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(54) Air conditioner

(57) The separation between a liquid refrigerant and
a lubricant inside an accumulator is prevented, and the
amount of the lubricant supplied to a compressor is en-
sured. As a refrigerant, a refrigerant made of only R32
or a mixed refrigerant containing predetermined mass
percent or more of the R32 is used. The refrigerant mixed
with a predetermined level or more of the lubricant to
prevent the occurrence of the two-layer separation be-
tween the liquid refrigerant and the lubricant is supplied
to a compressor (104) of an outdoor unit (100). The lu-
bricant separated by an oil separator (106) is returned to
the accumulator (105) by an oil return capillary (107) to
prevent the occurrence of a two-layer separation area in
the accumulator. By the supply of a gas refrigerant con-
taining an appropriate amount of the liquid refrigerant
from the accumulator (105) to the compressor (104), the
lubricant can be supplied to the compressor (104).
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Description

Technical Field

[0001] The present invention relates to an air condi-
tioner.

Background Art

[0002] A known technique uses an HFC (Hydro Fluor-
ocarbon) refrigerant as a refrigerant for an air conditioner
and PVE (Polyvinylether) oil compatible with the refrig-
erant as refrigerating machine oil (Patent Literature 1).
In addition, considering the fact that the temperature of
R32 serving as an HFC refrigerant discharged from a
compressor becomes higher than a conventional refrig-
erant R410A by 10 to 15°C, a known technique sets re-
frigerant quality on the suction side of the compressor at
0.65 or more and 0.85 or less to reduce the discharge
temperature (Patent Literature 2).

Citation List

Patent Literature

[0003]

Patent Literature 1: JP 11-325620 A
Patent Literature 2: JP 3956589 B2

Summary of Invention

[0004] Because of its low GWP (Global Warming Po-
tential) level, R32 serving as an HFC refrigerant has been
expected to be an environmentally-friendly refrigerant.
However, as to the mixing characteristics of a refrigerant
R32 and a lubricant, the compatibility of the refrigerant
R32 reduces with a low lubricant mixing ratio, which caus-
es an area where the mixture of the refrigerant R32 and
the lubricant is separated into the two layers of the lubri-
cant and a liquid refrigerant.
[0005] In addition, a refrigerant R32 is controlled to
have less refrigerant quality on the suction side of a com-
pressor than a conventional refrigerant R410A. Accord-
ingly, when the R32 is used, a lubricant mixing ratio in
the mixture of a liquid refrigerant and a lubricant inside
an accumulator provided on the suction side of the com-
pressor becomes low. For this reason, two-layer sepa-
ration is likely to occur between the liquid refrigerant and
the lubricant inside the accumulator, which makes it dif-
ficult to return the lubricant to the compressor. Thus, due
to a shortage of the lubricant in the compressor, a prob-
lem such as improper lubrication is caused. As a result,
reliability is decreased.
[0006] Accordingly, it is an object of the present inven-
tion to provide an air conditioner capable of preventing
the two-layer separation between a liquid refrigerant and
a lubricant and reducing the occurrence of improper lu-

brication.
[0007] In order to solve the above-described problems,
an air conditioner according to the present invention is
the air conditioner in which an indoor unit and an outdoor
unit are connected to each other via a pipe to circulate a
refrigerant, characterized in that a refrigerant made of
only R32 or a mixed refrigerant containing a predeter-
mined mass percent or more of the R32 is used as the
refrigerant, and the refrigerant mixed with a predeter-
mined level or more of a lubricant to prevent an occur-
rence of two-layer separation between a liquid refrigerant
and the lubricant is supplied to a compressor of the out-
door unit.
[0008] The outdoor unit may include the compressor,
an oil separator connected to an discharge side of the
compressor and configured to separate and collect oil
from the refrigerant discharged from the compressor, an
accumulator connected to an inflow side of the compres-
sor, configured to separate the liquid refrigerant from the
refrigerant and accumulate the same, and configured to
supply a gas refrigerant to the compressor, and a supply
oil amount control unit configured to return the lubricant
separated by the oil separator to the accumulator to con-
trol a lubricant mixing ratio in a mixture of the liquid re-
frigerant and the lubricant accumulated in the accumu-
lator to a predetermined level or more.
[0009] According to an embodiment of the present in-
vention, it is possible to prevent the occurrence of the
two-layer separation between a liquid refrigerant and a
lubricant and reduce improper lubrication to enhance re-
liability.

Brief Description of Drawings

[0010]

FIG. 1 is a circuit configuration diagram of an air con-
ditioner.
FIG. 2 is a vertical cross-sectional view of an accu-
mulator.
FIG. 3 is a graph showing the mixing characteristics
of a refrigerant R32 and a lubricant.

Description of Embodiment

[0011] Hereinafter, a description will be given of an em-
bodiment of the present invention with reference to the
drawings. In the embodiment, as will be described in de-
tail below, a refrigerant mixed with a predetermined level
or more of a lubricant is supplied to a compressor in a
case in which the refrigerant containing at least prede-
termined mass percent or more of R32 serving as an
HFC refrigerant is used. Specifically, in a mixture (mixture
of a liquid refrigerant and the lubricant) accumulated in
an accumulator connected to the inflow side of the com-
pressor, the mixing ratio of the lubricant is set at the pre-
determined level or more. In order to control the mixing
ratio of the lubricant in the mixture inside the accumulator,
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the lubricant separated by an oil separator connected to
the discharge side of the compressor is returned to the
accumulator so as to satisfy a predetermined condition.
Here, in the embodiment, the mixed refrigerant contain-
ing 70 mass percent or more of the R32 is used. This is
because the mixed refrigerant with a ratio of 70 mass
percent or more of the R32 becomes equal to the R32 in
characteristics such as GWP levels, suction wetness,
and compatibility with the oil.
[0012] According to the embodiment, with the control
of the mixing ratio of the lubricant in the mixture of the
refrigerant R32 and the lubricant inside the accumulator,
it is possible to prevent the two-layer separation between
the liquid refrigerant and the lubricant inside the accu-
mulator. This results in an increase in the amount of the
lubricant contained in the refrigerant supplied from the
accumulator to the compressor, which makes it possible
to reduce the shortage of the lubricant inside the com-
pressor and improve the reliability of the compressor and
an air conditioner.

(First Embodiment)

[0013] The embodiment will be described with refer-
ence to FIGS. 1 to 3. FIG. 1 shows a configuration ex-
ample of the refrigeration cycle of an air conditioner 1
according to the embodiment.
[0014] The refrigeration cycle of the air conditioner 1
includes at least one outdoor unit 100 and at least one
indoor unit 200. A plurality of indoor units 200A and 200B
are shown in FIG. 1, but they are called the indoor units
200 unless otherwise classified. FIG. 1 shows a case in
which one outdoor unit 100 and two indoor units 200 are
connected to each other. However, without being limited
to this, the refrigerant cycle may include two or more out-
door units 100 and three or more indoor units 200 con-
nected to each other.
[0015] The outdoor unit 100 includes, for example, an
outdoor heat exchanger 101, an outdoor fan 102, an out-
door expansion valve 103, a compressor 104, an accu-
mulator 105, an oil separator 106, an oil return capillary
107, a four-way valve 108, a supercooling heat exchang-
er 109, a supercooling bypass expansion valve 110, and
pipes 112 to 117.
[0016] Each of the indoor units 200 includes, for ex-
ample, an indoor heat exchanger 201, an indoor fan 202,
and an indoor expansion valve 203. The outdoor unit 100
and the indoor units 200 are connected to each other by
a liquid pipe 121 and a gas pipe 302.
[0017] Here, in the embodiment, a refrigerant made of
only R32 or a mixed refrigerant containing 70 mass per-
cent or more of the R32 is used. Next, the operations will
be described.
[0018] The compressor 104 includes, for example, a
crankcase and a compressor main body (both not shown)
provided inside the crankcase, and a lubricant is accu-
mulated at the bottom of the crankcase. During the com-
pressing operation of the compressor main body, the lu-

bricant inside the crankcase is pumped up by the pump-
ing action and supplied to a part where lubrication is re-
quired. Some of the lubricant is discharged to the dis-
charge pipe 112 together with the refrigerant.
[0019] A low-pressure gaseous refrigerant flows in the
compressor 104 from the accumulator 105 via the pipe
117. The compressor 104 compresses the refrigerant to
discharge a high-temperature and high-pressure gase-
ous refrigerant from the discharge port. The high-pres-
sure gaseous refrigerant discharged from the discharge
port of the compressor 104 into the pipe 112 flows in the
oil separator 106 via the pipe 112. The high-temperature
and high-pressure gaseous refrigerant discharged from
the compressor 104 contains the lubricant.
[0020] The oil separator 106 collects the lubricant con-
tained in the high-pressure gaseous refrigerant and re-
turns the collected lubricant to the accumulator 105 via
the oil return capillary 107 and the pipe 116. The pipe
116 is a pipe used to connect the port on the compressor
inflow port side of the four-way valve 108 and the inflow
port of the accumulator 105 to each other. The oil return
capillary 107 as an example of a "supply oil amount con-
trol unit" is a unit used to control the flow and pressure
of the lubricant returned from the oil separator 106 to the
accumulator 105.
[0021] The four-way valve 108 is a direction switch
valve used to select whether the high-pressure gaseous
refrigerant is introduced into the outdoor heat exchanger
101 or the indoor heat exchangers 201 inside the indoor
units 200. During a cooling operation, the four-way valve
108 causes the high-pressure gaseous refrigerant to flow
in a direction as indicated by an arrow C in FIG. 1. The
high-pressure gaseous refrigerant flows in the outdoor
heat exchanger 101 serving as a condenser via the pipe
113 that connects the port on the outdoor heat exchanger
side of the four-way valve 108 and the suction side of the
outdoor heat exchanger 101 to each other.
[0022] When passing through the outdoor heat ex-
changer 101, the high-temperature and high-pressure
gaseous refrigerant is heat-exchanged with outdoor air
supplied by the outdoor fan 102 for condensation and
converted to a high-temperature and high-pressure liquid
refrigerant (liquid refrigerant). The high-temperature and
high-pressure liquid refrigerant flows in the outdoor ex-
pansion valve 103 via the pipe 114 connected to the exit
side of the outdoor heat exchanger 101. A low-pressure
liquid refrigerant flowing out from the outdoor expansion
valve 103 is branched off. Among the branched liquid
refrigerant, some flows in the supercooling bypass ex-
pansion valve 110 while other flows in a pipe 301 after
being further cooled via the supercooling heat exchanger
109. The pipe 301 is a pipe used to connect the heat
exchanger 101 of the outdoor unit 100 and the heat ex-
changers 201 of the indoor units 200 to each other.
[0023] The liquid refrigerant flowing in the supercooling
bypass expansion valve 110 is depressurized by the su-
percooling bypass expansion valve 110 and flows in the
supercooling heat exchanger 109. When passing
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through the supercooling heat exchanger 109, the liquid
refrigerant flowing in the supercooling heat exchanger
109 is heat-exchanged with another liquid refrigerant for
evaporation and converted to a low-pressure gaseous
refrigerant. The low-pressure gaseous refrigerant flows
in the accumulator 105 via the return pipe 115 connected
to the pipe 116.
[0024] The low-pressure liquid refrigerant supplied to
the indoor units 200 is depressurized by the indoor ex-
pansion valves 203 and flows in the indoor heat exchang-
ers 201. When passing through the indoor heat exchang-
ers 201, the low-pressure liquid refrigerant flowing in the
indoor heat exchangers 201 is heat-exchanged with in-
door air supplied by the indoor fans 202 for evaporation
and converted to a gaseous refrigerant (gas refrigerant).
[0025] When the low-pressure liquid refrigerant is
evaporated inside the indoor heat exchangers 201, air
inside a room is refrigerated to cool the room. The gas
refrigerant flowing out from the indoor heat exchangers
201 is supplied to the outdoor unit 100 via the gas pipe
302.
[0026] The gas refrigerant flowing in the outdoor unit
100 flows in the accumulator 105 via the four-way valve
108 and the pipe 116. The accumulator 105 accumulates
a non-evaporated liquid refrigerant to prevent the liquid
refrigerant from flowing in the compressor 104. This is
because there is a likelihood of damage or the like to the
parts of the compressor 104 when the compressor 104
compresses the liquid refrigerant.
[0027] The gaseous refrigerant, the liquid refrigerant,
and the lubricant returned from the oil separator 106 flow
in the accumulator 105. The gas refrigerant and the lu-
bricant are mixed together inside the accumulator 105
and supplied to the compressor 104. The liquid refriger-
ant remains in the accumulator 105.
[0028] Next, a heating operation will be described. The
flow of a refrigerant at the heating operation is indicated
by an arrow H. After the separation of a lubricant by the
oil separator 106, a high-temperature and high-pressure
gas refrigerant discharged from the compressor 104 is
supplied to the gas pipe 302 via the four-way valve 108.
The lubricant separated by the oil separator 106 is sup-
plied to the accumulator 105 via the oil return capillary
107.
[0029] The high-temperature and high-pressure gas
refrigerant from the outdoor unit 100 is supplied to the
indoor units 200 via the gas pipe 302. When flowing
through the indoor heat exchangers 201, the high-tem-
perature gas refrigerant supplied to the indoor units 200
is heat-exchanged with indoor air supplied by the indoor
fans 202 for condensation and converted to a liquid re-
frigerant. The liquid refrigerant flows out from the indoor
units 200 via the indoor expansion valves 203. The high-
temperature and high-pressure gas refrigerant is heat-
exchanged with the indoor air at the indoor heat exchang-
ers 201 to perform the heating operation.
[0030] The liquid refrigerant flowing out from the indoor
units 200 flows in the outdoor unit 100 via the liquid pipe

301. After passing through the outdoor expansion valve
103, the liquid refrigerant flowing in the outdoor unit 100
is branched off into two liquid refrigerants. Among the
branched liquid refrigerants, some flows in the supercool-
ing bypass expansion valve 110 and is supplied to the
accumulator 105 via the pipes 115 and 116.
[0031] While, other liquid refrigerant is depressurized
by the outdoor expansion valve 103 and then flows in the
outdoor heat exchanger 101. When flowing through the
outdoor heat exchanger 101, the liquid refrigerant is heat-
exchanged with outdoor air supplied by the outdoor fan
102 for evaporation and converted to a gas refrigerant.
The gas refrigerant flows in the accumulator 105 via the
four-way valve 108 and the pipe 116. As described
above, the gas refrigerant and the lubricant flow in the
accumulator 105 to be mixed together, and the gas re-
frigerant containing the lubricant is supplied to the com-
pressor 104.
[0032] FIG. 2 shows the accumulator 105 inside the
outdoor unit 100 of the refrigeration cycle in FIG. 1.
[0033] Inside the accumulator 105, the pipe 116 for
introduction (introduction pipe) and the pipe 117 for de-
livery (delivery pipe) are inserted and attached. The in-
troduction pipe 116 is a pipe used to introduce the gas
refrigerant and/or the lubricant into the accumulator 105.
[0034] The delivery pipe 117 has a substantially U-
shape on the tip end side thereof and is a pipe used to
supply the gas refrigerant mixed with the lubricant from
the accumulator 105 to the compressor 104. The delivery
pipe 117 is attached to the accumulator 105 with the U-
shaped curve thereof positioned on the bottom side of
the accumulator 105. Thus, the U-shaped curve of the
delivery pipe 117 is soaked in the liquid refrigerant accu-
mulated in the accumulator 105.
[0035] The delivery pipe 117 has a first liquid return
port 121A at the U-shaped curve thereof. In addition, the
delivery pipe 117 has a second liquid return port 121B
positioned on an upper side than the first liquid return
port 121A. Moreover, the delivery pipe 117 has, on the
upper side thereof, a pressure equalization hole 122 po-
sitioned on the upper side of the accumulator 105 and
used to control pressure inside the delivery pipe 117.
[0036] The refrigerant and lubricant flowing in the ac-
cumulator 105 via the introduction pipe 116 are separat-
ed into the liquid and gas. The gas refrigerant is supplied
to the compressor 104 via the delivery pipe 117. With the
circulation of the gas refrigerant, the liquid is sucked in
the delivery pipe 117 from the first liquid return port 121A
and supplied from the accumulator 105 to the compres-
sor 104 at a predetermined liquid mixing ratio.
[0037] If the liquid level of the accumulator 105 is above
the second liquid return port 121B, the liquid is also
sucked from the second liquid return port 121B, which
increases the liquid mixing ratio. The liquid mixing ratio
is controlled by the hole diameters of the two liquid return
ports 121A and 121B and the hole diameter of the pres-
sure equalization hole 122.
[0038] Here, in the embodiment, a conventional refrig-
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erant R410A is replaced with the refrigerant R32 having
a lower GWP. The use of the R32 as a refrigerant results
in an increase in the discharge temperature of the com-
pressor 104 by 10 to 15°C. In the embodiment, the suc-
tion quality of the compressor 104 is kept at a lower level
than in the past to prevent the increase in the discharge
temperature.
[0039] To this end, the accumulator 105 of the embod-
iment accumulates a greater amount of the liquid refrig-
erant than the conventional refrigerant R410A. When the
accumulator 105 accumulates a greater amount of the
liquid refrigerant than in the past, the lubricant mixing
ratio in the mixture accumulated at the lower part of the
accumulator 105 becomes low.
[0040] FIG. 3 shows the mixing characteristics of the
refrigerant and the lubricant in a case in which the R32
is used as a refrigerant. If the lubricant mixing ratio be-
comes 40% or less in the refrigerant R32, a two-layer
separation area including the layers of the liquid refrig-
erant and the lubricant occurs at low temperature. That
is, the liquid refrigerant is accumulated on the lower side
of the accumulator 105, and the layer of the lubricant is
formed on the layer of the liquid refrigerant.
[0041] When the occurrence condition of the two-layer
separation area is met, the mixture is separated into the
liquid refrigerant and the lubricant on the lower side of
the accumulator 105. If the density of the lubricant is lower
than that of the liquid refrigerant, the lubricant floats on
the upper side. When floating on the upper side of the
liquid refrigerant, the lubricant is not sucked in the deliv-
ery pipe 117 from the first liquid return port 121A, which
reduces the amount of the lubricant supplied to the com-
pressor 104. The reduction in the amount of the lubricant
supplied to the compressor 104 causes a problem such
as improper lubrication. As a result, reliability may be
decreased.
[0042] In view of this, in the embodiment, the shape
(such as the pipe area and pipe length) of the oil return
capillary 107 is designed such that a predetermined
amount or more of the lubricant collected by the oil sep-
arator 106 is returned to the accumulator 105. A method
for setting the design is as follows.
[0043] The ratio of the liquid flowing from the accumu-
lator 105 to the compressor 104 is expressed as R (=
(the flow of the refrigerant liquid + the flow of the lubricant)
/ (the total flow of the refrigerant)). The lubricant mixing
ratio at a two-layer separation limit (the boundary be-
tween a soluble area and a separation area in the mix-
ture) in the mixture of the liquid refrigerant and the lubri-
cant inside the accumulator 105 is expressed as n (= the
amount of the lubricant/the amount of the refrigerant liq-
uid). The oil return ratio of the lubricant flowing through
the oil return capillary 107 is expressed as x (= the flow
of the lubricant/the total flow of the refrigerant) . The cir-
culation ratio of the lubricant flowing from the oil separator
106 to the refrigeration cycle is expressed as y (= the
flow of the lubricant/the total flow of the refrigerant) is
expressed as y.

[0044] The oil return ratio x of the lubricant flowing
through the oil return capillary 107 is found by the follow-
ing formula (1). 

[0045] As to the characteristics shown in FIG. 3, it
seems that the occurrence of the two-layer separation
can be prevented if the lubricant mixing ratio is set at
40% (n = 0.4) or more and preferably 50% (n = 0.5) or
more. Therefore, the following formula (2) is established. 

[0046] Note that the ratio R of the liquid flowing from
the accumulator 105 to the compressor 104 is controlled
by the hole diameters of the liquid return ports 121A and
121B and the hole diameter of the pressure equalization
hole 122 of the delivery pipe 117 of the accumulator 105.
In addition, the circulation ratio y of the lubricant flowing
from the oil separator 106 to the refrigeration cycle de-
pends on the characteristics of the compressor 104 and
the oil separator 106.
[0047] Thus, the use of the R32 as a refrigerant re-
quires an increase in the amount of the liquid refrigerant
accumulated in the accumulator 105, which reduces the
lubricant mixing ratio. However, in the embodiment, a
greater amount of the lubricant collected by the oil sep-
arator 106 is returned to the accumulator 105 than in the
past. Therefore, the lubricant mixing ratio in the accumu-
lator 105 can be increased to a predetermined level (40%
or more and preferably 50% or more). As a result, ac-
cording to the embodiment, it is possible to hinder the
occurrence condition of the two-layer separation area in
the accumulator 105 from being met, prevent the sepa-
ration between the liquid refrigerant and the lubricant,
and supply a sufficient amount of the lubricant to the com-
pressor 104.
[0048] Note that the present invention is not limited to
the embodiment described above. Persons skilled in the
art could make various additions, modifications, and the
like, within the scope of the present invention. For exam-
ple, means for returning the lubricant from the oil sepa-
rator to the accumulator is not limited to the oil return
capillary but may be replaced by other means. In addition,
the present invention can be expressed as, for example,
"the outdoor unit for the air conditioner that uses the re-
frigerant made of only the R32 or the mixed refrigerant
containing a predetermined mass percent or more of the
R32 as a refrigerant and supplies to the compressor the
refrigerant mixed with a predetermined level or more of
the lubricant to prevent the occurrence of the two-layer
separation between the liquid refrigerant and the lubri-
cant."
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Reference Signs List

[0049]

1: Air conditioner
100: Outdoor unit
101: Heat exchanger
103: Outdoor expansion valve
104: Compressor
105: Accumulator
106: Oil separator
107: Oil return capillary
108: Four-way valve
109: Supercooling heat exchanger

Claims

1. An air conditioner in which an indoor unit and an
outdoor unit (100) are connected to each other via
a pipe (301, 302) to circulate a refrigerant, charac-
terized in that
a refrigerant made of only R32 or a mixed refrigerant
containing a predetermined mass percent or more
of the R32 is used as the refrigerant, and
the refrigerant mixed with a predetermined level or
more of a lubricant to prevent an occurrence of two-
layer separation between a liquid refrigerant and the
lubricant is supplied to a compressor (104) of the
outdoor unit (100).

2. The air conditioner according to claim 1, character-
ized in that
the outdoor unit (100) includes
the compressor (104),
an oil separator (106) connected to an discharge side
of the compressor (104) and configured to separate
and collect oil from the refrigerant discharged from
the compressor (104),
an accumulator (105) connected to an inflow side of
the compressor (104), configured to separate the liq-
uid refrigerant from the refrigerant and accumulate
the same, and configured to supply a gas refrigerant
to the compressor (104), and
a supply oil amount control unit configured to return
the lubricant separated by the oil separator (106) to
the accumulator (105) to control a lubricant mixing
ratio in a mixture of the liquid refrigerant and the lu-
bricant accumulated in the accumulator (105) to a
predetermined level or more.

3. The air conditioner according to claim 2, character-
ized in that
x ≥ n x R - y is established when
an oil return ratio of the lubricant returned from the
oil separator (106) to the accumulator by the supply
oil amount control unit is expressed as x (where x =
a flow of the lubricant/a total flow of the refrigerant),

a ratio of the mixture flowing from the accumulator
(105) to the compressor (104) is expressed as R
(where R = (a flow of the liquid refrigerant + the flow
of the lubricant) /the total flow of the refrigerant),
the lubricant mixing ratio at a limit at which the mix-
ture of the liquid refrigerant and the lubricant inside
the accumulator (105) is separated into two layers
is expressed as n (where n = an amount of the lubri-
cant/an amount of the liquid refrigerant), and
a circulation ratio of the lubricant collected by the oil
separator (106) and circulating in a refrigeration cy-
cle is expressed as y (where y = the flow of the lu-
bricant/the total flow of the refrigerant).

4. The air conditioner according to claim 3, character-
ized in that
a value of the n is set at 0.4 or more.
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