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(54) OUTDOOR UNIT AND REFRIGERATION CYCLE DEVICE EQUIPPED WITH SAME

(57) An outdoor unit (2) is connected with an indoor
unit (3) to form a refrigeration cycle apparatus (1). The
outdoor unit (2) includes a compressor (10), a condenser
(20), and a control device (100). The compressor (10)
and the condenser (20) form a refrigerant circuit (5)
through which refrigerant circulates, together with an ex-
pansion mechanism (50) and an evaporator (60) included
in the indoor unit (3). The control device (100) determines
whether or not the refrigerant circulating through the re-
frigerant circuit (5) is insufficient, and when the control
device (100) determines that the refrigerant is insuffi-
cient, the control device (100) gives notice of one of liquid
back operation, operation in which an evaporation tem-
perature of the refrigerant is high, and leakage of the
refrigerant from the refrigerant circuit, as a factor in de-
termining that the refrigerant is insufficient.
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Description

TECHNICAL FIELD

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

BACKGROUND ART

[0002] Japanese Patent Laying-Open No.
2012-132639 (PTL 1) discloses a refrigeration cycle ap-
paratus. An outdoor unit of the refrigeration cycle appa-
ratus includes a compressor, an oil separator, a condens-
er, a liquid receiver, a supercooling heat exchanger, and
an accumulator. An indoor unit thereof includes an ex-
pansion valve and an evaporator. In this refrigeration cy-
cle apparatus, suitability of the amount of refrigerant
charged into a refrigerant circuit is determined based on
the temperature efficiency of the supercooling heat ex-
changer. The temperature efficiency is a value obtained
by dividing a supercooling degree of the refrigerant at an
outlet of the supercooling heat exchanger by a maximum
temperature difference in the supercooling heat ex-
changer. With this refrigeration cycle apparatus, it is pos-
sible to determine shortage of the refrigerant circulating
through the refrigerant circuit.

CITATION LIST

PATENT LITERATURE

[0003] PTL 1: Japanese Patent Laying-Open No.
2012-132639

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] When it is determined that refrigerant circulating
through a refrigerant circuit is insufficient, there are var-
ious causes, including leakage of the refrigerant. How-
ever, the refrigeration cycle apparatus of PTL 1 cannot
give notice of a factor determined as shortage of the re-
frigerant circulating through the refrigerant circuit. As a
result, an on-site operator cannot take measures corre-
sponding to the factor determined as shortage of the re-
frigerant circulating through the refrigerant circuit.
[0005] The present disclosure has been made to solve
such a problem, and an object of the present disclosure
is to provide an outdoor unit that can determine shortage
of refrigerant circulating through a refrigerant circuit and
can also give notice of a factor in the shortage of the
refrigerant, and a refrigeration cycle apparatus including
the same.

SOLUTION TO PROBLEM

[0006] An outdoor unit of the present disclosure is an
outdoor unit connected with an indoor unit to form a re-
frigeration cycle apparatus, the outdoor unit including a
compressor to compress refrigerant, and a condenser to
condense the refrigerant outputted from the compressor.
The compressor and the condenser form a refrigerant
circuit through which the refrigerant circulates, together
with an expansion mechanism and an evaporator includ-
ed in the indoor unit. The outdoor unit further includes a
control device to determine whether or not the refrigerant
circulating through the refrigerant circuit is insufficient,
and when the control device determines that the refrig-
erant is insufficient, to give notice of one of liquid back
operation, operation in which an evaporation tempera-
ture of the refrigerant is high, and leakage of the refrig-
erant from the refrigerant circuit, as a factor in determin-
ing that the refrigerant is insufficient.

ADVANTAGEOUS EFFECTS OF INVENTION

[0007] According to the outdoor unit of the present dis-
closure and the refrigeration cycle apparatus including
the same, it is possible to determine shortage of refrig-
erant circulating through a refrigerant circuit, and also to
give notice of a factor in the shortage of the refrigerant.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

Fig. 1 is an overall configuration diagram of a refrig-
eration cycle apparatus in which an outdoor unit ac-
cording to a first embodiment is used.
Fig. 2 is a diagram conceptually showing the state
of refrigerant in the vicinity of a heater in a normal
condition where shortage of the refrigerant does not
occur.
Fig. 3 is a diagram showing an example of a change
in refrigerant temperature caused by the heater in
the normal condition.
Fig. 4 is a diagram conceptually showing the state
of the refrigerant in the vicinity of the heater when
the refrigerant is insufficient.
Fig. 5 is a diagram showing an example of a change
in refrigerant temperature caused by the heater
when the refrigerant is insufficient.
Fig. 6 is a flowchart showing an example of a
processing procedure for determining shortage of
the refrigerant performed by a control device in the
first embodiment.
Fig. 7 is a diagram schematically showing a structure
of the outdoor unit.
Fig. 8 is an overall configuration diagram of a refrig-
eration cycle apparatus in which an outdoor unit ac-
cording to a second embodiment is used.
Fig. 9 is a flowchart showing an example of a
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processing procedure for determining shortage of
the refrigerant performed by a control device 100A
in the second embodiment.
Fig. 10 is an overall configuration diagram of a re-
frigeration cycle apparatus in which an outdoor unit
according to a third embodiment is used.
Fig. 11 is a flowchart showing an example of a
processing procedure for determining shortage of
the refrigerant performed by a control device 100C
in the third embodiment.
Fig. 12 is an overall configuration diagram of a re-
frigeration cycle apparatus in which an outdoor unit
according to a fourth embodiment is used.
Fig. 13 is a flowchart showing an example of a
processing procedure for determining shortage of
the refrigerant performed by a control device 100D
in the fourth embodiment.
Fig. 14 is an overall configuration diagram of a re-
frigeration cycle apparatus in which an outdoor unit
according to a fifth embodiment is used.
Fig. 15 is a diagram for describing processing for
determining shortage of the refrigerant performed by
a control device in the fifth embodiment.
Fig. 16 is a flowchart showing an example of a
processing procedure for determining shortage of
the refrigerant performed by a control device 100B
in the fifth embodiment.

DESCRIPTION OF EMBODIMENTS

[0009] Hereinafter, embodiments of the present disclo-
sure will be described in detail with reference to the draw-
ings. Although a plurality of embodiments will be de-
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

[0010] Fig. 1 is an overall configuration diagram of a
refrigeration cycle apparatus in which an outdoor unit ac-
cording to a first embodiment is used. Fig. 1 functionally
shows the connection relation and the arrangement con-
figuration of devices in the refrigeration cycle apparatus,
and does not necessarily show an arrangement in a phys-
ical space.
[0011] Referring to Fig. 1, a refrigeration cycle appa-
ratus 1 includes an outdoor unit 2 and an indoor unit 3.
Outdoor unit 2 includes a compressor 10, a condenser
20, a fan 22, a liquid reservoir 30, a supercooling heat
exchanger 40, a fan 42, a sight glass 45, and pipes 80
to 83 and 85. Outdoor unit 2 further includes pipes 86
and 87, a refrigerant amount detection unit 70, a suction
pressure sensor 90, a discharge pressure sensor 92, a
control device 100, and a display device 150. Indoor unit

3 includes an expansion mechanism 50, an evaporator
60, a fan 62, and a pipe 84. Indoor unit 3 is connected
to outdoor unit 2 through pipes 83 and 85.
[0012] Pipe 80 connects a discharge port of compres-
sor 10 and condenser 20. Pipe 81 connects condenser
20 and liquid reservoir 30. Pipe 82 connects liquid res-
ervoir 30 and supercooling heat exchanger 40. Pipe 83
connects supercooling heat exchanger 40 and expan-
sion mechanism 50. Pipe 84 connects expansion mech-
anism 50 and evaporator 60. Pipe 85 connects evapo-
rator 60 and a suction port of compressor 10. Pipe 86
connects pipe 82 and refrigerant amount detection unit
70. Pipe 87 connects refrigerant amount detection unit
70 and pipe 85.
[0013] Compressor 10 compresses refrigerant suc-
tioned from pipe 85, and outputs the compressed refrig-
erant to pipe 80. Compressor 10 is configured to adjust
the number of revolutions according to a control signal
from control device 100. By adjusting the number of rev-
olutions of compressor 10, a circulation amount of the
refrigerant is adjusted, and the capability of refrigeration
cycle apparatus 1 can be adjusted. As compressor 10,
various types of compressors can be employed, and for
example, a compressor of scroll type, rotary type, screw
type, or the like can be employed.
[0014] Condenser 20 condenses the refrigerant out-
putted from compressor 10 to pipe 80, and outputs the
condensed refrigerant to pipe 81. Condenser 20 is con-
figured such that the high-temperature, high-pressure
gas refrigerant outputted from compressor 10 performs
heat exchange with outside air (heat dissipation). By this
heat exchange, the refrigerant is condensed and trans-
forms into a liquid phase. Fan 22 supplies the outside air
with which the refrigerant performs heat exchange in con-
denser 20, to 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.
[0015] Liquid reservoir 30 stores the high-pressure liq-
uid refrigerant condensed by condenser 20. Supercool-
ing heat exchanger 40 is configured such that the liquid
refrigerant outputted from liquid reservoir 30 to pipe 82
further performs heat exchange with the outside air (heat
dissipation). The refrigerant passes through supercool-
ing heat exchanger 40 and thereby becomes the super-
cooled liquid refrigerant. Fan 42 supplies the outside air
with which the refrigerant performs heat exchange in su-
percooling heat exchanger 40, to supercooling heat ex-
changer 40. Sight glass 45 is a window for visually check-
ing for air bubbles (flash gas) in the refrigerant flowing
through pipe 83.
[0016] Expansion mechanism 50 decompresses the
refrigerant outputted from supercooling heat exchanger
40 to pipe 83, and outputs the decompressed refrigerant
to pipe 84. As expansion mechanism 50, an expansion
valve can be used, for example. When the degree of
opening of the expansion valve is changed in a closing
direction, a refrigerant pressure on a discharge side of
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the expansion valve decreases, and the degree of dry-
ness of the refrigerant increases. When the degree of
opening of the expansion valve is changed in an opening
direction, the refrigerant pressure on the discharge side
of the expansion valve increases, and the degree of dry-
ness of the refrigerant decreases. As expansion mech-
anism 50, a capillary tube may be used instead of the
expansion valve.
[0017] Evaporator 60 evaporates the refrigerant out-
putted from expansion mechanism 50 to pipe 84, and
outputs the evaporated refrigerant to pipe 85. Evaporator
60 is configured such that the refrigerant decompressed
by expansion mechanism 50 performs heat exchange
with air within indoor unit 3 (heat absorption). The refrig-
erant is evaporated by passing through evaporator 60,
and becomes superheated steam. Fan 62 supplies the
outside air with which the refrigerant performs heat ex-
change in evaporator 60, to evaporator 60.
[0018] Compressor 10, pipe 82, condenser 20, pipe
81, liquid reservoir 30, pipe 82, supercooling heat ex-
changer 40, pipe 83, expansion mechanism 50, pipe 84,
evaporator 60, and pipe 85 form a refrigerant circuit 5
through which the refrigerant circulates.
[0019] Refrigerant amount detection unit 70 is provid-
ed between pipe 86 branched from pipe 82 and pipe 87
connected to pipe 85. Pipe 86, refrigerant amount detec-
tion unit 70, and pipe 87 constitute a "bypass circuit" that
returns a portion of the refrigerant on a discharge side of
condenser 20 to compressor 10 without passing through
indoor unit 3.
[0020] Refrigerant amount detection unit 70 includes
a capillary tube (decompression device) 71, a heater 72,
and temperature sensors 73 and 74. Capillary tube 71 is
connected between pipe 86 and pipe 87 to reduce the
pressure of the refrigerant flowing to the bypass circuit.
Capillary tube 71 is designed as appropriate, also in con-
sideration of a heating amount of heater 72, such that,
even when the liquid refrigerant is supplied from pipe 86
and the refrigerant that has passed through capillary tube
71 is heated by heater 72, the refrigerant is in a gas-liquid
two-phase state without entering a gas single-phase
state. It should be noted that an expansion valve may be
used instead of capillary tube 71.
[0021] Heater 72 and temperature sensors 73 and 74
are provided at pipe 87. Heater 72 heats the refrigerant
that has passed through capillary tube 71. The refrigerant
heated by heater 72 has an increased enthalpy. The heat-
ing amount of heater 72 is set together with the specifi-
cation of capillary tube 71, such that, even when the re-
frigerant that has passed through capillary tube 71 is
heated by heater 72, the refrigerant is in the gas-liquid
two-phase state without entering the gas single-phase
state, as described above. Heater 72 may heat the re-
frigerant from the outside of pipe 87, or may be placed
inside pipe 87 to further ensure heat transfer from heater
72 to the refrigerant. Heater 72 may always be set to an
ON state when refrigeration cycle apparatus 1 is ON.
Alternatively, heater 72 may be set to an ON state only

during processing for determining shortage of the refrig-
erant. Alternatively, heater 72 may be set to an ON state
only when compressor 10 is activated. The first embod-
iment describes a case where heater 72 is set to an ON
state only during the processing for determining shortage
of the refrigerant.
[0022] Further, refrigerant amount detection unit 70
further includes a solenoid valve 79. Solenoid valve 79
is provided at pipe 86 upstream of capillary tube 71, and
is opened/closed according to an instruction from control
device 100. When solenoid valve 79 is opened, the re-
frigerant flows to capillary tube 71 and pipe 87, and it
becomes possible to detect shortage of the refrigerant.
When solenoid valve 79 is closed, the flow of the refrig-
erant to capillary tube 71 and pipe 87 is blocked, and
thus it is not possible to detect shortage of the refrigerant.
[0023] Solenoid valve 79 may always be set to an ON
state when refrigeration cycle apparatus 1 is ON. Alter-
natively, solenoid valve 79 may be set to an ON state
only during the processing for determining shortage of
the refrigerant. The first embodiment describes a case
where solenoid valve 79 is set to an ON state only during
the processing for determining shortage of the refriger-
ant.
[0024] Although solenoid valve 79 is provided at pipe
86 in Fig. 1, solenoid valve 79 may be provided at pipe
87 downstream of capillary tube 71. However, it is pref-
erable to provide solenoid valve 79 at pipe 86, because
providing solenoid valve 79 on an upstream side in the
bypass circuit can more reduce the amount of the liquid
refrigerant staying in the bypass circuit in a normal con-
dition. Further, it is more preferable to provide solenoid
valve 79 at a position that is as close as possible to a
branch portion where pipe 86 is branched from pipe 82.
[0025] Temperature sensor 73 detects a refrigerant
temperature before heating the refrigerant by heater 72,
that is, a temperature T1 of the refrigerant between cap-
illary tube 71 and heater 72, and outputs a detection value
thereof to control device 100. On the other hand, tem-
perature sensor 74 detects a refrigerant temperature af-
ter heating the refrigerant by heater 72, that is, a temper-
ature T2 of the refrigerant downstream of heater 72 and
before merging into pipe 85, and outputs a detection val-
ue thereof to control device 100. Temperature sensors
73 and 74 may be placed outside pipe 87, or may be
placed inside pipe 87 to more reliably detect the temper-
ature of the refrigerant. The principle and the method of
determining shortage of the refrigerant by refrigerant
amount detection unit 70 will be described in detail later.
[0026] Suction pressure sensor 90 detects a suction
pressure LP of the refrigerant within pipe 85, and outputs
a detection value thereof to control device 100. That is,
suction pressure sensor 90 detects refrigerant pressure
(low pressure-side pressure) LP on a suction side of com-
pressor 10. Discharge pressure sensor 92 detects a dis-
charge pressure HP of the refrigerant within pipe 80, and
outputs a detection value thereof to control device 100.
That is, discharge pressure sensor 92 detects refrigerant
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pressure (high pressure-side pressure) HP on the dis-
charge side of compressor 10.
[0027] A suction temperature sensor 302 is placed in
the vicinity of a suction port of compressor 10. Suction
temperature sensor 302 detects a suction temperature
Ts of the refrigerant to be suctioned into compressor 10.
[0028] An evaporation temperature sensor 303 detects
a temperature of the refrigerant flowing through evapo-
rator 60 as an evaporation temperature Te of the refrig-
erant.
[0029] Control device 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 control de-
vice 100. According to these programs, control device
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).
[0030] Display device 150 displays information such
as the state of refrigeration cycle apparatus 1 transmitted
from control device 100, in order to give notice to a user
or an operator.

<Description of Determination of Shortage of Refriger-
ant>

[0031] In the following, a method of determining short-
age of the refrigerant using refrigerant amount detection
unit 70 will be described. It should be noted that shortage
of the refrigerant occurs when an initial charging amount
of the refrigerant into the refrigerant circuit is insufficient,
or when leakage of the refrigerant occurs after the be-
ginning of usage, or the like.
[0032] Fig. 2 is a diagram conceptually showing the
state of the refrigerant in the vicinity of heater 72 in a
normal condition where shortage of the refrigerant does
not occur. It should be noted that, in the following, a con-
dition where shortage of the refrigerant does not occur
and a refrigerant amount is within an appropriate range
may be simply referred to as a "normal condition".
[0033] Referring to Fig. 1 together with Fig. 2, in the
normal condition where the refrigerant amount is appro-
priate, the refrigerant is substantially in a liquid-phase
state at an outlet of condenser 20, and the liquid refrig-
erant is stored in liquid reservoir 30. Thereby, the liquid
refrigerant flows to pipe 86, and the refrigerant that has
passed through capillary tube 71 contains a liquid com-
ponent in a large amount. Then, the refrigerant that has
passed through capillary tube 71 is heated by heater 72,
and the degree of dryness thereof increases.
[0034] Fig. 3 is a diagram showing an example of a
change in refrigerant temperature caused by heater 72
in the normal condition. In Fig. 3, the axis of abscissas
represents a position in a direction in which pipe 87 ex-

tends, and P1 and P2 represent positions where temper-
ature sensors 73 and 74 are placed, respectively. The
axis of ordinates represents a refrigerant temperature at
each position in pipe 87. It should be noted that Fig. 3
shows a case where the refrigerant is an azeotropic re-
frigerant (i.e., a refrigerant having no temperature gradi-
ent; for example, a refrigerant such as R410a).
[0035] Referring to Fig. 3, in the normal condition, since
the refrigerant that has passed through capillary tube 71
contains a liquid component in a large amount, the tem-
perature of the refrigerant basically does not change
even though the refrigerant is heated by heater 72 (heat-
ing energy is utilized to change the latent heat of the
refrigerant). Therefore, temperature T2 of the refrigerant
after heating the refrigerant by heater 72 is substantially
equal to temperature T1 of the refrigerant before heating
the refrigerant by heater 72.
[0036] It should be noted that, although not particularly
shown, when the refrigerant is a non-azeotropic refriger-
ant (i.e., a refrigerant having a temperature gradient; for
example, a refrigerant such as R407a, R448a, R449a,
or R463a), the temperature of the refrigerant slightly in-
creases (about 10 degrees at most) by heating by heater
72.
[0037] Fig. 4 is a diagram conceptually showing the
state of the refrigerant in the vicinity of heater 72 when
the refrigerant is insufficient. Referring to Fig. 1 together
with Fig. 4, when the refrigerant is insufficient, the refrig-
erant is in the gas-liquid two-phase state at the outlet of
condenser 20, and no or little liquid refrigerant is stored
in liquid reservoir 30. Thereby, the gas-liquid two-phase
refrigerant flows to pipe 86, and the refrigerant that has
passed through capillary tube 71 contains a gas compo-
nent in a large amount, when compared with the normal
condition. Therefore, the refrigerant that has passed
through capillary tube 71 is heated by heater 72 and is
evaporated, and the temperature (superheating degree)
thereof increases.
[0038] Fig. 5 is a diagram showing an example of a
change in refrigerant temperature caused by heater 72
when the refrigerant is insufficient. Also in Fig. 5, the axis
of abscissas represents a position in the direction in
which pipe 87 extends, and P1 and P2 represent posi-
tions where temperature sensors 73 and 74 are placed,
respectively. The axis of ordinates represents a refriger-
ant temperature at each position in pipe 87.
[0039] Referring to Fig. 5, when the refrigerant is in-
sufficient, since the refrigerant that has passed through
capillary tube 71 contains a gas component in a large
amount, the refrigerant is evaporated and the tempera-
ture of the refrigerant increases (superheating degree >
0) when the refrigerant is heated by heater 72. Therefore,
temperature T2 of the refrigerant after heating the refrig-
erant by heater 72 becomes higher than temperature T1
of the refrigerant before heating the refrigerant by heater
72.
[0040] It should be noted that, when the refrigerant is
a non-azeotropic refrigerant, the heating amount of heat-
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er 72 is set as appropriate such that temperature increase
of the refrigerant caused by heater 72 when the refriger-
ant is insufficient can be distinguished from temperature
increase of the refrigerant caused by heater 72 in the
normal condition (temperature increase based on the
temperature gradient of the refrigerant).
[0041] In this manner, it is possible to determine wheth-
er or not shortage of the refrigerant occurs in the refrig-
erant circuit, based on a temperature increase amount
of the refrigerant when the refrigerant is heated by heater
72 in refrigerant amount detection unit 70.
[0042] Control device 100 acquires suction tempera-
ture Ts of compressor 10 detected by suction tempera-
ture sensor 302. Control device 100 acquires suction
pressure LP of compressor 10 detected by suction pres-
sure sensor 90. Control device 100 calculates a satura-
tion temperature ST(LP) of suction pressure LP. Control
device 100 calculates a suction superheating degree SH
of compressor 10 by subtracting saturation temperature
ST(LP) of suction pressure LP of compressor 10 from
suction temperature Ts of compressor 10.
[0043] Control device 100 acquires evaporation tem-
perature Te of the refrigerant detected by evaporation
temperature sensor 303. It should be noted that control
device 100 may calculate evaporation temperature Te of
the refrigerant by converting suction pressure LP detect-
ed by suction pressure sensor 90 into a refrigerant sat-
urated gas temperature.
[0044] Control device 100 determines whether or not
the refrigerant circulating through refrigerant circuit 5 is
insufficient, and when it determines that the refrigerant
is insufficient, it gives notice of a factor in the shortage
of the refrigerant, as described below.
[0045] When a difference (T2-T1) between tempera-
ture T1 detected by temperature sensor 73 and temper-
ature T2 detected by temperature sensor 74 of refrigerant
amount detection unit 70 is more than or equal to a thresh-
old value Th1, control device 100 determines that the
refrigerant circulating through refrigerant circuit 5 is in-
sufficient.
[0046] In liquid back operation, the refrigerant contain-
ing the liquid refrigerant flows from evaporator 60 to com-
pressor 10, and thus suction superheating degree SH of
compressor 10 decreases. During the liquid back oper-
ation, a large amount of the refrigerant moves toward the
suction side of compressor 10, and thus the amount of
the refrigerant supplied to refrigerant amount detection
unit 70 decreases. As a result, it is determined that the
refrigerant circulating through refrigerant circuit 5 is in-
sufficient. Therefore, when control device 100 deter-
mines that the refrigerant circulating through refrigerant
circuit 5 is insufficient, and suction superheating degree
SH of compressor 10 is lower than a threshold value Th2,
control device 100 gives notice of the liquid back opera-
tion as the factor.
[0047] When operation in which evaporation temper-
ature Te is high is performed, the amount of the refriger-
ant on a low-pressure side of refrigerant circuit 5 is large,

and thus the amount of the refrigerant supplied to refrig-
erant amount detection unit 70 decreases. As a result, it
is determined that the refrigerant circulating through re-
frigerant circuit 5 is insufficient. Therefore, when control
device 100 determines that the refrigerant circulating
through refrigerant circuit 5 is insufficient, and evapora-
tion temperature Te of the refrigerant is more than or
equal to a threshold value Th3, control device 100 gives
notice of the operation in which the evaporation temper-
ature of the refrigerant is high, as the factor.
[0048] When it is determined that the refrigerant circu-
lating through refrigerant circuit 5 is insufficient in a case
where the liquid back operation is not performed and op-
eration in which the evaporation temperature of the re-
frigerant is low is performed, it is highly likely that the
refrigerant may leak from refrigerant circuit 5. Therefore,
when control device 100 determines that the refrigerant
circulating through refrigerant circuit 5 is insufficient, and
suction superheating degree SH of compressor 10 is
more than or equal to threshold value Th2 and evapora-
tion temperature Te of the refrigerant is less than thresh-
old value Th3, control device 100 gives notice of leakage
of the refrigerant from refrigerant circuit 5 to the outside,
as the factor.
[0049] Fig. 6 is a flowchart showing an example of a
processing procedure for determining shortage of the re-
frigerant performed by the control device in the first em-
bodiment. A series of processing shown in this flowchart
is repeatedly performed while refrigeration cycle appa-
ratus 1 performs steady operation.
[0050] Referring to Fig. 6, in step S101, control device
100 determines whether or not control for determining
shortage of the refrigerant is performed. The control for
determining shortage of the refrigerant is performed for
several minutes, at once per hour, for example. When
the control for determining shortage of the refrigerant is
not performed (NO in step S101), control device 100 ad-
vances the processing to RETURN without performing a
series of subsequent processing. When it is determined
that the control for determining shortage of the refrigerant
is performed (YES in step S101), the processing advanc-
es to step S102.
[0051] In step S102, control device 100 turns on
(opens) solenoid valve 79, and turns on heater 72.
[0052] In step S103, control device 100 acquires the
detection values of temperatures T1 and T2 from tem-
perature sensors 73 and 74, respectively, of refrigerant
amount detection unit 70.
[0053] In step S104, control device 100 determines
whether or not the difference (T2-T1) between acquired
temperature T2 and temperature T1, that is, the temper-
ature increase amount of the refrigerant caused by heater
72, is more than or equal to threshold value Th1. When
control device 100 determines that the temperature in-
crease amount of the refrigerant caused by heater 72 is
more than or equal to threshold value Th1 (S104: YES),
control device 100 determines that the refrigerant circu-
lating through refrigerant circuit 5 is insufficient, and the
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processing advances to step S105. When control device
100 determines that the temperature increase amount of
the refrigerant caused by heater 72 is less than threshold
value Th1 (S104: NO), control device 100 determines
that the refrigerant circulating through refrigerant circuit
5 is not insufficient, and the processing advances to step
S110.
[0054] In step S105, control device 100 determines
whether or not suction superheating degree SH of com-
pressor 10 is less than threshold value Th2. When control
device 100 determines that suction superheating degree
SH of compressor 10 is less than threshold value Th2
(S105: YES), the processing advances to step S107.
When control device 100 determines that suction super-
heating degree SH of compressor 10 is more than or
equal to threshold value Th2 (S105: NO), the processing
advances to step S106.
[0055] In step S106, control device 100 determines
whether or not evaporation temperature Te of the refrig-
erant is more than or equal to threshold value Th3. When
control device 100 determines that evaporation temper-
ature Te of the refrigerant is more than or equal to thresh-
old value Th3 (S106: YES), the processing advances to
step S108. When control device 100 determines that
evaporation temperature Te of the refrigerant is less than
threshold value Th3 (S106: NO), the processing advanc-
es to step S109.
[0056] In step S107, control device 100 displays on
display device 150 that it has determined that the refrig-
erant circulating through refrigerant circuit 5 is insufficient
due to the liquid back operation.
[0057] In step S108, control device 100 displays on
display device 150 that it has determined that the refrig-
erant circulating through refrigerant circuit 5 is insufficient
due to the operation in which the evaporation tempera-
ture of the refrigerant is high.
[0058] In step S109, control device 100 displays on
display device 150 that it has determined that the refrig-
erant circulating through refrigerant circuit 5 is insufficient
due to the leakage of the refrigerant enclosed within re-
frigerant circuit 5 to the outside.
[0059] In step S110, control device 100 turns off (clos-
es) solenoid valve 79, and turns off heater 72.
[0060] It should be noted that, as described above, in
the case where a non-azeotropic refrigerant is used,
when the refrigerant is heated by heater 72, the temper-
ature of the refrigerant increases even though the refrig-
erant amount is appropriate. Accordingly, threshold val-
ue Th1 in step S104 is set as appropriate based on the
type of the refrigerant used and the heating amount of
heater 72, such that a temperature increase amount of
the refrigerant caused by heater 72 in the normal condi-
tion can be distinguished from a temperature increase
amount of the refrigerant caused by heater 72 when the
refrigerant is insufficient.
[0061] As described above, in the first embodiment, it
is possible to determine whether or not shortage of the
refrigerant occurs, based on the temperature increase

amount of the refrigerant caused by heater 72. Therefore,
the accuracy of determining shortage of the refrigerant
depends on the accuracy of detecting the temperature
increase amount of the refrigerant caused by heater 72.
Thus, in outdoor unit 2 according to the first embodiment,
refrigerant amount detection unit 70 is provided at a po-
sition where it is less likely to be influenced by wind serv-
ing as a disturbance in detecting the temperature in-
crease amount. Specifically, refrigerant amount detec-
tion unit 70 is provided at a position where it is less influ-
enced by air flow, when compared with condenser 20.
The wind whose influence on refrigerant amount detec-
tion unit 70 should be reduced includes wind after passing
through condenser 20, wind before passing through con-
denser 20, and natural wind. This can suppress the tem-
perature increase amount described above from having
an error due to the influence of the wind on refrigerant
amount detection unit 70.
[0062] Fig. 7 is a diagram schematically showing a
structure of outdoor unit 2 of refrigeration cycle apparatus
1. Referring to Fig. 7, the inside of outdoor unit 2 is par-
titioned by a partition plate (wall) 206 into a heat ex-
change chamber 202 and a machine chamber 204. Heat
exchange chamber 202 accommodates condenser 20,
liquid reservoir 30, and supercooling heat exchanger 40
(all not shown), and fans 22 and 42. Condenser 20 and
supercooling heat exchanger 40 (hereinafter may be col-
lectively referred to as a "heat exchange unit") and fans
22 and 42 are provided on side surfaces of a case of
outdoor unit. In this example, the heat exchange unit is
provided on a back surface side and fans 22 and 42 are
provided on a front surface side, and exhaust heat wind
of the heat exchange unit flows from the back surface
side toward the front surface side of heat exchange
chamber 202. Machine chamber 204 accommodates
compressor 10, the pipes, suction pressure sensor 90,
discharge pressure sensor 92, and control device 100.
[0063] In outdoor unit 2 according to the first embodi-
ment, refrigerant amount detection unit 70 is accommo-
dated in machine chamber 204. Wind caused by the op-
eration of fans 22 and 42 flows through heat exchange
chamber 202, or when the fans are stopped, natural wind
flows through heat exchange chamber 202. When refrig-
erant amount detection unit 70 is placed within heat ex-
change chamber 202 through which such wind flows, an
error may be caused in measuring the temperature in-
crease amount of the refrigerant caused by heater 72
due to the influence of the wind on refrigerant amount
detection unit 70 (in particular, temperature sensors 73
and 74). In this example, since refrigerant amount detec-
tion unit 70 is accommodated in machine chamber 204
partitioned from heat exchange chamber 202 by partition
plate 206, refrigerant amount detection unit 70 is not in-
fluenced by the wind. Therefore, with this outdoor unit 2,
the temperature increase amount of the refrigerant
caused by heater 72 can be measured with high accu-
racy.
[0064] It should be noted that, although it is described
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above that liquid reservoir 30 is provided in heat ex-
change chamber 202, liquid reservoir 30 may be provided
in machine chamber 204.
[0065] As described above, according to the first em-
bodiment, it is possible to determine shortage of the re-
frigerant based on the temperature increase amount of
the refrigerant that has passed through heater 72, irre-
spective of the magnitude of the supercooling degree of
the refrigerant, or whether or not a non-azeotropic refrig-
erant is used.
[0066] According to the first embodiment, the operator
or the user can be notified of a factor determined as short-
age of the refrigerant. Thereby, it is possible to take
measures corresponding to the factor determined as
shortage of the refrigerant.
[0067] In the first embodiment, refrigerant amount de-
tection unit 70 is provided in machine chamber 204 that
is not influenced by the wind, which can avoid the tem-
perature increase amount described above from having
an error due to the influence of the wind on refrigerant
amount detection unit 70. As a result, according to the
first embodiment, shortage of the refrigerant in refrigerant
circuit 5 can be determined with high accuracy.

Second Embodiment

[0068] In a second embodiment, as a heat source in
the refrigerant amount detection unit, the high-tempera-
ture, high-pressure refrigerant on the discharge side of
compressor 10 is used instead of heater 72. Thereby,
the refrigerant amount detection unit can be configured
without separately providing heater 72.
[0069] Fig. 8 is an overall configuration diagram of a
refrigeration cycle apparatus in which an outdoor unit ac-
cording to the second embodiment is used. Referring to
Fig. 8, a refrigeration cycle apparatus 1A includes an
outdoor unit 2A and indoor unit 3. Outdoor unit 2A in-
cludes a refrigerant amount detection unit 70A and a con-
trol device 100A, instead of refrigerant amount detection
unit 70 and control device 100, respectively, in outdoor
unit 2 of the first embodiment shown in Fig. 1.
[0070] Refrigerant amount detection unit 70A includes
a heat exchange unit 78, instead of heater 72 in refrig-
erant amount detection unit 70 of the first embodiment
shown in Fig. 1, and further includes temperature sensors
75 to 77. Heat exchange unit 78 is configured to perform
heat exchange between the high-temperature, high-
pressure refrigerant outputted from compressor 10 and
the refrigerant that has passed through capillary tube 71.
Then, temperature sensor 73 detects a refrigerant tem-
perature upstream of heat exchange unit 78, that is, tem-
perature T1 of the refrigerant between capillary tube 71
and heat exchange unit 78. On the other hand, temper-
ature sensor 74 detects a refrigerant temperature down-
stream of heat exchange unit 78, that is, temperature T2
of the refrigerant downstream of heat exchange unit 78
and before merging into pipe 85.
[0071] Temperature sensor 75 detects a temperature

T3 of the high temperature, high pressure refrigerant out-
putted from compressor 10, and outputs a detection val-
ue thereof to control device 100A. Temperature sensor
76 detects a temperature T4 of the refrigerant outputted
from compressor 10 and having passed through heat ex-
change unit 78, and outputs a detection value thereof to
control device 100A. That is, for the refrigerant supplied
from compressor 10 to condenser 20, temperature sen-
sors 75 and 76 detect a temperature of the refrigerant
before passing through heat exchange unit 78, and a
temperature of the refrigerant after passing through heat
exchange unit 78, respectively. Temperature sensor 77
detects a temperature T5 of the refrigerant to be suc-
tioned into compressor 10, and outputs a detection value
thereof to control device 100A.
[0072] Control device 100A determines whether or not
shortage of the refrigerant occurs in refrigerant circuit 5A,
based on a temperature increase amount of the refriger-
ant when the refrigerant flowing through pipe 87 is heated
by heat exchange unit 78. More specifically, when the
temperature increase amount of the refrigerant caused
by heat exchange unit 78 is more than or equal to a
threshold value, control device 100A determines that
shortage of the refrigerant occurs.
[0073] Here, since a heating amount of heat exchange
unit 78 changes depending on the operation state of re-
frigeration cycle apparatus 1A, the temperature increase
amount of the refrigerant within pipe 87 at heat exchange
unit 78 also changes depending on the operation state
of refrigeration cycle apparatus 1A. In particular, in the
case where the refrigerant is a non-azeotropic refriger-
ant, when the gas-liquid two-phase refrigerant flowing
through pipe 87 is heated at heat exchange unit 78, the
temperature thereof increases even though shortage of
the refrigerant does not occur, and the temperature in-
crease amount thereof depends on the heating amount.
Further, even in the case where the refrigerant is an aze-
otropic refrigerant, when the heating amount of heat ex-
change unit 78 is large, the temperature of the refrigerant
may increase.
[0074] Thus, in the second embodiment, the heating
amount of heat exchange unit 78 is calculated, and a
threshold value for determining whether or not shortage
of the refrigerant occurs (a threshold value of the tem-
perature increase amount of the refrigerant at heat ex-
change unit 78) is set based on the heating amount.
Thereby, shortage of the refrigerant can be determined
with high accuracy, even when the heating amount of
heat exchange unit 78 changes depending on the oper-
ation state of refrigeration cycle apparatus 1A.
[0075] The heating amount of heat exchange unit 78
can be calculated for example as described below. The
heating amount (W = J/s) of heat exchange unit 78 is
calculated by the following equation.
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where G is a flow rate of the refrigerant flowing from com-
pressor 10 to heat exchange unit 78, and H is an enthalpy
difference between enthalpies before and after heat ex-
change unit 78, of the refrigerant flowing from compres-
sor 10 to heat exchange unit 78.
[0076] Refrigerant flow rate G (kg/hr) can be calculated
by the following equation. 

where V is a displacement (m3) of compressor 10, that
is, a refrigerant suction amount per revolution of com-
pressor 10, R is the number of revolutions (1/hr or 1/s)
of compressor 10, and D is a density (kg/m3) of the re-
frigerant. Density D is an amount determined by the re-
frigerant temperature and pressure on the suction side
of compressor 10, and can be calculated from tempera-
ture T5 detected by temperature sensor 77 and suction
pressure LP detected by suction pressure sensor 90.
[0077] In addition, enthalpy difference H (kJ/kg) can
be calculated by the following equation. 

where H3 is an enthalpy of the refrigerant supplied from
compressor 10 to heat exchange unit 78, and H4 is an
enthalpy of the refrigerant after passing through heat ex-
change unit 78. It should be noted that enthalpy H3 is an
amount determined by discharge pressure HP of com-
pressor 10 and the temperature of the refrigerant before
passing through heat exchange unit 78, and can be ob-
tained from discharge pressure HP detected by dis-
charge pressure sensor 92 and temperature T3 detected
by temperature sensor 75. Further, enthalpy H4 is an
amount determined by discharge pressure HP of com-
pressor 10 and the temperature of the refrigerant after
passing through heat exchange unit 78, and can be ob-
tained from discharge pressure HP and temperature T4
detected by temperature sensor 76.
[0078] Fig. 9 is a flowchart showing an example of a
processing procedure for determining shortage of the re-
frigerant performed by control device 100A in the second
embodiment. A series of processing shown in this flow-
chart is repeatedly performed while refrigeration cycle
apparatus 1A performs steady operation.
[0079] Referring to Fig. 9, in step S201, control device
100A determines whether or not control for determining
shortage of the refrigerant is performed. The control for
determining shortage of the refrigerant is performed for
several minutes, at once per hour, for example. When
the control for determining shortage of the refrigerant is
not performed (NO in step S201), control device 100A
advances the processing to RETURN without performing
a series of subsequent processing. When it is determined
that the control for determining shortage of the refrigerant
is performed (YES in step S201), the processing advanc-

es to step S202.
[0080] In step S202, control device 100A acquires the
detection values of temperatures T1 to T5 from temper-
ature sensors 73 to 77, respectively, acquires the number
of revolutions R of compressor 10, and further acquires
the detection values of suction pressure LP and dis-
charge pressure HP from suction pressure sensor 90 and
discharge pressure sensor 92, respectively.
[0081] In step S203, control device 100A calculates
refrigerant flow rate G using the equation (2) described
above, and calculates enthalpy difference H using the
equation (3) described above.
[0082] In step S204, control device 100A calculates
the heating amount (G3H) of heat exchange unit 78 by
multiplying calculated refrigerant flow rate G by enthalpy
difference H.
[0083] In step S205, control device 100A sets a thresh-
old value Th4 for determining whether or not shortage of
the refrigerant occurs (a threshold value of the temper-
ature increase amount of the refrigerant flowing through
pipe 87 at heat exchange unit 78), based on the calcu-
lated heating amount of heat exchange unit 78.
[0084] The relation between the heating amount and
threshold value Th4 is predetermined by prior evaluation,
simulation, or the like depending on the type of refrigerant
used, and is stored in the ROM of control device 100A.
Qualitatively, as the heating amount is larger, threshold
value Th4 is higher. In addition, when the heating amount
is the same, the threshold value of a non-azeotropic re-
frigerant is higher than the threshold value of an azeo-
tropic refrigerant.
[0085] In step S206, control device 100A determines
whether or not the difference (T2-T1) between tempera-
ture T2 and temperature T1 acquired in step S202, that
is, the temperature increase amount of the refrigerant
flowing through pipe 87 at heat exchange unit 78, is more
than or equal to threshold value Th4. When control device
100A determines that the temperature increase amount
of the refrigerant is more than or equal to threshold value
Th4 (S206: YES), control device 100A determines that
the refrigerant circulating through refrigerant circuit 5 is
insufficient, and the processing advances to step S207.
When control device 100A determines that the temper-
ature increase amount of the refrigerant is less than
threshold value Th4 (S206: NO), control device 100A de-
termines that the refrigerant circulating through refriger-
ant circuit 5 is not insufficient, and advances the process-
ing to RETURN.
[0086] In step S207, control device 100A determines
whether or not suction superheating degree SH of com-
pressor 10 is less than threshold value Th2. When control
device 100A determines that suction superheating de-
gree SH of compressor 10 is less than threshold value
Th2 (S207: YES), the processing advances to step S209.
When control device 100A determines that suction su-
perheating degree SH of compressor 10 is more than or
equal to threshold value Th2 (S207: NO), the processing
advances to step S208.
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[0087] In step S208, control device 100A determines
whether or not evaporation temperature Te of the refrig-
erant is more than or equal to threshold value Th3. When
control device 100A determines that evaporation tem-
perature Te of the refrigerant is more than or equal to
threshold value Th3 (S1208: YES), the processing ad-
vances to step S210. When control device 100A deter-
mines that evaporation temperature Te of the refrigerant
is less than threshold value Th3 (S208: NO), the process-
ing advances to step S211.
[0088] In step S209, control device 100A displays on
display device 150 that it has determined that the refrig-
erant circulating through refrigerant circuit 5 is insufficient
due to the liquid back operation.
[0089] In step S210, control device 100A displays on
display device 150 that it has determined that the refrig-
erant circulating through refrigerant circuit 5 is insufficient
due to the operation in which the evaporation tempera-
ture of the refrigerant is high.
[0090] In step S211, control device 100A displays on
display device 150 that it has determined that the refrig-
erant circulating through refrigerant circuit 5 is insufficient
due to the leakage of the refrigerant enclosed within re-
frigerant circuit 5 to the outside.
[0091] As described above, according to the second
embodiment, as a heat source in refrigerant amount de-
tection unit 70A, heat exchange unit 78 using the high-
temperature, high-pressure refrigerant on the discharge
side of compressor 10 is provided instead of heater 72.
Thereby, the refrigerant amount detection unit can be
configured without providing heater 72.
[0092] Further, although the heating amount of heat
exchange unit 78 changes depending on the operation
state of refrigeration cycle apparatus 1A, according to
the second embodiment, threshold value Th4 of the tem-
perature increase amount of the refrigerant flowing
through pipe 87 at heat exchange unit 78 is set based
on the heating amount of heat exchange unit 78. Thus,
shortage of the refrigerant can be determined with high
accuracy, even when the operation state of refrigeration
cycle apparatus 1A changes.
[0093] According to the second embodiment, the op-
erator or the user can be notified of a factor determined
as shortage of the refrigerant, as in the first embodiment.
Thereby, it is possible to take measures corresponding
to the factor determined as shortage of the refrigerant.

Third Embodiment

[0094] Fig. 10 is an overall configuration diagram of a
refrigeration cycle apparatus in which an outdoor unit ac-
cording to a third embodiment is used. Referring to Fig.
10, a refrigeration cycle apparatus 1C includes an out-
door unit 2C and indoor unit 3. Outdoor unit 2C includes
a control device 100C, instead of control device 100 in
outdoor unit 2 of the first embodiment shown in Fig. 1.
Outdoor unit 2C further includes a condensation temper-
ature sensor 305 and a liquid refrigerant temperature

sensor 304.
[0095] Condensation temperature sensor 305 is pro-
vided at an inlet of supercooling heat exchanger 40. Con-
densation temperature sensor 305 detects a temperature
of the refrigerant as a condensation temperature Tx.
[0096] Liquid refrigerant temperature sensor 304 is
provided at an outlet of supercooling heat exchanger 40.
Liquid refrigerant temperature sensor 304 detects a tem-
perature of the refrigerant as a liquid refrigerant temper-
ature Ty.
[0097] Control device 100C calculates a supercooling
degree SC of the refrigerant at the outlet of supercooling
heat exchanger 40 by subtracting liquid refrigerant tem-
perature Ty from condensation temperature Tx.

[0098] When supercooling degree SC is less than or
equal to a threshold value Th5, control device 100C de-
termines that the refrigerant circulating through refriger-
ant circuit 5 is insufficient.
[0099] Fig. 11 is a flowchart showing an example of a
processing procedure for determining shortage of the re-
frigerant performed by control device 100C in the third
embodiment. A series of processing shown in this flow-
chart is repeatedly performed while refrigeration cycle
apparatus 1C performs steady operation.
[0100] Referring to Fig. 11, in step S301, control device
100C determines whether or not control for determining
shortage of the refrigerant is performed. The control for
determining shortage of the refrigerant is performed for
several minutes, at once per hour, for example. When
the control for determining shortage of the refrigerant is
not performed (NO in step S301), control device 100C
advances the processing to RETURN without performing
a series of subsequent processing. When it is determined
that the control for determining shortage of the refrigerant
is performed (YES in step S301), the processing advanc-
es to step S302.
[0101] In step S302, control device 100C acquires con-
densation temperature Tx from condensation tempera-
ture sensor 305, and acquires liquid refrigerant temper-
ature Ty from liquid refrigerant temperature sensor 304.
[0102] In step S303, control device 100C calculates
supercooling degree SC of the refrigerant at the outlet of
supercooling heat exchanger 40, based on condensation
temperature Tx and liquid refrigerant temperature Ty.
[0103] In step S304, control device 100C determines
whether or not supercooling degree SC is less than or
equal to threshold value Th5. When control device 100C
determines that supercooling degree SC is less than or
equal to threshold value Th5 (S304: YES), control device
100C determines that the refrigerant circulating through
refrigerant circuit 5 is insufficient, and the processing ad-
vances to step S305. When control device 100C deter-
mines that supercooling degree SC is more than thresh-
old value Th5 (S304: NO), control device 100C deter-
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mines that the refrigerant circulating through refrigerant
circuit 5 is not insufficient, and advances the processing
to RETURN.
[0104] In step S305, control device 100C determines
whether or not suction superheating degree SH of com-
pressor 10 is less than threshold value Th2. When control
device 100C determines that suction superheating de-
gree SH of compressor 10 is less than threshold value
Th2 (S305: YES), the processing advances to step S307.
When control device 100C determines that suction su-
perheating degree SH of compressor 10 is more than or
equal to threshold value Th2 (S305: NO), the processing
advances to step S306.
[0105] In step S306, control device 100C determines
whether or not evaporation temperature Te of the refrig-
erant is more than or equal to threshold value Th3. When
control device 100C determines that evaporation tem-
perature Te of the refrigerant is more than or equal to
threshold value Th3 (S306: YES), the processing ad-
vances to step S308. When control device 100C deter-
mines that evaporation temperature Te of the refrigerant
is less than threshold value Th3 (S306: NO), the process-
ing advances to step S309.
[0106] In step S307, control device 100C displays on
display device 150 that it has determined that the refrig-
erant circulating through refrigerant circuit 5 is insufficient
due to the liquid back operation.
[0107] In step S308, control device 100C displays on
display device 150 that it has determined that the refrig-
erant circulating through refrigerant circuit 5 is insufficient
due to the operation in which the evaporation tempera-
ture of the refrigerant is high.
[0108] In step S309, control device 100C displays on
display device 150 that it has determined that the refrig-
erant circulating through refrigerant circuit 5 is insufficient
due to the leakage of the refrigerant enclosed within re-
frigerant circuit 5 to the outside.
[0109] As described above, according to the third em-
bodiment, it is possible to determine whether or not the
refrigerant is insufficient, based on supercooling degree
SC of the refrigerant at the outlet of supercooling heat
exchanger 40.
[0110] According to the third embodiment, the operator
or the user can be notified of a factor determined as short-
age of the refrigerant, as in the first and second embod-
iments. Thereby, it is possible to take measures corre-
sponding to the factor determined as shortage of the re-
frigerant.

Fourth Embodiment

[0111] Fig. 12 is an overall configuration diagram of a
refrigeration cycle apparatus in which an outdoor unit ac-
cording to a fourth embodiment is used. Referring to Fig.
12, a refrigeration cycle apparatus 1D includes an out-
door unit 2D and indoor unit 3. Outdoor unit 2D includes
a control device 100D, instead of control device 100 in
outdoor unit 2 of the first embodiment shown in Fig. 1.

Outdoor unit 2D further includes condensation tempera-
ture sensor 305, liquid refrigerant temperature sensor
304, and an outside air temperature sensor 301.
[0112] Outside air temperature sensor 301 is provided
in the vicinity of condenser 20. Outside air temperature
sensor 301 detects an outside air temperature To.
[0113] Condensation temperature sensor 305 is pro-
vided at the inlet of supercooling heat exchanger 40. Con-
densation temperature sensor 305 detects the tempera-
ture of the refrigerant as condensation temperature Tx.
[0114] Liquid refrigerant temperature sensor 304 is
provided at the outlet of supercooling heat exchanger 40.
Liquid refrigerant temperature sensor 304 detects the
temperature of the refrigerant as liquid refrigerant tem-
perature Ty.
[0115] Control device 100D calculates supercooling
degree SC of the refrigerant at the outlet of supercooling
heat exchanger 40 by subtracting liquid refrigerant tem-
perature Ty from condensation temperature Tx.
[0116] Control device 100D calculates a temperature
efficiency ε of supercooling heat exchanger 40 by dividing
the supercooling degree (condensation temperature Tx
- liquid refrigerant temperature Ty) of the refrigerant at
the outlet of supercooling heat exchanger 40 by a max-
imum temperature difference (condensation tempera-
ture Tx - outside air temperature To) in supercooling heat
exchanger 40.

When temperature efficiency ε is less than or equal to a
threshold value Th6, control device 100D determines that
the refrigerant circulating through refrigerant circuit 5 is
insufficient.
[0117] Fig. 13 is a flowchart showing an example of a
processing procedure for determining shortage of the re-
frigerant performed by control device 100D in the fourth
embodiment. A series of processing shown in this flow-
chart is repeatedly performed while refrigeration cycle
apparatus 1D performs steady operation.
[0118] Referring to Fig. 13, in step S401, control device
100D determines whether or not control for determining
shortage of the refrigerant is performed. The control for
determining shortage of the refrigerant is performed for
several minutes, at once per hour, for example. When
the control for determining shortage of the refrigerant is
not performed (NO in step S401), control device 100D
advances the processing to RETURN without performing
a series of subsequent processing. When it is determined
that the control for determining shortage of the refrigerant
is performed (YES in step S401), the processing advanc-
es to step S402.
[0119] In step S402, control device 100D acquires con-
densation temperature Tx from condensation tempera-
ture sensor 305, acquires liquid refrigerant temperature
Ty from liquid refrigerant temperature sensor 304, and
acquires outside air temperature To from outside air tem-
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perature sensor 301.
[0120] In step S403, control device 100D calculates
temperature efficiency ε of supercooling heat exchanger
40, based on outside air temperature To, condensation
temperature Tx, and liquid refrigerant temperature Ty.
[0121] In step S404, control device 100D determines
whether or not temperature efficiency ε of supercooling
heat exchanger 40 is less than or equal to threshold value
Th6. When control device 100D determines that temper-
ature efficiency ε of supercooling heat exchanger 40 is
less than or equal to threshold value Th6 (S404: YES),
control device 100D determines that the refrigerant cir-
culating through refrigerant circuit 5 is insufficient, and
the processing advances to step S405. When control de-
vice 100D determines that temperature efficiency ε of
supercooling heat exchanger 40 is more than threshold
value Th6 (S404: NO), control device 100D determines
that the refrigerant circulating through refrigerant circuit
5 is not insufficient, and advances the processing to RE-
TURN
[0122] In step S405, control device 100D determines
whether or not suction superheating degree SH of com-
pressor 10 is less than threshold value Th2. When control
device 100D determines that suction superheating de-
gree SH of compressor 10 is less than threshold value
Th2 (S405: YES), the processing advances to step S407.
When control device 100D determines that suction su-
perheating degree SH of compressor 10 is more than or
equal to threshold value Th2 (S405: NO), the processing
advances to step S406.
[0123] In step S406, control device 100D determines
whether or not evaporation temperature Te of the refrig-
erant is more than or equal to threshold value Th3. When
control device 100D determines that evaporation tem-
perature Te of the refrigerant is more than or equal to
threshold value Th3 (S406: YES), the processing ad-
vances to step S408. When control device 100D deter-
mines that evaporation temperature Te of the refrigerant
is less than threshold value Th3 (S406: NO), the process-
ing advances to step S409.
[0124] In step S407, control device 100D displays on
display device 150 that it has determined that the refrig-
erant circulating through refrigerant circuit 5 is insufficient
due to the liquid back operation.
[0125] In step S408, control device 100D displays on
display device 150 that it has determined that the refrig-
erant circulating through refrigerant circuit 5 is insufficient
due to the operation in which the evaporation tempera-
ture of the refrigerant is high.
[0126] In step S409, control device 100D displays on
display device 150 that it has determined that the refrig-
erant circulating through refrigerant circuit 5 is insufficient
due to the leakage of the refrigerant enclosed within re-
frigerant circuit 5 to the outside.
[0127] As described above, according to the fourth em-
bodiment, it is possible to determine whether or not the
refrigerant is insufficient, based on temperature efficien-
cy ε of supercooling heat exchanger 0.

[0128] According to the fourth embodiment, the oper-
ator or the user can be notified of a factor determined as
shortage of the refrigerant, as in the first to third embod-
iments. Thereby, it is possible to take measures corre-
sponding to the factor determined as shortage of the re-
frigerant.

Fifth Embodiment

[0129] Fig. 14 is an overall configuration diagram of a
refrigeration cycle apparatus in which an outdoor unit ac-
cording to a fifth embodiment is used. Referring to Fig.
14, a refrigeration cycle apparatus 1B includes an out-
door unit 2B and indoor unit 3. Outdoor unit 2B includes
a control device 100B, instead of control device 100 in
outdoor unit 2 of the first embodiment shown in Fig. 1.
[0130] Fig. 15 is a diagram for describing processing
for determining shortage of the refrigerant performed by
the control device in the fifth embodiment. As shown in
Fig. 15, control device 100B calculates the temperature
increase amount (T2-T1) of the refrigerant caused by
heater 72, at intervals of A seconds (t1, t2, t3 ...). Control
device 100B calculates an average value M of the latest
three temperature increase amounts of the refrigerant.
At a time point when average value M becomes equal to
or more than threshold value Th1, control device 100B
determines that the refrigerant is insufficient. When av-
erage value M is continuously less than threshold value
Th1 for B minutes, control device 100B determines that
the refrigerant is not insufficient.
[0131] Fig. 16 is a flowchart showing an example of a
processing procedure for determining shortage of the re-
frigerant performed by control device 100B in the fifth
embodiment. A series of processing shown in this flow-
chart is repeatedly performed while refrigeration cycle
apparatus 1B performs steady operation.
[0132] Referring to Fig. 16, in step S501, control device
100B determines whether or not control for determining
shortage of the refrigerant is performed. The control for
determining shortage of the refrigerant is performed for
several minutes, at once per hour, for example. When
the control for determining shortage of the refrigerant is
not performed (NO in step S501), control device 100B
advances the processing to RETURN without performing
a series of subsequent processing. When it is determined
that the control for determining shortage of the refrigerant
is performed (YES in step S501), the processing advanc-
es to step S102.
[0133] In step S502, control device 100B turns on
(opens) solenoid valve 79, and turns on heater 72.
[0134] In step S503, when A seconds have passed
since a time when solenoid valve 79 was turned on and
heater 72 was turned on, or a time when previous detec-
tion values of temperatures T1 and T2 were acquired,
the processing advances to step S504.
[0135] In step S504, control device 100B acquires the
detection values of temperatures T1 and T2 from tem-
perature sensors 73 and 74, respectively, of refrigerant
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amount detection unit 70.
[0136] In step S505, an average value of the latest
three differences (T2-T1) between temperature T2 and
temperature T1, that is, average value M of the latest
three temperature increase amounts of the refrigerant
caused by heater 72, is calculated.
[0137] In step S506, control device 100B determines
whether or not average value M is more than or equal to
threshold value Th1. When control device 100B deter-
mines that average value M is more than or equal to
threshold value Th1 (S506: YES), control device 100B
determines that the refrigerant circulating through refrig-
erant circuit 5 is insufficient, and the processing advanc-
es to step S508. When control device 100B determines
that average value M is less than threshold value Th1
(S506: NO), control device 100B determines that the re-
frigerant circulating through refrigerant circuit 5 is not in-
sufficient, and the processing advances to step S507.
[0138] In step S507, when B minutes have passed
since the time when solenoid valve 79 was turned on and
heater 72 was turned on (S507: YES), the processing
advances to step S513. When B minutes have not passed
since the time when solenoid valve 79 was turned on and
heater 72 was turned on (S507: NO), the processing re-
turns to step S503.
[0139] In step S508, control device 100B determines
whether or not suction superheating degree SH of com-
pressor 10 is less than threshold value Th2. When control
device 100B determines that suction superheating de-
gree SH of compressor 10 is less than threshold value
Th2 (S508: YES), the processing advances to step S510.
When control device 100B determines that suction su-
perheating degree SH of compressor 10 is more than or
equal to threshold value Th2 (S510: NO), the processing
advances to step S511.
[0140] In step S509, control device 100B determines
whether or not evaporation temperature Te of the refrig-
erant is more than or equal to threshold value Th3. When
control device 100B determines that evaporation tem-
perature Te of the refrigerant is more than or equal to
threshold value Th3 (S109: YES), the processing ad-
vances to step S511. When control device 100B deter-
mines that evaporation temperature Te of the refrigerant
is less than threshold value Th3 (S509: NO), the process-
ing advances to step S512.
[0141] In step S510, control device 100B displays on
display device 150 that it has determined that the refrig-
erant circulating through refrigerant circuit 5 is insufficient
due to the liquid back operation.
[0142] In step S511, control device 100B displays on
display device 150 that it has determined that the refrig-
erant circulating through refrigerant circuit 5 is insufficient
due to the operation in which the evaporation tempera-
ture of the refrigerant is high.
[0143] In step S512, control device 100B displays on
display device 150 that it has determined that the refrig-
erant circulating through refrigerant circuit 5 is insufficient
due to the leakage of the refrigerant enclosed within re-

frigerant circuit 5 to the outside.
[0144] In step S513, control device 100B turns off
(closes) solenoid valve 79, and turns off heater 72.
[0145] As described above, according to the fifth em-
bodiment, it is possible to prevent making a mistake in
determining whether or not the refrigerant is insufficient,
when detected temperatures T1 and T2 have variations.
[0146] It should be noted that, although the control de-
vice in the embodiment described above determines
shortage of the refrigerant using an average value of a
plurality of temperature increase amounts in the first em-
bodiment, the present disclosure is not limited thereto.
[0147] The control device may determine shortage of
the refrigerant using an average value of a plurality of
temperature increase amounts in the second embodi-
ment. The control device may determine shortage of the
refrigerant using an average value of a plurality of super-
cooling degrees at the outlet of the supercooling heat
exchanger in the third embodiment. The control device
may determine shortage of the refrigerant using an av-
erage value of a plurality of temperature efficiencies of
the supercooling heat exchanger in the fourth embodi-
ment.
[0148] It is intended that the embodiments disclosed
herein may also be implemented by being combined as
appropriate within the scope in which no technical incon-
sistency arises. In addition, it should be understood that
the embodiments disclosed herein are illustrative and
non-restrictive in every respect. The scope of the present
invention is defined by the scope of the claims, rather
than the description 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

[0149] 1, 1A, 1B, 1C, 1D: refrigeration cycle apparatus;
2, 2A, 2B, 2C, 2D: outdoor unit; 3: indoor unit; 10: com-
pressor; 20: condenser; 22, 42, 62: fan; 30: liquid reser-
voir; 40: supercooling heat exchanger; 45: sight glass;
50: expansion valve; 60: evaporator; 70, 70A: refrigerant
amount detection unit; 71: capillary tube; 72: heater; 73
to 77, 301, 302, 304, 305: temperature sensor; 78: heat
exchange unit; 79: solenoid valve; 80 to 87: pipe; 90, 92:
pressure sensor; 100, 100A, 100B, 100C, 100D: control
device; 102: CPU; 104: memory; 150: display device;
201: temperature sensor; 202: heat exchange chamber;
204: machine chamber; 206: partition plate; 208: box.

Claims

1. An outdoor unit connected with an indoor unit to form
a refrigeration cycle apparatus, the outdoor unit com-
prising:

a compressor to compress refrigerant;
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a condenser to condense the refrigerant output-
ted from the compressor,
the compressor and the condenser forming a
refrigerant circuit through which the refrigerant
circulates, together with an expansion mecha-
nism and an evaporator included in the indoor
unit; and
a control device to determine whether or not the
refrigerant circulating through the refrigerant cir-
cuit is insufficient, and when the control device
determines that the refrigerant is insufficient, to
give notice of one of liquid back operation, op-
eration in which an evaporation temperature of
the refrigerant is high, and leakage of the refrig-
erant from the refrigerant circuit, as a factor in
determining that the refrigerant is insufficient.

2. The outdoor unit according to claim 1, wherein, when
the control device determines that the refrigerant is
insufficient, and a suction superheating degree of
the compressor is lower than a first threshold value,
the control device gives notice of the liquid back op-
eration as the factor.

3. The outdoor unit according to claim 1, wherein, when
the control device determines that the refrigerant is
insufficient, and the evaporation temperature of the
refrigerant is more than or equal to a second thresh-
old value, the control device gives notice of the op-
eration in which the evaporation temperature of the
refrigerant is high, as the factor.

4. The outdoor unit according to claim 1, wherein, when
the control device determines that the refrigerant is
insufficient, and a suction superheating degree of
the compressor is more than or equal to a first thresh-
old value and the evaporation temperature of the re-
frigerant is less than a second threshold value, the
control device gives notice of the leakage of the re-
frigerant from the refrigerant circuit, as the factor.

5. The outdoor unit according to claim 1, comprising:

a bypass circuit to return a portion of the refrig-
erant on a discharge side of the condenser to
the compressor without passing through the in-
door unit; and
a refrigerant amount detection unit including a
heating unit to heat the refrigerant flowing to the
bypass circuit, a pre-heating temperature sen-
sor to detect a temperature of the refrigerant be-
fore being heated by the heating unit, and a post-
heating temperature sensor to detect a temper-
ature of the refrigerant heated by the heating
unit, wherein
the control device determines whether or not the
refrigerant circulating through the refrigerant cir-
cuit is insufficient, using a temperature increase

amount calculated from the temperature detect-
ed by the post-heating temperature sensor and
the temperature detected by the pre-heating
temperature sensor.

6. The outdoor unit according to claim 5, wherein, when
the temperature increase amount is more than or
equal to a third threshold value, the control device
determines that the refrigerant circulating through
the refrigerant circuit is insufficient.

7. The outdoor unit according to claim 5, wherein, when
an average value of the temperature increase
amounts at a plurality of times is more than or equal
to a third threshold value, the control device deter-
mines that the refrigerant circulating through the re-
frigerant circuit is insufficient.

8. The outdoor unit according to claim 5, wherein the
refrigerant amount detection unit is provided at a po-
sition where the refrigerant amount detection unit is
less influenced by air flow, when compared with the
condenser.

9. The outdoor unit according to claim 5, wherein the
heating unit is a heater.

10. The outdoor unit according to claim 5, wherein the
heating unit is a refrigerant pipe on a discharge side
of the compressor.

11. The outdoor unit according to claim 5, further com-
prising a valve provided in the bypass circuit to switch
between flowing and blocking of the refrigerant in
the bypass circuit, wherein
the control device

controls the valve to be opened, when determi-
nation control for determining whether or not the
refrigerant circulating through the refrigerant cir-
cuit is insufficient is performed, and
controls the valve to be closed, when the deter-
mination control is not performed.

12. The outdoor unit according to claim 5, further com-
prising a decompression device provided in the by-
pass circuit to reduce a pressure of the refrigerant
flowing to the bypass circuit.

13. The outdoor unit according to claim 1, comprising a
supercooling heat exchanger to supercool the refrig-
erant flowing out of the condenser, wherein
when a supercooling degree in the supercooling heat
exchanger is less than or equal to a fourth threshold
value, the control device determines that the refrig-
erant circulating through the refrigerant circuit is in-
sufficient.
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14. The outdoor unit according to claim 1, comprising a
supercooling heat exchanger to supercool the refrig-
erant flowing out of the condenser, wherein
when a temperature efficiency of the supercooling
heat exchanger is less than or equal to a fifth thresh-
old value, the control device determines that the re-
frigerant circulating through the refrigerant circuit is
insufficient.

15. A refrigeration cycle apparatus comprising:

an outdoor unit according to any one of claims
1 to 14; and
the indoor unit connected to the outdoor unit.
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