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(54) AIR CONDITIONING DEVICE

(67)  Anair-conditioning apparatus 1 includes at least
two outdoor units on each of which a compressor 101
and an outdoor heat exchanger 103 are mounted and at
least one indoor unit 200 on which an indoor expansion
device and an indoor heat exchanger 201 are mounted,
the at least one outdoor unit 100 performs a defrosting
operation in which a first expansion device is opened,
discharging refrigerant from the compressor 101 is by-
passed to the outdoor heat exchanger 103 via a hot-gas
bypass pipe 118, a third expansion device is closed, and
an opening degree of a second expansion device is reg-
ulated while the other outdoor unit 100 is performing a
heating operation.
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Description
Technical Field

[0001] The present invention relates to an air-condi-
tioning apparatus for performing air-conditioning and the
like by using a refrigeration cycle (heat-pump cycle) and
particularly to an air-conditioning apparatus with im-
proved comfort when an indoor unit is performing a heat-
ing operation.

Background Art

[0002] In a prior-art air-conditioning apparatus, when
a heating operation is performed at a low outside tem-
perature, there is a concern that a frost adheres to a fin
surface andrefrigerant pipes of an outdoor heatexchang-
er serving as an evaporator. When the frost adheres to
the fin surface and the refrigerant pipes of the outdoor
heat exchanger, an air-path pressure loss of the outdoor
heat exchanger increases, and a heat transfer perform-
ance lowers. Thus, defrosting is needed by regularly per-
forming a defrosting operation of the outdoor unit, but
there is a problem that the heating operation should be
stopped during the defrosting operation.

[0003] An air-conditioning apparatus including a plu-
rality of outdoor units and performing the heating opera-
tion even during the defrosting operation to maintain
comfort during the defrosting operation is disclosed (see
Patent Literature 1 and Patent Literature 2, for example)
to cope with the aforementioned problem.

[0004] In the air-conditioning apparatus (an air-condi-
tioning system having two systems of outdoor units) in-
cluding a plurality of outdoor units as described in Patent
Literature 1 and Patent Literature 2, an intensity of a load
of the entire system is determined when the defrosting
operation is to be performed, and the defrosting operation
is performed when a temperature on an indoor side low-
erstoresultin asense of discomfort, evenifthe defrosting
operation is performed while the heating operation is con-
tinued.

Citation List
Patent Literature
[0005]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2008-175410 (see
[0030] to [0047], Fig. 3, and Fig. 4, for example)
Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 2012-107790 (see
[0030] to [0050], Fig. 1 and Fig. 2, for example)
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Summary of Invention
Technical Problem

[0006] In an air-conditioning apparatus including a plu-
rality of outdoor units as described in Patent Literature 1
and Patent Literature 2, when the defrosting operation is
performed while the heating operation is continued, that
is, when at least one outdoor unit performs the defrosting
operation when the other outdoor units are performing
the heating operation, due to a difference in operation
cycles between the outdoor unit performing the heating
operation (hereinafter referred to as a heating-operation
side outdoor unit) and the outdoor unit performing the
defrosting operation (hereinafter referred to as a defrost-
ing-operation side outdoor unit), a refrigerant amount is
biased to the heating-operation side outdoor unit.
[0007] Thus, when the defrosting operation is contin-
ued for a long time or repeated, the refrigerant amount
runs short in the defrosting-operation side outdoor unit,
which results in an excessive rise in a compressor dis-
charge temperature or the like, while in the heating-op-
eration side outdoor unit, the refrigerant amount increas-
es and causes aliquid inflow (liquid-back) in alarge quan-
tity into the compressor or the like, and there is a problem
that stable operation cannot be performed.

[0008] The present invention was made to solve the
problems as above and has an object to provide an air-
conditioning apparatus including a plurality of outdoor
units, which corrects biased refrigerant amounts be-
tween outdoor units (between the heating-operation side
outdoor unit and the defrosting-operation side outdoor
unit) and performing a stable operation when the defrost-
ing operation is performed while the heating operation is
continued.

Solution to Problem

[0009] An air-conditioning apparatus according to an
embodiment of the present invention includes at least
two outdoor units on each of which a compressor and an
outdoor heat exchanger are mounted and at least one
indoor unit on which an indoor expansion device and an
indoor heat exchanger are mounted, the outdoor unit is
connected to the indoor unit in parallel, the compressor,
the indoor heat exchanger, the indoor expansion device,
and the outdoor heat exchanger are sequentially con-
nected by pipes and constitute a refrigerant circuit
through which refrigerant is circulated, in which the out-
door unit includes a hot-gas bypass pipe for bypassing
discharging refrigerant from the compressor to the out-
door heat exchanger, a first expansion device for con-
trolling a flow rate of the refrigerant flowing through the
hot-gas bypass pipe, a liquid bypass pipe branching from
a connection pipe for connecting the indoor unit and the
outdoor heat exchanger and connected to a suction side
of the compressor, a second expansion device for con-
trolling a flow rate of the refrigerant flowing through the
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liquid bypass pipe, and a third expansion device for con-
trolling a flow rate of the refrigerant flowing through an
outdoor-side connection pipe closer to the outdoor heat
exchanger side than a branch pointfromthe liquid bypass
pipe in the connection pipe, and the at least one outdoor
unit performs a defrosting operation in which the first ex-
pansion device is opened, the discharging refrigerant
from the compressor is bypassed to the outdoor heat
exchanger through the hot-gas bypass pipe, the third ex-
pansion device is closed, and an opening degree of the
second expansion device is regulated when the other
outdoor units are performing the heating operation.

Advantageous Effects of Invention

[0010] With the air-conditioning apparatus according
to the embodiment of the present invention, since the at
least one outdoor unit performs the defrosting operation
in which the first expansion device is opened, the dis-
charging refrigerant from the compressor is bypassed to
the outdoor heat exchanger through the hot-gas bypass
pipe, the third expansion device is closed, and the open-
ing degree of the second expansion device is regulated
when the other outdoor units are performing the heating
operation, the bias in the refrigerant amount between the
outdoor units can be corrected, and the stable operation
can be performed without causing the excessive rise in
the discharge temperature of the compressor, the liquid
back or the like.

Brief Description of Drawings
[0011]

[Fig. 1] Fig. 1 is a refrigerant circuit diagram showing
an example of an air-conditioning apparatus accord-
ing to an embodiment of the present invention.
[Fig. 2] Fig. 2 is a control flowchart in a defrosting
operation of the air-conditioning apparatus accord-
ing to the embodiment of the present invention. De-
scription of Embodiments

Embodiment.

[0012] Fig. 1 is a refrigerant circuit diagram showing
an example of an air-conditioning apparatus 1 according
to an embodiment of the present invention.

[0013] Hereinafter, arefrigerant circuit configuration of
the air-conditioning apparatus 1 will be described based
on Fig. 1. The air-conditioning apparatus 1 is installed in
a building, an apartment and the like and capable of a
cooling operation and a heating operation at the same
time by using a refrigeration cycle (heat-pump cycle) for
circulating refrigerant (refrigerant for air-conditioning).
Moreover, the air-conditioning apparatus 1 performs a
defrosting operation.

[0014] A relationship in size of each of constituent
members might be different from the actual constituent
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members in the following drawings including Fig. 1 in
some cases. Moreover, the present invention is not lim-
ited to the embodiment described below.

[0015] The air-conditioning apparatus 1 according to
this embodimentincludes, as illustrated in Fig. 1, outdoor
units (heat-source side units) 100A and 100B, an indoor
unit (load side unit) 200, and a controller 300.

[0016] The outdoor units 100A and 100B are connect-
ed to the indoor unit 200 in parallel by refrigerant pipes,
respectively, and constitute a refrigerant circuit thatis an
essential part and perform heating or cooling in a target
space by causing the refrigerant to be circulated in the
refrigerant circuit. The air-conditioning apparatus 1 is
constituted such that the two outdoor units 100A and
100B are connected to the single indoor unit 200, how-
ever, the configuration is not particularly limited as long
as there is a plurality (two units) or more of the outdoor
units 100.

[0017] Moreover, in Fig. 1, "A" is added to reference
numeral of each device provided in the outdoor unit 100A,
while "B" is added to reference numeral of each device
provided in the outdoor unit 100B in the drawings. In the
following explanation, "A" and "B" after reference numer-
als might be omitted in some cases, but it is needless to
say that each device is provided in the both outdoor unit
100A and outdoor unit 100B.

[0018] The refrigerant pipe includes a gas pipe 105
through which a gas refrigerant (gas refrigerant) flows
and a liquid pipe 106 through which a liquid refrigerant
(liquid refrigerant or two-phase gas-liquid refrigerant)
flows. The refrigerant circulated in the refrigerant circuit
is not particularly limited and it is R410A, R404A, HFO
(hydro fluoro olefin) or the like that is an HFC-based re-
frigerant or CO,, ammonium or the like that is a natural
refrigerant.

[0019] The outdoor unit 100A includes a compressor
101 A, afour-way valve 102A, an outdoor heat exchanger
(heat-source side heat exchanger) 103A, an accumulator
104A, a first valve 107A, a second valve 108A, a fan
109A, a first temperature sensor 110A, a second tem-
perature sensor 111A, a third temperature sensor 112A,
a first pressure sensor 113A, a second pressure sensor
114A, a liquid bypass pipe 115A, a bypass expansion
device 116A, a refrigerant heat exchanger 117A, a hot-
gas bypass pipe 118A, and an outdoor-side connection
pipe 119A and the constitution is accommodated in a
main body case 120A.

[0020] The indoor unit 200 includes an indoor heat ex-
changer (load-side heat exchanger) 201, an expansion
unit 202, and a fan 203, and the constitution is accom-
modated in a housing 204.

[0021] In the refrigerant circuit of the air-conditioning
apparatus 1 for the outdoor unit 100A and the indoor unit
200, the compressor 101 A, the four-way valve 102A, the
indoor heat exchanger 201, the expansion unit 202, the
refrigerant heat exchanger 117A, the outdoor heat ex-
changer 103A, and the accumulator 104A are sequen-
tially connected by pipes. In the outdoor unit 100A, the
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hot-gas bypass pipe 118A for bypassing discharging re-
frigerant flowing from the compressor 101 A toward the
four-way valve 102A to the outdoor heat exchanger 103A
so that it flows to the outdoor heat exchanger 103A with-
out passing through the four-way valve 102A is provided.
Moreover, the liquid bypass pipe 115A for bypassing low-
temperature refrigerant flowing from the indoor unit 200
toward the outdoor heat exchanger 103A to an inlet of
the accumulator 104A (suction side of the compressor
101 A) is provided.

[0022] The compressor 101 A compresses to turn the
suctioned refrigerant in a high-temperature/high-pres-
sure state. The four-way valve 102A switches a flow of
the refrigerant flowing through the refrigerant circuit be-
tween a cooling operation and a heating operation.
[0023] The outdoor heat exchanger 103A exchanges
heat between ambient air and the refrigerant flowing in
the outdoor heat exchanger 103A. The outdoor heat ex-
changer 103A serves as an evaporator, for example, and
evaporates and gasifies the refrigerant. Alternatively, the
outdoor heat exchanger 103A serves as a radiator (con-
denser) and condenses and liquefies the refrigerant.
[0024] In this embodiment, an example in which the
outdoor unit 100A includes a single heat exchanger will
be described, but it may be constituted including a plu-
rality of heat exchangers.

[0025] The fan 109A is configured to blow air to the
outdoor heat exchanger 103A. The accumulator 104A is
disposed between the suction side of the compressor
101 A and the four-way valve 102A and stores excess
refrigerant. The accumulator 104A is a container for stor-
ing the excess refrigerant, for example.

[0026] The bypass expansiondevice 116A is disposed
at a position at which the bypass expansion device 116A
can regulate a passage of the liquid bypass pipe 115A.
The refrigerant heat exchanger 117A is disposed in a
passage of the outdoor-side connection pipe 119A closer
to the outdoor heat exchanger 103A side than a branch
point to the liquid bypass pipe 115A and in a passage of
the liquid bypass pipe 115A in the connection pipes be-
tween the expansion unit 202 and the outdoor heat ex-
changer 103A.

[0027] The bypass expansion device 116A and the re-
frigerant heat exchanger 117A are devices for exchang-
ing heat between refrigerant in a liquid (liquid refrigerant)
(high-temperature, high-pressure) flowing out of the out-
door heat exchanger 103A and refrigerant at a low-tem-
perature low-pressure subjected to flow rate control by
the bypass expansion device 116A during the cooling
operation and for supercooling the refrigerant to be sup-
plied to the indoor unit 200, for example. The liquid flow-
ing through the bypass expansion device 116A is re-
turned to the accumulator 104A via the liquid bypass pipe
115A.

[0028] A firstvalve 107A and a second valve 108A are
solenoid valves, for example, and control the flow rate of
the refrigerant flowing through the refrigerant circuit by
regulating the opening degrees thereof. The first valve
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107A is disposed at a position at which the first valve
107A can control a passage of the hot-gas bypass pipe
118A. The second valve 108A is disposed at a position
at which the second valve 108A can control a passage
of the outdoor-side connection pipe 119A.

[0029] The firstvalve 107A and the second valve 108A
may be opening and closing valves. Moreover, it may be
so constituted that a three-way valve is provided instead
of the first valve 107A and the second valve 108A for
switching between the passage of the hot-gas bypass
pipe 118A and the passage between a header 134 and
the outdoor heat exchanger 103A.

[0030] The first pressure sensor 113A is a sensor for
detecting a pressure of the refrigerant and detects a pres-
sure of the refrigerant flowing into the accumulator 104A
(or a pressure of the refrigerant on the suction side of the
compressor 101 A).

[0031] The firsttemperature sensor 110A is a thermis-
tor, for example, and detects a temperature of the refrig-
erant flowing into the accumulator 104A (or a tempera-
ture of the refrigerant on the suction side of the compres-
sor 101 A).

[0032] A saturation temperature of the refrigerant flow-
ing into the accumulator 104A is obtained from the pres-
sure of the first pressure sensor 113A, and whether a
state of the refrigerant flowing into the accumulator 104A
is a superheated gas or not can be determined by com-
paring the saturation temperature with the temperature
of the first temperature sensor 110A.

[0033] The second pressure sensor 114A is a sensor
for detecting a pressure of the refrigerant and detects a
pressure of the refrigerant discharged from the compres-
sor 101A.

[0034] The second temperature sensor 111A is a ther-
mistor, for example, and detects a temperature of the
refrigerant discharged from the compressor 101 A.
[0035] A saturation temperature of the refrigerant dis-
charged from the compressor 101A is obtained from the
pressure of the second pressure sensor 114A, and
whether a state of the refrigerant discharged from the
compressor 101A is a superheated gas or not can be
determined by comparing it with the temperature of the
second temperature sensor 111A.

[0036] The third temperature sensor 112A is a ther-
mistor, for example, and detects a temperature of the
refrigerant flowing through the outdoor heat exchanger
103A. The third temperature sensor 112A is installed be-
tween the outdoor heat exchanger 103A and the four-
way valve 102A so that the third temperature sensor
112A detects a refrigerant temperature on a refrigerant
outflow side in a cooling operation or in a defrosting op-
eration and detects the refrigerant temperature on a re-
frigerant inflow side in the heating operation. Therefore,
based on a detection result of the third temperature sen-
sor 112A, it can be determined whether the outdoor unit
100A is performing a defrosting operation or performing
a heating operation.

[0037] Theindoorheatexchanger201exchanges heat
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between ambient air and the refrigerant flowing in the
indoor heat exchanger 201. The indoor heat exchanger
201 serves as an evaporator, for example, and evapo-
rates and gasifies the refrigerant. Alternatively, the indoor
heat exchanger 201 serves as a radiator (condenser)
and condenses and liquefies the refrigerant.

[0038] The expansion unit 202 serves as a pressure
reducing valve or an expansion valve, and reduces or
expands a pressure of the refrigerant. The expansion
unit 202 is an electronic expansion valve capable of var-
iable control of an opening degree, for example, and ex-
ecutes fine flow control by regulating the opening degree.
The expansion unit 202 may be inexpensive refrigerant
flow control means such as a capillary tube.

[0039] The outdoor unit 100B includes a compressor
101 B, afour-way valve 102B, an outdoor heat exchanger
(heat-source side heat exchanger) 103B, an accumulator
104B, a first valve 107B, a second valve 108B, a fan
109B, a first temperature sensor 110B, a second tem-
perature sensor 111 B, a third temperature sensor 112B,
a first pressure sensor 113B, a second pressure sensor
114B, a liquid bypass pipe 115B, a bypass expansion
device 116B, a refrigerant heat exchanger 117B, and a
hot-gas bypass pipe 118B, and these constitutions are
accommodated in a main body case 120B.

[0040] For example, the compressor 101 B of the out-
door unit 100B corresponds to the compressor 101A of
the outdoor unit 100A. The four-way valve 102B, the out-
door heat exchanger 103B, the accumulator 104B, the
first valve 107B, the second valve 108B, the fan 109B,
the first temperature sensor 110B, the second tempera-
ture sensor 111 B, the third temperature sensor 112B,
the first pressure sensor 113B, the second pressure sen-
sor 114B, the liquid bypass pipe 115B, the bypass ex-
pansion device 116B, the refrigerant heat exchanger
117B, the hot-gas bypass pipe 118B, and the outdoor-
side connection pipe 119B also correspond to each of
those with the same reference numerals of the outdoor
unit 100A.

[0041] Since the outdoor unit 100B has constitution
similar to that of the outdoor unit 100A, detailed descrip-
tion will be omitted. Moreover, since the refrigerant circuit
of the air-conditioning apparatus 1 for the outdoor unit
100B and the indoor unit 200 is also similar to the refrig-
erant circuit of the air-conditioning apparatus 1 for the
outdoor unit 100A and the indoor unit 200, the detailed
description will be omitted.

[0042] The outdoor unit 100A and the outdoor unit
100B may be disposed in the same housing.

[0043] Moreover, as a unit for switching a flow of the
refrigerant flowing though the refrigerant circuit, a two-
way valve and a three-way valve may be used in combi-
nation instead of the four-way valve 102.

[0044] Moreover, the air-conditioning apparatus 1 ac-
cording to this embodiment is assumed to perform the
cooling operation and the heating operation but it may
be so constituted that the cooling operation is not per-
formed and in that case, the four-way valve 102 is not
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needed.

[0045] The outdoor units 100A and 100B and the in-
door unit 200 are connected by the gas pipe 105 and the
liquid pipe 106 via headers 132 and 134. In the heating
operation, the refrigerant flowing out of the outdoor units
100A and 100B merges at the header 132, while the re-
frigerant flowing out of the indoor unit 200 branches at
the header 134. Moreover, in the cooling operation, the
refrigerant flowing out of the outdoor units 100A and 100B
merges at the header 134, while the refrigerant flowing
out of the indoor unit 200 branches at the header 132.
[0046] The controller 300 is constituted by a microcom-
puter or the like, for example, and controls the outdoor
units 100 and the indoor unit 200 of the air-conditioning
apparatus 1 in accordance with various operations. In
this embodiment, the controller 300 controls the bypass
expansion device 116 in accordance with each value of
the first pressure sensor 113A, the first temperature sen-
sor 110A, the second pressure sensor 114A, and the
second temperature sensor 111A.

[0047] The bypass expansion device 116 corresponds
to the "second expansion device" of the present inven-
tion, the first valve 107 to the "first expansion device" of
the present invention, the second valve 108 to the "third
expansion device" of the present invention, and the ex-
pansion unit 202 to the "indoor expansion device" of the
present invention.

[0048] Subsequently, anoperation of the air-condition-
ing apparatus 1 in the heating operation will be described.
[0049] In the following description, a high pressure or
alow pressure is assumed to mean arelative relationship
of a pressure in the refrigerant circuit. A high temperature
or a low temperature is, likewise, assumed to mean a
relative relationship of a temperature in the refrigerant
circuit. Moreover, a main entity of the operation of the
air-conditioning apparatus 1 described below is the con-
troller 300.

[0050] When the heating operation is to be performed
in the outdoor units 100A and 100B, the first valves 107A
and 107B are closed, and the second valves 108A and
108B are opened.

[0051] The high-temperature/high-pressure gas (gas)
refrigerant pressurized in the compressors 101Aand 101
B in the outdoor units 100A and 100B flows into the head-
er 132 via the four-way valves 102A and 102B. The gas
refrigerant pressurized in the compressor 101 A and the
gas refrigerant pressurized in the compressor 101 B
merge at the header 132 and flows into the indoor unit
200.

[0052] The gas refrigerant having flowed into the in-
door unit 200 passes through the indoor heat exchanger
201, exchanges heat with ambient air and is condensed.
Then, the pressure of the refrigerant having flowed out
of the indoor heat exchanger 201 is controlled by the
expansion unit 202, and the liquid at an intermediate
pressure or the refrigerant in the two-phase gas-liquid
state branches at the header 134 and flows into the out-
door units 100A and 100B.
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[0053] The refrigerant having flowed into the outdoor
units 100A and 100B exchanges heat with the ambient
air by passing through the outdoor heat exchangers 103A
and 103B and is evaporated and becomes gas refriger-
ant. This gas refrigerant is suctioned into the compres-
sors 101 A and 101 B via the four-way valves 102A and
102B and the accumulators 104A and 104B. The refrig-
erant having been suctioned into the compressors 101A
and 101 B is pressurized again and is discharged.
[0054] Subsequently, anoperation of the air-condition-
ing apparatus 1 according to this embodiment in the de-
frosting operation will be described.

[0055] Inthefollowing description, an examplein which
the defrosting operation is performed in the outdoor unit
100A will be described. At this time, the heating operation
is performed in the outdoor unit 100B. It may be so con-
stituted that the defrosting operation is performed in the
outdoor unit 100B, and the heating operation is per-
formed in the outdoor unit 100A.

[0056] As described below, the air-conditioning appa-
ratus 1 performs the defrosting operation while the heat-
ing operation is continued by performing the defrosting
operation in either one of the outdoor unit 100A and the
outdoor unit 100B and by performing the heating opera-
tion in the other of the outdoor unit 100A and the outdoor
unit 100B.

[0057] When the defrosting operation is to be per-
formed in the outdoor unit 100A, the first valve 107A is
opened, andthe second valve 108Ais closed. As aresult,
a part of the high-temperature refrigerant discharged
from the compressor 101 A passes through the first valve
107A and flows into the outdoor heat exchanger 103A.
In the high-temperature refrigerant discharged from the
compressor 101 A, a part other than those flowing into
the outdoor heat exchanger 103A flows into the header
132 and merges with the refrigerant having flowed out of
the outdoor unit 100B at the header 132 and flows into
the indoor unit 200.

[0058] When the high-temperature refrigerant flows in-
to the outdoor heat exchanger 103A, heat exchange is
performed between the high-temperature gas refrigerant
and frost adhered to the outdoor heat exchanger 103A.
Specifically, the frost adhered to the outdoor heat ex-
changer 103A takes away heat of the high-temperature
gas refrigerant. As a result, the frost having adhered to
the outdoor heat exchanger 103A is melted and flows
down. Since the second valve 108A is closed at this time,
the low-temperature refrigerant from the liquid pipe 106
does not flow into the outdoor heat exchanger 103A.
[0059] When the defrosting operation is performed in
the outdoor unit 100A, the heating operation is performed
in the outdoor unit 100B. That is, the high-tempera-
ture/high-pressure gas refrigerant pressurized in the
compressor 101 B passes through the gas pipe 105 and
flows into the indoor unit 200. The gas refrigerant having
flowed into the indoor unit 200 passes through the indoor
heat exchanger 201 and becomes the liquid at the inter-
mediate pressure or brings into the two-phase gas-liquid
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state. The liquid at the intermediate pressure or the re-
frigerantinthe two-phase gas-liquid state passes through
the liquid pipe 106 and passes through the outdoor heat
exchanger 103B of the outdoor unit 100B and becomes
the gas refrigerant. This gas refrigerant is suctioned into
the compressor 101 A again and is pressurized and dis-
charged.

[0060] As described above, in the defrosting operation
of the air-conditioning apparatus 1 according to this em-
bodiment, in the outdoor unit 100A, a part of the high-
temperature refrigerant discharged from the compressor
101A flows into the indoor heat exchanger 201 of the
indoor unit 200. However, the low-temperature refriger-
ant having flowed out of the indoor unit 200 does not flow
into the outdoor unit 100A since the second valve 108A
is closed and thus, a refrigerant amount is biased to the
outdoor unit 100B into which the low-temperature refrig-
erant flows.

[0061] Thus, during the defrosting operation, the by-
pass expansion device 116A of the outdoor unit 100A is
opened so that the low-temperature refrigerant from the
liquid pipe 106 passes through the liquid bypass pipe
115A and is returned also to (the accumulator 104A of)
the outdoor unit 100A without passing through the out-
door heat exchanger 103A. As a result, the liquid refrig-
erant is returned also to the outdoor unit 100A without
lowering the defrosting performance of the air-condition-
ing apparatus 1, and bias in the refrigerant amount be-
tween the outdoor units 100 (between the outdoor unit
100A and the outdoor unit 100B) can be prevented.
[0062] The liquid bypass pipe 115A and the bypass
expansion device 116A can be used for supercooling the
refrigerant to be supplied to the indoor unit 200 in the
cooling operation in the refrigerant heat exchanger 117A.
[0063] Fig. 2is a control flowchart in the defrosting op-
eration of the air-conditioning apparatus 1 according to
the embodiment of the present invention.

[0064] Fig. 2 is a flowchart illustrating a control flow
relating to opening-degree control of the bypass expan-
sion device 116A for preventing bias in the refrigerant
amount between the outdoor units 100 in the defrosting
operation. The bias in the refrigerant amount between
the outdoor units 100 is determined by a degree of su-
perheat (SH-A) of the refrigerant at the accumulator 104A
inlet (or the suction side of the compressor 101 A) of the
outdoor unit 100A performing the defrosting operation.
[0065] The degree of superheat (SH-A) of the refriger-
ant at the accumulator 104A inlet is calculated from a
difference between the saturation temperature acquired
from a value of the first pressure sensor 113A and a value
of the first temperature sensor 110A (STEP11).

[0066] When SH-A acquired from the above is 3 de-
grees C (a first threshold value determined in advance)
or more, it is determined that the liquid refrigerant has
not been returned to the outdoor unit 100A, and the by-
pass expansion device 116A is opened only by a value
X determined in advance (the opening degree of the by-
pass expansion device 116A is set to +X). On the other
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hand, when SH-A is less than 3 degrees C, the opening
degree of the bypass expansion device 116A is not
changed (STEP12).

[0067] Whether excess refrigerant has been returned
or not to the outdoor unit 100A is determined by the de-
gree of superheat (TASH-A) of the refrigerant on a dis-
charge side of the compressor 101 A of the outdoor unit
100A performing the defrosting operation. The degree of
superheat (TdASH-A) of the refrigerant on the discharge
side of the compressor 101 A is calculated from a differ-
ence between the saturation temperature acquired from
a value of the second pressure sensor 114A and a value
of the second temperature sensor 111 A (STEP13).
[0068] When TdSH-A acquired from the above is less
than 20 degrees C (a second threshold value determined
in advance), itis determined that the excess liquid refrig-
erant has been returned to the outdoor unit 100A, and
the bypass expansion device 116A is closed only by the
value X determined in advance (the opening degree of
the bypass expansion device 116A is set to -X). On the
other hand, when TdSH-A is 20 degrees C or more, the
opening degree of the bypass expansion device 116A is
not changed (STEP14).

[0069] By executing processing of the aforementioned
STEP11 to STEP14 at certain intervals, the liquid refrig-
erant flowing into the outdoor unit 100A performing the
defrosting operation is controlled, and the bias in the re-
frigerant amount between the outdoor units 100 can be
corrected.

[0070] Therefrigerantcontrolillustrated in Fig. 2 is also
applied similarly when the outdoor unit 100 performing
the defrosting operation is switched or in the case where
the number of the outdoor units 100 is three or more.
[0071] As described above, with the air-conditioning
apparatus 1 according to this embodiment, when the oth-
er outdoor unit 100 is performing the heating operation,
at least one unit of the outdoor unit 100 performs the
defrosting operation in which the first valve 107 is
opened, the discharging refrigerant from the compressor
101 is bypassed to the outdoor heat exchanger 103 via
the hot-gas bypass pipe 118, the second valve 108 is
closed, and the opening degree of the bypass expansion
device 116 is regulated, whereby the bias in the refrig-
erant amount between the outdoor units 100 can be cor-
rected, and stable operation can be performed without
causing the excessive rise in the discharge temperature
of the compressor 101, the liquid back or the like.
[0072] Regarding the control of the opening degree of
the bypass expansion device 116 in detail, the opening
degree of the bypass expansion device 116 is regulated
in accordance with the degree of superheat (SH-A) of
the refrigerant at the inlet of the accumulator 104 and the
degree of superheat (TdASH-A) of the refrigerant on the
discharge side of the compressor 101 A. Then, the low-
temperature refrigerant from the liquid pipe 106 is re-
turned also to (the accumulator 104 of) the outdoor unit
100 performing the defrosting operation via the liquid by-
pass pipe 115 without passing through the outdoor heat
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exchanger 103. As a result, when the defrosting opera-
tion is performed while the heating operation is contin-
ued, the bias in the refrigerant amount between the out-
door units 100 can be corrected, and stable operation
can be performed without causing the excessive rise in
the discharge temperature of the compressor 101, the
liquid back or the like.

[0073] Thefirstthreshold value and the second thresh-
old value are not limited to the aforementioned values
but are determined in accordance with a type of the re-
frigerant and the like. Moreover, a value at which the
bypass expansion device 116Ais opened when the value
is the first threshold value or more and a value at which
the bypass expansion device 116A is closed when the
value is less than the second threshold value may be
different values.

Reference Signs List

[0074] 1 air-conditioning apparatus, 100A outdoor unit,
100B outdoor unit,

101A compressor, 101 B compressor, 102A four-way
valve,

102B four-way valve, 103A outdoor heat exchanger,
103B outdoor heat exchanger, 104A accumulator, 104B
accumulator, 105 gas pipe,

106 liquid pipe, 107A first valve, 107B first valve, 108A
second valve,

108B second valve, 109A fan, 109B fan, 110A first tem-
perature sensor, 110B first temperature sensor, 111A
second temperature sensor, 111 B second temperature
sensor, 112A third temperature sensor,

112B third temperature sensor, 113A first pressure sen-
sor, 113B first pressure sensor, 114A second pressure
sensor, 114B second pressure sensor, 115A liquid by-
pass pipe, 115B liquid bypass pipe,

116A bypass expansion device, 116B bypass expansion
device,

117A refrigerant heat exchanger, 117B refrigerant heat
exchanger,

118A hot-gas bypass pipe, 118B hot-gas bypass pipe,
119A outdoor-side connection pipe, 119B outdoor- side
connection pipe, 120A main body case, 120B main body
case, 132 header, 134 header, 200 indoor unit, 201 in-
door heat exchanger, 202 expansion unit, 203 fan,

204 housing, 300 controller.

Claims
1. An air-conditioning apparatus comprising:

at least two outdoor units on each of which a
compressor and an outdoor heat exchanger are
mounted; and
at least one indoor unit on which an indoor ex-
pansion device and an indoor heat exchanger
are mounted,
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the outdoor units being connected to the indoor
unit in parallel,

the compressor, the indoor heat exchanger, the
indoor expansion device, and the outdoor heat
exchanger being sequentially connected by
pipes and constituting a refrigerant circuit in
which refrigerant is circulated,

the outdoor unit including

ahot-gas bypass pipe for bypassing discharging
refrigerant from the compressor to the outdoor
heat exchanger;

a first expansion device configured to regulate
a flow rate of the refrigerant flowing through the
hot-gas bypass pipe;

a liquid bypass pipe branching from a connec-
tion pipe for connecting the indoor unit and the
outdoor heat exchanger and connected to a suc-
tion side of the compressor;

a second expansion device configured to regu-
late a flow rate of the refrigerant flowing through
the liquid bypass pipe; and

a third expansion device configured to regulate
a flow rate of the refrigerant flowing through an
outdoor-side connection pipe arranged on a side
of the outdoor heat exchanger with respect to a
branch point from the liquid bypass pipe in the
connection pipe,

the at least one outdoor unit performing a de-
frosting operation in which the first expansion
device is opened, the discharging refrigerant
from the compressor is bypassed to the outdoor
heat exchanger through the hot-gas bypass
pipe, the third expansion device is closed, and
an opening degree of the second expansion de-
vice is regulated when the other outdoor units
are performing a heating operation.

The air-conditioning apparatus of claim 1, wherein

in the outdoor unit performing the defrosting opera-
tion, an opening degree of the second expansion
device is regulated in accordance with a degree of
superheat of the refrigerant on the suction side of
the compressor and the degree of superheat of the
refrigerant on a discharge side of the compressor.

The air-conditioning apparatus of claim 2, wherein

in the outdoor unit performing the defrosting opera-
tion, when the degree of superheat of the refrigerant
on the suction side of the compressor is at a first
threshold value determined in advance or more, the
opening degree of the second expansion device is
increased only by a value determined in advance;
and

when the degree of superheat of the refrigerant on
the discharge side of the compressor is less than a
second threshold value determined in advance, the
opening degree of the second expansion device is
decreased only by a value determined in advance.
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4.

The air-conditioning apparatus of claim 3, wherein
the outdoor unit includes

a first pressure sensor configured to detect a pres-
sure of the refrigerant on the suction side of the com-
pressor,

afirsttemperature sensor configured to detect atem-
perature of the refrigerant on the suction side of the
compressor,

a second pressure sensor configured to detect a
pressure of the refrigerant on the discharge side of
the compressor, and

a second temperature sensor configured to detect a
temperature of the refrigerant on the discharge side
of the compressor,

in the outdoor unit performing the defrosting opera-
tion, the degree of superheat of the refrigerant on
the suction side of the compressor is calculated from
a difference between a saturation temperature ac-
quired from a value of the first pressure sensor and
a value of the first temperature sensor; and

a degree of superheat of the refrigerant on the dis-
charge side of the compressor is calculated from a
difference between a saturation temperature ac-
quired from a value of the second pressure sensor
and a value of the second temperature sensor.

The air-conditioning apparatus of any one of claims
1 to 4, wherein

the outdoor unitincludes a refrigerant heat exchang-
er configured to exchange heat between the refrig-
erant flowing through the outdoor-side connection
pipe and the refrigerant flowing through the liquid
bypass pipe.

Amended claims under Art. 19.1 PCT

1. An air-conditioning apparatus (1) comprising:

at least two outdoor units (100A, 100B) on each
of which acompressor (101A, 101B) and an out-
door heat exchanger (103A, 103B) are mount-
ed; and

at least one indoor unit (200) on which an indoor
expansion device (202) and an indoor heat ex-
changer (201) are mounted,

the outdoor units (100A, 100B) being connected
to the indoor unit (200) in parallel,

the compressor (101A, 101B), the indoor heat
exchanger (201), the indoor expansion device
(202), and the outdoor heat exchanger (103A,
103B) being sequentially connected by pipes
and constituting a refrigerant circuit in which re-
frigerant is circulated,

the outdoor unit (100A, 100B) including

a hot-gas bypass pipe (118A, 118B) for bypass-
ing discharging refrigerant from the compressor
(101A, 101B) to the outdoor heat exchanger
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(103A, 103B);

a first expansion device (107A, 107B) config-
ured toregulate aflow rate of the refrigerant flow-
ing through the hot-gas bypass pipe (118A,
118B);

a liquid bypass pipe (115a, 115B) branching
from a connection pipe for connecting the indoor
unit (200) and the outdoor heat exchanger
(103A, 103B) and connected to a suction side
of the compressor (101A, 101B);

a second expansion device (116) configured to
regulate a flow rate of the refrigerant flowing
through the liquid bypass pipe (115a, 115B); and
athird expansion device (108) configured to reg-
ulate a flow rate of the refrigerant flowing through
an outdoor-side connection pipe (119A, 119B)
arranged on a side of the outdoor heat exchang-
er (103A, 103B) with respect to a branch point
from the liquid bypass pipe (115a, 115B) in the
connection pipe,

the at least one outdoor unit (100A, 100B) per-
forming a defrosting operation in which the first
expansion device (107A, 107B) is opened, the
discharging refrigerant from the compressor
(101A, 101B) is bypassed to the outdoor heat
exchanger (103A, 103B) through the hot-gas by-
pass pipe (118A, 118B), the third expansion de-
vice (108) is closed, and an opening degree of
the second expansion device (116) is regulated
when the other outdoor units (100A, 100B) are
performing a heating operation.

2. The air-conditioning apparatus (1) of claim 1,
wherein

in the outdoor unit (100A, 100B) performing the de-
frosting operation, an opening degree of the second
expansion device (116) is regulated in accordance
with a degree of superheat of the refrigerant on the
suction side of the compressor (101A, 101B) and the
degree of superheat of the refrigerant on a discharge
side of the compressor (101A, 101B).

3. The air-conditioning apparatus (1) of claim 2,
wherein

in the outdoor unit (100A, 100B) performing the de-
frosting operation, when the degree of superheat of
the refrigerant on the suction side of the compressor
(101A, 101B) is at a first threshold value determined
in advance or more, the opening degree of the sec-
ond expansion device (116) is increased only by a
value determined in advance;and

when the degree of superheat of the refrigerant on
the discharge side of the compressor (101A, 101B)
is less than a second threshold value determined in
advance, the opening degree of the second expan-
sion device (116) is decreased only by a value de-
termined in advance.
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4. The air-conditioning apparatus (1) of claim 3,
wherein

the outdoor unit (100A, 100B) includes

a first pressure sensor (113A, 113B) configured to
detect a pressure of the refrigerant on the suction
side of the compressor (101A, 101B),

a first temperature sensor (110A, 110B) configured
to detect a temperature of the refrigerant on the suc-
tion side of the compressor (101A, 101B),

a second pressure sensor (114A, 114B) configured
to detect a pressure of the refrigerant on the dis-
charge side of the compressor (101A, 101B), and
a second temperature sensor (111 A, 111 B) config-
ured to detect a temperature of the refrigerant on the
discharge side of the compressor (101A, 101B),

in the outdoor unit (100A, 100B) performing the de-
frosting operation, the degree of superheat of the
refrigerant on the suction side of the compressor
(101A, 101B) is calculated from a difference between
a saturation temperature acquired from a value of
the first pressure sensor (113A, 113B) and a value
of the first temperature sensor (110A, 110B); and
a degree of superheat of the refrigerant on the dis-
charge side of the compressor (101A, 101B) is cal-
culated from a difference between a saturation tem-
perature acquired from a value of the second pres-
sure sensor (114A, 114B) and a value of the second
temperature sensor (111 A, 111 B).

5. The air-conditioning apparatus (1) of any one of
claims 1 to 4, wherein

the outdoor unit (100A, 100B) includes a refrigerant
heat exchanger (117A, 117B) configured to ex-
change heat between the refrigerant flowing through
the outdoor-side connection pipe (119A, 119B) and
the refrigerant flowing through the liquid bypass pipe
(115a, 115B).
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