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(54) ACCUMULATOR

(567)  Provided is an accumulator with a simple and
inexpensive structure capable of increasing an oil return
amount and improving the operation efficiency of a sys-
tem even when a tank of the accumulator has a large
liquid portion including a liquid-phase refrigerant and oil
accumulated therein and the liquid portion is in a two-lay-
er separate state (i.e., an oil layer on the upper side and
a liquid-phase refrigerant layer on the lower side) with
use of the oil that is not compatible with the refrigerant
and has a lower specific gravity than the refrigerant, thus
forming the oil layer in the upper position inside of the
tank of the accumulator, for example. A floating member
20 is disposed on the outer periphery of an outlet pipe
30 so as to be slidable in a vertical direction. The floating
member 20 is adapted to move up or down according to
change in an oil surface level with buoyancy received
from the oil included in the refrigerant, and is provided
with an oil return hole 25 in a portion to be immersed in
the oil. The outlet pipe 30 is provided with a slit hole 39
extending in the vertical direction. The slit hole 39 is
adapted to be continuous with the oil return hole 25 when
the oil surface level exceeds a predetermined level.
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Description
Technical Field

[0001] The present invention relates to accumulators
(i.e., gas-liquid separators) for use in the heat pump re-
frigeration cycles (hereinafter referred to as heat pump
systems) of car air conditioners, room air conditioners,
refrigerators, and the like.

Background Art

[0002] As a typical accumulator for use in the heat
pump system of the car air conditioner and the like, there
is known the one that includes a closed-bottomed cylin-
drical tank having an open upper face that is hermetically
closed by a cap member having an inlet portand an outlet
port; a gas-liquid separator in the shape of a conical hat
or an inverted wide bowl that has a smaller diameter than
the inside diameter of the tank; an outlet pipe with a dou-
ble-pipe structure of an inner pipe, which is coupled at
its upper end to the outlet port and extending downward,
and an outer pipe; a strainer provided around the bottom
of the outlet pipe (or the outer pipe thereof), for trapping
or removing foreign matter contained in a liquid-phase
refrigerant and oil (i.e., oil for the refrigerator) mixed
therewith; and the like, as described in Patent Literature
1, for example.

[0003] A refrigerant in a gas-liquid mixed state intro-
duced into the accumulator collides with the gas-liquid
separator and is radially diffused to be separated into a
liquid-phase refrigerant and a gas-phase refrigerant.
Then, the liquid-phase refrigerant (including oil) flows
downward along the inner peripheral face of the tank and
accumulates in the lower portion of the tank, while the
gas-phase refrigerant flows downward through a space
(i.e., adownward-feed flow channel) formed between the
inner pipe and the outer pipe of the outlet pipe, so that
the gas-phase refrigerant rises through a space inside
of the inner pipe and is suctioned to the suction side of
a compressor so as to be circulated.

[0004] Oil that has accumulated in the lower portion of
the tank together with the liquid-phase refrigerant moves
toward the bottom of the tank due to the difference in
specific gravity, properties, and the like between the oll
and the liquid-phase refrigerant. The oil at the bottom of
the tank is absorbed into the gas-phase refrigerant to be
suctioned to the suction side of the compressor via the
outlet pipe and then passes through the strainer (or the
mesh filter thereof) — an oil return hole formed at the
bottom of the outlet pipe (or the outer pipe thereof) —
the space inside of the inner pipe of the outlet pipe and
thus is returned to the suction side of the compressor
together with the gas-phase refrigerant so as to be cir-
culated (see also Patent Literature 2, for example).
[0005] By the way, the amount of refrigerant circulating
through such a system varies depending on the required
load. For example, during cooling operation (i.e., when
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the required load is high), a large amount of refrigerant
is required for circulation, and thus the liquid-phase re-
frigerant (including oil) accumulated in the tank of the
accumulator decreases and its surface level becomes
low. Meanwhile, during heating operation (i.e., when the
required load is low), a small amount of refrigerant circu-
lates, and thus the liquid-phase refrigerant (including oil)
accumulated in the tank of the accumulator increases
and its surface level becomes high.

[0006] In addition, while the operation of the system
(i.e., compressor) is stopping, the liquid-phase refriger-
ant including oil (hereinafter also referred to as a liquid
portion) accumulates in the lower portion of the tank of
the accumulator, and when the system uses oil that is
not compatible with the refrigerant and has a lower spe-
cific gravity than the refrigerant, two separate layers, that
is, an oil layer on the upper side and a liquid-phase re-
frigerant layer on the lower side, are formed due to the
difference in specific gravity and viscosity between the
liquid-phase refrigerant and the oil.

[0007] Whenthe system (i.e., compressor)is activated
in such a two-layer separate state, the oil is returned to
the suction side of the compressor together with the gas-
phase refrigerant through, for example, the oil return hole
provided at the bottom of the outlet pipe (or the outer pipe
thereof), and as described above, during low-load oper-
ation, such as heating operation, for example, the oil layer
is formed in the upper position inside of the tank of the
accumulator. This may reduce the oil return amount and
consequently reduce the operation efficiency (i.e., heat-
ing efficiency).

[0008] One of the strategies of preventing oil shortage
in such a compressor has already been proposed in Pat-
ent Literature 2, in which oil is taken into the outlet pipe
by displacing an oil take-in position in the outlet pipe in
response to the displacement of the oil layer.

[0009] Specifically, in the technique proposed in Pat-
ent Literature 2, a plurality of intake holes for taking in oil
is formed in the vertical direction of the outlet pipe, and
the outlet pipe has inserted therein through screwing a
movable body, which is prepared from a magnetic body
and is adapted to move so as to open any of the plurality
of intake holes. The movable body is adapted to move
in the vertical direction with respect to the outlet pipe by
applying current to an electromagnetic coil according to
the outside air temperature detected by an outside air
temperature detector so as to open any of intake holes
formed in the outlet pipe. This allows the oil to be taken
into the outlet pipe in response to the displacement of
the oil layer according to change in the operation state
(i.e., required load).

Citation List
Patent Literature

[0010]
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Patent Literature 1: JP 2014-70869 A
Patent Literature 2: JP H09-4934 A

Summary of Invention
Technical Problem

[0011] However, the above-described conventional
technique requires preparing separate means to move
the movable body with respect to the outlet pipe (e.g., an
electromagnetic coil for excitation, an outside air temper-
ature detector, a control device for applying current to
the electromagnetic coil in response to a detection signal
from the outside air temperature detector, for example)
as well as preparing the movable body from a magnetic
body and having the movable body inserted into the outlet
pipe through screwing. This may make the configuration
of the apparatus more complicated, increase the number
of components, and increase costs, for example.
[0012] The present invention has been made in view
ofthe foregoing, anditis an object of the presentinvention
to provide an accumulator with a simple and inexpensive
structure capable of increasing the oil return amount and
improving the operation efficiency of a system even when
the tank of the accumulator has a large liquid portion
including a liquid-phase refrigerant and oil accumulated
therein and the liquid portion is in a two-layer separate
state (i.e., the oil layer on the upper side and the liquid-
phase refrigerant layer on the lower side) with use of the
oil that is not compatible with the refrigerant and has a
lower specific gravity than the refrigerant, thus forming
the oil layer in the upper position inside of the tank of the
accumulator, for example.

Solution to Problem

[0013] Accordingly, anaccumulatorin accordance with
the present invention basically includes a tank having an
inlet port and an outlet port; an outlet pipe provided within
the tank, the outlet pipe being coupled at one end to the
outlet port and being open at another end inside of the
tank; and a gas-liquid separator adapted to separate a
refrigerant introduced into the tank via the inlet port into
a liquid-phase refrigerant and a gas-phase refrigerant, in
which a floating member is disposed on an outer periph-
ery of the outlet pipe so as to be slidable in a vertical
direction, the floating member being adapted to move up
or down according to change in an oil surface level with
buoyancy received from oil included in the refrigerant,
and being provided with an oil return hole in a portion to
be immersed in the oil, and the outlet pipe is provided
with aslithole extending in the vertical direction and being
adapted to be continuous with the oil return hole when
the oil surface level exceeds a predetermined level.

[0014] In apreferred aspect, when the oil surface level
is lower than or equal to the predetermined level, the oil
return hole is located below the slit hole such that the oil
return hole is closed by the outlet pipe, and when the oil
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surface level exceeds the predetermined level, the oil
return hole is adapted to communicate with the slit hole
such that the oil accumulated in the tank is returned to
the outlet pipe through the oil return hole and the slit hole.
[0015] Inanother preferred aspect, the outlet pipe has
adouble-pipe structure of aninner pipe and an outer pipe.
[0016] In another preferred aspect, the tank has a cy-
lindrical shape, and the outlet pipe is eccentrically dis-
posed in the tank.

[0017] In another preferred aspect, the floating mem-
ber includes a cylindrical sliding portion externally ar-
ranged around the outlet pipe so as to be slidable and a
plate-like flange portion extending outwardly from the
sliding portion, and the oil return hole is provided in a
lower portion of the sliding portion with respect to the
flange portion.

[0018] In a further preferred aspect, the flange portion
is adapted to float on the oil accumulated in the tank.
[0019] In a further preferred aspect, the sliding portion
has a larger vertical length than a vertical length of the
slit hole.

[0020] In a further preferred aspect, the floating mem-
ber is made of a material having a lower specific gravity
than the oil, a foamed material, or a porous material.
[0021] In a further preferred aspect, the slit hole has a
width in a circumferential direction that is varied in a ver-
tical direction, and the oil return hole has a width in a
circumferential direction thatis larger than at least a width
in a circumferential direction of a narrowest portion of the
slit hole.

[0022] In a further preferred aspect, the slit hole has a
width in a circumferential direction that is varied contin-
uously or in stages in a vertical direction.

[0023] In a further preferred aspect, the slit hole in-
cludes a plurality of slit holes provided in different posi-
tions in a circumferential direction of the outlet pipe and
in different vertical positions in a vertical direction.
[0024] In a further preferred aspect, the oil return hole
includes a plurality of oil return holes provided in different
positions in a circumferential direction of the floating
member and in different vertical positions in a vertical
direction.

[0025] In a further preferred aspect, a guide mecha-
nism for guiding the floating member so as to be vertically
movable with respect to the outlet pipe is provided be-
tween the outlet pipe and the floating member.

Advantageous Effects of Invention

[0026] In the accumulator in accordance with the
present invention, when the surface level of the oil accu-
mulated in the tank (i.e., oil surface level) exceeds a pre-
determined level, the oil return hole provided in the float-
ing member is adapted to be continuous with the slit hole
provided in the outlet pipe, and the oil is returned to the
outlet pipe through the oil return hole and the slit hole,
consequently to the suction side of the compressor. This
can increase the oil return amount even when the tank
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ofthe accumulator has a large liquid portion accumulated
therein and the liquid portion is in a two-layer separate
state (i.e., the oil layer on the upper side and the liquid-
phase refrigerant layer on the lower side) with use of the
oil that is not compatible with the refrigerant and has a
lower specific gravity than the refrigerant, thus forming
the oil layer in the upper position inside of the tank of the
accumulator, for example. As a result, the system can
improve the operation efficiency (for example, heating
efficiency).

[0027] Inthis case, basically the floating member made
of a material having a lower specific gravity than the oil,
a foamed material, a porous material, for example, may
be disposed on the outer periphery of the outlet pipe.
This can simplify the configuration of the accumulator,
reduce the number of components, achieve cost reduc-
tion, for example, as compared to the conventional one
using moving means or the like.

[0028] In addition, the floating member includes a cy-
lindrical sliding portion externally arranged around the
outlet pipe so as to be slidable and a plate-like flange
portion extending outwardly from the sliding portion. The
sliding portion is provided with an oil return hole on the
lower side with respect to the flange portion, and the
flange portion serves as a cap adapted to cover the top
of the liquid portion accumulated in the tank of the accu-
mulator, that is, the top of the oil layer on the upper side
in the two-layer separate state, for example. This can
prevent the turbulence of the liquid portion accumulated
in the tank of the accumulator and also increase the gas-
liquid separation performance.

Brief Description of Drawings
[0029]

Fig. 1 is a vertical cross-sectional view of one em-
bodiment of an accumulator during cooling operation
in accordance with the present invention.

Fig. 2 is a partially cutaway side view of Fig. 1.

Fig. 3 is a vertical cross-sectional view of one em-
bodiment of an accumulator during heating opera-
tion in accordance with the present invention.

Fig. 4 is a partially cutaway side view of Fig. 3.

Fig. 5A is an enlarged side view of a main part of
another embodiment of the accumulator in accord-
ance with the present invention.

Fig. 5B is an enlarged side view of a main part of
another embodiment of the accumulator in accord-
ance with the present invention.

Fig. 6A is an enlarged vertical cross-sectional view
of a main part of another embodiment of the accu-
mulator in accordance with the present invention.
Fig. 6B is an enlarged vertical cross-sectional view
of a main part of another embodiment of the accu-
mulator in accordance with the present invention.
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Description of Embodiments

[0030] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings.
[0031] Fig. 1 and Fig. 3 are vertical cross-sectional
views each illustrating one embodiment of an accumu-
lator in accordance with the present invention (Fig. 1 il-
lustrates the accumulator during cooling operation and
Fig. 3 illustrates the accumulator during heating opera-
tion). Fig. 2 and Fig. 4 are partially cutaway side views
of Fig. 1 and Fig. 3, respectively.

[0032] Anaccumulator 1 of the embodimentillustrated
in the drawings is used as an accumulator in the heat
pump systems of car air conditioners for electric vehicles,
for example, and includes a closed-bottomed cylindrical
tank 10 made of metal, such as stainless steel or alumi-
num alloy, and having an open upper face that is her-
metically closed by a cap member 12 made of the same
metal. It should be noted that the accumulator 1 of this
embodiment is placed in a vertical, upright position as
illustrated, for example. That is, the cap member 12 is
located on the upper (top) side, and a bottom 13 of the
tank 10 is located on the lower (bottom) side.

[0033] The cap member 12 has an inlet port 15 and a
stepped outlet port 16 that are arranged side by side (spe-
cifically, in the right and left positions that are displaced
from the center of the cap member 12). A gas-liquid sep-
arator 18 in the shape of a conical hat or an inverted wide
bowl that has a slightly smaller diameter than the inside
diameter of the tank 10 is arranged below the cap mem-
ber 12. The upper end of an outlet pipe 30 is coupled to
the lower portion of the outlet port 16.

[0034] The outlet pipe 30 is coupled at its upper end
to the lower portion of the outlet port 16 through press-
fitting, pipe expansion, swaging, and the like and has a
double-pipe structure of an inner pipe 31, which is made
of metal, for example, and extends downward within the
tank 10 through a through-hole 19 provided in a ceiling
portion 18a of the gas-liquid separator 18, and a closed-
bottomed outer pipe 32, which is made of synthetic resin,
forexample, and is arranged approximately coaxially with
the inner pipe 31 on the outer periphery of the inner pipe
31.

[0035] Though not illustrated in the drawings, ribs for
securing predetermined intervals therebetween may be
formed on at least one of the inner pipe 31 or the outer
pipe 32. For example, a plurality of plate-like ribs is pro-
vided in an inwardly protruding manner in the radial di-
rection on the inner periphery of the outer pipe 32 along
the longitudinal direction (i.e., the vertical direction) and
at equiangular intervals. The inner pipe 31 is securely
inserted on the inner periphery side of the plurality of
plate-like ribs by press-fitting.

[0036] The plate-like ribs may be provided on the inner
pipe 31 (or the lower portion thereof with respect to the
gas-liquid separator 18) or may be provided on both of
the inner pipe 31 and the outer pipe 32. In addition, the
inner pipe 31, the outer pipe 32, and the plate-like ribs
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may be integrally formed by extrusion using synthetic
resin material, aluminum material, or the like. That s, the
above-described double-pipe structure may be an inte-
grally molded component made of aluminum extruded
material, for example.

[0037] The lower end of the outer pipe 32 is securely
fitted into an upper portion 42a with a stepped inner pe-
riphery of a case 42 of a strainer 40 (described below)
through press-fitting or the like. The lower end of the inner
pipe 31 is located slightly above a bottom 32b of the outer
pipe 32. The upper end of the outer pipe 32 is located
slightly below the cap member 12. A lower oil return hole
35 (hereinafter simply referred to as the oil return hole
35) is formed in the center of the bottom 32b of the outer
pipe 32. The diameter of the oil return hole 35 is set to
about 1 mm, for example.

[0038] The gas-liquid separator 18 is made of metal,
such as stainless steel or aluminum alloy, and is securely
arranged below the inlet port 15 so as to cover the open-
ing (i.e., the opening at the other end of the outlet pipe
30) formed of the inner pipe 31 and the outer pipe 32 (or
the upper end thereof) of the outlet pipe 30. The gas-
liquid separator 18 includes the disk-shaped ceiling por-
tion 18a, which is provided with the through-hole 19 hav-
ing the upper end of the outlet pipe 30 (or the inner pipe
31 thereof) inserted thereinto and is disposed to face the
inlet port 15, and a cylindrical peripheral wall 18b, which
extends downward from the outer periphery of the ceiling
portion 18a.

[0039] To attach the gas-liquid separator 18 to the cap
member 12, the upper end of the inner pipe 31 securely
inserted into the outer pipe 32 (or the plate-like ribs there-
of) in advance is passed through the through-hole 19
provided in the gas-liquid separator 18 and is then fixed
to the outlet port 16 from the lower side through press-
fitting, pipe expansion, swaging, and the like. According-
ly, the gas-liquid separator 18 is securely retained so as
to be sandwiched between the plate-like ribs of the outer
pipe 32 and the lower end face of the cap member 12. It
should be noted that the gas-liquid separator 18 may be
securely retained so as to be sandwiched between a
flanged portion, which has been provided near the upper
end of the inner pipe 31 through compression bending,
such as bulge forming, and the lower end face of the cap
member 12.

[0040] It should be noted that it is needless to mention
that the method for arranging and attaching the outlet
pipe 30 (orthe inner pipe 31 and the outer pipe 32 thereof)
and the gas-liquid separator 18 may not be limited to the
one described above.

[0041] Thestrainer40is fixedly disposed on the bottom
13 of the tank 10 and includes a closed-bottomed cylin-
drical case 42 made of synthetic resin and a cylindrical
mesh filter 45 integrally formed with the case 42 through
insert molding. The mesh filter 45 is made of a metallic
mesh or a mesh member of synthetic resin, for example.
[0042] The case 42 of the strainer 40 includes the up-
per portion 42a with a stepped inner periphery into which
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the lower end of the outer pipe 32 is securely fitted, a
base plate 42c, and four columnar portions 42b disposed
upright on the outer periphery of the base plate 42c at
equiangular intervals to couple the upper portion 42a.
Four windows 44 that are rectangular as seen in side
view are defined between the four respective columnar
portions 42b, and the mesh filter 45 is stretched over the
respective windows 44. It should be noted that the meth-
od for providing the mesh filter 45 in the case 42 is not
limited to the one described above.

[0043] In the accumulator 1 with such a configuration,
a low-temperature, low-pressure refrigerant in a gas-lig-
uid mixed state from an evaporator is introduced into the
tank 10 via the inlet port 15, as in the conventional one.
The introduced refrigerant collides with the gas-liquid
separator 18 (or the ceiling portion 18a thereof) and is
radially diffused to be separated into a liquid-phase re-
frigerant and a gas-phase refrigerant, and the liquid-
phase refrigerant (including oil) flows downward along
the inner peripheral face of the tank 10 and accumulates
in the lower portion of the tank 10, while the gas-phase
refrigerant is suctioned to the suction side of the com-
pressor via the space (i.e., downward-feed flow channel
33) formed between the inner pipe 31 and the outer pipe
32 of the outlet pipe 30 — the space inside of the inner
pipe 31 so as to be circulated.

[0044] Oil that has accumulated in the lower portion of
the tank 10 together with the liquid-phase refrigerant
moves toward the bottom 13 of the tank 10 due to the
difference in specific gravity, properties, and the like be-
tween the oil and the liquid-phase refrigerant. The oil at
the bottom 13 of the tank 10 is absorbed into the gas-
phase refrigerant to be suctioned to the suction side of
the compressor via the outlet pipe 30 and then passes
through the mesh filter 45 of the strainer 40 — the oil
return hole 35 — the space inside of the inner pipe 31
and thus is returned to the suction side of the compressor
together with the gas-phase refrigerant so as to be cir-
culated. When the oil passes through the mesh filter 45,
foreign matter, such as sludge and the like, is trapped
and thus is removed from the circulating refrigerant (in-
cluding oil).

[0045] Here, in the heat pump system including the
accumulator 1 with such a configuration, during cooling
operation (i.e., when the required load is high), a large
amount of refrigerant is required for circulation, and thus
the liquid-phase refrigerant (including oil) accumulated
in the tank 10 of the accumulator 1 decreases and its
surface level becomes low (see Fig. 1, Fig. 2). Mean-
while, during heating operation (i.e., when the required
load is low), a small amount of refrigerant circulates, and
thus the liquid-phase refrigerant (including oil) accumu-
lated in the tank 10 of the accumulator 1 increases and
its surface level becomes high (see Fig. 3, Fig. 4).
[0046] Furthermore, while the operation of the system
(i.e., compressor) is stopping, the liquid portion including
the liquid-phase refrigerant and oil accumulates in the
lower portion of the tank 10 of the accumulator 1, and
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when the system uses oil that is not compatible with the
refrigerant and has a lower specific gravity than the re-
frigerant, two separate layers, that is, an oil layer on the
upper side and a liquid-phase refrigerant layer on the
lower side, are formed due to the difference in specific
gravity and viscosity between the liquid-phase refrigerant
and the oil.

[0047] Therefore, when the system uses oil that is not
compatible with the refrigerant and has a lower specific
gravity than the refrigerant, during low-load operation,
such as heating operation, for example, the oil layer is
formed in the upper position inside of the tank 10 of the
accumulator 1. This may reduce the oil return amount
through the oil return hole 35.

[0048] The accumulator 1 of the present embodiment
takes the following measures to secure the oil return
amount even in the above-described situations.

[0049] That is, in addition to the above configuration,
in the present embodiment, a slit hole 39 extending in
the vertical direction is formed in the upper portion of the
outer pipe 32 of the outlet pipe 30 that is provided within
the tank 10. In this example, the long slit hole 39 with a
length of about 1/6 of the outer pipe 32 and a constant
width in the vertical direction is formed in the center side
portion (near the center) of the outer pipe 32 eccentrically
disposed in the tank 10, below the gas-liquid separator
18. The width (i.e., the width in the circumferential direc-
tion) of the slit hole 39 is set to about 1 mm, for example.
[0050] In addition, an approximately cylindrical floating
member 20 is disposed on (i.e., mounted around) the
outer periphery of the outer pipe 32 so as to be slidable
in the vertical direction. This floating member 20 is made
of a material having a lower specific gravity than the oil,
such as polypropylene (PP), afoamed material (including
foam therein), or a porous material, for example, and a
portion of the floating member 20 isimmersed in the liquid
portion (in particular, the oil layer) accumulated in the
tank 10. The floating member 20 is adapted to move (i.e.,
float) up or down along the outer periphery of the outer
pipe 32 with the buoyancy received from the liquid portion
(in particular, the oil layer).

[0051] Specifically, the floating member 20 includes a
cylindrical sliding portion 21, which has a slightly larger
vertical length than that of the slithole 39 and is externally
arranged around the outlet pipe 31 so as to be slidable
in the vertical direction, and a disk-like flange portion 22
extending (outwardly) from around the center of the slid-
ing portion 21 (or the outer face thereof) to around the
inner peripheral face (or the inner wall face) of the tank
10. In this example, the flange portion 22 has a slightly
smaller outside diameter than the inside diameter of the
tank 10, and a gap is formed between the flange portion
22 (or the outer end thereof) and the inner peripheral face
of the tank 10 so as to allow the liquid-phase refrigerant
(including oil) to flow downward to the lower portion of
the tank 10.

[0052] In addition, an upper oil return hole 25 (herein-
after simply referred to as the oil return hole 25) made of
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athrough-hole is formed in the lower portion of the sliding
portion 21 (i.e., the lower portion with respect to the flange
portion 22). In this example, the round oil return hole 25
having a diameter approximately equal to the width (i.e.,
the width in the circumferential direction) of the slit hole
39 is formed in the sliding portion 21 on its center side
portion (near the center) (that is, in the position in the
same circumferential direction as the slit hole 39). The
diameter of the oil return hole 25 is set to about 1 mm,
for example.

[0053] In this example, due to the specific gravity of
the oil and the floating member 20, the shape and volume
of the floating member 20, and the like, the floating mem-
ber 20 is adapted to float with the buoyancy received
from the liquid portion when the lower portion of the slid-
ing portion 21 with respect to the flange portion 22 (i.e.,
the portion including the oil return hole 25) or the lower
portion of the sliding portion 21 with respect to the flange
portion 22 as well as a portion of the flange portion 22
is/are immersed in the liquid portion accumulated in the
tank 10. In other words, in this case, the flange portion
22 is adapted to float on the liquid portion (specifically,
the oil layer on the upper side).

[0054] Accordingly, with the buoyancy received from
the liquid portion (in particular, the oil layer) accumulated
in the tank 10 of the accumulator 1, the floating member
20 is adapted to move up or down along the outer pe-
riphery of the outer pipe 32 (that is, move while sliding
on the outer periphery of the outer pipe 32) according to
the surface level of the liquid portion, specifically, the oil
surface level of the oil layer on the upper side.

[0055] Itshouldbe notedthatintheillustrated example,
the approximately lower half of the floating member 20
is immersed only in the oil layer of the liquid portion ac-
cumulated in the tank 10, and the floating member 20 is
adapted to move up or down with the buoyancy received
only from the oil layer of the liquid portion. However, it is
needless to mention that as long as the oil return hole 25
is provided at least in the portion to be immersed in the
oil, a portion of the floating member 20 may be immersed
in the liquid-phase refrigerant layer on the lower side of
the liquid portion, and the floating member 20 may be
adapted to move up or down with the buoyancy received
from both of the oil layer and the liquid-phase refrigerant
layer of the liquid portion, for example.

[0056] Therefore,inthe accumulator 1 with such a con-
figuration, during high-load operation, such as cooling
operation as illustrated in Fig. 1 and Fig. 2 for example,
when the surface level of the liquid portion accumulated
in the tank 10 (specifically, the oil surface level of the oil
layer on the upper side) is lower than or equal to a pre-
determined level, the oil return hole 25 formed in the lower
portion of the floating member 20 (or the sliding portion
21 thereof) is located below the slit hole 39 formed in the
upper portion of the outer pipe 32, and the oil return hole
25 is closed (blocked) by the outer periphery (i.e., the
outer peripheral face) of the outer pipe 32.

[0057] Meanwhile, during low-load operation, such as
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heating operation as illustrated in Fig. 3 and Fig. 4 for
example, when the oil surface level of the liquid portion
accumulated in the tank 10 (specifically, the oil surface
level of the oil layer on the upper side) exceeds the pre-
determined level, the oil return hole 25 formed in the lower
portion of the floating member 20 (or the sliding portion
21 thereof) is adapted to communicate with the slit hole
39 formed in the upper portion of the outer pipe 32. Ac-
cordingly, when the system (i.e., compressor) s activated
in such a state, the oil accumulated in the tank 10 is ab-
sorbed into the gas-phase refrigerant to be suctioned to
the suction side of the compressor via the outlet pipe 30
and then passes through the oil return hole 25 of the
floating member 20 — the slit hole 39 of the outer pipe
32 — the space (i.e., downward-feed flow channel 33)
formed between the inner pipe 31 and the outer pipe 32
of the outlet pipe 30 — the space inside of the inner pipe
31 and thus is returned to the suction side of the com-
pressor together with the gas-phase refrigerant so as to
be circulated.

[0058] Asdescribed above, in the accumulator 1 of the
present embodiment, when the surface level of the oil
accumulatedinthetank 10 (i.e., oil surface level) exceeds
the predetermined level, the oil return hole 25 provided
in the floating member 20 (or the sliding portion 21 there-
of) is adapted to be continuous (communicate) with the
slit hole 39 provided in the outlet pipe 30 (or the outer
pipe 32 thereof), and the oil is returned to the outlet pipe
30 through the oil return hole 25 and the slit hole 39,
consequently to the suction side of the compressor. This
can increase the oil return amount even when the tank
10 of the accumulator 1 has a large liquid portion accu-
mulated therein and the liquid portion is in a two-layer
separate state (i.e., the oil layer on the upper side and
the liquid-phase refrigerant layer on the lower side) with
use of the oil that is not compatible with the refrigerant
and has a lower specific gravity than the refrigerant, thus
forming the oil layer in the upper position inside of the
tank 10 of the accumulator 1, for example. As a result,
the system can improve the operation efficiency (for ex-
ample, heating efficiency).

[0059] In this case, basically the floating member 20
made of a material having a lower specific gravity than
the oil, a foamed material, a porous material, forexample,
may be disposed on the outer periphery of the outlet pipe
30 (or the outer pipe 32 thereof). This can simplify the
configuration of the accumulator 1, reduce the number
of components, achieve cost reduction, for example, as
compared to the conventional one using moving means
or the like.

[0060] In addition, the floating member 20 includes the
cylindrical sliding portion 21 externally arranged around
the outlet pipe 31 (or the outer pipe 32 thereof) so as to
be slidable, and the disk-like flange portion 22 extending
outwardly from the sliding portion 21. The sliding portion
21 is provided with the oil return hole 25 on the lower
side with respect to the flange portion 22, and the flange
portion 22 serves as a cap adapted to cover the top of
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the liquid portion accumulated in the tank 10 of the ac-
cumulator 1, that is, the top of the oil layer on the upper
side in the two-layer separate state, for example. This
can prevent the turbulence of the liquid portion accumu-
lated in the tank 10 of the accumulator 1 and alsoincrease
the gas-liquid separation performance.

[0061] It should be noted that it is needless to mention
that the position, size, and shape of the slit hole 39 of the
outlet pipe 30 (or the outer pipe 32 thereof) and the
number of slit holes 39, the shape of the floating member
20, the position, size, and shape of the oil return hole 25
of the floating member 20 and the number of oil return
holes 25, or the like may not be limited to those of the
above-described example.

[0062] For example, in the above embodiment, al-
though the floating member 20 has an approximately cy-
lindrical shape surrounding the entire outer periphery
(i.e., perimeter) of the outlet pipe 30 (or the outer pipe 32
thereof), the floating member 20 may have a shape that
surrounds only a portion of the outer periphery of the
outlet pipe 30 (or the outer pipe 32 thereof) (specifically,
at least a portion including the slit hole 39).

[0063] In addition, as illustrated in Fig. 5A and Fig. 5B
for example, the width (i.e., the width in the circumferen-
tial direction) of the slit hole 39 of the outlet pipe 30 (or
the outer pipe 32 thereof) may be varied in the vertical
direction and the width (i.e., the width in the circumfer-
ential direction) of the oil return hole 25 of the floating
member 20 may be set larger than the width of the nar-
rowest portion of the slithole 39. Inthe example illustrated
in Fig. 5A, the width of the slit hole 39 increases contin-
uously from its bottom to top (in other words, the slit hole
39 is formed to be tapered), and the width of the oil return
hole 25is setlarger than the width of the lower end portion
of the slit hole 39. Further, in the example illustrated in
Fig. 5B, the width of the slit hole 39 increases in stages
from its bottom to top (in other words, the slit hole 39 is
formed into steps), and the width of the oil return hole 25
is set larger than the width of the lower end portion of the
slit hole 39.

[0064] With the configurationsillustrated in Fig. 5A and
Fig. 5B, the area of the portion in which the slit hole 39
and the oil return hole 25 overlap each other changes
depending on the position (that is, the surface level of
the liquid portion, specifically, the oil surface level of the
oil layer on the upper side) of the floating member 20 with
respect to the outlet pipe 30 (or the outer pipe 32 thereof).
This can change the oil return amount. In the examples
illustrated in Fig. 5A and Fig. 5B, the oil return amount is
adapted to increase as the surface level of the liquid por-
tion, specifically the oil surface level of the oil layer on
the upper side, increases.

[0065] In addition, although one slit hole 39 and one
oil return hole 25 are provided in the above embodiment,
a plurality of slit holes 39 and a plurality of oil return holes
25 may be formed in the circumferential direction of the
outer pipe 32 and the floating member 20, respectively.
In this case, as illustrated in Fig. 6A and Fig. 6B for ex-
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ample, the slit holes 39 or oil return holes 25 formed in
different positions (in the circumferential direction) may
be in various vertical positions (including upper and lower
end positions, central positions, vertical lengths). In the
example illustrated in Fig. 6A, the plurality of slit holes
39 is formed in different positions in the circumferential
direction of the outer pipe 32, and the slit holes 39 are
setto be in different vertical positions (i.e., different lower
end positions in the illustrated example) in the vertical
direction. Meanwhile, in the example illustrated in Fig.
6B, the plurality of oil return holes 25 is formed in different
positions in the circumferential direction of the floating
member 20 (or the sliding portion 21 thereof), and the oil
return holes 25 are set to be in different vertical positions
(i.e., different central positions) in the vertical direction.

[0066] Withthe configurationsillustrated in Fig. 6A and
Fig. 6B, as in the examples illustrated in Fig. 5A and Fig.
5B, the area (i.e., the total area) of the portion in which
the slit holes 39 and the oil return holes 25 overlap each
other changes depending on the position (that is, the sur-
face level of the liquid portion, specifically, the oil surface
level of the oil layer on the upper side) of the floating
member 20 with respect to the outlet pipe 30 (or the outer
pipe 32 thereof). This can change the oil return amount.
In the examples illustrated in Fig. 6A and Fig. 6B, the oil
return amountis adapted to increase as the surface level
of the liquid portion, specifically the oil surface level of
the oil layer on the upper side, increases.

[0067] When the plurality of slitholes 39 or the plurality
of oil return holes 25 is formed, it is needless to mention
that the slit holes 39 or the oil return holes 25 do not need
to be located in the same position (height), or to have the
same size (width in the circumferential direction, diame-
ter, or the like), shape, or the like.

[0068] In addition, in the above embodiment, since the
outlet pipe 30 provided within the tank 10 is eccentrically
disposed in the tank 10, the floating member 20 is sub-
stantially prevented from rotating around the outlet pipe
30. However, in order to surely prevent the floating mem-
ber 20 from rotating around the outlet pipe 30, a guide
mechanism for guiding the floating member 20 so as to
be vertically movable with respect to the outlet pipe 30
(or the outer pipe 32 thereof) may be provided between
the outlet pipe 30 (or the outer pipe 32 thereof) and the
floating member 20 (or the sliding portion 21 thereof).
For example, a protrusion or a projection extending in
the vertical direction, for example, may be formed on one
of the outer periphery of the outlet pipe 30 (or the outer
pipe 32 thereof) or the inner periphery of the floating
member 20 (or the sliding portion 21 thereof) and, for
example, a recessed groove extending in the vertical di-
rection, into which the protrusion or the projection ex-
tending in the vertical direction, for example, is fitted, may
be formed on the other one of the outer periphery of the
outlet pipe 30 (or the outer pipe 32 thereof) or the inner
periphery of the floating member 20 (or the sliding portion
21 thereof).

[0069] Although the above embodiment adopts the
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outlet pipe 30 having a double-pipe structure of the inner
pipe 31 and the outer pipe 32, it is needless to mention
that the present invention can also be applied to an ac-
cumulator with an outlet pipe of, for example, a U-shaped
pipe (i.e., a pipe formed into a U-shape) or a straight pipe
(i.e., a pipe formed into a straight line) that is coupled at
one end to the outlet port and is open at the other end
near the lower face of a gas-liquid separator.

[0070] In addition, the above embodiment shows the
example in which the oil and the liquid-phase refrigerant
are in a two-layer separate state (i.e., the oil layer on the
upper side and the liquid-phase refrigerant layer on the
lower side) as described above while the operation of the
compressor is stopping with use of the oil that is not com-
patible with the refrigerantand has a lower specific gravity
than the refrigerant. However, it is needless to explain in
detail that by designing the floating member 20 according
to the type, properties, or the like of the refrigerant and
oil, the present invention can also be applied even when
the oil and the liquid-phase refrigerant are not in a two-
layer separate state as described above while the oper-
ation of the compressor is stopping, that is, even when
a liquid-phase refrigerant layer on the upper side and an
oil layer on the lower side are formed while the operation
of the compressor is stopping with use of the oil that is
not compatible with the refrigerant and has a higher spe-
cific gravity than the refrigerant.

Reference Signs List

[0071]
1 Accumulator
10 Tank

12 Cap member

13 Bottom of tank

15 Inlet port

16 Outlet port

18 Gas-liquid separator
18a  Ceiling portion

18b  Peripheral wall

19 Through-hole

20 Floating member

21 Sliding portion

22 Flange portion

25 Upper oil return hole
30 Outlet pipe

31 Inner pipe

32 Outer pipe

32b  Bottom of outer pipe

33 Downward-feed flow channel
35 Lower oil return hole

39 Slit hole

40 Strainer

42 Case

44 Window

45 Mesh filter
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Claims

1.

2,

3.

An accumulator comprising:

a tank having an inlet port and an outlet port;
an outlet pipe provided within the tank, the outlet
pipe being coupled at one end to the outlet port
and being open atanother end inside of the tank;
and

a gas-liquid separator adapted to separate a re-
frigerantintroduced into the tank via the inlet port
into a liquid-phase refrigerant and a gas-phase
refrigerant,

wherein:

a floating member is disposed on an outer
periphery of the outlet pipe so as to be sli-
dable in a vertical direction, the floating
member being adapted to move up or down
according to change in an oil surface level
with buoyancy received from oil included in
the refrigerant, and being provided with an
oil return hole in a portion to be immersed
in the oil, and

the outlet pipe is provided with a slit hole
extending in the vertical direction and being
adapted to be continuous with the oil return
hole when the oil surface level exceeds a
predetermined level.

The accumulator according to claim 1, wherein:

when the oil surface level is lower than or equal
to the predetermined level, the oil return hole is
located below the slit hole such that the oil return
hole is closed by the outlet pipe, and

when the oil surface level exceeds the predeter-
mined level, the oil return hole is adapted to com-
municate with the slit hole such that the oil ac-
cumulated in the tank is returned to the outlet
pipe through the oil return hole and the slit hole.

The accumulator according to claim 1 or 2, wherein
the outlet pipe has a double-pipe structure of aninner
pipe and an outer pipe.

The accumulator according to any one of claims 1
to 3, wherein the tank has a cylindrical shape, and
the outlet pipe is eccentrically disposed in the tank.

The accumulator according to any one of claims 1
to 4, wherein:

the floating memberincludes a cylindrical sliding
portion externally arranged around the outlet
pipe so as to be slidable and a plate-like flange
portion extending outwardly from the sliding por-
tion, and

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

the oil return hole is provided in a lower portion
of the sliding portion with respect to the flange
portion.

The accumulator according to claim 5, wherein the
flange portion is adapted to float on the oil accumu-
lated in the tank.

The accumulator according to claim 5 or 6, wherein
the sliding portion has a larger vertical length than a
vertical length of the slit hole.

The accumulator according to any one of claims 1
to 7, wherein the floating member is made of a ma-
terial having a lower specific gravity than the oil, a
foamed material, or a porous material.

The accumulator according to any one of claims 1
to 8, wherein:

the slit hole has a width in a circumferential di-
rection that is varied in a vertical direction, and
the oil return hole has a width in a circumferential
direction that is larger than at least a width in a
circumferential direction of a narrowest portion
of the slit hole.

The accumulator according to claim 9, wherein the
slithole has a width in a circumferential direction that
is varied continuously or in stages in a vertical direc-
tion.

The accumulator according to any one of claims 1
to 10, wherein the slit hole includes a plurality of slit
holes provided in different positions in a circumfer-
ential direction of the outlet pipe and in different ver-
tical positions in a vertical direction.

The accumulator according to any one of claims 1
to 11, wherein the oil return hole includes a plurality
of oil return holes provided in different positions in a
circumferential direction of the floating member and
in different vertical positions in a vertical direction.

The accumulator according to any one of claims 1
to 12, wherein a guide mechanism for guiding the
floating member so as to be vertically movable with
respect to the outlet pipe is provided between the
outlet pipe and the floating member.
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During cooling operation
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Fig. 3

During heating operation
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Fig. 4
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