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(57)  Provided is a refrigerant recovery system (10)
for recovering an air conditioning refrigerant from a re-
frigerant circuit (30) of a refrigeration air conditioner (12).
The refrigerant recovery system (10) comprises: a refrig-
erant recovery device (14) which generates a com-
pressed and condensed refrigerant by compressing and
condensing an air conditioning refrigerant in the refriger-
ant circuit (30); a recovery cylinder (16) which recovers

REFRIGERANT RECOVERY SYSTEM AND REFRIGERANT RECOVERY METHOD

the compressed and condensed refrigerant generated
by the refrigerant recovery device (14); a gas separation
module (68) which separates the air conditioning refrig-
erant from the inside of the recovery cylinder (16) that
has recovered the compressed and condensed refriger-
ant; and refeed piping (58) which refeeds the air condi-
tioning refrigerant separated by the gas separation mod-
ule (68) back to the refrigerant recovery device (14).
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Description

TECHNICAL FIELD

[0001] The presentinvention generally relates to a re-
frigerant recovery system and a method for recovering
refrigerant.

BACKGROUND

[0002] In refrigerating and air conditioning equipment
(refrigerant-using equipment), such as a refrigerating
machine or an air conditioner, a refrigerant circulation
path through which thermal energy is delivered is provid-
ed with an air conditioning compressor, an air condition-
ing condenser, an expansion valve, a refrigerant recov-
ery condenser, and an accumulator. The air conditioning
compressor compresses gaseous refrigerant, being va-
porized refrigerant, to increase the temperature and the
pressure of the gaseous refrigerantto a high temperature
and a high pressure. The air conditioning condenser
cools the gaseous refrigerant, which is increased in tem-
perature and pressure to a high temperature and a high
pressure by the air conditioning compressor, by outside
air or the like to liquefy the gaseous refrigerant. The ex-
pansion valve expands the refrigerant (liquid refrigerant),
which is liquefied by the air conditioning condenser, to
vaporize the refrigerant. The refrigerant recovery con-
denser liquefies the refrigerant (gaseous refrigerant),
which is vaporized by the expansion valve. The accumu-
lator accumulates the refrigerant (liquid refrigerant),
which is liquefied by the refrigerant recovery condenser.
Refrigerant plays a role of transferring thermal energy.
While the refrigerant releases heat to the outside at the
air conditioning condenser, the refrigerant receives heat
from outside air or the like after passing through the ex-
pansion valve.

[0003] Various refrigerants used in the refrigerating
and air conditioning equipment have alarge global warm-
ing potential and a large ozone depletion potential and
hence, there is a restriction on discharge of refrigerant
into the atmosphere. Accordingly, particularly when re-
frigerant is replaced or when refrigerating and air condi-
tioning equipment is discarded, itis mandatory to recover
refrigerant filled in the refrigerating and air conditioning
equipment while suppressing leakage of the refrigerant
to the atmosphere as much as possible. Simultaneously,
conversion to refrigerant with a low environmental load
ispromoted. Inrecentyears, itis mainstreamto use HFCs
(hydrofluorocarbons) or the like as alternatives to chlo-
rofluorocarbons. Examples of HFCs as a single refriger-
ant include R134a and R32. Examples of HFCs as a
mixed refrigerant include R410A and R407C.

[0004] For recovery of refrigerant, a refrigerant recov-
ery device is used. In the refrigerant recovery device,
refrigerant in the accumulator of the refrigerating and air
conditioning equipmentis vaporized and, thereafter, gas-
eous refrigerant is suctioned and adiabatically com-
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pressed by a compressor disposed in the refrigerant re-
covery device. The adiabatically compressed gaseous
refrigerant is liquefied by a condenser disposed in the
refrigerant recovery device, and is filled and recovered
into a recovery cylinder as liquid refrigerant. The amount
of the recovered refrigerant is measured by a weight
scale.

[0005] In Patent Document 1, it is pointed out that, at
the time of recovering refrigerant in refrigerant-using
equipment into a recovery container (recovery cylinder)
with a refrigerant recovery device, when non-condensa-
ble gas, such as air, enters a recovery system, the non-
condensable gas is also recovered into the recovery con-
tainer (see paragraph 0056 in Patent Document 1). Non-
condensable gas is not condensed in the recovery con-
tainer, and is present as compressed gas. Accordingly,
with a reduction in the volume of the gaseous phase due
to an increase in the amount of liquid refrigerant in the
recovery container, the pressure and the temperature in
the recovery container rise. To cope with such a problem,
Patent Document 1 discloses the following technique. At
a stage in which the temperature in the recovery contain-
er reaches a predetermined value, the coupling of the
recovery container with the refrigerant recovery device
and the refrigerant-using equipment is released, and a
gas separation apparatus is connected to the recovery
container to remove non-condensable gas in the recov-
ery container by the gas separation apparatus.

[0006] Specifically, mixed gas of gaseous refrigerant
and non-condensable gas in the recovery container is
sent to the gas separation apparatus to separate the non-
condensable gas from the gaseous refrigerant, and the
non-condensable gas is discharged to the atmosphere
and the gaseous refrigerant is returned into the recovery
container. After the non-condensable gas in the recovery
containerisremoved, the refrigerantrecovery device and
the refrigerant-using equipment are connected to the re-
covery container again, and an operation of recovering
refrigerant into the recovery container is restarted.

CITATION LIST

PATENT LITERATURE

[0007] Patent Document 1 :JP 2010- 159 952 A
SUMMARY

TECHNICAL PROBLEM

[0008] As described above, in the recovery of refriger-
ant from the refrigerant circuit of the refrigerating and air
conditioning equipment, refrigerant is vaporized by the
refrigerant recovery device and, thereafter, is adiabati-
cally compressed, and is then liquefied and recovered.
During such recovery, when non-condensable gas con-
taining air, such as nitrogen (N,) and oxygen (O,), as a
main component is mixed into refrigerant, the non-con-
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densable gas is not condensed by the refrigerant recov-
ery device, and is filled into the recovery cylinder while
remaining in a gaseous state.

[0009] Asaresult, theinternal pressure of the recovery
cylinder rises, so that it becomes difficult for liquid refrig-
erant to be filled into the recovery cylinder, leading to a
lowering of the rate of recovery of refrigerant into the
recovery cylinder. For this reason, ittakes a large amount
of time to recover all refrigerant.

[0010] To cope with such a problem, in Patent Docu-
ment 1, non-condensable gas in the recovery container
is removed by the gas separation apparatus. However,
in the course of the recovery of refrigerant, itis necessary
to release the coupling of the recovery container (recov-
ery cylinder) with the refrigerant recovery device and the
refrigerant-using equipment and to connect the recovery
container to the gas separation apparatus. Further, when
the process of removing non-condensable gas is com-
pleted, itis necessary to again connect the recovery con-
tainer to the refrigerant recovery device and the refriger-
ant-using equipment, thus requiring a large amount of
labor.

[0011] Further, refrigerant is returned to (injected into)
the recovery container from the gas separation apparatus
in a state of gaseous refrigerant (in the gaseous phase)
and hence, there is also a problem that the amount of
refrigerant filled into the recovery container is lowered as
compared with the case in which refrigerant is injected
into the recovery container after being liquefied.

[0012] There is demand for an improved technique in
which non-condensable gas in the recovery cylinder can
be reduced while connection among the recovery cylin-
der, the refrigerant recovery device, and the refrigerating
and air conditioning equipment is maintained. It is an ob-
ject of the present invention to reduce, at the time of re-
covering refrigerant from the refrigerating and air condi-
tioning equipment, non-condensable gas in the recovery
cylinder while connection among the recovery cylinder,
the refrigerant recovery device, and the refrigerating and
air conditioning equipment is maintained.

SOLUTION TO THE PROBLEM

[0013] A-refrigerant recovery system of the present in-
vention is a refrigerant recovery system that recovers air
conditioning refrigerant from a refrigerant circuit of refrig-
erating and air conditioning equipment, and the refriger-
ant recovery system is characterized by including: a re-
frigerant recovery device configured to generate com-
pressed and condensed refrigerant by compressing and
condensing the air conditioning refrigerant; a recovery
cylinder configured to recover the compressed and con-
densed refrigerant generated by the refrigerant recovery
device; a gas separation module configured to separate
the air conditioning refrigerant from an inside of the re-
covery cylinder into which the compressed and con-
densed refrigerant is recovered; and a refeeding pipe
configured to refeed the air conditioning refrigerant, sep-
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arated by the gas separation module, to the refrigerant
recovery device.

[0014] A method for recovering refrigerant of the
present invention is a method for recovering refrigerant,
air conditioning refrigerant being recovered from a refrig-
erant circuit of refrigerating and air conditioning equip-
ment by the method, and the method is characterized by
including: a generation step of generating compressed
and condensed refrigerant by compressing and con-
densing the air conditioning refrigerant by using a refrig-
erant recovery device; a recovery step of recovering the
compressed and condensed refrigerant, generated by
the refrigerant recovery device, into a recovery cylinder;
aseparation step of separating, by using a gas separation
module, the air conditioning refrigerant from a gas com-
ponent contained inside the recovery cylinder into which
the compressed and condensed refrigerantis recovered;
and a refeeding step of refeeding the air conditioning
refrigerant, separated by the gas separation module, to
the refrigerant recovery device.

ADVANTAGEOUS EFFECTS OF INVENTION

[0015] According to the present invention, at the time
of recovering refrigerant from the refrigerating and air
conditioning equipment, it is possible to reduce non-con-
densable gas in the recovery cylinder while connection
among the recovery cylinder, the refrigerantrecovery de-
vice, and the refrigerating and air conditioning equipment
is maintained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is a schematic view of a refrigerant recovery
system according to an embodiment of the present
invention.

FIG. 2 is a block diagram of a feeding control unit.
FIG. 3 is a diagram showing characteristics of satu-
rated vapor pressures (pressure characteristics)
with respect to temperatures of various refrigerants.
FIG. 4 is a block diagram of a three-way valve control
unit.

FIG. 5 is a diagram for describing separation of gas
by an inorganic separation membrane.

FIG. 6 is a diagram for describing separation of gas
by an organic separation membrane.

FIG. 7 is a flowchart of a method for recovering re-
frigerant according to the embodiment of the present
invention.

FIG. 8 is a flowchart of a first three-way valve control.
FIG. 9 is a flowchart of a second three-way valve
control.

FIG. 10 is a schematic view of a refrigerant recovery
system according to another embodiment of the
present invention.
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DESCRIPTION OF EMBODIMENTS

[0017] Hereinafter, embodiments according to the
present invention will be described in detail with refer-
ence to attached drawings. Configurations described be-
low are for illustrative purposes only, and may be suitably
changed according to the specifications of a system, an
apparatus, or the like. In the case in which a plurality of
embodiments or a plurality of modifications are included
in the following description, it is anticipated from the be-
ginning that features of such embodiments or modifica-
tions are used in suitable combination. In all drawings,
identical elements are assigned the same reference sym-
bols, and repeated description will be omitted.

[0018] FIG. 1 is a schematic view of a refrigerant re-
covery system 10 according to an embodiment of the
presentinvention. Inthe drawing, thick solid lines indicate
pipes through which a fluid flows, and chain lines indicate
control lines through which signals are inputted to or out-
putted from respective control units. The refrigerant re-
covery system 10 is a system that recovers air condition-
ing refrigerant from refrigerating and air conditioning
equipment, and that fills the air conditioning refrigerant
into a recovery cylinder 16.

[0019] Hereinafter, the description will be made for an
example in which air conditioning refrigerant is recovered
from an air conditioner 12 serving as the refrigerating and
air conditioning equipment. However, the refrigerant re-
covery system 10 is applicable to recovery of refrigerant
from equipmentin general that uses refrigerant. Note that
air conditioning refrigerant is refrigerant that transfers
thermal energy and changes phase between the liquid
phase and the gaseous phase during operation of the
refrigerating and air conditioning equipment, thus achiev-
ing at least either one of an air cooling function and an
air heating function of the refrigerating and air condition-
ing equipment.

[0020] The refrigerant recovery system 10 includes a
refrigerant recovery device 14, the recovery cylinder 16,
a gas separation module 68, a refeeding pipe 58, and a
three-way valve 40. The refrigerant recovery device 14
suctions air conditioning refrigerant from a refrigerant cir-
cuit 30 of the air conditioner 12, adiabatically compresses
the air conditioning refrigerant, and condenses and lig-
uefies the compressed refrigerant, thus generating com-
pressed and condensed refrigerant.

[0021] The recovery cylinder 16 recovers the com-
pressed and condensed refrigerant generated by the re-
frigerant recovery device 14. The gas separation module
68 separates air conditioning refrigerant from a gas com-
ponent 22 contained inside the recovery cylinder 16 into
which the compressed and condensed refrigerant is re-
covered. The air conditioning refrigerant separated by
the gas separation module 68 is refed to the refrigerant
recovery device 14 through the refeeding pipe 58. The
three-way valve 40 is disposed between the refrigerant
circuit 30 and the refrigerant recovery device 14. As will
be described below, a separation apparatus 18 is con-
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figured to include the gas separation module 68 and the
refeeding pipe 58. The air conditioner 12 includes a serv-
ice port 34 communicating with the refrigerant circuit 30,
and the refrigerant circuit 30 includes an accumulator 32
in which liquid refrigerant is accumulated. The refrigerant
recovery device 14 suctions, through the service port 34,
gaseous refrigerant being vaporized liquid refrigerant in
the accumulator 32.

[0022] For the refrigerantrecovery device 14, itis pos-
sible to use a widely commercially available chlorofluor-
ocarbon recovery device thatincludes a compressor and
acondenser. The refrigerant recovery device 14 includes
an inlet 36 (intake port), an outlet 38, and a pressure
detector 37, with air conditioning refrigerant from the re-
frigerant circuit 30 being taken into the refrigerant recov-
ery device 14 through the inlet 36, compressed and con-
densed refrigerant being discharged through the outlet
38, and the pressure detector 37 detecting the pressure
of air conditioning refrigerant at the inlet 36.

[0023] The recovery cylinder 16 includes a liquid in-
let/outlet 46 and a gas inlet/outlet 48, the compressed
and condensed refrigerant from the refrigerant recovery
device 14 being taken into the recovery cylinder 16
through the liquid inlet/outlet 46, and the gas component
22 in the recovery cylinder 16 being discharged through
the gas inlet/outlet 48.

[0024] The three-way valve 40 includes first, second,
and third ports 41, 42, 43. The service port 34 of the air
conditioner 12 and the first port 41 of the three-way valve
40 are connected to each other by a connection pipe 50.
The second port 42 of the three-way valve 40 and the
inlet 36 of the refrigerant recovery device 14 are connect-
ed to each other by an upstream pipe 52.

[0025] The third port 43 of the three-way valve 40 and
the refeeding pipe 58 are connected to each other. The
outlet 38 of the refrigerant recovery device 14 and the
liquid inlet/outlet 46 of the recovery cylinder 16 are con-
nected to each other by a downstream pipe 54. In per-
forming general recovery of refrigerant, the first port 41
and the second port 42 of the three-way valve 40 are
brought into a communicating state (normal mode).
[0026] Due to a defect of the valve, corrosion of the
pipe or the like, decomposition of refrigerant, intrusion of
air at the time of repair, for example, a non-condensable
gas that contains air (nitrogen, oxygen and the like) as a
main component may be mixed into air conditioning re-
frigerant (hereinafter also simply referred to as "refriger-
ant") of the air conditioner 12. In performing recovery of
refrigerant, when a non-condensable gas is suctioned
into the refrigerant recovery device 14 together with re-
frigerant, the non-condensable gas is not condensed in
the refrigerant recovery device 14 and is filled into the
recovery cylinder 16 while remaining in a gaseous state.
[0027] As aresult, theinternal pressure of the recovery
cylinder 16 rises, so that it becomes difficult for liquid
refrigerant to be filled into the recovery cylinder 16, lead-
ing to a lowering of the rate of recovery of refrigerant into
the recovery cylinder 16. To cope with such a problem,
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the refrigerant recovery system 10 includes the separa-
tion apparatus 18 that removes non-condensable gas in
the recovery cylinder 16. In the recovery cylinder 16, gas-
eous refrigerant, being a portion of revaporized liquid re-
frigerant 20, is mixed with a non-condensable gas, thus
generating a mixed gas 22 (the gas component 22).
[0028] The separation apparatus 18 includes a gas in-
flow port 60, a feeding pipe 56, the gas separation module
68, and the refeeding pipe 58. The gas inflow port 60 is
connected to the gas inlet/outlet 48 of the recovery cyl-
inder 16. The mixed gas 22 taken into the feeding pipe
56 through the gas inflow port 60 flows through the feed-
ing pipe 56. The mixed gas 22 in the feeding pipe 56 is
fed to the gas separation module 68, the gas separation
module 68 separating the mixed gas 22 into gaseous
refrigerant and non-condensable gas.

[0029] The refeeding pipe 58 is connected to the gas
separation module 68. The gas separation module 68
includes an inlet 90, a separation membrane 92, a re-
lease port 94, and an outlet 96. The mixed gas 22 is taken
into the gas separation module 68 through the inlet 90.
The separation membrane 92 separates gas. Non-con-
densable gas separated by the separation membrane 92
is released to the atmosphere through the release port
94. A refed gaseous refrigerant (air conditioning refrig-
erant) is discharged through the outlet 96, the refed gas-
eous refrigerant being a gas component containing less
non-condensable gas than the mixed gas 22 due to the
separation membrane 92.

[0030] One end of the feeding pipe 56 serves as the
gas inflow port 60, and the other end of the feeding pipe
56 is connected to the inlet 90 of the gas separation mod-
ule 68. One end of the refeeding pipe 58 is connected to
the outlet 96 of the gas separation module 68, and the
other end of the refeeding pipe 58 serves as a gas outflow
port 74 and is connected to the third port 43 of the three-
way valve 40.

[0031] As will be described hereinafter, a detector, a
valve, and the like are disposed on the feeding pipe 56
and the refeeding pipe 58. However, it is also possible
to form a refrigerant recovery system without including
some of such components. A basic method for recovering
refrigerant by a refrigerant recovery system including
such a configuration includes the following steps (1) to

(4).

(1) A generation step in which the first and second
ports 41, 42 of the three-way valve 40 are brought
into a communicating state (hereinafter referred to
as "normal mode") to introduce air conditioning re-
frigerant in the refrigerant circuit 30 into the refriger-
ant recovery device 14 through the connection pipe
50 and the upstream pipe 52, and the air conditioning
refrigerant is compressed and condensed by using
the refrigerant recovery device 14 to generate com-
pressed and condensed refrigerant.

(2) A recovery step in which the compressed and
condensed refrigerant generated by the refrigerant
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recovery device 14 is recovered into the recovery
cylinder 16 through the downstream pipe 54.

(3) A separation step in which the gas component
22 contained inside the recovery cylinder 16 is intro-
duced into the gas separation module 68 through
the feeding pipe 56, and the gas component 22 is
separated into non-condensable gas and refed gas-
eous refrigerant (air conditioning refrigerant) by us-
ing the gas separation module 68.

(4) A refeeding step in which the second and third
ports 42, 43 of the three-way valve 40 are brought
into a communicating state (hereinafter referred to
as "circulation mode"), and the refed gaseous refrig-
erant separated by the gas separation module 68 is
refed to the refrigerant recovery device 14 through
the refeeding pipe 58 and the upstream pipe 52.

[0032] The description of the refrigerant recovery sys-
tem 10 shown in FIG. 1 is continued. The separation ap-
paratus 18 furtherincludes a pressure detector61, atem-
perature detector 62, a control valve 64, and a pressure
reducing valve 66, a pressure detector 70, a pressure
adjuster 72, a feeding control unit 76, a refeeding control
unit 78, and a three-way valve control unit 80, the pres-
sure detector 61, the temperature detector 62, the control
valve 64, and the pressure reducing valve 66 being dis-
posed on the feeding pipe 56, and the pressure detector
70 and the pressure adjuster 72 being disposed on the
refeeding pipe 58.

[0033] The pressure detector 61 and the temperature
detector 62 on the feeding pipe 56 are located at positions
closer to the recovery cylinder 16 than is the control valve
64, and detect the pressure and the temperature in the
recovery cylinder 16. The pressure detector 70 on the
refeeding pipe 58 detects the pressure in the refeeding
pipe 58 at a position on the upstream side of (at a position
closer to the gas separation module 68 than) the pressure
adjuster 72. The pressure adjuster 72 adjusts the pres-
sure in a portion of the refeeding pipe 58 on the down-
stream side (on the gas outflow port 74 side) of the pres-
sure adjuster 72.

[0034] Each of the feeding control unit 76, the refeed-
ing control unit 78, and the three-way valve control unit
80 is a controller, and is a microcomputer including a
CPU, a ROM, a RAM, a flash memory, an input/output
port and the like, for example. These control units may
be achieved by one common microcomputer. These con-
trol units may include an ASIC (Application Specific In-
tegrated Circuit) and the like in place of or in combination
with a microcomputer.

[0035] Based on a detected value DP from the pres-
sure detector 61 and a detected value DT from the tem-
perature detector 62, the feeding control unit 76 deter-
mines whether it is necessary to remove non-condensa-
ble gas from the inside of the recovery cylinder 16. When
the feeding control unit 76 determines that itis necessary
to remove non-condensable gas, the feeding control unit
76 brings the control valve 64 into an open state. When
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the feeding control unit 76 determines that it is not nec-
essary to remove non-condensable gas, the feeding con-
trol unit 76 brings the control valve 64 into a closed state.
In the case in which the control valve 64 is in a closed
state, the three-way valve control unit 80 brings the first
port 41 and the second port 42 into a communicating
state (normal mode) by controlling the three-way valve
40.

[0036] In the case in which the control valve 64 is in
an open state, the three-way valve control unit 80 brings
the second port 42 and the third port 43 into a commu-
nicating state (circulation mode) or brings the first port
41 and the third port 43 into a communicating state (here-
inafter referred to as "vaporization promotion mode") by
controlling the three-way valve 40. As described above,
in the embodiment shown in FIG. 1, the vaporization pro-
motion mode is added to the basic method for recovering
refrigerant.

[0037] The normal modeis a mode in which refrigerant
is recovered into the recovery cylinder 16 from the air
conditioner 12. The circulation mode is a mode in which
a circulation loop of the separation apparatus 18, the re-
frigerant recovery device 14, and the recovery cylinder
16 is formed, and mixed gas 22 in the recovery cylinder
16 is repeatedly fed into the gas separation module 68
to remove non-condensable gas in the recovery cylinder
16.

[0038] The vaporization promotion mode is a mode in
which when there is a possibility of refrigerant in the re-
frigerant circuit 30 of the air conditioner 12 being con-
densed at a low temperature, a portion of the mixed gas
22 in the recovery cylinder 16 is fed into the refrigerant
circuit 30 from the separation apparatus 18 to raise the
temperature of the refrigerant in the refrigerant circuit 30,
thus promoting vaporization of the refrigerant. The gas-
eous refrigerant that passes through the refrigerant re-
covery device 14 is adiabatically compressed, thus hav-
ing a temperature higherthan the temperature at the time
of flowing into the refrigerant circuit 30; that is, into the
refrigerant recovery device 14. Therefore, the refrigerant
that enters the recovery cylinder 16 from the refrigerant
recovery device 14 has an increased temperature.
[0039] FIG. 2is a block diagram of the feeding control
unit 76. The feeding control unit 76 includes a reference
pressure acquisition unit 104, a pressure reducing valve
control unit 106, and a determination unit 108. The sep-
aration apparatus 18 includes an input unit 100, such as
a keypad or a barcode reader, and a storage unit 102,
such as a flash memory. The input unit 100 and the stor-
age unit 102 are electrically connected to the feeding
control unit 76. A memory disposed in the feeding control
unit 76 may be used as the storage unit 102.

[0040] Before refrigerant is recovered, recovery refrig-
erant information 110, indicating the kind of refrigerant
to be recovered (hereinafter also referred to as "recovery
refrigerant"), is inputted from the input unit 100 and is
stored in the storage unit 102. For example, when a bar-
code that is applied to the surface of the housing of the
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air conditioner 12 and that indicates the kind of refrigerant
used in the air conditioner 12 is read by a barcode reader,
serving as the input unit 100, the recovery refrigerant
information 110 is stored in the storage unit 102. Further,
characteristics of saturated vapor pressures with respect
to temperatures (hereinafter referred to as "pressure
characteristics 112") are stored in advance in the storage
unit 102 for each of a plurality of kinds of refrigerant. FIG.
3 shows pressure characteristics of respective refriger-
ants A, B, C, and D.

[0041] A detected temperature DT (the temperature in
the recovery cylinder 16) from the temperature detector
62 on the feeding pipe 56 is inputted to the reference
pressure acquisition unit 104. The reference pressure
acquisition unit 104 reads, from the storage unit 102, the
pressure characteristics 112 that correspond to recovery
refrigerant indicated by the recovery refrigerant informa-
tion 110, and acquires, as a reference pressure RP, the
saturated vapor pressure of the recovery refrigerant (re-
frigerant A in the example in FIG. 3) at the detected tem-
perature DT (the temperature in the recovery cylinder 16)
as shown in FIG. 3. Then, the reference pressure acqui-
sition unit 104 outputs the reference pressure RP to the
determination unit 108.

[0042] The reference pressure RP and a detected
pressure DP (the pressure in the recovery cylinder 16)
from the pressure detector 61 on the feeding pipe 56 are
inputted to the determination unit 108. In the case in
which the detected pressure DP is higher than the refer-
ence pressure RP (the saturated vapor pressure of re-
covery refrigerant) as shown in FIG. 3, it is indicated that
non-condensable gas is in the recovery cylinder 16.
When the detected pressure DP is higher than the refer-
ence pressure RP (hereinafter also referred to as "high
pressure state"), the determination unit 108 controls the
control valve 64 to an open state to send the mixed gas
22 in the recovery cylinder 16 to the gas separation mod-
ule 68.

[0043] In contrast, when the detected pressure DP is
not in a high pressure state, the determination unit 108
maintains the control valve 64 in a closed state. The de-
termination unit 108 also outputs a removal signal indi-
cating whether non-condensable gas is being removed.
A removal signal is a signal that is low when the control
valve 64 is in a closed state, and that is high when the
control valve 64 is in an open state.

[0044] The detected pressure DP (the pressure in the
recovery cylinder 16) from the pressure detector 61 on
the feeding pipe 56 is inputted to the pressure reducing
valve control unit 106. Based on the detected pressure
DP, the pressure reducing valve control unit 106 controls
the pressure reducing valve 66 such thatwhen the control
valve 64 is brought into an open state and the mixed gas
22 in the recovery cylinder 16 is fed into the gas separa-
tion module 68, the separation membrane 92 of the gas
separation module 68 is prevented from being damaged
by the pressure in the recovery cylinder 16. By controlling
the pressure reducing valve 66, the pressure in a portion
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ofthe pipe on the downstream side (on the gas separation
module 68 side) of the pressure reducing valve 66 is ad-
justed.

[0045] FIG. 4 is ablock diagram of the three-way valve
control unit 80. The three-way valve control unit 80 in-
cludes a determination unit 118. The input unit 100, such
as a keypad, and the storage unit 102, such as a flash
memory, are electrically connected to the three-way
valve control unit 80. A memory in the three-way valve
control unit 80 may be used as the storage unit 102.
[0046] Before refrigerant is recovered, a pressure
threshold 120, being the condition for which the mode
transitions to the vaporization promotion mode, and du-
ration 122 of the vaporization promotion mode are input-
ted from the input unit 100 and are stored in the storage
unit 102. A removal signal, a detected pressure DPS (the
pressure at the inlet 36 of the refrigerant recovery device
14) from the pressure detector 37 of the refrigerant re-
covery device 14, and the pressure threshold 120 and
the duration 122, which are stored in the storage unit
102, are inputted to the determination unit 118. In this
embodiment, the detected pressure DPS indicates the
pressure in the refrigerant circuit 30 of the air conditioner
12 in the normal mode.

[0047] Inthe case in which a removal signal is low, the
determination unit 118 controls the three-way valve 40
in such a way as to cause the first port 41 and the second
port42 ofthe three-way valve 40 to be in acommunicating
state (normal mode). When the removal signal is
changed from low to high, based on the comparison result
between the detected pressure DPS (the pressure in the
refrigerant circuit 30) and the pressure threshold 120, the
determination unit 118 decides whether the three-way
valve 40 is controlled to either one of the circulation mode
and the vaporization promotion mode.

[0048] Specifically, when the detected pressure DPS
is higher than the pressure threshold 120, the determi-
nation unit 118 estimates that there is a low possibility of
refrigerant in the refrigerant circuit 30 being condensed
at a low temperature, and controls the three-way valve
40 in such a way as to cause the second port 42 and the
third port 43 of the three-way valve 40 to be in a commu-
nicating state (circulation mode). In contrast, when the
detected pressure DPS is equal to or less than the pres-
sure threshold 120, the determination unit 118 estimates
that there is a possibility of refrigerant in the refrigerant
circuit 30 being condensed at a low temperature, and
controls the three-way valve 40 in such a way as to cause
the first port 41 and the third port 43 of the three-way
valve 40 to be in a communicating state (vaporization
promotion mode).

[0049] Further, when a time of the duration 122 has
elapsed from the transition to the vaporization promotion
mode, the determination unit 118 controls the three-way
valve 40 from the vaporization promotion mode to the
circulationmode. The determination unit 118 also outputs
a three-way valve signal indicating that the three-way
valve is currently in any one of the normal mode, the
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circulation mode, and the vaporization promotion mode.
[0050] As shownin FIG. 1, a three-way valve signal, a
detected pressure DPR (the pressure in the refeeding
pipe 58) from the pressure detector 70 on the refeeding
pipe 58, and the detected pressure DPS (the pressure
at the inlet 36 of the refrigerant recovery device 14) from
the pressure detector 37 of the refrigerant recovery de-
vice 14 are inputted to the refeeding control unit 78. When
a three-way valve signal indicates the circulation mode,
based on the detected pressures DPR, DPS, the refeed-
ing control unit 78 controls the pressure adjuster 72 in
such a way as to cause the pressure in the portion of the
refeeding pipe 58 on the downstream side (on the gas
outflow port 74 side) of the pressure adjuster 72 to be
higher than the pressure at the inlet 36 of the refrigerant
recovery device 14. With such an operation, it is possible
to prevent refrigerant from flowing back from the up-
stream pipe 52 toward the refeeding pipe 58. When a
three-way valve signal indicates the vaporization promo-
tion mode, the refeeding control unit 78 controls the pres-
sure adjuster 72 in such a way as to cause the pressure
in the portion of the refeeding pipe 58 on the downstream
side (on the gas outflow port 74 side) of the pressure
adjuster 72 to be a predetermined pressure at which gas
can be fed into the refrigerant circuit 30 of the air condi-
tioner 12.

[0051] Next, the gas separation module 68 will be de-
scribed. As shown in FIG. 1, the gas separation module
68 includes a cylindrical housing 88 and the cylindrical
separation membrane 92 disposed in the housing 88.
The housing 88 includes the inlet 90, the outlet 96, and
the release port 94, the mixed gas 22 being taken into
the housing 88 through the inlet 90, the outlet 96 being
disposed in such a way as to face the inlet 90, refed
gaseous refrigerant being discharged through the outlet
96, and non-condensable gas being released to the at-
mosphere through the release port 94.

[0052] One end of the separation membrane 92 is con-
nected to the inlet 90 of the housing 88, and the other
end of the separation membrane 92 is connected to the
outlet 96 of the housing 88. The mixed gas 22 enters the
separation membrane 92 from the inlet 90, and proceeds
toward the outlet 96. When the mixed gas 22 proceeds
toward the outlet 96, non-condensable gas containing air
as a main component permeates through the separation
membrane 92 and flows to the outside of the separation
membrane 92, and is eventually released to the atmos-
phere from the release port 94 of the housing 88. Refed
gaseous refrigerant containing less non-condensable
gas than the mixed gas 22 is discharged into the refeed-
ing pipe 58 from the outlet 96 of the housing 88.

[0053] For the separation membrane 92, for example,
a membrane made of an inorganic material (hereinafter
referred to as "inorganic separation membrane") or a
membrane made of an organic material (hereinafter re-
ferred to as "organic separation membrane") may be
used. FIG. 5is adiagram schematically showing the state
of separation of gas by the inorganic separation mem-
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brane. FIG. 6 is a diagram schematically showing the
state of separation of gas by the organic separation mem-
brane.

[0054] As shown in FIG. 5, the inorganic separation
membrane separates gas by making use of a difference
in molecular diameter. Air 26 and water 28 having a small-
er molecular diameter than gaseous refrigerant 24 flow
to the outside of the membrane through the pores of the
separation membrane 92. In contrast, the gaseous re-
frigerant 24 remains on the inner side of the membrane.
As a material used for forming the inorganic separation
membrane, ceramic, zeolite, or the like may be used.
[0055] As shown in FIG. 6, the organic separation
membrane separates gas by making use of a difference
in rate of permeation of molecules through the mem-
brane. Air 26 and water 28 having a higher permeation
rate than the gaseous refrigerant 24 permeate through
the separation membrane 92 and flow to the outside of
the membrane. In contrast, the gaseous refrigerant 24
remains on the inner side ofthe membrane. For a material
used for forming the organic separation membrane, a
polyimide resin or the like may be used.

[0056] Next, a specific method for recovering refriger-
ant by using the refrigerant recovery system 10 will be
described. FIG. 7 is a flowchart showing the specific
method for recovering refrigerant by using the refrigerant
recovery system 10. In FIG. 7, S 100 to S104, S126, and
S128 are steps performed by an operator, and other
steps are steps automatically performed by the refriger-
ant recovery system 10.

[0057] First,in S 100, the operator prepares the refrig-
erant recovery device 14, the recovery cylinder 16, and
the separation apparatus 18. Then, in S102, the operator
cuts off the power supply of the air conditioner 12 and,
thereafter, connects the air conditioner 12, the refrigerant
recovery device 14, the recovery cylinder 16, and the
separation apparatus 18 to each otheras showninFIG. 1.
[0058] Next,in S 103, the operator turns on the power
supply of the separation apparatus 18. Thereafter, the
operator inputs the recovery refrigerant information 110
(see FIG. 2), and the pressure threshold 120 and the
duration 122 (see FIG. 4) relating to the vaporization pro-
motion mode through the input unit 100. When the power
supply of the separation apparatus 18 is turned on, the
three-way valve control unit 80 controls the three-way
valve 40 to the normal mode, in which the first port 41
and the second port 42 communicate with each other. In
S104, the operator drives the refrigerant recovery device
14. With such operations, recovery of refrigerant from
the air conditioner 12 is started.

[0059] S106 to S122 are automatically controlled by
the refrigerant recovery system 10. In S106, based on
pressure characteristics of recovery refrigerant indicated
by the recovery refrigerant information 110 (see FIG. 3),
the reference pressure acquisition unit 104 of the feeding
control unit 76 acquires, as the reference pressure RP,
the saturated vapor pressure of the recovery refrigerant
at the detected temperature DT (the temperature in the
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recovery cylinder 16) from the temperature detector 62.
[0060] Then, the determination unit 108 of the feeding
control unit 76 checks whether the detected pressure DP
(the pressure in the recovery cylinder) from the pressure
detector 61 is higher than the reference pressure RP. As
shown in S106 in FIG. 7, the determination unit 108 may
check whether the detected pressure DP (the pressure
in the recovery cylinder) is higher than a pressure ob-
tained by adding a predetermined pressure o to the ref-
erence pressure RP (RP + «, hereinafter referred to as
"criterion pressure").

[0061] When the detected pressure DP is equal to or
less than the criterion pressure (RP + o) (S106: NO), the
determination unit 108 determines that the removal of
non-condensable gas in the recovery cylinder 16 is un-
necessary, and the recovery of refrigerant is continued
(S108).

[0062] In contrast, when the detected pressure DP is
higher than the criterion pressure (RP + o) (S106: YES),
the determination unit 108 determines that the removal
of non-condensable gas in the recovery cylinder 16 is
necessary, the removal signal is changed from low to
high and, thereafter, the process advances to S 110.
When the determination is performed by using a criterion
pressure as described above, it is possible to start re-
moval of non-condensable gas after non-condensable
gas is accumulated in the recovery cylinder 16 to some
extent.

[0063] InS110, with the reception of the removal signal
changing from low to high, the three-way valve control
unit 80 performs a first three-way valve control. FIG. 8 is
a flowchart showing the first three-way valve control. In
S200 shown in FIG. 8, the determination unit 118 of the
three-way valve control unit 80 checks whether the de-
tected pressure DPS (the pressure in the refrigerant cir-
cuit 30) from the pressure detector 37 of the refrigerant
recovery device 14 is equal to or less than the pressure
threshold 120 stored in the storage unit 102. The pres-
sure threshold 120 may be approximately 0.1 MPa, for
example.

[0064] When the determination in S200 is NO, the de-
termination unit 118 estimates that there is a low possi-
bility of refrigerant in the refrigerant circuit 30 of the air
conditioner 12 being condensed at a low temperature,
controls the three-way valve 40 to the circulation mode,
in which the second port 42 and the third port 43 com-
municate with each other (S206), and turns off a vapor-
ization promotion flag (S208) to finish the first three-way
valve control.

[0065] In contrast, when the determination in S200 is
YES, the determination unit 118 estimates that there is
a high possibility of refrigerant in the refrigerant circuit 30
of the air conditioner 12 being condensed at a low tem-
perature, controls the three-way valve 40 to the vapori-
zation promotion mode, in which the first port 41 and the
third port 43 communicate with each other (S202), and
turns on the vaporization promotion flag (S204) to finish
the first three-way valve control.
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[0066] Returningto FIG. 7, after S110, in S112 the de-
termination unit 108 of the feeding control unit 76 opens
the control valve 64 on the feeding pipe 56. The timing
at which the removal signal is changed from low to high
is substantially simultaneous with the timing at which
S110 (first three-way valve control) is performed and with
the timing at which S112 is performed (the control valve
64 is opened). Before the control valve 64 is opened, the
pressure reducing valve 66 is adjusted by the pressure
reducing valve control unit 106. By opening the control
valve 64, the mixed gas 22 in the recovery cylinder 16 is
sent to the gas separation module 68.

[0067] In the case of the circulation mode, the circula-
tion loop of the separation apparatus 18, the refrigerant
recovery device 14, and the recovery cylinder 16 is
formed, and the mixed gas 22 in the recovery cylinder
16 is repeatedly fed into the gas separation module 68.
Non-condensable gasisreleased to the atmosphere, and
refed gaseous refrigerant is fed into the upstream pipe
52 disposed on the upstream of the refrigerant recovery
device 14, passes through the refrigerant recovery de-
vice 14, and returns to the recovery cylinder 16 in a state
of being liquefied. With such a configuration, non-con-
densable gas in the recovery cylinder 16 is gradually re-
moved, and the pressure in the recovery cylinder 16 is
lowered.

[0068] Inthe case of the vaporization promotion mode,
refed gaseous refrigerant, being a portion of the mixed
gas 22 in the recovery cylinder 16, is fed into the refrig-
erant circuit 30 of the air conditioner 12 to raise the tem-
perature of refrigerant in the refrigerant circuit 30. With
such an operation, vaporization of the refrigerant is pro-
moted and hence, it is possible to increase the rate of
recovery of refrigerant when the recovery of refrigerant
is restarted.

[0069] The refeeding control unit 78 controls the pres-
sure adjuster 72 in the circulation mode and the vapori-
zation promotion mode to adjust the pressure in the por-
tion of the refeeding pipe 58 on the downstream side (the
gas outflow port 74 side) of the pressure adjuster 72.
[0070] In S114, the determination unit 108 of the feed-
ing control unit 76 checks whether the detected pressure
DP (the pressure in the recovery cylinder 16) from the
pressure detector 61 is equal to or less than the reference
pressure RP. When the determination in S114 is NO, the
removal of non-condensable gas is continued (S116),
and the process advances to S118.

[0071] In S118,the three-way valve control unit 80 per-
forms a second three-way valve control. FIG. 9 is a flow-
chart showing the second three-way valve control. In
S300 shown in FIG. 9, the determination unit 118 of the
three-way valve control unit 80 checks whether the va-
porization promotion flag is ON. When the determination
in S300 is NO (in the case of the circulation mode), the
determination unit 118 finishes the second three-way
valve control. In contrast, when the determinationin S300
is YES (in the case of the vaporization promotion mode),
the process advances to S302.
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[0072] In S302, the determination unit 118 checks
whether a time of the duration 122 has elapsed from the
transition to the vaporization promotion mode, the dura-
tion 122 being stored in the storage unit 102 (see FIG.
4). When the determination in S302 is NO, the determi-
nation unit 118 determines thatitis necessary to continue
the vaporization promotion mode, and the determination
unit 118 finishes the second three-way valve control. In
contrast, when the determination in S302 is YES, the
determination unit 118 determines that the vaporization
promotion mode is allowed to be finished, and the deter-
mination unit 118 controls the three-way valve 40 to the
circulation mode, in which the second port 42 and the
third port 43 communicate with each other (S304), and
turns off the vaporization promotion flag (S306) to finish
the second three-way valve control.

[0073] ReturningtoFIG.7,in S114, when the detected
pressure DP (the pressure in the recovery cylinder 16)
from the pressure detector 61 is equal to or less than the
reference pressure RP (S 114: YES), the determination
unit 108 of the feeding control unit 76 determines that
the removal of non-condensable gas in the recovery cyl-
inder 16 is completed, and the process advances to
S120.

[0074] In S120, the determination unit 108 of the feed-
ing control unit 76 closes the control valve 64 on the feed-
ing pipe 56, and changes a removal signal from high to
low. With the reception of the removal signal changing
from high to low, the determination unit 118 of the three-
way valve control unit 80 controls the three-way valve 40
to the normal mode, in which the first port 41 and the
second port 42 communicate with each other. The pres-
sure reducing valve control unit 106 of the feeding control
unit 76 finishes the control of the pressure reducing valve
66, and the refeeding control unit 78 finishes the control
of the pressure adjuster 72.

[0075] Next, in S122, the refrigerant recovery device
14 checks whether the detected pressure DPS (the pres-
sure in the refrigerant circuit 30) from the pressure de-
tector 37 is a negative pressure. When the determination
in S122 is NO, the refrigerant recovery device 14 contin-
ues the recovery of refrigerant (S124). When the deter-
mination in S 122 is YES, the refrigerant recovery device
14 notifies the operator of the finish of the recovery of
refrigerant by a lamp, a sound, or the like.

[0076] In S 126, the operator stops the refrigerant re-
covery device 14. Then, in S 128, the operator turns off
the power supply of the separation apparatus 18. The
flow of the recovery of refrigerant is as described above.
[0077] Next, the manner of operation and advanta-
geous effects of the above-described refrigerant recov-
ery system 10 will be described. In the refrigerant recov-
ery system 10, the mixed gas 22 in the recovery cylinder
16 is sent to the gas separation module 68, so that non-
condensable gas is separated from the mixed gas 22 and
is discharged to the atmosphere, and refed gaseous re-
frigerant containing less non-condensable gas than the
mixed gas 22 is discharged from the outlet 96 of the gas
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separation module 68 and is sent into the pipe between
the refrigerant circuit 30 of the air conditioner 12 and the
refrigerant recovery device 14. Further, the refed gase-
ous refrigerant passes through the refrigerant recovery
device 14 again, and returns to the recovery cylinder 16
in a state of being liquefied.

[0078] Asdescribedabove, itis possible to reduce non-
condensable gas in the recovery cylinder 16 while con-
nection among the recovery cylinder 16, the refrigerant
recovery device 14, and the air conditioner 12 is main-
tained. A rise of the internal pressure of the recovery
cylinder 16 can be suppressed and hence, the rate of
recovery of refrigerant into the recovery cylinder 16 can
be increased and it is possible to increase the amount of
refrigerant filled into the recovery cylinder 16.

[0079] Further, the refed gaseous refrigerant is re-
turned to the recovery cylinder 16 in a state of being lig-
uefied (in a reduced volume state) and hence, it is pos-
sible to further increase the amount of refrigerant filled
into the recovery cylinder 16. The mixed gas 22 in the
recovery cylinder 16 is sent to the gas separation module
68 and hence, the arrangement of the recovery cylinder
16, the gas separation module 68, and the refrigerant
recovery device 14 in this order has important signifi-
cance.

[0080] The gas separation module 68 is attached
above the recovery cylinder 16. Therefore, liquid com-
ponents, such as liquid refrigerant and water mixed into
the liquid refrigerant, stay at the bottom portion of the
recovery cylinder 16. Accordingly, there is no possibility
of liquid refrigerant or a large amount of water entering
the separation membrane 92 of the gas separation mod-
ule 68 and hence, it is possible to suppress a lowering
of the gas separation effect of the separation membrane
92. Further, air conditioning refrigerant is adiabatically
compressed by the refrigerant recovery device 14, and
is filled into the recovery cylinder 16 in a state of being
liquefied.

[0081] Therefore, only refrigerant is vaporized by an
amount corresponding to the saturated vapor pressure
for the volume of the space portion in the recovery cyl-
inder 16, and most of refrigerant is in a liquid state in the
recovery cylinder 16. The proportion of vaporized refrig-
erant(gaseous refrigerant) is low and hence, itis possible
to reduce the amount of gaseous refrigerant sent to the
gas separation module 68. Accordingly, itis also possible
to reduce a risk of leakage of refrigerant in the gas sep-
aration module 68.

[0082] Thecirculation loop of the separation apparatus
18, the refrigerant recovery device 14, and the recovery
cylinder 16 is formed and non-condensable gas is re-
peatedly separated by the gas separation module 68 and
hence, it is possible to effectively remove non-conden-
sable gasintherecovery cylinder 16. Thatis, itis possible
to increase separation efficiency as compared with a con-
figuration in which the mixed gas 22 passes through the
gas separation module 68 only one time.

[0083] Further, only in the case in which non-conden-
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sable gas is in the recovery cylinder 16, the control valve
64 is brought into an open state to remove non-conden-
sable gas by the gas separation module 68. Accordingly,
it is possible to avoid unnecessary use of the gas sepa-
ration module 68 when there is no non-condensable gas
or when there is a small amount of non-condensable gas
in the recovery cylinder 16.

[0084] The pressure characteristics 112 of a plurality
of kinds of refrigerant are stored in the storage unit 102
of the separation apparatus 18 and hence, it is possible
to use the common separation apparatus 18 for the re-
covery of refrigerants of different kinds.

[0085] When the gas separation module 68 is used
(when the control valve 64 is in an open state) and when
the pressure in the refrigerant circuit 30 is higher than
the predetermined pressure, it is possible to accurately
feed refed gaseous refrigerant from the refeeding pipe
58 to the refrigerant recovery device 14. Further, when
the gas separation module 68 is used (when the control
valve 64 is in an open state) and when the pressure in
the refrigerant circuit 30 is equal to or less than the pre-
determined pressure, itis possible to feed refed gaseous
refrigerant (having a temperature higher than the tem-
perature in the refrigerant circuit 30) to the refrigerant
circuit 30, the refed gaseous refrigerant being a portion
of gaseous refrigerant in the recovery cylinder 16 into
which refrigerant is taken that is adiabatically com-
pressed by the refrigerant recovery device 14, thus hav-
ing atemperature higher than the temperature at the time
of flowing into the refrigerant recovery device 14. With
such a configuration, it is possible to promote gasification
of refrigerant by raising the temperature of the refrigerant
intherefrigerant circuit 30 and hence, the rate of recovery
of refrigerant can be increased when the recovery of re-
frigerant is restarted.

[0086] Next, a refrigerant recovery system according
to another embodiment of the present invention will be
described. FIG. 10 is a schematic view of a refrigerant
recovery system 10A according to another embodiment
of the present invention. The refrigerant recovery system
10A is obtained by omitting the three-way valve 40 and
the three-way valve control unit 80 from the above-de-
scribed refrigerant recovery system 10, and by adding a
control valve 150 onto the refeeding pipe 58. A gas out-
flow port 74 of a separation apparatus 18A is connected
to a pipe between the refrigerant circuit 30 of the air con-
ditioner 12 and the refrigerant recovery device 14, thus
forming a connection portion 152.

[0087] Control of the respective components per-
formed by the feeding control unit 76 and aremoval signal
are substantially identical to the corresponding control of
the respective components and the corresponding re-
moval signal in the above-described refrigerant recovery
system 10. A removal signal is inputted to the refeeding
control unit 78 in place of a three-way valve signal, and
the refeeding control unit 78 controls the control valve
150 on the refeeding pipe 58 based on low/high of the
removal signal.
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[0088] Specifically, when a removal signal is low (the
control valve 64 on the feeding pipe 56 is in a closed
state), the control valve 150 on the refeeding pipe 58 is
also brought into a closed state. When a removal signal
is high (the control valve 64 on the feeding pipe 56 is in
an open state), the control valve 150 on the refeeding
pipe 58 is also brought into an open state. When a re-
moval signal is high, based on detected pressures DPR,
DPS, the refeeding control unit 78 controls the pressure
adjuster 72 in such a way as to cause the pressure in the
portion of the refeeding pipe 58 on the downstream side
(the gas outflow port 74 side) of the pressure adjuster 72
to be higher than the pressure at the inlet 36 of the re-
frigerant recovery device 14.

[0089] According to this embodiment, by bringing the
control valves 64, 150 into a closed state, it is possible
to perform general recovery of refrigerant into the recov-
ery cylinder 16 from the air conditioner 12. Further, by
bringing the control valves 64, 150 into an open state,
the circulation loop of the separation apparatus 18A, the
refrigerant recovery device 14, and the recovery cylinder
16 is formed and hence, it is possible to remove non-
condensable gas from the inside of the recovery cylinder
16. The three-way valve and the three-way valve control
unit are omitted and hence, the configuration of the re-
frigerant recovery system 10A can be simplified.

[0090] Next, a modification will be described. In the
method for recovering refrigerant shown in FIG. 7, the
three-way valve 40 is changed to the circulation mode
only one time in the process of recovering refrigerant.
However, the three-way valve 40 may be changed to the
circulation mode a plurality of times. That is, in the case
in which the three-way valve 40 is changed to the circu-
lation mode and, thereafter, is changed to the normal
mode torestart the recovery of refrigerant, when the pres-
sure in the recovery cylinder 16 increases again, the
three-way valve 40 may be changed to the circulation
mode again.

[0091] In the method for recovering refrigerant shown
in FIG. 7, the vaporization promotion mode is performed.
However, the vaporization promotion mode may be omit-
ted, and it may be the case that only the normal mode
and the circulation mode are performed. With such a con-
figuration, the method for recovering refrigerant can be
simplified.

[0092] In the respective embodiments described
above, each control unit controls each unit. However, the
operator may visually check detected values from the
respective detectors, and may manually operate at least
one of the control valves 64, 150, the pressure reducing
valve 66, the three-way valve 40, and the pressure ad-
juster 72.

[0093] In the respective embodiments described
above, the pressure and the temperature in the recovery
cylinder 16 are detected by the pressure detector 61 and
the temperature detector 62 disposed on the feeding pipe
56 of the separation apparatus 18. However, the pres-
sure and the temperature atthe outlet 38 of the refrigerant
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recovery device 14 may be detected as the pressure and
the temperature in the recovery cylinder 16, and may be
inputted to the feeding control unit 76 to perform control.
Alternatively, the pressure and the temperature detected
by the pressure detector and the temperature detector
provided to the recovery cylinder 16 may be inputted to
the feeding control unit 76 as the pressure and the tem-
perature in the recovery cylinder 16 to perform control.

LIST OF REFERENCE SIGNS

[0094]

10, 10A  refrigerant recovery system

12 air conditioner (refrigerating and air condi-
tioning equipment)

14 refrigerant recovery device

16 recovery cylinder

18 separation apparatus

18A separation apparatus

20 liquid refrigerant

22 mixed gas (gas component)

24 gaseous refrigerant

26 air

28 water

30 refrigerant circuit

32 accumulator

34 service port

36 inlet

37 pressure detector

38 outlet

40 three-way valve

41 first port

42 second port

43 third port

461 iquid inlet/outlet

48 gas inlet/outlet

50 connection pipe

52 upstream pipe

54 downstream pipe

56 feeding pipe

58 refeeding pipe

60 gas inflow port

61 pressure detector

62 temperature detector

64 control valve

66 pressure reducing valve

68 gas separation module

70 pressure detector

72 pressure adjuster

74 gas outflow port

76 feeding control unit

78 refeeding control unit

80 three-way valve control unit

88 housing

90 inlet

92 separation membrane

94 release port
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outlet

input unit

storage unit

reference pressure acquisition unit
pressure reducing valve control unit
determination unit

recovery refrigerant information
pressure characteristics
determination unit

pressure threshold

duration

control valve

connection portion.

1. Arefrigerant recovery system that recovers air con-
ditioning refrigerant from a refrigerant circuit of re-
frigerating and air conditioning equipment, the refrig-
erant recovery system comprising:

a refrigerant recovery device configured to gen-
erate compressed and condensed refrigerant by
compressing and condensing the air condition-
ing refrigerant;

a recovery cylinder configured to recover the
compressed and condensed refrigerant gener-
ated by the refrigerant recovery device;

a gas separation module configured to separate
the air conditioning refrigerant from an inside of
the recovery cylinder into which the compressed
and condensed refrigerant is recovered; and
arefeeding pipe configured to refeed the air con-
ditioning refrigerant, separated by the gas sep-
aration module, to the refrigerant recovery de-
vice.

2. The refrigerant recovery system according to claim
1, comprising:

a pressure adjuster configured to adjust a pres-
sure in the refeeding pipe; and

a refeeding control unit configured to control the
pressure adjuster in such a way as to cause the
pressure in the refeeding pipe to be higher than
a pressure at an intake port of the refrigerant
recovery device, the air conditioning refrigerant
being taken into the refrigerant recovery device
through the intake port.

3. The refrigerant recovery system according to claim
1 or 2, wherein

the recovery cylinder includes a gas inlet/outlet
through which a gas component is taken out,

the refrigerant recovery system includes a feed-
ing pipe connected to the gas inlet/outlet, the

10

15

20

25

30

35

40

45

50

55

12

22

gas component entering the feeding pipe from
the recovery cylinder,

the feeding pipe is connected to the gas sepa-
ration module, the gas component enters the
gas separation module from the feeding pipe,
and the gas separation module separates the
gas component into non-condensable gas and
the air conditioning refrigerant, and

the gas separation module is connected to the
refeeding pipe, refed gaseous refrigerant, being
the air conditioning refrigerant separated by the
gas separation module, enters the refeeding
pipe, and the refeeding pipe sends the refed
gaseous refrigerant into a pipe between the re-
frigerant circuit and the refrigerant recovery de-
vice.

4. The refrigerant recovery system according to claim
3, comprising:

a control valve configured to open and close be-
tween the gas inlet/outlet of the feeding pipe and
the gas separation module;

a feeding control unit configured to control the
control valve;

atemperature detector and a pressure detector,
the temperature detector being configured to de-
tect a temperature in the recovery cylinder, the
pressure detector being configured to detect a
pressure in the recovery cylinder; and

a storage unit configured to store a pressure
characteristic of a saturated vapor pressure with
respect to a temperature of recovery refrigerant,
the recovery refrigerant being refrigerant recov-
ered into the recovery cylinder, wherein

the feeding control unit acquires the saturated
vapor pressure of the recovery refrigerant at a
detected temperature from the temperature de-
tector based on the pressure characteristic, and
in a case of a high pressure state where the de-
tected pressure from the pressure detector is
higher than the saturated vapor pressure ac-
quired, the feeding control unit controls the con-
trol valve to an open state, and when not in the
high pressure state, the feeding control unit con-
trols the control valve to a closed state.

5. The refrigerant recovery system according to claim
4, comprising

an input unit configured to input a kind of the
recovery refrigerant, wherein

the pressure characteristic of each of a plurality
of kinds of refrigerant is stored in the storage
unit, and

the feeding control unit controls an open/closed
state of the control valve based on the pressure
characteristic that corresponds to a kind of the
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recovery refrigerant inputted from the input unit
and that is stored in the storage unit.

6. The refrigerant recovery system according to claim
4 or 5, comprising:

a three-way valve disposed between the refrig-
erantcircuit and the refrigerant recovery device;
and

a three-way valve control unit configured to con-
trol the three-way valve, wherein

the three-way valve includes a first port, a sec-
ond port, and a third port,

the first port of the three-way valve is connected
to the refrigerant circuit, the second port of the
three-way valve is connected to the refrigerant
recovery device, and the third port of the three-
way valve is connected to the refeeding pipe,
in a case in which the control valve on the feed-
ing pipe is in a closed state, the three-way valve
control unit controls the three-way valve in such
a way as to cause the first port and the second
port of the three-way valve to be in a communi-
cating state, and

in a case in which the control valve on the feed-
ing pipe is in an open state, the three-way valve
control unit controls the three-way valve in such
a way as to cause the second port and the third
port of the three-way valve to be in a communi-
cating state.

The refrigerant recovery system according to claim
4 or 5, comprising:

a three-way valve disposed between the refrig-
erantcircuit and the refrigerant recovery device;
and

a three-way valve control unit configured to con-
trol the three-way valve; and

another pressure detector configured to detect
a pressure in the refrigerant circuit, wherein
the three-way valve includes a first port, a sec-
ond port, and a third port,

the first port of the three-way valve is connected
to the refrigerant circuit, the second port of the
three-way valve is connected to the refrigerant
recovery device, and the third port of the three-
way valve is connected to the refeeding pipe,
in a case in which the control valve on the feed-
ing pipe is in a closed state, the three-way valve
control unit controls the three-way valve in such
a way as to cause the first port and the second
port of the three-way valve to be in a communi-
cating state,

in a case in which the control valve on the feed-
ing pipe is in an open state and a detected pres-
sure from the other pressure detector is higher
than a predetermined pressure, the three-way
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valve control unit controls the three-way valve
in such a way as to cause the second port and
the third port of the three-way valve to be in a
communicating state, and

in a case in which the control valve on the feed-
ing pipe is in an open state and a detected pres-
sure from the other pressure detector is equal
to or less than the predetermined pressure, the
three-way valve control unit controls the three-
way valve in such a way as to cause the first
port and the third port of the three-way valve to
be in a communicating state.

A method for recovering refrigerant, air conditioning
refrigerant being recovered from a refrigerant circuit
of refrigerating and air conditioning equipment by the
method, the method comprising:

a generation step of generating compressed
and condensed refrigerant by compressing and
condensing the air conditioning refrigerant by
using a refrigerant recovery device;

a recovery step of recovering the compressed
and condensed refrigerant, generated by the re-
frigerant recovery device, into a recovery cylin-
der;

a separation step of separating, by using a gas
separation module, the air conditioning refriger-
ant from a gas component contained inside the
recovery cylinder into which the compressed
and condensed refrigerant is recovered; and

a refeeding step of refeeding the air conditioning
refrigerant, separated by the gas separation
module, to the refrigerant recovery device.
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