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(54) REFRIGERATION DEVICE AND CONTROL METHOD THEREFOR

(57) A refrigeration device is equipped with: an ex-
traction pipe (19) that extracts a portion of a non-azeo-
tropic refrigerant mixture from between a condenser (5)
and an expansion valve (7); an extraction pipe on-off
valve (20); a gas-liquid separator (17) that is connected
to the extraction pipe (19), and that accumulates the
non-azeotropic refrigerant mixture and separates the
mixture into a gas and a liquid; a gas return pipe (21)
connecting the gas-phase portion inside the gas-liquid

separator (17) and a point between the expansion valve
(7) and an evaporator (9); a gas return pipe on-off valve
(22); a liquid return pipe (23) connecting the liquid-phase
portion inside the gas-liquid separator (17) and a point
between the expansion valve (7) and the evaporator (9);
a liquid return pipe on-off valve (24); and a control unit
that controls the extraction pipe on-off valve (20), the gas
return pipe on-off valve (22), and the liquid return pipe
on-off valve (24).
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Description

Technical Field

[0001] The present invention relates to a refrigeration
device using a non-azeotropic refrigerant mixture and a
control method therefor.

Background Art

[0002] HFC refrigerants such as R410A are used as
refrigerants used for an air conditioner. However, HFC
refrigerants represented by R410A have a high global
warming potential coefficient (GWP). Therefore, among
HFC refrigerants, R32 with a lower GWP than R410A,
and 1234yf and R1234ze(E) which are HFO refrigerants
are cited as next candidate refrigerants for R410A. How-
ever, due to the refrigerant properties of a freon refriger-
ant and a natural refrigerant, there are advantages and
disadvantages in the next candidate refrigerants. For ex-
ample, R32 has a lower GWP and can obtain higher per-
formance than R410A, but it has drawbacks that the dis-
charge temperature is higher and the reliability in the low-
temperature range is inferior, compared with R410A.
R1234yf and R1234ze(E) have an advantage that the
GWP is low (GWP is 10 or less), but they have only a
volume capacity of about 50% because the density is
lower compared with R410A, so they have a disadvan-
tage of increasing the size of the equipment in order to
ensure comparable performance.
[0003] In order to compensate for the advantages and
disadvantages of refrigerants, use of a mixed refrigerant
in which two or more types of refrigerants are mixed is
considered. The following PTL 1 discloses changing the
ratio of a mixed refrigerant in a refrigeration cycle by dis-
solving the mixed refrigerant in a refrigerating machine
oil and utilizing the difference in the solubilities of refrig-
erants.

Citation List

Patent Literature

[0004] [PTL 1] Japanese Unexamined Patent Applica-
tion Publication No. 7-98161

Summary of Invention

Technical Problem

[0005] As shown in Fig. 11, temperature sliding occurs
in a non-azeotropic refrigerant mixture in which refriger-
ants having different boiling points are mixed, among
mixed refrigerants. In other words, since the boiling
points and the condensation points of mixed refrigerants
are different, an isothermal line goes downward to the
right on the p-h diagram if the pressure (p) is constant
like a single refrigerant, in a wet steam (between a sat-

urated liquid line and a saturated vapor line). That is,
temperature sliding occurs in the non-azeotropic refrig-
erant mixture.
[0006] For example, the temperature difference in the
temperature sliding varies depending on the ratio of each
refrigerant in the non-azeotropic refrigerant mixture, as
shown in Fig. 12. In Fig. 12, the horizontal axis is the
mixing ratio [wt%] of R32 (low-boiling refrigerant) to
R1234ze(E) (high-boiling refrigerant), and the vertical ax-
is is the temperature difference [°C) of the temperature
slidings on the high-pressure side (Fig. 12A: saturation
temperature 40°C) and the low-pressure side (Fig. 12B:
saturation temperature 10°C). As can be seen from Fig.
12, the temperature sliding is maximized when the mixing
ratio of R32 to R1234ze(E) is around 20 wt%. In this case,
since the saturation temperature is set to 10°C on the
low-pressure side, the evaporator temperature may be
0°C or less on the low-pressure side, so there is a pos-
sibility of frosting of the evaporator. In the case of per-
forming the heating operation, when the evaporator
frosts, the heat exchange performance is lowered, and
the heat absorption amount is decreased, so that the
deterioration in the heating performance becomes con-
spicuous.
[0007] Fig. 13 shows the coefficient of performance
(COP) at the time of cooling operation and heating op-
eration in a case where the mixing ratio between R410A
and R1234ze(E) is changed. In Fig. 13, the horizontal
axis (lower axis) is the mixing ratio [wt%] of R32 to
R1234ze(E), the horizontal axis (upper axis) is GWP at
each mixing ratio, and the vertical axis is COP at the
equal capacity ratio to R410A. As can be seen from Fig.
13, as the mixing ratio of R32 is decreased, the ratio of
R1234ze(E) increases, so the GWP decreases, but the
COP during the cooling operation and the heating oper-
ation decreases, especially the COP during the cooling
operation largely decreases.
[0008] Therefore, it is desirable to make the mixing ra-
tio of a non-azeotropic refrigerant mixture in a refrigera-
tion cycle variable during an operation. In the above PTL
1, although it is possible to change the ratios of mixed
refrigerants in the refrigeration cycle, since the solubility
of refrigerant for refrigerating machine oil is used, it is
necessary to control the temperature and oil storage
amount of the refrigerating machine oil, there is a possi-
bility that the system may be complicated.
[0009] The present invention has been made in view
of such circumstances, and an object of the present in-
vention is to provide a refrigeration device which can
change a mixing ratio of a non-azeotropic refrigerant mix-
ture in a refrigeration cycle with a simple configuration
during an operation, and a control method therefor.
[0010] Another object is to provide a refrigeration de-
vice which can avoid frosting of the evaporator by tem-
perature sliding of a non-azeotropic refrigerant mixture,
and a control method therefor.
[0011] Still another object is to provide a refrigeration
d evice using a non-azeotropic refrigerant mixture, ca-
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pable of suppressing per formance deterioration during
a cooling operation as much as possible, and a control
method therefor.

Solution to Problem

[0012] In order to solve the above problems, a refrig-
eration device and a control method therefor of the
present invention employs the following means.
[0013] In other words, a refrigeration device according
to an aspect of the present invention includes a compres-
sor that compresses a non-azeotropic refrigerant mixture
in which a low-boiling refrigerant and a high-boiling re-
frigerant with boiling points different from each other are
mixed; a condenser that condenses the non-azeotropic
refrigerant mixture derived from the compressor; an ex-
pansion valve that expands the non-azeotropic refriger-
ant mixture derived from the condenser; an evaporator
that evaporates the non-azeotropic refrigerant mixture
derived from the expansion valve; an extraction pipe that
extracts a part of the non-azeotropic refrigerant mixture
from between the condenser and the expansion valve;
an extraction pipe on-off valve provided in the extraction
pipe; a gas-liquid separator that is connected to the ex-
traction pipe, and that accumulates the non-azeotropic
refrigerant mixture and separates the mixture into a gas
and a liquid; a gas return pipe connecting the gas-phase
portion inside the gas-liquid separator and a point be-
tween the expansion valve and an evaporator; a gas re-
turn pipe on-off valve provided in the gas return pipe; a
liquid return pipe connecting the liquid-phase portion in-
side the gas-liquid separator and a point between the
expansion valve and the evaporator; a liquid return pipe
on-off valve provided in the liquid return pipe; and a con-
trol unit that controls the extraction pipe on-off valve, the
gas return pipe on-off valve, and the liquid return pipe
on-off valve.
[0014] By opening the extraction pipe on-off valve ac-
cording to the command of the control unit, a part of the
non-azeotropic refrigerant mixture is extracted through
the extraction pipe from between the condenser and the
expansion valve, and is temporarily stored in the gas-
liquid separator. In the gas-liquid separator, gas and a
liquid are separated according to the temperature and
pressure inside the gas-liquid separator, and a liquid-
phase portion and a gas-phase portion are formed.
[0015] When the gas return pipe on-off valve is opened
according to the command of the control unit, a point
between the expansion valve and the evaporator are
communicated with the gas-phase portion in the gas-liq-
uid separator through the gas return pipe, the pressure
in the gas-phase portion becomes low and the low-boiling
refrigerant is preferentially led to the evaporator. This
makes it possible to increase the ratio of the low-boiling
refrigerant in the non-azeotropic refrigerant mixture in
the refrigeration cycle.
[0016] When the liquid return pipe on-off valve is
opened according to the command of the control unit, a

point between the expansion valve and the evaporator
is communicated with the liquid-phase portion in the gas-
liquid separator through the liquid return pipe, and the
liquid refrigerant in the liquid-phase portion is led to the
evaporator. Since the low-boiling refrigerant evaporates
and is separated from the liquid-phase portion in the gas-
liquid separator, there is a high-boiling refrigerant of a
higher ratio in the liquid refrigerant than when a non-aze-
otropic refrigerant mixture is extracted from the extraction
pipe. This makes it possible to increase the ratio of the
high-boiling refrigerant in the non-azeotropic refrigerant
mixture in the refrigeration cycle.
[0017] Thus, only by controlling each on-off valve of
each pipe connected to the gas-liquid separator, a refrig-
erant which is separated into a gas and a liquid by the
gas-liquid separator is returned during the refrigeration
cycle from the gas-phase portion or the liquid-phase por-
tion, so it is possible to arbitrarily change the mixing ratio
of the low-boiling refrigerant and the high-boiling refrig-
erant with a simple configuration.
[0018] Examples of a low-boiling refrigerant include
R32, and examples of a high-boiling refrigerant include
R1234yf and R1234ze(E).
[0019] Further, in the refrigeration device according to
an aspect of the present invention, during a heating op-
eration, in a case where an outside air temperature is
less than a predetermined value or a temperature of the
evaporator is less than a predetermined value, the control
unit performs a separation operation that opens the ex-
traction pipe on-off valve, opens the gas return pipe on-
off valve, and returns the gas refrigerant separated by
the gas-liquid separator from the gas return pipe to the
evaporator side.
[0020] During the heating operation, in general, the
outside air temperature is low, so the temperature of the
evaporator is low. When the temperature of the evapo-
rator becomes lower than the predetermined value, for
example, problems such as frosting of the evaporator
occur. Therefore, in a case where the outside air tem-
perature is less than the predetermined value or the tem-
perature of the evaporator is less than the predetermined
value, by opening the gas return pipe on-off valve, the
gas refrigerant (mainly, a low-boiling refrigerant) sepa-
rated by the gas-liquid separator is returned to the evap-
orator side through the gas return pipe, and the ratio of
the low-boiling refrigerant in the refrigeration cycle is in-
creased. In this case, by also opening the extraction pipe
on-off valve, the non-azeotropic refrigerant mixture is led
from the refrigeration cycle to the gas-liquid separator,
and a low-boiling refrigerant is returned to the refrigera-
tion cycle by the gas-liquid separator performing gas-
liquid separation, so the ratio increase of the low-boiling
refrigerant in the refrigeration cycle is further promoted.
[0021] By performing such a separation operation, by
performing such a separation operation that separates a
high-boiling refrigerant from the non-azeotropic refriger-
ant mixture in the refrigeration cycle to raise the ratio of
a low-boiling refrigerant, temperature sliding is reduced,
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a saturation temperature at the evaporator can be in-
creased, for example, frosting can be suppressed.
[0022] As the predetermined value of the outside air
temperature or the predetermined value of the tempera-
ture of the evaporator, for example, a temperature at
which the temperature of the evaporator falls and frost
may occur is selected.
[0023] Further, in the refrigeration device according to
an aspect of the present invention, after a predetermined
period has elapsed since the separation operation is
started, or after a degree of superheat of the non-azeo-
tropic refrigerant mixture sucked in by the compressor is
less than a predetermined value, the control unit closes
the extraction pipe on-off valve.
[0024] Since the extraction pipe on-off valve is closed
after a predetermined period has elapsed since the sep-
aration operation is started, or after a degree of superheat
of the non-azeotropic refrigerant mixture sucked in by
the compressor is less than a predetermined value, ex-
traction of a part of the non-azeotropic refrigerant mixture
in the refrigeration cycle to the gas-liquid separator is
stopped. Thus, control to raise the ratio of the low-boiling
refrigerant in the non-azeotropic refrigerant mixture in
the refrigeration cycle is stopped, and operation can be
continued with the composition of non-azeotropic refrig-
erant mixture after the separation operation.
[0025] As the "predetermined period" referred to in "af-
ter a predetermined period has elapsed since the sepa-
ration operation is started", for example, a time until a
desired mixing ratio is obtained by performing the sepa-
ration operation is selected.
[0026] As the "predetermined value" referred to in "a
degree of superheat of the refrigerant sucked in by the
compressor is less than a predetermined value", for ex-
ample, a value set for avoiding the liquid compression of
the compressor is used.
[0027] Further, in the refrigeration device according to
an aspect of the present invention, in a case where the
outside air temperature is the predetermined value or
more, or in a case where a temperature of a discharge
gas discharged from the compressor is the predeter-
mined value or more, the control unit opens the extraction
pipe on-off valve, closes the gas return pipe on-off valve,
and opens the liquid return pipe on-off valve.
[0028] When the outside air temperature is the prede-
termined value or more, there is no risk of problems such
as frosting of the evaporator. Therefore, in a case where
the outside air temperature is the predetermined value
or more, the gas return pipe on-off valve is closed, and
preferential returning of the low-boiling refrigerant to the
refrigeration cycle is stopped. Then, by opening the liquid
return pipe on-off valve, a large number of high-boiling
refrigerants which are present in the liquid-phase portion
are returned to the refrigeration cycle. In this case, by
also opening the extraction pipe on-off valve, the non-
azeotropic refrigerant mixture is led from the refrigeration
cycle to the gas-liquid separator, and a high-boiling re-
frigerant of a liquid phase is preferentially returned to the

refrigeration cycle by the gas-liquid separator performing
gas-liquid separation, so the ratio increase of the high-
boiling refrigerant in the refrigeration cycle is promoted.
[0029] As described above, by performing a mixing op-
eration of mixing a high-boiling refrigerant in a non-aze-
otropic refrigerant mixture in the refrigeration cycle, it is
possible to increase the ratio of the high-boiling refriger-
ant in the non-azeotropic refrigerant mixture, thereby re-
turning the ratio to the mixing ratio at the time of filling
the refrigerant.
[0030] In addition, when the discharge gas tempera-
ture discharged from the compressor becomes equal to
or higher than the predetermined value, the discharge
gas temperature can be lowered by returning the mixing
ratio of refrigerant to the mixing ratio at the time of filling
the refrigerant.
[0031] Further, in the refrigeration device according to
an aspect of the present invention, during a cooling op-
eration, the control unit opens the extraction pipe on-off
valve and opens the gas return pipe on-off valve.
[0032] A low-boiling refrigerant such as R32 is higher
in density than a high-boiling refrigerant such as R1234yf
and R1234ze(E), so COP is higher. Therefore, during a
cooling operation, by performing the separation opera-
tion that opens the extraction pipe on-off valve and the
gas return pipe on-off valve, the ratio of a low-boiling
refrigerant in the non-azeotropic refrigerant mixture in
the refrigeration cycle increases. Thus, a highly efficient
cooling operation can be realized.
[0033] Further, in the refrigeration device according to
an aspect of the present invention, in a case where a
temperature of a discharge gas discharged from the com-
pressor is the predetermined value or more, the control
unit opens the extraction pipe on-off valve, closes the
gas return pipe on-off valve, and opens the liquid return
pipe on-off valve.
[0034] When the ratio of a low-boiling refrigerant in the
non-azeotropic refrigerant mixture in the refrigeration cy-
cle increases, there is a possibility that the discharge gas
temperature of the compressor becomes excessively
high. Therefore, in a case where the discharge gas tem-
perature is the predetermined value or more, by perform-
ing the mixing operation that opens the extraction pipe
on-off valve, closes the gas return pipe on-off valve, and
opens the liquid return pipe on-off valve, the ratio of a
high-boiling refrigerant in the non-azeotropic refrigerant
mixture is increased and the mixing ratio of refrigerant is
returned to the mixing ratio at the time of filling the refrig-
erant. By doing this, it is possible to protect the equipment
by avoiding the discharge gas temperature of the com-
pressor from being excessively high.
[0035] A control method of a refrigeration device ac-
cording to another aspect of the present invention, the
refrigeration device including a compressor that com-
presses a non-azeotropic refrigerant mixture in which a
low-boiling refrigerant and a high-boiling refrigerant with
boiling points different from each other are mixed; a con-
denser that condenses the non-azeotropic refrigerant
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mixture derived from the compressor; an expansion valve
that expands the non-azeotropic refrigerant mixture de-
rived from the condenser; an evaporator that evaporates
the non-azeotropic refrigerant mixture derived from the
expansion valve; an extraction pipe that extracts a part
of the non-azeotropic refrigerant mixture from between
the condenser and the expansion valve; an extraction
pipe on-off valve provided in the extraction pipe; a gas-
liquid separator that is connected to the extraction pipe,
and that accumulates the non-azeotropic refrigerant mix-
ture and separates the mixture into a gas and a liquid; a
gas return pipe connecting the gas-phase portion inside
the gas-liquid separator and a point between the expan-
sion valve and an evaporator; a gas return pipe on-off
valve provided in the gas return pipe; a liquid return pipe
connecting the liquid-phase portion inside the gas-liquid
separator and a point between the expansion valve and
the evaporator; a liquid return pipe on-off valve provided
in the liquid return pipe; and a liquid return pipe on-off
valve provided in the liquid return pipe, the method in-
cluding controlling opening and closing of the extraction
pipe on-off valve, the gas return pipe on-off valve, and
the liquid return pipe on-off valve.

Advantageous Effects of Invention

[0036] Only by controlling each on-off valve of each
pipe connected to the gas-liquid separator, a refrigerant
which is separated into a gas and a liquid by the gas-
liquid separator is returned during the refrigeration cycle
from the gas-phase portion or the liquid-phase portion,
so it is possible to arbitrarily change the mixing ratio of
the non-azeotropic refrigerant mixture with a simple con-
figuration.
[0037] By performing the separation operation that
separates a high-boiling refrigerant from the non-azeo-
tropic refrigerant mixture in the refrigeration cycle to raise
the ratio of a low-boiling refrigerant, a saturation temper-
ature at the evaporator is increased, and thus frosting of
the evaporator can be suppressed.
[0038] During a cooling operation, by performing the
separation operation that opens the extraction pipe on-
off valve and the gas return pipe on-off valve, the ratio
of a low-boiling refrigerant in the non-azeotropic refrig-
erant mixture in the refrigeration cycle increases, and
thus highly efficient cooling operation can be realized.

Brief Description of Drawings

[0039]

Fig. 1 is a schematic configuration diagram showing
a refrigerant circuit of a refrigeration device accord-
ing to an embodiment of the present invention and
showing a normal operation (inclusion composition)
during a heating operation.
Fig. 2 is a schematic configuration diagram of a re-
frigerant circuit showing a separation operation dur-

ing the heating operation.
Fig. 3 is a schematic configuration diagram of a re-
frigerant circuit showing a normal operation (sepa-
ration composition) during the heating operation.
Fig. 4 is a schematic configuration diagram of a re-
frigerant circuit showing a mixing operation during
the heating operation.
Fig. 5 is a flowchart showing control during the heat-
ing operation.
Fig. 6 is a schematic configuration diagram of a re-
frigerant circuit showing a normal operation (inclu-
sion composition) during a cooling operation.
Fig. 7 is a schematic configuration diagram of a re-
frigerant circuit showing a separation operation dur-
ing the cooling operation.
Fig. 8 is a schematic configuration diagram of a re-
frigerant circuit showing a normal operation (sepa-
ration composition) during a cooling operation.
Fig. 9 is a schematic configuration diagram of a re-
frigerant circuit showing a mixing operation during
the cooling operation.
Fig. 10 is a flowchart showing control during the cool-
ing operation.
Fig. 11 is a pressure (p)-enthalpy (h) diagram show-
ing temperature sliding of a non-azeotropic refriger-
ant mixture.
Fig. 12A is a graph showing temperature sliding cor-
responding to a mixing ratio of the non-azeotropic
refrigerant mixture and showing temperature sliding
at saturation temperature of 40°C.
Fig. 12B is a graph showing temperature sliding cor-
responding to a mixing ratio of the non-azeotropic
refrigerant mixture and showing temperature sliding
at saturation temperature of 10°C.
Fig. 13 is a graph showing a change in COP corre-
sponding to a mixing ratio of the non-azeotropic re-
frigerant mixture.

Description of Embodiments

[0040] Hereinafter, an embodiment according to the
present invention will be described with reference to the
drawings.
[0041] Fig. 1 shows the configuration of a refrigerant
circuit of a refrigeration device 1 of the present embodi-
ment. The refrigeration device 1 is used as, for example,
an air conditioner, and it is possible to perform a heating
operation and a cooling operation by switching the four-
way valve (not shown) provided on the discharge side of
the compressor 3. Fig. 1 shows the configuration during
a heating operation.
[0042] The refrigeration device 1 uses a non-azeotrop-
ic refrigerant mixture in which R32 and R1234ze(E) are
mixed, as a refrigerant. R32 is considered to be a low-
boiling refrigerant with a lower boiling point relative to
R1234ze(E). R1234ze(E) is considered to be a high-boil-
ing refrigerant with a higher boiling point relative to R32.
Further, R1234yf may be used instead of R1234ze(E).

7 8 



EP 3 462 108 A1

6

5

10

15

20

25

30

35

40

45

50

55

[0043] The refrigeration device 1 includes a compres-
sor 3 that compresses a non-azeotropic refrigerant mix-
ture (hereinafter sometimes simply referred to as "refrig-
erant"), a condenser 5, an expansion valve 7, and an
evaporator 9. A refrigerant circuit which performs a re-
frigeration cycle is configured by connecting the com-
pressor 3, the condenser 5, the expansion valve 7, and
the evaporator 9 by refrigerant pipes.
[0044] The compressor 3 is provided inside an outdoor
unit, is assumed to be, for example, a scroll compressor
or a rotary compressor, and is driven by an electric motor
(not shown). The electric motor has an inverter device,
and the rotation speed is arbitrarily changed according
to a command from a control unit (not shown).
[0045] A suction pressure sensor 11 that measures the
suction pressure Ps of the refrigerant is provided on the
suction side of the compressor 3, and a discharge tem-
perature sensor 13 that measures the discharge temper-
ature of the refrigerant is provided on the discharge side
of the compressor 3. The outputs from the suction pres-
sure sensor 11 and the discharge temperature sensor
13 are transmitted to the control unit.
[0046] The condenser 5 is an indoor heat exchanger
and condenses the high-pressure gas refrigerant derived
from the compressor 3 by heating and heat-exchanging
the indoor air during a heating operation.
[0047] The expansion valve 7 expands the refrigerant
condensed and liquefied in the condenser 5. The opening
of the expansion valve 7 is controlled by the control unit.
[0048] The evaporator 9 is assumed to be an outdoor
heat exchanger provided inside the outdoor unit, and
evaporates the refrigerant expanded by the expansion
valve 7 by exchanging heat with the outside air, as the
outdoor heat exchanger, during a heating operation. An
evaporator outlet temperature sensor 15 that measures
the evaporating refrigerant temperature is provided in the
refrigerant outlet of the evaporator 9. The output from the
evaporator outlet temperature sensor 15 is transmitted
to the control unit.
[0049] Apart from the main refrigerant circuit perform-
ing a refrigeration cycle by the compressor 3, the con-
denser 5, the expansion valve 7 and the evaporator 9,
described above, a gas-liquid separator 17 is provided.
The gas-liquid separator 17 is assumed to be a tank hav-
ing a capacity capable of temporarily storing a refrigerant.
The gas-liquid separator 17 is provided inside the outdoor
unit accommodating the compressor 3 and the evapora-
tor 9.
[0050] An extraction pipe 19 is provided between the
upper part of the gas-liquid separator 17 and an extrac-
tion position A between the condenser 5 and the expan-
sion valve 7. The extraction pipe 19 is provided with an
extraction pipe on-off valve 20. The extraction pipe on-
off valve 20 is, for example, an electromagnetic valve,
and is opened and closed according to a command from
the control unit.
[0051] A gas return pipe 21 is provided between the
gas-liquid separator 17 and the joining position B be-

tween the expansion valve 7 and the evaporator 9. The
upstream end 21a of the gas return pipe 21 is located in
the upper part of the gas-liquid separator 17 and opens
into the gas-phase portion of the refrigerant separated in
the gas-liquid separator 17. The gas return pipe 21 is
provided with a gas return pipe on-off valve 22. The gas
return pipe on-off valve 22 is, for example, an electro-
magnetic valve, and is opened and closed according to
a command from the control unit.
[0052] A liquid return pipe 23 is provided between the
gas-liquid separator 17 and the joining position B be-
tween the expansion valve 7 and the evaporator 9. The
upstream end 23a of the liquid return pipe 23 is located
at the lower part (or bottom) of the gas-liquid separator
17 and opens into the liquid-phase portion of the refrig-
erant separated in the gas-liquid separator 17. The liquid
return pipe 23 is provided with a liquid return pipe on-off
valve 24. The liquid return pipe on-off valve 24 is, for
example, an electromagnetic valve, and is opened and
closed according to a command from the control unit.
[0053] The control unit includes, for example, a central
processing unit (CPU), a random access memory (RAM),
a read only memory (ROM), a computer-readable stor-
age medium, and the like. A series of processes for re-
alizing various functions are stored in a storage medium
or the like in the form of a program as an example. The
CPU reads the program to a RAM or the like and to proc-
ess information and executes a calculation process,
thereby realizing various functions. The program may be
installed in advance in a ROM or other storage medium,
may be provided in a state stored in a computer-readable
storage medium, or may be distributed through wired or
wireless communication means. The computer-readable
storage medium is a magnetic disk, a magneto-optical
disk, a CD-ROM, a DVD-ROM, a semiconductor mem-
ory, or the like.

<During Heating Operation>

[0054] Next, the operation mode during a heating op-
eration of the refrigeration device 1 having the above
configuration will be described.

[Normal Operation (inclusion composition): During Heat-
ing Operation]

[0055] Fig. 1 shows a normal operation (inclusion com-
position) during a heating operation. In a normal opera-
tion, the operation is performed with a composition with
a mixing ratio (for example, a mixing ratio of
R32:R1234ze(E) = 1: 1) equivalent to that when the re-
frigeration device 1 is filled with a non-azeotropic refrig-
erant mixture.
[0056] The extraction pipe on-off valve 20 is closed,
the gas return pipe on-off valve 22 is opened, and the
liquid return pipe on-off valve 24 is opened. In each draw-
ing, the opening of the valve is indicated as hollow, and
the closing of the valve is indicated as solid.
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[0057] By closing the extraction pipe on-off valve 20,
the refrigerant is not extracted from the refrigeration cy-
cle, and the mixing ratio of the refrigerant in the refriger-
ation cycle is not changed. Further, by opening the liquid
return pipe on-off valve 24, the liquid refrigerant is not
stored in the gas-liquid separator 17, so the mixing ratio
of the refrigerant in the refrigeration cycle is not changed.
[0058] By opening the gas return pipe on-off valve 22,
the pressure of the refrigerant is made equal to the pres-
sure of the refrigerant expanded by the expansion valve
7. This makes it possible to prevent the low-boiling re-
frigerant from remaining unevaporated during the normal
operation, and to prevent a liquid-filled state in which the
gas-liquid separator 17 is filled with the unevaporated
refrigerant during stop of operation.

[Separation Operation (During Heating Operation)]

[0059] Fig. 2 shows a separation operation during a
heating operation. The separation operation is performed
after the above-described normal operation (inclusion
composition), and is performed to separate R1234ze
(high-boiling refrigerant) from the refrigerant in the refrig-
eration cycle and increase the mixing ratio of R32 (low-
boiling refrigerant) in the refrigerant in the refrigeration
cycle.
[0060] The extraction pipe on-off valve 20 is opened,
the gas return pipe on-off valve 22 is opened, and the
liquid return pipe on-off valve 24 is closed.
[0061] By opening the extraction pipe on-off valve 20,
a part of the liquid refrigerant is introduced into the gas-
liquid separator 17 from between the condenser 5 and
the expansion valve 7. In the gas-liquid separator 17, the
gas return pipe on-off valve 22 is opened and the pres-
sure is low being equal to the pressure between the ex-
pansion valve 7 and the evaporator 9, so R32 which is a
low-boiling refrigerant, derived into the gas-liquid sepa-
rator 17 is preferentially evaporated over R1234ze(E)
which is a high-boiling refrigerant. Then, R32 evaporated
in the gas-liquid separator 17 passes through the gas
return pipe 21, is returned from the joining position B to
the evaporator 9, and is used as a refrigerant for a refrig-
eration cycle. This increases the mixing ratio of R32 in
the refrigerant in the refrigeration cycle.

[Normal Operation (Separation Composition): During 
Heating Operation]

[0062] Fig. 3 shows a normal operation (separation
composition) during a heating operation. The normal op-
eration is performed after the separation operation de-
scribed above and is performed in a state where
R1234ze(E) in the refrigerant in the refrigeration cycle is
separated and the separation composition is such that
the mixing ratio of R32 is increased.
[0063] The extraction pipe on-off valve 20 is closed,
the gas return pipe on-off valve 22 is opened, and the
liquid return pipe on-off valve 24 is closed.

[0064] By closing the extraction pipe on-off valve 20,
the refrigerant is not extracted from the refrigeration cy-
cle, and the mixing ratio of the refrigerant in the refriger-
ation cycle is not changed. Further, by closing the liquid
return pipe on-off valve 24, the liquid refrigerant in the
gas-liquid separator 17 is not returned to the refrigeration
cycle, and the mixing ratio of the refrigerant in the refrig-
eration cycle is not changed.
[0065] By opening the gas return pipe on-off valve 22,
R32 separated in the gas-liquid separator 17 is led to the
evaporator 9 through the gas return pipe 21.

[Mixing Operation: During Heating Operation]

[0066] Fig. 4 shows a mixing operation during a heating
operation. The mixing operation is performed after the
above-described normal operation (separation composi-
tion) and decreases the mixing ratio of R32 in the refrig-
erant by mixing R1234ze(E) in the refrigerant in the re-
frigeration cycle is made.
[0067] The extraction pipe on-off valve 20 is opened,
the gas return pipe on-off valve 22 is closed, and the
liquid return pipe on-off valve 24 is opened.
[0068] By opening the extraction pipe on-off valve 20,
the liquid refrigerant is introduced into the gas-liquid sep-
arator 17 from between the condenser 5 and the expan-
sion valve 7. Since the gas return pipe on-off valve 22 is
closed in the gas-liquid separator 17, R32 evaporated in
the gas-liquid separator 17 is not supplied from the joining
position B to the refrigerant in the refrigeration cycle. On
the other hand, since the liquid return pipe on-off valve
24 is opened, the liquid refrigerant stored in the gas-liquid
separator 17 is led from the joining position B to the evap-
orator 9 through the liquid return pipe 23. Thus, the liquid
refrigerant in the gas-liquid separator 17, in which
R1234ze (E) is concentrated by the separation operation
(see Fig. 2), is returned to the refrigerant flowing in the
refrigeration cycle, so the mixing ratio of R1234ze(E) in
the refrigerant in the refrigeration cycle is increased.
[0069] Next, with reference to Fig. 5, the control meth-
od of the refrigeration device 1 during a heating operation
will be described. The following steps are performed ac-
cording to a command from the control unit.
[0070] In a case where the operation is started, it is
determined whether or not the outside air temperature is
lower than a predetermined value (for example, 10°C)
(step S1). For the outside air temperature, the measured
value of the outside air temperature sensor (not shown)
is used. In a case where the outside air temperature is
lower than 10°C, a separation operation (see Fig. 2) is
performed to increase the mixing ratio of R32 in the re-
frigerant in the refrigeration cycle. Thus, the temperature
sliding in the evaporator 9 is reduced (see Fig. 12B), and
the low pressure in the evaporator 9 rises to prevent frost-
ing.
[0071] In a case where it is determined that the outside
air temperature is 10°C or higher at step S1, the process
proceeds to step S3, and the normal operation (inclusion
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composition) is performed (see Fig. 1). In the normal op-
eration (inclusion composition), the mixing ratio in the
refrigerant flowing in the refrigeration cycle is made equal
to that at the time of refrigerant filling, and the mixing ratio
of R32 is not excessively large, so the discharge gas
temperature of the refrigerant gas discharged from the
compressor 3 is maintained at a predetermined value or
less in this operation.
[0072] In a case where the measured temperature
Tho-R of the evaporator outlet temperature sensor 15 is
the predetermined value (for example, -3°C) or higher
while the normal operation (inclusion composition) is per-
formed at step S3 (step S4), it is determined whether or
not a unit stop command is present (step S5). In a case
where a unit stop command is issued, the refrigeration
device 1 is stopped and the process is terminated. In a
case where the unit stop command has not been issued,
the process returns to step S3 and the normal operation
(inclusion composition) is continued.
[0073] In a case where the measured temperature
Tho-R of the evaporator outlet temperature sensor 15
becomes lower than -3°C in step S4, the process pro-
ceeds to step S3 and the separation operation is per-
formed. Due to the separation operation, the low pres-
sure of the evaporator 9 rises to prevent frosting.
[0074] While the separation operation is performed in
step S2, it is determined whether or not the suction su-
perheat degree of the compressor 3 is lower than 2°C or
whether or not a predetermined time (for example, one
hour) has elapsed since the separation operation is start-
ed (step S6). The suction superheat degree is calculated
from the difference between the saturation temperature
of the pressure obtained by the suction pressure sensor
11 and the temperature obtained by the evaporator outlet
temperature sensor 15.
[0075] In step S6, in a case where the suction super-
heat degree is not lower than 2°C and one hour has not
elapsed since the separation operation, the process re-
turns to step S2 and the separation operation is contin-
ued.
[0076] In step S6, in a case where the suction super-
heat degree is lower than 2°C or one hour or more has
elapsed since the separation operation, the process pro-
ceeds to step S7 and the normal operation (separation
composition) is performed (see Fig. 3). In the normal op-
eration (separation composition), an operation is per-
formed in which R1234ze(E) is separated from the re-
frigerant in the refrigeration cycle to increase the mixing
ratio of R32. Thus, frosting of the evaporator 9 is sup-
pressed, and the operation with high COP is performed
as shown in Fig. 13.
[0077] During the normal operation (separation com-
position), it is determined whether or not the discharge
temperature Tho-D measured by the discharge temper-
ature sensor 13 exceeds a predetermined value (for ex-
ample, 110°C) (step S8). In a case where the discharge
temperature Tho-D exceeds 110°C, the process pro-
ceeds to step S9 to perform a mixing operation (see Fig.

4). In the mixing operation, R1234ze(E) is mixed in the
refrigerant in the refrigeration cycle, and the mixing op-
eration is performed so as to approach the mixing ratio
at the time of filling. Thus, the mixing ratio of R32 in the
refrigerant in the refrigeration cycle decreases, and the
discharge temperature decreases. The mixing operation
is terminated after a predetermined time (for example, 5
minutes) has elapsed, and the process proceeds to step
S3 to perform the normal operation (inclusion composi-
tion).
[0078] In a case where the discharge temperature Tho-
D does not exceed 110°C in step S8, the process pro-
ceeds to step S10, and it is determined whether or not a
unit stop command is present. In a case where the unit
stop command has not been issued, the process returns
to step S7 and the normal operation (separation compo-
sition) is continued. In a case where the unit stop com-
mand is issued, the process proceeds to step S11, and
after the mixing operation is performed for a predeter-
mined time (for example, 5 minutes), the refrigeration
device 1 is stopped and the process is terminated. By
performing the mixing operation before stopping the re-
frigeration device 1, the mixing ratio in the refrigerant to
be flown to the refrigeration cycle at the next startup is
returned to that of the refrigerant at the time of filling.

<During Cooling Operation>

[0079] Next, the operation mode during a cooling op-
eration of the refrigeration device 1 having the above
configuration will be described. The heating operation is
switched to the cooling operation by switching the four-
way valve (not shown) provided on the discharge side of
the compressor 3. Thus, the condenser during a heating
operation is switched into the evaporator (indoor heat
exchanger) during a cooling operation, and the evapo-
rator during a heating operation is switched into the con-
denser (outdoor heat exchanger) during a cooling oper-
ation.

[Normal Operation (inclusion composition): During Cool-
ing Operation]

[0080] Fig. 6 shows a normal operation (inclusion com-
position) during a cooling operation. In a normal opera-
tion, the operation is performed with a composition with
a mixing ratio (for example, a mixing ratio of
R32:R1234ze(E) = 1: 1) equivalent to that when the re-
frigeration device 1 is filled with a non-azeotropic refrig-
erant mixture.
[0081] The extraction pipe on-off valve 20 is closed,
the gas return pipe on-off valve 22 is opened, and the
liquid return pipe on-off valve 24 is closed.
[0082] By closing the extraction pipe on-off valve 20,
the refrigerant is not extracted from the refrigeration cy-
cle, and the mixing ratio of the refrigerant in the refriger-
ation cycle is not changed. Further, by opening the liquid
return pipe on-off valve 24, the liquid refrigerant is not
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stored in the gas-liquid separator 17, so the mixing ratio
of the refrigerant in the refrigeration cycle is not changed.
[0083] By opening the gas return pipe on-off valve 22,
the pressure of the refrigerant is made equal to the pres-
sure of the refrigerant expanded by the expansion valve
7. This makes it possible to prevent the low-boiling re-
frigerant from remaining unevaporated during the normal
operation, and to prevent a liquid-filled state in which the
gas-liquid separator is filled with the unevaporated refrig-
erant during stop of operation.

[Separation Operation (During Cooling Operation)]

[0084] Fig. 7 shows a separation operation during a
cooling operation. The separation operation is performed
after the above-described normal operation (inclusion
composition) and is performed to separate R1234ze(E)
(high-boiling refrigerant) from the refrigerant in the refrig-
eration cycle and increase the mixing ratio of R32 (low-
boiling refrigerant) in the refrigerant in the refrigeration
cycle.
[0085] The extraction pipe on-off valve 20 is opened,
the gas return pipe on-off valve 22 is opened, and the
liquid return pipe on-off valve 24 is closed.
[0086] By opening the extraction pipe on-off valve 20,
the liquid refrigerant is introduced into the gas-liquid sep-
arator 17 from between the condenser 5 and the expan-
sion valve 7. In the gas-liquid separator 17, the gas return
pipe on-off valve 22 is opened and the pressure is low
being equal to the pressure between the expansion valve
7 and the evaporator 9, so R32 which is a low-boiling
refrigerant, derived into the gas-liquid separator 17 is
preferentially evaporated over R1234ze(E) which is a
high-boiling refrigerant. Then, R32 evaporated in the gas-
liquid separator 17 passes through the gas return pipe
21, is returned from the joining position B to the evapo-
rator 9, and is used as a refrigerant for a refrigeration
cycle. This increases the mixing ratio of R32 in the re-
frigerant in the refrigeration cycle.

[Normal Operation (Separation Composition): During 
Cooling Operation]

[0087] Fig. 8 shows a normal operation (separation
composition) during a cooling operation. The normal op-
eration is performed after the separation operation de-
scribed above, and is performed in a state where
R1234ze(E) in the refrigerant in the refrigeration cycle is
separated and the separation composition is such that
the mixing ratio of R32 is increased.
[0088] The extraction pipe on-off valve 20 is closed,
the gas return pipe on-off valve 22 is closed, and the
liquid return pipe on-off valve 24 is closed.
[0089] By closing the extraction pipe on-off valve 20,
the refrigerant is not extracted from the refrigeration cy-
cle, and the mixing ratio of the refrigerant in the refriger-
ation cycle is not changed. Further, by closing the liquid
return pipe on-off valve 24, the liquid refrigerant in the

gas-liquid separator 17 is not returned to the refrigeration
cycle, and the mixing ratio of the refrigerant in the refrig-
eration cycle is not changed.
[0090] The gas return pipe on-off valve 22 is closed,
unlike the normal operation (separation composition)
during the heating operation shown in Fig. 3. This is be-
cause the outside air temperature during the cooling op-
eration is higher than in the heating operation, the envi-
ronmental temperature inside the outdoor unit where the
gas-liquid separator 17 is provided is high, and
R1234ze(E) which is the high-boiling refrigerant also
evaporates, it may join into a refrigerant flowing in a re-
frigeration cycle through the gas return pipe 21. In the
case where the gas-liquid separator 17 is provided in an
environment (for example, in a room) that is not affected
by the outside air temperature rather than in the outdoor
unit, similarly to the normal operation (separation com-
position) during the heating operation, the gas return pipe
on-off valve 22 may be opened.

[Mixing operation: During Cooling Operation]

[0091] Fig. 9 shows a mixing operation during a cooling
operation. The mixing operation is performed after the
above-described normal operation (separation composi-
tion) and decreases the mixing ratio of R32 in the refrig-
erant by mixing R1234ze(E) in the refrigerant in the re-
frigeration cycle is made.
[0092] The extraction pipe on-off valve 20 is opened,
the gas return pipe on-off valve 22 is closed, and the
liquid return pipe on-off valve 24 is opened.
[0093] By opening the extraction pipe on-off valve 20,
the liquid refrigerant is introduced into the gas-liquid sep-
arator 17 from between the condenser 5 and the expan-
sion valve 7. Since the gas return pipe on-off valve 22 is
closed in the gas-liquid separator 17, R32 evaporated in
the gas-liquid separator 17 is not supplied from the joining
position B to the refrigerant in the refrigeration cycle. On
the other hand, since the liquid return pipe on-off valve
24 is opened, the liquid refrigerant stored in the gas-liquid
separator 17 is led from the joining position B to the evap-
orator 9 through the liquid return pipe 23. Thus, the liquid
refrigerant in the gas-liquid separator 17, in which
R1234ze (E) is concentrated by the separation operation
(see Fig. 7), is returned to the refrigerant flowing in the
refrigeration cycle, so the mixing ratio of R1234ze(E) in
the refrigeration cycle is increased.
[0094] Next, with reference to Fig. 10, the control meth-
od of the refrigeration device 1 during a cooling operation
will be described. The following steps are performed ac-
cording to a command from the control unit.
[0095] When the operation is started, the process pro-
ceeds to step S21, and the separation operation (see
Fig. 7) is performed to increase the mixing ratio of R32
in the refrigerant in the refrigeration cycle. Thus, the cool-
ing operation with an improved COP is performed (see
Fig. 13).
[0096] While the separation operation is performed in
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step S21, it is determined whether or not the suction su-
perheat degree of the compressor 3 is lower than 2°C or
whether or not a predetermined time (for example, one
hour) has elapsed since the separation operation is start-
ed (step S22) .
[0097] In step S22, in a case where the suction super-
heat degree is not lower than 2°C and one hour has not
elapsed since the separation operation, the process re-
turns to step S21 and the separation operation is contin-
ued.
[0098] In step S22, in a case where the suction super-
heat degree is lower than 2°C or one hour or more has
elapsed since the separation operation, the process pro-
ceeds to step S23 and the normal operation (separation
composition) is performed (see Fig. 8). In the normal op-
eration (separation composition), an operation is per-
formed in which R1234ze(E) is separated from the re-
frigerant in the refrigeration cycle to increase the mixing
ratio of R32. Thus, the cooling operation with a high COP
is continued.
[0099] While the normal operation (separation compo-
sition) is performed in step S23, it is determined whether
or not the discharge temperature Tho-D measured by
the discharge temperature sensor 13 exceeds a prede-
termined value (for example, 110°C) (step S24). In a case
where the discharge temperature Tho-D exceeds 110°C,
the process proceeds to step S25 to perform a mixing
operation (see Fig. 9). In the mixing operation,
R1234ze(E) is mixed in the refrigerant in the refrigeration
cycle, and the mixing operation is performed so as to
approach the mixing ratio at the time of filling. Thus, the
mixing ratio of R32 in the refrigerant in the refrigeration
cycle decreases, and the discharge temperature de-
creases. The mixing operation is terminated after a pre-
determined time (for example, 5 minutes) has elapsed,
and the process proceeds to step S26 to perform the
normal operation (inclusion composition) (see Fig. 6).
[0100] In the normal operation (inclusion composition),
the mixing ratio in the refrigerant flowing in the refriger-
ation cycle is made equal to that at the time of filling of
the refrigerant, and the mixing ratio of R32 is not large,
so the discharge gas temperature of the refrigerant gas
discharged from the compressor 3 is maintained at a pre-
determined value or less in this operation.
[0101] While the normal operation (inclusion composi-
tion) is performed at step S26, it is determined whether
or not a unit stop command is present (step S27). In a
case where a unit stop command is issued, the refriger-
ation device 1 is stopped and the process is terminated.
In a case where the unit stop command has not been
issued, the process returns to step S26 and the normal
operation (inclusion composition) is continued.
[0102] In a case where the discharge temperature Tho-
D does not exceed 110°C in step S24, the process pro-
ceeds to step S28, and it is determined whether or not a
unit stop command is present. In a case where the unit
stop command has not been issued, the process returns
to step S23 and the normal operation (separation com-

position) is continued. In a case where the unit stop com-
mand is issued, the process proceeds to step S29, and
after the mixing operation is performed for a predeter-
mined time (for example, 5 minutes), the refrigeration
device 1 is stopped and the process is terminated. By
performing the mixing operation before stopping the re-
frigeration device 1, the mixing ratio in the refrigerant to
be flown to the refrigeration cycle at the next startup is
returned to that of the refrigerant at the time of filling.
[0103] As described above, according to the present
embodiment, the following effects are achieved.
[0104] By connecting each of the pipes 19, 21, and 23
to the gas-liquid separator 17 and controlling each of the
on-off valve 20, 22, and 24, a gas refrigerant or a liquid
refrigerant obtained by the separation by the gas-liquid
separator 17 can be returned to the refrigeration cycle,
so it is possible to arbitrarily change the mixing ratio of
the low-boiling refrigerant (R32) and the high-boiling re-
frigerant (R1234ze(E)) with a simple configuration.
[0105] During the heating operation, in general, the
outside air temperature is low, so the temperature of the
evaporator 9 is low. When the temperature of the evap-
orator 9 becomes the predetermined value or less, for
example, problems such as frosting of the evaporator
occur. Therefore, in a case where the outside air tem-
perature is lower than a predetermined value (for exam-
ple, 10°C) or the evaporator outlet temperature is lower
than a predetermined value (for example, -3°C), by open-
ing the gas return pipe on-off valve 22, the ratio of R32
(low-boiling refrigerant) in the refrigeration cycle increas-
es. In this case, by also opening the extraction pipe on-
off valve 20, the refrigerant is led from the refrigeration
cycle to the gas-liquid separator 17, and R32 is returned
to the refrigeration cycle by the gas-liquid separator 17
performing gas-liquid separation, so the ratio increase of
R32 in the refrigeration cycle is further promoted. By per-
forming the separation operation that separates
R1234ze(E) (high-boiling refrigerant) from the refrigerant
in the refrigeration cycle to increase the ratio of R32, tem-
perature sliding is reduced, and a saturation temperature
at the evaporator 9 is increased, so frosting can be sup-
pressed.
[0106] Since the extraction pipe on-off valve 20 is
closed after a predetermined period (for example, one
hour) has elapsed since the separation operation (see
Fig. 2) is started, or after a suction superheat degree is
lower than a predetermined value (for example, 2°C),
extraction of a part of the refrigerant in the refrigeration
cycle to the gas-liquid separator 17 is stopped (see Fig.
3). Thus, control to increase the ratio of R32 in the refrig-
erant flowing in the refrigeration cycle is stopped, and
the normal operation (separation composition) can be
performed with the composition of the mixed refrigerant
after the separation operation.
[0107] During the heating operation, when the outside
air temperature is a predetermined value (for example,
10°C) or more, there is no risk of problems such as frost-
ing of the evaporator 9. Therefore, in a case where the

17 18 



EP 3 462 108 A1

11

5

10

15

20

25

30

35

40

45

50

55

outside air temperature is the predetermined value or
higher, the gas return pipe on-off valve 22 is closed, and
preferential returning of R32 to the refrigeration cycle is
stopped. Then, by opening the liquid return pipe on-off
valve 24, a large number of R1234ze(E) which is present
in the liquid refrigerant in the gas-liquid separator 17 is
returned to the refrigeration cycle. In this case, by also
opening the extraction pipe on-off valve 20, the refriger-
ant is led from the refrigeration cycle to the gas-liquid
separator 17, and R1234ze(E) of a liquid phase is pref-
erentially returned to the refrigeration cycle by the gas-
liquid separator 17 performing gas-liquid separation, so
the ratio increase of R1234ze(E) in the refrigeration cycle
is promoted.
[0108] As described above, by performing the mixing
operation of mixing R1234ze(E) in the refrigerant in the
refrigeration cycle, it is possible to increase the ratio of
R1234ze(E) in the refrigerant, thereby returning the ratio
to the mixing ratio at the time of refrigerant filling.
[0109] In addition, in a case where the temperature of
the discharge gas discharged from the compressor 3 be-
comes the predetermined value (for example, 110°C) or
higher, the discharge gas temperature can be lowered
by returning the mixing ratio of refrigerant to the mixing
ratio at the time of filling by the mixing operation.
[0110] During a cooling operation, by performing the
separation operation (see Fig. 7) that opens the extrac-
tion pipe on-off valve 20 and the gas return pipe on-off
valve 22, the ratio of R32 in the refrigerant in the refrig-
eration cycle increases. Thus, a highly efficient cooling
operation can be realized.
[0111] Even in the cooling operation, in a case where
the discharge gas temperature becomes a predeter-
mined value (for example, 110°C) or higher, the mixing
operation (see Fig. 9) that opens the extraction pipe on-
off valve 20, closes the gas return pipe on-off valve 22,
and opens the liquid return pipe on-off valve 24 is per-
formed to increase the ratio of R1234ze(E) in the refrig-
erant, thereby returning the mixing ratio to the mixing
ratio at the time of refrigerant filling. By doing this, it is
possible to protect the equipment by avoiding the dis-
charge gas temperature of the compressor 3 from being
excessively high.
[0112] Although the refrigeration device capable of
switching between heating and cooling has been de-
scribed in the above-described embodiment, the present
invention is not limited to thereto, and the same also ap-
plies to the refrigeration device that performs only the
heating operation or the cooling operation.

Reference Signs List

[0113]

1 REFRIGERATION DEVICE
3 COMPRESSOR
5 CONDENSER
7 EXPANSION VALVE

9 EVAPORATOR
11 SUCTION PRESSURE SENSOR
13 DISCHARGE TEMPERATURE SENSOR
15 EVAPORATOR OUTLET TEMPERATURE SEN-

SOR
17 GAS-LIQUID SEPARATOR
19 EXTRACTION PIPE
20 EXTRACTION PIPE ON-OFF VALVE
21 GAS RETURN PIPE
22 GAS RETURN PIPE ON-OFF VALVE
23 LIQUID RETURN PIPE
24 LIQUID RETURN PIPE ON-OFF VALVE
A EXTRACTION POSITION
B JOINING POSITION

Claims

1. A refrigeration device comprising:

a compressor that compresses a non-azeotrop-
ic refrigerant mixture in which a low-boiling re-
frigerant and a high-boiling refrigerant with boil-
ing points different from each other are mixed;
a condenser that condenses the non-azeotropic
refrigerant mixture derived from the compres-
sor;
an expansion valve that expands the non-aze-
otropic refrigerant mixture derived from the con-
denser;
an evaporator that evaporates the non-azeo-
tropic refrigerant mixture derived from the ex-
pansion valve;
an extraction pipe that extracts a part of the non-
azeotropic refrigerant mixture from between the
condenser and the expansion valve;
an extraction pipe on-off valve provided in the
extraction pipe;
a gas-liquid separator that is connected to the
extraction pipe, and that accumulates the non-
azeotropic refrigerant mixture and separates the
mixture into a gas and a liquid;
a gas return pipe connecting the gas-phase por-
tion inside the gas-liquid separator and a point
between the expansion valve and an evapora-
tor;
a gas return pipe on-off valve provided in the
gas return pipe;
a liquid return pipe connecting the liquid-phase
portion inside the gas-liquid separator and a
point between the expansion valve and the
evaporator;
a liquid return pipe on-off valve provided in the
liquid return pipe; and
a control unit that controls the extraction pipe
on-off valve, the gas return pipe on-off valve,
and the liquid return pipe on-off valve.
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2. The refrigeration device according to claim 1,
wherein during a heating operation, in a case where
an outside air temperature is less than a predeter-
mined value or a temperature of the evaporator is
less than a predetermined value, the control unit per-
forms a separation operation that opens the extrac-
tion pipe on-off valve, opens the gas return pipe on-
off valve, and returns the gas refrigerant separated
by the gas-liquid separator from the gas return pipe
to the evaporator side.

3. The refrigeration device according to claim 2,
wherein after a predetermined period has elapsed
since the separation operation is started, or after a
degree of superheat of the non-azeotropic refriger-
ant mixture sucked in by the compressor is less than
a predetermined value, the control unit closes the
extraction pipe on-off valve.

4. The refrigeration device according to claim 2 or 3,
wherein in a case where the outside air temperature
is the predetermined value or more or in a case
where a temperature of a discharge gas discharged
from the compressor is the predetermined value or
more, the control unit opens the extraction pipe on-
off valve, closes the gas return pipe on-off valve, and
opens the liquid return pipe on-off valve.

5. The refrigeration device according to claim 1,
wherein during a cooling operation, the control unit
opens the extraction pipe on-off valve and opens the
gas return pipe on-off valve.

6. The refrigeration device according to claim 4,
wherein in a case where a temperature of a dis-
charge gas discharged from the compressor is the
predetermined value or more, the control unit opens
the extraction pipe on-off valve, closes the gas return
pipe on-off valve, and opens the liquid return pipe
on-off valve.

7. A control method of a refrigeration device including

a compressor that compresses a non-azeotrop-
ic refrigerant mixture in which a low-boiling re-
frigerant and a high-boiling refrigerant with boil-
ing points different from each other are mixed;
a condenser that condenses the non-azeotropic
refrigerant mixture derived from the compres-
sor;
an expansion valve that expands the non-aze-
otropic refrigerant mixture derived from the con-
denser;
an evaporator that evaporates the non-azeo-
tropic refrigerant mixture derived from the ex-
pansion valve;
an extraction pipe that extracts a part of the non-
azeotropic refrigerant mixture from between the

condenser and the expansion valve;
an extraction pipe on-off valve provided in the
extraction pipe;
a gas-liquid separator that is connected to the
extraction pipe, and that accumulates the non-
azeotropic refrigerant mixture and separates the
mixture into a gas and a liquid;
a gas return pipe connecting the gas-phase por-
tion inside the gas-liquid separator and a point
between the expansion valve and an evapora-
tor;
a gas return pipe on-off valve provided in the
gas return pipe;
a liquid return pipe connecting the liquid-phase
portion inside the gas-liquid separator and a
point between the expansion valve and the
evaporator; and
a liquid return pipe on-off valve provided in the
liquid return pipe,

the method comprising:
controlling opening and closing of the extraction pipe
on-off valve, the gas return pipe on-off valve, and
the liquid return pipe on-off valve.

Amended claims under Art. 19.1 PCT

1. (Amended) A refrigeration device comprising:

a compressor that compresses a non-azeotrop-
ic refrigerant mixture in which a low-boiling re-
frigerant and a high-boiling refrigerant with boil-
ing points different from each other are mixed;
a condenser that condenses the non-azeotropic
refrigerant mixture derived from the compres-
sor;
an expansion valve that expands the non-aze-
otropic refrigerant mixture derived from the con-
denser;
an evaporator that evaporates the non-azeo-
tropic refrigerant mixture derived from the ex-
pansion valve;
an extraction pipe that extracts a part of the non-
azeotropic refrigerant mixture from between the
condenser and the expansion valve;
an extraction pipe on-off valve provided in the
extraction pipe;
a gas-liquid separator that is connected to the
extraction pipe, and that accumulates the non-
azeotropic refrigerant mixture and separates the
mixture into a gas and a liquid;
a gas return pipe that connects the gas-phase
portion inside the gas-liquid separator and a
point between the expansion valve and the
evaporator and returns a gas phase of the non-
azeotropic refrigerant mixture separated by the
gas-liquid separator to a point between the ex-
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pansion valve and the evaporator as a gas re-
frigerant;
a gas return pipe on-off valve provided in the
gas return pipe;
a liquid return pipe connecting the liquid-phase
portion inside the gas-liquid separator and a
point between the expansion valve and the
evaporator;
a liquid return pipe on-off valve provided in the
liquid return pipe; and
a control unit that controls the extraction pipe
on-off valve, the gas return pipe on-off valve,
and the liquid return pipe on-off valve.

2. The refrigeration device according to claim 1,
wherein during a heating operation, in a case where
an outside air temperature is less than a predeter-
mined value or a temperature of the evaporator is
less than a predetermined value, the control unit per-
forms a separation operation that opens the extrac-
tion pipe on-off valve, opens the gas return pipe on-
off valve, and returns the gas refrigerant separated
by the gas-liquid separator from the gas return pipe
to the evaporator side.

3. The refrigeration device according to claim 2,
wherein after a predetermined period has elapsed
since the separation operation is started, or after a
degree of superheat of the non-azeotropic refriger-
ant mixture sucked in by the compressor is less than
a predetermined value, the control unit closes the
extraction pipe on-off valve.

4. The refrigeration device according to claim 2 or 3,
wherein in a case where the outside air temperature
is the predetermined value or more or in a case
where a temperature of a discharge gas discharged
from the compressor is the predetermined value or
more, the control unit opens the extraction pipe on-
off valve, closes the gas return pipe on-off valve, and
opens the liquid return pipe on-off valve.

5. The refrigeration device according to claim 1,
wherein during a cooling operation, the control unit
opens the extraction pipe on-off valve and opens the
gas return pipe on-off valve.

6. The refrigeration device according to claim 4,
wherein in a case where a temperature of a dis-
charge gas discharged from the compressor is the
predetermined value or more, the control unit opens
the extraction pipe on-off valve, closes the gas return
pipe on-off valve, and opens the liquid return pipe
on-off valve.

7. (Amended) A control method of a refrigeration device
including

a compressor that compresses a non-azeotrop-
ic refrigerant mixture in which a low-boiling re-
frigerant and a high-boiling refrigerant with boil-
ing points different from each other are mixed;
a condenser that condenses the non-azeotropic
refrigerant mixture derived from the compres-
sor;
an expansion valve that expands the non-aze-
otropic refrigerant mixture derived from the con-
denser;
an evaporator that evaporates the non-azeo-
tropic refrigerant mixture derived from the ex-
pansion valve;
an extraction pipe that extracts a part of the non-
azeotropic refrigerant mixture from between the
condenser and the expansion valve;
an extraction pipe on-off valve provided in the
extraction pipe;
a gas-liquid separator that is connected to the
extraction pipe, and that accumulates the non-
azeotropic refrigerant mixture and separates the
mixture into a gas and a liquid;
a gas return pipe that connects the gas-phase
portion inside the gas-liquid separator and a
point between the expansion valve and the
evaporator and returns a gas phase of the non-
azeotropic refrigerant mixture separated by the
gas-liquid separator to a point between the ex-
pansion valve and the evaporator as a gas re-
frigerant;
a gas return pipe on-off valve provided in the
gas return pipe;
a liquid return pipe connecting the liquid-phase
portion inside the gas-liquid separator and a
point between the expansion valve and the
evaporator; and
a liquid return pipe on-off valve provided in the
liquid return pipe,

the method comprising:
controlling opening and closing of the extraction pipe
on-off valve, the gas return pipe on-off valve, and
the liquid return pipe on-off valve.
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