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(54) OIL RETURN CIRCUIT AND OIL RETURN METHOD FOR REFRIGERATING CYCLE

(57)  The purpose of the present invention is to make
it possible to minimize any increase in oil temperature
within a compressor and to ensure a permissible oper- FIG. 1
ating range and conditions comparable to those for

R410A refrigerant, even when a R32 refrigerant having ‘\
a high discharge gas temperature is used, as well as to

minimize any increase in the oil circulation rate and the I‘
effects on the refrigerating cycle capacity and perform- 10
ance. The present invention is provided with a refriger- /
ating cycle (1) equipped with a low-pressure hous- 1 }
ing-type compressor (2) and filled with R32 refrigerant,

an oil separator (3) provided to the discharge circuit (13A)
of the compressor, and an oil return circuit (31) for re- 9
turning the oil separated by the oil separator to an oll
reservoir inside the housing of the compressor. The oil
return circuitis a parallel circuit comprising a direct circuit
(32) for direct return of oil to the oil reservoir in the hous-
ing, and a cooling circuit (35) for return of oil having been
cooled by an oil cooler (37), and is provided with an oil
temperature control unit (42) for detecting at least one
parameter among the discharge temperature of the re-
frigerant, and the oil temperature or oil viscosity within
the compressor, and when the parameter exceeds a
threshold value, switching the oil return circuit from the
direct circuit to the cooling circuit, and returning the oil
once the oil temperature is brought to a prescribed tem-

perature or lower.
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Description
Technical Field

[0001] The present invention relates to an oil return
circuit and an oil return method for a refrigerating cycle
using a R32 refrigerant or a R32 refrigerant-rich mixed
refrigerant (hereinafter, referred to simply as a R32 re-
frigerant), in which a global warming potential (hereinaf-
ter, referred to as GWP) is low.

Background Art

[0002] A R32 refrigerant has an ozone depletion po-
tential (ODP) of zero and a low GWP of about 1/3 of that
of a R410A refrigerant, and therefore, the R32 refrigerant
can contribute to a reduction of environmental burden
and is used as an alternative refrigerant for the R410A
refrigerant. However, in the R32 refrigerant, a discharge
gas temperature rises by a temperature in a range of
about 10 to 20°C, as compared with the R410A refriger-
ant, and the discharge gas temperature tends to rise as
apressure ratio between suction pressure and discharge
pressure increases, and thus an oil temperature inacom-
pressor rises due to return oil from an oil separator. When
associated with this, oil viscosity decreases, and there-
fore, it is necessary to limit an allowable operating range
or condition, compared to the R410A refrigerant.
[0003] PTL 1 discloses a refrigerating cycle in which
an oil separator is provided in a discharge circuit of a
compressor, and during the cooling operation, a refrig-
erant containing oil discharged from the compressor is
directly cooled from the oil separator through a first by-
pass flow path by a cooler and then returned into a hous-
ing of the compressor, where the oil is separated, and
only the refrigerant is circulated to a condenser through
a second bypass flow path, whereby an oil temperature
rise in the compressor is suppressed.

[0004] During the heating operation, the refrigerant
and the oil are separated from each other by the oil sep-
arator, the refrigerant is circulated to the condenser to
be provided for heating, and the oil is cooled through the
first bypass flow path and the cooler and then returned
to the compressor, whereby a rise in oil temperature and
a decrease in heating capacity are suppressed.

[0005] On the other hand, in arefrigerating cycle using
the R410A refrigerant or the like, conventionally, an oil
separator is provided in a discharge circuit of a compres-
sor, oil contained in a refrigerant gas is separated by the
oil separator, and a refrigerant is then circulated to a con-
denser, and such refrigerating cycles are disclosed in
PTL 2 to PTL 5.

[0006] In these refrigerating cycles, the separated oil
is returned to the compressor or a suction circuit of the
compressor by an oil return circuit, alternatively, an oil
cooler is provided in the oil return circuit and the oil is
cooled as necessary and then returned to the compres-
sor side.
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Citation List
Patent Literature
[0007]

[PTL 1] Japanese Unexamined Patent Application
Publication No. 2014-85104

[PTL 2] Japanese Unexamined Patent Application
Publication No. 6-337171

[PTL 3] Japanese Unexamined Patent Application
Publication No. 11-83204

[PTL 4] Japanese Unexamined Patent Application
Publication No. 2005-214515

[PTL 5] Japanese Unexamined Patent Application
Publication No. 2006-170570

Summary of Invention
Technical Problem

[0008] However, in the refrigerating cycle of PTL 1 de-
scribed above, the inside of the housing of the compres-
sor must have not only a high-pressure atmosphere but
also an oil separating function, and the compressor must
have a direct suction and direct discharge structure. Fur-
thermore, each of the first bypass flow path and the sec-
ond bypass flow path must be formed by high-pressure
gas piping having a relatively large diameter, and thus a
compressor structure and a piping structure around it be-
come complicated and expensive, and there is a problem
such as being unable to be applied to a refrigerating cycle
using a low-pressure housing type compressor.

[0009] Onthe other hand, in arefrigerating cycle using
a low-pressure housing type compressor in which the
inside of a housing is under a low-pressure atmosphere,
only the oil separated by an oil separator can be returned
to the compressor side through an oil return circuit, as
shown in PTL 2 to PTL 5. At this time, by returning the
oil to a suction circuit of the compressor, it is possible to
cool the oil with a low-pressure refrigerant gas and return
it to the compressor with an oil temperature lowered.
However, in this case, the oil and the refrigerant gas are
remixed, and therefore, they must be separated again in
the compressor, and thus there is a problem such as an
oil rise due to a decrease in oil separation efficiency, that
is, an increase in oil circulation rate.

[0010] Further, a technique has been also proposed in
which an oil cooler is provided in an oil return circuit such
that the oil cooled there is directly returned to an oil res-
ervoir of a compressor housing. However, in this case,
the oil is constantly cooled by the oil cooler, and therefore,
in a case where a refrigerant is used as a cold source in
the oil cooler, there is a problem such as the capacity or
the performance of a refrigerating cycle being affected.
[0011] The present invention has been made in view
of such circumstances and has an object to provide an
oilreturn circuit and an oil return method for arefrigerating
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cycle in which even in a case of using a R32 refrigerant
in which a discharge gas temperature becomes high, it
is possible to suppress arise in oil temperature in a com-
pressor and secure an allowable operating range or con-
dition equivalent to that for a R410A refrigerant, and it is
possible to suppress an increase in oil circulation rate or
the influence on the capacity or the performance of the
refrigerating cycle.

Solution to Problem

[0012] Inordertosolvethe above-described problems,
an oil return circuit and an oil return method for a refrig-
erating cycle according to the present invention adopt
the following means.

[0013] That is, an oil return circuit for a refrigerating
cycle according to the present invention includes: a re-
frigerating cycle which is provided with a compressor in
which an inside of a housing having an oil reservoir has
a low-pressure atmosphere, and has a R32 refrigerant
or a R32-rich mixed refrigerant filled in the cycle; an oil
separator provided in a discharge circuit from the com-
pressor; and an oil return circuit in which the separated
oil by the oil separator is depressurized and the oil returns
to the oil reservoir in the housing, in which the oil return
circuit is a parallel circuit composed of a direct circuit
which directly returns oil from the oil separator to the oil
reservoir and a cooling circuit which cools oil by an oil
cooler and returns the cooled oil to the oil reservoir, and
is provided with an oil temperature control unit which de-
tects at least one of a discharge temperature of the re-
frigerantand an oil temperature or oil viscosity in the com-
pressor, and when it exceeds a threshold value set in
advance, switches the oil return circuit from the direct
circuit to the cooling circuit to cool return oil to a temper-
ature less than or equal to a predetermined temperature
and return the oil to the oil reservoir.

[0014] According to the present invention, even in a
case where a discharge gas temperature rises due to
using the

[0015] R32 refrigerant or the R32-rich mixed refriger-
ant, at least one of the discharge temperature of the re-
frigerant and the oil temperature or the oil viscosity in the
compressor is detected, and when it exceeds the thresh-
old value set in advance, the oil return circuit is switched
from the direct circuit to the cooling circuit so as to cool
oil to atemperature less than or equal to a predetermined
temperature by the oil cooler and return the cooled oil to
the oil reservoir in the housing of the compressor, where-
by itis possible to limit an oil temperature rise in the com-
pressor to a value less than or equal to a specified value.
Therefore, it is possible to suppress a rise in oil temper-
ature in the compressor and secure an allowable oper-
ating range or condition equivalent to that for the R410A
refrigerant. Further, the oil separated by the oil separator
can be directly returned to the oil reservoir in the housing,
and therefore, it is possible to prevent re-mixing with the
refrigerant gas and suppress an increase in oil circulation
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rate in order to hold the returned oil in the oil reservoir,
and it is only necessary to cool oil only when necessary,
and thus it is possible to minimize the influence on the
capacity or the performance of the refrigerating cycle.
[0016] Further, in an oil return circuit for a refrigerating
cycle according to the present invention, in the oil return
circuit for a refrigerating cycle described above, the com-
pressor is a low-pressure housing type scroll compressor
of either a hermetic type or an open type, and the oil
reservoir in the housing is filled with PVE oil, POE oil,
PAG oil, or a mixed oil containing them as its main com-
ponent.

[0017] According to the presentinvention, a low-pres-
sure housing type scroll compressor of a hermetic type
or an open type for a R410A refrigerant configured to
suction a low-pressure refrigerant gas from the refriger-
ating cycle side into the housing, suction and compress
the refrigerant, and discharge it to a discharge chamber
can be applied as it is.

[0018] In this case, PVE oil (polyvinyl ether-based oil),
POE oil (polyol ester-based oil), PAG oil (polyalkylene
glycol-based oil), or mixed oil thereof adapted to the re-
frigerant is filled, whereby it is possible to configure a
refrigerating cycle using the R32 refrigerant or the R32-
rich mixed refrigerant and operate the refrigerating cycle
while securing an allowable operating range or condition
equivalent to that for the R410A refrigerant.

[0019] Therefore, it is possible to reliably eliminate
poor lubrication or the like caused by a decrease in oil
viscosity due to an oil temperaturerise inthe compressor.
Further, in a case where the compressor is an open type
compressor, effects such as being able to suppress gen-
eration of oil sludge associated with a rise in the temper-
ature of a sliding part at a shaft seal portion due to a
mechanical seal or alip seal and prevent refrigerant leak-
age are exhibited.

[0020] Further, an oil return method for a refrigerating
cycle according to the present invention is an oil return
method for a refrigerating cycle in which an oil separator
is provided in a discharge circuit of the compressor of
the refrigerating cycle which is provided with a low-pres-
sure housing type compressor and has a R32 refrigerant
or a R32-rich mixed refrigerant filled in the cycle, and oil
separated by the oil separator is returned to an oil res-
ervoirin ahousing of the compressor through an oil return
circuit, the oil return method including: detecting at least
one of a discharge temperature of the refrigerant and an
oil temperature or oil viscosity in the compressor; and
limiting an oil temperature rise in the compressor to a
value less than or equal to a specified value, when a
detection value exceeds a threshold value set in ad-
vance, by cooling return oil to a temperature less than or
equal to a predetermined temperature by an oil cooler
provided in the oil return circuit and returning the oil to
the oil reservoir.

[0021] According to the present invention, even in a
case where a discharge gas temperature rises due to
using the R32 refrigerant or the R32-rich mixed refriger-
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ant, at least one of the discharge temperature of the re-
frigerant and the oil temperature or the oil viscosity in the
compressor is detected, and when the detection value
exceeds a threshold value set in advance, return oil is
cooled to a temperature less than or equal to a predeter-
mined temperature by the oil cooler provided in the oil
return circuit and returned to the oil reservoir in the hous-
ing of the compressor, whereby it is possible to limit an
oil temperature rise in the compressor to a value less
than or equal to a specified value.

[0022] Therefore, itis possible to suppress a rise in oil
temperature in the compressor and secure an allowable
operating range or condition equivalent to that for the
R410A refrigerant. Further, the oil separated by the oil
separator can be directly returned to the oil reservoir in
the housing, and therefore, it is possible to prevent re-
mixing with the refrigerant gas and suppress an increase
in oil circulation rate in order to hold the returned oil in
the oil reservoir, and it is only necessary to cool oil only
when necessary, and thus it is possible to minimize the
influence on the capacity or the performance of the re-
frigerating cycle.

[0023] Further, in an oil return method for a refrigerat-
ing cycle according to the present invention, in the oil
return method for a refrigerating cycle described above,
the oil return circuit is a parallel circuit composed of a
direct circuit which directly returns oil from the oil sepa-
rator to the oil reservoir and a cooling circuit which cools
oil by the oil cooler and returns the cooled oil to the oll
reservoir, and when at least one of detection values of
the discharge temperature of the refrigerant and the oll
temperature or the oil viscosity in the compressor ex-
ceeds the threshold value, the oil return circuit is switched
from the direct circuit to the cooling circuit to cool return
oil to atemperature less than or equal to a predetermined
temperature by the oil cooler and return the oil to the oll
reservoir.

[0024] According to the present invention, when at
least one of the detection values of the discharge tem-
perature of the refrigerant and the oil temperature or the
oil viscosity in the compressor is less than or equal to the
threshold value, oil is directly returned from the oil sep-
arator to the oil reservoir through the direct circuit, and
when the detection value exceeds the threshold value,
oil can be cooled to a temperature less than or equal to
a predetermined temperature by the oil cooler of the cool-
ing circuit and then returned to the oil reservoir. There-
fore, it is possible to reliably limit an oil temperature rise
in the compressor to a value less than or equal to a spec-
ified value, and it is only necessary to cool oil by the oil
cooler only when necessary, and thus it is possible to
minimize the influence on the capacity or the perform-
ance of the refrigerating cycle.

Advantageous Effects of Invention

[0025] According to the oil return circuit and an oil re-
turn method for a refrigerating cycle according to the
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present invention, even in a case where the discharge
gas temperature rises due to using the R32 refrigerant
or the R32-rich mixed refrigerant, at least one of the dis-
charge temperature of the refrigerant and the oil temper-
ature or the oil viscosity in the compressor is detected,
and when it exceeds the threshold value set in advance,
the oil return circuit is switched from the direct circuit to
the cooling circuit so as to cool oil to a temperature less
than or equal to a predetermined temperature by the oil
cooler and return the cooled oil to the oil reservoir in the
housing of the compressor, whereby it is possible to limit
an oil temperature rise in the compressor to a value less
than or equal to a specified value.

[0026] For this reason, it is possible to suppress a rise
in oil temperature in the compressor and secure an al-
lowable operating range or condition equivalent to that
for the R410A refrigerant. Further, the oil separated by
the oil separator can be directly returned to the oil reser-
voir in the compressor, and therefore, it is possible to
prevent re-mixing with the refrigerant gas and suppress
an increase in oil circulation rate in order to hold the re-
turned oil in the oil reservoir, and it is only necessary to
cool oil only when necessary, and thus it is possible to
minimize the influence on the capacity or the perform-
ance of the refrigerating cycle.

Brief Description of Drawings
[0027]

Fig. 1 is a refrigerant circuit diagram which includes
an oil return circuit for a refrigerating cycle according
to an embodiment of the present invention.

Fig. 2 is a longitudinal sectional view of a low-pres-
sure housing type compressor which is applied to
the refrigerating cycle.

Description of Embodiments

[0028] Hereinafter, an embodiment of the present in-
vention will be described using Figs. 1 and 2.

[0029] InFig. 1, a refrigerant circuit diagram which in-
cludes an oil return circuit for a refrigerating cycle accord-
ing to an embodiment of the present invention is shown,
and in Fig. 2, a longitudinal sectional view of a low-pres-
sure housing type compressor which is applied to the
refrigerating cycle is shown.

[0030] Arefrigerating cycle 1 here is a refrigerating cy-
cle filled with a R32 refrigerant or a R32-rich mixed re-
frigerant (hereinafter, referred to simply as a R32 refrig-
erant) as a refrigerant and is a heat pump cycle which is
provided with a four-way switching valve 4 and allows
cooling and heating to be performed by switching a re-
frigerant circulation direction. However, it may be a single
cycle for refrigeration or a heat pump.

[0031] The refrigerating cycle 1 is configured by a
closed cycle refrigerant cycle in which a low-pressure
housing type compressor 2, an oil separator 3 provided
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in a discharge circuit 13A of the compressor 2, the four-
way switching valve 4 which switches a refrigerant circu-
lation direction, an outdoor-side heat exchanger 6 to
which a blower 5 is attached, an electronic expansion
valve for heating 7, a receiver 8, an electronic expansion
valve for cooling 9, an indoor-side heat exchanger 11 to
which a blower 10 is attached, and an accumulator 12
provided in a suction circuit 13B of the compressor 2 are
sequentially connected by refrigerant piping 13.

[0032] The compressor 2 is a hermetic type electric
scroll compressor 2, as shown in Fig. 2. The hermetic
type electric scroll compressor 2 is a compressor which
is provided with a longitudinally elongated cylinder-
shaped housing 14 having a hermetic structure config-
uring an outer shell and in which a scroll compression
mechanism 15 is incorporated into an upper portion of
the inside of the housing 14. The scroll compression
mechanism 15 is provided with a pair of fixed scroll 16
and orbiting scroll 17, as well known, and is incorporated
through a bearing member 18 fixedly installed in the
housing 14. A configuration is made in which a high-pres-
sure refrigerant gas compressed by the scroll compres-
sion mechanism 15 is discharged into a discharge cham-
ber 19 and sent to the discharge circuit 13A on the re-
frigerating cycle 1 side through a discharge pipe 20.
[0033] In the housing 14, a motor 21 composed of a
stator 22 and arotor 23 is fixedly installed below the scroll
compression mechanism 15. A driving shaft 24 is inte-
grally joined to the rotor 23 of the motor 21, and a crankpin
provided at an upper end of the driving shaft 24 is con-
nected to the back surface of the orbiting scroll 17 of the
scroll compression mechanism 15 through a drive bush
and a slewing bearing, whereby the scroll compression
mechanism 15 can be driven.

[0034] The upper end side of the driving shaft 24 is
supported by the bearing member 18, and a lower end
portion is supported by a bearing member 25 installed at
a lower portion in the housing 14. An oil supply pump 26
is provided between the lower end portion of the driving
shaft 24 and the bearing member 25, and thus a config-
uration is made in which lubricating oil (oil) filled in an oil
reservoir 27 of an inner bottom portion of the housing 14
can be supplied to a sliding part of the scroll compression
mechanism 15 through an oil supply hole 28 provided in
the driving shaft 24. The hermetic type electric scroll com-
pressor 2 provided with such an oil supply mechanism
is well known.

[0035] The compressor 2 does not need to be the her-
metic type electric scroll compressor 2 as described
above and may be an open type scroll compressor having
an oil reservoir in a housing, or other types of compressor
other than a scroll compressor.

[0036] The lubricating oil (oil) which is filled in the oil
reservoir 27 in the housing 14 is PVE oil (polyvinyl ether-
based oil), POE oil (polyol ester-based oil), or PAG oil
(polyalkylene glycol-based oil) having adaptability to the
R32 refrigerant, or mixed oil containing them as its main
component, and oil having viscosity in a range of about
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20 to 150 cP at 40°C is used.

[0037] Inthis embodiment, a suction pipe 29 is provid-
ed at an outer peripheral portion of the housing 14 so as
to be open to a space portion between the motor 21 and
the scroll compression mechanism 15, and the compres-
sor 2 is connected to the suction circuit 13B on the re-
frigerating cycle 1 side through the suction pipe 29. In
this way, the hermetic type electric scroll compressor 2
is regarded as the low-pressure housing type compres-
sor 2 in which the inside of the housing 14 has a low-
pressure atmosphere.

[0038] Anoilreturn circuit 31 for returning oil separated
by the oil separator 3 provided in the discharge circuit
13A on the refrigerating cycle 1 side to the oil reservoir
27 on the compressor 2 side is connected to the housing
14 of the hermetic type electric scroll compressor 2, as
shown in Fig. 1. The oil return circuit 31 is configured by
a parallel circuit composed of a direct circuit 32 which
directly returns oil separated by the oil separator 3 to the
oil reservoir 27 through an electromagnetic valve 33 and
a capillary tube 34 for pressure reduction and flow rate
adjustment, and a cooling circuit 35 which is connected
in parallel to the direct circuit 32 and returns the oil from
the oil separator 3 to the oil reservoir 27 through an elec-
tromagnetic valve 36, an oil cooler 37, and a capillary
tube 38 for pressure reduction and flow rate adjustment.
[0039] As a cold source for cooling oil by the oil cooler
37, a part of a high-pressure liquid refrigerant circulating
in the refrigerant circuit of the refrigerating cycle 1, a gas-
liquid two-phase refrigerant decompressed by the expan-
sion valve, a low-pressure gas refrigerant, or the like is
used, and it is possible to adopt a refrigerant cooling type
which performs cooling by heat exchange with a refrig-
erant, an air cooling type which performs cooling by air
cooling using the blower 5 attached to the outdoor-side
heat exchanger 6, or the like.

[0040] The oil return circuit 31 has a configuration in
which in order to limit an oil temperature rise in the hous-
ing 14 of the compressor 2 to a value less than or equal
to a specified value, at least one of a discharge temper-
ature of the refrigerant and an oil temperature or oil vis-
cosity in the compressor 2 is detected, and when a de-
tection value exceeds a threshold value set in advance,
the oil return circuit 31 is switched from the direct circuit
32 tothe cooling circuit 35, so thatreturn oil can be cooled
to a temperature less than or equal to a predetermined
temperature and then returned to the oil reservoir 27.
[0041] Thatis, the oil return circuit 31 has a configura-
tion in which it is provided with an oil temperature control
unit 42 which controls opening and closing of the elec-
tromagnetic valves 33 and 36 so as to switch the oil return
circuit 31 from the direct circuit 32 to the cooling circuit
35, when at least one of a detection value of a discharge
temperature sensor 39 provided in the discharge circuit
13A of the refrigerating cycle 1, a detection value of an
oil temperature sensor 40 provided at the bottom portion
of the housing of the compressor 2, the oil viscosity cal-
culated based on the detection values of a low-pressure
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pressure sensor 41 provided in the suction circuit 13B of
the refrigerating cycle 1 and the oil temperature sensor
40, and the like exceeds a threshold value setin advance,
and the return oil from the oil separator 3 is cooled to a
temperature less than or equal to a predetermined tem-
perature by the oil cooler 37 and then returned to the oil
reservoir 27.

[0042] With the configuration described above, ac-
cording to this embodiment, the following operation and
effects are exhibited.

[0043] In the refrigerating cycle 1 described above, a
cooling operation can be performed by circulating a high-
temperature and high-pressure refrigerant gas dis-
charged from the compressor 2 to the outdoor-side heat
exchanger 6 side by the four-way switching valve 4 and
causing the outdoor-side heat exchanger 6 to function
as a condenser and the indoor-side heat exchanger 11
to function as an evaporator, and a heating operation can
be performed by circulating the high-temperature and
high-pressure refrigerant gas to the indoor-side heat ex-
changer 11 side by the four-way switching valve 4 and
causing the indoor-side heat exchanger 11 to function
as a condenser and the outdoor-side heat exchanger 6
to function as an evaporator.

[0044] During this time, oil contained in the discharged
refrigerant gas from the compressor 2 is separated by
the oil separator 3 provided in the discharge circuit 13A
and returned to the oil reservoir 27 of the hermetic type
electric scroll compressor 2 which is a low-pressure
housing type through the oil return circuit 31.

[0045] The oil return circuit 31 is a parallel circuit com-
posed of the direct circuit 32 which directly returns oil to
the oil reservoir 27 and the cooling circuit 35 which cools
oil by the oil cooler 37 and then returns itto the oil reservoir
27. For this reason, in a case where the discharge tem-
perature of the refrigerant which is discharged from the
compressor 2 rises and there is a possibility that the oll
temperature in the compressor 2 may exceed a threshold
value set in advance, it is detected and the oil return
circuit 31 is switched from the direct circuit 32 to the cool-
ing circuit 35, so that the return oil can be cooled to a
temperature less than or equal to a predetermined tem-
perature by the oil cooler 37 and then returned to the oil
reservoir 27.

[0046] That is, the oil temperature control unit 42 de-
tects at least one of the discharge temperature of the
refrigerant which is discharged from the compressor 2
and the oil temperature or the oil viscosity in the com-
pressor 2, on the basis of the detection values of the
discharge temperature sensor 39, the oil temperature
sensor 40, and the low-pressure pressure sensor 41, and
functions, when it exceeds the threshold value set in ad-
vance, so as to limit an oil temperature rise in the com-
pressor 2 to a value less than or equal to a specified
value by closing the electromagnetic valve 33 from the
open state and opening the electromagnetic valve 36
from the closed state, thereby switching the oil return
circuit 31 from the direct circuit 32 to the cooling circuit
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35 to cool the return oil to a temperature less than or
equal to a predetermined temperature and returning the
return oil to the oil reservoir 27.

[0047] Here, setting examples of the threshold value
will be described. In a case where a combination of a
refrigerant and refrigerating machine oil is R410A/PVE
oil A or R32/PVE oil B, for example, when HP/LP is equal
to 3.8/1.8 [MPa] and SH is equal to 10 [deq],

(1) the discharge temperature of the refrigerant is
85°C in the R410A and 100°C in the R32, and there-
fore, the threshold value is set to 90°C, for example.
(2) The oil temperature in the compressoris 70°C in
the R410A and 85°C in the R32, and therefore, the
threshold value is set to 75°C, for example.

(3) The oil viscosity is 8 mm2/s in the R410A/PVE oil
A and 6 mm?2/s in the R32/PVE oil B, and therefore,
the threshold value is set to 7.5 mmZ2/s, for example.

[0048] As described above, the threshold values of the
discharge temperature of the refrigerant, the oil temper-
ature in the compressor, and the oil viscosity are set, and
when the respective detection values exceed the thresh-
old values, by performing control through the oil temper-
ature control unit 42 so as to switch the oil return circuit
31 from the direct circuit 32 to the cooling circuit 35 to
cool the return oil by the oil cooler 37 such that the tem-
perature is lowered by approximately 15 deg and then
return the return oil to the oil reservoir 27, it is possible
to reduce the oil temperature to the same temperature
as in the case of the R410A refrigerant and make the oil
viscosity approximately equivalent to that of the R410A
refrigerant, and thus it is possible to secure an allowable
operating range or condition equivalent to that for the
R410A refrigerant.

[0049] It is known that the viscosity of oil depends on
solubility in a refrigerant, which is determined according
to pressure and a temperature, and it is possible to grasp
the viscosity of oil by measuring a temperature and pres-
sure with the oil temperature sensor 40 and the low-pres-
sure pressure sensor 41, as described above, and de-
termining solubility from a pressure/solubility character-
istic diagram or the like using the temperature as a pa-
rameter.

[0050] As described above, even if there is a case
where the discharge gas temperature of the refrigerant
which is discharged from the compressor 2 rises due to
using the R32 refrigerant instead of the R410A refriger-
ant, at least one of the discharge temperature of the re-
frigerant and the oil temperature or the oil viscosity in the
compressor 2 is detected, and when it exceeds a thresh-
old value set in advance, the oil return circuit 31 is
switched from the direct circuit 32 which directly returns
oil from the oil separator 3 to the oil reservoir 27 of the
compressor 2 to the side of the cooling circuit 35 which
cools oil by the oil cooler 37 and then returns the oil to
the oil reservoir 27, and thus the oil is cooled to a tem-
perature less than or equal to a predetermined temper-
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ature by the oil cooler 37 and then returned to the oll
reservoir 27 in the housing 14 of the compressor 2,
whereby it is possible to limit an oil temperature rise in
the compressor 2 to a value less than or equal to a spec-
ified value.

[0051] Therefore, itis possible to suppress arise in the
oil temperature in the compressor 2 and secure an al-
lowable operating range or condition equivalent to that
for the R410A refrigerant. Further, the oil separated by
the oil separator 3 can be directly returned to the oil res-
ervoir 27 in the housing 14 of the compressor 2, and
therefore, it is possible to prevent re-mixing with a refrig-
erant gas and suppress an increase in oil circulation rate
in order to hold the returned oil in the oil reservoir, and it
is only necessary to cool oil only when necessary, and
thusitis possible to minimize the influence on the capac-
ity or the performance of the refrigerating cycle 1.
[0052] The compressor 2 is the low-pressure housing
type scroll compressor 2 of either a hermetic type or an
open type, and the oil reservoir 27 in the housing 14 is
filled with any oil of PVE oil, POE oil, and PAG oil, or
mixed oil containing them as its main component. For
this reason, the low-pressure housing type scroll com-
pressor 2 of ahermetic type or an open type for the R410A
refrigerant configured to suction a low-pressure refriger-
antgas from the refrigerating cycle 1 side into the housing
14, suction and compress the refrigerant, and discharge
it to the discharge chamber 19 is applied as it is, and PVE
oil, POE oil, PAG oil, or mixed oil thereof adapted to the
refrigerant is filled, whereby it is possible to configure the
refrigerating cycle 1 using the R32 refrigerant and oper-
ate the refrigerating cycle 1 while securing an allowable
operating range or condition equivalent to that for the
R410A refrigerant.

[0053] In this way, it is possible to reliably eliminate a
concern such as poor lubrication caused by a decrease
in oil viscosity due to an oil temperature rise in the com-
pressor 2. In particular, in a case where the compressor
2is anopen type compressor, itis also possible to expect
effects such as being able to suppress generation of oll
sludge associated with a rise in the temperature of a slid-
ing part at a shaft seal portion by a mechanical seal or a
lip seal and prevent refrigerant leakage.

[0054] Further, the oil return circuit 31 is a parallel cir-
cuit composed of the direct circuit 32 which directly re-
turns the oil separated by the oil separator 3 from the oil
separator 3 to the oil reservoir 27 and the cooling circuit
35 which cools the oil by the oil cooler 37 and then returns
it to the oil reservoir 27, and when at least one of the
detection values of the discharge temperature of the re-
frigerant and the oil temperature or the oil viscosity in the
compressor 2 exceeds a threshold value, the oil return
circuit 31 is switched from the direct circuit 32 to the cool-
ing circuit 35.

[0055] In this way, the return oil is cooled to a temper-
ature less than or equal to a predetermined temperature
by the oil cooler 37 and then returned to the oil reservoir
27, and therefore, itis possible to reliably limit an oil tem-
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perature rise in the compressor 2 to a value less than or
equal to a specified value, and it is only necessary to cool
the oil by the oil cooler 37 only when necessary, and thus
it is possible to minimize the influence on the capacity or
the performance of the refrigerating cycle 1.

[0056] The presentinvention is notlimited to the inven-
tion according to the above-described embodiment and
can be appropriately modified within a scope which does
not depart from the gist of the invention. For example, in
the above-described embodiment, the discharge temper-
ature sensor 39, the oil temperature sensor 40, and the
low-pressure pressure sensor 41 are provided to detect
the discharge temperature of the refrigerant and the oil
temperature or the oil viscosity in the compressor 2. How-
ever, a configuration may be made such that sensors
which are provided for the operation control of the refrig-
erating cycle 1 are applied to these sensors and the elec-
tromagnetic valves 33 and 36 are controlled by using the
detection values thereof, and thus it is not necessary to
newly install sensors.

Reference Signs List
[0057]

1: refrigerating cycle

2: compressor (hermetic type electric scroll com-
pressor)

3: oil separator

13A: discharge circuit

14: housing

27: oil reservoir

31: oil return circuit

32: direct circuit

33, 36: electromagnetic valve

34, 38: capillary tube

35: cooling circuit

37: oil cooler

39: discharge temperature sensor
40: oil temperature sensor

41: low-pressure pressure sensor
42: oil temperature control unit

Claims

1. Anoil return circuit for a refrigerating cycle compris-
ing:

a refrigerating cycle which is provided with a
compressor in which an inside of a housing hav-
ing an oil reservoir has a low-pressure atmos-
phere, and has a R32 refrigerant or a R32-rich
mixed refrigerant filled in the cycle;

an oil separator provided in a discharge circuit
from the compressor; and

an oil return circuit in which the separated oil by
the oil separator are depressurized and the oil
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returns to the oil reservoir in the housing,
wherein the oil return circuit

is a parallel circuit composed of a direct circuit
which directly returns oil from the oil separator
to the oil reservoir and a cooling circuit which
cools oil by an oil cooler and returns the cooled
oil to the oil reservoir, and

is provided with an oil temperature control unit
which detects at least one of a discharge tem-
perature of the refrigerantand an oil temperature
or oil viscosity in the compressor, and when it
exceeds a threshold value set in advance,
switches the oil return circuit from the direct cir-
cuit to the cooling circuit to cool return oil to a
temperature less than or equal to a predeter-
mined temperature and return the oil to the oil
reservoir.

The oil return circuit for a refrigerating cycle accord-
ing to Claim 1, wherein the compressoris a low-pres-
sure housing type scroll compressor of either a her-
metic type or an open type, and the oil reservoir in
the housing is filled with PVE oil, POE oil, PAG oll,
or a mixed oil containing them as its main compo-
nent.

An oil return method for a refrigerating cycle in which
an oil separator is provided in a discharge circuit of
the compressor of the refrigerating cycle which is
provided with a low-pressure housing type compres-
sor and has a R32 refrigerant or a R32-rich mixed
refrigerant filled in the cycle, and oil separated by
the oil separator is returned to an oil reservoir in a
housing of the compressor through an oil return cir-
cuit, the oil return method comprising:

detecting at least one of a discharge tempera-
ture of the refrigerant and an oil temperature or
oil viscosity in the compressor; and

limiting an oil temperature rise inthe compressor
to avalue less than or equal to a specified value,
when the detection value exceeds a threshold
value set in advance, by cooling return oil to a
temperature less than or equal to a predeter-
mined temperature by an oil cooler provided in
the oil return circuit and returning the oil to the
oil reservoir.

The oil return method for a refrigerating cycle ac-
cording to Claim 3, wherein the oil return circuit is a
parallel circuit composed of a direct circuit which di-
rectly returns oil from the oil separator to the oil res-
ervoir and a cooling circuit which cools oil by the oil
cooler and returns the cooled oil to the oil reservoir,
and

when at least one of detection values of the dis-
charge temperature of the refrigerant and the oil tem-
perature or the oil viscosity in the compressor ex-
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ceeds the threshold value, the oil return circuit is
switched from the direct circuit to the cooling circuit
to cool return oil to a temperature less than or equal
to a predetermined temperature by the oil cooler and
return the oil to the oil reservoir.

Amended claims under Art. 19.1 PCT

(Amended) An oil return circuit for a refrigerating cy-
cle comprising:

a refrigerating cycle which is provided with a
compressor in which an inside of a housing hav-
ing an oil reservoir has a low-pressure atmos-
phere, and has a R32 refrigerant or a R32-rich
mixed refrigerant filled in the cycle;

an oil separator provided in a discharge circuit
from the compressor; and

an oil return circuit in which the separated oil by
the oil separator is depressurized and the oil re-
turns to the oil reservoir in the housing,
wherein the oil return circuit

is a parallel circuit composed of a direct circuit
which directly returns oil from the oil separator
to the oil reservoir and a cooling circuit which
cools oil by an oil cooler and returns the cooled
oil to the oil reservoir, and

is provided with an oil temperature control unit
which calculates oil viscosity in the compressor
on the basis of detection values of pressure of
the refrigerant in a suction circuit of the refriger-
ating cycle and an oil temperature in the oil res-
ervoir, and when it exceeds a threshold value
set in advance, switches the oil return circuit
from the direct circuit to the cooling circuit to cool
return oil to a temperature less than or equal to
a predetermined temperature and return the oil
to the oil reservoir.

The oil return circuit for a refrigerating cycle accord-
ingto Claim 1, wherein the compressor is a low-pres-
sure housing type scroll compressor of either a her-
metic type or an open type, and the oil reservoir in
the housing is filled with PVE oil, POE oil, PAG oil,
or a mixed oil containing them as its main compo-
nent.

(Amended) An oil return method for a refrigerating
cycle in which an oil separator is provided in a dis-
charge circuit of the compressor of the refrigerating
cycle which is provided with a low-pressure housing
type compressor and has a R32 refrigerant or a R32-
rich mixed refrigerant filled in the cycle, and oil sep-
arated by the oil separator is returned to an oil res-
ervoir in a housing of the compressor through an oil
return circuit, the oil return method comprising:
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calculating oil viscosity in the compressor on the
basis of detection values of pressure of the re-
frigerant in a suction circuit of the refrigerating
cycle and an oil temperature in the oil reservoir,
and

limiting an oil temperature rise inthe compressor
to avalue less than or equal to a specified value,
when the calculated value exceeds a threshold
value set in advance, by cooling return oil to a
temperature less than or equal to a predeter-
mined temperature by an oil cooler provided in
the oil return circuit and returning the oil to the
oil reservoir.

(Amended) The oil return method for a refrigerating
cycle according to Claim 3, wherein the oil return
circuit is a parallel circuit composed of a direct circuit
which directly returns the oil from the oil separator
to the oil reservoir and a cooling circuit which cools
the oil by the oil cooler and returns the cooled oil to
the oil reservoir, and

when a calculated value of the oil viscosity in the
compressor exceeds the threshold value, the oil re-
turn circuit is switched from the direct circuit to the
cooling circuit to cool return oil to a temperature less
than or equal to a predetermined temperature by the
oil cooler and return the oil to the oil reservoir.
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