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(54) REFRIGERATING CYCLE APPARATUS
(57)  Provided is an air conditioner 1 equipped with:
a first depressurization unit 51 by which the pressure of
non-azeotropic refrigerant mixture flowing outfroma con-
denser 4 is reduced to a gas-liquid two-phase state; a
gas-liquid separator 11 by which the non-azeotropic re-
frigerant mixture depressurized to a gas-liquid two-phase
state is separated into a gas phase and a liquid phase;
a first pathway 121 by which the gas-phase refrigerant
in the gas-liquid separator 11 is supplied to an evaporator
6; a second pathway 122 by which the liquid-phase re-
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frigerant in the gas-liquid separator 11 bypasses the
evaporator 6; an intercooler 13 in which the refrigerant
flowing through the first pathway 121 is condensed
through heat exchange with the refrigerant flowing
through the second pathway 122; a second depressuri-
zation unit 52 which reduces the pressure of the refrig-
erant flowing through the first pathway 121; and a third
depressurization unit 53 which reduces the pressure of
the refrigerant flowing through the second pathway 122.
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Description
Technical Field

[0001] The present invention relates to a refrigerating
cycle apparatus which has a refrigerant circuit with a non-
azeotropic refrigerant mixture sealed therein and can be
used as an air conditioner capable of performing a heat-
ing operation or a water heater.

Background Art

[0002] Currently,an HFC (hydrofluorocarbon) refriger-
ant which is typified by R410A is used in an apparatus
using a refrigerating cycle, such as an air conditioner or
a water heater. However, due to strengthened regula-
tions for preventing global warming, development of a
refrigerant having alow GWP (Global-warming potential)
is underway. As refrigerant candidates with a lower GWP
than R410A (GWP=2090), there are R32 (GWP=675),
R1234yf (GWP=4), and R1234ze(E) (GWP=6), and in
natural refrigerants, there are CO, (GWP=1) and the like.
[0003] Here, R32 has good performance as a refriger-
ant but has a high GWP, compared to R1234yf or
R1234ze(E). In the future, further reduction of the GWP
is required.

[0004] Contrary to R32, R1234yf or R1234ze(E) is
good in GWP but inferior in performance, compared to
R32 or R410A.

[0005] Although development of various refrigerants is
underway from the viewpoint of the required GWP, per-
formance, inflammability, or the like, it is difficult to satisfy
these demands with a single refrigerant. For this reason,
it has been proposed to mix and use two or more kinds
of refrigerants at a predetermined ratio (for example, PTL
1).

[0006] In the air conditioner of PTL 1, R32 which is a
firstrefrigerantand R134a (or R1234yf) which is a second
refrigerant are used in a mixing ratio in which the first
refrigerant is 80 wt% and the second refrigerant is 20
wit%.

[0007] Here, in a case of mixing and using non-azeo-
tropic refrigerants with different boiling points, such as
R32and R134a (or R1234yf), thereis atemperature glide
(a temperature gradient).

[0008] Thetemperature glideis the difference between
atemperature at the start of condensation and a temper-
ature at the end of condensation in terms of condensa-
tion. Since the condensation start temperature and the
condensation end temperature differ according to refrig-
erants, R134a having a high boiling point is liquefied first,
and R32 having a low boiling point is liquefied thereafter,
the temperature glide occurs. The temperature glide is,
for example, about 6°C in the case of a two-kind refrig-
erant mixture, and extends to, for example, about 13°C
in the case of a three-kind refrigerant mixture. ltis difficult
to establish an operation range of a refrigerating cycle in
consideration of such a temperature glide.
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[0009] In PTL 1, the concentration of R32 sealed in a
refrigerant circuitis high (80 wt%), and therefore, the tem-
perature glide is small. In addition, a gas-liquid separator
is connected to a position having a predetermined vol-
ume ratio, of a heat exchanger functioning as a condens-
er during a cooling operation, and an R134a-rich satu-
rated vapor refrigerant separated from an R1234yf-rich
liquid refrigerant is returned to the condenser and led to
an evaporator via depressurization means, whereby the
temperature glide is suppressed.

Citation List
Patent Literature

[0010] [PTL 1] Japanese Unexamined Patent Applica-
tion Publication No. 2012-236884

Summary of Invention
Technical Problem

[0011] R1234yf or R1234ze(E) with a low GWP has a
greatly different boiling point from R32, and therefore, if
the mixing ratio of R1234yf or R1234ze(E) is increased,
the temperature glide becomes large.

[0012] If the temperature glide is large, frost formation
occurs in an outdoor heat exchanger functioning as an
evaporator during an operation for a heating use such
as heating. The temperature of a refrigerant flowing
through the evaporator does not become equal to or high-
er than the temperature of outside air, and therefore, for
example, if the temperature of the outside air is 7°C and
the temperature glide is 10°C, an evaporation start tem-
perature becomes atemperature condition below afreez-
ing point, and thus the frost formation on the evaporator
inevitably occurs. For this reason, it is difficult to reduce
the GWP in a refrigerating cycle apparatus for a heating
use.

[0013] The magnitude of the temperature glide varies
according to the concentration of R32 in each of conden-
sation and evaporation, as shown in Fig. 7. In the exam-
ple shown in Fig. 7, the temperature glide is the largest
when the concentration of R32 is about 20 wt% in both
the condensation and the evaporation, and the temper-
ature glide becomes smaller as the concentration of R32
increases therefrom.

[0014] InPTL 1, the refrigerant is branched in the mid-
dle of the condenser, so that gas-liquid separation is per-
formed, and thereafter, the gas phase is returned to the
condenser. However, the effect of suppressing the tem-
perature glide by this manner is limited, and instead, an
increase in the concentration of R32 sealed in the refrig-
erant circuit contributes to the suppression of the tem-
perature glide. In PTL 1, the ratio of R134a or R1234yf
is merely in arange of 10 to 20%, and therefore, the GWP
cannot be sufficiently lowered.

[0015] Therefore, the present invention has an object
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to provide a refrigerating cycle apparatus in which it is
possible to suppress a temperature glide to such an ex-
tent that the apparatus can be applied to a heating use
while avoiding the occurrence of frost formation even if
the mixing ratio of a refrigerant having a small GWP is
increased in a non-azeotropic refrigerant mixture.

Solution to Problem

[0016] According to the presentinvention, there is pro-
vided a refrigerating cycle apparatus having a refrigerant
circuit in which a non-azeotropic refrigerant mixture is
sealed and which is configured to include a compressor,
afirst heat exchanger, a depressurization unit, and a sec-
ond heat exchanger, and capable of heating a heat load,
the apparatus including: a first depressurization unit
which reduces pressure of the non-azeotropic refrigerant
mixture flowing out from a condenser which is one of the
first heat exchanger and the second heat exchanger, to
a gas-liquid two-phase state; a gas-liquid separator
which separates the non-azeotropic refrigerant mixture
depressurized to the gas-liquid two-phase state into a
gas phase and a liquid phase; a first pathway for supply-
ing a gas-phase refrigerant in the gas-liquid separator to
an evaporatorwhich is the other of the first heat exchang-
er and the second heat exchanger; a second pathway
for making a liquid-phase refrigerantin the gas-liquid sep-
arator bypass the evaporator without being supplied to
the evaporator; an intercooler which condensates the re-
frigerant flowing through the first pathway through heat
exchange with the refrigerant flowing through the second
pathway; a second depressurization unit which reduces
pressure of the refrigerant flowing through the first path-
way; and a third depressurization unit which reduces
pressure of the refrigerant flowing through the second
pathway.

[0017] In the refrigerating cycle apparatus according
to the present invention, it is preferable that the second
pathway is provided with a liquid receiver which receives
the liquid phase from the gas-liquid separator,and a valve
capable of opening and closing a flow path between the
gas-liquid separator and the liquid receiver or adjusting
aflow rate of the refrigerant flowing through the flow path.
[0018] In the refrigerating cycle apparatus according
to the present invention, itis preferable that the non-aze-
otropic refrigerant mixture includes R32 as a first refrig-
erant, and at least one of R1234yf and R1234ze(E) as a
second refrigerant, and a concentration of the first refrig-
erantin the entirety of the non-azeotropic refrigerant mix-
ture sealed in the refrigerant circuit is in a range of 30 to
70 wt% (30 wt% or more and 70 wt% or less).

[0019] In the refrigerating cycle apparatus according
to the present invention, itis preferable that the non-aze-
otropic refrigerant mixture includes CO, as a third refrig-
erant, and a concentration of the third refrigerant in the
entirety of the non-azeotropic refrigerant mixture sealed
in the refrigerant circuit is 5 wt% or less.

[0020] In the refrigerating cycle apparatus according
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to the present invention, it is preferable that heating and
cooling of the heat load are possible, the apparatus fur-
therincludes a switching valve which switches a direction
of aflow of the refrigerant in the refrigerant circuit, a bridge
circuit which switches a direction of a flow of the refrig-
erant in the refrigerant circuit, and a merging pathway for
merging the liquid phase in the gas-liquid separator with
the gas phase in the gas-liquid separator, and the third
depressurization unit is configured to include a pathway
for merging the liquid phase in the gas-liquid separator
with the refrigerant flowing out from the evaporator.

Advantageous Effects of Invention

[0021] According to the present invention, by perform-
ing gas-liquid separation on the non-azeotropic refriger-
ant mixture and making the refrigerant which includes a
lot of refrigerants (for example, R1234yf) having a high
boiling point bypass the evaporator without being sup-
plied to the evaporator, it is possible to greatly increase
the mixing ratio of the refrigerant (for example, R32) hav-
ing a low boiling point in the refrigerant mixture flowing
through the refrigerant circuit, with respect to the com-
position of the refrigerant mixture sealed in the refrigerant
circuit. Accordingly, the temperature glide can be suffi-
ciently suppressed enough to avoid the frost formation.
[0022] According to the present invention, by increas-
ing the mixing ratio of the refrigerant having a high boiling
point and a low GWP in the refrigerant mixture sealed in
the refrigerant circuit, it is possible to reduce the GWP.
Brief Description of Drawings

[0023]

Fig. 1 is a diagram showing a configuration of an air
conditioner (a refrigerating cycle apparatus) accord-
ing to a first embodiment.

Fig. 2 is a p-h line diagram of a refrigerating cycle
according to the first embodiment.

Fig. 3 is a diagram showing a configuration of an air
conditioner according to a modification example of
the first embodiment.

Fig. 4 is a diagram showing a configuration of an air
conditioner according to a second embodiment (a
heating operation).

Fig. 5 is a diagram showing the configuration of the
air conditioner according to the second embodiment
(a cooling operation).

Fig. 6 is a diagram showing the configuration of the
air conditioner according to the second embodiment
(a cooling operation: during gas-liquid separation).
Fig. 7 is a view showing a temperature glide in con-
densation (an upper stage) and a temperature glide
in evaporation (a lower stage).

Description of Embodiments

[0024] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the accompanying
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drawings.
[First Embodiment]

[0025] Anairconditioner 1 of afirstembodimentshown
in Fig. 1 is a refrigerating cycle apparatus capable of per-
forming heating of indoor air (a heatload), thatis, heating,
by using outside air as a heat source.

[0026] Hereinafter, the air conditioner 1 will be de-
scribed. However, the configuration which is described
below can also be likewise applied to a refrigerating cycle
apparatus such as a water heater which heats water as
a heat load.

[0027] The air conditioner 1 has a refrigerant circuit 2
which includes a compressor 3, a first heat exchanger 4,
a depressurization unit 5 (51 to 53), and a second heat
exchanger 6. The respective elements which are includ-
ed in the refrigerant circuit 2 are connected by piping.
[0028] A non-azeotropic refrigerant mixture is sealed
in the refrigerant circuit 2.

[0029] The compressor 3, the depressurization unit 5,
and the second heat exchanger 6 configure an outdoor
unit 7. The second heat exchanger 6 performs heat ex-
change between outside air which is blown by a fan 61
and a refrigerant.

[0030] The first heat exchanger 4 configures anindoor
unit 8. The firstheat exchanger 4 performs heat exchange
between indoor air which is blown by a fan 41 and the
refrigerant.

[0031] The non-azeotropic refrigerant mixture is
sealed in the refrigerant circuit 2. The non-azeotropic re-
frigerant mixture circulates through the refrigerant circuit
2 in the direction indicated by an arrow in Fig. 1.

[0032] The air conditioner 1 of this embodiment is not
used for cooling but is used for only heating, and there-
fore, a four-way valve 19 (a switching valve) for switching
the direction of the flow of the refrigerant can be omitted.
Regardless of necessity of switching the direction of the
flow of the refrigerant, the refrigerant circuit 2 is config-
ured to include the four-way valve 19 in order to allow
the outdoor unit to be used in common.

[0033] The air conditioner 1 performs a heating oper-
ation, and therefore, in this embodiment, the first heat
exchanger 4 is referred to as a condenser 4 and the sec-
ond heat exchanger 6 is referred to as an evaporator 6.
[0034] The non-azeotropic refrigerant mixture is a mix-
ture of refrigerants having different boiling points, and
the non-azeotropic refrigerant mixture of this embodi-
ment includes R32 as a first refrigerant, R1234yf as a
second refrigerant having a higher boiling point than R32,
and CO, as athird refrigerant. R32 is an HFC (hydrofluor-
ocarbon) refrigerant, and R1234yf is an HFO (Hydro
Fluoro Olefin) refrigerant.

[0035] The mixing ratio, that is, the concentration of
R32 in the entirety of the non-azeotropic refrigerant mix-
ture sealed in the refrigerant circuit 2 is in a range of 30
to 70 wt% in a concentration by percent by weight.
[0036] That s, by sufficiently increasing the mixing ra-
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tio of the second refrigerant (R1234yf) having a small
GWP while adopting R32 which is excellent in conden-
sation pressure, volume capacity, and refrigerating ef-
fect, the GWP equalto orless than a predetermined value
is secured. As the composition of the refrigerant mixture
which is sealed in the refrigerant circuit 2, it is preferable
that the mixing ratio of the second refrigerant is larger
than the mixing ratio of the first refrigerant.

[0037] Further, the mixing ratio, that is, the concentra-
tion of CO, in the entirety of the non-azeotropic refriger-
ant mixture sealed in the refrigerant circuit 2 is 5 wt% or
less in a concentration by percent by weight. By adding
CO, which is excellent in volume capacity, it becomes
possible to downsize the compressor 3.

[0038] Asthesecondrefrigerant, R1234ze(E) canalso
be used instead of R1234yf. In that case, "R1234yf" in
the following description may be replaced with
"R1234ze(E)".

[0039] Further, as the second refrigerant, both of
R1234yf and R1234ze(E) can also be used.

[0040] While the air conditioner 1 is in the heating op-
eration, the mixing ratio of R32 in the non-azeotropic re-
frigerant mixture (hereinafter referred to as a refrigerant
mixture) flowing through the evaporator 6 is higher than
the mixing ratio (for example, 40 wt%) of R32 in the entire
refrigerant mixture sealed in the refrigerant circuit 2. The
mixing ratio of R32 in the refrigerant mixture flowing
through the evaporator 6 is approximately 50 wt% (weight
concentration).

[0041] As described above, in order to realize a mixing
ratio during an operation, which is different from the
sealed mixing ratio, the air conditioner 1 is provided with
the depressurization units 51 to 53, a gas-liquid separator
11, a first pathway 121 for supplying a gas phase refrig-
erant in the gas-liquid separator 11 to the evaporator 6,
a second pathway 122 for making a liquid phase refrig-
erant in the gas-liquid separator 11 bypass the evapora-
tor 6 without being supplied to the evaporator 6, and an
intercooler 13 (an inter-refrigerant heat exchanger).
Then, a gas-liquid two-phase refrigerant mixture flowing
out from the condenser 4 and depressurized by the de-
pressurization unit 51 (a first depressurization unit) is
subjected to gas-liquid separation by the gas-liquid sep-
arator 11 and the gas phase separated from the liquid
phase is condensed by heat exchange with the liquid
phase by the intercooler 13 and then supplied to the evap-
orator 6, whereby a R32-rich refrigerant separated from
aR1234yf-rich liquid refrigerant flows to the evaporator 6.
[0042] That s, in the air conditioner 1 of this embodi-
ment, the mixing ratio (apparent mixing ratio) of R32 in
the refrigerant mixture flowing through the refrigerant cir-
cuit 2 during an operation is sufficiently increased by a
circuit 10 which includes the gas-liquid separator 11 and
the intercooler 13, while securing the GWP equal to or
less than a predetermined value by decreasing the mix-
ing ratio of R32 in the entirety of the refrigerant mixture
sealed in the refrigerant circuit 2 to increase the mixing
ratio of R1234yf.
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[0043] As shown in Fig. 7 showing the relationship be-
tween a temperature glide and the mixing ratio (concen-
tration) of R32, in an area exceeding 20 wt% which is a
peak of the temperature glide, the higher the mixing ratio
(concentration) of R32 is, the smaller the temperature
glide is.

[0044] In this embodiment, the temperature glide in
evaporation is suppressed to a range of about 7.0°C to
7.5°C by sufficiently increasing the apparent mixing ratio
of R32. Accordingly, the occurrence of frost formation on
the evaporator 6 can be avoided. The mixing ratio during
an operation of R32 which is excellent in condensation
pressure, volume capacity, and refrigerating effectis high
compared to R1234yf, whereby the performance of the
air conditioner 1 is also improved, which contributes to
downsizing as well.

[0045] Hereinafter, the circuit 10 which includes the
gas-liquid separator 11 and the intercooler 13 will be de-
scribed with reference to Figs. 1 and 2. In Figs. 1 and 2,
corresponding positions are denoted by the same num-
bers ((1), (2), and the like).

[0046] The refrigerant mixture which is used in this em-
bodimentalso includes a small amount of CO,. However,
basically, it does not affect the operation of the circuit 10
which is described below, and therefore, description re-
garding to CO, is omitted. CO, has a lower boiling point
than R32 and R1234yf, and therefore, it is basically in a
gas phase state during an operation which is described
below.

[0047] The refrigerant mixture which is used in this em-
bodiment may be composed of only R32 and R1234yf
without including CO,.

[0048] The circuit 10 is configured to include the de-
pressurization units 51 to 53 configuring the depressuri-
zation unit 5, the gas-liquid separator 11, aliquid receiver
110, and the intercooler 13.

[0049] The depressurization units 51 to 53, the gas-
liquid separator 11, the liquid receiver 110, and the inter-
cooler 13 configure the outdoor unit 7.

[0050] All the depressurization units 51 to 53 throttle
and expand the refrigerant mixture. The throttle amount
in each of the depressurization units 51 to 53 is adjust-
able.

[0051] Thedepressurizationunit51islocated between
the condenser 4 and the gas-liquid separator 11. The
depressurization unit 51 depressurizes the refrigerant
flowing out from an outlet (3) of the condenser 4 to an
intermediate pressure p1 (refer to Fig. 2) in which a gas-
liquid two-phase state is maintained (4). The pressure
(the intermediate pressure p1) of the refrigerant which is
supplied to the gas-liquid separator 11 is controlled ac-
cording to the throttle amount of the depressurization unit
51. The degree of dryness in the gas-liquid separator 11
is determined according to the intermediate pressure p1.
[0052] The gas-liquid separator 11 separates the gas-
liquid two-phase refrigerant having passed through the
depressurization unit 51 into the gas phase and the liquid
phase.
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[0053] The refrigerant mixture depressurized to the in-
termediate pressure p1 of the gas-liquid two-phase by
the depressurization unit 51 flows into the gas-liquid sep-
arator 11 in a state where R1234yf having a high boiling
point is further liquefied than R32.

[0054] The refrigerant which flows into the gas-liquid
separator 11 is subjected to gas-liquid separation accord-
ing to the degree of dryness corresponding to the inter-
mediate pressure p1 in the gas-liquid separator 11. The
saturated liquid (5) which is stored in the gas-liquid sep-
arator 11 includes R1234yf more than R32. The liquid
phase in the gas-liquid separator 11 is supplied to a low-
temperature pathway 13L of the intercooler 13 through
the liquid receiver 110.

[0055] In the gas-liquid separator 11, the liquid-phase
refrigerant bypasses the evaporator 6 through the sec-
ond pathway 122 (a bypass pathway). In Figs. 1 and 2,
the second pathway 122 is indicated by a broken line.
[0056] The liquid receiver 110 receives the liquid re-
frigerant from the gas-liquid separator 11 and stores the
liquid refrigerant therein. The liquid refrigerant exceeding
a predetermined liquid level in the liquid receiver 110
flows into the low-temperature pathway 13L of the inter-
cooler 13. In order to store the R1234yf-rich liquid refrig-
erant and increase the mixing ratio of R32 in the refrig-
erant mixture flowing through the evaporator 6, it is pref-
erable that the liquid receiver 110 is provided in the sec-
ond pathway 122.

[0057] The gas-liquid separation situation in the gas-
liquid separator 11 is determined according to the degree
of dryness corresponding to the intermediate pressure
p1. In this embodiment, the mixing ratio of R32 in the
refrigerant mixture flowing through the evaporator 6 is
made higher than the actual mixing ratio (the mixing ratio
of R32 in the entirety of the refrigerant mixture sealed in
the refrigerant circuit 2) by making the R1234yf-rich liquid
refrigerant bypass the evaporator 6 without being sup-
plied to the evaporator 6, and making only the R32-rich
refrigerant separated from the liquid phase flow into the
evaporator 6.

[0058] Here, the mixing ratio of R1234yf in the entirety
of the refrigerant mixture sealed in the refrigerant circuit
2 is high, and therefore, the mixing ratio of R32 in the
refrigerant mixture flowing into the evaporator 6 is greatly
increased by separating the liquid refrigerant which main-
ly includes R1234yf and making the liquid refrigerant by-
pass the evaporator 6, and the temperature glide can be
reduced correspondingly.

[0059] In this embodiment, the intermediate pressure
p1 which determines the degree of dryness of the gas-
liquid separator 11 is appropriately controlled by the de-
pressurization unit 51, whereby it is possible to increase
the apparent mixing ratio of R32 and sufficiently reduce
the temperature glide.

[0060] As the gas-liquid separator 11, a known gas-
liquid separator of an appropriate type can be used. For
example, a gravity separation type in which a gas phase
and a liquid phase are separated from each other due to
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a difference in specific gravity (a density difference) by
setting a refrigerant to be in a stationary state in a tank,
atype of centrifugally separating a gas phase and a liquid
phase by giving a swirling flow to a refrigerant, a surface
tension type of holding a liquid by a bellows portion pro-
vided in an inner peripheral portion of a flow path, or the
like can be adopted.

[0061] From the viewpoint of downsizing the outdoor
unit 7, the centrifugal separation type and the surface
tension type are preferable.

[0062] The gas phase (6) separated from the liquid
phase by the gas-liquid separator 11 passes through a
high-temperature pathway 13H of the intercooler 13 and
is supplied to the evaporator 6.

[0063] Theintercooler13is provided with the high-tem-
perature pathway 13H through which the gas phase
flows, and the low-temperature pathway 13L through
which the liquid phase flows. The high-temperature path-
way 13H corresponds to a part of the first pathway 121
for supplying the gas phase in the gas-liquid separator
11 to the evaporator 6. The low-temperature pathway
13L corresponds to a part of the second pathway 122 for
making the liquid phase in the gas-liquid separator 11
bypass the evaporator 6 without being supplied to the
evaporator 6.

[0064] The intercooler 13 performs heat exchange be-
tween the gas phase flowing through the high-tempera-
ture pathway 13H and the liquid phase flowing through
the low-temperature pathway 13L. By the heat exchange,
the heat of the gas phase in the high-temperature path-
way 13H is dissipated to the liquid phase in the low-tem-
perature pathway 13L, and thus the gas phase in the
high-temperature pathway 13H is condensed. A refrig-
erating cycle inwhich energy change is obtained by latent
heat only when the condensed refrigerant flows into the
evaporator 6 and is gasified by heat exchange with the
outside air can be established.

[0065] It is preferable that the gas phase flowing out
from the gas-liquid separator 11 is condensed to a sat-
urated liquid by the intercooler 13 (7).

[0066] The depressurization unit52 (a second depres-
surization unit) is located between the high-temperature
pathway 13H of the intercooler 13 and the evaporator 6
downstream thereof in the first pathway 121. The refrig-
erant flowing out from the high-temperature pathway 13H
is depressurized to an evaporation pressure p2 which is
the pressure at the time of the start of evaporation, ac-
cording to the throttle amount of the depressurization unit
52 (8), and flows into the evaporator 6. The refrigerant
which flows into the evaporator 6 is the R32-rich refrig-
erant mixture, as described above. The refrigerant mix-
ture flowing through the evaporator 6 evaporates by ab-
sorbing heat from the outside air (9).

[0067] On the other hand, the liquid phase flowing out
from the low-temperature pathway 13L of the intercooler
13 is depressurized by the depressurization unit 53 (a
third depressurization unit) located in the second path-
way 122 (10) and then evaporates by the amount corre-
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sponding to the heat absorbed from the gas phase of the
high-temperature pathway 13H. The second pathway
122 is connected to a pathway through which a low-pres-
sure refrigerant flowing out from the outlet of the evapo-
rator 6 flows (11). Under the influence of the low-pressure
refrigerant, the refrigerant flows to the downstream side
while evaporating further on the downstream side than
the depressurization unit 53.

[0068] Fig. 2 schematically shows a p-h line diagram
of the air conditioner 1 as an example. The operation of
the refrigerant circuit 2 will be described with reference
to Fig. 2.

[0069] The high-temperature and high-pressure refrig-
erant (1) discharged from the compressor 3 flows into
the condenser 4 (2). The refrigerant (3) condensed by
radiating heat to the indoor air by the condenser 4 is
depressurized to the intermediate pressure p1 by the de-
pressurization unit 51 to enter the gas-liquid two-phase
state (4), and is subjected to gas-liquid separation (5)
and (6) by the gas-liquid separator 11.

[0070] The R32-rich gas phase (6) separated from the
liquid phase (5) by the gas-liquid separator 11 is con-
densed by heat exchange with the liquid phase (5) by
the intercooler 13 (7). Further, the R32-rich gas phase is
depressurized to the evaporation pressure p2 by the de-
pressurization unit section 52 (8) and then flows into the
evaporator 6. Since the mixing ratio of R32 in the refrig-
erant mixture flowing through the evaporator 6 is high,
the temperature glide between the evaporation start tem-
perature and the evaporation end temperature is small.
The gas refrigerant (9) evaporated by the evaporator 6
is supplied to the compressor 3.

[0071] On the other hand, the liquid phase (5) passes
through the liquid receiver 110 and is then depressurized
by the depressurization unit 53 (10), and further, flows
to the downstream side while evaporating toward the ter-
minal end (11) of the second pathway 122 via the inter-
cooler 13.

[0072] According to this embodiment, by performing
gas-liquid separation into the R1234yf-rich liquid refrig-
erant and the R32-rich gas refrigerant and making the
R1234yf-rich refrigerant bypass the evaporator 6 without
being supplied to the evaporator 6, it is possible to make
the refrigerant flow into the evaporator 6 with the mixing
ratio of R32 increased to such an extent that the mixing
ratio is reversed from the composition of the refrigerant
mixture sealed in the refrigerant circuit 2. In this way, the
temperature glide is suppressed, and therefore, the frost
formation on the evaporator 6 can be avoided.

[0073] Further, the composition of the refrigerant mix-
ture flowing from the evaporator 6 into the condenser 4
via the compressor 3 is also R32-rich, and therefore, the
temperature glide in condensation can also be sup-
pressed.

[0074] By the above, it becomes possible to establish
the operation range of the air conditioner 1 over a wide
operation range.

[0075] According to the air conditioner 1 of this embod-
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iment, the mixing ratio of R1234yf having a low GWP is
high in the non-azeotropic refrigerant mixture sealed in
the refrigerant circuit 2, and therefore, it is possible to
realize the GWP less than 300.

[0076] The gas-liquid separation situation follows the
degree of dryness of the gas-liquid separator 11 corre-
sponding to the intermediate pressure p1, and therefore,
the gas-liquid separation situation can be controlled by
controlling the intermediate pressure p1 according to the
throttle amount of the depressurization unit 51. It is pref-
erable that the intermediate pressure p1 is controlled
such that the degree of dryness falls within a range of
0.3t0 0.5, for example. In order to normally establish the
refrigerating cycle, the lower limit of the degree of dryness
can be set to 0.1, for example.

[0077] Itis preferable to set the flow rates of the liquid
phase (5) and the gas phase (6) branched by the gas-
liquid separator 11 in consideration of energy balance.
For example, in a case where the degree of dryness of
the gas-liquid separator 11is 0.5, itis preferable to adjust
the throttle amount of each of the second depressuriza-
tion unit 51 and the third depressurization unit 52 such
that the flow rates of the liquid phase and the gas phase
are equal to each other (1:1).

[Modification Example of First Embodiment]

[0078] Inthe air conditioner 1 shown in Fig. 3, the liquid
receiver 110 and a valve 14 for opening and closing a
flow path 11A between the gas-liquid separator 11 and
the liquid receiver 110 are provided in the second path-
way 122.

[0079] As described in the first embodiment, if an op-
eration is performed while making the gas phase of the
gas-liquid separator 11 flow into the evaporator 6 and
making the liquid phase of the gas-liquid separator 11
bypass the evaporator 6, the liquid level in the liquid re-
ceiver 110 increases.

[0080] The control can be performed as described be-
low by using the liquid receiver 110 and the valve 14,
both of which are located in the second pathway 122.
[0081] At an appropriate timing when the liquid refrig-
erant is stored in the liquid receiver 110, the valve 14 is
closed, and thus liquid reception from the gas-liquid sep-
arator 11 to the liquid receiver 110 is stopped. At this
time, the depressurization unit 53 is opened (the degree
of opening is full opening).

[0082] If the operation is continued as it is, the liquid
refrigerant in the liquid receiver 110 flows to the down-
stream side while evaporating toward the terminal end
(11) so as to be pulled due to the low pressure in the
pathway to which the terminal end (11) of the second
pathway 122 is connected. At this time, mainly, R32 hav-
ing a low boiling point evaporates and is discharged from
the terminal end (11) of the second pathway 122. The
discharged R32-rich refrigerantis suctioned into the com-
pressor 3 and circulates through the refrigerant circuit 2,
whereby the mixing ratio of R32 during an operation can
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be increased.

[0083] Inthe second pathway 122, R1234yfis concen-
trated according to the discharge of the R32-rich refrig-
erant.

[0084] According to the control described above, it is
possible to further extract the R32-rich refrigerant from
the R1234yf-rich liquid refrigerant separated from the
R32-rich gas phase by the gas-liquid separator 11 and
discharge it to the refrigerant circuit 2, and therefore, the
mixing ratio of R32 during an operation can be further
increased.

[0085] The R32 discharge control described above can
be repeated at a predetermined frequency. If the R32
discharge operation mode is ended, the valve 14 is
opened, the throttle amount of the depressurization unit
53 is set, and a transition to the same normal operation
mode as that described in the first embodiment can be
performed.

[0086] Further, a configuration may be made such that
if the liquid level in the liquid receiver 110 is detected and
the refrigerant is stored at a liquid level equal to or more
than a predetermined start liquid level, the R32 discharge
operation mode is started, and if the liquid level in the
liquid receiver 110 falls below a predetermined end liquid
level, the R32 discharge operation mode is ended.
[0087] The same control may also be performed by
using a flow rate adjustment valve capable of changing
the flow rate of the refrigerant flowing through the flow
path 11A between the gas-liquid separator 11 and the
liquid receiver 110, instead of the valve 14.

[0088] That is, the flow rate in the flow path 11A may
be increased by the flow rate adjustment valve, instead
of opening the valve 14, and the flow rate in the flow path
11A may be decreased by the flow rate adjustment valve,
instead of closing the valve 14.

[Second Embodiment]

[0089] Next, a second embodiment will be described
with reference to Figs. 4 to 6.

[0090] An air conditioner 9 according to the second
embodiment can perform heating and cooling of indoor
air (a heat load) using outside air as a heat source. That
is, the air conditioner 9 is used for both the use for cooling
and the use for heating.

[0091] Figs. 4 to 6 show the configuration of the air
conditioner 9.
[0092] In the air conditioner 9, by switching the direc-

tion of the flow of the refrigerant by the four-way valve
19, it is possible to perform a heating operation shown
in Fig. 4 and a cooling operation shown in Figs. 5 and 6.
[0093] During the heating operation (Fig. 4), the first
heat exchanger 4 functions as a condenser, and the sec-
ond heat exchanger 6 functions as an evaporator.

[0094] During the cooling operation (Figs. 5 and 6), the
first heat exchanger 4 functions as an evaporator, and
the second heat exchanger 6 functions as a condenser.
[0095] In Figs. 4 to 6, the pathway from a discharge
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port of the compressor 3 to an inlet of the evaporator is
shown by a solid line, and the pathway from an outlet of
the evaporator to a suction port of the compressor 3 is
shown by a two-dot chain line.

[0096] Hereinafter, the air conditioner 9 of the second
embodiment will be described with a focus on the differ-
ences from the air conditioner 1 of the first embodiment.
[0097] As shown in Fig. 4, the air conditioner 9 is pro-
vided with a bypass section 15A (shown by a broken line)
into which the liquid phase separated from the gas phase
by the gas-liquid separator 11 is introduced, and an on-
off valve 151 for opening and closing the bypass section
15A, instead of the depressurization unit 53 for throttle
expansion in the first embodiment.

[0098] Aterminal end ofthe bypass section 15Ais con-
nected to a pathway 15B flowing out from the evaporator
6 toward the compressor 3. The bypass section 15A cor-
responds to a third depressurization unit which reduces
the pressure of the refrigerant.

[0099] The second pathway 122 which makes the lig-
uid phase in the gas-liquid separator 11 bypass the evap-
orator 6 without being supplied to the evaporator 6 is
configured by the bypass section 15A and the pathway
15B.

[0100] Further, the air conditioner 9 performs process-
ing in which not only during the heating operation but
also during the cooling operation, as necessary, the re-
frigerant flowing out from the condenser (4, 6) is depres-
surized to the gas-liquid two-phase state and then sub-
jected to gas-liquid separation and the R32-rich refriger-
ant is caused to flow into the evaporator (6, 4).

[0101] The air conditioner 9 is provided with a bridge
circuit 16 such that the processing is established both
during the heating operation and during the cooling op-
eration.

[0102] The bridge circuit 16 is configured by four check
valves 161 to 164 which determine the direction of the
flow of the refrigerant to be one direction.

(Heating Operation)

[0103] The heating operation will be described with ref-
erence to Fig. 4.

[0104] During the heating operation, the on-off valve
151 is opened and the bypass section 15A is opened.
[0105] Further, an on-off valve 171 of a merging path-
way 17 prepared in the liquid receiver 110 for a time when
gas-liquid separation is not performed in the cooling op-
eration is closed. The merging pathway 17 connects the
inside of the liquid receiver 110 and the first pathway 121
from which the gas phase in the gas-liquid separator 11
is extracted.

[0106] InFigs.4to6,theclosedvalveisshowninblack.
[0107] The refrigerant flowing out from the condenser
4 is depressurized to the intermediate pressure of the
gas-liquid two-phase by the depressurization unit 51 and
flows into the gas-liquid separator 11 through the check
valve 161 of the bridge circuit 16. The liquid phase in the
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gas-liquid separator 11 flows into the bypass section 15A
via the liquid receiver 110, is depressurized by the influ-
ence of the low-pressure refrigerant flowing through the
pathway 15B connected to the terminal end of the bypass
section 15A, and merged with the refrigerant flowing
through the pathway 15B. Then, the liquid phase flows
toward the compressor 3 while evaporating through the
pathway 15B. The pathway 15B includes the low-tem-
perature pathway 13L of the intercooler 13.

[0108] The gas phase separated from the liquid phase
in the gas-liquid separator 11 flows through the high-tem-
perature pathway 13H of the intercooler 13 and is con-
densed by heat exchange with the refrigerant flowing
through the low-temperature pathway 13L. Then, the gas
phase passes through the check valve 163 of the bridge
circuit 16, is depressurized by the depressurization unit
52, and then flows into the evaporator 6.

(Cooling Operation)

[0109] The cooling operation will be described with ref-
erence to Figs. 5 and 6.

[0110] In the cooling operation, the direction of the re-
frigerating cycle is opposite to that in the heating opera-
tion, and therefore, the first heat exchanger 4 is referred
to as an evaporator 4 and the second heat exchanger 6
is referred to as a condenser 6.

[0111] Accordingly, the function of each of the depres-
surization unit 51 and the depressurization unit 52 is
switched from that in the heating operation.

[0112] During the cooling operation, the depressuriza-
tion unit 52 corresponds to a first depressurization unit
that reduces the pressure of the refrigerant flowing out
from the condenser 6 to the gas-liquid two-phase state,
and the depressurization unit 51 corresponds to asecond
depressurization unit that reduces the pressure of the
refrigerant which is subjected to gas-liquid separation
from the liquid phase and flows through the first pathway
121 to the pressure at the inlet of the evaporator 4.
[0113] During the cooling operation, in only a case
where there is a possibility that the frost formation may
occur in a relationship with the temperature glide due to
a small temperature difference between the refrigerant
flowing through the evaporator 4 and the heat load (the
indoor air), the temperature glide is suppressed by per-
forming the processing of increasing the apparent mixing
ratio of R32. Here, in a case where the temperature of
the indoor air detected by a sensor 18 is lower than a
predetermined value, the processing of suppressing the
temperature glide is performed (Fig. 6), and in a case
where the temperature of the indoor air is equal to or
higher than the predetermined value, the processing is
not performed (Fig. 5). Further, the temperature of the
refrigerant flowing through the evaporator 4 is also de-
tected, and whether or not to perform the processing of
suppressing the temperature glide can also be deter-
mined based on the difference between the temperature
and the detected temperature of the indoor air. In addi-
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tion, appropriate criteria for determination can be used.
[0114] First, a case where the processing of suppress-
ing the temperature glide is not performed due to a suf-
ficient large temperature difference between the refrig-
erant flowing through the evaporator 4 and the indoor air
will be described with reference to Fig. 5.

[0115] In this case, the on-off valve 151 of the bypass
section 15A is closed and the on-off valve 171 of the
merging pathway 17 prepared in the liquid receiver 110
is opened.

[0116] The liquid phase in the gas-liquid separator 11
flows into the merging pathway 17 via the liquid receiver
110 and flows out from the merging pathway 17 to the
first pathway 121. Thatis, the refrigerant flowing out from
the gas-liquid separator 11 in the liquid phase state is
merged with the refrigerant flowing outfrom the gas-liquid
separator 11 in the gas phase state.

[0117] If a sufficient capacity is secured in the gas-
liquid separator 11, the liquid receiver 110 is not always
necessary.

[0118] The refrigerant flowing out from the outlet of the
condenser 6 and depressurized to the intermediate pres-
sure by the first depressurization unit (here, the depres-
surization unit 52) passes through the check valve 164
of the bridge circuit 16 and flows into the gas-liquid sep-
arator 11. Although the refrigerant is temporarily sepa-
rated into the liquid phase and the gas phase in the gas-
liquid separator 11, the liquid phase and the gas phase
are merged with each other thereafter (refer to 20 in Fig.
5). That is, it not necessary to make the R1234yf-rich
liquid phase in the gas-liquid separator 11 bypass, and
therefore, the R1234yf-rich liquid phase is supplied to
the evaporator 4 together with the gas phase. The
merged refrigerant is subjected to heat exchange with
the refrigerant in the low-temperature pathway 13L while
passing through the high-temperature pathway 13H of
the intercooler 13, passes through the check valve 162
of the bridge circuit 16, is further depressurized by the
second depressurization unit (here, the depressurization
unit 51), and then flows into the evaporator 4.

[0119] Next, a case where the processing of suppress-
ing the temperature glide is performed will be described
with reference to Fig. 6.

[0120] In this case, similar to the heating operation
(Fig. 4), the refrigerant depressurized to the intermediate
pressure is separated into the gas phase and the liquid
phase by opening the on-off valve 151 of the bypass sec-
tion 15A and closing the on-off valve 171 of the merging
pathway 17 prepared in the liquid receiver 110.

[0121] If the processing of suppressing the tempera-
ture glide is always performed even during the cooling
operation, the on-off valve 151 is not necessary.

[0122] The liquid phase flowing from the gas-liquid
separator 11 into the bypass section 15A via the liquid
receiver 110 is depressurized by the influence of the low-
pressure refrigerant flowing through the pathway 15B,
and flows toward the compressor 3 while evaporating
through the pathway 15B.
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[0123] The R32-rich gas phase separated from the lig-
uid phase in the gas-liquid separator 11 is condensed by
heat exchange with the refrigerant flowing into the low-
temperature pathway 13L from the pathway 15B. Then,
the R32-rich gas phase is depressurized by the second
depressurization unit (the depressurization unit 51), then
passes through the check valve 162 of the bridge circuit
16, and flows into the evaporator 4.

[0124] By the above, the apparent mixing ratio of R32
circulating through the refrigerant circuit 2 can be in-
creased, and therefore, the temperature glide is sup-
pressed, and thus even in a case where the temperature
difference between the indoor air and the refrigerant tem-
perature is large, it is possible to avoid the frost formation
on the evaporator 4.

[0125] Also in the heating operation (Fig. 4) and the
cooling operation (Fig. 6) of the second embodiment,
control to discharge the R32-rich refrigerant from the sec-
ond pathway 122 to the refrigerant circuit 2 can be per-
formed by using the liquid receiver 110 and the valve 14,
in the same manner as the modification example (Fig. 3)
of the first embodiment.

[0126] In addition to the above, the configurations de-
scribed in the above embodiments can be selected or
appropriately changed to other configurations without de-
parting from the gist of the present invention.

[0127] As the non-azeotropic refrigerant mixture in the
present invention, appropriate refrigerants having differ-
ent boiling points can be used. The GWP can be reduced
by increasing the mixing ratio of the refrigerant having a
high boiling point and a low GWP, in the refrigerant mix-
ture sealed in the refrigerant circuit.

Reference Signs List
[0128]

1: air conditioner (refrigerating cycle apparatus)
2: refrigerant circuit

3: compressor

4: first heat exchanger

5: depressurization unit

51 to 53: depressurization unit

6: second heat exchanger

7: outdoor unit

8: indoor unit

9: air conditioner (refrigerating cycle apparatus)
10: circuit

11: gas-liquid separator

11A: flow path

110: liquid receiver

121: first pathway

122: second pathway

13: intercooler

13H: high-temperature pathway

13L: low-temperature pathway

14: valve

15A: bypass section (third depressurization unit,
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pathway)

15B: pathway

151: on-off valve

16: bridge circuit

161 to 164: check valve
17: merging pathway
171: on-off valve

18: sensor

19: four-way valve

p1: intermediate pressure
p2: evaporation pressure

Claims

A refrigerating cycle apparatus having a refrigerant
circuit in which a non-azeotropic refrigerant mixture
is sealed and which is configured to include a com-
pressor, a first heat exchanger, a depressurization
unit, and a second heat exchanger, and capable of
heating a heat load, the apparatus comprising:

afirst depressurization unit which reduces pres-
sure of the non-azeotropic refrigerant mixture
flowing out from a condenser which is one of the
first heat exchanger and the second heat ex-
changer, to a gas-liquid two-phase state;

a gas-liquid separator which separates the non-
azeotropic refrigerant mixture depressurized to
the gas-liquid two-phase state into a gas phase
and a liquid phase;

a first pathway for supplying a gas-phase refrig-
erantinthe gas-liquid separator to an evaporator
which is the other of the first heat exchanger and
the second heat exchanger;

a second pathway for making a liquid-phase re-
frigerant in the gas-liquid separator bypass the
evaporator without being supplied to the evap-
orator;

anintercooler which condensates the refrigerant
flowing through the first pathway through heat
exchange with the refrigerant flowing through
the second pathway;

a second depressurization unit which reduces
pressure of the refrigerant flowing through the
first pathway; and

a third depressurization unit which reduces
pressure of the refrigerant flowing through the
second pathway.

The refrigerating cycle apparatus according to claim
1, wherein the second pathway is provided with
aliquid receiver which receives the liquid phase from
the gas-liquid separator, and

a valve capable of opening and closing a flow path
between the gas-liquid separator and the liquid re-
ceiver or adjusting a flow rate of the refrigerant flow-
ing through the flow path.
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10

The refrigerating cycle apparatus according to claim
1 or 2, wherein the non-azeotropic refrigerant mix-
ture includes

R32 as a first refrigerant, and

atleastone of R1234yf and R1234ze(E) as a second
refrigerant, and

a concentration of the first refrigerant in the entirety
of the non-azeotropic refrigerant mixture sealed in
the refrigerant circuit is in a range of 30 to 70 wt%.

The refrigerating cycle apparatus according to claim
3, wherein the non-azeotropic refrigerant mixture in-
cludes

CO, as a third refrigerant, and

a concentration of the third refrigerant in the entirety
of the non-azeotropic refrigerant mixture sealed in
the refrigerant circuit is 5 wt% or less.

The refrigerating cycle apparatus according to any
one of claims 1 to 4, wherein heating and cooling of
the heat load are capable of being performed,

the apparatus further includes

a switching valve which switches a direction of a flow
of the refrigerant in the refrigerant circuit,

a bridge circuit which switches a direction of a flow
of the refrigerant in the refrigerant circuit, and

a merging pathway for merging the liquid phase in
the gas-liquid separator with the gas phase in the
gas-liquid separator, and

the third depressurization unit is configured to in-
clude a pathway for merging the liquid phase in the
gas-liquid separator with the refrigerant flowing out
from the evaporator.

Amended claims under Art. 19.1 PCT

(Amended) A refrigerating cycle apparatus having a
refrigerant circuit in which a non-azeotropic refriger-
ant mixture is sealed and which is configured to in-
clude a compressor, a first heat exchanger, a de-
pressurization unit, and a second heat exchanger,
and capable of heating a heat load, the apparatus
comprising:

afirst depressurization unit which reduces pres-
sure of the non-azeotropic refrigerant mixture
flowing out from a condenser which is one of the
first heat exchanger and the second heat ex-
changer, to a gas-liquid two-phase state;

a gas-liquid separator which separates the non-
azeotropic refrigerant mixture depressurized to
the gas-liquid two-phase state into a gas phase
and a liquid phase;

a first pathway for supplying a gas-phase refrig-
erantinthe gas-liquid separator to an evaporator
which is the other of the first heat exchanger and
the second heat exchanger;



19 EP 3 396 273 A1

a second pathway for making a liquid-phase re-
frigerant in the gas-liquid separator bypass the
evaporator without being supplied to the evap-
orator;

anintercooler which condensates the refrigerant
flowing through the first pathway through heat
exchange with the refrigerant flowing through
the second pathway;

a second depressurization unit which reduces
pressure of the refrigerant flowing through the
first pathway; and

a third depressurization unit which reduces
pressure of the refrigerant flowing through the
second pathway,

wherein the second pathway includes

a liquid receiver which receives the liquid phase
from the gas-liquid separator, and

a valve capable of opening and closing a flow
path between the gas-liquid separator and the
liquid receiver or adjusting a flow rate of the re-
frigerant flowing through the flow path.

(Cancelled)

(Amended) The refrigerating cycle apparatus ac-
cording to claim 1, wherein the non-azeotropic re-
frigerant mixture includes

R32 as a first refrigerant, and

atleast one of R1234yfand R1234ze(E) as a second
refrigerant, and

a concentration of the first refrigerant in the entirety
of the non-azeotropic refrigerant mixture sealed in
the refrigerant circuit is in a range of 30 to 70 wt%.

The refrigerating cycle apparatus according to claim
3, wherein the non-azeotropic refrigerant mixture in-
cludes

CO, as a third refrigerant, and

a concentration of the third refrigerant in the entirety
of the non-azeotropic refrigerant mixture sealed in
the refrigerant circuit is 5 wt% or less.

(Amended) The refrigerating cycle apparatus ac-
cording to any one of claims 1. 3, and 4, wherein
heating and cooling of the heat load are capable of
being performed,

the apparatus further includes

a switching valve which switches a direction of a flow
of the refrigerant in the refrigerant circuit,

a bridge circuit which switches a direction of a flow
of the refrigerant in the refrigerant circuit, and

a merging pathway for merging the liquid phase in
the gas-liquid separator with the gas phase in the
gas-liquid separator, and

the third depressurization unit is configured to in-
clude a pathway for merging the liquid phase in the
gas-liquid separator with the refrigerant flowing out
from the evaporator.
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FIG. 7
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