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(57)  Anoutdoorunit(2) includes afirst flow path (F1),
a second flow path (F2), and a controller (100). A com-
pressor (10) and a condenser (20) are disposed on the
first flow path (F1) in order from a refrigerant inlet port
(PI2) toward a refrigerant outlet port (PO2). The second
flow path (F2) is configured to branch from a portion of
the first flow path (F1) between the condenser (20) and
the refrigerant outlet port (PO2), and to return, to the com-
pressor (10), the refrigerant that has passed through the
condenser (20). A first expansion valve (71), a receiver
(73), and a second expansion valve (72) are disposed
on the second flow path (F2) in order from a branch point
where the second flow path (F2) is branched from the
first flow path (F1). The controller (100) is configured to
control the compressor (10) and the first and second ex-
pansion valves (71, 72). The controller (100) is config-
ured to notify that the refrigerant is insufficient when a
time period for which a degree of opening of the second
expansion valve (72) is at an upper limit exceeds a de-
termination time period.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to an outdoor
unit and a refrigeration cycle apparatus.

BACKGROUND ART

[0002] In a refrigeration cycle apparatus, excess or
shortage of the amount of refrigerant causes degradation
in the capability of a refrigeration apparatus and damage
to constituting devices. WO 2017/199391 (PTL 1) dis-
closes a refrigeration cycle apparatus which prevents a
failure of a compressor by detecting shortage of refrig-
erant.

CITATION LIST
PATENT LITERATURE

[0003] PTL 1: WO 2017/199391

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] There is known a refrigeration cycle apparatus
having an injection flow path which decompresses a por-
tion of liquid refrigerant flowing out from a condenser,
reduces its temperature, and returns it to a compressor.
The refrigerant in the compressor can be cooled by the
injection flow path. In addition to a common refrigeration
apparatus, WO 2017/199391 (PTL 1) also discloses a
refrigeration apparatus having an injection flow path, and
the shortage of the refrigerant is detected before the com-
pressor has a failure.

[0005] Generally, when refrigerant sealed in a refrig-
erant circuit becomes insufficient due to shortage of a
filing amount, leak, or the like, the temperature of the
discharged refrigerant from a compressor becomes high-
er than a target temperature, for example, causing a re-
ductionin the efficiency of a refrigeration cycle apparatus.
Accordingly, even at a stage where the shortage of the
refrigerant does not lead to a failure of the compressor
or the like, it is desirable to detect the shortage of the
refrigerant progressing due to the leak of the refrigerant
or the like, at as an early stage as possible.

[0006] An object of the present disclosure is to provide
an outdoor unit and a refrigeration cycle apparatus ca-
pable of detecting shortage of refrigerant at an early
stage.

SOLUTION TO PROBLEM

[0007] The present disclosure relates to an outdoor
unit of a refrigeration cycle apparatus, the outdoor unit
being connectable to a load device including an expan-
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sion device and an evaporator. The outdoor unit includes
a refrigerant outlet port and a refrigerant inlet port for
connecting to the load device, a first flow path, a com-
pressor, a condenser, a second flow path, a first expan-
sion valve, a receiver, a second expansion valve, and a
controller. The first flow path, which is a flow path from
the refrigerant inlet port to the refrigerant outlet port, is
configured to form, together with the load device, a cir-
culation flow path through which refrigerant circulates.
The compressor and the condenser are disposed on the
firstflow path in order from the refrigerantinlet port toward
the refrigerant outlet port. The second flow path is con-
figured to branch from a portion of the first flow path be-
tween the condenser and the refrigerant outlet port, and
to return, to the compressor, the refrigerant that has
passed through the condenser. The firstexpansion valve,
the receiver, and the second expansion valve are dis-
posed on the second flow path in order from a branch
point where the second flow path is branched from the
first flow path. The controller is configured to control the
compressor and the first and second expansion valves.
The controller is configured to notify that the refrigerant
is insufficient when a time period for which a degree of
opening of the second expansion valve is at an upper
limit exceeds a determination time period.

ADVANTAGEOUS EFFECTS OF INVENTION

[0008] According to the outdoor unit and the refriger-
ation cycle apparatus including the same of the present
disclosure, when the refrigerantbecomes insufficientdue
to leak of the refrigerant or the like, shortage of the re-
frigerant can be detected at an early stage.

BRIEF DESCRIPTION OF DRAWINGS
[0009]

Fig. 1 is an overall configuration diagram of a refrig-
eration cycle apparatus according to a first embod-
iment.

Fig. 2 is a flowchart for illustrating control of a first
expansion valve 71.

Fig. 3 is aflowchart forillustrating control of a second
expansion valve 72.

Fig. 4 is a graph showing the relation between a de-
gree of progress of shortage of refrigerant and de-
grees of opening of the expansion valves of an out-
door unit when leak of the refrigerant occurs.

Fig. 5 is an overall configuration diagram of a refrig-
eration cycle apparatus according to a second em-
bodiment.

DESCRIPTION OF EMBODIMENTS
[0010] Hereinafter,embodiments of the presentdisclo-

sure will be described in detail with reference to the draw-
ings. Although a plurality of embodiments will be de-
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scribed below, it is originally intended from the time of
filing the present application to combine features de-
scribed in the embodiments as appropriate. It should be
noted that identical or corresponding parts in the draw-
ings will be designated by the same reference characters,
and the description thereof will not be repeated.

First Embodiment

[0011] Fig. 1 is an overall configuration diagram of a
refrigeration cycle apparatus according to a first embod-
iment. It should be noted that Fig. 1 functionally shows
the connection relation and the arrangement configura-
tion of devices in the refrigeration cycle apparatus, and
does not necessarily show an arrangement in a physical
space.

[0012] Referring to Fig. 1, a refrigeration cycle appa-
ratus 1 includes an outdoor unit 2, a load device 3, and
pipes 84 and 88. Outdoor unit 2 has a refrigerant outlet
port PO2 and a refrigerant inlet port P12 for connecting
to load device 3. Load device 3 has a refrigerant outlet
port PO3 and a refrigerant inlet port PI3 for connecting
to outdoor unit 2. Pipe 84 connects refrigerant outlet port
PO2 of outdoor unit 2 to refrigerant inlet port PI3 of load
device 3. Pipe 88 connects refrigerant outlet port PO3 of
load device 3 to refrigerant inlet port P12 of outdoor unit 2.
[0013] Outdoor unit 2 of refrigeration cycle apparatus
1is connectable to load device 3. Outdoor unit 2 includes
a compressor 10 having a suction port G1, a discharge
port G2, and an intermediate pressure port G3, a con-
denser 20, a fan 22, and pipes 80, 81, and 89.

[0014] Load device 3 includes an expansion valve 50
which is an expansion device, an evaporator 60, and
pipes 85, 86, and 87. Evaporator 60 is configured to per-
form heat exchange between air and refrigerant. In re-
frigeration cycle apparatus 1, evaporator 60 evaporates
the refrigerant by absorbing heat from the air in a space
to be cooled. Expansion valve 50 is, for example, a tem-
perature expansion valve controlled independently of
outdoor unit 2. It should be noted that expansion valve
50 may be an electronic expansion valve which can de-
compress the refrigerant.

[0015] Compressor 10 compresses the refrigerant
suctioned from pipe 89, and discharges the compressed
refrigerant to pipe 80. Compressor 10 can arbitrarily
change a drive frequency by inverter control. Further,
compressor 10 is provided with intermediate pressure
port G3, and allows the refrigerant from intermediate
pressure port G3 to flow into an intermediate portion of
a compression process. Compressor 10 is configured to
adjust a rotation speed according to a control signal from
a controller 100. By adjusting the rotation speed of com-
pressor 10, a circulation amount of the refrigerant is ad-
justed, and the capability of refrigeration cycle apparatus
1 can be adjusted. As compressor 10, various types of
compressors can be adopted, and for example, a com-
pressor of scroll type, rotary type, screw type, or the like
can be adopted.

10

15

20

25

30

35

40

45

50

55

[0016] Condenser 20 is configured such that the high-
temperature, high-pressure gas refrigerant discharged
from compressor 10 performs heat exchange with out-
side air (heat dissipation). By this heat exchange, the gas
refrigerant is condensed and transforms into a liquid
phase. The refrigerant discharged from compressor 10
to pipe 80 is condensed and liquefied in condenser 20,
and flows into pipe 81. Fan 22 for blowing the outside air
is attached to condenser 20 in order to increase the ef-
ficiency of heat exchange. Fan 22 supplies condenser
20 with the outside air with which the refrigerant performs
heat exchange in condenser 20. By adjusting the number
of revolutions of fan 22, a refrigerant pressure on a dis-
charge side of compressor 10 (a high pressure-side pres-
sure) can be adjusted.

[0017] Outdoor unit 2 includes a first flow path F1 from
refrigerant inlet port PI2 to refrigerant outlet port PO2 via
compressor 10 and condenser 20. First flow path F1
forms, together with a flow path on which expansion valve
50 and evaporator 60 of load device 3 are disposed, a
circulation flow path through which the refrigerant circu-
lates. Hereinafter, this circulation flow path will also be
referred to as a "main refrigerant circuit" of a refrigeration
cycle.

[0018] Outdoor unit 2 further includes a second flow
path F2 including pipes 91, 92, 93, and 94 configured to
cause the refrigerant to flow from a portion of the circu-
lation flow path between an outlet of condenser 20 and
refrigerant outlet port PO2 to intermediate pressure port
G3 of compressor 10. Hereinafter, second flow path F2
that branches from the main refrigerant circuit and deliv-
ers the refrigerant to compressor 10 will also be referred
to as an "injection flow path".

[0019] Outdoor unit 2 further includes a first expansion
valve 71, a receiver 73, a second expansion valve 72,
and a flow rate limiting device 70 disposed on second
flow path F2. Receiver 73 stores liquid refrigerant. First
expansion valve 71 is disposed between pipes 91 and
92, pipe 91 branching from the main refrigerant circuit,
and pipe 92 connected to an inlet of receiver 73. Pipe 93
connects a gas exhaust outlet of receiver 73 to pipe 94
to exhaust a refrigerant gas within receiver 73. Flow rate
limiting device 70 is disposed between pipes 93 and 94
to limit the flow rate of the refrigerant gas. As flow rate
limiting device 70, a capillary tube can be used, for ex-
ample.

[0020] Pipe 91 is a pipe that branches from the main
refrigerant circuit and causes the refrigerant to flow into
receiver 73. First expansion valve 71 is an electronic ex-
pansion valve which can decrease the pressure of the
refrigerant at a high pressure portion of the main refrig-
erant circuit to an intermediate pressure. Receiver 73 is
a container in which the refrigerant decompressed and
having two phases is separated into a gas phase and a
liquid phase, and which can store the refrigerant and ad-
just the circulation amount of the refrigerant in the main
refrigerant circuit. Pipe 93 connected to an upper portion
of receiver 73 and pipe 94 connected to a lower portion
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of receiver 73 are pipes for taking out the refrigerant sep-
arated into gas refrigerant and liquid refrigerant within
receiver 73, in a separated state. Second expansion
valve 72 is provided on pipe 94. Second expansion valve
72 adjusts the amount of the liquid refrigerant to be ex-
hausted from pipe 94, and thereby can adjust the amount
of the refrigerant in receiver 73.

[0021] By providing receiver 73 on the injection flow
path as described above, it becomes easy to ensure a
subcool in pipe 81 which is a liquid pipe. This is because,
since receiver 73 generally includes the gas refrigerant
therein and the temperature of the refrigerant reaches a
saturation temperature, it is not possible to ensure a sub-
cool if receiver 73 is disposed on pipe 81.

[0022] Outdoor unit 2 further includes pressure sen-
sors 110, 111, and 112, temperature sensors 120 and
121, and controller 100 configured to control compressor
10, first expansion valve 71, and second expansion valve
72.

[0023] Pressure sensor 110 detects a pressure PL at
the suction port portion of compressor 10, and outputs a
detection value thereofto controller 100. Pressure sensor
111 detects a pressure PH of the discharged refrigerant
from compressor 10, and outputs a detection value there-
of to controller 100. Pressure sensor 112 detects a pres-
sure P1 of the refrigerant flowing out from condenser 20,
and outputs a detection value thereof to controller 100.
[0024] Temperature sensor 120 detects a temperature
TH of the discharged refrigerant from compressor 10,
and outputs a detection value thereof to controller 100.
Temperature sensor 121 detects a temperature T1 of the
refrigerant in pipe 81 at the outlet of condenser 20, and
outputs a detection value thereof to controller 100.
[0025] In the present embodiment, second flow path
F2 controls temperature TH of the discharged refrigerant
from compressor 10 by causing the refrigerant decom-
pressed and having a lower temperature to flow into com-
pressor 10. In addition, the amount of the refrigerant in
the main refrigerant circuit can be adjusted by receiver
73 placed on second flow path F2.

[0026] Controller 100 includes a CPU (Central
Processing Unit) 102, a memory 104 (a ROM (Read Only
Memory) and a RAM (Random Access Memory)), in-
put/output buffers (not shown) for inputting/outputting
various signals, and the like. CPU 102 expands programs
stored in the ROM onto the RAM or the like and executes
the programs. The programs stored in the ROM are pro-
grams describing processing procedures of controller
100. According to these programs, controller 100 per-
forms control of the devices in outdoor unit 2. This control
can be processed not only by software but also by ded-
icated hardware (electronic circuitry).

[0027] Controller 100 feedback-controls first expan-
sion valve 71 such thattemperature TH of the discharged
refrigerant from compressor 10 matches a target tem-
perature.

[0028] Fig. 2is aflowchart for illustrating control of first
expansion valve 71. When temperature TH of the dis-
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charged refrigerant from compressor 10 is higher than
the target temperature (YES in S21), controller 100 in-
creases a degree of opening of first expansion valve 71
(S22). Thereby, the refrigerant flowing into intermediate
pressure port G3 viareceiver 73 increases, and thus tem-
perature TH decreases.

[0029] On the other hand, when temperature TH of the
discharged refrigerant from compressor 10 is lower than
the target temperature (NO in S21 and YES in S23), con-
troller 100 decreases the degree of opening of first ex-
pansion valve 71 (S24). Thereby, the refrigerant flowing
into intermediate pressure port G3 via receiver 73 de-
creases, and thus temperature TH increases.

[0030] Whentemperature THisequaltothetargettem-
perature (NOin S21 and NO in S23), controller 100 main-
tains the degree of opening of first expansion valve 71
in the present state.

[0031] Thus, controller 100 controls the degree of
opening of first expansion valve 71 such that temperature
TH of the discharged refrigerant from compressor 10 ap-
proaches the target temperature.

[0032] Further, in a normal operation, controller 100
feedback-controls second expansion valve 72 such that
temperature T1 of the refrigerant at the outlet of condens-
er 20 matches a target temperature, in order to ensure
a subcool SC of the refrigerant at the outlet of condenser
20. On this occasion, in the first embodiment, detection
of shortage of the refrigerant is also performed simulta-
neously.

[0033] Fig. 3isaflowchartforillustrating control of sec-
ond expansion valve 72. In steps S31 and S33, controller
100 calculates subcool SC of the refrigerant at the outlet
portion of condenser 20 based on temperature T1 and a
pressure in condenser 20 (approximated by PH). Spe-
cifically, controller 100 calculates subcool SC by sub-
tracting temperature T1 from the saturation temperature
of the refrigerant corresponding to pressure PH. It should
be noted that a conversion table for obtaining the satu-
ration temperature of the refrigerant corresponding to
each pressure is stored beforehand in memory 104 of
controller 100. Then, controller 100 compares calculated
subcool SC with a target value. This target value is 5 K
(kelvin), for example. When subcool SC is larger than
the target value (YES in S31), controller 100 decreases
adegree of opening of second expansion valve 72 (S32).
Thereby, the amount of the liquid refrigerant to be ex-
hausted from receiver 73 decreases and the amount of
the liquid refrigerant within receiver 73 increases, and
thus the amount of the refrigerant circulating through the
main refrigerant circuit decreases. Accordingly, temper-
ature T1 of the refrigerant increases, and thus subcool
SC decreases.

[0034] On the other hand, when subcool SC of the re-
frigerant at the outlet of condenser 20 is smaller than the
target value (NO in S31 and YES in S33), in step S34,
controller 100 determines whether or not the degree of
opening of second expansion valve 72 is full open. Here,
full open means that the degree of opening of second
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expansion valve 72 has an upper limit value.

[0035] When the degree of opening of second expan-
sion valve 72 is not full open (NO in S34), controller 100
increases the degree of opening of second expansion
valve 72 (S35). Thereby, the amount of the liquid refrig-
erant to be exhausted from receiver 73 increases and
the amount of the liquid refrigerant stored in receiver 73
decreases, and thus the amount of the refrigerant circu-
lating through the main refrigerant circuit increases. Ac-
cordingly, temperature T1 of the refrigerant decreases,
and thus subcool SC increases.

[0036] On the other hand, when the degree of opening
of second expansion valve 72 is full open (YES in S34),
in step S36, controller 100 determines whether or not the
state where second expansion valve 72 is fully opened
continues for a determination time period.

[0037] When the state where second expansion valve
72is fully opened does not continue for the determination
time period (NO in S36), controller 100 maintains the
degree of opening of second expansion valve 72 in the
state of full open.

[0038] On the other hand, when the state where sec-
ond expansion valve 72 is fully opened continues for the
determination time period (YES in S36), in step S37, con-
troller 100 causes a notification device 101 to output an
alarm indicating that the refrigerant is insufficient. Notifi-
cation device 101 is, for example, a display device such
as aliquid crystal display, an alarm lamp, or the like, and
may be a device that transmits an alarm signal to an
external device via a communication line.

[0039] After performing the processing in any of steps
S32,S835,and S37, controller 100 advances the process-
ing to step S38. Further, when subcool SC of the refrig-
erant at the outlet of condenser 20 is equal to the target
value (NOin S31 and NO in S33), controller 100 advanc-
es the processing to step S38 while maintaining the
present degree of opening. In these cases, the process-
ing is temporarily returned to a main routine, and then
the processing in the flowchart of Fig. 3 is performed
repeatedly at fixed time intervals.

[0040] Fig. 4 is a graph showing the relation between
a degree of progress of shortage of the refrigerant and
the degrees of opening of the expansion valves of the
outdoor unit when leak of the refrigerant occurs. The de-
gree of shortage of the refrigerant increases as the de-
gree of progress increases from DO to D3.

[0041] When the degree of progress is DO to D1, the
amount of the refrigerant is not insufficient yet, and the
liquid refrigerant is present in receiver 73. At this stage,
the temperature of the discharged refrigerant from com-
pressor 10 is controlled properly by increasing the degree
of opening of second expansion valve 72 to full open.
However, subcool SC of the refrigerant at the outlet por-
tion of condenser 20 gradually decreases, and subcool
SC is zero when the degree of progress is D1.

[0042] When the degree of progress is D1 to D2, the
temperature of the discharged refrigerant from compres-
sor 10 is still controlled properly, although subcool SC of
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the refrigerant at the outlet portion of condenser 20 is
zero. However, the amount of the liquid refrigerant in re-
ceiver 73 decreases, and the liquid refrigerant is not
present in receiver 73 when the degree of progress is
D2. At this stage, the degree of opening of second ex-
pansion valve 72 is full open.

[0043] When the degree of progress is D2 to D3, sub-
cool SC of the refrigerant at the outlet portion of condens-
er 20 is zero, and the liquid refrigerant is not present in
receiver 73. At this stage, the degree of opening of first
expansion valve 71 is increased to increase the amount
of the refrigerant flowing into the injection flow path. How-
ever, temperature TH of the discharged refrigerant from
compressor 10 becomes higher than that in an optimum
state. Then, when the degree of progress is D3, the de-
gree of opening of first expansion valve 71 is full open.

[0044] As shown in Fig. 4, in a process in which short-
age of the refrigerant occurs, both first expansion valve
71 and second expansion valve 72 are fully opened.
Since second expansion valve 72 is fully opened at an
earlier stage, the shortage of the refrigerant can be de-
tected at an earlier stage when the shortage of the re-
frigerant is determined based on the degree of opening
of second expansion valve 72. In the present embodi-
ment, it is determined that the refrigerant is insufficient
when a time period for which the degree of opening of
second expansion valve 72 is full open reaches the de-
termination time period. Accordingly, a user can be no-
tified of the shortage of the refrigerant at an early stage.

Second Embodiment

[0045] The first embodiment has described the case
that uses the refrigerant for which subcool SC can be
calculated from temperature T1 and pressure PH, that
is, the refrigerant used with the pressure in the condenser
being less than a critical pressure. In recent years, adop-
tion of natural refrigerant having a low global warming
potential has been considered, and refrigerant used with
a pressure in the condenser being more than or equal to
the critical pressure, such as CO,, may be adopted. A
second embodiment will describe detection of shortage
of refrigerantin a case where such refrigerant is adopted.
[0046] Fig. 5 is an overall configuration diagram of a
refrigeration cycle apparatus according to the second
embodiment. It should be noted that Fig. 5 functionally
shows the connection relation and the arrangement con-
figuration of devices in the refrigeration cycle apparatus,
and does not necessarily show an arrangementin aphys-
ical space.

[0047] Referring to Fig. 5, a refrigeration cycle appa-
ratus 1A includes an outdoor unit 2A, load device 3, and
pipes 84 and 88. Since load device 3 and pipes 84 and
88 are the same as those in the first embodiment, the
description thereof will not be repeated.

[0048] Outdoor unit 2A includes a temperature sensor
123 instead of pressure sensor 112, and a controller
100A instead of controller 100, in the configuration of
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outdoor unit 2 shown in Fig. 1. Since other components
of outdoor unit 2A are the same as those of outdoor unit
2, the description thereof will not be repeated.

[0049] Temperature sensor 123 detects an outside air
temperature TA, which is an ambient temperature of out-
door unit 2A, and outputs a detection value thereof to
controller 100A.

[0050] Controller 100A includes CPU 102, memory
104, input/output buffers (not shown) for inputting/out-
putting various signals, and the like. CPU 102 expands
programs stored in the ROM onto the RAM or the like
and executes the programs. The programs stored in the
ROM are programs describing processing procedures of
controller 100A. According to these programs, controller
100 performs control of the devices in outdoor unit 2. This
control can be processed not only by software but also
by dedicated hardware (electronic circuitry).

[0051] Controller 100A feedback-controls first expan-
sion valve 71 such thattemperature TH of the discharged
refrigerant from compressor 10 matches a target tem-
perature. Since the control of first expansion valve 71 is
the same as the control in the first embodiment shown
in Fig. 2, the description thereof will not be repeated.
[0052] Further, in a normal operation, controller 100A
feedback-controls second expansion valve 72 such that
temperature T1 of the refrigerant at the outlet of condens-
er 20 matches a target temperature, in order to ensure
subcool SC of the refrigerant at the outlet of condenser
20. On this occasion, in the second embodiment, detec-
tion of shortage of the refrigerant is also performed si-
multaneously.

[0053] It should be noted that, in the present specifi-
cation, for ease of description, a device which cools the
refrigerant such as CO, in a supercritical state will also
be referred to as condenser 20. Further, in the present
specification, for ease of description, an amount of de-
crease from a reference temperature of the refrigerantin
the supercritical state will also be referred to as a subcool.
In the second embodiment, the reference temperature is
set to TA+a, where TA is the temperature of the outside
air measured by temperature sensor 123, and the
amount of decrease has a target value of 5 K (kelvin),
for example.

[0054] Alsointhe second embodiment, shortage of the
refrigerant can be detected at an early stage by the
processing of the flowchart shownin Fig. 3, by calculating
subcool SC as a difference between temperature TA+a,
and temperature T1.

[0055] Inthe case where the pressure in condenser 20
may exceed the critical pressure as in the second em-
bodiment, if receiver 73 is provided at an intermediate
pressure portion, it becomes possible to store the inter-
mediate pressure liquid refrigerant within receiver 73
even when the pressure at the high pressure portion of
the main refrigerant circuit is high and the refrigerant is
in the supercritical state. Thus, the design pressure of
the container of receiver 73 can be set to be lower than
that of the high pressure portion, and cost reduction by
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thinning the container can also be achieved.

[0056] The outdoor units and the refrigeration cycle ap-
paratuses of the firstand second embodiments described
above will be summarized with reference to the drawings
again.

[0057] The present disclosure relates to outdoor unit
2 of refrigeration cycle apparatus 1 and outdoor unit 2A
of refrigeration cycle apparatus 1A, each outdoor unit
being connectable to load device 3 including expansion
valve 50, which is an expansion device, and evaporator
60. Outdoor unit 2 shown in Fig. 1 and outdoor unit 2A
shown in Fig. 5 include refrigerant outlet port PO2 and
refrigerant inlet port P12 for connecting to load device 3,
first flow path F1, compressor 10, condenser 20, second
flow path F2, first expansion valve 71, receiver 73, sec-
ond expansion valve 72, and controller 100 or 100A. First
flow path F1, which is a flow path from refrigerant inlet
port PI2 to refrigerant outlet port PO2, is configured to
form, together with load device 3, a circulation flow path
through which refrigerant circulates. Compressor 10 and
condenser 20 are disposed on first flow path F1 in order
from refrigerant inlet port PI2 toward refrigerant outlet
port PO2. Second flow path F2 is configured to branch
from a portion of first flow path F1 between condenser
20 and refrigerant outlet port PO2, and to return, to com-
pressor 10, the refrigerant that has passed through con-
denser 20. First expansion valve 71, receiver 73, and
second expansion valve 72 are disposed on second flow
path F2 in order from a branch point where second flow
path F2 is branched from first flow path F1. Controllers
100 and 100A are configured to control compressor 10
and first and second expansion valves 71 and 72. Con-
trollers 100 and 100A are configured to notify that the
refrigerant is insufficient when a time period for which a
degree of opening of second expansion valve 72 is atan
upper limit exceeds a determination time period.

[0058] By detecting shortage of the refrigerant as de-
scribed above, the shortage of the refrigerant can be de-
tected at an early stage in the configuration in which re-
ceiver 73 is disposed on the injection flow path, and deg-
radation in the capability of the refrigeration cycle appa-
ratus and continued leak of the refrigerant can be pre-
vented.

[0059] Preferably, outdoor unit 2 shown in Fig. 1 and
outdoor unit 2A shown in Fig. 5 further include first tem-
perature sensor 121 configured to detect temperature T1
at a refrigerant outlet portion of condenser 20 on first flow
path F1. Controllers 100 and 100A are configured to con-
trol the degree of opening of second expansion valve 72
according to an output of first temperature sensor 121.
[0060] More preferably, outdoor unit 2 shown in Fig. 1
further includes pressure sensor 111 configured to detect
pressure PH of the refrigerant at the refrigerant outlet
portion of condenser 20 on first flow path F1. When the
time period for which the degree of opening of second
expansion valve 72 is at the upper limit exceeds the de-
termination time period, and subcool SC of the refrigerant
calculated based on the output of first temperature sen-
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sor 121 and an output of pressure sensor 111 is not equal
to a target value, controller 100 determines that the re-
frigerant is insufficient.

[0061] More preferably, the refrigerant used in the con-
figuration shown in Fig. 1 is refrigerant used with a pres-
sure in condenser 20 being less than a critical pressure.
[0062] More preferably, outdoor unit 2A shown in Fig.
5 further includes second temperature sensor 123 con-
figured to detect temperature TA of outside air to be sup-
plied to condenser 20. When the time period for which
the degree of opening of second expansion valve 72 is
at the upper limit exceeds the determination time period,
and a difference between a detection temperature of first
temperature sensor 121 and a detection temperature of
second temperature sensor 123 is smaller than a deter-
mination value, controller 100A determines that the re-
frigerant is insufficient.

[0063] More preferably, the refrigerant used in the con-
figuration shown in Fig. 5 is carbon dioxide used with a
pressure in condenser 20 being more than or equal to
the critical pressure.

[0064] In another aspect, the present disclosure re-
lates to a refrigeration cycle apparatus including the out-
door unit according to any one of the above descriptions,
and the load device.

[0065] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in
every respect. The scope of the present disclosure is
defined by the scope of the claims, rather than the de-
scription of the embodiments described above, and is
intended to include any modifications within the scope
and meaning equivalent to the scope of the claims.

REFERENCE SIGNS LIST

[0066] 1, 1A: refrigeration cycle apparatus; 2, 2A: out-
door unit; 3: load device; 10: compressor; 20: condenser;
22: fan; 50: expansion valve; 60: evaporator; 70: flow
rate limiting device; 71: first expansion valve; 72: second
expansion valve; 73: receiver; 80, 81, 84, 85, 88, 89, 91,
92, 93, 94: pipe; 100, 100A: controller; 101: notification
device; 104: memory; 110, 111, 112: pressure sensor;
120, 121, 123: temperature sensor; F1, F2: flow path;
G1: suction port; G2: discharge port; G3: intermediate
pressure port; P12, PI3: refrigerant inlet port; PO2, PO3:
refrigerant outlet port.

Claims

1. An outdoor unit of a refrigeration cycle apparatus,
the outdoor unit being connectable to a load device
including an expansion device and an evaporator,
the outdoor unit comprising:

a refrigerant outlet port and a refrigerant inlet
port for connecting to the load device;
a first flow path, which is a flow path from the
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refrigerantinlet port to the refrigerant outlet port,
the first flow path being configured to form, to-
gether with the load device, a circulation flow
path through which refrigerant circulates;

a compressor and a condenser disposed on the
first flow path in order from the refrigerant inlet
port toward the refrigerant outlet port;

a second flow path configured to branch from a
portion of the first flow path between the con-
denser and the refrigerant outlet port, and to re-
turn, to the compressor, the refrigerant that has
passed through the condenser;

afirst expansion valve, areceiver, and a second
expansion valve disposed on the second flow
path in order from a branch point where the sec-
ond flow pathis branched from the first flow path;
and

a controller configured to control the compressor
and the first and second expansion valves, the
controller being configured to notify that the re-
frigerant is insufficient when a time period for
which a degree of opening of the second expan-
sion valve is at an upper limit exceeds a deter-
mination time period.

The outdoor unit according to claim 1, further com-
prising a first temperature sensor configured to de-
tect a temperature of the refrigerant at a refrigerant
outlet portion of the condenser on the first flow path,
wherein

the controller is configured to control the degree of
opening of the second expansion valve according to
an output of the first temperature sensor.

The outdoor unit according to claim 2, further com-
prising a pressure sensor configured to detect a
pressure of the refrigerant at the refrigerant outlet
portion of the condenser on the first flow path, where-
in

when the time period for which the degree of opening
of the second expansion valve is at the upper limit
exceeds the determination time period, and a sub-
cool of the refrigerant calculated based on the output
of the first temperature sensor and an output of the
pressure sensor is not equal to a target value, the
controller determines that the refrigerant is insuffi-
cient.

The outdoor unit according to claim 3, wherein the
refrigerant is refrigerant used with a pressure in the
condenser being less than a critical pressure.

The outdoor unit according to claim 2, further com-
prising a second temperature sensor configured to
detect a temperature of outside air to be supplied to
the condenser, wherein

when the time period for which the degree of opening
of the second expansion valve is at the upper limit
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exceeds the determination time period, and a differ-
ence between a detection temperature of the first
temperature sensor and a detection temperature of
the second temperature sensor is smaller than a de-
termination value, the controller determines that the
refrigerant is insufficient.

The outdoor unit according to claim 5, wherein the
refrigerant is carbon dioxide used with a pressure in
the condenser being more than or equal to a critical
pressure.

A refrigeration cycle apparatus comprising:
the outdoor unit according to any one of claims

1 to 6; and
the load device.
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FIG.1
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