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(54) Refrigeration cycle apparatus

(57) To provide a refrigeration cycle apparatus ca-
pable of effectively reusing existing pipes, the refrigera-
tion cycle apparatus is formed by connecting a compres-
sor (1), a heat source unit side heat exchanger (3), an
expansion device (4, 9a, 9b) and a using side heat ex-
changer (10a, 10h) by means of a liquid refrigerant pipe
(7) and a gas refrigerant pipe (12). The gas refrigerant

pipe (12) is provided with a strainer (14), and the liquid
refrigerant pipe (7) is provided with a receiver (5) in which
an opening of each of pipes (51, 52) on an upstream side
and a downstream side of the liquid refrigerant is provid-
ed, and in which a filter device which defines a space
(62) at each of the openings, and has two filters (53, 54)
for capturing different target objects, respectively, dis-
charged from the refrigerant pipe is provided.
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Description

BACKGROUND OF THE INVENTION

Field of the invention

[0001] The present invention relates to a refrigeration
cycle apparatus, and particularly to a refrigeration cycle
apparatus suitable for reusing existing pipes in which sol-
id foreign matters and liquid impurities remain.

Description of related art

[0002] As a refrigeration cycle apparatus forming a re-
frigeration cycle by connecting a compressor, a heat
source unit side heat exchanger, an expansion device,
and a using side heat exchanger by means of a liquid
refrigerant pipe and a gas refrigerant pipe, there is known
an air conditioner, for example.
[0003] In the air conditioner, in order to address envi-
ronmental problems, there is an increasing need to ex-
change a conventional air conditioner using a CFC-
based refrigerant, an HCFC-based refrigerant or the like
as a refrigerant (hereinafter referred to as an old ma-
chine) into a new air conditioner using an HFC-based
refrigerant with no solubility with a mineral oil or the like
and a refrigerating machine oil for the HFC-based refrig-
erant (hereinafter referred to as a new machine). At the
time of exchanging these machines, existing refrigerant
pipes having connected an indoor unit and an outdoor
unit of the old machine are reused.
[0004] However, the reused connection pipes may re-
tain residual contaminants (liquid impurities) enclosed
within the old machine such as a refrigerating machine
oil (an mineral oil, alkylbenzene or the like), an oxidation
degraded reactant of the refrigerating machine oil and a
chlorine compound, which are insoluble or poor soluble
components with respect to the HFC-based refrigerant
used in the new machine.
[0005] Further, when remarkable abrasion occurs in a
sliding part of a refrigerant compressor mounted on the
old machine, a large quantity of solid foreign matters orig-
inating from the abrasion powders are generated, dis-
charged outside the refrigerating compressor together
with a gas refrigerant and a refrigerating machine oil, and
remain in the connection pipes to be reused.
[0006] If the existing pipes are reused without any
countermeasure against these impurities and solid for-
eign matters, there is possibility that the reliability of the
air conditioner remarkably decreases due to degradation
of the refrigerating machine oil in the new machine
caused by the impurities, acceleration of the abrasion of
the sliding part of the refrigerant compressor caused by
mixing of the solid foreign matters into the refrigerant
compressor mounted on the new machine, or the like.
[0007] In connection with the degradation of the refrig-
erating machine oil in the new machine among the above
factors, JP-A-2003-42603 discloses a working method

of setting the concentration of the impurities remaining
in the connection pipes with respect to the refrigerating
machine oil in the new machine to be equal to or smaller
than an acceptable value by enclosing the same refrig-
erating machine oil as that in the new machine within the
pipes at the time of vacuuming, for example. Moreover,
JP-A-2000-9368 discloses to perform cleaning operation
of collecting the impurities remaining in the connection
pipes when reusing the connection pipes, for example.
[0008] Moreover, in connection with the abrasion of
the sliding part of the refrigerant compressor in the new
machine due to the solid foreign matters, it is known to
install a strainer or the like between a heat source side
unit of the new machine and the connection pipes so that
a large quantity of solid foreign matters do not flow into
the refrigerant compressor. JP-A-2002-224513 disclos-
es one example of the strainer used herein, for example.

BRIEF SUMMARY OF THE INVENTION

[0009] However, the above prior art does not pay at-
tention to reusing the existing pipes effectively.
[0010] That is, the period of renewal construction may
become long due to addition of refrigerating machine oil
enclosing work, cleaning operation work or the like for
setting the concentration of impurities to be equal to or
smaller than an acceptable value, for example.
[0011] Accordingly, a problem to be solved of the
present invention is to provide a refrigeration cycle ap-
paratus which can efficiently reuse existing pipes.
[0012] In order to solve the above problem, the refrig-
eration cycle apparatus of the present invention forms a
refrigeration cycle by connecting a compressor, a heat
source unit side heat exchanger, an expansion device
and a using side heat exchanger using a liquid refrigerant
pipe and a gas refrigerant pipe. A strainer is provided in
the gas refrigerant pipe, and a container is provided in
the liquid refrigerant pipe. Further, in the container, re-
spective openings of an upstream side pipe and a down-
stream side pipe of the liquid refrigerant are provided
while a space is defined at each of the openings, and a
filter device including two filters each capturing different
objects to be captured which are discharged from the
refrigerant pipe is provided.
[0013] In this case, the different objects to be captured
which are discharged from the refrigerant pipe may be a
solid foreign matter circulating in the refrigerant cycle to-
gether with the refrigerant, and a liquid impurity which is
insoluble or poor soluble with respect to the refrigerant.
[0014] According to this, since the solid foreign matter
flowing with the refrigerant is captured by the strainer
provided in a passage of the gas refrigerant and one of
the filters provided in a passage of the liquid refrigerant,
it is possible to prevent the solid foreign matter from flow-
ing into the compressor even if the flow direction of the
refrigerant changes during cooling and heating. Moreo-
ver, since the liquid impurity such as refrigerating ma-
chine oil enclosed within an old machine, which is a in-
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soluble component or a poor soluble component with re-
spect to the refrigerant, is captured by the other of the
filters provided in the passage of the liquid refrigerant, it
is possible to prevent the refrigerating machine oil in a
new machine from being degraded. Therefore, when re-
using the existing pipes, it is unnecessary to add enclos-
ing work of the refrigerating machine oil or cleaning op-
eration work, and the existing pipes can be effectively
reused.
[0015] In addition, the expansion device may be com-
posed by a first expansion device and a second expan-
sion device, and the container may be a receiver which
is provided between the first expansion device and the
second expansion device to store the liquid refrigerant.
[0016] Further, it is desirable that the two filters are
configured in a two stage configuration consisting of an
upper stage and a lower stage wherein the filter for cap-
turing the liquid impurity is provided in the upper stage
and the filter for capturing the solid foreign matter is pro-
vided in the lower stage, while the space at each of the
openings of the refrigerant pipes are defined by a filter
capturing a solid foreign matter.
[0017] Since the liquid impurity,such as mineral oil is
almost insoluble with respect to the liquid refrigerant, it
is separated from the liquid refrigerant, and since the
liquid impurity has a lower specific gravity than the liquid
refrigerant, it moves upwards. Accordingly, by providing
a filter for capturing the liquid impurity at the upper stage
side in the liquid refrigerant stored in the receiver, the
liquid impurity can be effectively captured. Further, since
the space of each of the openings of the refrigerant pipes
is defined by the lower stage side filter, the solid foreign
matter is captured by the filter soon after discharged from
the refrigerant pipes.
[0018] In addition, according to this configuration,
since the flow rate of the liquid refrigerant at the place
where the upper stage side filter is provided is relatively
slow, it is possible to prevent the liquid impurity once
captured from flowing out again together with the flow of
the refrigerant.
[0019] Moreover, it is desirable that the filter device is
provided in the receiver to have a predetermined gap
from an inner wall surface of the receiver. This is for the
purpose of suppressing occurrence of problems, such
as meting of the filter resulting from the high temperature
of the receiver wall beyond the durable temperature of
the filter device, due to welding or the like during a man-
ufacturing process of the receiver and the filter device in
the receiver.
[0020] Further, the filter for capturing solid foreign mat-
ter may be formed from a fibrous material having a mesh
number such that HFC refrigerating machine oil can pass
through there and a solid foreign matter of several Pm
or more can be captured, and the filter for capturing the
liquid impurity may be formed from a fibrous material hav-
ing a mesh number such that HFC refrigerating machine
oil can pass through there and mineral oil can be cap-
tured.

[0021] Moreover, the filter for capturing the liquid im-
purity and the filter for capturing the solid foreign matter
may be formed from a fibrous material made of polyester,
and the filter for capturing the solid foreign matter may
be formed so that the density thereof is larger than that
of the filter for capturing the liquid impurity.
[0022] Moreover, the strainer can be provided be-
tween the using side heat exchanger and the compres-
sor, and the screen of the strainer can be formed from
SUS capable of capturing a solid matter of several Pm
or more.
[0023] Moreover, by incorporating control of fully clos-
ing or slightly opening at least one of the first expansion
device and the second expansion device when at least
one of starting and stopping the compressor, it is possible
to recover the liquid refrigerant in the receiver to surely
capture the liquid impurity.
[0024] According to the present invention, it is possible
to provide a refrigeration cycle apparatus enabling the
existing pipes to be effectively reused.
[0025] Other objects, features and advantages of the
invention will become apparent from the following de-
scription of an embodiment of the invention taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0026]

Fig. 1 is a view showing a system diagram of a re-
frigeration cycle of an air conditioner of the present
invention;
Fig. 2 is a cycle system diagram showing another
embodiment according to the present invention;
Fig. 3 is a graph showing mineral oil separation char-
acteristics under a coexistence condition of an HFC-
based refrigerant, refrigerating machine oil for HFC,
and mineral oil;
Fig. 4 is a view showing a longitudinal cross-section
of a receiver and a filter device installed in the re-
ceiver; and
Fig. 5 is a view showing a cross-section of a solid
matter capturing strainer.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Hereinafter, an embodiment of the refrigeration
cycle apparatus to which the present invention is applied
will be described with reference to Figs 1 to 5. Although
the following description will be made using an air con-
ditioner as one example, the present invention is not only
limited to this but also applicable to a refrigeration cycle
apparatus which forms a refrigeration cycle and reuses
existing pipes. Moreover, in the embodiment, a multi-type
air conditioner in which a plurality of indoor units are con-
nected to one outdoor unit is described as an example,
the present invention is not limited to this but also appli-

3 4 



EP 1 975 527 A2

4

5

10

15

20

25

30

35

40

45

50

55

cable to an air conditioner with one to one connection.
In the following description, the same functional parts are
denoted by the same reference numerals to eliminate
duplicated descriptions.
[0028] Fig. 1 is a view showing a cycle system diagram
of the air conditioner of the present embodiment. As il-
lustrated in the figure, the air conditioner is composed by
an outdoor unit 30, indoor units 40a and 40b, a liquid
refrigerant pipe 7 and a gas refrigerant pipe 12 which
connect these, and the like.
[0029] The outdoor unit 30 is provided with a compres-
sor 1, a four-way valve 2, a heat source unit side heat
exchanger 3, an outdoor expansion valve 4, a receiver
5, an accumulator 15 and the like, and constructed by
connecting those with a refrigerant pipe. At connection
ports to the liquid refrigerant pipe 7 and the gas refrigerant
pipe 12, gate valves 6 and 13 are provided, and a solid
matter capturing strainer 14a is provided in the refrigerant
pipe on a suction side of the compressor 1. Moreover,
the respective indoor units 40a and 40b are provided with
indoor expansion valves 9a and 9b, using side heat ex-
changers 10a and 10b, and the like, and constructed by
connecting those with the refrigerant pipes.
[0030] Fig. 2 is a view showing a modified embodiment
of the air conditioner of the present embodiment. The
difference between Fig. 1 and Fig. 2 is only the position
on which the strainer 14 is arranged. In other words, the
solid matter capturing strainer 14a is provided on the suc-
tion side of the compressor 1 in the outdoor unit 30 in
Fig. 1, however, alternatively, a solid matter capturing
strainer 14b may be provided in the gas refrigerant pipe
12 as shown in Fig. 2.
[0031] In such an air conditioner, when renewing the
outdoor unit 30 and the indoor units 40a and 40b, reusing
the liquid refrigerant pipe 7 and the gas refrigerant pipe
12 is performed. However, if these existing pipes are sim-
ply reused, there is possibility that the reliability of the air
conditioner is significantly degraded due to degradation
of refrigerating machine oil in a new machine caused by
liquid impurities (mineral oil enclosed in an old machine,
refrigerating machine oil such as alkylbenzene, an oxi-
dation degraded reactant in the refrigerating machine oil,
a chlorine based compound, and the like) remaining in
the pipes, and acceleration of abrasion of a sliding part
of the refrigerant compressor caused by foreign matters
mixing into the refrigerant compressor mounted on the
new machine.
[0032] Hereinafter, a method for recovering solid for-
eign matters and impurities remaining in the existing
pipes will be described. Hereinafter, the description is
made by using mineral oil as one example of the impu-
rities.
[0033] When an air conditioning device using CFC or
HCFC becomes life-expired, it is replaced. First, the CFC
or HCFC refrigerant is recovered, and the outdoor unit
30 and the indoor units 40a and 40b are replaced with
those illustrated in Fig. 1. The liquid connection pipe 7
and the gas connection pipe 12 of the old machine are

reused. Since the HFC is charged in the outdoor unit 30
in advance, the indoor units 40a and 40b, the liquid con-
nection pipe 7 and the gas connection pipe 12 are vac-
uumed in a connecting state while closing the gate valves
6 and 13, and then additional charging of the HFC and
opening of the gate valves 6 and 13 are performed.
[0034] As basic operation of the air conditioner, in case
of the cooling operation, a high temperature and high
pressure gas refrigerant compressed by the compressor
1 is discharged from the compressor 1, passes through
the four-way valve 2, flows into the heat source unit side
heat exchanger 3, and exchanges heat there to be con-
densed into liquid. The condensed liquid refrigerant pass-
es through the outdoor expansion valve 4, which is a first
expansion device and fully opened, an excess refrigerant
is accumulated in the receiver 5, and a remaining refrig-
erant passes through the gate valve 6 and is sent to the
indoor units 40a and 40b.
[0035] The sent liquid refrigerant flows into the indoor
expansion valves 9a and 9b, which are second expan-
sion devices, is decompressed there to be at a low pres-
sure so as to be in a low pressure two phase state, and
exchanges heat with a using side medium, such as air,
to be evaporated into gas in the using side heat exchang-
ers 10a and 10b. After that, the gas refrigerant returns
to the compressor 1 through the solid matter capturing
strainer 14b, the gate valve 13 and the four-way valve 2
in the case of Fig. 2, through the gate valve 13, the four-
way valve 2, and through the solid matter capturing strain-
er 14a in the case of Fig. 1.
[0036] In case of the heating operation, the high tem-
perature and high pressure gas refrigerant compressed
by the compressor 1 is discharged from the compressor
1 together with the refrigerating machine oil for HFC,
flows into the using side heat exchangers 10a and 10b
through the four-way valve 2 and the gate valve 13 (and
the solid matter capturing strainer 14b in the case of Fig.
2), exchanges heat there with the using side medium
such as air and is condensed into liquid. The condensed
liquid refrigerant is flown into the gate valve 6 and the
receiver 5, decompressed to be at a low pressure by the
outdoor expansion valve 4, exchanges heat with a heat
source unit side medium such as air and water in the
heat source unit side heat exchanger 3, and is evaporat-
ed into gas. The gas refrigerant returns to the compressor
1 through the four-way valve (and the solid matter cap-
turing strainer 14a in the case of Fig. 1).
[0037] Fig. 3 is a view illustrating the separation char-
acteristics of the mineral oil when the mineral oil which
is an insoluble component with respect to the HFC-based
refrigerant is mixed into the HFC-based refrigerant and
the refrigerating machine oil for HFC at the ratio of about
10 % (= mineral oil quantity / (quantity of refrigerating
machine oil for HFC + mineral oil quantity)). The horizon-
tal axis indicates the solubility of refrigerant with respect
to the refrigerating machine oil (refrigerating machine oil
for HFC + mineral oil quantity), 0% indicates the case of
consisting only of the refrigerating machine oil (refriger-
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ating machine oil for HFC + mineral oil), and 100% indi-
cated the case of consisting only of the refrigerant. The
vertical axis indicates temperature.
[0038] As illustrated in this figure, the mineral oil is
hardly dissolved in the HFC-based refrigerant while it is
dissolved in the refrigerating machine oil for HFC. In ad-
dition, the mineral oil do not separate in the compressor
in which a large quantity of refrigerating machine oil for
HFC exists, but separates in the liquid connection pipe
7 and the receiver 5 in which a large quantity of liquid
refrigerant exists.
[0039] Subsequently, the filter device which is a char-
acteristic part of the present embodiment and installed
in the receiver 5 will be described with reference to Fig.
4. The filter device is composed by different filters 53 and
54 and the like, which are configured in a two stage of
upper and lower sides in the receiver 5. The filter 53 is
provided in the upper stage in the receiver 5 and made
of a fibrous material with a relatively large mesh number,
and the material of the fiber is composed of at least one
of polyester and polypropylene.
[0040] The liquid refrigerant and the refrigerating ma-
chine oil for HFC dissolved in the liquid refrigerant are
the liquid with remarkably low viscosity. On the contrary,
the mineral oil is the liquid with remarkably higher vis-
cosity as compared to those of the liquid refrigerant and
the refrigerating machine oil for HFC dissolved in the liq-
uid refrigerant. Therefore, while the liquid refrigerant and
the refrigerating machine oil for HFC dissolved in the liq-
uid refrigerant pass through the filter 53, the mineral oil
is trapped between the fibers of the filter 53 with the large
mesh number, and after that, it is captured by a capillary
phenomenon in the fibers.
[0041] Therefore, by arranging the filter 53 in the re-
ceiver 5, the mineral oil discharged together with the re-
frigerating machine oil for HFC from the inside of the com-
pressor 1 separates in the receiver 5, and it is possible
to capture only the separated mineral oil by the filter 53.
[0042] In the case that the compressor 1 is of a high-
pressure chamber type in which the pressure of the re-
frigerating machine oil accumulating part in the compres-
sor 1 is high, or that an oil separator is arranged at the
discharge part of the compressor 1, the temperature of
the refrigerating machine oil accumulated in the com-
pressor 1 and the oil separator becomes high. On the
other hand, the temperature of the receiver 5 becomes
lower than that temperature. In addition, since the deg-
radation of the refrigerating machine oil is accelerated
as the temperature thereof increases, and further the
degradation of the refrigerating machine oil for HFC is
accelerated as the mixing amount of mineral oil (degrad-
ed oil) remaining in the existing pipes is larger, by cap-
turing the mineral oil with the receiver 5 of which temper-
ature is lower than that in the compressor 1 or the oil
separator, it is possible to prevent the refrigerating ma-
chine oil for HFC from being degraded.
[0043] Moreover, in order to capture the mineral oil in
the filter 53, it is necessary for the filter 53 to be brought

into contact with the mineral oil. Therefore, when starting
and stopping the compressor 1, the refrigerant is recov-
ered in the receiver 5 by performing operation while set-
ting the expansion device on the downstream side of the
receiver 5 (which is the indoor expansion valves 9a and
9b in the case of cooling operation, or the outdoor ex-
pansion valve 4 in the case of heating operation) in a fully
closed state or a slightly opened state close to the fully
closed state.
[0044] This enables the filter 53 to be brought into con-
tact with the mixed liquid of the HFC-based refrigerant,
the refrigerating machine oil for HFC and the mineral oil,
and thus only the mineral oil separates in the receiver 5
so that only the mineral oil can be captured.
[0045] Further, the captured amount of the mineral oil
by the filter 53 decreases as the flow rate with respect to
the filter 53 becomes higher. This is because the mineral
oil once captured by the filter 53 is extruded outside the
filter 53 by fluid force of the refrigerant. In addition, since
the flowing-in speed of the mixed liquid becomes higher
as it is close to pipe tip end parts of refrigerant introducing
and delivering pipes 51 and 52 for introducing the mixed
liquid of the HFC-based refrigerant, the refrigerating ma-
chine oil for HFC and the mineral oil into the receiver 5,
the mixed liquid of the HFC-based refrigerant, the refrig-
erating machine oil for HFC and the mineral oil introduced
in the receiver 5 is delivered from the receiver 5 after
passing through the filter 53 by directing the pipe tip end
parts downwards. This enables the mineral oil introduced
in the receiver 5 to be prevented from being delivered
without passing through the filter 53.
[0046] By the above mentioned configuration, it is pos-
sible to suppress the time of renewing construction work
without requiring such a work that the refrigerating ma-
chine oil provided by a drum can container from the maker
of the refrigerating machine oil is charged while using a
special hose taking care of prevention of mixing of a con-
taminant when setting the density of the impurities to be
equal to or below an allowable value, as in the case of a
conventional art. Moreover, it is possible to suppress
such a problem that when a multi-air-conditioner for a
building with long pipes is renewed, a new machine be-
comes large in volume by charging a large quantity of
refrigerating machine oil corresponding to a large quan-
tity of impurities remaining in the connection pipes into
the new machine so that the new machine cannot be
installed as in the case of a conventional method of pre-
liminarily charging refrigerating machine oil to be added
into the new machine oil.
[0047] Moreover, when reusing the connection pipes,
it is unnecessary to perform cleaning operation for re-
covering the impurities remaining in the connection
pipes, and thus the working time of the renewing con-
struction work can be suppressed, resulting in effectively
reusing of the existing pipes.
[0048] Further, the filter 54 arranged in the lower stage
than the filter 53 is provided near the pipe tip end parts
of the refrigerant introducing and delivering pipes 51 and
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52 in the receiver 5. In other words, the spaces 62 at the
tip end portions of the refrigerant introducing and deliv-
ering pipes 51 and 52 are defined by the filter 54. The
filter 54 is made of a fibrous material of which size is
greater than that of the filter 53, and has a mesh number
enabling solid matters of several Pm to be removed. That
is, the material is fibrous in which fibers are more densely
superposed, gaps between fibers are smaller, and the
density is larger than those of the filter 53, and is com-
posed of at least one of polyester, polypropylene, and
SUS, as a characteristic of the fiber.
[0049] As the filter 53 for capturing the mineral oil, it is
desirable to set a different density from that of the filter
54 in order to make the gaps between the fibers of the
filter 53 large possibly, and to set the amount of the min-
eral oil which can be captured to be large possibly, since
the mineral oil is captured inside the fibers by means of
the capillary phenomena. In addition, in order not to de-
liver the solid foreign matters introduced from the refrig-
erant introducing and delivering pipes 51 and 52 from
the inside of the receiver 5, the filter 54 is arranged to
surround the vicinity of the pipe tip end parts of the re-
frigerant introducing and delivering pipes 51 and 52.
[0050] Here, a strainer for capturing foreign matters or
the prior art can capture solid foreign matters of which
particle size is equal to or greater than 20 Pm. However,
as a result of measuring the particle size distribution of
the solid foreign matters generated by the abrasion of
the sliding part of the refrigerant compressor and recov-
ered from the actual machine, it has been found that the
number of the solid foreign matters having a particle di-
ameter equal to or greater than 20 Pm is half or more of
the total number of the solid foreign matters, and thus in
case of the strainer which can capture solid foreign mat-
ters of which particle diameter is equal to or greater than
20 Pm, solid foreign matters of which particle diameter
is equal to or smaller than 20 Pm will flow into the refrig-
erant compressor.
[0051] Moreover, in the document of "Lubrication", vol-
ume 17, No. 11 (1972), pages 741 to 746, the minimum
gap in a slide bearing also used in a refrigerant compres-
sor is 1 to 20 Pm, and the document "Tribology and En-
vironment" K.K. Shinjusha, page 53, Fig. 2.2.3.7(b) de-
scribes that the abrasion of a sliding part is accelerated
mostly under a condition in which the particle size of a
solid foreign matter is equal to the minimum gap of a
bearing.
[0052] In this respect, according to the present embod-
iment, the solid foreign matters discharged from the re-
frigerant introducing and delivering pipes 51 and 52 are
attached on a surface of the filter 54 on a side of the
refrigerant introducing and delivering pipes 51 and 52 by
the above mentioned configuration. As a result thereof,
it is possible to prevent the solid foreign matters from
mixing into the compressor mounted on the new machine
to accelerate the abrasion of the sliding part of the com-
pressor, so that the reliability of the air conditioner can
be prevented from being degraded.

[0053] In addition, in order to prevent the filter 54 from
being clogged by the solid foreign matters, it is desirable
to sufficiently ensure the area of the filter 54 on the side
of the refrigerant introducing and delivering pipes 51 and
52.
[0054] Next, an installing method of the filter 53 for
removing the refrigerant insoluble components in the up-
per stage and the filter 54 for removing the solid foreign
matters in the lower stage, which are accommodated in
the receiver, will be described.
[0055] At the time of manufacturing, after sandwiching
the filters 53 and 54 between punching metals 55 and
56, caps 58 and 59 and a body 60 are welded together.
At that time, the temperature of the inner wall surface of
the body 60 exceeds the maximum operation tempera-
ture of the filters 53 and 54. Accordingly, if the filters 53
and 54 are constructed so as to be in contact with the
inner wall surface of the body 60, the filters 53 and 54
will be melted by the heat, and will not be able to capture
the refrigerant insoluble components. Further, this caus-
es the passage of the liquid refrigerant introduced in the
receiver 5 and the refrigerating machine oil for HFC dis-
solved in the liquid refrigerant to be blocked in the receiv-
er 5, so that those can not be delivered from the inside
of the receiver 5, and the equipment stops due to over-
shooting of the discharge temperature of the compressor
1, or the abrasion of the sliding part occurs due to lack
of the refrigerating machine oil in the compressor 1.
[0056] Therefore, in the present embodiment, a pre-
determined gap ∆d is provided between the body 60 and
the filters 53 and 54 so that the temperatures of the filters
53 and 54 is equal to or smaller than the maximum op-
eration temperature, to prevent the temperature of the
inner wall surface of the body 60 from being transmitted
to the filters.
[0057] As illustrated in Fig. 5, the solid matter capturing
strainers 14a and 14b have the structure in which an
introducing cap 71 having an opening in its center is con-
nected on one bottom side, and a cylindrical screen 70
having a screen arranged therein for capturing solid for-
eign matters is encapsulated in a pressure-resistant con-
tainer 74 on the other bottom side. The connection of the
introducing cap 71 and the screen 70 prevents the solid
foreign matters from flowing into and out from a connec-
tion part of the introducing cap 71 and the screen 70 by
entire welding in the circumferential direction.
[0058] Further, the connection between the inner sur-
face of the pressure-resistant container 74 and the intro-
ducing cap 71 also prevents the flowing-in and flowing-
out of the solid foreign matters by entire caulking in the
circumferential direction or by entire welding in the cir-
cumferential direction.
[0059] The flow of the refrigerant, the refrigerating ma-
chine oil and the solid foreign matters in the solid matter
capturing strainer 14a and 14b flows as shown in the
solid line arrows when the refrigerant, the refrigerating
machine oil and the solid foreign matters firstly flow into
the strainers from the side of the pipe 72. The refrigerant
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and the refrigerating machine oil pass through the open-
ings of the screen and flow out from the side of the pipe
73. Since the solid matters having a particle size equal
to or greater than that of the openings of the screen 70
cannot pass through the screen 70, those are captured
by the inner surface of the screen 70.
[0060] Moreover, the flow of the refrigerant, the refrig-
erating machine oil, and the solid foreign matters in case
of performing the reverse cycle operation such as a cool-
ing and heating combined machine is illustrated shown
in the dotted line arrows.
[0061] As illustrated in Fig. 2, when the solid matter
capturing strainer 14b is arranged between the gas con-
nection pipe 12 and the gas gate valve 13, there is the
possibility that the solid foreign matters captured by the
inner surface of the screen 70 are flown outside the solid
matter capturing strainer 14b by the fluid forces of the
refrigerant and the refrigerating machine oil. However, it
is possible to prevent the solid foreign matters from flow-
ing into the refrigerant compressor 1 by enclosing those
in the liquid refrigerant pipe 7 and the gas refrigerant pipe
12 by the solid matter capturing strainer 14b and the filter
54 arranged in the receiver.
[0062] The material of the screen 70 used for the solid
matter capturing strainer 14a and 14b is desirably made
from SUS, which is a material which captures solid for-
eign matters having a particle size equal to or greater
than several Pm, does not degrades the refrigerant and
the refrigerating machine oil to be used, as well as the
screen 70 itself.
[0063] Moreover, according to the document "Tribolo-
gy and Environment" K.K. Shinjusha, page 53, Fig.
2.2.3.7(c), as the amount of foreign matters to be supplied
to the sliding part of a bearing increases, the amount of
abrasion increases. In view of this fact, the acceptable
value of the mixing amount of the solid foreign matters
is set as a specification of the refrigerant compressor 1,
and if the mixing amount of the solid foreign matters is
equal to or smaller than the acceptable value, there is no
problem even if a part of the solid foreign matters remain-
ing in the liquid refrigerant pipe 7 and the gas refrigerant
pipe 12, passes through the screen 70 and flows into the
refrigerant compressor 1.
[0064] That is, although the screen 70 used for the
solid matter capturing strainer 14a and 14b captures solid
foreign matters having a particle size equal to or greater
than several Pm, there is no problem if the capturing rate
is equal to or smaller than 100%.
[0065] Moreover, in order to withstand the fluid forces
from the refrigerator and the refrigerating machine oil,
the inner periphery and the outer periphery of the screen
70 may be reinforced by a high-strength member such
as punching metal
[0066] At that time, if the solid matter capturing strainer
14a is arranged on the suction side of the compressor 1
as illustrated in Fig. 1, the solid foreign matters remaining
in the liquid refrigerant pipe 7 and the gas refrigerant pipe
12, which are solid foreign matters in the refrigeration

cycle, and abrasion powder generated due to the aging
degradation of the compressor 1 are all gathered in the
solid matter capturing strainer 14a. Therefore, it is im-
portant to ensure the area of the screen 70 of the solid
matter capturing strainer 14a sufficiently, so as not to
clog the solid matter capturing strainer 14a by the solid
foreign matters.
[0067] As illustrated in Fig. 2, if the solid matter cap-
turing strainer 14b is arranged between the gas connec-
tion pipe 12 and the gas gate valve 13, only the solid
foreign matters remaining in the liquid refrigerant pipe 7
and the gas refrigerant pipe 12 flow into the solid matter
capturing strainer 14b during the cooling operation. On
the contrary, during the heating operation, only abrasion
powder generated due to the aging degradation of the
compressor 1 flows into the solid matter capturing strain-
er 14b. By this fact, the amount of the solid foreign matters
flowing into the solid matter capturing strainer 14b is
smaller than the solid matter capturing strainer 14a, and
the area of the screen 70 of the solid matter capturing
strainer 14b can be set smaller, which enables downsiz-
ing.
[0068] It should be further understood by those skilled
in the art that although the foregoing description has been
made on embodiments of the invention, the invention is
not limited thereto and various changes and modifica-
tions may be made without departing from the spirit of
the invention and the scope of the appended claims.

Claims

1. A refrigeration cycle apparatus, forming a refrigera-
tion cycle by connecting a compressor (1), a heat
source unit side heat exchanger (3), an expansion
device, and a using side heat exchanger by means
of a liquid refrigerant pipe (7) and a gas refrigerant
pipe (12), wherein
the gas refrigerant pipe (12) is provided with a strain-
er (14), and the liquid refrigerant pipe (7) is provided
with a container, and
in the container, respective openings of pipes on an
upstream side and a downstream side of the liquid
refrigerant are provided, and two filters (53, 54) are
provided, the two filters defining a space at each
opening and capturing different target objects re-
spectively, discharged from the refrigerant pipe (7).

2. The refrigeration cycle apparatus according to claim
1, wherein the different target objects discharged
from the refrigerant pipe (7) are solid foreign matters
circulating in the refrigeration cycle together with the
refrigerant, and liquid impurities which are at least
one of insoluble and poor soluble with respect to the
refrigerant.

3. The refrigeration cycle apparatus according to claim
1, wherein the expansion device comprises a first
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expansion device (4) and a second expansion device
(9a, 9b), and the container is a receiver (5) provided
between the first expansion device (4) and the sec-
ond expansion device (9a, 9b) to store the liquid re-
frigerant.

4. The refrigeration cycle apparatus according to claim
3, wherein the two filters (53, 54) are arranged in two
upper and lower stages, a filter (53) for capturing the
liquid impurities is provided in the upper stage, a filter
(54) for capturing the solid foreign matters is provid-
ed in the lower stage, and the space of each of the
openings is defined by the filter for capturing the solid
foreign matters.

5. The refrigeration cycle apparatus according to claim
4, wherein the two filters (53, 54) are provided in the
receiver with a predetermined gap from an inner wall
surface of the receiver (5).

6. The refrigeration cycle apparatus according to claim
4 or 5, wherein the filter (53) for capturing the solid
foreign matters is made of a fibrous material of a
mesh number enabling HFC refrigerating machine
oil to pass through and solid foreign matters of sev-
eral Pm or more to be captured, and the filter (54)
for capturing the liquid impurities is made of a fibrous
material of a mesh number enabling the HFC refrig-
erating machine oil to pass through and mineral oil
to be captured.

7. The refrigeration cycle apparatus according to claim
4 or 5, wherein the filter (53) for capturing the solid
foreign matters and the filter (54) for capturing the
liquid impurities are formed from a fibrous material
made of polyester, and the filter (53) for capturing
the solid foreign matters is formed to have a density
larger than that of the filter (54) for capturing the liquid
impurities.

8. The refrigeration cycle apparatus according to claim
4 or 5, wherein the strainer (14) is provided between
the using side heat exchangers (10a, 10b) and the
compressor (1), and a screen of the strainer (14) is
formed from SUS enabling solid matters of several
Pm or more to be captured.

9. The refrigeration cycle apparatus according to claim
4 or 5, wherein one of the first expansion device (4)
and the second expansion device (9a, 9b) is fully
closed, or at a slightly opened angle when at least
one of starting and stopping the compressor.

10. A refrigeration cycle apparatus, forming a refrigera-
tion cycle by connecting a compressor (1), a four-
way valve (2), a heat source unit side heat exchanger
(3), a first expansion device, a receiver (5), a second
expansion device, and a using side heat exchanger

(10a, 10b) by means of a refrigerant pipe (7), wherein
a strainer (14) for capturing solid foreign matters cir-
culating in the refrigeration cycle together with refrig-
erant is provided between the using side heat ex-
changers (10a, 10b) and the compressor (1), and a
filter device (53, 54) for capturing the solid foreign
matters and liquid impurities which are at least one
of insoluble and poor soluble with respect to the re-
frigerant is provided in the receiver (5), and
the filter device (53, 54) is constructed by arranging
a filter (54) for capturing the liquid impurities which
are at least one of insoluble and poor soluble with
respect to the refrigerant in an upper stage and a
filter (54) for capturing the solid foreign matters dis-
charged from the refrigerant pipe (7) in a lower stage,
and a space is defined by the filter (53, 54) for cap-
turing the solid foreign matters at an opening of each
on an upstream side and a downstream side of the
refrigerant pipes (7) inserted in the receiver (5).
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