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Description

Technical Field

[0001] The present invention relates to an expansion
valve and a refrigeration cycle apparatus.

Background Art

[0002] A conventional expansion valve includes, for
example, a main body that includes a first valve chamber,
a second valve chamber, and a valve hole connecting
the first valve chamber and the second valve chamber,
and a valve body that includes a first cylindrical main
shaft provided in the first valve chamber, a second cylin-
drical main shaft provided in the second valve chamber,
and a constricted portion provided in the valve hole and
connecting the first main shaft and the second main shaft
to each other. The first valve chamber communicates
with the first pipe of a refrigerant circuit via a first opening,
and the second valve chamber communicates with the
second pipe of the refrigerant circuit via a second open-
ing. When refrigerant flows into the first valve chamber
from the first pipe, a portion between the valve body and
a valve seat that is an end portion of the valve hole serves
as an expansion portion, and the expanded refrigerant
flows into the second pipe. When the refrigerant flows
into the second valve chamber from the second pipe, the
portion between the valve body and the valve seat that
is the end portion of the valve hole serves as an expan-
sion portion, and the expanded refrigerant flows into the
first pipe (e.g., see Patent Literature 1). Another expan-
sion valve having a valve body including first and second
main shafts and a constricted portion is disclosed in Pat-
ent Literature 2, wherein the main shafts are provided
with a turbulent part.

Citation List

Patent Literature

[0003]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2012-159180 (para-
graphs [0025] to [0065], Figs. 1 to 6)
Patent Literature 2: EP 1 764 568 A1

Summary of Invention

Technical Problem

[0004] The document JP 2012 159180 A discloses an
an expansion valve according to the preamble of claim 1.
[0005] In a conventional expansion valve, when two-
phase gas-liquid refrigerant flows into the expansion por-
tion, refrigerant pulsation is caused to excite natural os-
cillation of the expansion valve. Thus, noise increases

compared with a case in which single-phase (liquid-
phase) refrigerant flows into the expansion portion. To
suppress the increase in noise, a porous member is pro-
vided on the upstream side of the expansion portion to
cause bubbles atomized in the porous member to flow
into the expansion portion.
[0006] However, for example, when two-phase gas-
liquid refrigerant having high quality (percentage of the
mass of gas-phase refrigerant) flows into the expansion
valve at a low rate, the flow of the refrigerant becomes a
two-phase flow (stratified flow) in which gas and liquid
are separated. A decrease of the amount of bubbles in-
creases difficulty in atomizing the bubbles in the porous
member, and thus refrigerant pulsation is difficult to be
suppressed. That is, in some cases, the increase in noise
in a conventional expansion valve may be difficult to be
suppressed.
[0007] In view of the problems, the present invention
is to provide an expansion valve in which suppression of
the increase in noise is unlikely to be hindered and to
provide a refrigeration cycle apparatus including such an
expansion valve.

Solution to Problem

[0008] The problem is solved by an expansion valve
having the features of claim 1.
[0009] An expansion valve according to an embodi-
ment includes a main body including a first valve chamber
having a first opening communicating with a first pipe, a
second valve chamber having a second opening com-
municating with a second pipe, and a valve hole connect-
ing the first valve chamber and the second valve chamber
to each other, a valve body including a first main shaft,
at least a part of which is provided in the first valve cham-
ber, a second
main shaft, at least a part of which is provided in the
second valve chamber, and a constricted portion provid-
ed in the valve hole and connecting the first main shaft
and the second main shaft to each other, a first porous
member provided in a first passage between the first pipe
and the valve hole, and a first shield member provided
in a region of the first passage between the first pipe and
the first porous member, and shields a part of a passage
cross-section of the the first passage.
[0010] An expansion valve according to an embodi-
ment includes a main body including a first valve chamber
having a first opening communicating with a first pipe, a
second valve chamber having a second opening com-
municating with a second pipe, and a valve hole connect-
ing the first valve chamber and the second valve chamber
to each other, a valve body including a first main shaft,
at least a part of which is provided in the first valve cham-
ber, a second main shaft, at least a part of which is pro-
vided in the second valve chamber, and a constricted
portion provided in the valve hole and connecting the first
main shaft and the second main shaft to each other, and
a first porous member provided in a first passage be-
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tween the first pipe and the valve hole. In the expansion
valve, projections and grooves are formed in a lower por-
tion, in the gravitational direction, of the inner circumfer-
ential surface of a region of the first passage between
the first pipe and the first valve chamber. The projections
and grooves are aligned in an axial direction of the first
passage.
[0011] An expansion valve according to an embodi-
ment includes a main body including a first valve chamber
having a first opening communicating with a first pipe,
and a valve hole connecting the first valve chamber and
a second pipe to each other, a valve body controlling the
opening degree of the valve hole, a first porous member
provided in a first passage between the first pipe and the
valve hole, and a first shield member provided in a region
of the first passage between the first pipe and the first
porous member, and shielding a part of a passage cross-
section of the first passage. In the expansion valve, the
first shield member is
provided in the first valve chamber, has, on at least a part
of the first shield member, a flat surface opposed to the
first opening with a gap between the flat surface and the
first opening and perpendicular to the axial direction of
the first opening, or a recessed surface opposed to the
first opening with a gap between the recessed surface
and the first opening and recessed in a direction away
from the first opening.
[0012] A refrigeration cycle apparatus according to an
embodiment includes a first pipe, and an expansion valve
including a main body including a first valve chamber
having a first opening communicating with the first pipe,
a second valve chamber having a second opening com-
municating with a second pipe, and a valve hole connect-
ing the first valve chamber and the second valve chamber
to each other, a valve body including a first main shaft,
at least a part of which is provided in the first valve cham-
ber, a second main shaft, at least a part of which is pro-
vided in the second valve chamber, and a constricted
portion provided in the valve hole and connecting the first
main shaft and the second main shaft to each other, and
a first porous member provided in a first passage be-
tween the first pipe and the valve hole. In the refrigeration
cycle apparatus, projections and grooves are formed in
a lower portion of the inner circumferential surface of the
first pipe in the gravitational direction. The projections
and grooves are aligned in an axial direction of the first
pipe. Advantageous Effects of Invention
[0013] The expansion valve according to an embodi-
ment of the present invention is provided with the first
shield member in a region of the first passage between
the first pipe and the first porous member and the first
shield member shields the part of the passage cross-
section of the first passage. Thus, for example, when
two-phase gas-liquid refrigerant having high quality (per-
centage of the mass of gas-phase refrigerant) flows into
the expansion valve at a low rate, the flow of the refrig-
erant of a two-phase flow (stratified flow) in which gas
and liquid are separated is mixed in the first shield mem-

ber, thereby increasing the amount of bubbles. In this
state, the refrigerant flows into the first porous member
to allow the bubbles to be atomized in the first porous
member, and thus suppression of an increase in noise
is unlikely to be hindered. Especially in the case in which
the first shield member provided in the first valve chamber
has, on at least a part of the first shield member, a flat
surface opposed to the first opening with a gap between
the flat surface and the first opening and perpendicular
to the axial direction of the first opening, or a recessed
surface opposed to the first opening with a gap between
the recessed surface and the first opening and recessed
in a direction away from the first opening, the mixing ef-
fects of the gas-phase refrigerant and liquid-phase re-
frigerant improves. Thus, the suppression of the increase
in noise is more unlikely to be hindered.
[0014] In the expansion valve according to an embod-
iment of the present invention, projections and grooves
are formed in a lower portion, in the gravitational direc-
tion, of the inner circumferential surface of a region of
the first passage between the first pipe and the first valve
chamber, and the projections and grooves are aligned in
an axial direction of the first passage. Moreover, in the
refrigeration cycle apparatus according to an embodi-
ment of the present invention, projections and grooves
are formed in a lower portion of the inner circumferential
surface of the first pipe in the gravitational direction, and
the projections and grooves are aligned in an axial direc-
tion of the first pipe. Thus, for example, when the two-
phase gas-liquid refrigerant having high quality (percent-
age of the mass of the gas-phase refrigerant) flows into
the expansion valve at a low rate, the flow of the refrig-
erant of a two-phase flow (stratified flow) in which gas
and liquid are separated is mixed in the projections and
grooves aligned in the axial direction of the first pipe,
thereby increasing the amount of bubbles. In this state,
the refrigerant flows into the first porous member to allow
the bubbles to be atomized in the first porous member,
and thus the suppression of the increase in noise is un-
likely to be hindered.

Brief Description of Drawings

[0015]

Fig. 1 is a figure for explaining the configuration and
operation of an air-conditioning apparatus in which
an expansion valve according to Embodiment 1 of
the present invention is used.
Fig. 2 is a cross-sectional view of the expansion valve
according to Embodiment 1 of the present invention
and of pipes connected to the expansion valve in the
axial direction of the expansion valve.
Fig. 3 is a cross-sectional view of the expansion valve
according to Embodiment 1 of the present invention
and of the pipe connected to the expansion valve
taken along line A-A of Fig. 2.
Fig. 4 is a cross-sectional view of the expansion valve
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according to Embodiment 1 of the present invention
and of the pipe connected to the expansion valve
taken along line B-B of Fig. 2.
Fig. 5 is a cross-sectional view of the expansion valve
according to Embodiment 1 of the present invention
and of the pipe connected to the expansion valve
taken along line C-C of Fig. 2.
Fig. 6 is a cross-sectional view illustrating a modifi-
cation example of the expansion valve according to
Embodiment 1 of the present invention and of the
pipe connected to the expansion valve taken along
line A-A of Fig. 2.
Fig. 7 is a cross-sectional view illustrating a modifi-
cation example of the expansion valve and of the
pipe connected to the expansion valve taken along
line A-A of Fig. 2.
Fig. 8 is a cross-sectional view of the connecting pipe
of the expansion valve according to Embodiment 1
of the present invention taken along line D-D of Fig.3.
Fig. 9 is a cross-sectional view of the connecting pipe
of the expansion valve according to Embodiment 1
of the present invention taken along line E-E of Fig. 8.
Fig. 10 is a cross-sectional view illustrating a modi-
fication example of the connecting pipe of the ex-
pansion valve according to Embodiment 1 of the
present invention taken along line D-D of Fig. 3.
Fig. 11 is a cross-sectional view illustrating the mod-
ification example of the connecting pipe of the ex-
pansion valve according to Embodiment 1 of the
present invention taken along line F-F of Fig. 10.
Fig. 12 is a schematic view for explaining effects of
a first porous member and a second porous member
of the expansion valve according to Embodiment 1
of the present invention.
Fig. 13 is a schematic view for explaining effects of
a first shield member, a second shield member, and
projections and grooves of the expansion valve ac-
cording to Embodiment 1 of the present invention.
Fig. 14 is a cross-sectional view of the connecting
pipe of the expansion valve according to Embodi-
ment 1 of the present invention taken along line D-
D of Fig. 3 and is a figure for explaining effects of
the projections and grooves.
Fig. 15 is a cross-sectional view illustrating the mod-
ification example of the connecting pipe of the ex-
pansion valve according to Embodiment 1 of the
present invention taken along line D-D of Fig. 3 and
is a figure for explaining effects of the projections
and grooves.
Fig. 16 is a cross-sectional view illustrating a modi-
fication example of the expansion valve and the
pipes connected to the expansion valve in the axial
direction of the expansion valve.
Fig. 17 is a cross-sectional view illustrating a modi-
fication example of the expansion valve and the
pipes connected to the expansion valve in the axial
direction of the expansion valve.

Description of Embodiments

[0016] An expansion valve according to the present
invention is described below with reference to the draw-
ings.
[0017] It should be noted that in the following descrip-
tion, a refrigeration cycle apparatus in which the expan-
sion valve according to the present invention is used is
an air-conditioning apparatus; however, the present in-
vention is not limited to this example, and the refrigeration
cycle apparatus in which the expansion valve according
to the present invention is used may be a refrigeration
cycle apparatus other than the air-conditioning appara-
tus. Moreover, configurations, operations, and other de-
tails described below are mere examples, and the
present invention is not limited to the described configu-
rations, operations, and other details. Specific explana-
tions for the configurations, operations, and other details
are appropriately simplified or omitted. Overlapping or
similar explanations are also appropriately simplified or
omitted.

Embodiment 1

[0018] An expansion valve according to Embodiment
1 is described below.

<Configuration and Operation of Air-conditioning Appa-
ratus>

[0019] The configuration and operation of an air-con-
ditioning apparatus in which the expansion valve accord-
ing to Embodiment 1 is used are described below.
[0020] Fig. 1 is a figure for explaining the configuration
and operation of the air-conditioning apparatus in which
the expansion valve according to Embodiment 1 of the
present invention is used.
[0021] As Fig. 1 illustrates, an air-conditioning appa-
ratus 1 includes a refrigerant circuit 10 in which a com-
pressor 11, a four-way valve 12, a heat source side heat
exchanger 13, a first expansion valve 14, a second ex-
pansion valve 15, and a load side heat exchanger 16 are
connected in a loop. That is, the refrigerant circuit 10 is
a two-step expansion circuit. The four-way valve 12 may
be another flow switching device.
[0022] The compressor 11, the four-way valve 12, the
heat source side heat exchanger 13, and the first expan-
sion valve 14 are provided in an outdoor unit, and the
second expansion valve 15 and the load side heat ex-
changer 16 are provided in an indoor unit. The first ex-
pansion valve 14 and the second expansion valve 15 are
connected via an extension pipe 17, and the load side
heat exchanger 16 and the four-way valve 12 are con-
nected via an extension pipe 18.
[0023] When the air-conditioning apparatus 1 performs
a cooling operation, the flow path of the four-way valve
12 is changed to the flow path illustrated by the solid line
in Fig. 1, and refrigerant flowing through the refrigerant

5 6 



EP 3 165 799 B1

5

5

10

15

20

25

30

35

40

45

50

55

circuit 10 circulates through the compressor 11, the four-
way valve 12, the heat source side heat exchanger 13,
the first expansion valve 14, the second expansion valve
15, the load side heat exchanger 16, and the four-way
valve 12 in this order.
[0024] The pressure of low-pressure gas-phase refrig-
erant is increased by the compressor 11, and the low-
pressure gas-phase refrigerant becomes high-tempera-
ture, high-pressure gas-phase refrigerant. The gas-
phase refrigerant passes through the four-way valve 12,
and the heat of the gas-phase refrigerant is transferred
to the ambient air at the heat source side heat exchanger
13. The gas-phase refrigerant is condensed as a result
of the heat transfer to the ambient air and becomes liquid-
phase refrigerant having a decreased temperature. The
liquid-phase refrigerant is decompressed by the first ex-
pansion valve 14 and becomes low-pressure two-phase
gas-liquid refrigerant. The liquid portion of the two-phase
gas-liquid refrigerant is further expanded by the second
expansion valve 15 and becomes two-phase gas-liquid
refrigerant having increased quality. The two-phase gas-
liquid refrigerant receives heat from indoor air at the load
side heat exchanger 16, and the liquid portion evapo-
rates. The temperature of the gas-phase refrigerant in-
creases due to the heat reception from the ambient air,
and the gas-phase refrigerant having an increased tem-
perature flows into the compressor 11 again. That is,
when the air-conditioning apparatus 1 performs the cool-
ing operation, the heat source side heat exchanger 13
serves as a condenser, and the load side heat exchanger
16 serves as an evaporator.
[0025] When the air-conditioning apparatus 1 performs
a heating operation, the flow path of the four-way valve
12 is changed to the flow path illustrated by the dotted
line in Fig. 1, and the refrigerant flowing through the re-
frigerant circuit 10 circulates through the compressor 11,
the four-way valve 12, the load side heat exchanger 16,
the second expansion valve 15, the first expansion valve
14, the heat source side heat exchanger 13, and the four-
way valve 12 in this order.
[0026] The pressure of the low-pressure gas-phase re-
frigerant is increased by the compressor 11, and the low-
pressure gas-phase refrigerant becomes high-tempera-
ture, high-pressure gas-phase refrigerant. The gas-
phase refrigerant passes through the four-way valve 12,
and the heat of the gas-phase refrigerant is transferred
to the indoor air at the load side heat exchanger 16. The
gas-phase refrigerant is condensed as a result of the
heat transfer to the indoor air and becomes liquid-phase
refrigerant having a decreased temperature. The liquid-
phase refrigerant is decompressed by the second expan-
sion valve 15 and becomes low-pressure two-phase gas-
liquid refrigerant. The liquid portion of the two-phase gas-
liquid refrigerant is further expanded by the first expan-
sion valve 14 and becomes two-phase gas-liquid refrig-
erant having increased quality. The two-phase gas-liquid
refrigerant receives heat from the ambient air at the heat
source side heat exchanger 13, and the liquid portion

evaporates. The temperature of the gas-phase refriger-
ant increases due to the heat reception from the ambient
air, and the gas-phase refrigerant having an increased
temperature flows into the compressor 11 again. That is,
when the air-conditioning apparatus 1 performs the heat-
ing operation, the heat source side heat exchanger 13
serves as an evaporator, and the load side heat exchang-
er 16 serves as a condenser.
[0027] In a typical refrigerant circuit, the number of ex-
pansion valves connected between the condenser and
the evaporator is one. Thus, during a cooling operation
or heating operation, the refrigerant passing through the
extension pipe 17 becomes liquid-phase refrigerant, and
the amount of the refrigerant contained in the refrigerant
circuit increases. Meanwhile, in the two-step expansion
circuit as illustrated in Fig. 1, during both of the cooling
operation and heating operation, the refrigerant passing
through the extension pipe 17 can be two-phase gas-
liquid refrigerant, and the amount of the refrigerant con-
tained in the refrigerant circuit 10 can be decreased. How-
ever, when the refrigerant passing through the extension
pipe 17 is the two-phase gas-liquid refrigerant, the two-
phase gas-liquid refrigerant continuously flows into the
expansion portions of the expansion valves (the first ex-
pansion valve 14 and the second expansion valve 15),
thereby causing refrigerant pulsation and exciting natural
oscillation of the expansion valves (the first expansion
valve 14 and the second expansion valve 15) and pos-
sibly causing a structure-borne sound. Thus, in the re-
frigerant circuit 10, an expansion valve 20 described be-
low is employed as the expansion valves (the first ex-
pansion valve 14 and the second expansion valve 15).

<Configuration of Expansion Valve>

[0028] The configuration of the expansion valve ac-
cording to Embodiment 1 is described below.
[0029] Fig. 2 is a cross-sectional view of the expansion
valve according to Embodiment 1 of the present invention
and of pipes connected to the expansion valve in the
axial direction of the expansion valve. Fig. 3 is a cross-
sectional view of the expansion valve according to Em-
bodiment 1 of the present invention and of the pipe con-
nected to the expansion valve taken along line A-A of
Fig. 2. Fig. 4 is a cross-sectional view of the expansion
valve according to Embodiment 1 of the present invention
and of the pipe connected to the expansion valve taken
along line B-B of Fig. 2. Fig. 5 is a cross-sectional view
of the expansion valve according to Embodiment 1 of the
present invention and of the pipe connected to the ex-
pansion valve taken along line C-C of Fig. 2.
[0030] As Figs. 2 to 5 illustrate, the expansion valve
20 includes a main body 30, a first connecting pipe 41,
a second connecting pipe 42, a valve body 50, a first
porous member 61, a second porous member 63, a first
shield member 71, and a second shield member 72. A
first pipe 91 is connected to the first connecting pipe 41
by, for example, brazing, and a second pipe 92 is con-
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nected to the second connecting pipe 42 by, for example,
brazing. The first pipe 91 and the second pipe 92 consti-
tute parts of the refrigerant circuit 10.
[0031] The main body 30 is made by, for example, cut-
ting a brass casting. A first valve chamber 32 and a sec-
ond valve chamber 33 separated by a partition wall 31
are provided in the main body 30. The first valve chamber
32 and the second valve chamber 33 communicate with
each other via a valve hole 34 provided in the central part
of the partition wall 31. The end portion of the valve hole
34 on the side where the first valve chamber 32 is pro-
vided is a first valve seat 35, and the end portion of the
valve hole 34 on the side where the second valve cham-
ber 33 is provided is a second valve seat 36.
[0032] A first opening 37 is formed on the side wall of
the first valve chamber 32, and the first connecting pipe
41 is connected to the main body 30 by, for example,
brazing. The axial direction of the first connecting pipe
41 and the axial direction of the end portion of the first
pipe 91 connected to the first connecting pipe 41 are
perpendicular to the gravitational direction. That is, the
first valve chamber 32 and the first pipe 91 communicate
with each other via the first opening 37 and the first con-
necting pipe 41. A second opening 38 is formed on the
side wall of the second valve chamber 33, and the second
connecting pipe 42 is connected to the main body 30 by,
for example, brazing. The axial direction of the second
connecting pipe 42 and the axial direction of the end por-
tion of the second pipe 92 connected to the second con-
necting pipe 42 are perpendicular to the gravitational di-
rection. That is, the second valve chamber 33 and the
second pipe 92 communicate with each other via the sec-
ond opening 38 and the second connecting pipe 42. It
should be noted that in Fig. 2, the end faces of the first
connecting pipe 41 and the second connecting pipe 42
are connected to the side wall of the main body 30; how-
ever, the configuration is not limited to this example, and
the outer circumferential surface of the end portion of the
first connecting pipe 41 may be connected to the inner
circumferential surface of the first opening 37, and the
outer circumferential surface of the end portion of the
second connecting pipe 42 may be connected to the inner
circumferential surface of the second opening 38. The
first pipe 91 may be directly connected to the first opening
37, and the second pipe 92 may be directly connected
to the second opening 38.
[0033] The valve body 50 includes a first main shaft
51, a second main shaft 52, and a constricted portion 53.
The first main shaft 51 has a cylindrical shape, and a
lower portion of the first main shaft 51 in the gravitational
direction is provided inside the first valve chamber 32.
The second main shaft 52 has a cylindrical shape, and
an upper portion of the second main shaft 52 in the grav-
itational direction is provided inside the second valve
chamber 33. The constricted portion 53 connects the low-
er portion of the first main shaft 51 in the gravitational
direction and the upper portion of the second main shaft
52 in the gravitational direction to each other. The con-

stricted portion 53 includes a first inclined portion 54 on
the side of the first main shaft 51, a second inclined por-
tion 55 on the side of the second main shaft 52, and a
communicating portion 56 provided between the first in-
clined portion 54 and the second inclined portion 55. The
communicating portion 56 of the constricted portion 53
is provided in the valve hole 34. The valve body 50 pref-
erably includes more than one component.
[0034] A coil (not illustrated) is provided around the
periphery of a part of the valve body 50. When the coil
is energized, a position in a direction parallel to the grav-
itational direction of the valve body 50 changes. A gap
between the valve body 50 and the first valve seat 35
and a gap between the valve body 50 and the second
valve seat 36 serve as expansion portions. As the posi-
tion in the direction parallel to the gravitational direction
of the valve body 50 changes, the size (passage cross-
sectional area) of the gap between the valve body 50 and
the first valve seat 35 changes, and the size of the gap
between the valve body 50 and the second valve seat
36 changes. Thus, the opening degree of the valve hole
34 is controlled. When the valve body 50 comes in contact
with the first valve seat 35 or the second valve seat 36,
the valve hole 34 is fully closed. When the gap between
the valve body 50 and the first valve seat 35 and the gap
between the valve body 50 and the second valve seat
36 become the maximum, the valve hole 34 is fully open.
[0035] The first porous member 61 is provided in the
first valve chamber 32 and above the partition wall 31 in
the gravitational direction, that is, provided in a first pas-
sage 21 between the valve hole 34 and the first pipe 91.
The second porous member 63 is provided in the second
valve chamber 33 and below the partition wall 31 in the
gravitational direction, that is, provided in a second pas-
sage 22 between the valve hole 34 and the second pipe
92. The first porous member 61 is ring shaped and is
provided to an area between the side wall of the first valve
chamber 32 and the outer circumferential surface of the
first main shaft 51. The second porous member 63 is ring
shaped and is provided to an area between the side wall
of the second valve chamber 33 and the outer circum-
ferential surface of the second main shaft 52. The first
porous member 61 is supported by the top surface of a
first pedestal 62. The first porous member 61 is preferably
provided in a region close to the valve hole 34, inside the
first valve chamber 32 and in particular is preferably pro-
vided below the first opening 37 in the gravitational di-
rection. The second porous member 63 is supported by
the bottom surface of a second pedestal 64. The second
porous member 63 is preferably provided in a region
close to the valve hole 34, inside the second valve cham-
ber 33, and in particular is preferably provided above the
second opening 38 in the gravitational direction. The first
porous member 61 and the second porous member 63
are preferably fixed to the side wall of the first valve cham-
ber 32 and to the side wall of the second valve chamber
33, respectively, by caulking.
[0036] The first shield member 71 is provided in a re-
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gion that is inside the first valve chamber 32 and between
the first main shaft 51 of the valve body 50 and the first
opening 37, that is, a region of the first passage 21 be-
tween the first porous member 61 and the first opening
37 so that an upper portion of the first shield member 71
in the gravitational direction is in contact with an upper
portion of the first valve chamber 32 in the gravitational
direction. The second shield member 72 is provided in a
region that is inside the second valve chamber 33 and
between the second main shaft 52 of the valve body 50
and the second opening 38, that is, a region of the second
passage 22 between the second porous member 63 and
the second opening 38 so that an upper portion of the
second shield member 72 in the gravitational direction is
in contact with an upper portion of the second valve
chamber 33 in the gravitational direction. When the first
shield member 71 and the second shield member 72 are
viewed in the axial directions of the first opening 37 and
the second opening 38, the outer circumferential surfac-
es of the first shield member 71 and the second shield
member 72 are outside the inner circumferential surfaces
of the first opening 37 and the second opening 38. For
example, the first shield member 71 is press-fitted and
fixed to a groove formed on the top surface of the first
valve chamber 32. For example, the upper portion of the
second shield member 72 is bent toward the second
opening 38, and the bent portion is fixed to a portion of
the side wall of the second valve chamber 33 above the
second opening 38 in the gravitational direction.
[0037] The surface of the first shield member 71 op-
posed to the first opening 37 has a gap from the first
opening 37. The surface of the second shield member
72 opposed to the second opening 38 has a gap from
the second opening 38. Except for the upper portions of
the first shield member 71 and the second shield member
72, the first shield member 71 and the second shield
member 72 are not in contact with other components.
That is, the first shield member 71 shields the part of the
cross section of the first passage 21, more specifically,
shields an upper portion of the cross section of the first
passage 21 in the gravitational direction, but does not
shield a lower portion of the cross section of the first pas-
sage 21 in the gravitational direction. The second shield
member 72 shields the part of the cross section of the
second passage 22, more specifically, shields an upper
portion of the cross section of the second passage 22 in
the gravitational direction, but does not shield a lower
portion of the cross section of the second passage 22 in
the gravitational direction.
[0038] Figs. 6 and 7 are cross-sectional views illustrat-
ing modification examples of the expansion valve and of
the pipe connected to the expansion valve taken along
line A-A of Fig. 2.
[0039] As Fig. 3 illustrates, the first shield member 71
and the second shield member 72 are flat plate-like com-
ponents perpendicular to the axial direction of the first
opening 37 and to the axial direction of the second open-
ing 38, respectively. However, as Fig. 6 illustrates, the

first shield member 71 and the second shield member
72 may be bent plate-like components in which central
portions are recessed in the direction away from the first
opening 37 and the second opening 38. Moreover, as
Fig. 7 illustrates, the first shield member 71 and the sec-
ond shield member 72 may be curved plate-like compo-
nents in which central areas are recessed in the direction
away from the first opening 37 and the second opening
38. That is, the parts of the first shield member 71 and
the second shield member 72 at least have flat surfaces
that are opposed to the first opening 37 and the second
opening 38 with gaps from the first opening 37 and the
second opening 38 and are perpendicular to the axial
directions of the first opening 37 and the second opening
38 or recessed surfaces that are opposed to the first
opening 37 and the second opening 38 with gaps from
the first opening 37 and the second opening 38 and are
recessed in the direction away from the first opening 37
and the second opening 38.
[0040] Fig. 8 is a cross-sectional view of the connecting
pipe of the expansion valve according to Embodiment 1
of the present invention taken along line D-D of Fig. 3.
Fig. 9 is a cross-sectional view of the connecting pipe of
the expansion valve according to Embodiment 1 of the
present invention taken along line E-E of Fig. 8. Fig. 10
is a cross-sectional view illustrating a modification exam-
ple of the connecting pipe of the expansion valve accord-
ing to Embodiment 1 of the present invention taken along
line D-D of Fig. 3. Fig. 11 is a cross-sectional view illus-
trating the modification example of the connecting pipe
of the expansion valve according to Embodiment 1 of the
present invention taken along line F-F of Fig. 10.
[0041] The first connecting pipe 41 and the second
connecting pipe 42 are, for example, copper pipes. As
Figs. 8 and 9 illustrate, projections and grooves are
formed in the lower portions of the inner circumferential
surfaces of the first connecting pipe 41 and the second
connecting pipe 42 in the gravitational direction. The pro-
jections and grooves 43 are aligned in the axial directions
of the first connecting pipe 41 and the second connecting
pipe 42. The projections and grooves 43 may have a
semicircular cross section or may have a rectangular
cross section as illustrated in Figs. 10 and 11. When the
end faces of the first connecting pipe 41 and the second
connecting pipe 42 are connected to the side wall of the
main body 30, the projections and grooves 43 also are
preferably formed in the inner circumferential surfaces
of the first opening 37 and the second opening 38.
[0042] It should be noted that either the provision of
the first shield member 71 and the second shield member
72 in the expansion valve 20 or the provision of the pro-
jections and grooves 43 in the inner circumferential sur-
faces of the first connecting pipe 41 and the second con-
necting pipe 42 of the expansion valve 20 may be per-
formed. Both provisions may not have to be performed.
When both of the provision of the first shield member 71
and the second shield member 72 in the expansion valve
20 and the provision of the projections and grooves 43
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in the inner circumferential surfaces of the first connect-
ing pipe 41 and the second connecting pipe 42 of the
expansion valve 20 are performed, mixing effects of gas-
phase refrigerant and liquid-phase refrigerant, which are
described later, are further promoted.

<Effects of Expansion Valve>

[0043] Effects of the expansion valve according to Em-
bodiment 1 are described below.
[0044] Effects of the first porous member 61 and the
second porous member 63 are described first.
[0045] Fig. 12 is a schematic view for explaining the
effects of the first porous member and the second porous
member of the expansion valve according to Embodi-
ment 1 of the present invention.
[0046] Sounds caused by refrigerant are classified
roughly into, for example, a refrigerant pulsation noise,
a collision noise, a vortex sound, and a jet sound and
become noise sources during the operation of the air-
conditioning apparatus 1. The refrigerant pulsation noise
is a structure-borne sound caused by refrigerant pulsa-
tion exciting natural oscillation of the expansion valve 20.
When the refrigerant is in a two-phase gas-liquid state
and bubbles are contained in the refrigerant, as Fig. 12
illustrates, the bubbles are atomized when the bubbles
are passing through the first porous member 61 or the
second porous member 63. Thus, the refrigerant pulsa-
tion at the expansion portions is suppressed.
[0047] Effects of the first shield member 71, the second
shield member 72, and the projections and grooves 43
are described below.
[0048] Fig. 13 is a schematic view for explaining the
effects of the first shield member, the second shield mem-
ber, and the projections and grooves of the expansion
valve according to Embodiment 1 of the present inven-
tion. Fig. 14 is a cross-sectional view of the connecting
pipe of the expansion valve according to Embodiment 1
of the present invention taken along line D-D of Fig. 3
and is a figure for explaining effects of the projections
and grooves. Fig. 15 is a cross-sectional view illustrating
the modification example of the connecting pipe of the
expansion valve according to Embodiment 1 of the
present invention taken along line D-D of Fig. 3 and is a
figure for explaining effects of the projections and
grooves.
[0049] When two-phase gas-liquid state refrigerant
having high quality flows into the first connecting pipe 41
or the second connecting pipe 42 at a low rate, as Fig.
13 illustrates, the flow of the refrigerant becomes a two-
phase flow (stratified flow) in which gas and liquid are
separated, the gas-phase refrigerant is distributed to the
upper portion of the first connecting pipe 41 or the second
connecting pipe 42, and the liquid-phase refrigerant is
distributed to the lower portion of the first connecting pipe
41 or the second connecting pipe 42. Even when the two-
phase gas-liquid state refrigerant pass through the first
porous member 61 or the second porous member 63

under such conditions, both of the liquid-phase refriger-
ant and the gas-phase refrigerant merely pass through
the porous member, and bubbles are not atomized.
[0050] Meanwhile, when the first shield member 71 or
the second shield member 72 is provided in the expan-
sion valve 20, the gas-phase refrigerant and the liquid-
phase refrigerant are actively mixed at the first shield
member 71 or the second shield member 72, causing a
bubble flow as illustrated in Fig. 12, and refrigerant pul-
sation at the expansion portions is suppressed.
[0051] When projections and grooves are formed in
the first connecting pipe 41 or the second connecting
pipe 42 and are aligned in the axial direction of the first
connecting pipe 41 or the second connecting pipe 42,
the gas-phase refrigerant and the liquid-phase refriger-
ant are actively mixed at the projections and grooves 43.
Thus, as Figs. 14 and 15 illustrate, a bubble flow is
caused, and refrigerant pulsation at the expansion por-
tions is suppressed.
[0052] Details of the state of the refrigerant flowing
through the expansion valve 20 are described below.
[0053] A case in which the refrigerant flows through
the expansion valve 20 in the positive direction (direction
from the first connecting pipe 41 toward the second con-
necting pipe 42) is described first.
[0054] When the two-phase gas-liquid state refrigerant
having high quality flows into the first connecting pipe 41
at a low rate, the flow of the refrigerant becomes a two-
phase flow (stratified flow) in which gas and liquid are
separated, the gas-phase refrigerant is distributed to the
upper portion of the first connecting pipe 41, and the liq-
uid-phase refrigerant is distributed to the lower portion
of the first connecting pipe 41. The projections and
grooves 43 are formed in the lower portion of the first
connecting pipe 41 in the gravitational direction and are
aligned in the axial direction of the first connecting pipe
41. Thus, the liquid-phase refrigerant flows through the
projections and grooves in turn, and as Figs. 14 and 15
illustrate, the liquid-phase refrigerant undulates. When
the liquid-phase refrigerant undulates, the gas-phase re-
frigerant and the liquid-phase refrigerant are mixed, and
a gas-liquid mixed flow is generated. By forming the pro-
jections and grooves 43 in the lower portion, in the grav-
itational direction, of the first connecting pipe 41 perpen-
dicular to the gravitational direction, mixing effects of the
gas-phase refrigerant and the liquid-phase refrigerant
improve.
[0055] Even when the projections and grooves 43
aligned in the axial direction of the first connecting pipe
41 are not formed in the lower portion of the first con-
necting pipe 41 in the gravitational direction, the gas-
phase refrigerant and the liquid-phase refrigerant are
mixed by the two-phase flow (stratified flow) in which gas
and liquid are separated colliding with the first shield
member 71. Thus, the two-phase flow becomes a gas-
liquid mixed flow. Also, when the projections and grooves
43 aligned in the axial direction of the first connecting
pipe 41 are formed in the lower portion of the first con-
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necting pipe 41 in the gravitational direction, the mixing
effects of the gas-phase refrigerant and the liquid-phase
refrigerant are further promoted by the two-phase flow
(stratified flow) in which gas and liquid are separated col-
liding with the first shield member 71.
[0056] That is, since the first shield member 71 does
not shield the lower portion of the cross-section of the
first passage 21 in the gravitational direction, the gas-
phase refrigerant flowing through the upper portion of the
first connecting pipe 41 in the gravitational direction col-
lides with the first shield member 71 and is pushed below
the first shield member 71. Thus, the mixing effects of
the gas-phase refrigerant and the liquid-phase refriger-
ant are promoted. When the first shield member 71 is not
provided, the two-phase flow (stratified flow) in which gas
and liquid are separated collides with the cylindrical outer
circumferential surface of the first main shaft 51 of the
valve body 50 and goes around the outer circumferential
surface. Thus, the mixing effects of the gas-phase refrig-
erant and the liquid-phase refrigerant are insufficient.
Provision of an expansion portion in first passage 21 be-
tween the first connecting pipe 41 and the first porous
member 61 enables improvement of the mixing effects
of the gas-phase refrigerant and the liquid-phase refrig-
erant but increases a pressure loss and limits a flow-rate
control range for the expansion valve 20, thereby de-
creasing the function of the expansion valve 20. Howev-
er, when the mixing effects of the gas-phase refrigerant
and the liquid-phase refrigerant are improved by provid-
ing the first shield member 71, an increase of the pressure
loss can be suppressed.
[0057] When the mixed flow in which the gas and liquid
are mixed passes through the first porous member 61,
bubbles contained in the liquid-phase refrigerant are at-
omized and the state of the mixed flow approaches the
state of a homogeneous flow. The mixed flow similar to
the homogeneous flow flows into the expansion portion,
and thus the refrigerant pulsation due to the alternate
flow of the gas and liquid can be suppressed, and the
natural oscillation of the expansion valve 20 can be sup-
pressed. Discontinuous refrigerant sounds can be also
suppressed.
[0058] When the refrigerant passes through the expan-
sion portion, a rate at the refrigerant flow increases and
the refrigerant expands. Then, the rate decreases when
the expanded refrigerant passes through the second po-
rous member 63. Thus, a collision noise caused by the
refrigerant colliding with the wall surface of the second
valve chamber 33 is suppressed. Moreover, by passing
through the expansion portion, the mixed flow in which
the gas and liquid are mixed becomes a flow in which
bubbles are further atomized.
[0059] The second shield member 72 does not affect
the flow of the refrigerant passing through the expansion
portion. Thus, the refrigerant passes through the second
opening 38 without being affected by the second shield
member 72. In the second connecting pipe 42, the bub-
bles are combined, and the flow of the refrigerant be-

comes a two-phase flow (stratified flow) in which the gas-
phase refrigerant and the liquid-phase refrigerant are
separated.
[0060] When the flow of the two-phase gas-liquid state
refrigerant having high quality becomes a mist flow hav-
ing a high flow rate and the mist flow flows into the first
connecting pipe 41, the mixing effects of the gas-phase
refrigerant and the liquid-phase refrigerant are promoted
with the first shield member 71 and the projections and
grooves 43 aligned in the axial direction of the first con-
necting pipe 41. Since bubbles are atomized in the first
porous member 61, noise decreases as with the case in
which the flow is the two-phase flow (stratified flow) in
which the gas-phase refrigerant and the liquid-phase re-
frigerant are separated.
[0061] A case in which the refrigerant flows through
the expansion valve 20 in the negative direction (direction
from the second connecting pipe 42 toward the first con-
necting pipe 41) is described below.
[0062] The expansion valve 20 has similar structures
above and below the partition wall 31. Thus, as with the
case in which the refrigerant flows through the expansion
valve 20 in the positive direction (direction from the first
connecting pipe 41 toward the second connecting pipe
42), also in the case in which the refrigerant flows through
the expansion valve 20 in the negative direction (direction
from the second connecting pipe 42 toward the first con-
necting pipe 41), noise decreases.
[0063] It should be noted that in the above description,
the first shield member 71 is provided in the first valve
chamber 32 and the second shield member 72 is provid-
ed in the second valve chamber 33; however, a case in
which the first shield member 71 is provided in the first
valve chamber 32 but the second shield member 72 is
not provided in the second valve chamber 33 can be em-
ployed. Moreover, a case in which the first shield member
71 is not provided in the first valve chamber 32 but the
second shield member 72 is provided in the second valve
chamber 33 can be employed. In the case in which the
first shield member 71 is not provided in the first valve
chamber 32 but the second shield member 72 is provided
in the second valve chamber 33, the second shield mem-
ber 72 corresponds to the "first shield member" of the
present invention.
[0064] In the above description, the projections and
grooves 43 are formed in the first connecting pipe 41,
that is, a region of the first passage 21 between the first
pipe 91 and the first valve chamber 32, and the projec-
tions and grooves 43 are formed in the second connect-
ing pipe 42, that is, a region of the second passage 22
between the second pipe 92 and the second valve cham-
ber 33. However, a case in which the projections and
grooves 43 are formed in a region of the first passage 21
between the first pipe 91 and the first valve chamber 32
but the projections and grooves 43 are not formed in a
region of the second passage 22 between the second
pipe 92 and the second valve chamber 33 can be em-
ployed. Moreover, a case in which the projections and
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grooves 43 are not formed in a region of the first passage
21 between the first pipe 91 and the first valve chamber
32 but the projections and grooves 43 are formed in a
region of the second passage 22 between the second
pipe 92 and the second valve chamber 33 can be em-
ployed. In the case in which the projections and grooves
43 are not formed in a region of the first passage 21
between the first pipe 91 and the first valve chamber 32
but the projections and grooves 43 are formed in a region
of the second passage 22 between the second pipe 92
and the second valve chamber 33, the second passage
22 corresponds to the "first passage" of the present in-
vention.
[0065] In the above description, the projections and
grooves 43 are provided in a region of the first passage
21 between the first pipe 91 and the first valve chamber
32 and in a region of the second passage 22 between
the second pipe 92 and the second valve chamber 33.
However, the present invention is not limited to this case.
For example, when the first pipe 91 is directly connected
to the first opening 37 and the second pipe 92 is directly
connected to the second opening 38, the projections and
grooves 43 is preferably provided in the inner circumfer-
ential surfaces of the first pipe 91 and the second pipe
92. In such a case, the projections and grooves 43 is
provided in the lower portion of the inner circumferential
surface of the first pipe 91 in the gravitational direction,
but the projections and grooves 43 need not be provided
in the lower portion of the inner circumferential surface
of the second pipe 92 in the gravitational direction. More-
over, the projections and grooves 43 need not be provid-
ed in the lower portion of the inner circumferential surface
of the first pipe 91 in the gravitational direction, but the
projections and grooves 43 is provided in the lower por-
tion of the inner circumferential surface of the second
pipe 92 in the gravitational direction. In the case in which
the projections and grooves 43 are not provided in the
lower portion of the inner circumferential surface of the
first pipe 91 in the gravitational direction, but the projec-
tions and grooves 43 are provided in the lower portion of
the inner circumferential surface of the second pipe 92
in the gravitational direction, the second pipe 92 corre-
sponds to the "first pipe" of the present invention.
[0066] Figs. 16 and 17 are cross-sectional views illus-
trating modification examples of the expansion valve and
pipes connected to the expansion valve in the axial di-
rection of the expansion valve.
[0067] In the above description, the first valve chamber
32 and the second valve chamber 33 are provided in the
main body 30 of the expansion valve 20, and the valve
body 50 of the expansion valve 20 includes the first main
shaft 51 and the second main shaft 52. As Figs. 16 and
17 illustrate, only the first valve chamber 32 may be
formed in the main body 30 of the expansion valve 20,
and the valve body 50 of the expansion valve 20 may
only include the first main shaft 51. In such a case, as
Fig. 16 illustrates, the first main shaft 51 may be provided
above the valve hole 34 in the

gravitational direction, and as Fig. 17 illustrates, the first
main shaft 51 may be provided below the valve hole 34
in the gravitational direction.

Reference Signs List

[0068] 1 air-conditioning apparatus 10 refrigerant cir-
cuit 11 compressor 12 four-way valve 13 heat source
side heat exchanger 14 first expansion valve 15 second
expansion valve 16 load side heat exchanger 17 exten-
sion pipe 18 extension pipe 20 expansion valve 21 first
passage 22 second passage 30 main body 31 partition
wall 32 first valve chamber 33 second valve chamber 34
valve hole 35 first valve seat 36 second valve seat 37
first opening 38 second opening 41 first connecting pipe
42 second connecting pipe 43 projections and grooves
50 valve body 51 first main shaft 52 second main shaft
53 constricted portion 54 first inclined portion 55 second
inclined portion 56 communicating portion 61 first porous
member 62 first pedestal 63 second porous member 64
second pedestal 71 first shield member 72 second shield
member 91 first pipe 92 second pipe

Claims

1. An expansion valve comprising:

a main body (30) including a first valve chamber
(32) having a first opening (37) communicating
with a first pipe (91), a second valve chamber
(33) having a second opening (38) communicat-
ing with a second pipe (92), and a valve hole
(34) connecting the first valve chamber (32) and
the second valve chamber (33) to each other;
a valve body (50) including a first main shaft (51),
at least a part of which is provided in the first
valve chamber (32), a second main shaft (52),
at least a part of which is provided in the second
valve chamber (33), and a constricted portion
(53) provided in the valve hole (34) and connect-
ing the first main shaft (51) and the second main
shaft (52) to each other; characterized by
a first porous member (61) provided in a first
passage (21) between the first pipe (91) and the
valve hole (34); and
a first shield member (71) provided in a region
of the first passage (21) between the first pipe
(91) and the first porous member (61), and con-
figured to shield a part of a passage cross-sec-
tion of the first passage (21),
the first shield member (71) being provided in
the first valve chamber (32), having, on at least
a part of the first shield member (71), a flat sur-
face opposed to the first opening (37) with a gap
between the flat surface and the first opening
(37) and perpendicular to an axial direction of
the first opening (37), or a recessed surface op-
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posed to the first opening (37) with a gap be-
tween the recessed surface and the first opening
(37) and recessed in a direction away from the
first opening (37).

2. The expansion valve of claim 1, further comprising:

a second porous member (63) provided in a sec-
ond passage (22) between the second pipe (92)
and the valve hole (34); and
a second shield member (72) provided in a re-
gion of the second passage (22) between the
second pipe (92) and the second porous mem-
ber (63), and configured to shield a part of a
passage cross-section of the second passage
(22),
wherein the second shield member (72) shields
an upper portion of the passage cross-section
in a gravitational direction, and does not shield
a lower portion of the passage cross-section in
the gravitational direction.

3. The expansion valve of claim 2, wherein projections
and grooves are formed in a lower portion, in the
gravitational direction, of an inner circumferential
surface of a region of the second passage (22) be-
tween the second pipe (92) and the second valve
chamber (33), the projections and grooves being
aligned in an axial direction of the second passage
(22).

4. The expansion valve of claim 2 or 3, wherein the
second shield member (72) is provided in the second
valve chamber (33), has, on at least a part of the
second shield member (72), a flat surface opposed
to the second opening (38) with a gap between the
flat surface and the second opening (38) and per-
pendicular to an axial direction of the second opening
(38), or a recessed surface opposed to the second
opening (38) with a gap between the recessed sur-
face and the second opening (38) and recessed in
a direction away from the second opening (38).

5. A refrigeration cycle apparatus comprising:

the expansion valve of any one of claims 1 to 4;
and
the first pipe (91),
wherein projections and grooves are formed in
a lower portion of an inner circumferential sur-
face of the first pipe (91) in a gravitational direc-
tion, the projections and grooves being aligned
in an axial direction of the first pipe (91).

Patentansprüche

1. Expansionsventil, welches aufweist:

einen Hauptkörper (30), enthaltend eine erste
Ventilkammer (32) mit einer ersten Öffnung
(37), die mit einer ersten Leitung (91) verbunden
ist, eine zweite Ventilkammer (33) mit einer
zweiten Öffnung (38), die mit einer zweiten Lei-
tung (92) verbunden ist, und ein Ventilloch (34),
das die erste Ventilkammer (32) und die zweite
Ventilkammer (33) miteinander verbindet;
einen Ventilkörper (50), enthaltend einen ersten
Hauptschaft (51), von dem zumindest ein Teil in
der ersten Ventilkammer (32) angeordnet ist, ei-
nen zweiten Hauptschaft (52), von dem zumin-
dest ein Teil in der zweiten Ventilkammer (33)
angeordnet ist, und einen Einschnürungsbe-
reich (53), der in dem Ventilloch (34) angeordnet
ist und den ersten Hauptschaft (51) und den
zweiten Hauptschaft (52) miteinander verbin-
det;
gekennzeichnet durch
ein erstes poröses Teil (61), das in einem ersten
Durchgang (21) zwischen der ersten Leitung
(91) und dem Ventilloch (34) angeordnet ist; und
ein erstes Abschirmteil (71), das in einem Be-
reich des ersten Durchgangs (21) zwischen der
ersten Leitung (91) und dem ersten porösen Teil
(61) angeordnet ist und konfiguriert ist, einen
Teil eines Durchgangsquerschnitts des ersten
Durchgangs (21) abzuschirmen,
wobei das erste Abschirmteil (71) in der ersten
Ventilkammer (32) angeordnet ist und auf zu-
mindest einem Teil des ersten Abschirmteils
(71) eine flache Oberfläche hat, die der ersten
Öffnung (37) gegenüberliegt, mit einem Spalt
zwischen der flachen Oberfläche und der ersten
Öffnung, und senkrecht zu einer axialen Rich-
tung der ersten Öffnung (37), oder eine vertiefte
Oberfläche gegenüber der ersten Öffnung (37)
mit einem Spalt zwischen der vertieften Ober-
fläche und der ersten Öffnung (37) und in einer
Richtung von der ersten Weg (37) weg vertieft.

2. Expansionsventil nach Anspruch 1, welches weiter-
hin aufweist:

ein zweites poröses Teil (63), das in einem zwei-
ten Durchgang (22) zwischen der zweiten Lei-
tung (92) und dem Ventilloch (34) angeordnet
ist; und
ein zweites Abschirmteil (72), das in einem Be-
reich des zweiten Durchgangs (22) zwischen
der zweiten Leitung (92) und dem zweiten po-
rösen Teil (63) angeordnet und konfiguriert ist,
einen Teil eines Durchgangsquerschnitts des
zweiten Durchgangs (22) abzuschirmen,
wobei das zweite Abschirmteil (72) einen obe-
ren Bereich des Durchgangsquerschnitts in ei-
ner Gravitationsrichtung abschirmt und einen
unteren Bereich des Durchgangsquerschnitts in

19 20 



EP 3 165 799 B1

12

5

10

15

20

25

30

35

40

45

50

55

der Gravitationsrichtung nicht abschirmt.

3. Expansionsventil nach Anspruch 2, bei dem Vor-
sprünge und Nuten in einem unteren Bereich einer
inneren Umfangsfläche eines Bereichs des zweiten
Durchgangs (22) in der Gravitationsrichtung zwi-
schen der zweiten Leitung (92) und der zweiten Ven-
tilkammer (33) gebildet sind, wobei die Vorsprünge
und Nuten in einer axialen Richtung des zweiten
Durchgangs (22) ausgerichtet sind.

4. Expansionsventil nach Anspruch 2 oder 3, bei dem
das zweite Abschirmteil (72) in der zweiten Ventil-
kammer (33) angeordnet ist, auf zumindest einem
Teil des zweiten Abschirmteils (22) eine flache Ober-
fläche gegenüber der zweiten Öffnung (38) hat, mit
einem Spalt zwischen der flachen Oberfläche und
der zweiten Öffnung (38) und senkrecht zu einer axi-
alen Richtung der zweiten Öffnung (38), oder eine
vertiefte Oberfläche gegenüber der zweiten Öffnung
(38) mit einem Spalt zwischen der vertieften Ober-
fläche und der zweiten Öffnung (38) und vertieft in
einer Richtung von der zweiten Öffnung (38) weg.

5. Kühlmittelkreislauf-Vorrichtung, welche aufweist:

das Expansionsventil nach einem der Ansprü-
che 1 bis 4; und
die erste Leitung (91),
wobei Vorsprünge und Nuten in einem unteren
Bereich einer inneren Umfangsfläche der ersten
Leitung (91) in einer Gravitationsrichtung gebil-
det sind, wobei die Vorsprünge und Nuten in ei-
ner axialen Richtung der ersten Leitung (91)
ausgerichtet sind.

Revendications

1. Soupape d’expansion comprenant :

un corps principal (30) comprenant une premiè-
re chambre de soupape (32) présentant une pre-
mière ouverture (37) qui communique avec une
première canalisation (91), une seconde cham-
bre de soupape (33) présentant une seconde
ouverture (38) qui communique avec une se-
conde canalisation (92), et un trou de soupape
(34) qui connecte la première chambre de sou-
pape (32) et la seconde chambre de soupape
(33) entre elles ;
un corps de soupape (50) comprenant une pre-
mière tige principale (51), dont une partie au
moins est disposée dans la première chambre
de soupape (32), une seconde tige principale
(52), dont une partie au moins est disposée dans
la seconde chambre de soupape (33), et une
partie étroite (53) disposée dans le trou de sou-

pape (34) et qui connecte la première tige prin-
cipale (51) et la seconde tige principale (52) en-
tre elles ; caractérisée par
un premier élément poreux (61) disposé dans
un premier passage (21) entre la première ca-
nalisation (91) et le trou de soupape (34) ; et
un premier élément de protection (71) disposé
dans une région du premier passage (21) entre
la première canalisation (91) et le premier élé-
ment poreux (61), et configuré pour protéger une
partie de la section transversale de passage du
premier passage (21),
le premier élément de protection (71) disposé
dans la première chambre de soupape (32), pré-
sentant, sur une partie au moins du premier élé-
ment de protection (71), une surface plate op-
posée à la première ouverture (37) avec un es-
pace entre la surface plate et la première ouver-
ture (37) et perpendiculaire à la direction axiale
de la première ouverture (37), ou une surface
renfoncée opposée à la première ouverture (37)
avec un espace entre la surface renfoncée et la
première ouverture (37) et renfoncée dans une
direction en s’éloignant de la première ouverture
(37).

2. Soupape d’expansion selon la revendication 1, com-
prenant en outre :

un second élément poreux (63) disposé dans
un second passage (22) entre la seconde cana-
lisation (92) et le trou de soupape (34) ; et
un second élément de protection (72) disposé
dans une région du second passage (22) entre
la seconde canalisation (92) et le second élé-
ment poreux (63), et configuré pour protéger une
partie de la section transversale de passage du
second passage (22),
où le second élément de protection (72) protège
une partie supérieure de la section transversale
de passage dans la direction de la pesanteur,
et ne protège pas une partie inférieure de la sec-
tion transversale de passage dans la direction
de la pesanteur.

3. Soupape d’expansion selon la revendication 2, où
des saillies et des rainures sont formées dans une
partie inférieure, dans la direction de la pesanteur,
d’une surface circonférentielle intérieure d’une ré-
gion du second passage (22) entre la seconde ca-
nalisation (92) et la seconde chambre de soupape
(33), les saillies et les rainures étant alignées dans
la direction axiale du second passage (22).

4. Soupape d’expansion selon la revendication 2 ou 3,
où le second élément de protection (72) est disposé
dans la seconde chambre de soupape (33), présen-
te, sur une partie au moins du second élément de
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protection (72), une surface plate opposée à la se-
conde ouverture (38) avec un espace entre la sur-
face plate et la seconde ouverture (38) et perpendi-
culaire à la direction axiale de la seconde ouverture
(38), ou une surface renfoncée opposée à la secon-
de ouverture (38) avec un espace entre la surface
renfoncée et la seconde ouverture (38) et renfoncée
dans une direction en s’éloignant de la seconde
ouverture (38).

5. Appareil de cycle de réfrigération comprenant :

la soupape d’expansion selon l’une quelconque
des revendications 1 à 4 ; et
la première canalisation (91),
où des saillies et des rainures sont formées dans
une partie inférieure d’une surface circonféren-
tielle intérieure de la première canalisation (91)
dans la direction de la pesanteur, les saillies et
les rainures étant alignées dans la direction
axiale de la première canalisation (91).
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