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(54) REFRIGERANT RECOVERY DEVICE

(57) A refrigerant-collecting apparatus (100) in-
cludes a first port (101), a second port (102), a refrigerant
channel (30), and an identifying unit (210). The first port
(101) is connected to target equipment (10) from which
a refrigerant is collected. The second port (102) is con-
nected to a container (110) in which the refrigerant col-
lected from the target equipment (10) is put. The refrig-
erant channel (30) connects the first port (101) and the
second port (102). The refrigerant channel (30) includes
at least an expansion mechanism (40), a compressor
(80), and a heat exchanger (90). The identifying unit (210)
identifies the type of the refrigerant that is being collected
from the target equipment (10). On the basis of a first
value and a second value, the identifying unit (210) iden-
tifies the type of the refrigerant that is being collected
from the target equipment (10). The first value relates to
a first refrigerant temperature, which is a refrigerant tem-
perature on the first-port-(101) side of the compressor
(80). The second value relates to a second refrigerant
temperature, which is a refrigerant temperature on the
second-port-(102) side of the compressor (80).
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a refrigerant-
collecting apparatus.

BACKGROUND ART

[0002] In some cases, refrigerant-collecting appara-
tuses have been used to collect a used refrigerant from
refrigeration apparatuses and the like. Further, as dis-
closed in PTL 1 (WO 2020/003509), management sys-
tems that manage information relating to the collected
refrigerant have been known. In the management system
described in PTL 1 describe above, a collection worker
who has performed refrigerant collection work transmits,
to a management apparatus, information relating to the
collected refrigerant. As disclosed in PTL 1 described
above, the information transmitted to the management
apparatus by the collection worker includes information
relating to the type of the collected refrigerant.

SUMMARY OF INVENTION

<Technical Problem>

[0003] It is conceivable that in a case where a collection
worker transmits, to a management apparatus, informa-
tion relating to the type of a collected refrigerant, the col-
lection worker identifies the type of the collected refrig-
erant. However, when the collection worker identifies the
type of the collected refrigerant, there is a possibility that
the collection worker makes a recognition mistake or a
recording mistake. In a case where due to the recognition
mistake or the recording mistake of the collection worker,
information that a refrigerant of a type different from the
original type has been collected is transmitted to the man-
agement apparatus, it becomes difficult to manage the
collected refrigerant.

<Solution to Problem>

[0004] A refrigerant-collecting apparatus according to
a first aspect includes a first port, a second port, a refrig-
erant channel, and an identifying unit. The first port is
connected to target equipment from which a refrigerant
is collected. The second port is connected to a container
in which the refrigerant collected from the target equip-
ment is put. The refrigerant channel connects the first
port and the second port. The refrigerant channel in-
cludes at least an expansion mechanism, a compressor,
and a heat exchanger. The identifying unit identifies the
type of the refrigerant that is being collected from the
target equipment. On the basis of a first value and a sec-
ond value, the identifying unit identifies the type of the
refrigerant that is being collected from the target equip-
ment. Alternatively, on the basis of the first value and a

third value, the identifying unit identifies the type of the
refrigerant that is being collected from the target equip-
ment. Alternatively, on the basis of the first value, the
second value, and the third value, the identifying unit
identifies the type of the refrigerant that is being collected
from the target equipment. The first value relates to a
first refrigerant temperature, which is a refrigerant tem-
perature on the first-port side of the compressor. The
second value relates to a second refrigerant temperature,
which is a refrigerant temperature on the second-port
side of the compressor. The third value is a value relating
to electric power consumed by the compressor.
[0005] Here, the identifying unit identifies the type of
the refrigerant that is being collected from the target
equipment. This configuration eliminates a possibility
that the collection worker makes a recognition mistake
or a recording mistake. Therefore, the refrigerant-collect-
ing apparatus according to the first aspect can identify
the type of the collected refrigerant without a mistake.
Since the type of the collected refrigerant is identified
without a mistake, it is easy to manage the collected re-
frigerant.
[0006] A refrigerant-collecting apparatus according to
a second aspect is the apparatus according to the first
aspect in which the first value may be an outside-air tem-
perature, a refrigerant temperature near the first port, or
a refrigerant temperature near a suction opening of the
compressor.
[0007] Here, the outside-air temperature, the refriger-
ant temperature near the first port, or the refrigerant tem-
perature near the suction opening of the compressor is
employed as the first value. The outside-air temperature,
the refrigerant temperature near the first port, and the
refrigerant temperature near the suction opening of the
compressor can be measured by relatively inexpensive
sensors. Therefore, the refrigerant-collecting apparatus
according to the second aspect can reduce the manu-
facturing cost of the refrigerant-collecting apparatus.
[0008] A refrigerant-collecting apparatus according to
a third aspect is the apparatus according to the first as-
pect or the second aspect in which the heat exchanger
may be a condenser that condenses the refrigerant. The
second value may be a refrigerant temperature near a
discharge opening of the compressor, or a refrigerant
temperature near the condenser.
[0009] Here, the refrigerant temperature near the dis-
charge opening of the compressor, or the refrigerant tem-
perature near the condenser is employed as the second
value. The refrigerant temperature near the discharge
opening of the compressor, and the refrigerant temper-
ature near the condenser can be measured by relatively
inexpensive sensors. Therefore, the refrigerant-collect-
ing apparatus according to the third aspect can reduce
the manufacturing cost of the refrigerant-collecting ap-
paratus.
[0010] A refrigerant-collecting apparatus according to
a fourth aspect is the apparatus according to any one of
the first aspect to the third aspect in which the third value
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may be a electric-current value of the compressor, or an
electric-power value of the compressor.
[0011] Here, the electric-current value of the compres-
sor, or the electric-power value of the compressor is em-
ployed as the third value. The electric-current value of
the compressor and the electric-power value of the com-
pressor can be measured by relatively inexpensive sen-
sors. Therefore, the refrigerant-collecting apparatus ac-
cording to the fourth aspect can reduce the manufactur-
ing cost of the refrigerant-collecting apparatus.
[0012] A refrigerant-collecting apparatus according to
a fifth aspect is the apparatus according to any one of
the first aspect to the fourth aspect that may further in-
clude a collected-amount-estimating unit. On the basis
of at least a time period during which the refrigerant is
being collected from the target equipment, the collected-
amount-estimating unit may estimate a collected amount
of the refrigerant collected from the target equipment.
[0013] Here, the collected-amount-estimating unit es-
timates the collected amount of the refrigerant. This con-
figuration estimates the collected amount of the collected
refrigerant, in addition to the type of the collected refrig-
erant. Therefore, the refrigerant-collecting apparatus ac-
cording to the fifth aspect makes it easier to manage the
collected refrigerant.
[0014] A refrigerant-collecting apparatus according to
a sixth aspect is the apparatus according to the fifth as-
pect that may further include a storage unit. The storage
unit may store the type of the refrigerant identified by the
identifying unit, and a collected amount of the refrigerant
estimated by the collected-amount-estimating unit that
are associated with each other.
[0015] In a case where a plurality of pieces of target
equipment exists at a site where refrigerants are collect-
ed, there is a possibility that due to a recognition mistake
or a recording mistake of the collection worker, the type
and collected amount of the refrigerant collected from
one piece of the target equipment are confused with the
type and collected amount of the refrigerant collected
from another piece of the target equipment. For example,
in a case where two pieces of target equipment exist at
a site where refrigerants are collected, there is a possi-
bility that due to a recognition mistake or a recording mis-
take, the collection worker confuses the type of the re-
frigerant collected from a first one of the target equipment
with the refrigerant collected from a second one of the
target equipment. Alternatively, there is a possibility that
due to a recognition mistake or a recording mistake, the
collection worker confuses the collected amount of the
refrigerant collected from a first one of the target equip-
ment with the collected amount of the refrigerant collect-
ed from a second one of the target equipment.
[0016] Here, the storage unit stores the type of the re-
frigerant, and a collected amount of the refrigerant that
are associated with each other. Therefore, the refriger-
ant-collecting apparatus according to the sixth aspect
makes it easier to manage the collected refrigerant.
[0017] A refrigerant-collecting apparatus according to

a seventh aspect is the apparatus according to the fifth
aspect or the sixth aspect in which on the basis of a liquid
collection state and a gas collection state of the refriger-
ant, the collected-amount-estimating unit may estimate
a collected-liquid amount and a collected-gas amount of
the refrigerant, respectively, to estimate a collected
amount of the refrigerant.
[0018] A refrigerant-collecting apparatus according to
an eighth aspect is the apparatus according to the sev-
enth aspect in which the collected-amount-estimating
unit may determine the liquid collection state on the basis
of a refrigerant temperature near the first port or a refrig-
erant temperature on the downstream side of the expan-
sion mechanism.
[0019] Here, the collected-amount-estimating unit de-
termines the liquid collection state on the basis of the
refrigerant temperature near the first port or the refriger-
ant temperature on the downstream side of the expan-
sion mechanism. The refrigerant temperature near the
first port and the refrigerant temperature on the down-
stream side of the expansion mechanism can be meas-
ured by relatively inexpensive sensors. Therefore, the
refrigerant-collecting apparatus according to the eighth
aspect can reduce the manufacturing cost of the refrig-
erant-collecting apparatus.
[0020] A refrigerant-collecting apparatus according to
a ninth aspect is the apparatus according to the eighth
aspect in which the collected-amount-estimating unit
may compute a suction saturation pressure using a first
corrected measured value obtained by correcting a re-
frigerant temperature near the first port. Alternatively, the
collected-amount-estimating unit may compute a suction
saturation pressure using a second corrected measured
value obtained by correcting a refrigerant temperature
on the downstream side of the expansion mechanism.
The collected-amount-estimating unit may compute a
discharge saturation pressure using a third corrected
measured value obtained by correcting a refrigerant tem-
perature near the heat exchanger.
[0021] Here, the collected-amount-estimating unit
computes the suction saturation pressure using the first
corrected measured value obtained by correcting the re-
frigerant temperature near the first port, or using the sec-
ond corrected measured value obtained by correcting
the refrigerant temperature on the downstream side of
the expansion mechanism. Therefore, the suction satu-
ration pressure can be calculated without the provision
of a relatively expensive sensor, such as a pressure sen-
sor.
[0022] Further, the collected-amount-estimating unit
computes the discharge saturation pressure using the
third corrected measured value obtained by correcting
the refrigerant temperature near the heat exchanger.
Therefore, the discharge saturation pressure can be cal-
culated without the provision of a relatively expensive
sensor, such as a pressure sensor. Therefore, the refrig-
erant-collecting apparatus according to the ninth aspect
can reduce the manufacturing cost of the refrigerant-col-
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lecting apparatus.
[0023] A refrigerant-collecting apparatus according to
a tenth aspect is the apparatus according to the ninth
aspect in which the collected-amount-estimating unit
may estimate the collected-liquid amount on the basis of
a compressor efficiency of the compressor, the third val-
ue, the suction saturation pressure, and the discharge
saturation pressure in a liquid collection operation for col-
lecting the refrigerant in a liquid state.
[0024] Here, the collected-amount-estimating unit es-
timates the collected-liquid amount on the basis of the
compressor efficiency of the compressor, the third value,
the suction saturation pressure, and the discharge satu-
ration pressure. The compressor efficiency can be cal-
culated from the type of the refrigerant and the first value.
The third value can be measured by a relatively inexpen-
sive sensor. The suction saturation pressure can be com-
puted using the first corrected measured value obtained
by correcting the refrigerant temperature near the first
port, or using the second corrected measured value ob-
tained by correcting the refrigerant temperature on the
downstream side of the expansion mechanism. The dis-
charge saturation pressure can be computed using the
third corrected measured value obtained by correcting
the refrigerant temperature near the heat exchanger.
Therefore, the refrigerant-collecting apparatus according
to the tenth aspect can reduce the manufacturing cost of
the refrigerant-collecting apparatus.
[0025] A refrigerant-collecting apparatus according to
an eleventh aspect is the apparatus according to any one
of the fifth aspect to the tenth aspect in which the collect-
ed-amount-estimating unit may estimate the collected-
gas amount on the basis of an operation time period in
a gas collection operation for collecting the refrigerant in
a gas state. Alternatively, the collected-amount-estimat-
ing unit may estimate the collected-gas amount on the
basis of the collected-liquid amount.
[0026] A refrigerant-collecting apparatus according to
a twelfth aspect is the apparatus according to the ninth
aspect that may further include an updating unit. On the
basis of a recorded value of a collected amount of the
refrigerant manually recorded by a collection worker who
performs collection work of the refrigerant using the re-
frigerant-collecting apparatus, the updating unit may up-
date at least one of a first correction value for calculating
the first corrected measured value, a second correction
value for calculating the second corrected measured val-
ue, a third correction value for calculating the third cor-
rected measured value, a compressor efficiency of the
compressor, and an estimation parameter for estimating
a collected amount of the refrigerant in a gas state.
[0027] Here, on the basis of the recorded value of the
collected amount of the refrigerant manually recorded by
the collection worker, the updating unit updates at least
one of the first correction value, the second correction
value, the third correction value, the compressor efficien-
cy, and the estimation parameter. Therefore, the refrig-
erant-collecting apparatus according to the twelfth as-

pect improves the precision of the first correction value,
the second correction value, the third correction value,
the compressor efficiency, and the estimation parameter.
[0028] A refrigerant-collecting apparatus according to
a thirteenth aspect is the apparatus according to any one
of the first aspect to the twelfth aspect in which the re-
frigerant channel may further include an impurity sepa-
rator. The separation scheme of the impurity separator
may be a gas-liquid separation scheme or an electrostat-
ic separation scheme.
[0029] A refrigerant-collecting apparatus according to
a fourteenth aspect is the apparatus according to any
one of the first aspect to the thirteenth aspect in which
the refrigerant collected from the target equipment may
be R32, R410A, R134a, or R404A.
[0030] A refrigerant-collecting apparatus according to
a fifteenth aspect includes a first port, a second port, a
refrigerant channel, a collected-amount-estimating unit,
and an output unit. The first port is connected to target
equipment from which a refrigerant is collected. The sec-
ond port is connected to a container in which the refrig-
erant collected from the target equipment is put. The re-
frigerant channel connects the first port and the second
port. The refrigerant channel includes at least an expan-
sion mechanism, a compressor, and a heat exchanger.
On the basis of a time period during which the refrigerant
is being collected from the target equipment, the collect-
ed-amount-estimating unit estimates a collected amount
of the refrigerant collected from the target equipment.
The output unit outputs a result estimated by the collect-
ed-amount-estimating unit.
[0031] Here, on the basis of a time period during which
the refrigerant is being collected from the target equip-
ment, the collected-amount-estimating unit estimates a
collected amount of the refrigerant collected from the tar-
get equipment. This configuration eliminates a possibility
that the collection worker makes a recognition mistake
or a recording mistake. Therefore, the refrigerant-collect-
ing apparatus according to the fifteenth aspect can iden-
tify the collected amount of the collected refrigerant with-
out a mistake. Since the collected amount of the collected
refrigerant is identified without a mistake, it is easy to
manage the collected refrigerant.

BRIEF DESCRIPTION OF DRAWINGS

[0032]

Fig. 1 is a schematic diagram showing the overall
configuration of a refrigerant-collecting apparatus.
Fig. 2 is a schematic diagram showing functional
blocks of a controller.
Fig. 3 is a graph showing the relationships between
the types of refrigerants, refrigerant temperatures
near a first port, and discharge temperatures.
Fig. 4 is a graph created on the basis of data obtained
from a test machine of the refrigerant-collecting ap-
paratus.
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Fig. 5 is a graph created on the basis of data obtained
from the test machine of the refrigerant-collecting
apparatus.
Fig. 6 is a graph showing the relationships between
the types of refrigerants, outside-air temperatures,
and discharge temperatures.
Fig. 7 is a graph showing the relationships between
the types of refrigerants, refrigerant temperatures
near the first port, and compressor electric-power.
Fig. 8 is a graph showing the relationships between
the types of refrigerants, outside-air temperatures,
and compressor electric-power.
Fig. 9 is a schematic diagram showing the overall
configuration of a refrigerant-collecting apparatus
according to a modification 1D.
Fig. 10 is a schematic diagram showing functional
blocks of a controller according to a second embod-
iment.

DESCRIPTION OF EMBODIMENTS

[0033] Hereinafter, embodiments of a refrigerant-col-
lecting apparatus according to the present disclosure will
be described with reference to the drawings as appropri-
ate. However, an unnecessarily detailed description may
be omitted. For example, a detailed description of an al-
ready well-known fact, and a redundant description of
substantially the same configurations may be omitted.
This is to avoid the following description from being un-
necessarily redundant to facilitate understanding by
those skilled in the art.

<First Embodiment>

(1) Overall Configuration

[0034] An outline of a refrigerant-collecting apparatus
100 according to the present embodiment will be de-
scribed with reference to Fig. 1. Fig. 1 is a diagram sche-
matically showing the configuration of the refrigerant-col-
lecting apparatus 100. The refrigerant-collecting appa-
ratus 100 is an apparatus that collects a refrigerant from
target equipment 10 installed in a building or the like, and
puts the collected refrigerant in a container 110. The tar-
get equipment 10 is, for example, an air-conditioning ap-
paratus. The refrigerant collected by the refrigerant-col-
lecting apparatus 100 is a fluorocarbon-based refriger-
ant, such as R32, R410A, R134a, or R404A.
[0035] As shown in Fig. 1, the refrigerant-collecting ap-
paratus 100 mainly includes a first port 101, a second
port 102, a refrigerant channel 30, and a controller 200.
As shown in Fig. 1, the refrigerant-collecting apparatus
100 also includes a first sensor 11, a second sensor 12,
a third sensor 13, a fourth sensor 14, and a fifth sensor 15.
[0036] As shown in Fig. 1, the first port 101 is connect-
ed to a first service port 10a of the target equipment 10
(air-conditioning apparatus) via a first hose 21. Further,
as shown in Fig. 1, the second port 102 is connected to

a second service port 110a of the container 110 via a
second hose 22.
[0037] As shown in Fig. 1, the refrigerant channel 30
includes at least an expansion mechanism 40, a com-
pressor 80, and a first heat exchanger 90 (corresponding
to a heat exchanger described in the claims). Further, as
shown in Fig. 1, the refrigerant channel 30 connects the
first port 101 and the second port 102. In the present
embodiment, when the refrigerant-collecting apparatus
100 starts operation, the refrigerant contained in the tar-
get equipment 10 flows through the first service port 10a,
the first hose 21, the first port 101, the refrigerant channel
30, the second port 102, the second hose 22, the second
service port 110a, and the container 110 in this order.
[0038] As shown in Fig. 1, the refrigerant-collecting ap-
paratus 100 incorporates the controller 200. The control-
ler 200 functions as an identifying unit 210 and a collect-
ed-amount-estimating unit 220, and the details will be
described later. On the basis of the contents measured
by the first sensor 11, the second sensor 12, the third
sensor 13, the fourth sensor 14, and the fifth sensor 15,
the controller 200 can calculate the type of the refrigerant
that is being collected, and a collected amount of the
refrigerant that is being collected.

(2) Detailed Configuration of Refrigerant Channel

[0039] Hereinafter, the configuration of the refrigerant
channel 30 will be described in detail.
[0040] The refrigerant collected from the target equip-
ment 10 and sent to the container 110 flows through the
refrigerant channel 30. The refrigerant channel 30 in-
cludes at least the expansion mechanism 40, the com-
pressor 80, and the first heat exchanger 90. In addition,
here, the refrigerant channel 30 includes, as an additional
configuration, a second heat exchanger 50, an impurity
separator 60, and a dryer 70 (see Fig. 1). Further, the
refrigerant channel 30 includes, as connection pipes, a
first pipe 31, a second pipe 32, a third pipe 33, a fourth
pipe 34, a fifth pipe 35, a sixth pipe 36, a suction pipe
811, and a discharge pipe 822 (see Fig. 1).

(2-1) Expansion Mechanism

[0041] The expansion mechanism 40 adjusts the pres-
sure and flow rate of the refrigerant. The expansion
mechanism 40 is, for example, a capillary tube. However,
the expansion mechanism 40 is not limited to the capillary
tube, and, for example, a mechanism generally used as
an expansion mechanism in the refrigerant-collecting ap-
paratus 100 may be appropriately selected.
[0042] In the refrigerant channel 30, the refrigerant that
has flowed from the first pipe 31 to the expansion mech-
anism 40 and has a pressure reduced by the expansion
mechanism 40 flows to the second pipe 32. The refrig-
erant that has flowed to the second pipe 32 flows to the
second heat exchanger 50.
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(2-2) Second Heat Exchanger

[0043] The second heat exchanger 50 is, for example,
a heat exchanger having a double-pipe structure. The
second heat exchanger 50 performs heat exchange be-
tween the refrigerant flowing from the second pipe 32 to
the second heat exchanger 50, and the refrigerant flow-
ing from the discharge pipe 822 to the second heat ex-
changer 50. The refrigerant flowing from the second pipe
32 to the second heat exchanger 50 performs heat ex-
change with the refrigerant flowing from the discharge
pipe 822 to the second heat exchanger 50, and thus
evaporates.
[0044] In the refrigerant channel 30, the refrigerant that
has evaporated in the second heat exchanger 50 flows
to the third pipe 33. The refrigerant that has flowed to the
third pipe 33 flows to the impurity separator 60.
[0045] Note that, for example, the second heat ex-
changer 50 may be a heat exchanger that performs heat
exchange between the refrigerant and air. The details
will be described later in a modification 1D.

(2-3) Impurity Separator

[0046] The impurity separator 60 separates, from the
refrigerant, impurities (refrigerating-machine oil, dust,
and the like) contained in the refrigerant. The impurity
separator 60 separates impurities from the refrigerant by,
for example, a gas-liquid separation scheme, but is not
limited to the gas-liquid separation scheme. However,
for example, the impurity separator 60 may separate,
from the refrigerant, impurities contained in the refriger-
ant by an electrostatic separation scheme. In this case,
the impurity separator 60 includes an electrostatic pre-
cipitator for removing electrically-charged impurities.
[0047] In the refrigerant channel 30, the refrigerant
from which impurities have been separated by the impu-
rity separator 60 flows to the fourth pipe 34. The refrig-
erant that has flowed to the fourth pipe 34 flows to the
dryer 70.

(2-4) Dryer

[0048] The dryer 70 removes, from the refrigerant,
moisture contained in the refrigerant. The dryer 70 in-
cludes, for example, a tubular casing filled with a moisture
adsorbent, such as alumina or silica gel.
[0049] In the refrigerant channel 30, the refrigerant
from which moisture has been removed by the dryer 70
flows to the suction pipe 811. The refrigerant that has
flowed to the suction pipe 811 is sucked into the com-
pressor 80.

(2-5) Compressor

[0050] The compressor 80 sucks the refrigerant flow-
ing through the suction pipe 811, compresses the sucked
refrigerant with a compression mechanism (not shown),

and discharges the compressed refrigerant to the dis-
charge pipe 822. The compressor 80 has a suction open-
ing 81 connected to the suction pipe 811. The compres-
sor 80 also has a discharge opening 82 connected to the
discharge pipe 822. The refrigerant-collecting apparatus
100 collects the refrigerant from the target equipment 10
by the suction force of the compressor 80.
[0051] In the refrigerant channel 30, the refrigerant
compressed by the compressor 80 is discharged to the
discharge pipe 822 via the discharge opening 82. The
refrigerant discharged to the discharge pipe 822 flows to
the first heat exchanger 90 via the second heat exchang-
er 50 and the fifth pipe 35.

(2-6) First Heat Exchanger 90

[0052] The first heat exchanger 90 is a heat exchanger
that functions as a refrigerant condenser. The first heat
exchanger 90 performs heat exchange between the re-
frigerant flowing from the discharge pipe 822 to the first
heat exchanger 90, and air sent from a fan 95 arranged
near the first heat exchanger 90. In the first heat exchang-
er 90, the refrigerant flowing from the discharge pipe 822
to the first heat exchanger 90 performs heat exchange
with the air, and thus condenses.
[0053] In the refrigerant channel 30, the refrigerant that
has condensed in the first heat exchanger 90 flows to
the sixth pipe 36. The refrigerant that has flowed to the
sixth pipe 36 flows to the container 110 via the second
port 102, the second hose 22, and the second service
port 110a.

(3) Detailed Configurations of Sensors

[0054] Hereinafter, the sensors included in the refrig-
erant-collecting apparatus 100 will be described in detail.
[0055] As shown in Fig. 1, the refrigerant-collecting ap-
paratus 100 includes the first sensor 11, the second sen-
sor 12, the third sensor 13, the fourth sensor 14, and the
fifth sensor 15. Each of the sensors 11, 12, 13, 14, and
15 is electrically connected to the controller 200. Values
measured by each of the sensors 11, 12, 13, 14, and 15
are appropriately transmitted to the controller 200.

(3-1) First Sensor

[0056] The first sensor 11 is a sensor that measures a
value relating to a first refrigerant temperature, which is
a refrigerant temperature on the first-port-101 side. Here-
inafter, the "value relating to a first refrigerant tempera-
ture, which is a refrigerant temperature on the first-port-
101 side" may be referred to as a "first value". The first
value is, for example, a temperature near the first port
101. As shown in Fig. 1, the first sensor 11 is attached
to, for example, the first pipe 31. Here, the first sensor
11 is a thermistor.
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(3-2) Second Sensor

[0057] The second sensor 12 is a sensor that meas-
ures a value relating to a second refrigerant temperature,
which is a refrigerant temperature on the second-port-
102 side of the compressor 80. Hereinafter, the "value
relating to a second refrigerant temperature, which is a
refrigerant temperature on the second-port side of the
compressor 80" may be referred to as a "second value".
The second value is, for example, a refrigerant temper-
ature near the discharge opening 82 of the compressor
80. As shown in Fig. 1, the second sensor 12 is attached
to, for example, the discharge pipe 822. Here, the second
sensor 12 is a thermistor.

(3-3) Third Sensor

[0058] The third sensor 13 is a sensor that measures
a value relating to electric power consumed by the com-
pressor 80. Hereinafter, the "value relating to electric
power consumed by the compressor 80" may be referred
to as a "third value". The "third value" is, for example, an
electric-power value of the compressor 80. As shown in
Fig. 1, the third sensor 13 is attached to, for example,
the compressor 80. Here, the third sensor 13 is a watt-
meter.

(3-4) Fourth Sensor

[0059] The fourth sensor 14 is a sensor that measures
the refrigerant temperature on the inlet side of the first
heat exchanger 90 (condenser). Hereinafter, the "refrig-
erant temperature on the inlet side of the first heat ex-
changer 90" may be referred to as a "fourth value". As
shown in Fig. 1, the fourth sensor 14 is attached to, for
example, the fifth pipe 35. Here, the fourth sensor 14 is
a thermistor.

(3-5) Fifth Sensor

[0060] The fifth sensor 15 is a sensor that measures
the suction temperature of the compressor 80. Hereinaf-
ter, the "suction temperature of the compressor 80" may
be referred to as a "fifth value". As shown in Fig. 1, the
fifth sensor 15 is attached to, for example, the suction
pipe 811. Here, the fifth sensor 15 is a thermistor.
[0061] (3-6)
As described in (3-1) to (3-5) above, in the refrigerant-
collecting apparatus 100 according to the present em-
bodiment, expensive sensors, such as a pressure sen-
sor, a flowmeter, a non-contact sensor, and a thermo-
graphic camera, are not employed as the sensors. There-
fore, in the present embodiment, the manufacturing cost
of the refrigerant-collecting apparatus 100 is reduced.

(4) Detailed Configuration of Controller

[0062] Hereinafter, the configuration of the controller

200 will be described in detail.
[0063] The controller 200 is electrically connected to
each unit of the refrigerant-collecting apparatus 100 in
such a manner that control signals, information, and the
like can be transmitted and received. The controller 200
is implemented by a computer. The controller 200 in-
cludes a control arithmetic device and a storage device.
As the control arithmetic device, a processor, such as a
central processing unit (CPU) or a graphics processing
unit (GPU), can be used. The control arithmetic device
reads programs stored in the storage device, and per-
forms predetermined arithmetic processing according to
the programs. In addition, according to the programs, the
control arithmetic device can write an arithmetic result
into the storage device, and can read information stored
in the storage device. Fig. 2 shows various functional
blocks implemented by the control arithmetic device. As
shown in Fig. 2, the controller 200 has functions as the
identifying unit 210, the collected-amount-estimating unit
220, and an updating unit 230. Further, a storage unit
300 of the controller 200 can be used as a database.

(4-1) Storage Unit

[0064] The storage unit 300 includes the storage de-
vice, such as a read-only memory (ROM) and a random-
access memory (RAM), of the controller 200. The storage
unit 300 stores a program for controlling the workings of
the refrigerant-collecting apparatus 100, a communica-
tion protocol used when the refrigerant-collecting appa-
ratus 100 communicates with other equipment, and the
like. The storage unit 300 also stores various data ob-
tained by the inventor of the present application operating
a test machine of the refrigerant-collecting apparatus 100
(which may be hereinafter simply referred to as the "test
machine").
[0065] (4-1-1)
For example, the storage unit 300 stores some data cor-
responding to the information shown in the graph of Fig.
3. The graph of Fig. 3 is created on the basis of various
data obtained by making the test machine collect various
types of refrigerants. More specifically, for each type of
refrigerant, the level of the refrigerant temperature near
the first port at the time when the test machine collects
the refrigerant, and the level of the refrigerant tempera-
ture near the discharge opening of the compressor at the
time when the test machine collects the refrigerant are
measured to obtain some data. On the basis of the data,
the graph of Fig. 3 is created. The horizontal axis of the
graph of Fig. 3 indicates the level of the refrigerant tem-
perature near the first port (described as "FIRST-PORT
TEMPERATURE °C in Fig. 3"). The vertical axis of the
graph of Fig. 3 indicates the level of the refrigerant tem-
perature near the discharge opening of the compressor
(described as "DISCHARGE TEMPERATURE °C in Fig.
3").
[0066] As shown in the graph of Fig. 3, the level of the
refrigerant temperature near the first port, and the level
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of the refrigerant temperature near the discharge opening
of the compressor vary according to the type of the re-
frigerant. From this fact, the inventor of the present ap-
plication has found that if the refrigerant temperature near
the first port and the refrigerant temperature near the
discharge opening are measured, the type of the refrig-
erant flowing through the refrigerant-collecting apparatus
can be identified. More specifically, the inventor of the
present application has found that if a value relating to a
first refrigerant temperature, which is the refrigerant tem-
perature on the first-port side of the compressor, and a
value relating to a second refrigerant temperature, which
is the refrigerant temperature on the second-port side of
the compressor are measured, the type of the refrigerant
flowing through the refrigerant-collecting apparatus can
be identified.
[0067] Note that for convenience of explanation, Fig.
3 is a graph showing the data obtained by making the
test machine collect R410A, R32, and R134a. However,
the data stored in the storage unit 300 is not limited to
the data relating to R410A, R32, and R134a. For exam-
ple, the storage unit 300 may store some data obtained
by making the test machine collect R404A. In addition,
for example, the storage unit 300 may store some data
obtained by making the test machine collect various
types of refrigerants.
[0068] (4-1-2)
Further, for example, the storage unit 300 stores some
data corresponding to the information shown in the graph
of Fig. 4. For the test machine that has started a refrig-
erant collection operation, the refrigerant temperature
near the first port, the refrigerant temperature on the
downstream side of the expansion mechanism, the sat-
uration temperature of the refrigerant flowing through the
suction side of the compressor (which may be hereinafter
referred to as the "suction saturation temperature"), and
the pressure of the refrigerant flowing through the suction
side of the compressor are measured to obtain some
data. On the basis of the data, the graph of Fig. 4 is
created. The horizontal axis of the graph of Fig. 4 indi-
cates the time period that has elapsed from the start of
the operation of the test machine. The vertical axis on
the left side of the graph of Fig. 4 indicates the level of
the refrigerant temperature. The vertical axis on the right
side of the graph of Fig. 4 indicates the level of the pres-
sure of the refrigerant. Here, the inventor of the present
application has confirmed that the refrigerant is in a liquid
state during a time slot indicated from a point A to a point
B of the graph of Fig. 4. The inventor of the present ap-
plication also has confirmed that the refrigerant is in a
gas state during a time slot indicated from the point B to
a point C of the graph of Fig. 4.
[0069] As shown in the graph of Fig. 4, the refrigerant
temperature in a liquid state is generally stable, and the
refrigerant temperature in a gas state is unstable. From
this fact, the inventor of the present application has found
that it is possible to easily determine whether a currently
collected refrigerant is a refrigerant in a liquid state or a

refrigerant in a gas state by measuring the refrigerant
temperature of the refrigerant that is being collected by
the refrigerant-collecting apparatus (for example, the re-
frigerant temperature near the first port).
[0070] Further, as shown in the graph of Fig. 4, during
the time slot indicated from the point A to the point B (time
slot during which the refrigerant is in a liquid state), the
behavior of the refrigerant temperature near the first port
(see the dashed double-dotted line of Fig. 4), and the
behavior of the suction saturation temperature (see the
solid line of Fig. 4) are very similar. From this fact, the
inventor of the present application has found that a value
corresponding to the suction saturation temperature can
be calculated by correcting the refrigerant temperature
near the first port with a predetermined correction value.
Hereinafter, the "value corresponding to the suction sat-
uration temperature" may be referred to as the "first cor-
rected measured value". Further, hereinafter, the "pre-
determined correction value" for calculating the first cor-
rected measured value may be referred to as the "first
correction value".
[0071] (4-1-3)
Further, for example, the storage unit 300 stores some
data corresponding to the information shown in the graph
of Fig. 5. For the test machine that has started a refrig-
erant collection operation, the refrigerant temperature on
the inlet side of the condenser, the saturation tempera-
ture of the refrigerant flowing through the discharge side
of the compressor (which may be hereinafter referred to
as the "discharge saturation temperature"), and the pres-
sure of the refrigerant flowing through the discharge side
of the compressor are measured to obtain some data.
On the basis of the data, the graph of Fig. 5 is created.
The horizontal axis of the graph of Fig. 5 indicates the
time period that has elapsed from the start of the opera-
tion of the test machine. The vertical axis on the left side
of the graph of Fig. 5 indicates the level of the refrigerant
temperature. The vertical axis on the right side of the
graph of Fig. 5 indicates the level of the pressure of the
refrigerant. Note that the inventor of the present applica-
tion has confirmed that the refrigerant is in a liquid state
during a time slot indicated from a point A to a point B of
the graph of Fig. 5. The inventor of the present application
also has confirmed that the refrigerant is in a gas state
during a time slot indicated from the point B to a point C
of the graph of Fig. 5.
[0072] As shown in the graph of Fig. 5, during the time
slot indicated from the point A to the point B (time slot
during which the refrigerant is in a liquid state), the be-
havior of the refrigerant temperature on the inlet side of
the condenser (see the dashed double-dotted line of Fig.
5), and the behavior of the discharge saturation temper-
ature (see the solid line of Fig. 5) are very similar. From
this fact, the inventor of the present application has found
that a value corresponding to the discharge saturation
temperature can be calculated by correcting the refrig-
erant temperature on the inlet side of the condenser with
a predetermined correction value. Hereinafter, the "value
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corresponding to the discharge saturation temperature"
may be referred to as the "third corrected measured val-
ue". Further, hereinafter, the "predetermined correction
value" for calculating the third corrected measured value
may be referred to as the "third correction value".

(4-2) Identifying Unit

[0073] The identifying unit 210 identifies the type of
refrigerant flowing through the refrigerant channel 30.
The identifying unit 210 identifies the type of the refrig-
erant on the basis of a first value measured by the first
sensor 11, a second value measured by the second sen-
sor 12, and various data stored in the storage unit 300.
[0074] For example, suppose a situation where as a
result of the measurement by the first sensor 11 and the
second sensor 12, it has been determined that the first
value (here, the temperature near the first port 101) is
6°C, and the second value (here, the refrigerant temper-
ature near the discharge opening 82 of the compressor
80) is 41°C. In this case, the identifying unit 210 refers
to the data stored in the storage unit 300 (data corre-
sponding to the information shown in the graph of Fig.
3), and thus identifies the type of the refrigerant as R134a.
[0075] Alternatively, for example, suppose a situation
where as a result of the measurement by the first sensor
11 and the second sensor 12, it has been determined
that the first value is 21°C and the second value is 95°C.
In this case, the identifying unit 210 refers to the data
stored in the storage unit 300 (data corresponding to the
information shown in the graph of Fig. 3), and thus iden-
tifies the type of the refrigerant as R410A.
[0076] As described above, in the refrigerant-collecting
apparatus 100 according to the present embodiment, the
identifying unit 210 identifies the type of the refrigerant
collected by the refrigerant-collecting apparatus 100.
This configuration eliminates a possibility that the collec-
tion worker makes a recognition mistake or a recording
mistake when the type of the collected refrigerant is iden-
tified. Therefore, the type of the refrigerant collected by
the refrigerant-collecting apparatus 100 can be identified
without a mistake. Since the type of the refrigerant col-
lected by the refrigerant-collecting apparatus 100 is iden-
tified without a mistake, it is easy to manage the refrig-
erant collected by the refrigerant-collecting apparatus
100.
[0077] Further, in the refrigerant-collecting apparatus
100 according to the present embodiment, the type of
the collected refrigerant is identified on the basis of a
value measured by the first sensor 11 and a value meas-
ured by the second sensor 12. In the present embodi-
ment, the first sensor 11 and the second sensor 12 are
thermistors. As described above, the refrigerant-collect-
ing apparatus 100 according to the present embodiment
can identify the type of the refrigerant with a relatively
inexpensive configuration.

(4-3) Collected-Amount-Estimating Unit

[0078] The collected-amount-estimating unit 220 esti-
mates a collected amount of the refrigerant collected from
the target equipment 10 by the refrigerant-collecting ap-
paratus 100. The collection of the refrigerant by the re-
frigerant-collecting apparatus 100 includes a liquid col-
lection state, which is a state in which the refrigerant in
a liquid state is collected, and a gas collection state, which
is a state in which the refrigerant in a gas state is collect-
ed. The collected-amount-estimating unit 220 totals a col-
lected amount of the refrigerant in the liquid collection
state (which may be hereinafter referred to as the col-
lected-liquid amount), and the collected amount of the
refrigerant in the gas collection state (which may be here-
inafter referred to as the collected-gas amount) to esti-
mate a collected amount of the refrigerant collected by
the refrigerant-collecting apparatus 100. Hereinafter, the
estimation of the collected-liquid amount and the estima-
tion of the collected-gas amount by the collected-amount-
estimating unit 220 will be each described in order.

(4-3-1) Estimation of Collected-Liquid Amount

[0079] Before the collected-amount-estimating unit
220 starts estimation of a collected-liquid amount, the
collected-amount-estimating unit 220 refers to a first val-
ue measured by the first sensor 11. As described above,
the first value measured by the first sensor 11 is referred
to determine whether a currently collected refrigerant is
a liquid refrigerant or a gas refrigerant. The collected-
amount-estimating unit 220 that has referred to the first
value, and thus confirmed that the state of the currently
collected refrigerant is a liquid state determines that the
current operation is in the liquid collection state. The col-
lected-amount-estimating unit 220 that has determined
that the current operation is in the liquid collection state
starts estimation of a collected-liquid amount.
[0080] The collected-liquid amount can be estimated
by integrating the flow rate of the refrigerant in a liquid
state flowing through the refrigerant channel 30 over the
operation time period in the liquid collection state. Note
that the operation time period in the liquid collection state
can be measured by a timer or the like (not shown).
[0081] Here, in a case where the flow rate of the refrig-
erant in a liquid state flowing through the refrigerant chan-
nel 30 is G, the electric-power value of the compressor
80 is W, the compressor efficiency of the compressor 80
is η, and the enthalpy difference obtained by subtracting
the enthalpy on the suction side of the compressor 80
from the enthalpy on the discharge side of the compres-
sor 80 is ΔH_comp, the flow rate G of the refrigerant in
a liquid state flowing through the refrigerant channel 30
can be derived from the following Expression 1. 
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[0082] The electric-power value W is measured as a
third value by the third sensor 13. Therefore, when the
collected-amount-estimating unit 220 estimates a col-
lected-liquid amount, the collected-amount-estimating
unit 220 communicates with the third sensor 13 to refer
to a third value.
[0083] The compressor efficiency η can be calculated
from the type of the refrigerant identified by the identifying
unit 210, and a first value. Therefore, when the collected-
amount-estimating unit 220 estimates a collected-liquid
amount, the collected-amount-estimating unit 220 com-
municates with the identifying unit 210 and the first sensor
11 to refer to the type of the refrigerant and a first value.
[0084] The enthalpy difference ΔH_comp will be de-
scribed in detail below.
[0085] As described above, the enthalpy difference
ΔH_comp can be obtained by subtracting the enthalpy
on the suction side of the compressor 80 from the en-
thalpy on the discharge side of the compressor 80.
[0086] The enthalpy on the discharge side of the com-
pressor 80 can be obtained from the refrigerant temper-
ature near the discharge opening 82 of the compressor
80 and a discharge saturation pressure. The refrigerant
temperature near the discharge opening 82 of the com-
pressor 80 is measured as a second value by the second
sensor 12. The discharge saturation pressure can be cal-
culated from the type of the refrigerant flowing through
the refrigerant channel 30 and the discharge saturation
temperature. The type of the refrigerant flowing through
the refrigerant channel 30 is identified by the identifying
unit 210. A value corresponding to the discharge satura-
tion temperature (third corrected measured value) can
be calculated by correcting the refrigerant temperature
on the inlet side of the condenser with the third correction
value. The refrigerant temperature on the inlet side of the
condenser is measured as a fourth value by the fourth
sensor 14.
[0087] Therefore, when the collected-amount-estimat-
ing unit 220 estimates a collected-liquid amount, the col-
lected-amount-estimating unit 220 communicates with
the second sensor 12, the fourth sensor 14, and the iden-
tifying unit 210 to refer to the second value, the fourth
value, and the type of the refrigerant. The collected-
amount-estimating unit 220 that has referred to the fourth
value corrects the fourth value with the third correction
value to calculate a third corrected measured value. The
collected-amount-estimating unit 220 that has calculated
the third corrected measured value computes a dis-
charge saturation pressure on the basis of the third cor-
rected measured value and the type of the refrigerant
identified by the identifying unit 210. The collected-
amount-estimating unit 220 that has calculated the dis-
charge saturation pressure calculates the enthalpy on
the discharge side of the compressor 80 on the basis of
the discharge saturation pressure and the second value
(the refrigerant temperature near the discharge opening
82 of the compressor 80).
[0088] Similarly, the enthalpy on the suction side of the

compressor 80 can be obtained from the suction temper-
ature of the compressor 80 and a suction saturation pres-
sure. The suction temperature of the compressor 80 is
measured as a fifth value by the fifth sensor 15. The suc-
tion saturation pressure can be calculated from the type
of the refrigerant flowing through the refrigerant channel
30, and the suction saturation temperature. The type of
the refrigerant flowing through the refrigerant channel 30
is identified by the identifying unit 210. A value corre-
sponding to the suction saturation temperature (first cor-
rected measured value) can be calculated by correcting
the refrigerant temperature near the first port 101 with
the first correction value. The refrigerant temperature
near the first port 101 is measured as a first value by the
first sensor 11.
[0089] Therefore, when the collected-amount-estimat-
ing unit 220 estimates a collected-liquid amount, the col-
lected-amount-estimating unit 220 communicates with
the first sensor 11, the fifth sensor 15, and the identifying
unit 210 to refer to the first value, the fifth value, and the
type of the refrigerant. The collected-amount-estimating
unit 220 that has referred to the first value corrects the
first value with the first correction value to calculate a first
corrected measured value. The collected-amount-esti-
mating unit 220 that has calculated the first corrected
measured value computes a suction saturation pressure
on the basis of the first corrected measured value and
the type of the refrigerant identified by the identifying unit
210. The collected-amount-estimating unit 220 that has
calculated the suction saturation pressure calculates the
enthalpy on the suction side of the compressor 80 on the
basis of the suction saturation pressure and the fifth value
(the suction temperature of the compressor 80).
[0090] The collected-amount-estimating unit 220 that
has calculated the enthalpy on the discharge side of the
compressor 80 and the enthalpy on the suction side of
the compressor 80 subtracts the enthalpy on the suction
side of the compressor 80 from the enthalpy on the dis-
charge side of the compressor 80 to calculate ΔH_comp.
[0091] In this way, the collected-amount-estimating
unit 220 that has referred to or calculated each of the
electric-power value W, the compressor efficiency η, and
ΔH_comp computes Expression 1 described above to
calculate the flow rate G of the refrigerant in a liquid state
flowing through the refrigerant channel 30. Then the col-
lected-amount-estimating unit 220 integrates the flow
rate G of the refrigerant in a liquid state over the operation
time period in the liquid collection state measured by the
timer or the like (not shown) to estimate a collected-liquid
amount.

(4-3-2) Estimation of Collected-Gas Amount

[0092] Before the collected-amount-estimating unit
220 starts estimation of a collected-gas amount, the col-
lected-amount-estimating unit 220 refers to a first value
measured by the first sensor 11. As described above,
the first value measured by the first sensor 11 is referred
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to determine whether a currently collected refrigerant is
a liquid refrigerant or a gas refrigerant. The collected-
amount-estimating unit 220 that has referred to the first
value, and thus confirmed that the state of the currently
collected refrigerant is a gas state determines that the
current operation is in the gas collection state. The col-
lected-amount-estimating unit 220 that has determined
that the current operation is in the gas collection state
starts estimation of a collected-gas amount.
[0093] As a result of various studies, the inventor of
the present application has found that the collected-gas
amount can be calculated by multiplying a collected-liq-
uid amount by a predetermined estimation parameter.
Here, the predetermined estimation parameter for esti-
mating a collected amount of the refrigerant in a gas state
is 10%. Therefore, the collected-amount-estimating unit
220 multiplies a collected-liquid amount estimated in
(4-3-1) described above by 1/10 to estimate a collected-
gas amount. Note that the estimation parameter is stored
in a predetermined storage area of the storage unit 300.

(4-3-3) Estimation of Collected-Refrigerant Amount

[0094] The collected-amount-estimating unit 220 that
has estimated a collected-liquid amount of the refrigerant
and a collected-gas amount of the refrigerant totals the
collected-liquid amount and the collected-gas amount.
The collected-amount-estimating unit 220 estimates, as
a collected amount of the refrigerant, a numerical value
calculated by totaling the collected-liquid amount and the
collected-gas amount.
[0095] As described above, in the refrigerant-collecting
apparatus 100 according to the present embodiment, the
collected-amount-estimating unit 220 estimates a col-
lected amount of the refrigerant collected by the refrig-
erant-collecting apparatus 100. This configuration esti-
mates a collected amount of the refrigerant collected by
the refrigerant-collecting apparatus 100, in addition to
the type of the refrigerant collected by the refrigerant-
collecting apparatus 100. Therefore, the refrigerant-col-
lecting apparatus 100 according to the present embodi-
ment makes it easier to manage the refrigerant collected
by the refrigerant-collecting apparatus 100.
[0096] Further, in the refrigerant-collecting apparatus
100 according to the present embodiment, a collected
amount of the collected refrigerant is identified on the
basis of values measured by the first sensor 11, the sec-
ond sensor 12, the third sensor 13, the fourth sensor 14,
and the fifth sensor 15. In the present embodiment, the
first sensor 11, the second sensor 12, the fourth sensor
14, and the fifth sensor 15 are thermistors. Further, the
third sensor 13 is a wattmeter. As described above, the
refrigerant-collecting apparatus 100 according to the
present embodiment can identify a collected amount of
the refrigerant with a relatively inexpensive configuration.
Therefore, in the present embodiment, the manufactur-
ing cost of the refrigerant-collecting apparatus 100 is re-
duced.

[0097] Note that the type of the refrigerant identified
by the identifying unit 210 and the collected amount of
the refrigerant estimated by the collected-amount-esti-
mating unit 220 are stored in the storage unit 300. At this
time, the storage unit 300 stores the type of the refriger-
ant, and the collected amount of the refrigerant that are
associated with each other. This configuration makes it
easier to manage the refrigerant collected by the refrig-
erant-collecting apparatus 100.
[0098] Further, for example, the type of the refrigerant
and the collected amount of the refrigerant stored in the
storage unit 300 may be transmitted to a management
apparatus, a server, or the like (not shown) through a
communication network (not shown).
[0099] Further, for example, the controller 200 may
have a function for calculating, from the type of the re-
frigerant and the collected amount of the refrigerant that
are associated with each other and stored in the storage
unit 300, the CO2 amount of the collected-refrigerant
amount.
[0100] The CO2 amount of the collected-refrigerant
amount can be calculated by multiplying the collected
amount of the refrigerant by the global warming potential
(GWP) of the type of the refrigerant. Therefore, for ex-
ample, after the refrigerant collection work ends, the con-
troller 200 may multiply the collected amount of the re-
frigerant by the global warming potential (GWP) of the
type of the refrigerant to calculate the CO2 amount of the
collected-refrigerant amount. Note that in a case where
the controller 200 has a function for calculating the CO2
amount of the collected-refrigerant amount, the storage
unit 300 stores the global warming potential (GWP) for
each type of refrigerant.

(5) Features

[0101] (5-1)
The refrigerant-collecting apparatus 100 according to the
present embodiment includes the first port 101, the sec-
ond port 102, the refrigerant channel 30, and the identi-
fying unit 210. The first port 101 is connected to the target
equipment 10 from which a refrigerant is collected. The
second port 102 is connected to the container 110 in
which the refrigerant collected from the target equipment
10 is put. The refrigerant channel 30 connects the first
port 101 and the second port 102. The refrigerant channel
30 includes at least the expansion mechanism 40, the
compressor 80, and the heat exchanger 90. The identi-
fying unit 210 identifies the type of the refrigerant that is
being collected from the target equipment 10. On the
basis of the first value and the second value, the identi-
fying unit 210 identifies the type of the refrigerant that is
being collected from the target equipment 10. The first
value relates to a first refrigerant temperature, which is
the refrigerant temperature on the first-port-101 side of
the compressor 80. The second value relates to a second
refrigerant temperature, which is the refrigerant temper-
ature on the second-port-102 side of the compressor 80.
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[0102] In the present embodiment, the identifying unit
210 identifies the type of the refrigerant that is being col-
lected from the target equipment 10. This configuration
eliminates a possibility that the collection worker makes
a recognition mistake or a recording mistake. Therefore,
the refrigerant-collecting apparatus 100 according to the
present embodiment can identify the type of the collected
refrigerant without a mistake. Since the type of the col-
lected refrigerant is identified without a mistake, it is easy
to manage the collected refrigerant.
[0103] (5-2)
In the refrigerant-collecting apparatus 100 according to
the present embodiment, the first value is the refrigerant
temperature near the first port 101.
[0104] Here, the refrigerant temperature near the first
port 101 is employed as the first value. The refrigerant
temperature near the first port 101 can be measured by
a relatively inexpensive sensor. Therefore, the refriger-
ant-collecting apparatus 100 according to the present
embodiment can reduce the manufacturing cost of the
refrigerant-collecting apparatus 100.
[0105] (5-3)
In the refrigerant-collecting apparatus 100 according to
the present embodiment, the heat exchanger 90 is a con-
denser that condenses the refrigerant. The second value
is the refrigerant temperature near the discharge opening
82 of the compressor 80.
[0106] Here, the refrigerant temperature near the dis-
charge opening 82 of the compressor 80 is employed as
the second value. The refrigerant temperature near the
discharge opening 82 of the compressor 80 can be meas-
ured by a relatively inexpensive sensor. Therefore, the
refrigerant-collecting apparatus 100 according to the
present embodiment can reduce the manufacturing cost
of the refrigerant-collecting apparatus 100.
[0107] (5-4)
In the refrigerant-collecting apparatus 100 according to
the present embodiment, the third value is an electric-
power value of the compressor 80.
[0108] Here, the electric-power value of the compres-
sor 80 is employed as the third value. The electric-power
value of the compressor 80 can be measured by a rela-
tively inexpensive sensor. Therefore, the refrigerant-col-
lecting apparatus 100 according to the present embodi-
ment can reduce the manufacturing cost of the refriger-
ant-collecting apparatus 100.
[0109] (5-5)
The refrigerant-collecting apparatus 100 according to the
present embodiment further includes the collected-
amount-estimating unit 220. On the basis of at least a
time period during which the refrigerant is being collected
from the target equipment 10, the collected-amount-es-
timating unit 220 estimates a collected amount of the
refrigerant collected from the target equipment 10.
[0110] In the present embodiment, the collected-
amount-estimating unit 220 estimates a collected
amount of the refrigerant. This configuration estimates a
collected amount of the collected refrigerant, in addition

to the type of the collected refrigerant. Therefore, the
refrigerant-collecting apparatus 100 according to the
present embodiment makes it easier to manage the col-
lected refrigerant.
[0111] (5-6)
The refrigerant-collecting apparatus 100 according to the
present embodiment further includes the storage unit.
The storage unit stores the type of the refrigerant identi-
fied by the identifying unit 210, and a collected amount
of the refrigerant estimated by the collected-amount-es-
timating unit 220 that are associated with each other.
[0112] In a case where a plurality of pieces of target
equipment exists at a site where refrigerants are collect-
ed, there is a possibility that due to a recognition mistake
or a recording mistake of the collection worker, the type
and collected amount of the refrigerant collected from
one piece of the target equipment are confused with the
type and collected amount of the refrigerant collected
from another piece of the target equipment. For example,
in a case where two pieces of target equipment exist at
a site where refrigerants are collected, there is a possi-
bility that due to a recognition mistake or a recording mis-
take, the collection worker confuses the type of the re-
frigerant collected from a first one of the target equipment
with the refrigerant collected from a second one of the
target equipment. Alternatively, there is a possibility that
due to a recognition mistake or a recording mistake, the
collection worker confuses the collected amount of the
refrigerant collected from a first one of the target equip-
ment with the collected amount of the refrigerant collect-
ed from a second one of the target equipment.
[0113] In the present embodiment, the storage unit 300
stores the type of the refrigerant, and the collected
amount of the refrigerant that are associated with each
other. Therefore, the refrigerant-collecting apparatus 100
according to the present embodiment makes it easier to
manage the collected refrigerant.
[0114] (5-7)
In the refrigerant-collecting apparatus 100 according to
the present embodiment, on the basis of the liquid col-
lection state and the gas collection state of the refrigerant,
the collected-amount-estimating unit 220 estimates a
collected-liquid amount and a collected-gas amount of
the refrigerant, respectively, to estimate a collected
amount of the refrigerant.
[0115] (5-8)
In the refrigerant-collecting apparatus 100 according to
the present embodiment, the collected-amount-estimat-
ing unit 220 determines the liquid collection state on the
basis of the refrigerant temperature near the first port 101.
[0116] The refrigerant temperature near the first port
101 can be measured by a relatively inexpensive sensor.
Therefore, the refrigerant-collecting apparatus 100 ac-
cording to the present embodiment can reduce the man-
ufacturing cost of the refrigerant-collecting apparatus
100.
[0117] (5-9)
In the refrigerant-collecting apparatus 100 according to
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the present embodiment, the collected-amount-estimat-
ing unit 220 computes the suction saturation pressure
using the first corrected measured value obtained by cor-
recting the refrigerant temperature near the first port 101.
The collected-amount-estimating unit 220 computes the
discharge saturation pressure using the third corrected
measured value obtained by correcting the refrigerant
temperature near the heat exchanger 90.
[0118] In the present embodiment, the collected-
amount-estimating unit 220 computes the suction satu-
ration pressure using the first corrected measured value
obtained by correcting the refrigerant temperature near
the first port 101. Therefore, the suction saturation pres-
sure can be calculated without the provision of a relatively
expensive sensor, such as a pressure sensor.
[0119] Further, the collected-amount-estimating unit
220 computes the discharge saturation pressure using
the third corrected measured value obtained by correct-
ing the refrigerant temperature near the heat exchanger
90. Therefore, the discharge saturation pressure can be
calculated without the provision of a relatively expensive
sensor, such as a pressure sensor. Therefore, the refrig-
erant-collecting apparatus 100 according to the present
embodiment can reduce the manufacturing cost of the
refrigerant-collecting apparatus 100.
[0120] (5-10)
In the refrigerant-collecting apparatus 100 according to
the present embodiment, the collected-amount-estimat-
ing unit 220 estimates a collected-liquid amount on the
basis of the compressor efficiency of the compressor 80,
the third value, the suction saturation pressure, and the
discharge saturation pressure in a liquid collection oper-
ation for collecting the refrigerant in a liquid state.
[0121] In the present embodiment, the collected-
amount-estimating unit 220 estimates a collected-liquid
amount on the basis of the compressor efficiency of the
compressor 80, the third value, the suction saturation
pressure, and the discharge saturation pressure. The
compressor efficiency can be calculated from the type of
the refrigerant and the first value. The third value can be
measured by a relatively inexpensive sensor. The suction
saturation pressure can be computed using the first cor-
rected measured value obtained by correcting the refrig-
erant temperature near the first port 101. The discharge
saturation pressure can be computed using the third cor-
rected measured value obtained by correcting the refrig-
erant temperature near the heat exchanger 90. There-
fore, the refrigerant-collecting apparatus 100 according
to the present embodiment can reduce the manufacturing
cost of the refrigerant-collecting apparatus 100.
[0122] (5-11)
In the refrigerant-collecting apparatus 100 according to
the present embodiment, the collected-amount-estimat-
ing unit 220 estimates a collected-gas amount on the
basis of the operation time period in a gas collection op-
eration for collecting the refrigerant in a gas state. Alter-
natively, the collected-amount-estimating unit 220 esti-
mates a collected-gas amount on the basis of a collected-

liquid amount.
[0123] (5-12)
In the refrigerant-collecting apparatus 100 according to
the present embodiment, the refrigerant channel 30 fur-
ther includes the impurity separator 60. The separation
scheme of the impurity separator is a gas-liquid separa-
tion scheme or an electrostatic separation scheme.
[0124] (5-13)
For the refrigerant-collecting apparatus 100 according to
the present embodiment, a refrigerant collected from the
target equipment 10 is R32, R410A, R134a, or R404A.

(6) Modifications

[0125] Modifications of the embodiment described
above will be described below. The following modifica-
tions may be appropriately combined as long as they do
not contradict each other. Note that a configuration sub-
stantially similar to the configuration of the embodiment
described above is denoted by similar reference signs,
and the detailed description thereof is omitted.

(6-1) Modification 1A

[0126] In the embodiment described above, an exam-
ple in which the refrigerant is collected from an air-con-
ditioning apparatus as an example of the target equip-
ment 10 has been described. However, the target equip-
ment 10 is not limited to the air-conditioning apparatus.
The target equipment 10 may be, for example, a refrig-
erator, a freezer, a water heater, or the like.

(6-2) Modification 1B

[0127] In the embodiment described above, an exam-
ple in which the refrigerant temperature near the first port
101 is measured as the first value has been described.
However, examples of the first value are not limited to
this example. As described in the embodiment described
above, the inventor of the present application has found
that if a value relating to a first refrigerant temperature,
which is the refrigerant temperature on the first-port side
of the compressor, and a value relating to a second re-
frigerant temperature, which is the refrigerant tempera-
ture on the second-port side of the compressor are meas-
ured, the type of the refrigerant flowing through the re-
frigerant-collecting apparatus can be identified. There-
fore, for example, the first value may be an outside-air
temperature or a refrigerant temperature near the suction
opening 81 of the compressor 80. Hereinafter, a case
where an outside-air temperature is employed as the first
value will be described as an example.
[0128] In a case where an outside-air temperature is
employed as the first value, the refrigerant-collecting ap-
paratus 100 includes a sensor that can detect an outside-
air temperature, in addition to the first sensor 11 or in-
stead of the first sensor 11. Further, in a case where an
outside-air temperature is employed as the first value,
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the storage unit 300 of the refrigerant-collecting appara-
tus 100 stores some data corresponding to the informa-
tion shown in the graph of Fig. 6. The graph of Fig. 6 is
created on the basis of some data obtained by making
the test machine collect various types of refrigerants.
More specifically, for each type of refrigerant, the level
of an outside-air temperature at the time when the test
machine collects the refrigerant, and the level of the re-
frigerant temperature near the discharge opening of the
compressor at the time when the test machine collects
the refrigerant are measured to obtain some data. On
the basis of the data, the graph of Fig. 6 is created. The
horizontal axis of the graph of Fig. 6 indicates the level
of the outside-air temperature (described as "OUTSIDE-
AIR TEMPERATURE °C in Fig. 6"). The vertical axis of
the graph of Fig. 6 indicates the level of the refrigerant
temperature near the discharge opening of the compres-
sor (described as "DISCHARGE TEMPERATURE °C in
Fig. 6").
[0129] In a case where the refrigerant-collecting appa-
ratus 100 includes the sensor that can detect an outside-
air temperature, the identifying unit 210 can identify the
type of the refrigerant on the basis of the data stored in
the storage unit 300 (data corresponding to the informa-
tion shown in the graph of Fig. 6). For example, suppose
a situation where as a result of the measurement by the
sensor that detects an outside-air temperature and the
second sensor 12, it has been determined that the first
value is 21°C and the second value is 91°C. In this case,
the identifying unit 210 refers to the data stored in the
storage unit 300 (data corresponding to the information
shown in the graph of Fig. 6), and thus identifies the type
of the refrigerant as R32.

(6-3) Modification 1C

[0130] In the embodiment described above, an exam-
ple in which the identifying unit 210 identifies the type of
the refrigerant on the basis of the first value and the sec-
ond value has been described. However, methods for
the identification by the identifying unit 210 are not limited
to this example, and, for example, the identifying unit 210
may identify the type of the refrigerant on the basis of the
first value and the third value.
[0131] In a case where the identifying unit 210 identi-
fies the type of the refrigerant on the basis of the first
value and the third value, the storage unit 300 stores
some data corresponding to the information shown in the
graph of Fig. 7. The graph of Fig. 7 is created on the basis
of some data obtained by making the test machine collect
various types of refrigerants. More specifically, for each
type of refrigerant, the level of the refrigerant temperature
near the first port at the time when the test machine col-
lects the refrigerant, and the level of the electric-power
value of the compressor at the time when the test ma-
chine collects the refrigerant are measured to obtain
some data. On the basis of the data, the graph of Fig. 7
is created. The horizontal axis of the graph of Fig. 7 in-

dicates the level of the refrigerant temperature near the
first port (described as "SUCTION PORT TEMPERA-
TURE °C" in Fig. 7). The vertical axis of the graph of Fig.
7 indicates the level of the electric-power value of the
compressor (described as "COMPRESSOR ELECTRIC-
POWER W" in Fig. 7).
[0132] As shown in the graph of Fig. 7, the level of the
refrigerant temperature near the first port, and the level
of the electric-power value of the compressor vary ac-
cording to the type of the refrigerant. From this fact, the
inventor of the present application has found that if the
refrigerant temperature near the first port and the electric-
power value of the compressor are measured, the type
of the refrigerant flowing through the refrigerant-collect-
ing apparatus can be identified. More specifically, the
inventor of the present application has found that if a
value relating to a first refrigerant temperature, which is
the refrigerant temperature on the first-port side of the
compressor, and a value relating to the electric power
consumed by the compressor are measured, the type of
the refrigerant flowing through the refrigerant-collecting
apparatus can be identified.
[0133] Therefore, the identifying unit 210 can identify
the type of the refrigerant on the basis of the first value,
the third value, and the data stored in the storage unit
300 and corresponding to the information shown in the
graph of Fig. 7.
[0134] Note that as described in the modification 1B,
in a case where the refrigerant-collecting apparatus 100
measures an outside-air temperature as the first value,
the storage unit 300 stores some data corresponding to
the information shown in the graph of Fig. 8. The graph
of Fig. 8 is created on the basis of some data obtained
by making the test machine collect various types of re-
frigerants. More specifically, for each type of refrigerant,
the level of an outside-air temperature at the time when
the test machine collects the refrigerant, and the level of
the electric-power value of the compressor at the time
when the test machine collects the refrigerant are meas-
ured to obtain some data. On the basis of the data, the
graph of Fig. 8 is created. The horizontal axis of the graph
of Fig. 8 indicates the level of the outside-air temperature
(described as "OUTSIDE-AIR TEMPERATURE °C" in
Fig. 8). The vertical axis of the graph of Fig. 8 indicates
the level of the electric-power value of the compressor
80 (described as "COMPRESSOR ELECTRIC-POWER
W" in Fig. 8). Therefore, the identifying unit 210 can iden-
tify the type of the refrigerant on the basis of the first
value, the third value, and the data stored in the storage
unit 300 and corresponding to the information shown in
the graph of Fig. 8.
[0135] Note that, for example, the identifying unit 210
may identify the type of the refrigerant on the basis of the
first value, the second value, and the third value. In this
case, for example, the identifying unit 210 may identify
the type of the refrigerant on the basis of the first value,
the second value, and some data corresponding to the
information shown in the graph of Fig. 6, and then may
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identify the type of the refrigerant on the basis of the first
value, the third value, and some data corresponding to
the information shown in the data of Fig. 7. Since this
configuration confirms the type of the refrigerant twice,
this configuration can precisely identify the type of the
refrigerant.

(6-4) Modification 1D

[0136] In the embodiment described above, an exam-
ple has been described in which the refrigerant-collecting
apparatus 100 includes the second heat exchanger 50
that performs heat exchange between the refrigerant
flowing from the second pipe 32 to the second heat ex-
changer 50, and the refrigerant flowing from the dis-
charge pipe 822 to the second heat exchanger 50. How-
ever, the configuration of the second heat exchanger 50
is not limited to this example. For example, the second
heat exchanger 50 may be an evaporator that performs
heat exchange between the refrigerant flowing from the
second pipe 32 to the second heat exchanger 50, and
air sent to the second heat exchanger 50 by a fan (not
shown) (see Fig. 9).
[0137] As shown in Fig. 9, in the refrigerant-collecting
apparatus 100 according to the modification 1D, the re-
frigerant flowing through the discharge pipe 822 does not
flow to the second heat exchanger 50. Therefore, in the
refrigerant-collecting apparatus 100 according to the
modification 1D, the temperature variation of the refrig-
erant flowing through the discharge pipe 822 is sup-
pressed.
[0138] Due to this configuration, the refrigerant tem-
perature of the refrigerant flowing through the discharge
pipe 822 is substantially the same as the refrigerant tem-
perature of the refrigerant flowing through the inlet side
of the first heat exchanger 90 (condenser). Therefore,
for example, for the refrigerant-collecting apparatus 100
according to the modification 1D, the refrigerant temper-
ature near the first heat exchanger 90 (condenser) meas-
ured by the fourth sensor 14 may be used as the second
value. In other words, for example, the fourth sensor 14
may also function as the second sensor 12. In this case,
as shown in Fig. 9, it is not necessary to attach the second
sensor 12 to the refrigerant-collecting apparatus 100.
Therefore, the refrigerant-collecting apparatus 100 ac-
cording to the modification 1D can reduce the number of
assembly steps of the refrigerant-collecting apparatus
100.
[0139] Note that, for example, the temperature meas-
ured by the second sensor 12 may be used as the refrig-
erant temperature near the first heat exchanger 90 (con-
denser). In other words, for example, the second sensor
12 may also function as the fourth sensor 14. In this case,
although not shown, it is not necessary to attach the
fourth sensor 14 to the refrigerant-collecting apparatus
100.
[0140] Further, for example, in the refrigerant-collect-
ing apparatus 100 according to the modification 1D, the

first heat exchanger 90 and the second heat exchanger
50 may share a fan. For example, the arrangement po-
sition of each equipment may be adjusted such that the
air sent from the fan 95 passes through the first heat
exchanger 90, and then flows to the second heat ex-
changer 50.

(6-5) Modification 1E

[0141] In the embodiment described above, an exam-
ple in which the electric-power value of the compressor
80 is measured as the third value has been described.
However, examples of the third value are not limited to
this example, and the third value may be, for example,
the electric-current value of the compressor 80. In this
case, the refrigerant-collecting apparatus 100 includes,
as the third sensor, an ammeter instead of the wattmeter.
Further, to calculate the electric-power value of the com-
pressor 80, the controller 200 performs a predetermined
computation on the electric-current value measured by
the third sensor 13.

(6-6) Modification 1F

[0142] In the embodiment described above, an exam-
ple has been described in which the collected-amount-
estimating unit 220 refers to the refrigerant temperature
near the first port 101 to determine the liquid collection
state. However, methods in which the collected-amount-
estimating unit 220 determines the liquid collection state
are not limited to this example. For example, the refrig-
erant-collecting apparatus 100 may include a sensor that
measures the refrigerant temperature on the down-
stream side of the expansion mechanism 40, and the
collected-amount-estimating unit 220 may determine the
liquid collection state on the basis of the refrigerant tem-
perature on the downstream side of the expansion mech-
anism 40.
[0143] Note that although not shown here, the sensor
that measures the refrigerant temperature on the down-
stream side of the expansion mechanism 40 is arranged
at, for example, the second pipe 32.

(6-7) Modification 1G

[0144] In the embodiment described above, an exam-
ple has been described in which the collected-amount-
estimating unit 220 computes the suction saturation pres-
sure on the basis of the first corrected measured value
and the type of the refrigerant. However, methods in
which the collected-amount-estimating unit 220 esti-
mates the suction saturation pressure are not limited to
this example. For example, the refrigerant-collecting ap-
paratus 100 may include a sensor that measures the re-
frigerant temperature on the downstream side of the ex-
pansion mechanism 40, and the collected-amount-esti-
mating unit 220 may compute the suction saturation pres-
sure using a second corrected measured value obtained
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by correcting the refrigerant temperature on the down-
stream side of the expansion mechanism with a prede-
termined correction value (second correction value).
[0145] As indicated by the broken line of the graph of
Fig. 4, during a time slot indicated from a point A to a
point B (time slot during which the refrigerant is in a liquid
state), the behavior of the refrigerant temperature on the
downstream side of the expansion mechanism 40 (see
the broken line of the graph of Fig. 4), and the behavior
of the suction saturation temperature (see the solid line
of the graph of Fig. 4) are very similar. From this fact, the
inventor of the present application has found that a value
corresponding to the suction saturation temperature can
be calculated by correcting the refrigerant temperature
on the downstream side of the expansion mechanism 40
with a predetermined correction value (second correction
value).
[0146] Note that although not shown here, the sensor
that measures the refrigerant temperature on the down-
stream side of the expansion mechanism 40 is arranged
at, for example, the second pipe 32.

(6-8) Modification 1H

[0147] In the embodiment described above, an exam-
ple has been described in which the collected-amount-
estimating unit 220 estimates a collected-gas amount by
multiplying a collected-liquid amount by a predetermined
estimation parameter. However, methods in which the
collected-amount-estimating unit 220 estimates a col-
lected-gas amount are not limited to this example.
[0148] For example, the storage unit 300 may store a
data set in which an operation time period in the gas
collection state and a collected-gas amount are associ-
ated with each other. Further, for example, the collected-
amount-estimating unit 220 may measure an operation
time period in the gas collection state with a timer (not
shown). In addition, for example, the collected-amount-
estimating unit 220 may refer to an operation time period
in the gas collection state measured by the timer (not
shown), and a data set in question to estimate a collected-
gas amount.

(6-9) Modification 1I

[0149] For example, the controller 200 may have a
function as an updating unit 230 although the description
is omitted in the embodiment described above. The up-
dating unit 230 updates at least one of the first correction
value, the second correction value, the third correction
value, the compressor efficiency, and the estimation pa-
rameter in, for example, the following manner.
[0150] In the modification 1I, suppose a situation where
after refrigerant collection work ends, the collection work-
er who has performed the refrigerant collection work
manually records, in the storage unit 300, an actually-
measured value of the collected-refrigerant amount.
[0151] In the refrigerant-collecting apparatus 100 ac-

cording to the modification 1I, the collected-refrigerant
amount actually measured by the collection worker is re-
corded in the storage unit 300. Further, the storage unit
300 of the refrigerant-collecting apparatus 100 according
to the modification 1I stores the electric-power value of
the compressor 80, the first value, the fourth value, and
the operation time period in the liquid collection state that
are associated with the actually-measured collected-re-
frigerant amount. In addition, the storage unit 300 of the
refrigerant-collecting apparatus 100 according to the
modification 1I stores a predetermined estimation formu-
la for estimating an estimated value of a collected-refrig-
erant amount from the electric-power value of the com-
pressors 80, the first value, the fourth value, and the op-
eration time period in the liquid collection state. The pa-
rameters of the predetermined estimation formula are
the first correction value, the third correction value, the
estimation parameter, and the compressor efficiency.
[0152] Here, when a predetermined amount of data is
accumulated, the updating unit 230 calculates, as an op-
timization problem, the parameters (the first correction
value, the third correction value, the estimation parame-
ter, and the compressor efficiency) such that the mean
square error between actually-measured values of col-
lected-refrigerant amounts and estimated values of the
collected-refrigerant amounts is minimized, and updates
the parameters. Used for the optimization is, for example,
the method of steepest descent or Newton’s method. In
this way, every time a predetermined amount of data is
accumulated, the values of the first correction value, the
third correction value, the compressor efficiency, and the
estimation parameter are updated to improve the esti-
mation precision of the collected-refrigerant amount.
[0153] Note that as described in the modification 1G,
in a case where the second correction value, instead of
the first correction value, is used to compute the suction
saturation pressure, the updating unit 230 updates the
second correction value, the third correction value, the
estimation parameter, and the compressor efficiency.

(6-10) Modification 1J

[0154] In the embodiment described above, an exam-
ple in which the identifying unit 210 identifies the types
of refrigerants that are fluorocarbon-based refrigerants
has been described. However, the types of refrigerants
that can be identified by the identifying unit 210 are not
limited to fluorocarbon-based refrigerants, and the iden-
tifying unit 210 can identify various types of refrigerants.
Similarly, the collected-amount-estimating unit 220 can
estimate the collected amounts of various types of refrig-
erants.

(6-11) Modification 1K

[0155] In the embodiment described above, an exam-
ple in which the identifying unit 210 of the refrigerant-
collecting apparatus 100 identifies the type of the refrig-
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erant has been described. However, the configuration of
the identifying unit 210 is not limited to this example, and,
for example, part of the function as the identifying unit
210 may be implemented by a server or the like (not
shown). For example, the refrigerant-collecting appara-
tus 100 may transmit the first value and the second value
to a server having part of the function as the identifying
unit 210, with communication equipment (not shown). In
addition, for example, the result of a computation per-
formed in the server may be transmitted to the refrigerant-
collecting apparatus 100. At this time, for example, the
result of the computation performed in the server may be
transmitted to a mobile terminal or the like of the collection
worker. In other words, for example, the identified type
of the refrigerant may be transmitted to a smartphone, a
tablet, or the like of the collection worker.
[0156] Similarly, for example, part of the function as
the collected-amount-estimating unit 220 may be imple-
mented by a server or the like (not shown). In this case,
for example, the refrigerant-collecting apparatus 100
may transmit the first value, the second value, the third
value, the fourth value, and the fifth value to a server
having part of the function as the identifying unit 210, with
communication equipment (not shown). In addition, for
example, the result of a computation performed in the
server may be transmitted to the refrigerant-collecting
apparatus 100. At this time, for example, the result of the
computation performed in the server may be transmitted
to a mobile terminal or the like of the collection worker.
In other words, for example, the estimated collected-re-
frigerant amount may be transmitted to a smartphone, a
tablet, or the like of the collection worker.

(6-12) Modification 1L

[0157] In the embodiment described above, an exam-
ple in which thermistors are employed as the first sensor
11, the second sensor 12, the fourth sensor 14, and the
fifth sensor 15 has been described. However, examples
of the first sensor 11, the second sensor 12, the fourth
sensor 14, and the fifth sensor 15 are not limited to this
example, and may be, for example, thermocouples. Al-
ternatively, as the first sensor 11, the second sensor 12,
the fourth sensor 14, and the fifth sensor 15, sensors that
can measure the temperature of the refrigerant and can
be obtained at relatively low cost may be appropriately
selected.

<Second Embodiment>

(7) Configuration

[0158] Next, a refrigerant-collecting apparatus 100S
according to a second embodiment of the present dis-
closure will be described. In the second embodiment,
only the configuration different from the configuration of
the first embodiment will be described, and the other de-
scription will be omitted.

(7-1) Controller 200S

[0159] A controller 200S is electrically connected to
each unit of the refrigerant-collecting apparatus 100S in
such a manner that control signals, information, and the
like can be transmitted and received. The controller 200S
is implemented by a computer. The controller 200S in-
cludes a control arithmetic device and a storage device.
As the control arithmetic device, a processor, such as a
CPU or a GPU, can be used. The control arithmetic de-
vice reads programs stored in the storage device, and
performs predetermined arithmetic processing accord-
ing to the programs. In addition, according to the pro-
grams, the control arithmetic device can write an arith-
metic result into the storage device, and can read infor-
mation stored in the storage device. Fig. 10 shows vari-
ous functional blocks implemented by the control arith-
metic device. As shown in Fig. 10, the controller 200S
has functions as a collected-amount-estimating unit
220S, an updating unit 230, and a storage unit 300S .
Further, the storage unit 300S of the controller 200S can
be used as a database.

(7-1-2) Storage Unit

[0160] The storage unit 300S includes the storage de-
vice, such as a ROM and a RAM, of the controller 200S.
The storage unit 300S stores a program for controlling
the workings of the refrigerant-collecting apparatus
100S, a communication protocol used when the refriger-
ant-collecting apparatus 100S communicates with other
equipment, and the like. The storage unit 300S also
stores various data obtained by the inventor of the
present application operating a test machine of the re-
frigerant-collecting apparatus 100S (which may be here-
inafter simply referred to as the "test machine").
[0161] For example, the storage unit 300S stores a da-
ta set in which an operation time period in a liquid collec-
tion state and a collected-liquid amount are associated
with each other. The storage unit 300S also stores a data
set in which an operation time period in a gas collection
state and a collected-gas amount are associated with
each other.

(7-1-3) Collected-Amount-Estimating Unit

[0162] The collected-amount-estimating unit 220S re-
fers to an operation time period in the liquid collection
state measured by a timer (not shown), an operation time
period in the gas collection state measured by the timer
(not shown), and various data sets stored in the storage
unit 300S to estimate the collected-liquid amount and the
collected-gas amount.

(7-2) Output Unit

[0163] The refrigerant-collecting apparatus 100S in-
cludes the output unit 240. The output unit 240 is, for

31 32 



EP 4 253 876 A1

18

5

10

15

20

25

30

35

40

45

50

55

example, a liquid crystal display, and can appropriately
display a collected-refrigerant amount estimated by the
collected-amount-estimating unit 220S. Note that, for ex-
ample, the output unit 240 may display various informa-
tion, such as values measured by various sensors.

(8) Features

[0164] (8-1)
The refrigerant-collecting apparatus 100S according to
the present embodiment includes a first port 101, a sec-
ond port 102, a refrigerant channel 30, the collected-
amount-estimating unit 220S, and the output unit 240.
The first port 101 is connected to target equipment 10
from which a refrigerant is collected. The second port
102 is connected to a container 110 in which the refrig-
erant collected from the target equipment 10 is put. The
refrigerant channel 30 connects the first port 101 and the
second port 102. The refrigerant channel 30 includes at
least an expansion mechanism 40, a compressor 80, and
a heat exchanger 90. On the basis of a time period during
which the refrigerant is being collected from the target
equipment 10, the collected-amount-estimating unit
220S estimates a collected amount of the refrigerant col-
lected from the target equipment 10. The output unit 240
outputs the result estimated by the collected-amount-es-
timating unit 220S.
[0165] Here, on the basis of a time period during which
the refrigerant is being collected from the target equip-
ment 10, the collected-amount-estimating unit 220S es-
timates a collected amount of the refrigerant collected
from the target equipment 10. This configuration elimi-
nates a possibility that the collection worker makes a rec-
ognition mistake or a recording mistake. Therefore, the
refrigerant-collecting apparatus 100S according to the
present embodiment can identify the collected amount
of the collected refrigerant without a mistake. Since the
type of the collected refrigerant is identified without a mis-
take, it is easy to manage the collected refrigerant.

<Other Embodiments>

[0166] While the embodiments according to the
present disclosure have been described above, it will be
understood that various changes to the form and details
are possible without departing from the spirit and scope
of the claims.
[0167] The present disclosure is not limited to each of
the embodiments described above. The present disclo-
sure can be embodied by modifying the components
without departing from the gist of the present disclosure
in an implementation stage. Further, the present disclo-
sure can form various disclosures by appropriate com-
bination of a plurality of components disclosed in each
of the embodiments described above. For example,
some components may be eliminated from all the com-
ponents shown in the embodiment. In addition, compo-
nents may be appropriately combined with the different

embodiment. Therefore, it should be considered that the
present embodiments are only examples in all respects
and are not limiting. Thus, it is intended that the present
embodiments include all revisions obvious to those
skilled in the art.
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[0168]

10 target equipment
30 refrigerant channel
40 expansion mechanism
60 impurity separator
80 compressor
81 suction opening
82 discharge opening
90 heat exchanger (first heat exchanger)
100, 100S refrigerant-collecting apparatus
101 first port
102 second port
110 container
210 identifying unit
220, 220S collected-amount-estimating unit
230 updating unit
240 output unit
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Claims

1. A refrigerant-collecting apparatus (100) comprising:

a first port (101) connected to target equipment
(10) from which a refrigerant is collected;
a second port (102) connected to a container
(110) in which the refrigerant collected from the
target equipment is put;
a refrigerant channel (30) that connects the first
port and the second port, and includes at least
an expansion mechanism (40), a compressor
(80), and a heat exchanger (90); and
an identifying unit (210) that identifies a type of
the refrigerant that is being collected from the
target equipment, wherein
the identifying unit identifies,
on a basis of a first value relating to a first refrig-
erant temperature, which is a refrigerant tem-
perature on the first-port side of the compressor,
and a second value relating to a second refrig-
erant temperature, which is a refrigerant tem-
perature on the second-port side of the com-
pressor,
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or
on a basis of the first value and a third value,
which is a value relating to electric power con-
sumed by the compressor,
or
on a basis of the first value, the second value,
and the third value,
a type of the refrigerant that is being collected
from the target equipment.

2. The refrigerant-collecting apparatus according to
claim 1, wherein
the first value is an outside-air temperature, a refrig-
erant temperature near the first port, or a refrigerant
temperature near a suction opening of the compres-
sor.

3. The refrigerant-collecting apparatus according to
claim 1 or 2, wherein

the heat exchanger is a condenser that con-
denses the refrigerant, and
the second value is a refrigerant temperature
near a discharge opening (82) of the compres-
sor, or a refrigerant temperature near the con-
denser.

4. The refrigerant-collecting apparatus according to
any one of claims 1 to 3, wherein
the third value is a electric-current value of the com-
pressor, or an electric-power value of the compres-
sor.

5. The refrigerant-collecting apparatus according to
any one of claims 1 to 4, further comprising

a collected-amount-estimating unit (220),
wherein
on a basis of at least a time period during which
the refrigerant is being collected from the target
equipment, the collected-amount-estimating
unit estimates a collected amount of the refrig-
erant collected from the target equipment.

6. The refrigerant-collecting apparatus according to
claim 5, further comprising

a storage unit (300), wherein
the storage unit stores a type of the refrigerant
identified by the identifying unit, and a collected
amount of the refrigerant estimated by the col-
lected-amount-estimating unit that are associat-
ed with each other.

7. The refrigerant-collecting apparatus according to
claim 5 or 6, wherein
on a basis of a liquid collection state and a gas col-
lection state of the refrigerant, the collected-amount-

estimating unit estimates a collected-liquid amount
and a collected-gas amount of the refrigerant, re-
spectively, to estimate a collected amount of the re-
frigerant.

8. The refrigerant-collecting apparatus according to
claim 7, wherein
the collected-amount-estimating unit determines the
liquid collection state on a basis of a refrigerant tem-
perature near the first port or a refrigerant tempera-
ture on a downstream side of the expansion mech-
anism.

9. The refrigerant-collecting apparatus according to
claim 8, wherein

the collected-amount-estimating unit
computes a suction saturation pressure using a
first corrected measured value obtained by cor-
recting a refrigerant temperature near the first
port, or using a second corrected measured val-
ue obtained by correcting a refrigerant temper-
ature on the downstream side of the expansion
mechanism, and
computes a discharge saturation pressure using
a third corrected measured value obtained by
correcting a refrigerant temperature near the
heat exchanger.

10. The refrigerant-collecting apparatus according to
claim 9, wherein

the collected-amount-estimating unit
estimates the collected-liquid amount on a basis
of a compressor efficiency of the compressor,
the third value, the suction saturation pressure,
and the discharge saturation pressure in a liquid
collection operation for collecting the refrigerant
in a liquid state.

11. The refrigerant-collecting apparatus according to
any one of claims 5 to 10, wherein

the collected-amount-estimating unit
estimates the collected-gas amount on a basis
of an operation time period in a gas collection
operation for collecting the refrigerant in a gas
state,
or
estimates the collected-gas amount on a basis
of the collected-liquid amount.

12. The refrigerant-collecting apparatus according to
claim 9, further comprising

an updating unit (230), wherein
on a basis of a recorded value of a collected
amount of the refrigerant manually recorded by
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a collection worker who performs collection work
of the refrigerant using the refrigerant-collecting
apparatus, the updating unit updates at least
one of a first correction value for calculating the
first corrected measured value, a second cor-
rection value for calculating the second correct-
ed measured value, a third correction value for
calculating the third corrected measured value,
a compressor efficiency of the compressor, and
an estimation parameter for estimating a collect-
ed amount of the refrigerant in a gas state.

13. The refrigerant-collecting apparatus according to
any one of claims 1 to 12, wherein

the refrigerant channel further includes an im-
purity separator (60), and
a separation scheme of the impurity separator
is a gas-liquid separation scheme or an electro-
static separation scheme.

14. The refrigerant-collecting apparatus according to
any one of claims 1 to 13, wherein
the refrigerant collected from the target equipment
is R32, R410A, R134a, or R404A.

15. A refrigerant-collecting apparatus (100S) compris-
ing:

a first port (101) connected to target equipment
(10) from which a refrigerant is collected;
a second port (102) connected to a container
(110) in which the refrigerant collected from the
target equipment is put;
a refrigerant channel (30) that connects the first
port and the second port, and includes at least
an expansion mechanism (40), a compressor
(80), and a heat exchanger (90); a collected-
amount-estimating unit (220S); and an output
unit (240), wherein
on a basis of a time period during which the re-
frigerant is being collected from the target equip-
ment, the collected-amount-estimating unit es-
timates a collected amount of the refrigerant col-
lected from the target equipment, and
the output unit outputs a result estimated by the
collected-amount-estimating unit.
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