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(54) OUTDOOR UNIT AND REFRIGERATION CYCLE DEVICE

(57) An outdoor unit (2) includes a first channel (F1),
a second channel (F2), an erected pipe (71), a flow rate
regulation device (73), a refrigerant heating device (75),
a dryness increasing device (150), a temperature sensor
(122), and a notification device (101). The compressor
(10) and the condenser (20) are disposed along a first
channel (F1). The second channel (F2) is configured to
branch from a branching point (BP1) and return to the
compressor (10) the refrigerant having passed through
the condenser (20). The erected pipe (71) is provided at
the branching point (BP1). The dryness increasing device
(150) increases the dryness of the refrigerant that has
passed through the condenser (20) in a refrigerant short-
age sensing mode to be larger than in a normal mode.
The temperature sensor (122) senses the temperature
(T1) of the refrigerant after it passes through the refrig-
erant heating device (75). In the refrigerant shortage
sensing mode, in accordance with to an output of the
temperature sensor (122), the notification device (101)
provides notification of shortage of the refrigerant.
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Description

TECHNICAL FIELD

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

BACKGROUND ART

[0002] International Publication No. 2016/135904 dis-
closes a refrigeration apparatus comprising a unit that
uses "temperature efficiency," which is a value obtained
by dividing a degree of supercooling of refrigerant at an
outlet of a subcooler by a maximum temperature differ-
ence of the subcooler, to determine an amount of refrig-
erant introduced in a refrigerant circuit.

CITATION LIST

PATENT LITERATURE

[0003] PTL 1: WO 2016/135904

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] The method described in International Publica-
tion No. 2016/135904 may be unable to sense that the
amount of refrigerant is decreased until the refrigerant is
severely short after the amount of the refrigerant starts
to decrease.
[0005] An object of the present disclosure is to provide
an outdoor unit and a refrigeration cycle apparatus ca-
pable of detecting a shortage of refrigerant at an early
stage.

SOLUTION TO PROBLEM

[0006] The present disclosure relates to an outdoor
unit of a refrigeration cycle apparatus, that has a normal
mode and a refrigerant shortage sensing mode and is
configured to be connected to a load device including an
expansion device and an evaporator. The outdoor unit
includes: a first channel configured to form a circulation
channel allowing refrigerant to circulate by being con-
nected to the load device; a compressor and a condenser
disposed along the first channel; a second channel
branched from a branching point of the first channel
downstream of the condenser in a direction in which the
refrigerant circulates, and configured to return the refrig-
erant that has passed through the condenser to the com-
pressor; a gas-liquid separation structure provided at the
branching point; a flow rate regulation device disposed
along the second channel and following the branching
point, and a refrigerant heating device disposed along
the second channel and following the flow rate regulation
device; a dryness increasing device configured to in-

crease a dryness of the refrigerant that has passed
through the condenser in the refrigerant shortage sens-
ing mode to be larger than in the normal mode; a tem-
perature sensor configured to sense the temperature of
the refrigerant after the refrigerant passes through the
refrigerant heating device provided along the second
channel; and a notification device configured to operate
in the refrigerant shortage sensing mode in accordance
with an output of the temperature sensor to provide no-
tification of shortage of the refrigerant.

ADVANTAGEOUS EFFECTS OF INVENTION

[0007] The presently disclosed outdoor unit that has a
refrigerant shortage sensing mode to increase dryness
of refrigerant that passes through a bypass channel to
be larger than in a normal operation can detect a shortage
of the refrigerant at an early stage.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

Fig. 1 is a diagram showing a configuration of a re-
frigeration cycle apparatus 1 according to a first em-
bodiment.
Fig. 2 is a diagram for illustrating a state in which
gas-liquid separation cannot be done in a gas-liquid
separation mechanism.
Fig. 3 is a diagram for illustrating a state in which
gas-liquid separation can be done in the gas-liquid
separation mechanism.
Fig. 4 is a Mollier diagram representing a refrigera-
tion cycle when refrigerant has an appropriate
amount.
Fig. 5 is a Mollier diagram representing a refrigera-
tion cycle when refrigerant is short in amount.
Fig. 6 is a flowchart for controlling a fan in rotational
speed in a normal operation.
Fig. 7 is a flowchart for control in a refrigerant short-
age sensing mode.
Fig. 8 is a diagram representing a relationship be-
tween the rotational speed of the fan, the amount of
refrigerant, and the dryness of the refrigerant.
Fig. 9 is a flowchart of details of a process (S14) for
sensing an amount of refrigerant.
Fig. 10 is an example of a map for determining an
amount of refrigerant from a rotational speed of the
fan.
Fig. 11 is an example of a map for determining an
amount of refrigerant from a frequency of the com-
pressor.
Fig. 12 is a diagram showing a configuration of a
refrigeration cycle apparatus 201 according to a sec-
ond embodiment.
Fig. 13 is an example of a map for determining an
amount of refrigerant from a degree of opening of an
expansion valve.
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DESCRIPTION OF EMBODIMENTS

[0009] Hereinafter, embodiments of the present inven-
tion will be described in detail with reference to the draw-
ings. Hereinafter, while a plurality of embodiments will
be described, the configurations described in the embod-
iments are intended to be combined together, as appro-
priate, in the present application as originally filed. In the
figures, identical or corresponding components are iden-
tically denoted and will not be described redundantly.

First Embodiment

[0010] Fig. 1 is a diagram showing a configuration of
a refrigeration cycle apparatus 1 according to a first em-
bodiment. Referring to Fig. 1, refrigeration cycle appara-
tus 1 comprises an outdoor unit 2, a load device 3, and
extension pipes 84 and 88.
[0011] Outdoor unit 2 of refrigeration cycle apparatus
1 is configured to be connected to load device 3 by ex-
tension pipes 84 and 88.
[0012] Outdoor unit 2 includes a compressor 10, a con-
denser 20, a liquid receiver (a receiver) 30, and pipes 80
to 83 and 89. Liquid receiver 30 is disposed between pipe
82 and condenser 20 and configured to store refrigerant.
[0013] A channel F1 extending from compressor 10
via condenser 20 and liquid receiver 30 to a port for con-
nection to load device 3 is configured to form a circulation
channel together with load device 3 to allow the refriger-
ant to circulate. Hereinafter, this circulation channel will
also be referred to as a "main circuit" of the refrigeration
cycle.
[0014] Load device 3 includes an expansion device 50,
an evaporator 60, and pipes 85, 86 and 87. Expansion
device 50 is, for example, a thermal expansion valve con-
trolled independently of outdoor unit 2.
[0015] Compressor 10 compresses refrigerant sucked
from pipe 89 and discharges the compressed refrigerant
to pipe 80. Compressor 10 has a suction port G1 and a
discharging port G2. Compressor 10 is configured to suck
through suction port G1 refrigerant having passed
through evaporator 60 and discharge the refrigerant
through discharging port G2 toward condenser 20.
[0016] Outdoor unit 2 further includes an erected pipe
71, a pipe 72, a flow rate regulation device 73, a pipe 74,
and a refrigerant heating device 75. Pipe 72 branches
from pipe 82 connected to an outlet of liquid receiver 30
on the circulation channel and is connected to one end
of flow rate regulation device 73. Pipe 74 interconnects
the other end of flow rate regulation device 73 and pipe
89. Refrigerant heating device 75 is configured to heat
refrigerant having passed through flow rate regulation
device 73. Refrigerant heating device 75 can for example
be an electric heater. While as flow rate regulation device
73, for example, a capillary tube may be typically used,
any device such as an orifice may be used insofar as it
can reduce a channel in cross section and thus cause a
pressure difference. Further, an expansion valve may be

used as flow rate regulation device 73. Hereinafter, a
second channel F2 that branches from the main circuit
and feeds refrigerant to compressor 10 via flow rate reg-
ulation device 73 will be referred to as a "bypass channel."
[0017] In refrigeration cycle apparatus 1, the bypass
channel is branched from a portion at which erected pipe
71 is connected to pipe 82 connected to the outlet of
liquid receiver 30.
[0018] When the bypass channel is branched by erect-
ed pipe 71, and refrigerant leaks and is thus short, two-
phase refrigerant with gaseous refrigerant mixed is intro-
duced into pipe 72.
[0019] When the compressor has an intermediate
pressure port, the bypass channel may not be connected
to the suction port of compressor 10 and instead be con-
nected to the intermediate pressure port.
[0020] Compressor 10 is configured to adjust rotational
speed in response to a control signal received from a
control device 100. By adjusting compressor 10 in rota-
tional speed, an amount of refrigerant circulated is ad-
justed, and capacity of refrigeration cycle apparatus 1 for
refrigeration can be adjusted. Compressor 10 may be of
various types, such as a scroll type, a rotary type, or a
screw type.
[0021] Condenser 20 condenses refrigerant dis-
charged from compressor 10 to pipe 80 and passes the
condensed refrigerant to pipe 81. Condenser 20 is con-
figured such that high-temperature and high-pressure
gaseous refrigerant discharged from compressor 10 ex-
changes heat with external air. The heat exchange allows
the refrigerant to radiate heat, condense, and alter to
liquid phase. Fan 22 supplies condenser 20 with external
air with which refrigerant exchanges heat in condenser
20. Adjusting fan 22 in rotational speed can adjust pres-
sure of refrigerant on the discharging side of compressor
10.
[0022] Outdoor unit 2 further includes pressure sen-
sors 110 and 111, temperature sensors 120, 121 and
122, and control device 100 configured to control outdoor
unit 2.
[0023] Pressure sensor 110 senses a pressure PL of
refrigerant sucked into compressor 10 and outputs the
sensed value to control device 100. Pressure sensor 111
senses a pressure PH of refrigerant discharged from
compressor 10 and outputs the sensed value to control
device 100. Temperature sensor 120 senses a temper-
ature TA of external air sent to condenser 20 and outputs
the sensed value to control device 100. Temperature
sensor 121 senses a temperature TC of refrigerant in
pipe 81 at the outlet of condenser 20 and outputs the
sensed value to control device 100. Temperature sensor
122 senses a temperature T1 of refrigerant having
passed through flow rate regulation device 73 and there-
after heated by refrigerant heating device 75, and outputs
the sensed value to control device 100.
[0024] Control device 100 includes a CPU (Central
Processing Unit) 102, a memory 104 (ROM (Read Only
Memory) and RAM (Random Access Memory)), an in-
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put/output buffer (not shown) for inputting and outputting
various signals, and the like. CPU 102 loads a program
that is stored in the ROM into a RAM or the like and
executes the program. The program stored in the ROM
is a program describing a processing procedure for con-
trol device 100. Control device 100 controls each device
in outdoor unit 2 in accordance with these programs. This
control is not limited to processing by software, and
processing by dedicated hardware (electronic circuity) is
also possible.
[0025] As described above, in the first embodiment,
there is provided a bypass channel from an outlet of liquid
receiver 30 serving as a high-pressure section to a suc-
tion inlet of compressor 10 serving as a low-pressure
section. Flow rate regulation device 73 and refrigerant
heating device 75 are disposed along the bypass chan-
nel. Temperature sensor 122, and pressure sensor 110
for sensing a low-pressure saturation temperature are
provided at a portion at which refrigerant having passed
through refrigerant heating device 75 arrives. The low-
pressure saturation temperature may be temperature
measured at the outlet of flow rate regulation device 73.
[0026] In such a configuration, a gas-liquid separation
mechanism is provided at a branching point BP1 of the
bypass channel. Fig. 2 is a diagram for illustrating a state
in which gas-liquid separation cannot be done in the gas-
liquid separation mechanism. Fig. 3 is a diagram for il-
lustrating a state in which gas-liquid separation can be
done in the gas-liquid separation mechanism.
[0027] Referring to Figs. 2 and 3, the gas-liquid sepa-
ration mechanism is configured by erected pipe 71 erect-
ed from pipe 82, which is a liquid pipe, in a direction op-
posite to gravity.
[0028] As shown in Fig. 2, when refrigerant passing
through pipe 82 is small in dryness, two-phase refrigerant
in which liquid refrigerant and gaseous refrigerant are
mixed passes through erected pipe 71 and pipe 72. On
the other hand, as shown in Fig. 3, when refrigerant pass-
ing through pipe 82 is large in dryness, liquid refrigerant
falls by gravity in the middle of erected pipe 71, and sin-
gle-phase gaseous refrigerant separated from the liquid
refrigerant passes through pipe 72 via erected pipe 71.
[0029] When two-phase refrigerant passes through the
bypass channel, and the refrigerant is heated by refrig-
erant heating device 75, the heat is absorbed as latent
heat to evaporate the refrigerant. Accordingly, tempera-
ture T1 sensed by temperature sensor 122 matches the
refrigerant’s saturation temperature. In this state, the re-
frigerant has a degree of superheat SH of 0.
[0030] In contrast, when refrigerant in a form of gas
passes through the bypass channel, and the refrigerant
is heated by refrigerant heating device 75, the heat is
absorbed by the refrigerant as sensible heat, and the
refrigerant’s temperature rises. Accordingly, tempera-
ture T1 sensed by temperature sensor 122 is higher than
the refrigerant’s saturation temperature, and the refrig-
erant has a degree of superheat SH larger than 0.
[0031] Fig. 4 is a Mollier diagram representing a refrig-

eration cycle when refrigerant has an appropriate
amount. In Fig. 4, points A, B and C correspond to points
A, B and C indicated in Fig. 1. Normally in liquid receiver
30 liquid refrigerant and gaseous refrigerant exist, and
refrigerant at the outlet of liquid receiver 30 has a state
on a line of saturated liquid such as point A indicated in
Fig. 4. That is, the inlet of the bypass channel is in a liquid
state (point A).
[0032] The bypass passage provides passage at a flow
rate corresponding to a differential pressure determined
by expansion device 50 and evaporator 60 of the main
circuit. When flow rate regulation device 73 decompress-
es refrigerant, the refrigerant’s state changes from point
A to point B. And when refrigerant heating device 75
heats the refrigerant the refrigerant’s state changes from
point B to point C.
[0033] At that time, pipe 74 passes a large amount of
liquid refrigerant, and when the refrigerant is heated and
the point moves rightward, it does not exceed a saturated
gas line, and the refrigerant’s temperature stays at the
saturation temperature and does not change.
[0034] Therefore, at point C, degree of superheat SH
is zero, and it can be determined that the refrigerant is
not short.
[0035] Fig. 5 is a Mollier diagram representing a refrig-
eration cycle when refrigerant is short in amount. When
refrigerant is short, refrigerant at point A increases in dry-
ness. Therefore, refrigerant at point A in Fig. 1 separated
by the gas-liquid separation mechanism has a state on
the Mollier diagram, as indicated in Fig. 5 by a point A’.
When flow rate regulation device 73 decompresses the
refrigerant, the refrigerant’s state changes from point A’
to a point B’. And when refrigerant heating device 75
heats the refrigerant the refrigerant’s state changes from
point B’ to a point C’.
[0036] At that time, pipe 74 does not pass liquid refrig-
erant, and when the refrigerant in the pipe is heated, the
point moves rightward and exceeds the saturated gas
line. Since the heat is absorbed by the refrigerant as sen-
sible heat, the refrigerant’s temperature rises to be higher
than the saturation temperature and the refrigerant thus
has a degree of superheat SH > 0, and it can thus be
determined that the refrigerant is short.
[0037] When refrigerant in a two-phase state is meas-
ured in pressure by a pressure sensor, the refrigerant’s
temperature corresponding to the measured pressure
(i.e., saturation temperature) is determined. A conversion
table indicating a correlation between the pressure and
the saturation temperature is stored in advance in mem-
ory 104 of control device 100. Control device 100 obtains
a saturation temperature corresponding to pressure PL
from the conversion table, and calculates a difference
from temperature T1 actually measured by a temperature
sensor. When the saturation temperature is represented
by T0, degree of superheat SH is SH = T1 - T0.
[0038] Fig. 6 is a flowchart for controlling a fan in rota-
tional speed in a normal operation. In the normal opera-
tion, the rotational speed of fan 22 is determined so that
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each device operates efficiently. For example, it is deter-
mined such that a difference between temperature TC
representing condensation temperature and external
air’s temperature is set to be 10°C.
[0039] Initially, in step S1, a target temperature is set
to a value obtained by adding α°C to external air’s tem-
perature TA as measured with temperature sensor 120.
Temperature α°C is set to a temperature at which con-
denser 20 provides efficient heat exchange, and it is for
example 10°C. Subsequently, in step S2, condensation
temperature TC is measured by temperature sensor 121,
and condensation temperature TC as measured is com-
pared with the target temperature. For TC > the target
temperature (YES in S2), control device 100 increases
the rotational speed of fan 22 in step S3 to decrease
temperature TC. For TC < the target temperature (YES
in S4), control device 100 decreases the rotational speed
of fan 22 in step S5 to increase condensation temperature
TC. When condensation temperature TC matches the
target temperature (NO in S2 and NO in S4), control de-
vice 100 does not change and thus maintains the current
rotational speed of fan 22. In order to avoid frequently
changing the rotational speed of fan 22, a difference may
be provided between the target temperatures in steps S2
and S4 to provide hysteresis.
[0040] An amount of liquid refrigerant held in liquid re-
ceiver 30 varies depending on the operating state of the
refrigeration cycle apparatus. The amount of refrigerant
should be a sufficient amount of an extent such that liquid
remains in liquid receiver 30 even in an operating state
in which liquid receiver 30 holds a minimal amount of
liquid.
[0041] The operating state in which the receiver holds
a minimal amount of liquid is a state in which condensa-
tion temperature TC rises to be high (a state in which the
high-pressure section has pressure increased as it is af-
fected by external air’s temperature, the fan’s rotational
speed, and the like). In that case, refrigerant in the main
circuit increases in density and decreases in volume. Liq-
uid refrigerant flows out of liquid receiver 30 toward the
circulation circuit by the amount corresponding to the re-
duction in volume of the refrigerant in the main circuit,
and accordingly, liquid receiver 30 has a reduced amount
of liquid.
[0042] Further, when a plurality of indoor units are
used, and there is a stopped indoor unit, refrigerant cor-
responding to the stopped indoor unit is stored in a liquid
receiver, and accordingly, when the plurality of indoor
units are all in operation, the amount of liquid of refriger-
ant in the receiver decreases.
[0043] Therefore, in order to make it possible to sense
at an early stage that refrigerant is short, in the present
embodiment, in the refrigerant shortage sensing mode,
dryness at the outlet of the liquid receiver provided with
the gas-liquid separation mechanism is increased to be
larger than in the normal operation to facilitate a refrig-
erant shortage sensing unit provided along the bypass
channel to sense that refrigerant is short.

[0044] Fig. 7 is a flowchart for control in the refrigerant
shortage sensing mode. The refrigerant shortage sens-
ing mode is periodically run by a timer or the like, for
example, once a day or once for several days.
[0045] When the refrigerant shortage sensing mode is
set, in step S11, control device 100 sets the operating
frequency of compressor 10 to a predetermined fixed fre-
quency. Note that in the configuration in which an injec-
tion channel is provided as in the second embodiment,
the expansion valve of the injection channel also has a
fixed degree of opening.
[0046] Subsequently, in step S12, control device 100
sets the rotational speed of fan 22 to be equal to or lower
than a minimum rotational speed that can be assumed
in the normal operation. For example, fan 22 may be
stopped from rotating. As a result, condenser 20 ex-
changes heat with external air less efficiently and thus
less likely to condense refrigerant. Then, dryness at the
outlet of liquid receiver 30 provided with the gas-liquid
separation mechanism increases to be larger than in the
normal operation. In other words, refrigerant has a larger
ratio of gaseous refrigerant than in the normal operation.
[0047] Subsequently, in step S13, control device 100
senses whether refrigerant is short based on whether
there is degree of superheat SH at the outlet of the re-
frigerant heating device (or point C).
[0048] Fig. 8 is a diagram representing a relationship
between the rotational speed of the fan, the amount of
refrigerant, and the dryness of the refrigerant. Herein, an
amount of refrigerant which is 100% indicates an amount
introduced as defined to be neither excessive nor insuf-
ficient in design, and it is assumed that a difference from
100% is an amount of a shortage. The apparatus, as
originally installed, has refrigerant introduced in an
amount with a margin, and the refrigerant may have an
amount of 110% for example. And when the refrigerant
leaks and has an amount decreased to be less than
100%, it is determined that the refrigerant is short.
[0049] For how much dryness gas-liquid separation
can be done is a value determined depending on how
the gas-liquid separation mechanism is designed. When
it is assumed that dryness of a limit at which gas-liquid
separation can be done is 0.05, Fig. 8 shows that, for
refrigerant having an amount of 95%, gas-liquid separa-
tion cannot be done when the fan’s rotational speed is
reduced to 25%. For refrigerant having an amount of 85%
gas-liquid separation cannot be done when the fan’s ro-
tational speed is reduced to 40%, and for refrigerant hav-
ing an amount of 80% gas-liquid separation cannot be
done when the fan’s rotational speed is reduced to 60%.
[0050] Therefore, for example, in step S13, control de-
vice 100 reduces the fan’s rotational speed to 25% and
heats refrigerant by refrigerant heating device 75. At that
time, control device 100 obtains saturation temperature
T0 corresponding to pressure PL from the conversion
table stored in advance and calculates a difference from
temperature T1 actually measured with temperature sen-
sor 122 to calculate degree of superheat SH (= T1 - T0).
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For degree of superheat SH > 0, it is determined that the
refrigerant is short, and for degree of superheat SH = 0,
it is determined that the refrigerant has an amount equal
to or larger than the defined amount.
[0051] When the refrigerant is not short (NO in S13),
the refrigerant shortage sensing mode ends, and the nor-
mal operation is performed, as controlled as shown in
Fig. 6.
[0052] On the other hand, when the refrigerant is short
(YES in S13), in the present embodiment, control device
100 further senses an amount of refrigerant in step S14,
and in step S15 notifies the user of how much the refrig-
erant is short. Control device 100 causes notification de-
vice 101 to output an alarm indicating that the refrigerant
is short. Notification device 101 is for example a display
device such as a liquid crystal display, a warning lamp,
or the like, and may be a device that transmits a warning
signal to an external device via a communication line.
[0053] In the above-described steps S11 to S13, in or-
der to be able to detect at an early stage that refrigerant
is short, control device 100 increases dryness at the out-
let of condenser 20 and increases an amount of refrig-
erant circulated through the main circuit so that the re-
ceiver is close to an empty state, and thereafter, control
device 100 checks degree of superheat SH at point C.
By operating under a condition severer than a condition
applied for normal use, whether refrigerant is short is
easily determined based on degree of superheat SH.
[0054] Then, in step S14, to what level the refrigerant
is reduced in amount is examined and used for mainte-
nance and inspection of the refrigeration cycle apparatus.
A result of notification allows the user to consider whether
to stop the refrigeration cycle apparatus, when to repair
leakage of refrigerant or to supplement shortage of re-
frigerant, and the like. Based on an amount of shortage
as sensed, control device 100 may notify a user or a
service provider of emergency or an amount to be addi-
tionally sealed.
[0055] Fig. 9 is a flowchart of details of a process (S14)
for sensing an amount of refrigerant. Initially, in step S21,
control device 100 gradually increases the rotational
speed of fan 22 while causing refrigerant heating device
75 (e.g., a heater) to heat refrigerant. Then, in step S22,
control device 100 determines a rotational speed of the
fan for which the refrigerant at point C has a degree of
superheat SH of zero. Then, in step S23, control device
100 determines an amount of refrigerant from a map in-
dicating a previously stored correlation between the ro-
tational speed of the fan and the amount of refrigerant.
[0056] Fig. 10 is an example of a map for determining
an amount of refrigerant from a rotational speed of the
fan. When the graph shown in Fig. 8 is transformed and
the vertical axis represents the amount of refrigerant, the
graph shown in Fig. 10 is obtained. Herein, when it is
assumed that a boundary of whether the gas-liquid sep-
aration mechanism disposed at branching point BP1 can
provide gas-liquid separation is a dryness of 0.05, a line
in Fig. 10 representing the dryness of 0.05 will be a map

representing a correlation between the fan’s rotational
speed and the amount of refrigerant. A region above the
line of the dryness of 0.05 is a region in which refrigerant
has an amount equal to or larger than an appropriate
amount, and a region below the line is a region in which
refrigerant is short in amount. For example, in step S12
of Fig. 7, the fan’s rotational speed is decreased to 25%
corresponding to an amount of refrigerant which is 95%
for the sake of illustration, and whether the refrigerant is
short is examined. When it is determined that the refrig-
erant is short, the fan’s rotational speed is gradually in-
creased from 25% to sense the amount of the refrigerant.
[0057] For example, when the fan’s rotational speed
attains 30%, and degree of superheat SH changes from
SH > 0 to SH = 0 at that rotational speed, then the amount
of the refrigerant can be sensed to be 90%. Similarly,
when the fan’s rotational speed attains 40%, and degree
of superheat SH changes from SH > 0 to SH = 0 at that
rotational speed, then the amount of the refrigerant can
be sensed to be 85%.
Similarly, when the fan’s rotational speed attains 60%,
and degree of superheat SH changes from SH > 0 to SH
= 0 at that rotational speed, then the amount of the re-
frigerant can be sensed to be 80%.
[0058] While in the example described above, fan 22
is changed in rotational speed to change refrigerant in
dryness to sense an amount of the refrigerant, fan 22
may have a rotational speed fixed to 30% and the com-
pressor’s operating frequency may instead be changed
to change dryness to sense an amount of refrigerant.
[0059] Fig. 11 is an example of a map for determining
an amount of refrigerant from a frequency of the com-
pressor. The vertical axis represents the amount of re-
frigerant (in %), and the horizontal axis represents the
operating frequency (in Hz). When considering in the
same manner as in the description for Fig. 10, when it is
assumed that a boundary of whether the gas-liquid sep-
aration mechanism disposed at branching point BP1 can
provide gas-liquid separation is a dryness of 0.05, a line
in Fig. 11 representing the dryness of 0.05 will be a map
representing a correlation between the compressor’s op-
erating frequency and the amount of refrigerant. A region
above the line of the dryness of 0.05 is a region in which
refrigerant has an amount equal to or larger than an ap-
propriate amount, and a region below the line is a region
in which refrigerant is short in amount.
[0060] For example, the rotational speed of fan 22 is
set to 30% and the operating frequency of the compres-
sor is set to 80 Hz to determine whether the refrigerant
is short, and when the refrigerant is short, then, the op-
erating frequency of the compressor is gradually de-
creased from 80 Hz to examine an operating frequency
of the compressor for which degree of superheat SH is
zero. For example, when the operating frequency is 70
Hz, the amount of refrigerant can be sensed to be 85%,
and when the operating frequency is 30 Hz, the amount
of refrigerant can be sensed to be 77.5%.
[0061] Thus, in the first embodiment, initially, the fan’s

9 10 



EP 4 071 425 A1

7

5

10

15

20

25

30

35

40

45

50

55

rotational speed is set to be lower than that in the normal
operation or zeroed to reduce condenser 20 in capacity
so that refrigerant passing through the condenser is high
in dryness to facilitate detecting shortage of refrigerant.
Thus, shortage of refrigerant can be detected even at an
early stage thereof. Further, when refrigerant is short,
the fan or the like can operated to gradually reduce dry-
ness of refrigerant passing through the condenser to de-
tect an amount of refrigerant. Thus, a user or a service
provider can be notified of emergency or an amount to
be additionally sealed, based on the amount of refrigerant
sensed.

Second Embodiment

[0062] While in the first embodiment the fan’s rotational
speed is decreased or the compressor’s frequency is in-
creased as means for increasing dryness at the gas-liq-
uid separator, when an injection channel and an internal
heat exchanger are included the injection channel may
have its expansion valve opened by an increased angle
or these may be composited together.
[0063] Fig. 12 is a diagram showing a configuration of
a refrigeration cycle apparatus 201 according to a second
embodiment. Refrigeration cycle apparatus 201 has the
configuration of refrigeration cycle apparatus 1 shown in
Fig. 1 with outdoor unit 2 replaced with an outdoor unit
202. Load device 3 will not be described repeatedly as
it is the same in configuration.
[0064] Outdoor unit 202 has the configuration of out-
door unit 2 having compressor 10 and control device 100
replaced with a compressor 210 and a control device
300, and further including a heat exchanger 40, an ex-
pansion valve 92, and pipes 93 and 94. Outdoor unit 202
has a remainder similar in configuration to outdoor unit
2, and accordingly, will not be described repeatedly.
[0065] Heat exchanger 40 has a first passage HI and
a second passage H2, and is configured to exchange
heat between refrigerant passing through first passage
HI and refrigerant passing through second passage H2.
Liquid receiver 30 is disposed between first passage HI
of heat exchanger 40 and condenser 20 and configured
to store refrigerant.
[0066] Compressor 210 has an intermediate pressure
port G3 in addition to suction port G1 and discharging
port G2. Compressor 10 is configured to suck through
suction port G1 refrigerant having passed through evap-
orator 60 and discharge the refrigerant through discharg-
ing port G2 toward condenser 20 together with refrigerant
sucked through intermediate pressure port G3.
[0067] Expansion valve 92, pipe 93, second passage
H2 of heat exchanger 40, and pipe 94 constitute a third
channel F3 passing refrigerant from a branching point
BP2 of the main circuit to intermediate pressure port G3
of compressor 210. Third channel F3 will also be referred
to as an "injection channel."
[0068] While in an example described in the first em-
bodiment the rotational speed of fan 22 is changed to

change refrigerant in dryness to sense an amount of the
refrigerant, in the second embodiment, the rotational
speed of fan 22 and the operating frequency of the com-
pressor are fixed and a degree of opening of expansion
valve 92 is instead changed to change dryness.
[0069] Fig. 13 is an example of a map for determining
an amount of refrigerant from a degree of opening of an
expansion valve. The vertical axis represents the amount
of refrigerant (in %), and the horizontal axis represents
a pulse count of a control signal corresponding to a de-
gree of opening of expansion valve 92. As the pulse count
increases, the degree of opening of expansion valve 92
increases. Hereinafter, a degree of opening of the ex-
pansion valve is represented by a pulse count. When
considering in the same manner as in the descriptions
for Figs. 10 and 11, when it is assumed that a boundary
of whether the gas-liquid separation mechanism dis-
posed at branching point BP1 can provide gas-liquid sep-
aration is a dryness of 0.05, a line in Fig. 13 representing
the dryness of 0.05 will be a map representing a corre-
lation between the compressor’s operating frequency
and the amount of refrigerant. A region above the line of
the dryness of 0.05 is a region in which refrigerant has
an amount equal to or larger than an appropriate amount,
and a region below the line is a region in which refrigerant
is short in amount.
[0070] For example, the rotational speed of fan 22 is
set to 30% and the degree of opening of expansion valve
92 is set to 60 pulses to determine whether refrigerant is
short, and when the refrigerant is short, then, the degree
of opening of expansion valve 92 is gradually decreased
to examine a degree of opening of expansion valve 92
at which degree of superheat SH is zero. For example,
when the degree of opening of expansion valve 92 is 50
pulses, the amount of refrigerant can be sensed to be
77%, and when the degree of opening of expansion valve
92 is 30 pulses, the amount of refrigerant can be sensed
to be 74.5%.
[0071] In the second embodiment as well, in order to
change dryness of refrigerant when detecting an amount
thereof, a change of either the rotational speed of fan 22
or the operating frequency of compressor 210 may be
used in combination with a change of the degree of open-
ing of expansion valve 92.
[0072] Finally, reference will again be made to the
drawings to summarize the first and second embodi-
ments. Referring to Fig. 1, outdoor unit 2 of refrigeration
cycle apparatus 1 has a normal mode and a refrigerant
shortage sensing mode and is configured to be connect-
ed to load device 3 including expansion device 50 and
evaporator 60. Outdoor unit 2 includes first channel F1,
compressor 10, condenser 20, second channel F2, erect-
ed pipe 71 as a gas-liquid separation structure, flow rate
regulation device 73, refrigerant heating device 75, dry-
ness increasing device 150, temperature sensor 122,
and notification device 101.
[0073] First channel F1 is configured to form a circu-
lation channel through which refrigerant circulates by be-
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ing connected to load device 3. Compressor 10 and con-
denser 20 are disposed along first channel F1. Second
channel F2 branches from branching point BP1 of first
channel F1 downstream of condenser 20 in a direction
in which the refrigerant circulates, and second channel
F2 is configured to return to compressor 10 refrigerant
having passed through condenser 20. Erected pipe 71
that is a gas-liquid separation structure is provided at
branching point BP1. Flow rate regulation device 73 and
refrigerant heating device 75 are disposed along second
channel F2 such that flow rate regulation device 73 fol-
lows branching point BP1 and refrigerant heating device
75 follows flow rate regulation device 73. Dryness in-
creasing device 150 increases the dryness of the refrig-
erant that has passed through the condenser 20 in the
refrigerant shortage sensing mode to be larger than in
the normal mode. Temperature sensor 122 senses tem-
perature T1 of the refrigerant after it passes through re-
frigerant heating device 75 on second channel F2. In the
refrigerant shortage sensing mode, in accordance with
an output of temperature sensor 122, notification device
101 provides notification of shortage of the refrigerant.
[0074] Preferably, dryness increasing device 150 in-
cludes fan 22 configured to deliver external air to con-
denser 20, and control device 100 configured to control
fan 22. As shown in step S12 of Fig. 7, in the refrigerant
shortage sensing mode, fan 22 has a rotational speed
set to be lower than that in the normal mode or zeroed.
[0075] More preferably, notification device 101, in the
refrigerant shortage sensing mode, is configured to pro-
vide notification of an amount of the refrigerant corre-
sponding to a rotational speed of fan 22 for which degree
of superheat SH calculated based on an output of tem-
perature sensor 122 changes from positive to zero (steps
S14 and S15 in Fig. 7).
[0076] More preferably, notification device 101, in the
refrigerant shortage sensing mode, is configured to pro-
vide notification of an amount of the refrigerant corre-
sponding to an operating frequency of compressor 10 for
which degree of superheat SH calculated based on the
output of temperature sensor 122 changes from positive
to zero.
[0077] Preferably, as shown in Fig. 12, outdoor unit
202 further includes heat exchanger 40 having first pas-
sage HI and second passage H2 and configured to ex-
change heat between refrigerant passing through first
passage HI and refrigerant passing through second pas-
sage H2, and expansion valve 92. Heat exchanger 40
has first passage HI disposed downstream of condenser
20 provided along first channel F1. Compressor 210 has
intermediate pressure port G3 in addition to suction port
G1 and discharging port G2. Compressor 210 is config-
ured to suck through suction port G1 refrigerant having
passed through evaporator 60 and discharge the refrig-
erant through discharging port G2 toward condenser 20
together with refrigerant sucked through intermediate
pressure port G3.
[0078] Outdoor unit 202 further includes third channel

F3 passing refrigerant from branching point BP2 of the
main circuit to intermediate pressure port G3 of compres-
sor 210. Third channel F3 includes expansion valve 92,
pipe 93, second passage H2 of heat exchanger 40, and
pipe 94.
[0079] Notification device 101, in the refrigerant short-
age sensing mode, is configured to provide notification
of an amount of the refrigerant corresponding to a degree
of opening of expansion valve 92 at which degree of su-
perheat SH calculated based on the output of tempera-
ture sensor 122 changes from positive to zero.
[0080] Preferably, as shown in Figs. 2 and 3, second
channel F2 branches at erected pipe 71 on branching
point BP from first channel F1 in a direction opposite to
gravity.
[0081] While the present embodiment has been de-
scribed while indicating as an example a refrigerator
comprising refrigeration cycle apparatus 1, refrigeration
cycle apparatus 1 may be utilized for an air conditioner
or the like.
[0082] It should be understood that the embodiments
disclosed herein have been described for the purpose of
illustration only and in a non-restrictive manner in any
respect. The scope of the present invention is defined by
the terms of the claims, rather than the embodiments
description above, and is intended to include any modi-
fications within the meaning and scope equivalent to the
terms of the claims.

REFERENCE SIGNS LIST

[0083] 1, 201 refrigeration cycle apparatus, 2, 202 out-
door unit, 3 load device, 10, 210 compressor, 20 con-
denser, 22 fan, 30 liquid receiver, 40 heat exchanger, 50
expansion device, 60 evaporator, 71 erected pipe, 72,
74, 80, 81, 82, 83, 85, 86, 87, 89, 93, 94 pipe, 73 flow
rate regulation device, 75 refrigerant heating device, 84,
88 extension pipe, 92 expansion valve, 100, 300 control
device, 101 notification device, 104 memory, 110, 111
pressure sensor, 120, 121, 122 temperature sensor, 150
dryness increasing device, BP1, BP2 branching point,
F1, F2, F3 channel, G1 suction port, G2 discharging port,
G3 intermediate pressure port, HI first passage, H2 sec-
ond passage.

Claims

1. An outdoor unit of a refrigeration cycle apparatus,
the outdoor unit having a normal mode and a refrig-
erant shortage sensing mode and configured to be
connected to a load device including an expansion
device and an evaporator, the outdoor unit compris-
ing:

a first channel configured to form a circulation
channel allowing refrigerant to circulate by being
connected to the load device;
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a compressor and a condenser disposed along
the first channel;
a second channel branched from a branching
point of the first channel downstream of the con-
denser in a direction in which the refrigerant cir-
culates, and configured to return the refrigerant
to the compressor after the refrigerant passes
through the condenser;
a gas-liquid separation structure provided at the
branching point;
a flow rate regulation device disposed along the
second channel and following the branching
point, and a refrigerant heating device disposed
along the second channel and following the flow
rate regulation device;
a dryness increasing device configured to in-
crease a dryness of the refrigerant that has
passed through the condenser in the refrigerant
shortage sensing mode to be larger than in the
normal mode;
a temperature sensor configured to sense a tem-
perature of the refrigerant after the refrigerant
passes through the refrigerant heating device
provided along the second channel; and
a notification device configured to operate in the
refrigerant shortage sensing mode in accord-
ance with an output of the temperature sensor
to provide notification of shortage of the refrig-
erant.

2. The outdoor unit according to claim 1, wherein

the dryness increasing device comprises a fan
configured to deliver external air to the condens-
er, and
in the refrigerant shortage sensing mode, the
fan has a rotational speed set to a rotational
speed lower than that in the normal mode or
zeroed.

3. The outdoor unit according to claim 2, wherein in the
refrigerant shortage sensing mode, the notification
device provides notification of an amount of the re-
frigerant corresponding to a rotational speed of the
fan at which a degree of superheat calculated based
on the output of the temperature sensor changes
from positive to zero.

4. The outdoor unit according to claim 2, wherein in the
refrigerant shortage sensing mode the notification
device provides notification of an amount of the re-
frigerant corresponding to an operating frequency of
the compressor at which a degree of superheat cal-
culated based on the output of the temperature sen-
sor changes from positive to zero.

5. The outdoor unit according to claim 2, further com-
prising:

a heat exchanger having a first passage and a
second passage and configured to exchange
heat between refrigerant passing through the
first passage and refrigerant passing through
the second passage;
an expansion valve; and
a third channel, wherein
the heat exchanger has the first passage dis-
posed downstream of the condenser provided
along the first channel,
the compressor has a suction port, a discharging
port and an intermediate pressure port,
the compressor is configured to suck through
the suction port refrigerant having passed
through the evaporator and discharge the refrig-
erant through the discharging port toward the
condenser together with refrigerant sucked
through the intermediate pressure port,
the third channel includes the expansion valve
and the second passage of the heat exchanger,
the third channel is configured to pass refriger-
ant from the first channel to the intermediate
pressure port of the compressor, and
in the refrigerant shortage sensing mode the no-
tification device provides notification of an
amount of refrigerant corresponding to a degree
of opening of the expansion valve at which a
degree of superheat calculated based on the
output of the temperature sensor changes from
positive to zero.

6. The outdoor unit according to claim 1, wherein the
second channel branches from the first channel in
the gas-liquid separation structure at the branching
point in a direction opposite to gravity.

7. A refrigeration cycle apparatus comprising: the out-
door unit according to any one of claims 1 to 6; and
the load device.
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