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(57) Abstract: A accumulator (1) is provided
with a container (2), a low-pressure refrigerant
inlet pipe (3), and a low-pressure refrigerant out-
let body (4) which has, within the container (2),
an upstream-side pipe-like section, a low-pres-
sure refrigerant bend section, and a downstream-
side pipe-like section. At least a part of the up-
stream-side pipe-like section is covered with a
first outer pipe (14) with a gap therebetween, at
least a part of the downstream-side pipe-like sec-
tion is covered with a second outer pipe (15)
with a gap therebetween, the first outer pipe (14)
and the second outer pipe (15) are connected by
a bridge pipe (16), and a high-pressure refriger-
ant flows through the gap between the upstream-
side pipe-like section and the first outer pipe
(14), the bridge pipe (16), and the gap between
the downstream-side pipe-like section and the
second outer pipe (15).
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DESCRIPTION

Title of Invention

ACCUMULATOR, AIR-CONDITIONING APPARATUS AND METHOD FOR
MANUFACTURING ACCUMULATOR

Technical Field

[0001]

The present invention relates to an accumulator, an air-conditioning
apparatus and a method for manufacturing an accumulator.
Background Art
[0002]

A conventional accumulators include a container that seals low pressure
refrigerant, a low pressure refrigerant inlet tube that allows the low pressure
refrigerant to flow into the container, and a U-shaped tube that allows the low
pressure refrigerant in the container to flow out of the container, and the U-
shaped tube is covered by an outer tube with a gap between the U-shaped tube
and the outer tube. High pressure refrigerant passes through the gap between
the U-shaped tube and the outer tube, and the high pressure refrigerant
exchanges heat with the low pressure refrigerant in the container and the low
pressure refrigerant in the U-shaped tube. This heat exchange allows the low
pressure refrigerant in the container and the low pressure refrigerant in the U-
shaped tube to be gasified and superheated, and the high pressure refrigerant
passing through the gap between the U-shaped tube and the outer tube to be
subcooled (for example, see Patent Literature 1).

[00023]

Reference to any prior art in the specification is not, and should not be
taken as, an acknowledgment or any form of suggestion that this prior art forms
part of the common general knowledge in any jurisdiction or that this prior art
could reasonably be expected to be understood, regarded as relevant and/or

combined with other pieces of prior art by a person skilled in the art.
1
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[0002b]

As used herein, except where the context requires otherwise, the term
"comprise" and variations of the term, such as "comprising", "comprises" and
"comprised”, are not intended to exclude further additives, components, integers
or steps.

Citation List
Patent Literature
[0003]

Patent Literature 1: Japanese Unexamined Patent Application Publication
No. 61-83849 (line 14 in the upper left column to line 4 in the lower left column on
page 3, and Fig. 1)

Summary
[0004]

In the conventional accumulators, a straight tube is inserted in the outer
tube and the outer tube is bent with the straight tube to form a turning back
section of the U-shaped tube. Thus, it is difficult to ensure a gap between the U-
shaped tube and the outer tube at the turning back section, causing a problém of
low manufacturing efficiency. Further, there is a problem that how to apply such
a conventional accumulator to air-conditioning apparatuses configured to switch
heating operation and cooling operation by switching operation of a flow
switching mechanism in a refrigerant circuit, which has become more
complicated over the years, is not embodied.

[0005]

The present invention has been made in view of these problems, and has
an object of providing an accumulator with an improved manufacturing efficiency.
Further, the present invention has an object of providing an air-conditioning
apparatus having the same accumulator. Further, the present invention has an
object of providing an air-conditioning apparatus in which application of the
accumulator is embodied. Further, the present invention has an object of

2
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providing a method of manufacturing an accumulator with an improved
manufacturing efficiency. An alternative object of the invention is to provide the
public with a useful choice.

[0006]

According to one aspect of the invention there is provided an accumulator
connected to a refrigerant circuit and includes a container sealing low pressure
refrigerant flowing through a low pressure side of the refrigerant circuit, a low
pressure refrigerant inlet tube allowing the low pressure refrigerant to flow into
the container, and a low pressure refrigerant outlet body including an upstream-
side tubular section, a low pressure refrigerant turning back section
communicating with a lower end of the upstream-side tubular section, and a
downstream-side tubular section having a lower end communicating with the low
pressure refrigerant turning back section in the container, and is configured to
allow the low pressure refrigerant in the container to flow from an upper end of
the upstream-side tubular section to an upper end of the downstream-side
tubular section and to flow out of the container. At least a part of the upstream-
side tubular section is covered by a first outer tube with a gap between the
upstream-side tubular section and the first outer tube, at least a part of the
downstream-side tubular section is covered by a second outer tube with a gap
between the downstream-side tubular section and the second outer tube, the first
outer tube and the second outer tube communicate with each other via a bridging
tube, and high pressure refrigerant flowing through a high pressure side of the
refrigerant circuit passes through the gap between the upstream-side tubular
section and the first outer tube, the bridging tube, and the gap between the
downstream-side tubular section and the second outer tube, wherein a cross
sectional area of a flow path of at least a part of the bridging tube is smaller than

a cross sectional area of a flow path of the gap between the upstream-side
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tubular section and the first outer tube and a cross sectional area of a ﬂbw path
of the gap between the downstream-side tubular section and the second outer
tube.

[00063a]

According to a second aspect of the invention there is provided an air-
conditioning apparatus comprising a refrigerant circuit connecting a compressor,
a first flow switching mechanism, an indoor heat exchanger, a first expansion
device, an outdoor heat exchanger, and an accumulator by a pipe, and is
configured to switch between heating operation and cooling operation by
switching operation of the first flow switching mechanism, wherein the
accumulator includes a container sealing low pressure refrigerant flowing through
a low pressure side of the refrigerant circuit, a low pressure refrigerant inlet tube
allowing the low pressure refrigerant to flow into the container, and a low
pressure refrigerant outlet body allowing the low pressure refrigerant in the
container to flow out of the container, at least a part of the low pressure
refrigerant outlet body is covered by an outer tube with a gap between the low
pressure refrigerant outlet body and the outer tube, high pressure refrigerant
flowing through a high pressure side of the refrigerant circuit passes through the
gap, the compressor is connected to the pipe on a downstream side of a flow
path through which the low pressure refrigerant passes in the accumulator, and
the first expansion device is connected to the pipe on a downstream side of a
flow path through which the high pressure refrigerant passes in the accumulator.
[0006b]

According to a third aspect of the invention there is provided a method for
manufacturing an accumulator comprising: joining a first tube, a second tube,
and a bridging tube, at least a part of the first tube being covered by a first outer
tube with a gap between the first tube and the first outer tube, at least a part of
the second tube being covered by a second outer tube with a gap between the
second tube and the second outer tube, the first outer tube and the second outer

3a
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tube communicating with each other via the bridging tube; testing hermetic
sealing of parts joined in the joining; after the testing hermetic sealing, forming a
refrigerant outlet body by joining a relay member to one end of the first tube and
one end of the second tube so that the first tube and the second tube
communicate with each other via the relay member; and attaching the refrigerant
outlet body formed in the forming the refrigerant outlet body in a container.
[0007]

In the accumulator described within the following, the first outer tube and
the second outer tube communicate with each other via the bridging tube, and
thus the low pressure refrigerant turning back section does not need to be
covered by the outer tube. Thus, it is not necessary to reliably ensure the gap in
forming the turning back section of the low pressure refrigerant outlet body,
thereby improving the manufacturing efficiency of the low pressure refrigerant
outlet body.

Brief Description of Drawings
[0008]
[Fig. 1] Fig. 1 is a view showing the configuration and operation of an

accumulator according to Embodiment 1.
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[Fig. 2] Fig. 2 is a view showing the configuration and operation of the
accumulator according to Embodiment 1.

[Fig. 3] Fig. 3 is a graph showing the configuration and operation of the
accumulator according to Embodiment 1.

[Fig. 4] Fig. 4 is a block diagram showing a method for manufacturing the
accumulator according to Embodiment 1.

[Fig. 5] Fig. 5 is a view showing Usage example-1 of the accumulator
according to Embodiment 1.

[Fig. 6] Fig. 6 is a view showing Usage example-1 of the accumulator
according to Embodiment 1.

[Fig. 7] Fig. 7 is a view showing Usage example-2 of the accumulator
according to Embodiment 1.

[Fig. 8] Fig. 8 is a view showing Usage example-2 of the accumulator
according to Embodiment 1.

[Fig. 9] Fig. 9 is a view showing the configuration and operation of the
accumulator according to Embodiment 2.

[Fig. 10] Fig. 10 is a view showing the configuration and operation of the
accumulator according to Embodiment 3.

Description of Embodiments
[0009]

With reference to the drawings, an accumulator according to the present
invention will be described.

The configurations, operations, manufacturing process, and other
descriptions below are merely examples, and an accumulator according to the
present invention is not limited to such configurations, operations, a
manufacturing process, and other descriptions. Detailed structures are
simplified or omitted in the drawings as appropriate. Further, duplicated
descriptions are simplified or omitted as appropriate.

[0010]
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Embodiment 1

An accumulator according to Embodiment 1 will be described below.
<Configuration and operation of accumulator>

The configuration and operation of the accumulator according to
Embodiment 1 will be described below.

Figs. 1 to 3 are views and a graph showing the configuration and operation
of the accumulator according to Embodiment 1.

[0011]

As shown in Fig. 1, an accumulator 1 includes a container 2, a low
pressure refrigerant inlet tube 3, a low pressure refrigerant outlet body 4, a high
pressure refrigerant inlet tube 5, and a high pressure refrigerant outlet tube 6.
The container 2 seals low pressure refrigerant. The low pressure refrigerant
inlet tube 3 allows low pressure refrigerant to flow into the container 2. The low
pressure refrigerant outlet body 4 allows low pressure refrigerant to flow out of
the container 2. The high pressure refrigerant inlet tube 5 allows high pressure
refrigerant to flow into the container 2. The high pressure refrigerant outlet tube
6 allows high pressure refrigerant to flow out of the container 2.

[0012]

The container 2 is preferably made up of a cap 2a and a shell 2b, and the
low pressure refrigerant inlet tube 3, the low pressure refrigerant outlet body 4,
the high pressure refrigerant inlet tube 5, and the high pressure refrigerant outlet
tube 6 are fixed penetrating through through-holes formed in the cap 2a. With
this configuration, the low pressure refrigerant inlet tube 3, the low pressure
refrigerant outlet body 4, the high pressure refrigerant inlet tube 5, and the high
pressure refrigerant outlet tube 6 can be mounted in the container 2 while the
container 2 is open, and after that, the container 2 can be sealed by a simple
operation of joining the cap 2a. Thus, manufacturing efficiency of the
accumulator 1 can be improved.

[0013]
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The low pressure refrigerant outlet body 4 includes a first tube 11 that
extends from an upper position to a lower position in the container 2, a U-shaped
tube 12 that is connected to the lower end of the first tube 11 and a second tube
13 having a lower end connected to the U-shaped tube 12. As shown in Fig. 2,
the first tube 11, the U-shaped tube 12, and the second tube 13 are separate
members. The low pressure refrigerant enters the container 2, flows from the
upper end of the first tube 11 to the low pressure refrigerant outlet body 4, passes
through the first tube 11, the U-shaped tube 12, and the second tube 13 in this
order, and exits the container 2. The flow path of the low pressure refrigerant
outlet body 4 through which low pressure refrigerant flows is hereinafter referred
to as a low pressure refrigerant flow path 4a. The U-shaped tube 12 may not be
in U-shape and may be a block that forms a U-shaped flow path. The first tube
11 corresponds to an "upstream-side tubular section" of the present invention.
The U-shaped tube 12 corresponds to a "low pressure refrigerant turning back
section" of the present invention. An area of the second tube 13 that is located
in the container 2 corresponds to a "downstream-side tubular section" of the
present invention.

[0014]

The first tube 11, the U-shaped tube 12, and the second tube 13 of the low
pressure refrigerant outlet body 4 may be a unitary member, that is, a unitary U-
shaped tube. In that case, a portion of the unitary U-shaped tube that
corresponds to the first tube 11 corresponds to the "upstream-side tubular
section" of the present invention. A portion of the unitary U-shaped tube that
corresponds to the U-shaped tube 12 corresponds to the "low pressure
refrigerant turning back section" of the present invention. A portion of the
unitary U-shaped tube that corresponds to the area of the second tube 13 that is
located in the container 2 corresponds to the "downstream-side tubular section"
of the present invention.

[0015]
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The first tube 11, the U-shaped tube 12, and the second tube 13 of the low
pressure refrigerant outlet body 4 are formed as separate members, and thus
more members (such as the U-shaped tube 12) can be used in common by a
plurality of accumulators 1 having different volumes compared with the case
where the first tube 11, the U-shaped tube 12, and the second tube 13 are
formed as a unitary U-shaped tube, thereby reducing the manufacturing cost.
Further, in the case where the first tube 11, the U-shaped tube 12, and the
second tube 13 are formed as a unitary U-shaped tube, both ends of the unitary
U-shaped tube expand to a certain extent due to a spring effect of the turning
back section. However, when the first tube 11, the U-shaped tube 12, and the
second tube 13 are formed as separate members, expansion between both ends
of the U-shaped tube 12 can be easily reduced or eliminated since the U-shaped
tube 12 is formed as a separate member, and thus, expansion between the
upper end of the first tube 11 and the upper end of the second tube 13 can be
prevented. As aresult, a sealing property of low pressure refrigerant in the
container 2 can be improved and a productivity in manufacturing of the
accumulator 1 can be improved.

[0016]

At least a part of the first tube 11 is covered by a first outer tube 14 with a
gap between the first tube 11 and the first outer tube 14. The first outer tube 14
is connected to the high pressure refrigerant outlet tube 6. At least a part of the
second tube 13 is covered by a second outer tube 15 with a gap between the
second tube 13 and the second outer tube 15. The second outer tube 15 is
connected to the high pressure refrigerant inlet tube 5. The first outer tube 14
and the second outer tube 15 communicate with each other via a bridging tube
16. After the high pressure refrigerant enters the high pressure refrigerant inlet
tube 5 into the gap between the second tube 13 and the second outer tube 15, it
flows through the bridging tube 16, the gap between the first tube 11 and the first
outer tube 14, and the high pressure refrigerant outlet tube 6 in sequence and

7
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exits the container 2. The flow path of the low pressure refrigerant outlet body 4
through which high pressure refrigerant flows is hereinafter referred to as a high
pressure refrigerant flow path 4b.

[0017]

The first outer tube 14 and the second outer tube 15 communicate with
each other via the bridging tube 16, and thus the U-shaped tube 12 does not
need to be covered by an outer tube. Thus, it is not necessary to reliably
ensure the gap between the U-shaped tube 12 and the outer tube in forming the
U-shaped tube 12, that is, the turning back section of the low pressure refrigerant
outlet body 4, thereby improving manufacturing efficiency of the low pressure
refrigerant outlet body 4.

[0018]

Further, low pressure refrigerant passing through the container 2 and the
low pressure refrigerant flow path 4a exchanges heat with high pressure
refrigerant passing through the high pressure refrigerant flow path 4b. This heat
exchange promotes gasification and superheat of the low pressure refrigerant
passing through the container 2 and the low pressure refrigerant flow path 4a so
that gas refrigerant that is sufficiently superheated and contains little liquid
refrigerant flows out of the low pressure refrigerant outlet body 4, and promotes
subcooling of the high pressure refrigerant passing through the high pressure
refrigerant flow path 4b so that liquid refrigerant that is sufficiently subcooled
flows out of the high pressure refrigerant outlet tube 6.

[0019]

Further, low pressure refrigerant passing through the low pressure
refrigerant flow path 4a and high pressure refrigerant passing through the high
pressure refrigerant flow path 4b flow in mutually opposite directions. Thus,
compared with the case where they flow in the same direction, low pressure
refrigerant passing through a downstream-side area of the low pressure

refrigerant flow path 4a has a large temperature difference to the high pressure
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refrigerant, and high pressure refrigerant passing through a downstream-side
area of the high pressure refrigerant flow path 4b has a large temperature
difference to the low pressure refrigerant.  This temperature difference improves
heat exchange efficiency in the low pressure refrigerant outlet body 4 and further
promotes gasification and superheat of the low pressure refrigerant passing
through the container 2 and the low pressure refrigerant flow path 4a and
subcooling of the high pressure refrigerant passing through the high pressure
refrigerant flow path 4b.

[0020]

Moreover, the first tube 11, the U-shaped tube 12, and the second tube 13
of the low pressure refrigerant outlet body 4 are formed as separate members,
and thus more members (such as the U-shaped tube 12) can be used in
common by a low pressure refrigerant outlet body of a type having the first tube
11 and the second tube 13 that are not covered by an outer tube, thereby
reducing the manufacturing cost.

[0021]

The first outer tube 14 preferably has a length larger than that of the
second outer tube 15.  With this configuration, gasification of low pressure
refrigerant around the first tube 11 is further promoted, and thus liquid refrigerant
is reliably prevented from entering the upper end of the first tube 11, and increase
of pressure loss generated in the high pressure refrigerant passing through the
high pressure refrigerant flow path 4b due to the excessively long high pressure
refrigerant flow path 4b can also be prevented.

[0022]

The U-shaped tube 12 has an oil return hole 17. The oil return hole 17 is
located at a lower position in the container 2, particularly, at a lower position
relative to the bridging tube 16. The oil return hole 17 allows the oll
accumulated at the bottom of the container 2, for example, lubricating oil for the

compressor to flow into the low pressure refrigerant flow path 4a and to flow out
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along with the low pressure refrigerant from the accumulator 1.  The oil return
hole 17 is formed in the U-shaped tube 12, which is not covered by an outer
tube, and thus manufacturing efficiency of the low pressure refrigerant outlet
body 4 can be improved. The oil return hole 17 corresponds to an "oil inlet flow
path" of the present invention.

[0023]

A downstream-side area of the second tube 13 is not covered by the
second outer tube 15 and is connected to one end of a straw tube 18. The
other end (distal end) of the straw tube 18 is located at a lower position in the
container 2, particularly, at a lower position relative to the bridging tube 16. The
straw tube 18 allows the oil accumulated at the bottom of the container 2, for
example, lubricating oil for the compressor to be suctioned into the low pressure
refrigerant flow path 4a. The straw tube 18 is connected to the downstream-
side area of the second tube 13 that is not covered by an outer tube, and thus
manufacturing efficiency of the low pressure refrigerant outlet body 4 can be
improved. Further, the straw tube 18 is connected to the area close to an outlet
port of the low pressure refrigerant flow path 4a, and thus head difference
between both ends of the straw tube 18 increases and suctioning of the oil
accumulated at the bottom of the container 2, for example, lubricating oil for the
compressor is promoted. The straw tube 18 corresponds to the "oil inlet flow
path" of the present invention.

[0024]

The bridging tube 16 is located at an upper position relative to the oll
return hole 17 and the distal end of the straw tube 18, and thus separation
between oil, for example, lubricating oil for the compressor and liquid refrigerant
in the container 2 is promoted. That is, as shown in Fig. 3, oil that flows into the
container 2, for example, lubricating oil for the compressor tends to contain oil
components having different solubility, and oil components having low solubility

are separated from the liquid refrigerant, but oil components having high
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solubility are solved in the liquid refrigerant and are not separated from the liquid
refrigerant.  If the bridging tube 16 is located at a lower position relative to the oll
return hole 17 and the distal end of the straw tube 18, the oil accumulated at the
bottom of the container 2, for example, lubricating oil for the compressor and
liquid refrigerant are heated by the bridging tube 16, thus increasing oil
components that are not separated. On the other hand, in the configuration in
which the bridging tube 16 is located at an upper position relative to the oil return
hole 17 and the distal end of the straw tube 18, the oil accumulated at the bottom
of the container 2, for example, lubricating oil for the compressor and liquid
refrigerant are prevented from being heated by the bridging tube 16, and thus oil
components that are not separated are prevented from increasing. This
prevention promotes two-layering of oil in the container 2 of, for example,
lubricating oil for the compressor and liquid refrigerant.  As a result, oil returning
property of oil in the accumulator 1, for example, lubricating oil for the
compressor is improved, thereby further improving reliability of prevention of
failure of compressor or other troubles.

[0025]

Moreover, the low pressure refrigerant outlet body 4 may include only one
of the oll return hole 17 and the straw tube 18. In particular, when the flow rate
of low pressure refrigerant passing through the low pressure refrigerant flow path
4a largely varies depending on an operation state of the compressor or other
factors, it is preferable that the low pressure refrigerant outlet body 4 includes the
oil return hole 17 and the straw tube 18.

[0026]

As shown in Fig. 2, a support member 21 is fixed to the U-shaped tube 12.
A support member 22 is fixed to the high pressure refrigerant inlet tube 5, which
is not shown, the high pressure refrigerant outlet tube 6, which is not shown, the
first tube 11, and the second tube 13. The support members 21 and 22 have

outer peripheral surfaces 21a and 22a that are shaped along an inner peripheral
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surface of the shell 2b and are attached on the inner peripheral surface of the
shell 2b.

[0027]

<Method for manufacturing accumulator >

A method for manufacturing the accumulator according to Embodiment 1
will be described below.

Fig. 4 is a block diagram showing a method for manufacturing the
accumulator according to Embodiment 1.

[0028]

As shown in Fig. 4, in S101, the members are positioned so that at least a
part of the first tube 11 is covered by the first outer tube 14 with a gap between
the first tube 11 and the first outer tube 14, at least a part of the second tube 13
is covered by the second outer tube 15 with a gap between the second tube 13
and the second outer tube 15, the first outer tube 14 and the second outer tube
15 communicate with each other via the bridging tube 16, and the first tube 11
and the second tube 13 communicate with each other via the U-shaped tube 12.
In S102, the tubes except for the U-shaped tube 12 are joined by brazing or other
methods. The U-shaped tube 12 may be positioned after S102. The U-shaped
tube 12 corresponds to a "relay member" of the present invention.

[0029]

In S103, the high pressure refrigerant inlet tube 5 is joined to the second
outer tube 15 by brazing or other methods and the high pressure refrigerant
outlet tube 6 is joined to the first outer tube 14 by brazing or other methods.
Then, in $S104, test for hermetic sealing of the high pressure refrigerant flow path
4b is performed. Through these processes, hermetic sealing property of the
high pressure refrigerant flow path 4b through which high pressure refrigerant
passes can be reliably achieved compared with the low pressure refrigerant flow
path 4a.

[0030]
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In S105, the U-shaped tube 12 and the straw tube 18 are joined by brazing
or other methods to form the low pressure refrigerant outlet body 4. Then, in
S106, the support members 21 and 22 are fixed to the low pressure refrigerant
outlet body 4. As shown in Fig. 2, when the support member 21 is fixed to the
U-shaped tube 12 by swaging a through-hole of the support member 21 with the
U-shaped tube 12 being inserted in the through-hole, the support member 21 is
preferably fixed before the U-shaped tube 12 is positioned. Through these
processes, in the case where the outer diameters of the first outer tube 14 and
the second outer tube 15 are each larger than the inner diameter of the
corresponding through-hole, unsuccessful mounting of the support member 21 to
the U-shaped tube 12 due to the first outer tube 14 and the second outer tube 15
can be prevented. The low pressure refrigerant outlet body 4 corresponds to a
"refrigerant outlet body" of the present invention.

[0031]

In S107, the inner peripheral surface of the shell 2b and the outer
peripheral surfaces 21a and 22a of the support members 21 and 22 are joined by
welding or other methods. Then, in S108, the cap 2a having the low pressure
refrigerant inlet tube 3 joined thereto in advance is positioned. Then, in S109,
the cap 2a is joined to the shell 2b to seal the container 2.

[0032]
<Usage example of accumulator>

A usage example of the accumulator according to Embodiment 1 will be
described.

In the accumulator 1 of the following usage example, the first outer tube 14
and the second outer tube 15 may not communicate with each other via the
bridging tube 16 as long as at least a part of the low pressure refrigerant flow
path 4a is covered by an outer tube. That is, for example, the accumulator 1

may include an outer tube that covers the U-shaped tube 12 with a gap between
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the U-shaped tube and the outer tube so that the first outer tube 14 and the
second outer tube 15 communicates with each other via the outer tube.
[0033]

(Usage example-1)

Figs. 5 and 6 are views showing Usage example-1 of the accumulator
according to Embodiment 1. In Figs. 5 and 6, a flow of refrigerant during
heating operation is indicated by the solid arrow, and a flow of refrigerant during
cooling operation is indicated by the dotted arrow. Further, a flow path of a four-
way valve 62 during heating operation is indicated by the solid line, and a flow
path of the four-way valve 62 during cooling operation is indicated by the dotted
line.

As shown in Fig. 5, the accumulator 1 is applied to an air-conditioning
apparatus 50.

[0034]

The air-conditioning apparatus 50 includes a refrigerant circuit 51 that
connects the accumulator 1, a compressor 61, the four-way valve 62, indoor heat
exchangers 63a and 63b, an expansion device 64, and an outdoor heat
exchanger 65 by a pipe including extension pipes 66 and 67, and a controller 52
that controls an operation of the refrigerant circuit 51.  Only one of the indoor
heat exchangers 63a and 63b may be provided. The four-way valve 62 may be
any other mechanism that can switch a circulation direction of refrigerant
discharged from the compressor 61. The four-way valve 62 corresponds to a
"first flow switching mechanism" of the present invention. The expansion device
64 corresponds to a "first expansion device" of the present invention.

[0035]

After flowing through the low pressure refrigerant flow path 4a of the
accumulator 1, the refrigerant is suctioned into the compressor 61.  The high
pressure refrigerant flow path 4b of the accumulator 1 is connected so that the

high pressure refrigerant outlet tube 6 connected to the first outer tube 14
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communicates with the expansion device 64, and the high pressure refrigerant
inlet tube 5 connected to the second outer tube 15 communicates with the indoor
heat exchangers 63a and 63b.

[0036]

During heating operation, the controller 52 switches the flow path of the
four-way valve 62 as indicated by the solid line shown in Fig. 5. Refrigerant
turned into high pressure gas refrigerant in the compressor 61 flows through the
four-way valve 62 into the indoor heat exchangers 63a and 63b, is condensed by
exchanging heat with indoor air supplied by a fan or other devices, and becomes
subcooled liquid refrigerant. The subcooled liquid refrigerant flows into the high
pressure refrigerant flow path 4b of the accumulator 1, and becomes further
subcooled liquid refrigerant by exchanging heat with low pressure refrigerant
passing through the low pressure refrigerant flow path 4a of the accumulator 1
and low pressure refrigerant in the container 2 of the accumulator 1.  The further
subcooled liquid refrigerant flows into the expansion device 64, and is expanded
in the expansion device 64 and becomes low pressure two-phase gas-liquid
refrigerant. The low pressure two-phase gas-liquid refrigerant flows into the
outdoor heat exchanger 65, and is evaporated by exchanging heat with outside
air supplied by a fan or other devices. After flowing through the outdoor heat
exchanger 65, the refrigerant flows through the four-way valve 62 into the
container 2 of the accumulator 1. The refrigerant that flows into the container 2
of the accumulator 1 is superheated or increased in quality by exchanging heat
with high pressure refrigerant passing through the high pressure refrigerant flow
path 4b of the accumulator 1 while the refrigerant passes through the container 2
and the low pressure refrigerant flow path 4a, becomes sufficiently superheated
gas refrigerant that contains little liquid refrigerant, and is again suctioned into the
compressor 61.

[0037]
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During cooling operation, the controller 52 switches the flow path of the
four-way valve 62 as indicated by the dotted line shown in Fig. 5. Refrigerant
turned into high pressure gas refrigerant in the compressor 61 flows through the
four-way valve 62 into the outdoor heat exchanger 65, is condensed by
exchanging heat with outside air or other mediums supplied by a fan or other
devices, and becomes subcooled liquid refrigerant. The subcooled liquid
refrigerant flows into the expansion device 64, is expanded in the expansion
device 64, and becomes low pressure two-phase gas-liquid refrigerant. The low
pressure two-phase gas-liquid refrigerant flows into the high pressure refrigerant
flow path 4b of the accumulator 1, and exchanges heat with low pressure
refrigerant passing through the low pressure refrigerant flow path 4a of the
accumulator 1 and low pressure refrigerant in the container 2 of the accumulator
1. The low pressure refrigerant has been reduced in pressure by a pressure
loss generated in the extension pipe 66, the indoor heat exchangers 63a and
63b, and the extension pipe 67. Then, the low pressure two-phase gas-liquid
refrigerant flows into the indoor heat exchangers 63a and 63b, and is evaporated
by exchanging heat with indoor air supplied by a fan or other devices. After
flowing through the indoor heat exchangers 63a and 63b, the refrigerant flows
through the four-way valve 62 into the container 2 of the accumulator 1. The
refrigerant that flows into the container 2 of the accumulator 1 is superheated or
increased in quality by exchanging heat with high pressure refrigerant passing
through the high pressure refrigerant flow path 4b of the accumulator 1 while the
refrigerant passes through the container 2 and the low pressure refrigerant flow
path 4a, and becomes sufficiently superheated gas refrigerant that contains little
liquid refrigerant, and is again suctioned into the compressor 61.

[0038]

That is, when the refrigerant circuit 51 performs heating operation, the low

pressure refrigerant passes through the container 2 and the low pressure

refrigerant flow path 4a before being suctioned into the compressor 61, and the
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high pressure refrigerant flows into the expansion device 64 after passing
through the high pressure refrigerant flow path 4b. As a result, gasification and
superheat of the low pressure refrigerant passing through the container 2 and the
low pressure refrigerant flow path 4a can be reliably achieved by using the high
pressure refrigerant before being expanded in the expansion device 64 that
generates a large pressure difference, and thus gas refrigerant that is sufficiently
superheated and contains little liquid refrigerant reliably flows out of the low
pressure refrigerant outlet body 4. Thus, it is possible to prevent failure or
decrease in operation efficiency of the compressor 61, although the refrigerant
circuit 51 is configured to switch heating operation and cooling operation by
switching operation of the four-way valve 62. Further, subcooling of the high
pressure refrigerant passing through the high pressure refrigerant flow path 4b
can be reliably achieved by using the low pressure refrigerant before being
pressurized in the compressor 61 that generates a large pressure difference, and
thus it is possible to reduce the pressure loss generated in the outdoor heat
exchanger 65 by decreasing the refrigerant quality on the inlet side of the outdoor
heat exchanger 65, although the refrigerant circuit 51 is configured to switch
heating operation and cooling operation by switching operation of the four-way
valve 62. Moreover, heat exchange efficiency of the outdoor heat exchanger 65
can be improved by enhancing a refrigerant distribution performance of the
outdoor heat exchanger 65.

[0039]

Further, when the refrigerant circuit 51 performs heating operation, the low
pressure refrigerant passing through the low pressure refrigerant flow path 4a
and the high pressure refrigerant passing through the high pressure refrigerant
flow path 4b flow in mutually opposite directions. As a result, compared with the
case where they flow in the same direction, gasification and superheat of the low
pressure refrigerant passing through the low pressure refrigerant flow path 4a

and subcooling of the high pressure refrigerant passing through the high
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pressure refrigerant flow path 4b can be further reliably achieved. Thus, itis
possible to further prevent failure and decrease in operation efficiency of the
compressor 61 and to further promote reduction in pressure loss generated in the
outdoor heat exchanger 65 and improvement of heat exchange efficiency of the
outdoor heat exchanger 65, although the refrigerant circuit 51 is configured to
switch heating operation and cooling operation by switching operation of the four-
way valve 62.

[0040]

In particular, when the refrigerant circuit 51 performs heating operation, the
high pressure refrigerant that has passed through the high pressure refrigerant
flow path 4b flows into the expansion device 64, and the low pressure refrigerant
passing through the low pressure refrigerant flow path 4a and the high pressure
refrigerant passing through the high pressure refrigerant flow path 4b flow in
mutually opposite directions. During heating operation, air that exchanges heat
with refrigerant in the evaporator tends to have low temperature compared with
that during cooling operation, and thus superheat of refrigerant tends to be
difficult. Thus, preferential improvement in heat exchange efficiency in the low
pressure refrigerant outlet body 4 during heating operation makes it possible, at a
low cost, to prevent failure and decrease in operation efficiency of the
compressor 61 and promote reduction in pressure loss generated in the outdoor
heat exchanger 65 and improvement of heat exchange efficiency of the outdoor
heat exchanger 65.

[0041]

Furthermore, as shown in Fig. 6, when the refrigerant circuit 51 performs
cooling operation, the high pressure refrigerant may flow into the expansion
device 64 after passing through the high pressure refrigerant flow path 4b, and
the low pressure refrigerant passing through the low pressure refrigerant flow
path 4a and the high pressure refrigerant passing through the high pressure

refrigerant flow path 4b may flow in mutually opposite directions. In that case, in
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particular, when the refrigerant circuit 51 performs cooling operation, gasification
and superheat of the low pressure refrigerant passing through the low pressure
refrigerant flow path 4a and subcooling of the high pressure refrigerant passing
through the high pressure refrigerant flow path 4b can be reliably achieved.
Thus, it is possible to prevent failure or decrease in operation efficiency of the
compressor 61 and to promote reduction in pressure loss generated in the indoor
heat exchangers 63a and 63b and improvement of heat exchange efficiency of
the indoor heat exchangers 63a and 63b, although the refrigerant circuit 51 is
configured to switch heating operation and cooling operation by switching
operation of the four-way valve 62.

[0042]

(Usage example-2)

Figs. 7 and 8 are views showing Usage example-2 of the accumulator
according to Embodiment 1. In Figs. 7 and 8, a flow of refrigerant during
heating operation is indicated by the solid arrow, and a flow of refrigerant during
cooling operation is indicated by the dotted arrow. Further, a flow path of a four-
way valve 62 during heating operation is indicated by the solid line, and a flow
path of the four-way valve 62 during cooling operation is indicated by the dotted
line.

As shown in Fig. 7, the air-conditioning apparatus 50 includes a flow
switching mechanism 68. The flow switching mechanism 68 corresponds to a
"second flow switching mechanism" of the present invention.

[0043]

The flow switching mechanism 68 includes a check valve 71, a check
valve 72, a check valve 73, and a check valve 74, and operates so that the high
pressure refrigerant that has passed through the high pressure refrigerant flow
path 4b flows into the expansion device 64 both in a case where the refrigerant
circuit 51 performs heating operation and in a case where the refrigerant circuit

51 performs cooling operation. That is, the pipe on an upstream-side of the high
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pressure refrigerant flow path 4b and the pipe on a downstream-side of the
expansion device 64 are connected to the flow switching mechanism 68 so that
the flow switching mechanism 68 guides the refrigerant that flows out of the
indoor heat exchangers 63a and 63b during heating operation to flow into the
high pressure refrigerant inlet tube 5 and the refrigerant that flows out of the
outdoor heat exchanger 65 during cooling operation to flow into the high pressure
refrigerant inlet tube 5.  Further, the flow switching mechanism 68 may be other
mechanism such as a four-way valve. When the flow switching mechanism 68
is made up of the check valve 71, the check valve 72, the check valve 73, and
the check valve 74, the control system is simplified.

[0044]

That is, in both cases where the refrigerant circuit 51 performs heating
operation and where the refrigerant circuit 51 performs cooling operation, the low
pressure refrigerant passes through the container 2 and the low pressure
refrigerant flow path 4a before being suctioned into the compressor 61, and the
high pressure refrigerant flows into the expansion device 64 after passing
through the high pressure refrigerant flow path 4b. As a result, in both cases
where the refrigerant circuit 51 performs heating operation and where the
refrigerant circuit 51 performs cooling operation, gasification and superheat of the
low pressure refrigerant passing through the low pressure refrigerant flow path
4a and subcooling of the high pressure refrigerant passing through the high
pressure refrigerant flow path 4b can be reliably achieved. Thus, it is possible
to prevent failure or decrease in operation efficiency of the compressor 61 and to
promote reduction in pressure loss generated in the evaporator and improvement
of heat exchange efficiency of the evaporator, although the refrigerant circuit 51
is configured to switch heating operation and cooling operation by switching
operation of the four-way valve 62.

[0045]
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Moreover, in both cases where the refrigerant circuit 51 performs heating
operation and where the refrigerant circuit 51 performs cooling operation, the low
pressure refrigerant passing through the low pressure refrigerant flow path 4a
and the high pressure refrigerant passing through the high pressure refrigerant
flow path 4b flow in mutually opposite directions. As a result, in both cases
where the refrigerant circuit 51 performs heating operation and where the
refrigerant circuit 51 performs cooling operation, gasification and superheat of the
low pressure refrigerant passing through the low pressure refrigerant flow path
4a and subcooling of the high pressure refrigerant passing through the high
pressure refrigerant flow path 4b can be further reliably achieved. Thus, itis
possible to further prevent failure or decrease in operation efficiency of the
compressor 61 and to further promote reduction in pressure loss generated in the
evaporator and improvement of heat exchange efficiency of the evaporator,
although the refrigerant circuit 51 is configured to switch heating operation and
cooling operation by switching operation of the four-way valve 62.

[0046]

Further, as shown in Fig. 8, the air-conditioning apparatus 50 may include
an expansion device 69 instead of the flow switching mechanism 68. During
heating operation, the controller 52 controls an opening degree of the expansion
device 64 to be almost maximum and controls an opening degree of the
expansion device 69, for example, to allow the refrigerant flowing out of the
indoor heat exchangers 63a and 63b to have a predetermined degree of
subcooling. During cooling operation, the controller 52 controls the opening
degree of the expansion device 69 to be almost maximum and controls an
opening degree of the expansion device 64, for example, to allow the refrigerant
flowing out of the outdoor heat exchanger 65 to have a predetermined degree of
subcooling. The expansion device 69 corresponds to a "second expansion
device" of the present invention.

[0047]
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In that case, in both cases where the refrigerant circuit 51 performs
heating operation and where the refrigerant circuit 51 performs cooling operation,
the high pressure refrigerant flows into either of the expansion device 69 and the
expansion device 64 after passing through the high pressure refrigerant flow path
4b. As aresult, in both cases where the refrigerant circuit 51 performs heating
operation and where the refrigerant circuit 51 performs cooling operation, it is
possible to prevent failure or decrease in operation efficiency of the compressor
61 and to promote reduction in pressure loss generated in the evaporator and
improvement of heat exchange efficiency of the evaporator, although the
refrigerant circuit 51 is configured to switch heating operation and cooling
operation by switching operation of the four-way valve 62. Furthermore,
although Fig. 8 shows the case where the low pressure refrigerant passing
through the low pressure refrigerant flow path 4a and the high pressure
refrigerant passing through the high pressure refrigerant flow path 4b during
cooling operation flow in mutually opposite directions, the low pressure
refrigerant passing through the low pressure refrigerant flow path 4a and the high
pressure refrigerant passing through the high pressure refrigerant flow path 4b
during heating operation may flow in mutually opposite directions.

[0048]
Embodiment 2

The accumulator according to Embodiment 2 will be described below.

The description duplicated with that for the accumulator according to
Embodiment 1 is simplified or omitted as appropriate.
<Configuration and operation of accumulator>

The configuration and operation of the accumulator according to
Embodiment 2 will be described below.

Fig. 9 is a view showing the configuration and operation of the accumulator
according to Embodiment 2.

[0049]
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As shown in Fig. 9, the bridging tube 16 includes an aperture 16a therein.
An opening port area of the aperture 16a, that is, the cross sectional area of the
flow path is smaller than the cross sectional area of the flow path of the gap
between the first tube 11 and the first outer tube 14 and the cross sectional area
of the flow path of the gap between the second tube 13 and the second outer
tube 15.  With this configuration, pressure reduction at the aperture 16a can
generate a pressure difference between the high pressure refrigerant passing
through the gap between the first tube 11 and the first outer tube 14 and the high
pressure refrigerant passing through the gap between the second tube 13 and
the second outer tube 15. For example, decreasing the wall thickness of the
first outer tube 14 or the second outer tube 15 that partially forms the gap on the
downstream-side allows for increase in heat transfer efficiency between the high
pressure refrigerant passing through the downstream-side gap and having been
cooled when the high pressure refrigerant has passed through the upstream-side
gap, and the low pressure refrigerant in the container 2, thereby further
promoting gasification and superheat of the low pressure refrigerant in the
container 2 and subcooling of the high pressure refrigerant passing through the
high pressure refrigerant flow path 4b.

[0050]

In particular, when the high pressure refrigerant passing through the high
pressure refrigerant flow path 4b and the low pressure refrigerant passing
through the low pressure refrigerant flow path 4a flow in mutually opposite
directions, that is, when the high pressure refrigerant flows from the gap between
the second tube 13 and the second outer tube 15 to the gap between the first
tube 11 and the first outer tube 14, gasification of the low pressure refrigerant
around the first tube 11 is promoted, thereby further reliably preventing the liquid
refrigerant from entering the upper end of the first tube 11.

[0051]
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Further, the bridging tube 16 may not include the aperture 16a, and the
cross sectional area of the flow path of the bridging tube 16 itself may be smaller
than the cross sectional area of the flow path of the gap between the first tube 11
and the first outer tube 14 and the cross sectional area of the flow path of the gap
between the second tube 13 and the second outer tube 15. Further, the
bridging tube 16 may include a flow control valve instead of the aperture 16a.
That is, the cross sectional area of the flow path of at least a part of the bridging
tube 16 may be smaller than the cross sectional area of the flow path of the gap
between the first tube 11 and the first outer tube 14 and the cross sectional area
of the flow path of the gap between the second tube 13 and the second outer
tube 15.

[0052]
Embodiment 3

The accumulator according to Embodiment 3 will be described below.

The description duplicated with that for the accumulator according to
Embodiment 1 or Embodiment 2 is simplified or omitted as appropriate.
<Configuration and operation of accumulator>

The configuration and operation of the accumulator according to
Embodiment 3 will be described below.

Fig. 10 is a view showing the configuration and operation of the
accumulator according to Embodiment 3.

[0053]

As shown in Fig. 10, the bridging tube 16 includes fins 16b. With this
configuration, heat exchange efficiency of the low pressure refrigerant outlet body
4 can be improved, thereby further promoting gasification and superheat of the
low pressure refrigerant in the container 2 and subcooling of the high pressure
refrigerant passing through the high pressure refrigerant flow path 4b.  Further,
at least one of the first outer tube 14 and the second outer tube 15 may include

fins. When the first outer tube 14 includes fins, gasification of the low pressure
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refrigerant around the first tube 11 is promoted, thereby further reliably preventing
the liquid refrigerant from entering the upper end of the first tube 11.
[0054]

The lower ends of the fins 16b are located at an upper position relative to
the oil return hole 17 and the distal end of the straw tube 18. With this
configuration, the oil accumulated at the bottom of the container 2, for example,
lubricating oil for the compressor and liquid refrigerant are prevented from being
heated by the fins 16b, and thus oil components that are not separated are
prevented from increasing. This prevention promotes two-layering of oil in the
container 2 of, for example, lubricating oil for the compressor and liquid
refrigerant.  As a result, oil returning property of oil in the accumulator 1, for
example, lubricating oil for the compressor is improved, thereby further improving
reliability of prevention of failure of compressor or other troubles.

[0055]

Although Embodiments 1 to 3 have been described above, the present
invention is not limited to the description of these embodiments. For example,
combination of all or parts of these embodiments is also possible.

Reference Signs List

[0056]

1 accumulator 2 container 2a cap 2b shell 3 low pressure
refrigerant inlet tube 4 |ow pressure refrigerant outlet body 4a low
pressure refrigerant flow path 4b high pressure refrigerant flow path 5

high pressure refrigerant inlet tube 6 high pressure refrigerant outlet tube
11 first tube 12 U-shaped tube 13 secondtube 14 first
outertube 15 second outertube 16 bridging tube 16a aperture
16b fin 17 oil return hole 18 strawtube 21,22 support
member 21a, 22a outer peripheral surface 50 air-conditioning
apparatus 51 refrigerant circuit 52 controller 61 compressor 62

four-way valve 63a, 63b indoor heat exchanger 64 expansion device
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65 outdoor heat exchanger 66,67 extension pipe 68 flow

switching mechanism 69 expansiondevice 71to74 check valve
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CLAIMS
[Claim 1]

An accumulator connected to a refrigerant circuit, the accumulator
comprising:

a container sealing low pressure refrigerant flowing through a low pressure
side of the refrigerant circuit;

a low pressure refrigerant inlet tube allowing the low pressure refrigerant to
flow into the container; and

a low pressure refrigerant outlet body including an upstream-side tubular
section, a low pressure refrigerant turning back section communicating with a
lower end of the upstream-side tubular section, and a downstream-side tubular
section having a lower end communicating with the low pressure refrigerant
turning back section in the container, and is configured to allow the low pressure
refrigerant in the container to flow from an upper end of the upstream-side
tubular section to an upper end of the downstream-side tubular section and to
flow out of the container,

at least a part of the upstream-side tubular section being covered by a first
outer tube with a gap between the upstream-side tubular section and the first
outer tube,

at least a part of the downstream-side tubular section being covered by a
second outer tube with a gap between the downstream-side tubular section and
the second outer tube,

the first outer tube and the second outer tube communicating with each
other via a bridging tube,

high pressure refrigerant flowing through a high pressure side of the
refrigerant circuit passing through the gap between the upstream-side tubular
section and the first outer tube, the bridging tube, and the gap between the

downstream-side tubular section and the second outer tube,
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wherein a cross sectional area of a flow path of at least a part of the
bridging tube is smaller than a cross sectional area of a flow path of the gap
between the upstream-side tubular section and the first outer tube and a cross
sectional area of a flow path of the gap between the downstream-side tubular
section and the second outer tube.
[Claim 2]

The accumulator of claim 1, wherein

the low pressure refrigerant outlet body includes an oil inlet flow path, and

one end of the oil inlet flow path communicates with a portion of a flow
path allowing the low pressure refrigerant flowing from the upper end of the
upstream-side tubular section to pass through, the portion being not covered by
the first outer tube and the second outer tube, and an other end of the oil inlet
flow path is located at a lower position in the container.
[Claim 3]

The accumulator of claim 2, wherein the bridging tube is located at an
upper position relative to the other end of the oil inlet flow path.
[Claim 4]

The accumulator of claim 2 or 3, wherein

a downstream portion of the downstream-side tubular section is not
covered by the second outer tube, and

the one end of the oil inlet flow path communicates with the downstream
portion of the downstream-side tubular section.
[Claim 5]

The accumulator of any one of claims 1 to 4, wherein the first outer tube
has a length larger than a length of the second outer tube.
[Claim 6]

The accumulator of any one of claims 1 to 5, wherein the upstream-side
tubular section, the low pressure refrigerant turning back section, and the

downstream-side tubular section are separate members.
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[Claim 7]

The accumulator of any one of claims 1 to 6, wherein the low pressure
refrigerant and the high pressure refrigerant flow into and out of the container via
an opening port formed on an upper surface of the container.

[Claim 8]

An air-conditioning apparatus comprising a refrigerant circuit connecting a
compressor, a first flow switching mechanism, an indoor heat exchanger, a first
éxpansion device, an outdoor heat exchanger, and an accumulator by a pipe,
and is configured to switch between heating operation and cooling operation by
switching operation of the first flow switching mechanism, wherein

the accumulator is the accumulator of any one of claims 1 to 7,

the compressor is connected to the pipe on a downstream side of a flow
path through which the low pressure refrigerant passes in the accumulator, and

the first expansion device is connected to the pipe on a downstream side
of a flow path through which the high pressure refrigerant passes in the
accumulator.

[Claim 9]

An air-conditioning apparatus comprising a refrigerant circuit connecting a
compressor, a first flow switching mechanism, an indoor heat exchanger, a first
expansion device, an outdoor heat exchanger, and an accumulator by a pipe,
and is configured to switch between heating operation and cooling operation by
switching operation of the first flow switching mechanism, wherein

the accumulator includes a container sealing low pressure refrigerant
flowing through a low pressure side of the refrigerant circuit, a low pressure
refrigerant inlet tube allowing the low pressure refrigerant to flow into the
container, and a low pressure refrigerant outlet body allowing the low pressure

refrigerant in the container to flow out of the container,
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at least a part of the low pressure refrigerant outlet body is covered by an
outer tube with a gap between the low pressure refrigerant outlet body and the
outer tube,

high pressure refrigerant flowing through a high pressure side of the
refrigerant circuit passes through the gap,

the compressor is connected to the pipe on a downstream side of a flow
path through which the low pressure refrigerant passes in the accumulator, and

the first expansion device is connected to the pipe on a downstream side
of a flow path through which the high pressure refrigerant passes in the
accumulator.
[Claim 10]

The air-conditioning apparatus of claim 8 or 9, wherein

at least when the refrigerant circuit performs heating operation,

the compressor is connected to the pipe on the downstream side of the
flow path through which the low pressure refrigerant passes in the accumulator,
and

the first expansion device is connected to the pipe on the downstream side
of the flow path through which the high pressure refrigerant passes in the
accumulator.
[Claim 11]

The air-conditioning apparatus of claim 10, wherein,

when the refrigerant circuit further performs cooling operation, the
compressor is connected to the pipe on the downstream side of the flow path
through which the low pressure refrigerant passes in the accumulator, and

the first expansion device is connected to the pipe on the downstream side
of the flow path through which the high pressure refrigerant passes in the
accumulator.

[Claim 12]
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The air-conditioning apparatus of claim 11, wherein the pipe on an
upstream side of the flow path through which the high pressure refrigerant
passes in the accumulator and the pipe on a downstream side of the first
expansion device are connected to the outdoor heat exchanger and the indoor
heat exchanger via a second flow switching mechanism.

[Claim 13]

The air-conditioning apparatus of claim 12, wherein the second flow
switching mechanism includes four check valves.
[Claim 14]

The air-conditioning apparatus of claim 11, wherein a second expansion
device is connected to the pipe on the upstream side of the flow path through
which the high pressure refrigerant passes in the accumulator.

[Claim 15]

The air-conditioning apparatus of any one of claims 8 to 14, wherein the
low pressure refrigerant passing through the low pressure refrigerant outlet body
and the high pressure refrigerant flow in mutually opposite directions in the
accumulator.

[Claim 16]

The air-conditioning apparatus of claim 9, wherein,

when the refrigerant circuit performs the cooling operation, the compressor
is connected to the pipe on the downstream side of a flow path through which the
low pressure refrigerant passes in the accumulator, the first expansion device is
connected to the pipe on the downstream side of a flow path through which the
high pressure refrigerant passes in the accumulator, and a second expansion
device is connected to the pipe on an upstream side of the flow path through
which the high pressure refrigerant passes in the accumulator,

when the refrigerant circuit performs the heating operation, an opening
degree of the first expansion device is controlled to be almost maximum, and an

opening degree of the second expansion device is controlled to allow the
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refrigerant flowing out of the indoor heat exchanger to have a predetermined
degree of subcooling, and

when the refrigerant circuit performs the cooling operation, the opening
degree of the second expansion device is controlled to be almost maximum, and
the opening degree of the first expansion device is controlled to allow the
refrigerant flowing out of the outdoor heat exchanger to have a predetermined
degree of subcooling.
[Claim 17]

A method for manufacturing an accumulator comprising:

joining a first tube, a second tube, and a bridging tube, at least a part of
the first tube being covered by a first outer tube with a gap between the first tube
and the first outer tube, at least a part of the second tube being covered by a
second outer tube with a gap between the second tube and the second outer
tube, the first outer tube and the second outer tube communicating with each
other via the bridging tube;

testing hermetic sealing of parts joined in the joining;

after the testing hermetic sealing, forming a refrigerant outlet body by
joining a relay member to one end of the first tube and one end of the second
tube so that the first tube and the second tube communicate with each other via
the relay member; and

attaching the refrigerant outlet body formed in the forming the refrigerant

outlet body in a container.

32



17

FIG. 1

18

FIG. 2

21a 21

.




FIG. 3

DISTRIBUTION
" DISTRIBUTION OF
UNSEPARATED
1 OfL Oll. COMPONENTS
COMPONENTS

\  SEPARATED OIL
\ ~ COMPONENTS

AN, o . PHYSICAL

" PROPERTY
HIGH SOLUBILITY LOW SOLUBILITY

LOW MOLECULAR WEIGHT s HIGH MOLECULAR WEIGHT
LOW VISCOSITY HIGH VISCOSITY

\[1 HEATED

DISTRIBUTION
RATIO
UNSEPARATED DISTRIBUTION OF
1 (8;118 OlL COMPONENTS

COMPONENTS #

(4

SEPARATED QIL
COMPONENTS

T N . PHYSICAL
*  PROPERTY
HIGH SOLUBILITY LOW SOLUBILITY

LOW MOLECULAR WEIGHT = > HIGH MOLECULAR WEIGHT
LOW VISCOSITY HIGH VISCOSITY

217



POSITIONING OF FIRST TUBE 11, U-SHAPED TUBE 12,
SECOND TUBE 13, FIRST QUTER TUBE 14,
SECOND OUTER TUBE 15, AND BRIDGING TUBE 16

¥

JOINING OF TUBES EXCEPT FOR U-SHAPED TUBE 12

¥

JOINING OF HIGH PRESSURE REFRIGERANT
INLET TUBE 5 AND HIGH PRESSURE REFRIGERANT
QUTLET TUBE 6

s

TEST FOR HERMETIC SEALING OF HIGH PRESSURE
REFRIGERANT FLOW PATH 4b

¥

JOINING OF U-SHAPED TUBE 12 AND
STRAW TUBE 18

¥

FIXATION OF SUPPORT MEMBERS 21 AND 22 TO
LOW PRESSURE REFRIGERANT OUTLET BODY 4

¥

FIXATION OF SUPPORT MEMBERS 21
AND 22 TO SHELL 2b

¥

POSITIONING OF CAP 24

¥

SEALING OF CONTAINER 2
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