.
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(First Load-side Unit 5a)

[0044] The first load-side unit 5a has one end connected to the first gas pipe 78a and the other end connected to the
first liquid pipe 79a. The first load-side unit 5a includes a first load-side heat exchanger 51 a, a first expansion unit 52a,
a first gas pipe temperature detection unit 64a, and a first liquid pipe temperature detection unit 65a.

(First Load-side Heat Exchanger 51 a)

[0045] The first load-side heat exchanger 51 a is connected to the first gas pipe 78a, and exchanges heat between
the refrigerant and a heat medium, for example, ambient room air or water. In the heating operation, the first load-side
heat exchanger 51 a acts as evaporator to evaporate and gasify the refrigerant, and, in the cooling operation, the first
load-side heat exchanger 51 a acts as condenser (radiator) to condense and liquefy the refrigerant. In Embodiment 1,
the first load-side heat exchanger 51 a is an air-cooled heat exchanger, and a non-illustrated first load-side fan is located
close to the first load-side heat exchanger 51 a. The first load-side fan serves to supply the room air to the first load-
side heat exchanger 51 a, and the rotation speed of the first load-side fan is controlled to adjust the evaporation capacity
or condensation capacity of the first load-side heat exchanger 51 a. When the first load-side heat exchanger 51 a is a
water-cooled heat exchanger, a water circulation pump is located close to the first load-side heat exchanger 51 a, and
the rotation speed of the water circulation pump is controlled to adjust the evaporation capacity or condensation capacity
of the first load-side heat exchanger 51 a.

(First Expansion Unit 52a)

[0046] The first expansion unit 52a is provided in the first liquid pipe 79a, to depressurize and expand the refrigerant
flowing through the first liquid pipe 79a. Thus, the first expansion unit 52a is configured to serve as reducing valve or
expansion valve, and may be constituted of, for example, an elaborate flow control device such as an electronic expansion
valve with variable opening degree, or an inexpensive flow control device such as capillary tubes.

(First Gas Pipe Temperature Detection Unit 64a)

[0047] The first gas pipe temperature detection unit 64a is located in the first gas pipe 78a at a position close to the
first load-side heat exchanger 51 a, to detect the temperature of the refrigerant flowing through the first gas pipe 78a.
When the eleventh refrigerant switch 47a is closed and the twelfth refrigerant switch 47b is opened, the refrigerant flows
between the heat source-side unit 3 and the first load-side unit 5a. When the first load-side heat exchanger 51 a acts
as evaporator in this state, the refrigerant flowing out of the first load-side heat exchanger 51 a flows into the gas-liquid
separator 33. In other words, in this case, the first gas pipe temperature detection unit 64a acts as first inflow temperature
detection unit that detects the inflow temperature of the refrigerant flowing into the gas-liquid separator 33.

(First Liquid Pipe Temperature Detection Unit 65a)

[0048] The first liquid pipe temperature detection unit 65a is located in the first liquid pipe 79a at a position close to
the first load-side heat exchanger 51 a, to detect the temperature of the refrigerant flowing through the first liquid pipe 79a.

(Second Load-side Unit 5b)

[0049] The second load-side unit 5b has one end connected to the second gas pipe 78b and the other end connected
to the second liquid pipe 79b. The second load-side unit 5b includes a second load-side heat exchanger 51 b, a second
expansion unit 52b, a second gas pipe temperature detection unit 64b, and a second liquid pipe temperature detection
unit 65b.

(Second Load-side Heat Exchanger 51 b)

[0050] The second load-side heat exchanger 51 b is connected to the second gas pipe 78b, and exchanges heat
between the refrigerant and a heat medium, for example, ambient room air or water. In the heating operation, the second
load-side heat exchanger 51 b acts as evaporator to evaporate and gasify the refrigerant, and, in the cooling operation,
the second load-side heat exchanger 51 b acts as condenser (radiator) to condense and liquefy the refrigerant. In
Embodiment 1, the second load-side heat exchanger 51 b is an air-cooled heat exchanger, and a non-illustrated second
load-side fan is located close to the second load-side heat exchanger 51 b. The second load-side fan serves to supply
the room air to the second load-side heat exchanger 51 b, and the rotation speed of the second load-side fan is controlled
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to adjust the evaporation capacity or condensation capacity of the second load-side heat exchanger 51 b. When the
second load-side heat exchanger 51 b is a water-cooled heat exchanger, a water circulation pump is located close to
the second load-side heat exchanger 51 b, and the rotation speed of the water circulation pump is controlled to adjust
the evaporation capacity or condensation capacity of the second load-side heat exchanger 51 b.

(Second Expansion Unit 52b)

[0051] The second expansion unit 52b is provided in the second liquid pipe 79b, to depressurize and expand the
refrigerant flowing through the second liquid pipe 79b. Thus, the second expansion unit 52b is configured to serve as
reducing valve or expansion valve, and may be constituted of, for example, an elaborate flow control device such as an
electronic expansion valve with variable opening degree, or an inexpensive flow control device such as capillary tubes.

(Second Gas Pipe Temperature Detection Unit 64b)

[0052] The second gas pipe temperature detection unit 64b is located in the second gas pipe 78b at a position close
to the second load-side heat exchanger 51 b, to detect the temperature of the refrigerant flowing through the second
gas pipe 78b. When the twenty-first refrigerant switch 48a is closed and the twenty-second refrigerant switch 48b is
opened, the refrigerant flows between the heat source-side unit 3 and the second load-side unit 5b. When the second
load-side heat exchanger 51 b acts as evaporator in this state, the refrigerant flowing out of the second load-side heat
exchanger 51 b flows into the gas-liquid separator 33. In other words, in this case, the second gas pipe temperature
detection unit 64b acts as second inflow temperature detection unit that detects the inflow temperature of the refrigerant
flowing into the gas-liquid separator 33.

(Second Liquid Pipe Temperature Detection Unit 65b)

[0053] The second liquid pipe temperature detection unit 65b is located in the second liquid pipe 79b at a position
close to the second load-side heat exchanger 51 b, to detect the temperature of the refrigerant flowing through the
second liquid pipe 79b.

(Controller 80)

[0054] The controller 80 s, for example, provided in the heat source-side unit 3, to control the operation of the refrigerant
circuit 2. On the side of the heat source-side unit 3, the controller 80 controls, for example, the driving frequency of the
compressor 31, the rotation speed of the heat source-side fan 35, and the switching of the flow switching device 32, on
the basis of the discharge pressure detected by the discharge pressure detection unit 61, the suction pressure detected
by the suction pressure detection unit 62, and other related factors.

[0055] On the side of the load-side unit group 5, the controller 80 controls the state of the actuators, for example, the
degree of the opening of the first expansion unit 52a, the opening degree of the second expansion unit 52b, the rotation
speed of the non-illustrated first load-side fan, and the rotation speed of the non-illustrated second load-side fan, on the
basis of the first gas pipe temperature detected by the first gas pipe temperature detection unit 64a, the second gas
pipe temperature detected by the second gas pipe temperature detection unit 64b, the first liquid pipe temperature
detected by the first liquid pipe temperature detection unit 65a, the second liquid pipe temperature detected by the
second liquid pipe temperature detection unit 65b, and other related factors.

[0056] The controller 80 may be provided in the relay unit 4, or in the load-side unit group 5. Alternatively, the controller
80 may be provided outside the heat source-side unit 3, the relay unit 4, and the load-side unit group 5. The controller
80 may be divided into a plurality of units by the functions or other factors, and each of such units may be provided to
a corresponding one of the heat source-side unit 3, the relay unit 4, and the load-side unit group 5. In this case, the units
of the controller 80 are configured to communicate with one another, via wired or wireless communication.

[0057] The controller 80 also serves to control the opening degree of the bypass expansion unit 37, on the basis of
the bypass flow rate of the refrigerant flowing through the bypass pipe 71, the inflow flow rate of the refrigerant flowing
into the gas-liquid separator 33, and the inlet quality of the gas-liquid separator 33. In other words, the controller 80
determines whether the amount of the gas refrigerant flowing into the gas-liquid separator 33 is equal to the amount of
the gas refrigerant flowing into the bypass pipe 71, and adjusts the opening degree of the bypass expansion unit 37 on
the basis of the determination result. Fig. 2 is a block diagram showing a configuration of the controller 80 of the air-
conditioning apparatus 1 according to Embodiment 1. As shown in Fig. 2, the controller 80 includes a threshold deter-
mination unit 81, a heat source opening degree adjustment unit 82, a first determination unit 83, a second determination
unit 84, and a bypass opening degree adjustment unit 85.
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(Threshold Determination Unit 81)

[0058] The threshold determination unit 81 determines whether the liquid pipe temperature detected by the liquid pipe
temperature detection unit 65 is equal to or lower than a predetermined threshold of the liquid pipe temperature. The
threshold of the liquid pipe temperature may be altered as desired.

(Heat Source Opening Degree Adjustment Unit 82)

[0059] The heat source opening degree adjustment unit 82 adjusts the opening degree of the heat source-side ex-
pansion unit 39 to make the liquid pipe temperature higher than the threshold of the liquid pipe temperature, when the
threshold determination unit 81 determines that the liquid pipe temperature is equal to or lower than the threshold of the
liquid pipe temperature. As stated above, the heat source-side expansion unit 39 serves to adjust the flow rate of the
refrigerant flowing through the expansion pipe 11 a, by controlling the opening degree, to adjust the pipe temperature
in the load-side unit group 5, for example, the temperature of the liquid pipe located in the vicinity of the load-side heat
exchanger 51 in the load-side unit group 5. The heat source opening degree adjustment unit 82 may adjust the opening
degree of the heat source-side expansion unit 39 even in a case where the threshold determination unit 81 does not
detect the liquid pipe temperature.

(First Determination Unit 83)

[0060] The first determination unit 83 determines whether the bypass flow rate is different from a multiplied value
obtained by multiplying the inflow flow rate by the inlet quality.

(Bypass Flow Rate)

[0061] The bypass flow rate of the refrigerant flowing through the bypass pipe 71 will be described below. The bypass
flow rate is calculated by the first determination unit 83 on the basis of the suction pressure detected by the suction
pressure detection unit 62, the inflow pressure detected by the inflow pressure detection unit 63, and the opening degree
of the heat source-side expansion unit 39. When the inflow pressure is denoted by P1, the suction pressure is denoted
by P2, the flow path resistance obtained from the opening degree of the heat source-side expansion unit 39 is denoted
by Cv, the specific gravity is denoted by G, and the density is denoted by p, the bypass flow rate Grg can be obtained
through the following equation (1).

[0062] [Math. 1]

Grg = 17-Cv-p-[(P1 + P2)-(P2 - P1)]"2/G"2 --- (1)
(Inflow Flow Rate)

[0063] The inflow flow rate of the refrigerant flowing into the gas-liquid separator 33 will be described next. The inflow
flow rate is calculated by the first determination unit 83 on the basis of performance of the compressor 31. When the
stroke volume of the compressor 31 is denoted by Vst, the volume efficiency of the compressor 31 is denoted by nv,
the frequency of the compressor 31 is denoted by F, and the suction density of the compressor 31 is denoted by ps, the
inflow flow rate Gr can be obtained through the following equation (2).

[0064] [Math. 2]

Gr = 3600-Vst-nv-F-ps -~ (2)
(Inlet Quality)

[0065] The inlet quality of the gas-liquid separator 33 will be described below. The inlet quality is calculated by the
first determination unit 83 on the basis of the discharge pressure detected by the discharge pressure detection unit 61,
the suction pressure detected by the suction pressure detection unit 62, and the inflow temperature detected by the
inflow temperature detection unit. When enthalpy on the outlet side of the load-side heat exchanger calculated from the
discharge pressure and the inflow temperature is denoted by ho, saturated liquid enthalpy calculated from the suction
pressure is denoted by hl, and saturated gas enthalpy calculated from the suction pressure is denoted by hg, the inlet
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quality x can be obtained through the following equation (3).
[0066] [Math. 3]

x = (ho - hI)/(hg - hl) - (3)

[0067] Thus, when the bypass flow rate Grg is equal to the multiplied value Gr-x obtained by multiplying the inflow
flow rate Gr by the inlet quality x, the separation efficiency between the gas refrigerant and the liquid refrigerant in the
gas-liquid separator 33 becomes optimum. In other words, the first determination unit 83 determines whether the sep-
aration efficiency between the gas refrigerant and the liquid refrigerant in the gas-liquid separator 33 is optimum, by
determining whether the bypass flow rate is different from the multiplied value obtained by multiplying the inflow flow
rate by the inlet quality.

(Second Determination Unit 84)

[0068] The second determination unit 84 determines whether the bypass flow rate is higher than the multiplied value,
when the first determination unit 83 determines that the bypass flow rate is different from the multiplied value. In other
words, the second determination unit 84 determines whether the bypass flow rate is higher than the multiplied value,
when the first determination unit 83 determines that the separation efficiency between the gas refrigerant and the liquid
refrigerant in the gas-liquid separator 33 is not optimum.

(Bypass Opening Degree Adjustment Unit 85)

[0069] The bypass opening degree adjustment unit 85 reduces the opening degree of the bypass expansion unit 37,
when the second determination unit 84 determines that the bypass flow rate is higher than the multiplied value. When
the bypass flow rate is higher than the multiplied value (Grg > Grx), a liquid return phenomenon, where the liquid
refrigerant flows through the bypass pipe 71, occurs. Thus, the bypass opening degree adjustment unit 85 reduces the
opening degree of the bypass expansion unit 37 in the bypass pipe 71, to thereby reduce the bypass flow rate in the
bypass pipe 71.

[0070] Incontrast,the bypassopening degree adjustmentunit 85 increases the opening degree of the bypass expansion
unit 37, when the second determination unit 84 determines that the bypass flow rate is lower than the multiplied value.
When the bypass flow rate is lower than the multiplied value (Grg < Gr-x), the bypass pipe 71 still has a room for the
gas refrigerant to flow into the bypass pipe 71. Thus, the bypass opening degree adjustment unit 85 increases the
opening degree of the bypass expansion unit 37 in the bypass pipe 71, to thereby increase the bypass flow rate in the
bypass pipe 71.

[0071] Operations in the refrigerant circuit 2 will be described next. The air-conditioning apparatus 1 performs an air-
conditioning operation when the air-conditioning apparatus 1 receives an operation request, for example, transmitted
from a remote controller provided in the room. The air-conditioning operation modes of the air-conditioning apparatus
1 include the heating operation in which the heat source-side heat exchanger 34 acts as evaporator, and the cooling
operation in which the heat source-side heat exchanger 34 acts as condenser.

[0072] The heating operation includes a heating-only operation in which all of the load-side heat exchangers 51 act
as condenser, and a heating-main operation in which at least one of the load-side heat exchangers 51 acts as evaporator.
The heating-main operation refers to an operation mode in which the heating load is heavier than the cooling load, in a
cooling and heating mixed operation. Likewise, the cooling operation includes a cooling-only operation in which all of
the load-side heat exchangers 51 act as evaporator, and a cooling-main operation in which at least one of the load-side
heat exchangers 51 acts as condenser. The cooling-main operation refers to an operation mode in which the cooling
load is heavier than the heating load, in the cooling and heating mixed operation.

(Heating-only Operation)

[0073] First, the heating-only operation will be described. Fig. 3 is a circuit diagram representing the heating-only
operation according to Embodiment 1. In the heating-only operation, both of the first load-side unit 5a and the second
load-side unit 5b perform the heating operation, in other words, both of the first load-side heat exchanger 51 a and the
second load-side heat exchanger 51 b act as condenser. In this case, the eleventh refrigerant switch 47a is opened and
the twelfth refrigerant switch 47b is closed. The twenty-first refrigerant switch 48a is also opened and hence the twenty-
second refrigerant switch 48b is closed. Thus, the first load-side unit 5a and the second load-side unit 5b are connected
in parallel. In addition, the heat source-side on-off valve 38 is opened and the heat source-side expansion unit 39 is closed.
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[0074] As shown in Fig. 3, the compressor 31 sucks and compresses the refrigerant and discharges the refrigerant
in a state of high-temperature, high-pressure gas. The discharged refrigerant passes through the flow switching device
32 and the sixth connection pipe 16, and then reaches the high-pressure pipe 72. The refrigerant then flows into the sub
gas-liquid separator 41 from the high-pressure pipe 72, and the gas refrigerant flows out to the sub bypass pipe 74 while
the liquid refrigerant flows out to the primary-side pipe 75. The gas refrigerant flowing out to the sub bypass pipe 74 is
branched, and each of the branched portions passes through a corresponding one of the eleventh refrigerant switch
47a and the twenty-first refrigerant switch 48a. Each of the branched portions then flows into a corresponding one of
the first load-side heat exchanger 51 a and the second load-side heat exchanger 51 b, through a corresponding one of
the first gas pipe 78a and the second gas pipe 78b. In this process, each of the first load-side heat exchanger 51 a and
the second load-side heat exchanger 51 b exchanges heat with the room air supplied by a corresponding one of the
first load-side fan and the second load-side fan, thereby condensing the refrigerant. Thus, the air in each room is heated
and thus each room space is heated.

[0075] Each of the condensed branched portions of refrigerant flows into a corresponding one of the first expansion
unit 52a and the second expansion unit 52b, in each of which the condensed refrigerant is depressurized. The depres-
surized branched portions of refrigerant flows into the second refrigerant-to-refrigerant heat exchanger 44 through a
corresponding one of the first liquid pipe 79a and the second liquid pipe 79b, thus to be merged. Meanwhile, the liquid
refrigerant flowing out to the primary-side pipe 75 from the sub gas-liquid separator 41 flows into the first refrigerant-to-
refrigerant heat exchanger 42, and the first refrigerant-to-refrigerant heat exchanger 42 exchanges heat with the refrig-
erant flowing through the secondary-side pipe 76, to thereby condense the refrigerant flowing through the primary-side
pipe 75.

[0076] The condensed refrigerant flows into the first refrigerant expansion unit 43, in which the condensed refrigerant
is depressurized. The depressurized refrigerant then flows into the second refrigerant-to-refrigerant heat exchanger 44,
and is merged with the refrigerant flowing in through the first liquid pipe 79a and the second liquid pipe 79b. The second
refrigerant-to-refrigerant heat exchanger 44 exchanges heat with the refrigerant flowing through the secondary-side pipe
76, to thereby condense the refrigerant flowing through the primary-side pipe 75. The condensed refrigerant flows into
the second refrigerant expansion unit 45 through the secondary-side pipe 76, and the second refrigerant expansion unit
45 depressurizes the condensed refrigerant. Thus, the refrigerant flowing through the primary-side pipe 75 is subcooled.
[0077] The refrigerant flowing through the secondary-side pipe 76 then passes through the low-pressure pipe 73 and
also the separation pipe 73a, and flows into the gas-liquid separator 33. The gas-liquid separator 33 separates the
refrigerant flowing in from the separation pipe 73a into the gas refrigerant and the liquid refrigerant. The gas refrigerant
flows out to the bypass pipe 71, and the liquid refrigerant flows out to the fourth connection pipe 14. The gas refrigerant
flows into the accumulator 36 through the bypass pipe 71, and is then sucked into the compressor 31. The liquid refrigerant
flowing out to the third connection pipe 13 flows into the heat source-side heat exchanger 34 through the fifth connection
pipe 15. The heat source-side heat exchanger 34 exchanges heat with the outside air supplied by the heat source-side
fan 35, to thereby evaporate the refrigerant. The evaporated refrigerant passes through the second connection pipe 12
and then the seventh connection pipe 17, and reaches the flow switching device 32. The refrigerant then flows into the
accumulator 36 and is sucked into the compressor 31.

(Heating-main Operation)

[0078] The heating-main operation will be described next. Fig. 4 is a circuit diagram representing the heating-main
operation according to Embodiment 1. In the heating-main operation, for example, the first load-side unit 5a performs
the heating operation while the second load-side unit 5b performs the cooling operation. In other words, the first load-
side heat exchanger 51 a acts as condenser and the second load-side heat exchanger 51 b acts as evaporator. In this
case, the eleventh refrigerant switch 47a is opened and the twelfth refrigerant switch 47b is closed. The twenty-first
refrigerant switch 48a is closed and the twenty-second refrigerant switch 48b is opened. Thus, the first load-side unit
5a and the second load-side unit 5b are connected in series. In addition, the heat source-side on-off valve 38 is opened
and the heat source-side expansion unit 39 is closed. The first load-side unit 5a may be set to perform the cooling
operation and the second load-side unit 5b may be set to perform the heating operation.

[0079] As shown in Fig. 4, the compressor 31 sucks and compresses the refrigerant and discharges the refrigerant
in a state of high-temperature, high-pressure gas. The discharged refrigerant passes through the flow switching device
32 and the sixth connection pipe 16, and then reaches the high-pressure pipe 72. The refrigerant then flows into the sub
gas-liquid separator 41 from the high-pressure pipe 72, and the gas refrigerant flows out to the sub bypass pipe 74 while
the liquid refrigerant flows out to the primary-side pipe 75. The gas refrigerant flowing out to the sub bypass pipe 74
flows through the eleventh refrigerant switch 47a. Since the twenty-first refrigerant switch 48a is closed at this point, the
refrigerant is prevented from flowing through the twenty-first refrigerant switch 48a. The refrigerant then flows into the
first load-side heat exchanger 51 a through the first gas pipe 78a. In this process, the first load-side heat exchanger 51
a exchanges heat with the room air supplied by the first load-side fan, thereby condensing the refrigerant. Thus, the air
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in the room is heated and thus the room space is heated.

[0080] The condensed refrigerant flows into the first expansion unit 52a, in which the condensed refrigerant is depres-
surized. The depressurized refrigerant flows into the second refrigerant-to-refrigerant heat exchanger 44 through the
first liquid pipe 79a. Since the twenty-second refrigerant switch 48b is opened at this point, a portion of the refrigerant
flows into the second liquid pipe 79b. The refrigerant entering the second liquid pipe 79b flows into the second expansion
unit 52b, in which the refrigerant is depressurized. The depressurized refrigerant flows into the second load-side heat
exchanger 51 b, and the second load-side heat exchanger 51 b exchanges heat with the room air supplied by the second
load-side fan, to thereby evaporate the refrigerant. Thus, the room air is cooled and thus the room space is cooled. The
evaporated refrigerant flows through the second gas pipe 78b and then the twenty-second refrigerant switch 48b, and
reaches the low-pressure pipe 73.

[0081] Meanwhile, the liquid refrigerant flowing out to the primary-side pipe 75 from the sub gas-liquid separator 41
flows into the first refrigerant-to-refrigerant heat exchanger 42, and the first refrigerant-to-refrigerant heat exchanger 42
exchanges heat with the refrigerant flowing through the secondary-side pipe 76, to thereby condense the refrigerant
flowing through the primary-side pipe 75. The condensed refrigerant flows into the first refrigerant expansion unit 43, in
which the condensed refrigerant is depressurized. The depressurized refrigerant then flows into the second refrigerant-
to-refrigerant heat exchanger 44, and is merged with the refrigerant flowing in through the first liquid pipe 79a. The
second refrigerant-to-refrigerant heat exchanger 44 exchanges heat with the refrigerant flowing through the secondary-
side pipe 76, to thereby condense the refrigerant flowing through the primary-side pipe 75. The condensed refrigerant
flows into the second refrigerant expansion unit 45 through the secondary-side pipe 76, and the second refrigerant
expansion unit 45 depressurizes the condensed refrigerant. Thus, the refrigerant flowing through the primary-side pipe
75 is subcooled.

[0082] The refrigerant flowing through the secondary-side pipe 76 is then merged with the refrigerant from the second
gas pipe 78b, and reaches the low-pressure pipe 73. Then the refrigerant passes through the separation pipe 73a and
flows into the gas-liquid separator 33. The gas-liquid separator 33 separates the refrigerant flowing in from the separation
pipe 73a into the gas refrigerant and the liquid refrigerant. The gas refrigerant flows out to the bypass pipe 71, and the
liquid refrigerant flows out to the fourth connection pipe 14. The gas refrigerant flows into the accumulator 36 through
the bypass pipe 71, and is then sucked into the compressor 31. The liquid refrigerant flowing out to the third connection
pipe 13 flows into the heat source-side heat exchanger 34 through the fifth connection pipe 15. The heat source-side
heat exchanger 34 exchanges heat with the outside air supplied by the heat source-side fan 35, to thereby evaporate
the refrigerant. The evaporated refrigerant passes through the second connection pipe 12 and then the seventh con-
nection pipe 17, and reaches the flow switching device 32. The refrigerant then flows into the accumulator 36 and is
sucked into the compressor 31.

(Cooling-only Operation)

[0083] The cooling-only operation will be described below. Fig. 5 is a circuit diagram representing the cooling-only
operation according to Embodiment 1. In the cooling-only operation, both of the first load-side unit 5a and the second
load-side unit 5b perform the cooling operation, in other words, both of the first load-side heat exchanger 51 a and the
second load-side heat exchanger 51 b act as evaporator. In this case, the eleventh refrigerant switch 47a is closed and
the twelfth refrigerant switch 47b is opened. The twenty-first refrigerant switch 48a is also closed and hence the twenty-
second refrigerant switch 48b is opened. Thus, the first load-side unit 5a and the second load-side unit 5b are connected
in parallel. In addition, the heat source-side on-off valve 38 is opened and the heat source-side expansion unit 39 is closed.
[0084] As shown in Fig. 5, the compressor 31 sucks and compresses the refrigerant and discharges the refrigerant
in a state of high-temperature, high-pressure gas. The discharged refrigerant passes through the flow switching device
32 and flows into the heat source-side heat exchanger 34 through the first connection pipe 11. The heat source-side
heat exchanger 34 exchanges heat with the outside air supplied from the heat source-side fan 35, to thereby condense
the refrigerant. The condensed refrigerant sequentially passes through the second connection pipe 12 and the third
connection pipe 13, and reaches the high-pressure pipe 72. From the high-pressure pipe 72, the refrigerant flows into
the sub gas-liquid separator 41. Since the eleventh refrigerant switch 47a and the twenty-first refrigerant switch 48a are
closed at this point, the refrigerant is prevented from flowing in the sub bypass pipe 74 and only allowed to flow through
the primary-side pipe 75.

[0085] Therefrigerantflowing outto the primary-side pipe 75 flows into the first refrigerant-to-refrigerant heat exchanger
42, which exchanges heat with the refrigerant flowing through the secondary-side pipe 76, to thereby condense the
refrigerant flowing through the primary-side pipe 75. The condensed refrigerant flows into the first refrigerant expansion
unit 43, in which the condensed refrigerant is depressurized. The depressurized refrigerant flows into the second refrig-
erant-to-refrigerant heat exchanger 44, which exchanges heat with the refrigerant flowing through the secondary-side
pipe 76, to thereby condense the refrigerant flowing through the primary-side pipe 75. Thus, the refrigerant flowing
through the primary-side pipe 75 is subcooled.
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[0086] The refrigerant condensed in the second refrigerant-to-refrigerant heat exchanger 44 is branched, and each
of the branched portions flows through a corresponding one of the first liquid pipe 79a, the second liquid pipe 79b, and
the secondary-side pipe 76. Each of the portions of the refrigerant entering the first liquid pipe 79a and the second liquid
pipe 79b flows into a corresponding one of the first expansion unit 52a and the second expansion unit 52b, each of
which depressurizes the refrigerant. The depressurized refrigerant then flows into the first load-side heat exchanger 51
a and the second load-side heat exchanger 51 b, each of which exchanges heat with the room air supplied from the first
load-side fan and the second load-side fan, to thereby evaporate the refrigerant. Thus, the air in each room is cooled
and thus each room space is cooled. Each of the portions of the evaporated refrigerant flows through a corresponding
one of the first gas pipe 78a and the second gas pipe 78b and passes through a corresponding one of the twelfth
refrigerant switch 47b and the twenty-second refrigerant switch 48b, to be then merged and reach the low-pressure pipe
73.

[0087] Meanwhile, the refrigerant flowing through the secondary-side pipe 76 from the second refrigerant-to-refrigerant
heat exchanger 44 flows into the second refrigerant expansion unit 45, in which the condensed refrigerant is depressu-
rized. The depressurized refrigerant flows through the secondary-side pipe 76 and is merged with the portions of the
refrigerant from the first gas pipe 78a and the second gas pipe 78b, and then reaches the low-pressure pipe 73. The
refrigerant flowing through the low-pressure pipe 73 flows into the accumulator 36 through the flow switching device 32,
and is then sucked into the compressor 31.

(Cooling-main Operation)

[0088] The cooling-main operation will be described below. Fig. 6 is a circuit diagram representing the cooling-main
operation according to Embodiment 1. In the cooling-main operation, for example, the first load-side unit 5a performs
the cooling operation while the second load-side unit 5b performs the heating operation. In other words, the first load-
side heat exchanger 51 a acts as evaporator and the second load-side heat exchanger 51 b acts as condenser. In this
case, the eleventh refrigerant switch 47a is closed and the twelfth refrigerant switch 47b is opened. The twenty-first
refrigerant switch 48a is opened and the twenty-second refrigerant switch 48b is closed. Thus, the first load-side unit
5a and the second load-side unit 5b are connected in series. In addition, the heat source-side on-off valve 38 is opened
and the heat source-side expansion unit 39 is closed. The first load-side unit 5a may be set to perform the heating
operation and the second load-side unit 5b may be set to perform the cooling operation.

[0089] As shown in Fig. 6, the compressor 31 sucks and compresses the refrigerant and discharges the refrigerant
in a state of high-temperature, high-pressure gas. The discharged refrigerant passes through the flow switching device
32 and flows into the heat source-side heat exchanger 34 through the first connection pipe 11. The heat source-side
heat exchanger 34 exchanges heat with the outside air supplied from the heat source-side fan 35, to thereby condense
the refrigerant. The condensed refrigerant sequentially passes through the second connection pipe 12 and the third
connection pipe 13, and reaches the high-pressure pipe 72. From the high-pressure pipe 72, the refrigerant flows into
the sub gas-liquid separator 41. The gas refrigerant flows out to the sub bypass pipe 74, while the liquid refrigerant flows
out to the primary-side pipe 75. Since the eleventh refrigerant switch 47a is closed at this point, the gas refrigerant is
prevented from flowing in the eleventh refrigerant switch 47a. However, since the twenty-first refrigerant switch 48a is
opened, the gas refrigerant flows through the twenty-first refrigerant switch 48a.

[0090] Therefrigerantflowing outto the primary-side pipe 75 flows into the first refrigerant-to-refrigerant heat exchanger
42, and the first refrigerant-to-refrigerant heat exchanger 42 exchanges heat with the refrigerant flowing through the
secondary-side pipe 76, to thereby condense the refrigerant flowing through the primary-side pipe 75. The condensed
refrigerant flows into the first refrigerant expansion unit 43, in which the condensed refrigerant is depressurized. The
depressurized refrigerant then flows into the second refrigerant-to-refrigerant heat exchanger 44, which exchanges heat
with the refrigerant flowing through the secondary-side pipe 76, to thereby condense the refrigerant flowing through the
primary-side pipe 75. Thus, the refrigerant flowing through the primary-side pipe 75 is subcooled. The refrigerant con-
densed in the second refrigerant-to-refrigerant heat exchanger 44 is branched to flow into the first liquid pipe 79a and
the secondary-side pipe 76.

[0091] The refrigerant entering the first liquid pipe 79a flows into the first expansion unit 52a, which depressurizes the
refrigerant. The depressurized refrigerant then flows into the first load-side heat exchanger 51 a, which exchanges heat
with the room air supplied from the first load-side fan, to thereby evaporate the refrigerant. Thus, the air in the room is
cooled and thus the room space is cooled. The evaporated refrigerant flows through the first gas pipe 78a and the twelfth
refrigerant switch 47b, and reaches the low-pressure pipe 73.

[0092] The refrigerant flowing out to the sub bypass pipe 74 flows through the twenty-first refrigerant switch 48a, and
then flows into the second load-side heat exchanger 51 b through the second gas pipe 78b. In this process, the second
load-side heat exchanger 51 b exchanges heat with the room air supplied from the second load-side fan, to thereby
condense the refrigerant. Thus, the air in the room is heated and thus the room space is heated. The condensed
refrigerant flows into the second expansion unit 52b, which depressurizes the condensed refrigerant. The depressurized
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refrigerant flows into the second refrigerant-to-refrigerant heat exchanger 44 through the second liquid pipe 79b.
[0093] The refrigerant flowing through the secondary-side pipe 76 from the second refrigerant-to-refrigerant heat
exchanger 44 is merged with the refrigerant from the second liquid pipe 79b. The merged refrigerant flows into the
second refrigerant expansion unit 45, in which the condensed refrigerant is depressurized. The depressurized refrigerant
flows through the secondary-side pipe 76 and is merged with the refrigerant from the first gas pipe 78a, and then reaches
the low-pressure pipe 73. The refrigerant flowing through the low-pressure pipe 73 flows into the accumulator 36 through
the flow switching device 32, and is then sucked into the compressor 31.

[0094] Operations of the air-conditioning apparatus 1 according to Embodiment 1 will be described below. Fig. 7 is a
flowchart showing the operation of the air-conditioning apparatus 1 according to Embodiment 1. In the air-conditioning
apparatus 1 capable of performing the cooling and heating mixed operation as in Embodiment 1, a dual evaporation
temperature control may be performed in the heating-main operation in which the ratio of the heating load is greater. In
the dual evaporation temperature control, the heat source-side on-off valve 38 provided on the inlet side of the heat
source-side heat exchanger 34 of the heat source-side unit 3, acting as evaporator, is closed, when the liquid pipe
temperature of the load-side unit currently performing the cooling operation is equal to or lower than a predetermined
temperature, and the opening degree of the heat source-side expansion unit 39 located parallel to the heat source-side
on-off valve 38 is controlled so that the evaporation temperature of the load-side unit performing the cooling operation
remains within a predetermined range.

[0095] The dual evaporationtemperature control will be described in further detail. In Embodiment 1, a case is assumed
where the heating-main operation is being performed. In the heating-main operation, the first load-side unit 5a performs
the heating operation while the second load-side unit 5b performs the cooling operation. In other words, the first load-
side heat exchanger 51 a acts as condenser and the second load-side heat exchanger 51 b acts as evaporator. As
shown in Fig. 7, when the dual evaporation temperature control is started, first the second liquid pipe temperature of the
refrigerant flowing into the second load-side heat exchanger 51 b acting as evaporator is detected by the second liquid
pipe temperature detection unit 65b (step S1).

[0096] Then the threshold determination unit 81 determines whether the second liquid pipe temperature detected by
the second liquid pipe temperature detection unit 65b is equal to or lower than the threshold of the liquid pipe temperature
(step S2). When the threshold determination unit 81 determines that the second liquid pipe temperature detected by the
second liquid pipe temperature detection unit 65b is higher than the threshold of the liquid pipe temperature (No in step
S2), the operation returns to step S1. In contrast, when the threshold determination unit 81 determines that the second
liquid pipe temperature detected by the second liquid pipe temperature detection unit 65b is equal to or lower than the
threshold of the liquid pipe temperature (Yes in step S2), the heat source opening degree adjustment unit 82 controls
the opening degree of the heat source-side expansion unit 39 to make the liquid pipe temperature higher than the
threshold of the liquid pipe temperature (step S3). Then the control is finished.

[0097] When the opening degree of the heat source-side expansion unit 39 is thus controlled through the dual evap-
oration temperature control, the flow rate of the refrigerant flowing into the heat source-side heat exchanger 34 is changed.
In this case, the pressure loss in the heat source-side heat exchanger 34 as well as on the downstream side of the heat
source-side heat exchanger 34 may be degraded. In addition, the separation ratio in the gas-liquid separator 33 to the
refrigerant flowing through the gas-liquid separator 33 from the second load-side unit 5b may change, when the opening
degree of the heat source-side expansion unit 39 is adjusted. In such a case, gas refrigerant may flow through the heat
source-side heat exchanger 34, configured to exclusively allow the liquid refrigerant to flow through the heat source-
side heat exchanger 34. This leads to degradation in heat exchange efficiency of the heat source-side heat exchanger
34. Further, a liquid return phenomenon may occur in which the liquid refrigerant flows into the bypass pipe 71, configured
to exclusively allow the gas refrigerant to flow through the bypass pipe 71. In Embodiment 1, in view of the problems,
the controller 80 adjusts the opening degree of the bypass expansion unit 37 on the basis of the bypass flow rate, the
inflow flow rate, and the inlet quality.

[0098] Fig. 8 is a flowchart showing another operation of the air-conditioning apparatus 1 according to Embodiment
1. As shown in Fig. 8, at the start of the operation, the discharge pressure detection unit 61 detects the discharge pressure
of the refrigerant flowing through the discharge side of the compressor 31 (step S11). Then the suction pressure detection
unit 62 detects the suction pressure of the refrigerant flowing though the suction side of the compressor 31 (step S12).
When the second load-side heat exchanger 51 b is acting as evaporator, the refrigerant flowing out of the second load-
side heat exchanger 51 b flows into the gas-liquid separator 33. In this case, the second gas pipe temperature detection
unit 64b acts as second inflow temperature detection unit that detects the inflow temperature of the refrigerant flowing
into the gas-liquid separator 33. Thus, the second gas pipe temperature detection unit 64b detects the inflow temperature
of the refrigerant flowing into the gas-liquid separator 33 (step S13). Then the inflow pressure detection unit 63 detects
the inflow pressure of the refrigerant flowing into the gas-liquid separator 33 (step S14).

[0099] The first determination unit 83 then determines whether the bypass flow rate Grg is different from the multiplied
value Gr-x obtained by multiplying the inflow flow rate Gr by the inlet quality x (Grg = Gr-x) (step S15). When the first
determination unit 83 determines that the bypass flow rate Grg is equal to the multiplied value Gr-x obtained by multiplying
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the inflow flow rate Gr by the inlet quality x (Grg = Gr-x) (No in step S15), the operation returns to step S11.

[0100] In contrast, when the bypass flow rate Grg is determined to be different from the multiplied value Gr-x obtained
by multiplying the inflow flow rate Gr by the inlet quality x (Grg = Gr-x) (Yes in step S15), the second determination unit
84 determines whether the bypass flow rate Grg is higher than the multiplied value Gr-x (Grg > Gr-x) (step S16). When
the second determination unit 84 determines that the bypass flow rate Grg is higher than the multiplied value Gr-x (Grg
> Gr-x) (Yes in step S16), the bypass opening degree adjustment unit 85 reduces the opening degree of the bypass
expansion unit 37 (step S17). When the second determination unit 84 determines that the bypass flow rate Grg is lower
than the multiplied value Gr-x (Grg < Gr-x) (No in step S16), the bypass opening degree adjustment unit 85 increases
the opening degree of the bypass expansion unit 37 (step S18). Then the operation is finished.

[0101] As described above, the controller 80 of the air-conditioning apparatus 1 adjusts the opening degree of the
bypass expansion unit 37 on the basis of the bypass flow rate, the inflow flow rate, and the inlet quality, to thereby
improve the operation efficiency of the air-conditioning apparatus. In addition, the gas refrigerant is prevented from
flowing through the heat source-side heat exchanger 34, by adjusting the opening degree of the bypass expansion unit
37.Thus, the air-conditioning apparatus 1 is capable of improving the pressure loss in the heat source-side heat exchanger
34 as well as on the downstream side of the heat source-side heat exchanger 34, and minimizing degradation in heat
exchange efficiency of the heat source-side heat exchanger 34.

[0102] Further, the controller 80 can also optimize the separation ratio between the gas refrigerant and the liquid
refrigerant in the gas-liquid separator 33, by adjusting the opening degree of the bypass expansion unit 37 on the basis
of the bypass flow rate, the inflow flow rate, and the inlet quality. Thus, even when the separation ratio of the refrigerant
in the gas-liquid separator 33 is about to change during the dual evaporation temperature control, the separation ratio
can be maintained at the optimum level. In addition, since an on-off valve provided in the bypass pipe 71 does not have
to be closed to prevent the refrigerant from flowing into the bypass pipe 71, to thereby prevent the liquid return phenom-
enon, the energy saving effect expected from the use of the gas-liquid separator 33 can be fully obtained.

[0103] Although Embodiment 1 represents the case where the air-conditioning apparatus 1 includes one heat source-
side unit 3, one relay unit 4, and two load-side units, one or a plurality of the heat source-side units 3, the relay units 4,
and the load-side units may be included. Although the present invention is applied to the air-conditioning apparatus in
Embodiment 1, the present invention is broadly applicable to various refrigeration systems that include a refrigerant
circuit based on a refrigeration cycle.

Reference Signs List
[0104]

1: air-conditioning apparatus, 2: refrigerant circuit, 3: heat source-side unit, 4: relay unit, 5: load-side unit group, 5a:
first load-side unit, 5b: second load-side unit, 10: connection pipe, 11: first connection pipe, 11 a: expansion pipe,
12: second connection pipe, 13: third connection pipe, 14: fourth connection pipe, 15: fifth connection pipe, 16: sixth
connection pipe, 17: seventh connection pipe, 20: check valve, 21: first check valve, 22: second check valve, 23:
third check valve, 24: fourth check valve, 25: fifth check valve, 26: sixth check valve, 27: seventh check valve, 28:
eighth check valve, 29: ninth check valve, 31: compressor, 32: flow switching device, 33: gas-liquid separator, 34:
heat source-side heat exchanger, 35: heat source-side fan, 36: accumulator, 37: bypass expansion unit, 38: heat
source-side on-off valve, 39: heat source-side expansion unit, 41: sub gas-liquid separator, 42: first refrigerant-to-
refrigerant heat exchanger, 43: first refrigerant expansion unit, 44: second refrigerant-to-refrigerant heat exchanger,
45: second refrigerant expansion unit, 46: refrigerant switch group, 47: first refrigerant switch : 47a: eleventh refrig-
erant switch, 47b: twelfth refrigerant switch, 48: second refrigerant switch, 48a: twenty-first refrigerant switch, 48b:
twenty-second refrigerant switch, 51: load-side heat exchanger, 51 a: first load-side heat exchanger, 51b: second
load-side heat exchanger, 52: expansion unit, 52a: first expansion unit, 52b: second expansion unit, 61: discharge
pressure detection unit, 62: suction pressure detection unit, 63: inflow pressure detection unit, 64: gas pipe temper-
ature detection unit, 64a: first gas pipe temperature detection unit, 64b: second gas pipe temperature detection unit,
65: liquid pipe temperature detection unit, 65a: first liquid pipe temperature detection unit, 65b: second liquid pipe
temperature detection unit, 71: bypass pipe, 72: high-pressure pipe, 73: low-pressure pipe, 73a: separation pipe,
74: sub bypass pipe, 75: primary-side pipe, 76: secondary-side pipe, 77: secondary low-pressure pipe, 78: gas pipe,
78a: first gas pipe, 78b: second gas pipe, 79: liquid pipe, 79a: first liquid pipe, 79b: second liquid pipe, 80: controller,
81: threshold determination unit, 82: heat source opening degree adjustment unit, 83: first determination unit, 84:
second determination unit, 85: bypass opening degree adjustment unit
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Claims

1.

5.

6.

An air-conditioning apparatus including a compressor, a load-side heat exchanger, an expansion unit, and a heat
source-side heat exchanger connected to one another via a pipe to allow refrigerant to circulate, the air-conditioning
apparatus comprising:

a gas-liquid separator configured to separate the refrigerant;

a bypass pipe connecting between the gas-liquid separator and a suction side of the compressor;

a bypass expansion unit provided to the bypass pipe and configured to adjust a flow rate of the refrigerant;

a heat source-side expansion unit configured to adjust a flow rate of the refrigerant flowing into the heat source-
side heat exchanger; and

a controller configured to adjust an opening degree of the bypass expansion unit on a basis of a bypass flow
rate of the refrigerant flowing through the bypass pipe calculated from an opening degree of the heat source-
side expansion unit, an inflow flow rate of the refrigerant flowing into the gas-liquid separator, and inlet quality
of the gas-liquid separator.

The air-conditioning apparatus of claim 1, wherein the controller is configured to determine whether gas refrigerant
flowing into the gas-liquid separator is same as gas refrigerant flowing into the bypass pipe, and adjust the opening
degree of the bypass expansion unit on a basis of a determination result.

The air-conditioning apparatus of claim 1 or 2,

wherein the controller includes

a first determination unit configured to determine whether the bypass flow rate is different from a multiplied value
obtained by multiplying the inflow flow rate by the inlet quality,

a second determination unit configured to determine whether the bypass flow rate is higher than the multiplied value
when the first determination unit determines that the bypass flow rate is different from the multiplied value, and

a bypass opening degree adjustment unit configured to reduce the opening degree of the bypass expansion unit
when the second determination unit determines that the bypass flow rate is higher than the multiplied value, and
increase the opening degree of the bypass expansion unit when the second determination unit determines that the
bypass flow rate is lower than the multiplied value.

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

a discharge pressure detection unit configured to detect a discharge pressure of the refrigerant flowing through
a discharge side of the compressor;

a suction pressure detection unit configured to detect a suction pressure of the refrigerant flowing through the
suction side of the compressor; and

an inflow temperature detection unit configured to detect an inflow temperature of the refrigerant flowing into
the gas-liquid separator,

wherein the controller is configured to calculate the inlet quality on a basis of the discharge pressure detected
by the discharge pressure detection unit, the suction pressure detected by the suction pressure detection unit,
and the inflow temperature detected by the inflow temperature detection unit.

The air-conditioning apparatus of any one of claims 1 to 4, further comprising:

a suction pressure detection unit configured to detect a suction pressure of the refrigerant flowing through the
suction side of the compressor; and

an inflow pressure detection unit configured to detect an inflow pressure of the refrigerant flowing into the gas-
liquid separator,

wherein the controller is configured to calculate the bypass flow rate on a basis of the suction pressure detected
by the suction pressure detection unit, and the inflow pressure detected by the inflow pressure detection unit.

The air-conditioning apparatus of any one of claims 1 to 5, further comprising a plurality of the load-side heat
exchangers and a plurality of the expansion units, the plurality of the load-side heat exchangers each being configured
to independently act as condenser or evaporator,
the air-conditioning apparatus being configured to perform
a heating operation in which the heat source-side heat exchanger acts as evaporator, and
a cooling operation in which the heat source-side heat exchanger acts as condenser,
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the heating operation including

a heating-only operation in which all of the plurality of the load-side heat exchangers act as condenser, and

a heating-main operation in which atleast one of the plurality of the load-side heat exchangers acts as evaporator, and
the cooling operation including

a cooling-only operation in which all of the plurality of the load-side heat exchangers act as evaporator, and

a cooling-main operation in which at least one of the plurality of the load-side heat exchangers acts as condenser.

The air-conditioning apparatus of claim 6, further comprising:

a heat source-side expansion unit configured to adjust the flow rate of the refrigerant flowing into the heat
source-side heat exchanger; and

a liquid pipe temperature detection unit configured to detect a liquid pipe temperature of the refrigerant flowing
into the load-side heat exchanger acting as evaporator among the plurality of the load-side heat exchangers,
wherein the controller includes

a threshold determination unit configured to determine whether the liquid pipe temperature detected by the
liquid pipe temperature detection unit is equal to or lower than a predetermined threshold of the liquid pipe
temperature, and

a heat source opening degree adjustment unit configured to adjust the opening degree of the heat source-side
expansion unit to make the liquid pipe temperature higher than the threshold of the liquid pipe temperature,
when the threshold determination unit determines that the liquid pipe temperature is equal to or lower than the
threshold of the liquid pipe temperature.
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FIG. &

FIG. 6
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