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THE SAME

(57) A refrigeration cycle apparatus according to the
present disclosure includes a refrigerant circuit formed
by sequentially connecting a compressor, a heat
source-side heat exchanger, a decompression device, a
utilization-side heat exchanger, and a gas-liquid separa-
tion device. The gas-liquid separation device includes a
pipe through which a refrigerant flows towards the com-
pressor. The pipe includes a first opening and a second
opening disposed below the first opening. The refrigerant
is R32. A relation of A > B holds, where A represents a
ratio of an area of the second opening to an area of the
first opening, and B represents a ratio of an area of a
second opening to an area of a first opening in a refrig-
eration cycle apparatus in which R410A is used as re-
frigerant and which corresponds to the refrigeration cycle
apparatus in which the refrigerant is R32.
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Description
BACKGROUND
1. Technical Field

[0001] The presentdisclosure relates to a refrigeration
cycle apparatus that uses R32 with low global warming
potential (GWP) as arefrigerant and includes a gas-liquid
separator on an inlet side of a compressor.

2. Description of the Related Art

[0002] In recent years, most of refrigeration cycle ap-
paratuses such as air conditioners employ refrigerant
R410A having low ozone depletion potential as areplace-
ment refrigerant for R22. However, refrigerant R410A
has a high global warming potential (GWP), and thus
Unexamined Japanese Patent Publication No.
2014-169854 proposes replacement of refrigerant
R410A with refrigerant R32 that has arelatively low GWP
and enables suppressing global warming.

SUMMARY

[0003] Even in such refrigeration cycle apparatuses
using refrigerant R32 described above, it is desirable to
minimize the amount of refrigerant for filling the refriger-
ation cycle apparatuses in terms of environment and
safety while maintaining the performance of conventional
refrigeration cycle apparatuses.

[0004] However, the properties of refrigerant R32
causes an abnormal rise in discharge temperature of a
compressor in the case where refrigerant R32 is applied
to a conventional refrigeration cycle apparatus and the
refrigeration cycle apparatus exercises the high heating
capability in the environment of low outside-air temper-
atures, such as -20°C for example. This results in reduc-
tion in durability of the refrigeration cycle apparatus.
[0005] In view of this, a vapor quality of the refrigerant
atan evaporator outletis reduced by increasing the evap-
oration temperature such that enthalpy of intake refrig-
erant of the compressor is reduced as a common way to
lower the discharge temperature of the compressor.
However, liquid refrigerant is made harder to return to
the compressor from a gas-liquid separator when a con-
ventional gas-liquid separator for refrigerant R410A is
applied as it is to a refrigeration cycle apparatus using
refrigerant R32 that includes a gas-liquid separator on
aninlet side of the compressor. This is because a volume
flow rate of refrigerant R32 is less than that of refrigerant
R410A. Accordingly, it is difficult to suppress the rise in
the discharge temperature of the compressor in the state
where a vapor quality of the refrigerant is reduced at the
evaporator outlet.

[0006] This requires a measure of storing the liquid re-
frigerant in the gas-liquid separator and increasing the
amount of liquid refrigerant returning to the compressor
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by further increasing the evaporation temperature, or a
measure of increasing the amount of charged refrigerant.
[0007] However, the measure of storing the liquid re-
frigerant in the gas-liquid separator and increasing the
amount of liquid refrigerant returning to the compressor
reduces the amount of heat absorption from air, which
problematically causes a serious reduction in operation
capability and operation efficiency of the refrigeration cy-
cle apparatus.

[0008] The measure of increasing the amount of
charged refrigerant problematically causes a significant
increase in the amount of refrigerant and also problem-
atically causes a reduction in operation efficiency under
an operational condition within an ordinary range of dis-
charge temperatures such as rated conditions.

[0009] The present disclosure is to solve the above
conventional problems, and an object thereof is to pro-
vide a refrigeration cycle apparatus using refrigerant R32
that is capable of suppressing a reduction in operation
efficiency and an abnormal rise in discharge temperature
without increasing the amount of charged refrigerant, and
is excellent in durability.

[0010] To solve the above conventional problems, a
refrigeration cycle apparatus according to the present
disclosure includes a refrigerant circuit formed by se-
quentially connecting a compressor, a heat source-side
heat exchanger, a decompression device, a utilization-
side heat exchanger, and a gas-liquid separation device.
The gas-liquid separation device includes a pipe through
which a refrigerant flows towards the compressor. The
pipe includes a first opening and a second opening dis-
posed below the first opening. The refrigerant is R32. A
relation of A > B holds, where A represents a ratio of an
area of the second opening to an area of the first opening,
and B represents a ratio of an area of a second opening
to an area of a first opening in a refrigeration cycle ap-
paratus in which R410A is used as refrigerant and which
corresponds to the refrigeration cycle apparatus in which
the refrigerant is R32.

[0011] In comparison with a gas-liquid separation de-
vice in the refrigeration cycle apparatus using refrigerant
R410A, the gas-liquid separation device in the refriger-
ation cycle apparatus using refrigerant R32 has a small
flow resistance of the second opening in the case where
the area of the second opening is large, and has a large
pressure difference of the second opening between the
inside and outside of the pipe in the case where the area
of the first opening is small. This increases mass flow
rates of liquid refrigerant R32 to be merged with gas re-
frigerant R32 that passes through the second opening
and enters from the first opening, even when the amount
of liquid refrigerant in the gas-liquid separation devices
is the same. Accordingly, enthalpy of the refrigerant re-
turning to the compressor decreases without the need
for significant reduction of the vapor quality of the refrig-
erant at the evaporator outlet. As a result, a temperature
of discharge refrigerant from the compressor in the re-
frigeration cycle apparatus using refrigerant R32 can be
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made equal to or less than that of discharge refrigerant
from the compressor in the refrigeration cycle apparatus
using refrigerant R410A, even when a pressure of the
discharge refrigerant from the compressor in the refrig-
eration cycle apparatus using refrigerant R32 is identical
to that of the discharge refrigerant from the compressor
in the refrigeration cycle apparatus using refrigerant
R410A.

[0012] The present disclosure can provide a refriger-
ation cycle apparatus using refrigerant R32 that is capa-
ble of suppressing a reduction in operation efficiency and
an abnormal rise in discharge temperature without in-
creasing the amount of charged refrigerant, and is excel-
lent in durability.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1 is a schematic configuration diagram of a re-
frigeration cycle apparatus according to a first exem-
plary embodiment of the present disclosure;

FIG. 2 is a schematic view of a gas-liquid separation
device according to the first exemplary embodiment
of the present disclosure;

FIG. 3 is a graph showing a relationship between a
vapor quality of an intake refrigerant of a compressor
and an outside-air temperature, in the case where a
discharge temperature of the compressor and a con-
densation temperature on a high-pressure side in a
refrigeration cycle apparatus using refrigerant R32
are identical to those in a refrigeration cycle appa-
ratus using refrigerant R410A; and

FIG. 4 is a graph showing a relationship between the
vapor quality of the intake refrigerant of the compres-
sor and a ratio of A/B, in the case where a liquid level
in the gas-liquid separation device in the refrigeration
cycle apparatus using refrigerant R32 is changed.

DETAILED DESCRIPTION

[0014] A refrigeration cycle apparatus according to a
first aspect includes a refrigerant circuit formed by se-
quentially connecting a compressor, a heat source-side
heat exchanger, a decompression device, a utilization-
side heat exchanger, and a gas-liquid separation device.
The gas-liquid separation device includes a pipe through
which a refrigerant flows towards the compressor. The
pipe includes a first opening and a second opening dis-
posed below the first opening. The refrigerant is R32. A
relation of A > B holds, where A represents a ratio of an
area of the second opening to an area of the first opening,
and B represents a ratio of an area of a second opening
to an area of a first opening in a refrigeration cycle ap-
paratus in which R410A is used as refrigerant and which
corresponds to the refrigeration cycle apparatus in which
the refrigerant is R32.

[0015] In comparison with a gas-liquid separation de-
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vice in the refrigeration cycle apparatus using refrigerant
R410A, the gas-liquid separation device in the refriger-
ation cycle apparatus using refrigerant R32 has a small
flow resistance of the second opening in the case where
the area of the second opening is large. A pressure dif-
ference of the second opening between the inside and
outside of the pipe becomes large in the case where the
area of the first opening is small, which increases mass
flow rates of liquid refrigerant R32 to be merged with gas
refrigerant R32 that passes through the second opening
and enters from the first opening, even when the amount
of liquid refrigerant in the gas-liquid separation devices
is the same. Accordingly, enthalpy of the refrigerant re-
turning to the compressor decreases without the need
for significant reduction of the vapor quality of the refrig-
erant at the evaporator outlet. As a result, a temperature
of discharge refrigerant from the compressor in the re-
frigeration cycle apparatus using refrigerant R32 can be
made equal to or less than a temperature of discharge
refrigerant from the compressor in the refrigeration cycle
apparatus using refrigerant R410A, even when a pres-
sure of the discharge refrigerant from the compressor in
the refrigeration cycle apparatus using refrigerant R32 is
identical to that of the discharge refrigerant from the com-
pressor in the refrigeration cycle apparatus using refrig-
erant R410A.

[0016] Accordingly, the presentdisclosure can provide
a refrigeration cycle apparatus using refrigerant R32 that
is capable of suppressing a reduction in operation effi-
ciency and an abnormal rise in discharge temperature
without increasing the amount of charged refrigerant in
refrigeration cycle, and is excellent in durability.

[0017] According to a second aspect, A is 1.9 or more
times greater than B in the refrigeration cycle apparatus
according to the first aspect.

[0018] Even when the amount of the liquid refrigerant
(liquid level) retained in the gas-liquid separation device
in the refrigeration cycle apparatus using refrigerant R32
is equal to or less than the amount of the liquid refrigerant
retained in the gas-liquid separation device in the refrig-
eration cycle apparatus using refrigerant R410A, mass
flow rates of liquid refrigerant R32 flowing through the
second opening increase, which leads to a decrease in
the vapor quality (weight ratio of gas refrigerant in the
whole refrigerant) of the inlet refrigerant of the compres-
sor. This causes the discharge temperature of the com-
pressor in the refrigeration cycle apparatus using refrig-
erant R32 to be equal to or less than that of the compres-
sor in refrigeration cycle apparatus using refrigerant
R410A.

[0019] Accordingly, the present disclosure can provide
a refrigeration cycle apparatus using refrigerant R32 that
is capable of suppressing a reduction in operation effi-
ciency and an abnormal rise in discharge temperature
without increasing the amount of the charged refrigerant
even in the environment of low outside-air temperatures,
such as -20°C, and is excellent in durability.

[0020] According to a third aspect, a liquid circulating
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apparatus includes the refrigeration cycle apparatus ac-
cording to the first or second aspect, and is configured
to circulate liquid that has been heated by the utilization-
side heat exchanger.

[0021] With this configuration, the present disclosure
can provide a hot water heating appliance and a hot-
water supplying apparatus each including a refrigeration
cycle apparatus using refrigerant R32 that is capable of
suppressing a reduction in operation efficiency and an
abnormal rise in discharge temperature without increas-
ing the amount of charged refrigerant, and is excellent in
durability in the case where the liquid is hot water.
[0022] An exemplary embodiment of the present dis-
closure is described below with reference to the draw-
ings. Note that the present disclosure is not limited to this
exemplary embodiment.

(First exemplary embodiment)

[0023] FIG. 1 is a schematic configuration diagram of
a refrigeration cycle apparatus according to a first exem-
plary embodiment of the present disclosure. In FIG. 1,
refrigeration cycle apparatus 1A includes: refrigerant cir-
cuit 2 configured to circulate a refrigerant; pump 31 con-
figured to send, to utilization-side heat exchanger 22 of
refrigerant circuit 2, water with which the refrigerant ex-
changes heat at utilization-side heat exchanger 22; and
a control device (not shown). The refrigerant that circu-
lates through refrigerant circuit 2 is R32 with low global
warming potential (GWP). In the case where the refrig-
erant exchanges heat with air at utilization-side heat ex-
changer 22, a blowing device, such as a fan, is provided
instead of pump 31.

[0024] Refrigerant circuit 2 includes compressor 21,
utilization-side heat exchanger 22, expansion valve (de-
compression device) 23, and heat source-side heat ex-
changer 24 that are annularly connected through pipes.
Refrigerant circuit 2 of the present exemplary embodi-
mentincludes gas-liquid separator (gas-liquid separation
device) 25 configured to separate gas and liquid from
each other between heat source-side heat exchanger 24
and compressor 21. Refrigerant circuit 2 includes four-
way valve 26 for shifting between heating operation and
defrosting operation.

[0025] According to the present exemplary embodi-
ment, refrigeration cycle apparatus 1A serves as a heater
of ahot water circulating apparatus configured to perform
heating by utilizing hot water generated by the heating
operation. Utilization-side heat exchanger 22 of refriger-
ant circuit 2 is configured to heat water by causing the
heat exchange between the refrigerant and the water.
[0026] Specifically, hot water circuit 3 including utiliza-
tion-side heat exchanger 22 and pump 31 is annularly
connected with heating terminal unit 32, such as a radi-
ator or a floor heating panel, and a hot water storage tank
(not shown) through pipes, so that hot water circulates
through hot water circuit 3. This configuration enables
heating terminal unit 32 to perform heating and hot water
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storage tank (not shown) to supply hot water.

[0027] Operation of refrigeration cycle apparatus 1A is
described below with reference to FIG. 1. In FIG. 1, the
solid arrows indicate the directions in which the refriger-
ant flows during the heating operation, and the dotted
arrows indicate the directions in which the refrigerant
flows during the defrosting operation. The following pas-
sages describe changes in the refrigerant states in the
heating operation and the defrosting operation.

[0028] Inthe heating operation, a discharge gas refrig-
erant that has been compressed by compressor 21 and
of which temperature and pressure are increased flows
in utilization-side heat exchanger 22 through four-way
valve 26. Heat of the refrigerant is released to water that
flows in utilization-side heat exchanger 22 from hot water
circuit 3. As aresult, the refrigerantis condensed to liquid.
[0029] The condensed and liquefied refrigerant is de-
compressed and expanded by expansion valve 23 and
then flows in heat source-side heat exchanger 24. The
low-pressure two-phase refrigerant that has flown in heat
source-side heat exchanger 24 is evaporated by absorb-
ing heat from air blown by fan 27. Then, the low-pressure
refrigerant flown out of heat source-side heat exchanger
24 passes through four-way valve 26 and gas-liquid sep-
arator 25, and is again drawn into compressor 21.
[0030] On the other hand, in the defrosting operation,
a discharge gas refrigerant that has been compressed
by compressor 21 and of which temperature and pres-
sure are increased flows in heat source-side heat ex-
changer 24 through four-way valve 26. The refrigerant is
condensed to liquid by releasing heat thereof to frost on
an outer surface of heat source-side heat exchanger.
[0031] The condensed and liquefied refrigerant is de-
compressed and expanded by expansion valve 23 and
then flows in utilization-side heat exchanger 22. The low-
pressure two-phase refrigerant that has flown in utiliza-
tion-side heat exchanger 22 is evaporated by absorbing
heat from the water circulating hot water circuit 3. Then,
the low-pressure refrigerant flown out of utilization-side
heat exchanger 22 passes through four-way valve 26
and gas-liquid separator 25, and is again drawn into com-
pressor 21.

[0032] According to the present exemplary embodi-
ment, gas-liquid separator 25 is provided on an inlet side
of compressor 21 to prevent a situation in which a large
amount of liquid refrigerant directly returns to compressor
21 to cause liquid compression during transient operation
of compressor 21, such as startup operation or defrosting
operation.

[0033] FIG. 2 is a schematic view of gas-liquid sepa-
rator 25 provided in refrigerant circuit 2. Container 250
includes two pipes, i.e., inlet pipe 251 and outlet pipe 252
each of which provides communication between the in-
terior and exterior of container 250.

[0034] The following passages describe behavior of
the refrigerant inside gas-liquid separator 25. In the heat-
ing operation, the refrigerant flown from heat source-side
heat exchanger 24 enters container 250 of gas-liquid
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separator 25 through inlet pipe 251, and is divided into
liquid refrigerant and gas refrigerant inside container 250
in the case where the inflow refrigerant is in a two-phase
state.

[0035] The gas refrigerant thus divided flows in first
opening 252a of outlet pipe 252 and returns to compres-
sor 21 through outlet pipe 252. On the other hand, the
liquid refrigerant thus divided is retained in container 250
of gas-liquid separator 25. When the level of the divided
liquid refrigerantreaches second opening 252b, the liquid
refrigerant flows in outlet pipe 252 through second open-
ing 252b due to the head pressure of the liquid level from
second opening 252b and a pressure difference including
a pressure drop from first opening 252a to second open-
ing 252b in outlet pipe 252, i.e., a pressure difference
between the outlet and inlet of second opening 252b (a
pressure difference between the inside and outside of
the pipe), and then the liquid refrigerant returns to com-
pressor 21 together with the gas refrigerant.

[0036] The refrigeration cycle apparatus of the present
disclosure is configured such that the area of first opening
252a and the area of second opening 252b of gas-liquid
separator 25 of refrigeration cycle apparatus 1A using
R32 as refrigerant has a ratio of A/B that is equal to or
greater than 1.9, when A represents a ratio (b/a) of the
area (b) of second opening 252b to the area (a) of first
opening 252a, and B represents a ratio (d/c) of the area
(d) of second opening 252b to the area (c) of first opening
252a of gas-liquid separator 25 when R410A is used as
refrigerant.

[0037] FIG. 3 shows a relationship between a vapor
quality of an intake refrigerant of compressor 21 and an
outside-air temperature regarding each of the present
disclosure using refrigerant R32 and a conventional art
using refrigerant R410A under the same conditions of
the condensation temperature on a high-pressure side
of refrigerant circuit 2 at 56°C, and the discharge refrig-
erant temperature of the compressor 21 at 100°C.
[0038] FIG. 4 shows a relationship between the vapor
quality of the intake refrigerant of compressor 21 and the
ratio of A/B in a refrigeration cycle apparatus according
to the present disclosure using refrigerant R32, in each
of the cases where the liquid level in gas-liquid separator
25 is identical to the liquid level at point "a" of refrigerant
R410A in FIG. 3, where the liquid level in gas-liquid sep-
arator 25 is two fifth (2/5) of the liquid level at point "a"
of refrigerant R410A in FIG. 3, and where the liquid level
in gas-liquid separator 25 is twice the liquid level at point
"a" of refrigerant R410A in FIG. 3.

[0039] FIGS. 3 and 4 indicate that the refrigeration cy-
cle apparatus of the present disclosure that uses refrig-
erant R32 can achieve the same condensation temper-
ature on a high-pressure side and the same discharge
refrigerant temperature of compressor 21 as in the case
in which refrigerant R410A is used, when the ratio A/B
is 1.9 and the liquid level in gas-liquid separator 25 is
identical to that in the case using refrigerant R410A.
[0040] Whentheratio A/Bis 2.2, therefrigeration cycle
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apparatus of the present disclosure that uses refrigerant
R32 can achieve the same condensation temperature on
a high-pressure side and the same discharge refrigerant
temperature of compressor 21 as in the case in which
refrigerant R410A is used, even in the case where the
liquid level in gas-liquid separator 25 is two fifth (2/5) the
liquid level in the case using refrigerant R410A.

[0041] In other words, when the ratio A/B is equal to
or greaterthan 1.9, the discharge refrigerant temperature
of compressor 21 of the present disclosure that uses re-
frigerant R32 is equal to or less than that of the conven-
tional art that uses refrigerant R410A, even in the case
where the liquid level in gas-liquid separator 25 is equal
to or less than that in the case using refrigerant R410A.
[0042] Even when the amount of the liquid refrigerant
(liquid level) retained in gas-liquid separation device 25
in refrigerant circuit 2 using refrigerant R32 is equal to or
less than the amount of liquid refrigerant (liquid level)
retained in gas-liquid separation device 25 in refrigerant
circuit 2 using refrigerantR410A, mass flow rates of liquid
refrigerant R32 flowing through second opening 252b in-
crease, which leads to a decrease in the vapor quality
(weight ratio of gas refrigerant in the whole refrigerant)
of the inlet refrigerant of compressor 21. This leads to
the discharge temperature of the compressor in refriger-
ant circuit 2 of the present disclosure that is equal to or
less than the discharge temperature of the compressor
in refrigerant circuit 2 using refrigerant R410A.

[0043] As described above, refrigerant circuit 2 of re-
frigeration cycle apparatus 1A of the present disclosure
is operable while suppressing an abnormal rise in dis-
charge temperature of compressor 21 even in the envi-
ronment of low outside-air temperatures, such as -20°C,
as long as the ratio of A/B that is equal to or greater than
1.9 is satisfied, where A represents a ratio of the area of
second opening 252b to the area of first opening 252a
of gas-liquid separator 25 using refrigerant R32, and B
represents a ratio of the area of second opening 252b to
the area of first opening 252a of gas-liquid separator 25
of refrigerant circuit 2 using refrigerant R410A.

[0044] In other words, the present disclosure can pro-
vide refrigeration cycle apparatus 1A using refrigerant
R32 that is capable of suppressing a reduction in oper-
ation efficiency and an abnormal rise in discharge tem-
perature without increasing the amount of refrigerant to
be charged in refrigerant circuit 2, and is excellent in du-
rability.

[0045] In addition, the ratio A/B can be made two or
more in the refrigeration cycle apparatus using R32 as
refrigerant circulating through refrigerant circuit 2 with a
simple measure of enlarging only second opening 252b
or decreasing the area of first opening 252a of outlet pipe
252 of existing gas-liquid separator 25 using refrigerant
R410A. This eliminates the need for redesign which re-
quires a large numbers of man-hours.

[0046] Furthermore, many components can be shared
between the refrigeration cycle apparatus according to
the present disclosure using refrigerant R32 and existing
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gas-liquid separator 25 using refrigerant R410A, where-
by cost reduction can be achieved.

[0047] The same liquid level in gas-liquid separator 25
results in the same vapor quality of inlet refrigerant of
compressor 21, whereby the outer diameter of container
250 of gas-liquid separator 25 can be reduced. This en-
ables reduction in the amount of usage of materials and
the amount of charged refrigerant. As a result, a low-cost
and resource-saving refrigeration cycle apparatus can
be provided.

[0048] Note that fluid to be heated at utilization-side
heat exchanger 22 may be any liquid, and is not neces-
sarily water.

[0049] The present disclosure is especially useful in a
liquid circulating apparatus that heats liquid by a refrig-
eration cycle apparatus and utilizes the liquid to perform
heating and to supply hot water.

Claims
1. Arefrigeration cycle apparatus comprising:

a refrigerant circuit formed by sequentially con-
necting a compressor, a heat source-side heat
exchanger, a decompression device, a utiliza-
tion-side heat exchanger, and a gas-liquid sep-
aration device,

wherein the gas-liquid separation device in-
cludes a pipe through which a refrigerant flows
towards the compressor,

wherein the pipe includes a first opening and a
second opening disposed below the first open-
ing,

wherein the refrigerant is R32, and

wherein a relation of A > B holds, where A rep-
resents aratio of an area of the second opening
to an area of the first opening, and B represents
aratio of an area of a second opening to an area
of a first opening in a refrigeration cycle appa-
ratus in which R410A is used as refrigerant and
which corresponds to the refrigeration cycle ap-
paratus in which the refrigerant is R32.

2. Therefrigeration cycle apparatus according to claim
1, wherein the A is 1.9 or more times greater than
the B.

3. Aliquid circulating apparatus comprising the refrig-
eration cycle apparatus according to claim 1 or 2,
and being configured to circulate liquid that has been
heated by the utilization-side heat exchanger.
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