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GAS REFRIGERANT SEPARATOR, GAS REFRIGERANT SEPARATOR-CUM-REFRIGERANT

FLOW DIVIDER, EXPANSION VALVE, AND REFRIGERATION DEVICE

(57)  Agasrefrigerant separatar-cum-refrigerant flow
divider (DR) includes an inlet chamber (10) having a cir-
cular cross section, a speed increasing chamber (20)
having a circular cross section, and an outlet chamber
(30) having a circular cross section, which are coaxially
arranged in series. The outlet chamber (30) introduces
refrigerant from a refrigerant inlet port (14) and guides
and swirls the refrigerant along an inner wall surface of
the outlet chamber (30). The speed increasing chamber
(20) increases the speed of a swirling refrigerant flow
sent from the inlet chamber (10) and jets the swirling
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refrigerant flow into the outlet chamber (30) through a
communication port (21), which is formed at the distal
end of the speed increasing chamber (20). The diameter
of the outlet chamber (30) is greater than the diameter
of the communication port (21) at the distal end of the
speed increasing chamber (20). The gas refrigerant sep-
arator-cum-refrigerant flow divider (DR) has a gas refrig-
erant extracting pipe (Pg) for extracting gas refrigerant
from an axial portion of the swirling refrigerant flow and
a refrigerant outlet pipe (Pd) for directing the refrigerant
to the exterior after extraction of the gas refrigerant.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a gas refriger-
ant separator for separating gas refrigerant from refrig-
erant in a two-phase gas-liquid state, a gas refrigerant
separator-cum-refrigerant flow divider employing a gas
refrigerant separating mechanism of the aforementioned
gas refrigerant separator, an expansion valve combined
with the gas refrigerant separator-cum-refrigerant flow
divider, and a refrigerating apparatus using the gas re-
frigerant separator, the gas refrigerant separator-cum-
refrigerant flow divider, or the expansion valve.

BACKGROUND ART

[0002] PatentDocument 1 disclosesaconventionalre-
frigerating apparatus. In the refrigerating apparatus, re-
frigerant is divided into multiple flow paths after the re-
frigerant has been discharged from an expansion valve.
At this stage, gas refrigerant is separated from the refrig-
erant and liquid refrigerant is distributed to a plurality of
refrigerant passages of an evaporator, thus improving
heat exchange efficiency of the evaporator. A gas refrig-
erant separator described in Patent Document 1 sepa-
rates gas from liquid by means of a refrigerant flow di-
vider. Thatis, the gas refrigerant separator functions also
as agas-liquid separator. Inthe gas refrigerant separator,
after refrigerant in a two-phase gas-liquid state passes
through the expansion valve, the refrigerant is sent into
an upper portion of a cylindrical tank-like container and
caused to swirl in the container. This centrifugally gathers
liquid refrigerant to the vicinity of a wall surface of the
container. The refrigerant is then gravitationally directed
to and retained in a lower portion of the container. Gas
refrigerant is gathered at the center of the swirling refrig-
erant flow. After such gas-liquid separation, the gas re-
frigerant is extracted from the central portion of the re-
frigerant flow and the liquid refrigerant, which is main-
tained in the lower portion of the container, is distributed
tothe refrigerant passages of the evaporator through flow
dividing pipes. Then, the gas refrigerant, which has been
removed from the gas refrigerant separator, is introduced
into a gas header at the outlet of the evaporator. The gas
refrigerant separator described in Patent Document 1,
which is configured in the above-described manner, un-
even refrigerant distribution in the refrigerant passages
of the evaporator is prevented and the amount of the gas
refrigerant contained in the refrigerant sent to the refrig-
erant passages is decreased. This enhances the heat
exchange efficiency of the evaporator.

PRIOR ART DOCUMENT
Patent Document

[0003]
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Patent Document 1: Japanese Laid-Open Patent
Publication No. 2008-196762 [Summary of the In-
vention]

Problems that the Invention is to Solve

[0004] However, the above-described gas refrigerant
separator separates gas from liquid using centrifugal
force and gravity acting on the refrigerant flow. As a re-
sult, if the gas refrigerant separator is mounted in the
refrigerating apparatus ina mounting direction offset from
a predetermined direction, smooth gas-liquid separation
is hampered. To prevent this, the gas refrigerant sepa-
rator must be mounted in a strictly accurate mounting
direction, which complicates mounting of the gas refrig-
erant separator in the refrigerating apparatus.

[0005] Accordingly, it is an objective of the present in-
vention to provide a gas refrigerant separator that can
be mounted in a refrigerating apparatus without strict ac-
curacy in the mounting direction, a gas refrigerant sep-
arator-cum-refrigerant flow divider incorporating the gas
refrigerant separator, and an expansion valve combined
with the gas separator or the gas refrigerant separator-
cum-refrigerant flow divider. It is another objective of the
invention to provide a refrigerating apparatus having the
gas refrigerant separator, the gas refrigerant separator-
cum-refrigerant flow divider, or the expansion valve.

Means for Solving the Problems

[0006] A gas refrigerant separator according to the
present invention includes an inlet chamber, a speed in-
creasing chamber, an outlet chamber, a refrigerant inlet
port, a refrigerant outlet pipe, and a gas refrigerant ex-
tracting pipe. The inlet chamber guides refrigerant in a
two-phase gas-liquid state along an inner wall surface of
a peripheral wall of a chamber having a circular cross
section. The refrigerant is caused to swirl along the inner
wall surface. The speed increasing chamber has a cir-
cular cross section and is joined coaxially with the inlet
chamber in the axial direction. The speed increasing
chamber increases the speed of a swirling refrigerant
flow directed from the inlet chamber into the speed in-
creasing chamber. The outlet chamber is joined coaxially
with the speed increasing chamber in the axial direction
and has a circular cross section. The outlet chamber re-
ceives the swirling refrigerant flow flowing through a com-
munication port formed at a distal end of the speed in-
creasing chamber. The diameter of the outlet chamber
is greater than the opening diameter of the communica-
tion port. The refrigerant inlet port is formed in the inner
wall surface of the peripheral wall of the inlet chamber.
The refrigerant outlet pipe discharges the refrigerant from
the outlet chamber after gas refrigerant has been sepa-
rated and extracted from the refrigerant. The gas refrig-
erant extracting pipe extracts the gas refrigerant collect-
ed at a center portion of the swirling refrigerant flow.

[0007] In the gas refrigerant separator, which is con-
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figured as described above, a two-phase gas-liquid flow
is caused to proceed along the inner wall surface of the
inlet chamber, which has a circular cross section, at a
flow speed sufficiently great for swirling in the inlet cham-
ber without being influenced by gravity. This collects lig-
uid refrigerant substantially in the vicinity of the inner wall
surface of the peripheral wall and gathers only gas re-
frigerant at a middle portion of the swirling flow. The cent-
er of the swirling flow, which has been generated in the
inlet chamber, does not necessarily correspond to the
center of the gas refrigerant separator. However, since
the swirling flow gains speed in the speed increasing
chamber, gas-liquid separation is further promoted be-
tween the vicinity of the inner wall surface of the periph-
eral wall and the central portion. The center of the swirling
flow thus becomes positioned approximately at the cen-
tral axis of the gas refrigerant separator, homogenizing
a liquid membrane. After exiting the speed increasing
chamber, the refrigerant flows into the outlet chamber,
which has an inner diameter greater than the opening
diameter of the communication port of the speed increas-
ing chamber. This produces an axisymmetric refrigerant
flow in the outlet chamber with respect to the center of
the outlet chamber. The center of the swirling refrigerant
flow in the gas refrigerant separator thus becomes ap-
proximately located at the axis of the gas refrigerant sep-
arator and stabilizes. This prevents influence by gravity,
thus ensuring exclusive collection of gas refrigerant at
the central portion of the swirling flow and stable extrac-
tion of gas refrigerant from the central portion of the swirl-
ing flow. Also, liquid-rich refrigerant, which has been pro-
duced through gas refrigerant separation and extraction,
is directed from the outlet chamber to the exterior. As a
result, a gas refrigerant separator according to the
present invention may be mounted without strict accura-
cy in the mounting direction. Handling of the gas refrig-
erant separator is thus facilitated.

[0008] The speed increasing chamber is preferably
configured to increase the speed of the swirling flow by
causing the refrigerant that has been directed from the
inlet chamber to swirl along an inner wall surface of a
peripheral wall shaped like a surface tapered or curved
toward the communication port. In this configuration, the
tapered or curved surface having a distally decreasing
diameter increases the swirling speed of the refrigerant
flow, thus further stabilizing the center of the swirling re-
frigerant flow. This allows setting of the mounting direc-
tion with less strict accuracy and ensures stable separa-
tion of gas refrigerant.

[0009] The outlet chamber preferably has a cylindrical
shape, and the diameter of the communication port of
the speed increasing chamber and the diameter and the
axial dimension of the outlet chamber are preferably se-
lected such that the refrigerant that has been directed
from the speed increasing chamber is caused to swirl in
the outlet chamber and the center portion of the swirling
contains only the gas refrigerant. This configuration is
employed when the diameter of the communication port
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is not significantly small, and the outlet chamber has a
comparatively great diameter. This shape of the outlet
chamber will be referred to as the basic configuration Il
herein (see Fig. 4). In this case, in a refrigerant jet flow
from the speed increasing chamber to the outlet cham-
ber, liquid refrigerant strikes against the inner wall sur-
face of the peripheral wall via the centrifugal force pro-
duced by the swirling flow and gas refrigerant is blasted
fromthe central portion. As aresult, in the outlet chamber,
liquid containing refrigerant swirls along the inner wall
surface of the peripheral wall and only gas refrigerant
gathers at an axial portion of the outlet chamber. This
ensures stable extraction of the gas refrigerant from any
portion of the flow from the inlet chamber to the outlet
chamber. However, if the gas refrigerant is extracted from
the speed increasing chamber, the gas refrigerant ex-
tracting pipe must extend into the speed increasing
chamber and thus may hamper swirling of the refrigerant.
[0010] The outlet chamber preferably has a conical
shape gradually enlarging from the speed increasing
chamber toward the distal end, and the diameter of the
communication port of the speed increasing chamber
and the maximum diameter and the axial dimension of
the outlet chamber are preferably selected such that the
refrigerantthat has been directed fromthe speed increas-
ing chamber is caused to swirl in the outlet chamber and
that a middle portion of the swirling contains only the gas
refrigerant. This configuration is also employed if the
communication port has a moderate opening diameter
and the outlet chamber has a comparatively great diam-
eter. This shape of the outlet chamber will be referred to
as the basic configuration IV herein (see Fig. 4). In this
case, in a refrigerant flow jet from the speed increasing
chamber to the outlet chamber, liquid refrigerant is
caused to flow along the wall surface by centrifugal force
and gas refrigerant is blasted from the middle portion.
Further, in the outlet chamber, a liquid membrane is
formed along the inner wall surface of the peripheral wall
and only gas refrigerant is collected at the middle portion
of the outlet chamber. As a result, gas-liquid separation
is carried out further reliably in the outlet chamber, thus
ensuring stable extraction of the gas refrigerant from the
outlet chamber.

[0011] Thatthe peripheral wall of the speed increasing
chamber and the peripheral wall of the speed increasing
chamber are preferably formed by wall surfaces that form
a smoothly curved surface with the communication port
located therebetween. This configuration decreases un-
necessary energy loss in refrigerant flow from the speed
increasing chamber into the outlet chamber. As a result,
intensity of the swirling refrigerant flow is maintained
when the refrigerant flows into the outlet chamber.
[0012] Alternatively, when the communication port of
the speed increasing chamber and the outlet chamber
are joined to each other by the smoothly curved surface,
as has been described, the peripheral wall of the speed
increasing chamber and the peripheral wall of the outlet
chamber may be formed integrally with each other. In
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this case, the inlet chamber is formed separately from
the speed increasing chamber and the outlet chamber
and joined to the speed increasing chamber. This con-
figuration eliminates a joint from the smooth surface
curved at the communication port, thus decreasing fluid
turbulence throughout the path from the communication
port of the speed increasing chamber to the outlet cham-
ber. As aresult, a swirling refrigerant flow is directed from
the speed increasing chamber into the outlet chamber in
a stable state.

[0013] The diameter of the communication port of the
speed increasing chamber and the diameter and the axial
dimension of the outlet chamber are preferably selected
such that, in the outlet chamber, the refrigerant directed
from the speed increasing chamber is blown toward and
caused to strike the peripheral wall through centrifugal
force produced by the swirling flow and is thus stirred in
the outlet chamber. This configuration is employed when
the diameter of the communication portis not significantly
small and the outlet chamber has a comparatively small
diameter. This shape of the outlet chamber will be re-
ferred to as the basic configuration Il herein (see Fig. 4).
In this case, in a refrigerant jet flow from the speed in-
creasing chamber to the outlet chamber, liquid refrigerant
strikes against the inner wall surface of the peripheral
wall by centrifugal force produced by the swirling flow
and gas refrigerant is blasted from a central portion. As
a result, in the outlet chamber, the refrigerant hits the
inner wall surface of the peripheral wall after having been
struck against the inner wall surface of the peripheral
wall. The refrigerant is thus stirred through impacts or
striking. Also, the refrigerant forms an axisymmetric flow
moving from the inner wall surface of the peripheral wall
toward the center of the outlet chamber, thus stabilizing
the swirling flow in the inlet chamber and the speed in-
creasing chamber. Also, gas refrigerant is stably extract-
ed from the middle portion of the inlet chamber.

[0014] The diameter of the communication port of the
speed increasing chamber is preferably selected such
that, in the outlet chamber, the refrigerant directed from
the speed increasing chamber is subjected to a throttle
effect in the communication port and thus sprayed in a
homogeneous gas-liquid distribution state. This config-
uration is employed if the communication port has an
extremely small diameter, regardless of whether the di-
ameter of the outlet chamber is comparatively small or
great. This shape of the outlet chamber will be referred
to as the basic configuration | herein (see Fig. 4). In this
configuration, a refrigerant flow jet from the speed in-
creasing chamber into the outlet chamber is caused to
swirl and throttled at the communication port. The refrig-
erant is thus jetted from the middle portion of the com-
munication port, containing liquid refrigerant, and strikes
the wall surface of the outlet chamber facing the commu-
nication port. The refrigerant then flows along the inner
wall surface of the peripheral wall. As a result, a refrig-
erant flow having even gas-liquid distribution is produced
in the outlet chamber. Also, the refrigerant flow becomes
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axisymmetric with respect to the axis of the outlet cham-
ber, thus stabilizing the swirling flow in the inlet chamber
and the speed increasing chamber. Further, this ensures
stable extraction of gas refrigerant from the middle por-
tion of the inlet chamber.

[0015] The gasrefrigerant extracting pipe is preferably
configured to extract the gas refrigerant that has been
separated and collected at a center of the refrigerant
swirling in the inlet chamber. This configuration may be
employed for the outlet chamber of any one of the basic
configurations | to IV. Specifically, the inlet chamber has
a proportion of gas refrigerant that is greater to an ex-
treme extent than the proportion of liquid refrigerant and
may cause focal concentration of the liquid refrigerant.
However, by removing gas from the inlet chamber, the
proportion of the gas refrigerant flowing into the speed
increasing chamber is decreased. This facilitates forma-
tion of a homogenous liquid membrane and stabilizes
gas-liquid distribution in the speed increasing chamber.
As aresult, the center of the swirling in the inlet chamber
and the speed increasing chamber is stabilized, and sta-
ble extraction of gas refrigerant is ensured. Further, if the
flow speed of the refrigerant introduced through a refrig-
erant inlet port is extremely great in the case in which
gas refrigerant is extracted from the inlet chamber, the
pressure in the vicinity of the refrigerant inlet port may
easily drop. Accordingly, in this case, the center of the
swirling flow may be set offset toward the side corre-
sponding to the refrigerant inlet port.

[0016] That the gas refrigerant extracting pipe is pref-
erably configured to extract the gas refrigerant that has
been separated and collected at a center of the refriger-
ant swirling in the outlet chamber. This configuration may
be employed for the outlet chamber of the basic config-
uration Ill or IV. In this configuration, a stable gas refrig-
erant flow is formed along the axis of the outlet chamber
from the inlet to the gas refrigerant extracting pipe. This
stabilizes the swirling flow in the outlet chamber, thus
ensuring stable extraction of gas refrigerant.

[0017] Alternatively, the configuration described below
may be employed for the above-described case in which
the gasrefrigerant extracting pipe is arranged in the outlet
chamber. Specifically, the gas refrigerant extracting pipe
may be configured to extract the gas refrigerant that has
been separated and collected at the middle of the swirling
refrigerant in the outlet chamber. The refrigerant outlet
pipe may be formed as an outlet pipe with a large diam-
eter and connected to the outlet chamber to extract liquid
refrigerant swirling around the gas refrigerant extracting
pipe. Further, the gas refrigerant extracting pipe may be
inserted in the refrigerant outlet pipe to form an inner pipe
of a double pipe structure having the refrigerant outlet
pipe as an outer pipe. This simplifies the configuration of
the gas refrigerant separator.

[0018] That the inlet chamber preferably has a cylin-
drical shape. This simplifies the configuration of the inlet
chamber, thus facilitating manufacture of the gas refrig-
erant separator.
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[0019] The inlet chamber preferably substantially has
a conical shape having a diameter increasing toward the
speed increasing chamber. In this configuration, the inlet
chamber having the conical shape with a gradually in-
creasing diameter effectively guides the refrigerant swirl-
ingintheinletchamber to the speed increasing chamber.
This stabilizes jet flow from the communication port of
the speed increasing chamber into the outlet chamber,
thus ensuring stable extraction of gas refrigerant.
[0020] The inlet chamber preferably has an inclined
cylindrical shape, and the inlet chamber is preferably in-
clined in a direction in which refrigerant flow introduced
therein is guided to the speed increasing chamber. This
configuration also stabilizes the swirling refrigerant flow
introduced through the refrigerant inlet port, compared
to the inlet chamber having the above-described cylin-
drical shape. As aresult, gas refrigerant is stably extract-
ed.

[0021] The inlet chamber preferably has a flow adjust-
ing portion that is formed in the refrigerant inlet port to
apply a swirling component to a refrigerant flow intro-
duced therein. In this configuration, a swirling component
is provided in advance to the refrigerant flowing into the
inlet chamber. This increases the swirling speed in the
inlet chamber. As a result, refrigerant swirling is stabi-
lized, and gas refrigerant is stably extracted.

[0022] A central part of an inner wall surface of a side
wall of the inlet chamber at the side opposite to the speed
increasing chamber preferably has an outwardly project-
ed partially spherical shape. In this configuration, the
center of the swirling refrigerant flow in the inlet chamber
is corrected toward the middle of the outwardly projected
partially spherical portion. As a result, the center of the
swirling refrigerant flow is stabilized in the vicinity of the
center axis of the gas refrigerant separator.

[0023] A central part of an inner wall surface of a side
wall of the inlet chamber at the side opposite to the speed
increasing chamber preferably has an inwardly projected
partially spherical shape. In this configuration, the in-
wardly projected partially spherical portion reduces the
size of the space corresponding to the central portion of
the inlet chamber where minimum pressure acts. As a
result, a flow along the surface of the inwardly projected
partially spherical portion is formed. Stabilization of a
swirling refrigerant flow is thus facilitated.

[0024] A central part of an inner wall surface of a side
wall of the outlet chamber that faces the communication
port of the speed increasing chamber preferably has an
outwardly projected partially spherical shape. In this con-
figuration, the center axis of the swirling refrigerant flow
generated in the outlet chamber is corrected toward the
middle of the outwardly projected partially spherical por-
tion. As aresult, the center of the swirling refrigerant flow
is stabilized in the vicinity of the center axis of the gas
refrigerant separator.

[0025] A central part of an inner wall surface of a side
wall of the outlet chamber that faces the communication
port of the speed increasing chamber preferably has an
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inwardly projected partially spherical shape. In this con-
figuration, the inwardly projected partially spherical por-
tion reduces the size of the space corresponding to the
central portion of the outlet chamber where minimum
pressure acts. The inwardly projected partially spherical
portion also forms a guide wall. As a result, a flow along
the surface of the inwardly projected partially spherical
portion is formed and stabilization of a swirling refrigerant
flow is facilitated.

[0026] A step is preferably formed in a joint portion
between the inlet chamber and the speed increasing
chamber such that the diameter of the inlet chamber is
greater than the diameter of the speed increasing cham-
ber. In this configuration, the step retains the refrigerant
flow before the refrigerant enters the speed increasing
chamber, thus increasing the swirling force produced by
the refrigerant. This stabilizes the swirling and ensures
stable extraction of gas refrigerant.

[0027] An annular groove portion having a diameter
greater than both the diameter of the inlet chamber and
the diameter of the speed increasing chamber is prefer-
ably formed in a joint portion between the inlet chamber
and the speed increasing chamber. Also in this configu-
ration, the annular groove portion retains the refrigerant
flow before the refrigerant enters the speed increasing
chamber, thus increasing the swirling force generated by
the refrigerant, as in the case of the above-described
configuration. This stabilizes the swirling and ensures
stable extraction of gas refrigerant.

[0028] A straight communication passage having a di-
ameter substantially equal to the diameter of the com-
munication port is preferably formed in a joint portion be-
tween the speed increasing chamber and the outlet
chamber. In this configuration, the swirling flow is stabi-
lized in the straight communication passage having a uni-
form cross-sectional area before flowing into the outlet
chamber. This stabilizes gas refrigerant extraction.
[0029] A conical portion having a diameter increasing
toward the outlet chamber, starting from the diameter of
the communication port, is preferably formed in a joint
portion between the speed increasing chamber and the
outlet chamber, wherein the conical portion is connected
directly to the outlet chamber. In this configuration, the
centrifugal force produced by the swirling flow allows lig-
uid refrigerant to flow into the outlet chamber without sep-
arating from the wall surface. This ensures further reliable
gas-liquid separation in the outlet chamber. As a result,
the configuration stabilizes extraction of gas refrigerant
from the outlet chamber.

[0030] The speed increasing chamber and the outlet
chamber are preferably formed separately from each oth-
er and joined together at a joint portion between the
speed increasing chamber and the outlet chamber. This
configuration allows joining of the components, including
the inlet chamber, the speed increasing chamber, and
the outlet chamber, at small-diameter portions. Such join-
ing is thus facilitated and a structural defect such as re-
frigerant leak area is easily avoided.
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[0031] Afilter forremoving undesirable matter from the
refrigerant is preferably mounted in the gas refrigerant
separator. This configuration allows omitting of a device
employed specifically for the filter, which must be ar-
ranged in the refrigerant circuit.

[0032] A gas refrigerant separator-cum-refrigerant
flow divider according to the present invention charac-
terized by the following features. The refrigerant outlet
pipe of the above described gas refrigerant separator is
configured as a plurality of flow dividing pipes connected
to a plurality of refrigerant passages in an evaporator.
The flow dividing pipes are spaced apart at equal inter-
vals along a circumference spaced from the axis by a
certain distance. The flow dividing pipes are formed such
that the radius of an inscribed circle of the flow dividing
pipes is greater than the radius of the communication
port and that the radius of the outlet chamber is smaller
than or equal to the radius of an inscribed circle of the
refrigerant inlet port. In this configuration, the radius of
the circumference on which the flow dividing pipes are
arranged is greater than the radius of the communication
pipe. This decreases the frequency at which a refrigerant
flow directly enters the flow dividing pipes when jetted
into the outlet chamber through the communication port
in a gas refrigerant separator corresponding to any one
of the basic configurations | to IV. Also, the radius of the
outlet chamber is smaller than or equal to the radius of
the inlet chamber. This ensures a sufficient swirling flow
in the inlet chamber according to the law of conservation
of angular momentum in a gas refrigerant separator cor-
responding to either one of the basic configurations Il
and IV. In this manner, the axisymmetric refrigerant flow
about the axis of the outlet chamber is maintained and
gas refrigerant extraction is thus stabilized. Also, flow
division for the respective flow dividing pipes is performed
onthe axisymmetric refrigerantflow, which has been sub-
jected to the gas refrigerant extraction and is thus liquid-
refrigerant-rich. As a result, flow division performance is
improved and uniformly divided flows are obtained.
[0033] Inthe gasrefrigerant separator-cum-refrigerant
flow divider, the outlet chamber is preferably formed such
that the flow dividing pipes are arranged in the vicinity of
the peripheral wall of the outlet chamber. In this config-
uration, the flow dividing pipes are arranged at positions
where an axisymmetric refrigerant flow is easily gener-
ated and the refrigerant easily becomes rich in liquid re-
frigerant. This further enhances the refrigerant flow divi-
sion performance.

[0034] Inthe gasrefrigerant separator-cum-refrigerant
flow divider, the communication port of the speed in-
creasing member may be formed such that the commu-
nication port has an inclined end surface. In this config-
uration, the inclined end surface allows improvement in
the flow division characteristics and regulation of the
amounts of the divided flows distributed to the respective
flow dividing pipes.

[0035] An expansion valve according to the present
invention has an inlet pipe, an outlet pipe, and a throttle
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portion formed in the expansion valve. The expansion
valve is characterized in that the above described gas
refrigerant separator is connected to the outlet pipe, a
refrigerant jet flow through the throttle portion being in-
troduced into the inlet chamber via the outlet pipe. In this
configuration, a refrigerant jet flow is introduced into the
inlet chamber through the throttle portion of the expan-
sion valve. This increases intensity of the swirling flow in
the inlet chamber and thus stabilizes the swirling flow.
As aresult, the gas separator-cum-refrigerant flow divid-
er is mounted with less strict accuracy in its mounting
direction. Also, simply by joining the expansion valve to
the gas refrigerant separator using a short straight pipe,
an effect of component integration is obtained.

[0036] An expansion valve according to the present
invention has an inlet pipe, an outlet pipe, and a throttle
portion formed in the expansion valve. The expansion
valve is characterized in that the above described gas
refrigerant separator-cum-refrigerant flow divider is con-
nected to the outlet pipe, a refrigerant jet flow through
the throttle portion being introduced into the inlet cham-
ber via the outlet pipe. In this configuration, a refrigerant
jet flow is introduced into the inlet chamber through the
throttle portion of the expansion valve. This increases
intensity of the swirling flow in the inlet chamber and thus
stabilizes the swirling flow. As a result, the gas separator-
cum-refrigerant flow divider is mounted with less strict
accuracy in its mounting direction. Also, simply by joining
the expansion valve to the gas refrigerant separator-cum-
refrigerant flow divider using a short straight pipe, an ef-
fect of component integration is obtained.

[0037] A refrigerating apparatus according to the
present invention is characterized in the following fea-
tures. The above described gas refrigerant separator is
connected to an outlet side of an expansion valve. The
refrigerant outlet pipe is connected to a plurality of refrig-
erant pipes of an evaporator through the flow dividing
pipes. The gas refrigerant extracting pipe bypasses re-
frigerant passages for directing divided flows of the re-
frigerant and is connected to an outlet side of the evap-
orator. In this configuration, the gas refrigerant separator
extracts gas refrigerant from a two-phase gas-liquid flow,
thus decreasing the gas refrigerant contained in the re-
frigerant flowing into the evaporator. This improves heat
exchange efficiency of the evaporator. The evaporator
is a heat exchanger that uses latent heat produced
through a phase change in refrigerant from liquid to gas.
Accordingly, as more liquid refrigerant is contained in
supplied refrigerant, the heat exchanger operates more
effectively. Also, ifan evaporator receives a greatamount
of gas refrigerant as in a typical refrigerating apparatus,
the great volume of the gas refrigerant results in disad-
vantageous increases in pressure loss.

[0038] A refrigerating apparatus according to the
presentinvention may be configured to have the following
features. The gas refrigerant separator-cum-refrigerant
flow divider according to any one of claims 26 to 28 is
connected to an outlet side of an expansion valve. The
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flow dividing pipes are connected to a plurality of refrig-
erant passages in an evaporator. The gas refrigerant ex-
tracting pipe bypasses the refrigerant passages and is
connected to an outlet side of the evaporator. As in the
above-described other configurations, this configuration
allows the gas refrigerant separator-cum-refrigerant flow
divider to extract gas refrigerant from refrigerant, thus
decreasing the gas refrigerant in the refrigerant flowing
into the evaporator. This improves heat exchange effi-
ciency of the evaporator for the same reasons as the
reasons that have been described for the above-de-
scribed cases. Further, refrigerant flow division perform-
ance is enhanced by employing the gas refrigerant sep-
arator-cum-refrigerant flow divider. The enhanced refrig-
erant flow division performance also improves the heat
exchange efficiency of the evaporator.

[0039] A refrigerating apparatus according to the
present invention may use the above described expan-
sion valve, and the refrigerant outlet pipe may be con-
nected to a plurality of refrigerant passages in an evap-
orator and that the gasrefrigerant extracting pipe bypass-
es the refrigerant passages and is connected to an outlet
side of the evaporator. As in the above-described other
configurations, this configuration allows the gas refriger-
ant separator-cum-refrigerant flow divider, which em-
ploys the expansion valve, to extract gas refrigerant from
refrigerant, thus decreasing the gas refrigerant contained
in the refrigerant flowing into the evaporator. This im-
proves heat exchange efficiency of the evaporator for the
same reasons as the reasons that have been described
for the above-described cases. Further, refrigerant flow
division performance is enhanced by employing the ex-
pansion valve. The better refrigerant flow division per-
formance also improves the heat exchange efficiency of
the evaporator.

[0040] The gasrefrigerant extracting pipe may be con-
nected directly to an outlet pipe of the evaporator. In this
configuration, the gas refrigerant sent from the gas re-
frigerant extracting pipe is mixed with the refrigerant at
the outlet side of the evaporator and then drawn into the
compressor. Accordingly, the amounts of the respective
refrigerants may be adjusted such that the mixed refrig-
erant exhibits an appropriate degree of superheating. For
example, a valve capable of adjusting the refrigerant flow
amount may be arranged in the bypass circuit through
which the gas refrigerant extracting pipe is connected to
the outlet pipe of the evaporator. This enables maximum
extraction of gas refrigerant from the gas refrigerant ex-
tracting pipe within such a range that liquid refrigerant is
prevented from being mixed with the gas refrigerant. As
a result, the heat exchange efficiency of the evaporator
is further improved.

[0041] The gas refrigerant extracting pipe may be con-
nected to an outlet pipe of the evaporator via a gas re-
frigerant passage formed in the evaporator. In this con-
figuration, heat exchange with the air is carried out using
change in sensible heat of the gas refrigerant extracted
from the gas refrigerant extracting pipe. This correspond-
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ingly improves efficiency of the heat exchanger.

[0042] The gas refrigerant extracting pipe may be con-
nected to an outlet pipe of the evaporator via a super-
cooling heat exchanger arranged at an inlet side of the
expansion valve, and the supercooling heat exchanger
may cause heat exchange with liquid refrigerant at an
inlet side of the expansion valve. This configuration al-
lows cooling of the refrigerant flowing into the expansion
valve using sensible heat of the extracted gas refrigerant.
Also, since the cooled refrigerant flowing into the expan-
sion valve is less dry, intermittent noise caused by refrig-
erant in the expansion valve is decreased.

[0043] Inthe above described refrigerating apparatus,
a flow control valve may be arranged in a circuit through
which the gas refrigerant extracting pipe is connected to
an outlet of the evaporator. In this configuration, by
checking the degree of superheating of the refrigerant at
the outlet side of the circuit, the amount of the refrigerant
gas extracted from the gas refrigerant separator or the
gas refrigerant separator-cum-refrigerant flow divider is
easily maximized.

[0044] Inthe above described refrigerating apparatus,
a refrigerant circuit may be configured as a heat pump
cycle capable of performing a reversible cycle. A check
valve for preventing a refrigerant flow from an outlet of
the evaporator to the gas refrigerant extracting pipe is
preferably arranged in a circuit through which the gas
refrigerant extracting pipe is connected to the outlet of
the evaporator. This configuration prevents discharge
gas from bypassing a condenser when the refrigerant
circuit is switched to operate the heat exchanger as the
condenser instead of the evaporator.

[0045] Inthe above described refrigerating apparatus,
a refrigerant circuit is preferably configured as a heat
pump cycle capable of performing a reversible cycle, and
a fully closable flow control valve is preferably arranged
in a circuit through which the gas refrigerant extracting
pipe is connected to an outlet of the evaporator, and that
the flow control valve is fully closed in an operating cycle
in which a refrigerant flow from the outlet of the evapo-
rator to the gas refrigerant extracting pipe is produced.

EFFECTS OF THE INVENTION

[0046] The gas refrigerant separator according to the
present invention is mounted in a refrigerating apparatus
without strict accuracy in its mounting direction. Handling
of the gas refrigerant separator is thus facilitated. The
invention also provides a gas refrigerant separator-cum-
refrigerant flow divider or an expansion valve employing
the aforementioned gas refrigerant separator, as well as
a refrigerating apparatus incorporating the gas refriger-
ant separator, the gas refrigerant separator-cum-refrig-
erant flow divider, or the expansion valve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047]
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Fig. 1(a) is an axial cross-sectional view showing a
gas refrigerant separator according to a first embod-
iment of the present invention;

Fig. 1(b) is a side view showing the gas refrigerant
separator corresponding to an outlet chamber;

Fig. 1(c) is a side view showing the gas refrigerant
separator corresponding to an inlet chamber;

Fig. 2(a) is an axial cross-sectional view illustrating
a flow path in the gas refrigerant separator of the first
embodiment;

Fig. 2(b) is a cross-sectional view in a direction per-
pendicular to the axial direction illustrating a flow
path in the gas refrigerant separator;

Fig. 3 is a diagram showing a refrigerant circuit in a
refrigerating apparatus employing the gas refriger-
ant separator of the first embodiment;

Fig. 4 is a diagram illustrating the basic configura-
tions of the outlet chamber in the gas refrigerant sep-
arators according to the invention;

Fig. 5(a) is an axial cross-sectional view showing a
gas refrigerant separator according to a second em-
bodiment of the invention;

Fig. 5(b) is a side view showing the gas refrigerant
separator corresponding to an outlet chamber;

Fig. 5(c) is a side view showing the gas refrigerant
separator corresponding to an inlet chamber;

Fig. 6(a) is an axial cross-sectional view illustrating
a flow path in the gas refrigerant separator of the
second embodiment;

Fig. 6(b) is a cross-sectional view in a direction per-
pendicular to the axial direction illustrating a flow
path in the gas refrigerant separator;

Fig. 7 is a diagram showing a refrigerant circuit in a
refrigerating apparatus employing the gas refriger-
ant separator of the second embodiment;

Fig. 8(a) is an axial cross-sectional view showing a
gas refrigerant separator-cum-refrigerant flow divid-
er according to a third embodiment of the invention;
Fig. 8(b) is a side view showing the gas refrigerant
separator-gas flow divider corresponding to an outlet
chamber;

Fig. 8(c) is a side view showing the gas refrigerant
separator-cum-refrigerant flow divider correspond-
ing to an inlet chamber;

Fig. 9 is a diagram showing a refrigerant circuit in a
refrigerating apparatus employing the gas refriger-
ant separator-cum-refrigerant flow divider of the third
embodiment;

Fig. 10(a) is an axial cross-sectional view showing
a gas refrigerant separator-cum-refrigerant flow di-
vider according to a fourth embodiment of the inven-
tion;

Fig. 10(b) is a side view showing the gas refrigerant
separator-gas flow divider corresponding to an outlet
chamber;

Fig. 10(c) is a side view showing the gas refrigerant
separator-cum-refrigerant flow divider correspond-
ing to an inlet chamber;
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Fig. 11 is a diagram showing a refrigerant circuit in
a refrigerating apparatus employing the gas refrig-
erant separator-cum-refrigerant flow divider of the
fourth embodiment;

Fig. 12(a) is an axial cross-sectional view showing
a gas refrigerant separator-cum-refrigerant flow di-
vider according to a fifth embodiment of the inven-
tion;

Fig. 12(b) is a side view showing the gas refrigerant
separator-gas flow divider corresponding to an outlet
chamber;

Fig. 12(c) is a side view showing the gas refrigerant
separator-cum-refrigerant flow divider correspond-
ing to an inlet chamber;

Fig. 13(a) is an axial cross-sectional view showing
a gas refrigerant separator-cum-refrigerant flow di-
vider according to a sixth embodiment of the inven-
tion;

Fig. 13(b) is a side view showing the gas refrigerant
separator-gas flow divider corresponding to an outlet
chamber;

Fig. 13(c) is a side view showing the gas refrigerant
separator-cum-refrigerant flow divider correspond-
ing to an inlet chamber;

Fig. 14 is an axial cross-sectional view showing a
gas refrigerant separator-cum-refrigerant flow divid-
er according to a seventh embodiment of the inven-
tion;

Fig. 15 is an axial cross-sectional view showing a
gas refrigerant separator-cum-refrigerant flow divid-
er according to an eighth embodiment of the inven-
tion;

Fig. 16 is a cross-sectional view showing an inlet
chamber in a gas refrigerant separator-cum-refrig-
erant flow divider according to a ninth embodiment
of the invention;

Fig. 17 is a cross-sectional view showing an inlet
chamber in a gas refrigerant separator-cum-refrig-
erant flow divider according to a tenth embodiment
of the invention;

Fig. 18 is a cross-sectional view showing an inlet
chamber in a gas refrigerant separator-cum-refrig-
erant flow divider according to an eleventh embodi-
ment of the invention;

Fig. 19 is a cross-sectional view showing an inlet
chamber in a gas refrigerant separator-cum-refrig-
erant flow divider according to a twelfth embodiment
of the invention;

Fig. 20 is an axial cross-sectional view showing a
gas refrigerant separator-cum-refrigerant flow divid-
er according to a thirteenth embodiment of the in-
vention;

Fig. 21 is an axial cross-sectional view showing a
gas refrigerant separator-cum-refrigerant flow divid-
er according to a fourteenth embodiment of the in-
vention;

Fig. 22 is an axial cross-sectional view showing a
gas refrigerant separator-cum-refrigerant flow divid-
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er according to a fifteenth embodiment of the inven-
tion;

Fig. 23 is an axial cross-sectional view showing a
gas refrigerant separator-cum-refrigerant flow divid-
er according to a sixteenth embodiment of the inven-
tion;

Fig. 24 is an axial cross-sectional view showing a
gas refrigerant separator-cum-refrigerant flow divid-
er according to a seventeenth embodiment of the
invention;

Fig. 25(a) is an axial cross-sectional view showing
a gas refrigerant separator-cum-refrigerant flow di-
vider according to an eighteenth embodiment of the
invention;

Fig. 25(b) is a side view showing the gas refrigerant
separator-gas flow divider corresponding to an outlet
chamber;

Fig. 26 is an axial cross-sectional view showing a
gas refrigerant separator-cum-refrigerant flow divid-
er according to a nineteenth embodiment of the in-
vention;

Fig. 27 is an axial cross-sectional view showing a
gas refrigerant separator-cum-refrigerant flow divid-
er according to a twentieth embodiment of the inven-
tion;

Fig. 28 is an axial cross-sectional view showing a
gas refrigerant separator-cum-refrigerant flow divid-
er according to a twenty-first embodiment of the in-
vention;

Fig. 29 is an axial cross-sectional view showing a
gas refrigerant separator-cum-refrigerant flow divid-
er according to a twenty-second embodiment of the
invention;

Fig. 30(a) is a front view showing an expansion valve
according to a twenty-third embodiment of the inven-
tion;

Fig. 30(b) is a side view showing the expansion
valve;

Fig. 31 (a) is a cross-sectional view showing a portion
of the expansion valve of the twenty-third embodi-
ment;

Fig. 31(b) is an enlarged cross-sectional view show-
ing a throttle portion of the expansion valve in a
closed state;

Fig. 31(c) is an enlarged cross-sectional view show-
ing the throttle portion of the expansion valve in an
open state;

Fig. 32 is a diagram illustrating a refrigerant circuit
of a refrigerating apparatus according to a twenty-
fourth embodiment of the invention;

Fig. 33 is a diagram illustrating a refrigerant circuit
of a refrigerating apparatus according to a twenty-
fifth embodiment of the invention;

Fig. 34(a) is an axial cross-sectional view showing
a gas refrigerant separator-cum-refrigerant flow di-
vider according to a modification of the invention;
Fig. 34(b) is an axial cross-sectional view showing
a gas refrigerant separator-cum-refrigerant flow di-
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vider according to another modification of the inven-
tion;

Fig. 34(c) is an axial cross-sectional view showing a
gas refrigerant separator-cum-refrigerant flow divid-
er according to another modification of the invention;
Fig. 35 is an axial cross-sectional view showing a
gas refrigerant separator-cum-refrigerant flow divid-
er according to another modification of the invention;
Fig. 36(a) is a front cross-sectional view showing a
portion of an expansion valve according to another
modification of the invention;

Fig. 36(b) is a side cross-sectional view showing a
portion of the expansion valve according to the mod-
ification of the invention;

Fig. 37 is an axial cross-sectional view showing a
gas refrigerant separator-cum-refrigerant flow divid-
er according to another modification of the invention;
and

Fig. 38 is an axial cross-sectional view showing a
gas refrigerant separatar-cum-refrigerant flow divid-
er according to another modification of the invention.

MODES FOR CARRYING OUT THE INVENTION
(Embodiment 1)

[0048] A gas refrigerant separator according to a first
embodiment of the present invention will now be de-
scribed with reference to Figs. 1 to 4.

[0049] The gas refrigerant separator SG is connected
to a passage at the outlet side of an expansion valve. As
shown in Fig. 1(a), an inlet chamber 10, a speed increas-
ing chamber 20, and an outlet chamber 30 are coaxially
joined together and arranged in series. A refrigerant inlet
pipe 11 and a gas refrigerant extracting pipe Pg are con-
nected to the inlet chamber 10. A refrigerant outlet pipe
31 is connected to the outlet chamber 30. The gas refrig-
erant separator SG has a basic configuration for extract-
ing separated gas refrigerant from the inlet chamber 10.
[0050] The inlet chamber 10 is cylindrical and has a
side wall 12 located at the side opposite to the speed
increasing chamber 20. A refrigerant inlet port 14 is
formed in an inner wall surface of a peripheral wall 13 to
introduce a two-phase gas-liquid flow from the expansion
valve and guide the flow along the inner wall surface.
The introduced refrigerant is thus caused to swirl along
the inner wall surface (as indicated by the arrows in Figs.
2). The refrigerant inlet pipe 11 is connected to the re-
frigerant inlet port 14. The gas refrigerant extracting pipe
Pg is connected to a central portion of the side wall 12.
This configuration causes refrigerant to swirl along the
inner wall surface of the peripheral wall 13. Gas refriger-
ant is gathered at the central portion and extracted
through the gas refrigerant extracting pipe Pg.

[0051] The speedincreasing chamber 20 has a conical
shape having a diameter decreasing from the side cor-
responding to the inlet chamber 10 to the side corre-
sponding to the outlet chamber 30. The diameter of the
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speed increasing chamber 20 at the inlet side is equal to
the diameter of the inlet chamber 10. A communication
port 21, the diameter of which is not significantly small,
is formed at the distal end of the speed increasing cham-
ber 20. The speed increasing chamber 20 communicates
with the outlet chamber 30 through the communication
port 21.

[0052] The outlet chamber 30 has a cylindrical shape
having a diameter greater than the diameter of the com-
munication port 21. In other words, the outlet chamber
30 has a comparatively great diameter. The outlet cham-
ber 30 has a side wall 32, which is located at the side
opposite to the inlet chamber 10. A refrigerant outlet pipe
31 is connected to a central portion of the side wall 32 to
introduce liquid-rich refrigerant, which has been gener-
ated through gas refrigerant extraction, to the exterior
(see Figs. 1).

[0053] The gasrefrigerant separator SG, which is con-
figured as described above, separates gas refrigerant
from refrigerant in a two-phase gas-liquid state in the
manner described below. First, as illustrated in Figs. 2,
a two-phase gas-liquid flow is introduced into the cylin-
drical inlet chamber 10 along the inner wall surface of
the peripheral wall 13 at a speed sufficiently great for
swirling the refrigerant in the inlet chamber 10 without
being influenced by gravity. This centrifugally collects lig-
uid refrigerant substantially onto the inner wall surface
of the peripheral wall 13. Gas refrigerant gathers to a
middle portion of the swirling flow. The swirling flow,
which is produced in the inlet chamber 10, is stabilized
and maintained in a desirable state if the center of the
swirling flow coincides with the center line of the gas re-
frigerant separator SG, which extends through the speed
increasing chamber 20 and the outlet chamber 30. Spe-
cifically, at an early stage, the center of the swirling re-
frigerant flow in the inlet chamber 10 does not always
coincide with the center of the gas refrigerant separator
SG. However, as the speed of the swirling flow becomes
greater in the speed increasing chamber, gas-liquid sep-
aration becomes more pronounced between the vicinity
of the inner wall surface of the peripheral wall and the
central portion. Correspondingly, the center of the swirl-
ing refrigerant flow gradually approaches the state coin-
ciding with the center of the outlet chamber 30, thus ho-
mogenizing a liquid membrane.

[0054] The arrows in Figs. 2 illustrate a flow path of
refrigerant. The broken arrow indicates the flow direction
of the gas refrigerant that is directed out through the gas
refrigerant extracting pipe Pg. The arrows in the drawings
illustrating a gas refrigerant separator, a gas separator-
cum-refrigerant flow divider, or an expansion valve for
the embodiments that will be described later indicate re-
frigerant flows in similar manners.

[0055] The speedincreasing chamber 20 has a distally
tapered conical shape. The swirling diameter of the swirl-
ing refrigerant flow passing through the speed increasing
chamber 20 becomes smaller toward the outlet port of
the speed increasing chamber 20, thus increasing the
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swirling speed of the refrigerant. This also stabilizes the
swirling refrigerant flow in the speed increasing chamber
20. Particularly, even when an intermittently changing
two-phase gas-liquid flow is introduced through the re-
frigerant inlet port 14, uneven density distribution in the
flow is canceled. Also, since the swirling diameter of the
refrigerant is decreased toward the communication port
21, the center of the swirling refrigerant flow becomes
approximate to the center axis of the speed increasing
chamber 20. Further, once the swirling refrigerant flow
is stabilized, the refrigerant density in the speed increas-
ing chamber 20 is distributed in accordance with circular
contour lines about the center of the speed increasing
chamber 20. Accordingly, the conical shape of the speed
increasing chamber 20 both increases the refrigerant
swirling speed and stabilizes the refrigerant density dis-
tribution. This makes it unnecessary to employ any par-
ticular device to increase the refrigerant swirling speed
or stabilize the refrigerant density distribution. The con-
figuration of the gas refrigerant separator SG is thus sim-
plified.

[0056] When refrigerant flows from the inlet chamber
10 into the speed increasing chamber 20, gas refrigerant
is extracted through the inlet chamber 10, thus decreas-
ing the proportion of the gas refrigerant contained in the
refrigerant. This facilitates homogenization of the liquid
membrane, stabilizing gas-liquid distribution in the speed
increasing chamber 20 and ensuring a stable swirling
refrigerant flow in the inlet chamber 10 and the speed
increasing chamber 20. Afterwards, the refrigerantis sent
fromthe speed increasing chamber 20 to the outlet cham-
ber 30 having the comparatively small diameter through
the communication port 21, whichis arranged at the distal
end of the speed increasing chamber 20.

[0057] After a refrigerant jet flow is delivered from the
speed increasing chamber 20 to the outlet chamber 30
through the communication port 21, the diameter of which
is not significantly small, liquid refrigerant is struck
against the inner wall surface of the peripheral wall 33
by the centrifugal force produced by the swirling flow and
gas refrigerant is blasted from the central portion. This
forms a liquid containing swirling refrigerant flow along
the inner wall surface of the peripheral wall 33 in the outlet
chamber 30, thus stabilizing the swirling flow in the inlet
chamber 10 and the speed increasing chamber 20. Fur-
ther, once the gas refrigerant starts to be drawn into the
gas refrigerant extracting pipe Pg in the inlet chamber,
quick movement of the gas refrigerant further promotes
gathering of the gas refrigerant to the center, thus stabi-
lizing the swirling refrigerant flow. The gas refrigerant is
thus stably extracted from the middle portion of the inlet
chamber 10. On the other hand, liquid-rich refrigerant is
sent to the exterior through the refrigerant outlet pipe 31,
which is formed at the central portion of the side wall 32
of the outlet chamber 30.

[0058] Fig. 4 shows basic configurations possibly em-
ployed for the outlet chamber 30. The shape of the outlet
chamber 30 corresponds to the basic configuration 11l in
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Fig. 4. The other basic configurations will be referred to
in relation to other embodiments, which will be described
later.

[0059] An example of a refrigerating apparatus using
the gas refrigerant separator, which is configured as de-
scribed above, will hereafter be described with reference
to the refrigerant circuit illustrated in Fig. 3.

[0060] The refrigerant circuit is a refrigerant circuit for
a heat pump type air conditioner. The refrigerant circuit
is an example having a heating gas refrigerant separator
and a cooling gas refrigerant separator that are connect-
ed together. In the diagram of the refrigerant circuit in
Fig. 3, the solid arrows indicate the refrigerant flow direc-
tion for cooling and the broken arrows indicate the refrig-
erant flow direction for heating. The arrows will be em-
ployed in similar manners herein for the diagrams of a
refrigerant circuit that will be described later.

[0061] Specifically, a four-way switch valve 2 is con-
nected to an outlet port and an inlet port of a compressor
1. Between switch ports 2a, 2b of the four-way switch
valve 2, an outdoor heat exchanger 3, a heating refrig-
erant flow divider 4A, a heating gas refrigerant separator
SG, an electric heating expansion valve 5A, an electric
cooling expansion valve 5B, a cooling gas refrigerant
separator SG, a cooling refrigerant flow divider 4B, and
an indoor heat exchanger 6 are sequentially arranged.
A bypass circuit 7A for bypassing the outdoor heat ex-
changer 3, which operates as a heating evaporator, con-
nects the gas refrigerant extracting pipe Pg of the heating
gas refrigerant separator SG to a point between the out-
door heat exchanger 3 and the four-way switch valve 2,
which serves as the outlet side of the heating evaporator.
A check valve 8A is arranged in the bypass circuit 7A to
prevent bypassing from the point between the outdoor
heat exchanger 3 and the four-way switch valve 2 to the
gas refrigerant extracting pipe Pg at the time of cooling.
Similarly, a bypass circuit 7B for bypassing the indoor
heat exchanger 6, which operates as a cooling evapora-
tor, connects the gas refrigerant extracting pipe Pg of the
cooling gas refrigerant separator SG to a point between
the outdoor heat exchanger 3 and the four-way switch
valve 2, which serves as the outlet side of the cooling
evaporator. A check valve 8B is arranged in the bypass
circuit 7B to prevent bypassing from the point between
the indoor heat exchanger 6 and the four-way switch
valve 2 to the corresponding gas refrigerant extracting
pipe Pg at the time of heating.

[0062] When cooling is performed by the air condition-
er, which is configured as described above, the gas dis-
charged from the compressor 1 is condensed by the out-
door heat exchanger 3 and sent to the cooling expansion
valve 5B via the heating refrigerant flow divider 4A, the
heating gas refrigerant separator SG, and the heating
expansion valve 5A. The gas is then depressurized and
expanded by the cooling expansion valve 5B to form a
two-phase gas-liquid flow, which is introduced into the
cooling gas refrigerant separator SG. The gas refrigerant
separator SG extracts gas refrigerant from the refrigerant
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through the above-described operation and directs the
gas refrigerant to the outlet side of the indoor heat ex-
changer 6, which operates as the evaporator, through
the bypass circuit 7B. After the gas refrigerantis extracted
by the cooling gas refrigerant separator, the remaining
liquid-rich refrigerant is divided into multiple flow paths
by the cooling refrigerant flow divider 4B and directed to
a plurality of refrigerant passages, which are formed in
the indoor heat exchanger 6. In the refrigerant passages,
the liquid-rich refrigerant cools the indoor air and thus
evaporates as gas refrigerant. The gas refrigerantis then
merged with the gas refrigerant discharged from the gas
refrigerant separator SG and returns to the compressor
1. Specifically, refrigerant proceeds through the heating
refrigerant flow divider 4Aand the heating gas refrigerant
separator SG in the opposite direction to the direction for
heating. Accordingly, the heating refrigerant flow divider
4A and the heating gas refrigerant separator SG function
simply as refrigerant passages.

[0063] When heatingis performed, the gas discharged
from the compressor 1 heats the indoor air in the indoor
heat exchanger 6 and is thus condensed and sent to the
heating expansion valve 5A via the cooling refrigerant
flow divider 4B, the cooling gas refrigerant separator SG,
and the cooling expansion valve 5B. The gas is then de-
pressurized and expanded by the heating expansion
valve 5A to form a two-phase gas-liquid flow, which is
introduced into the heating gas refrigerant separator SG.
The gas refrigerant separator SG extracts gas refrigerant
from the refrigerant through the above-described opera-
tion and directs the gas refrigerant to the outlet side of
the outdoor heat exchanger 3, which operates as the
evaporator, through the bypass circuit 7A. After the gas
refrigerant is extracted by the heating gas refrigerant sep-
arator SG, the remaining liquid-rich refrigerant is divided
into multiple flow paths by the heating refrigerant flow
divider 4A and directed to a plurality of refrigerant pas-
sages, which are formed in the outdoor heat exchanger
3. In the refrigerant passages, the liquid-rich refrigerant
is subjected to heat exchange with the outdoor air and
heated, thus evaporating as gas refrigerant. The gas re-
frigerantis then merged with the gas refrigerant sent from
the gas refrigerant separator SG and returns to the com-
pressor 1. Specifically, refrigerant proceeds through the
cooling refrigerant flow divider 4B and the cooling gas
refrigerant separator SG in the opposite direction to the
direction for cooling. Accordingly, the cooling refrigerant
flow divider 4B and the cooling gas refrigerant separator
SG function simply as refrigerant passages.

[0064] Since the refrigerating apparatus employs the
gas refrigerant separators SG, the refrigerating appara-
tus operates in the manner described below.

[0065] By the time refrigerant reaches the refrigerant
flow dividers 4A, 4B, the amount of gas refrigerant con-
tained in the refrigerant has been greatly decreased. This
ensures a significant effectin preventing uneven flow dis-
tribution to the flow dividing pipes Pd. Also, the liquid-rich
refrigerant, which has been generated through gas re-
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frigerant extraction, flows into the heat exchanger serving
as the evaporator (the outdoor heat exchanger 3 or the
indoor heat exchanger 6), thus improving the surface
heat transmission coefficient in the heat exchanger. Fur-
ther, as the gas refrigerant decreases, the flow resistance
of the refrigerant decreases. Additionally, the refrigerant
that has evaporated in the refrigerant passages of the
evaporator is merged with the refrigerant sent from the
gas refrigerant separator SG and returns to the compres-
sor 1. Accordingly, by adjusting the amount of the refrig-
erant sent from the gas refrigerant separator SG, the de-
gree of superheating of the merged refrigerant may be
set to an appropriate value. The degree of superheating
of the refrigerant sent from the evaporator thus may be
decreased. This allows the outdoor heat exchanger 3
and the indoor heat exchanger 6, each of which operates
as the evaporator, to greatly enhance heat exchange ef-
ficiency.

[0066] The gas refrigerant separator and the refriger-
ating apparatus of the first embodiment, which are con-
figured as described above, have the advantages de-
scribed below.

(1) The gas refrigerant separator SG is configured
by the inlet chamber 10, the speed increasing cham-
ber 20, and the outlet chamber 30. This configuration
stabilizes a swirling refrigerant flow in the inlet cham-
ber 10 to prevent the flow from being influenced by
gravity. As aresult, the gas refrigerant separator SG
is mounted in a refrigerating apparatus without strict
accuracy required for the mounting direction thereof.
Handling of the gas refrigerant separator SG is thus
facilitated.

(2) Simply by forming the speed increasing chamber
in a conical shape, the refrigerant swirling speed is
increased and stabilized. This decreases the need
for strict accuracy for the mounting direction and en-
sures further stable extraction of gas refrigerant. Fur-
ther, even if an intermittently changing two-phase
gas-liquid flow is sent from the refrigerant inlet port
14, uneven density distribution of the flow is can-
celed. This decreases noise caused by the refriger-
ant flow in, for example, the expansion valve.

(3) By incorporating the gas refrigerant separator SG
in a refrigerant circuit, the amount of refrigerant gas
in the refrigerant directed to the evaporator is de-
creased. This facilitates uniform flow distribution by
the refrigerant flow divider 4A, 4B and improves the
surface heat transmission coefficient in the evapo-
rator, thus enhancing heat exchange efficiency in
the evaporator.

(4) Since gas refrigerant is extracted from the inlet
chamber 10, the proportion of gas refrigerant in the
refrigerant sent to the speed increasing chamber 20
is decreased. This stabilizes gas-liquid distribution
in the speed increasing chamber 20. As a result, a
swirling refrigerant flow is stabilized in the inlet cham-
ber 10 and the speed increasing chamber 20.
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(Second Embodiment)

[0067] A gas refrigerant separator according to a sec-
ond embodiment of the present invention will now be de-
scribed with reference to Figs. 5to 7.

[0068] Unlike the first embodiment, the description of
the gas refrigerant separator SG of the second embodi-
ment is focused on the basic configuration for extracting
and separating gas refrigerant from the outlet chamber
30.

[0069] As in the case of the first embodiment, the gas
refrigerant separator SG is connected to the outlet side
of the expansion valve. With reference to Fig. 2(a), the
inlet chamber 10, the speed increasing chamber 20, and
the outlet chamber 30 are coaxially connected together
and arranged in series. The refrigerant inlet pipe 11 is
connected to the inlet chamber 10. The refrigerant outlet
pipe 31 and the gas refrigerant extracting pipe Pg are
connected to the outlet chamber 30.

[0070] As in the case of the first embodiment, the inlet
chamber 10 is shaped cylindrically and has a side wall
12, which is formed at the side opposite to the speed
increasing chamber 20. The refrigerant inlet port 14 is
formed in the inner wall surface of the peripheral wall 13
to introduce a two-phase gas-liquid flow from an expan-
sion valve and guide the flow along the inner wall surface
ofthe peripheral wall 13. The introduced refrigerant swirls
along the inner wall surface (as indicated by the arrows
in Figs. 6). The refrigerant inlet pipe 11 is connected to
the refrigerant inlet port 14.

[0071] Like the firstembodiment, the speed increasing
chamber 20 has a conical shape the diameter of which
decreases from the side corresponding to the inlet cham-
ber 10 to the side corresponding to the outlet chamber
30. The diameter of the speed increasing chamber 20 at
the inlet side is equal to the diameter of the inlet chamber
10. The communication port 21, the diameter of which is
not significantly small, is formed at the distal end of the
speed increasing chamber 20. The speed increasing
chamber 20 communicates with the outlet chamber 30
through the communication port 21. The dimension of
the communication port 21 of the second embodiment is
substantially equal to the dimension of the communica-
tion port 21 of the first embodiment.

[0072] The outlet chamber 30 has a cylindrical shape
having a diameter that is greater than the diameter of the
communication port 21, or, in other words, a compara-
tively great diameter. However, the inner diameter of the
outlet chamber 30 is smaller than the inner diameter of
the inlet chamber 10 such that refrigerant swirls in the
outletchamber 30. The side surface of the outlet chamber
30 at the side opposite to the inlet chamber 10 is shaped
to be continuously joined to the refrigerant outlet pipe 31.
The refrigerant outlet pipe 31 thus has such a large di-
ameter portion that the refrigerant outlet pipe 31 is
smoothly joined to the outlet chamber 30. The gas refrig-
erant extracting pipe Pg is arranged like an inner pipe of
adouble pipe structure in which the refrigerant outlet pipe
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31 serves as an outer pipe. The gas refrigerant extracting
pipe Pg is supported at the portion of the gas refrigerant
extracting pipe Pg extending through the refrigerant out-
let pipe 31. The gas refrigerant extracting pipe Pg thus
extracts gas refrigerant that has been collected to a cen-
tral portion of a swirling refrigerant flow in the outlet cham-
ber 30. The refrigerant outlet pipe 31 is configured to
direct the liquid-rich refrigerant that swirls around the gas
refrigerant extracting pipe Pg to the exterior.

[0073] In the gas refrigerant separator SG, which is
configured as described above, a two-phase gas-liquid
flow of refrigerant is introduced from the refrigerant inlet
port 14, guided along the inner wall surface of the pe-
ripheral wall 13, and caused to swirl with such an intensity
in the inlet chamber 10 that the refrigerant is not influ-
enced by gravity, as in the case of the first embodiment.
Liquid refrigerant is thus centrifugally gathered substan-
tially along the inner wall surface of the peripheral wall
13 and gas refrigerant is collected to the middle portion
of the swirling flow. The speed of the swirling flow, which
is produced in the inlet chamber 10, is increased in the
speed increasing chamber 20 through the same opera-
tion as the operation of the first embodiment. The center
of the swirling flow is thus stabilized.

[0074] The refrigerant in the speed increasing cham-
ber 20 passes through the communication port 21, the
size of which is not significantly small, formed at the distal
end of the speed increasing chamber 20, and flows into
the outlet chamber 30 having the comparatively great
diameter. After a refrigerant jet flow is discharged from
the speed increasing chamber 20 to the outlet chamber
30 through the communication port 21, the diameter of
which is not significantly small, liquid refrigerant strikes
against the inner wall surface of the peripheral wall 33
by the centrifugal force produced by the swirling flow and
gas refrigerant is blasted from the central portion. As a
result, liquid containing refrigerant swirls along the inner
wall surface of the peripheralwall 33 in the outlet chamber
30. This forms a swirling refrigerant flow having a center
coinciding with the center of the outlet chamber 30. Fur-
ther, gas refrigerant is extracted from the middle portion
of the outlet chamber 30 through the gas refrigerant ex-
tracting pipe Pg, which has an opening facing the central
portion of the outlet chamber 30. This forms a stable flow
of gas refrigerant extending along the center axis from
the middle of the communication port 21 to the gas re-
frigerant extracting pipe Pg. In this manner, the swirling
refrigerant flow in the outlet chamber 30 is stabilized and
the gas refrigerant is extracted stably. The shape of the
outlet chamber 30 of the second embodiment corre-
sponds to the basic configuration Ill illustrated in Fig. 4.
[0075] An example of a refrigerating apparatus em-
ploying the gas refrigerant separator SG, which is con-
figured in the above-described manner, will now be de-
scribed with reference to the refrigerant circuit illustrated
in Fig. 7.

[0076] Therefrigerantcircuitis similarto the refrigerant
circuit for the heat pump type air conditioner illustrated

10

15

20

25

30

35

40

45

50

55

14

in Fig. 3. Simply, the gas refrigerant separators SG of
the first embodiment are replaced by the gas refrigerant
separators SG of the second embodiment. The configu-
ration and operation of the refrigerant circuit of the second
embodiment is the same as the configuration and oper-
ation of the refrigerant circuit of the first embodiment.
[0077] The gasrefrigerant separator of the second em-
bodiment and the refrigerating apparatus employing the
gas refrigerant separator, which are configured as de-
scribed above, have the advantages described below in
addition to the same advantages as the advantages (1)
to (3) of the first embodiment.

(5) In the outlet chamber 30, the gas refrigerant ex-
tracting pipe Pg, which has an opening facing the
central portion of the outlet chamber 30, extracts gas
refrigerantfrom the middle portion of the outlet cham-
ber 30. This forms a stable flow of gas refrigerant
extending along the center axis from the middle of
the communication port 21 to the gas refrigerant ex-
tracting pipe Pg. The gas refrigerant is thus stably
extracted.

(6) The refrigerant outlet pipe 31 and the gas refrig-
erant extracting pipe Pg, which are connected to the
outlet chamber 30, are formed as the double pipe
structure, thus simplifying the configuration.

(Third Embodiment)

[0078] A gas refrigerant separator-cum-refrigerant
flow divider according to a third embodiment of the
present invention will now be described with reference
to Figs. 8 and 9.

[0079] The third embodiment relates to a gas refriger-
ant separator-cum-refrigerant flow divider employing the
gas-liquid separating mechanism of the above-described
gas refrigerant separators and a refrigerating apparatus
using the gas refrigerant separator-cum-refrigerant flow
divider.

[0080] Compared to the first embodiment, the diame-
ter of the outlet chamber 30 is slightly small in the gas
refrigerant separator-cum-refrigerant flow divider DR of
the third embodiment. Also, the refrigerant outlet pipe 31
of the first embodiment is modified to form a plurality of
flow dividing pipes Pd, which are connected to corre-
sponding refrigerant passages formed in an evaporator.
In other words, the inlet chamber 10 and the speed in-
creasing chamber 20 of the third embodiment are iden-
tical to those of the first embodiment but the outlet cham-
ber 30 of the third embodiment is configured differently
from that of the first embodiment.

[0081] The outlet chamber 30 has a cylindrical shape
and the diameter of the outlet chamber 30 is compara-
tively small (small compared to the diameter of the outlet
chamber 30 of the first embodiment).

[0082] In the third embodiment, the gas refrigerant
separator-cum-refrigerant flow divider DR employs a plu-
rality of (in this embodiment, three) flow dividing pipes
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Pd, which are connected to corresponding refrigerant
passages in an evaporator, as the refrigerant outlet pipe
31 of the gas refrigerant separator SG of the first embod-
iment. The flow dividing pipes Pd are spaced apart at
equal intervals along a certain circumference. The radius
r1 of the circle connecting the corresponding points on
the inner surfaces of the three flow dividing pipes Pd is
greater than the radius r2 of the communication port 21.
This prevents the refrigerant introduced from the com-
munication port 21 from being drawn directly into the flow
dividing pipes Pd and allows the flow dividing pipes Pd
to draw refrigerant from the vicinity of the peripheral wall
33, onto which liquid refrigerant is gathered.

[0083] A swirling refrigerant flow operates in the inlet
chamber 10 and the speed increasing chamber 20 of the
gas refrigerant separator-cum-refrigerant flow divider DR
in the same manner as the swirling refrigerant flow in the
first embodiment. Since gas refrigerant is extracted from
the inlet chamber 10, the proportion of gas refrigerant in
the refrigerant flowing into the speed increasing chamber
20 is decreased. This facilitates homogenization of a lig-
uid membrane, thus stabilizing gas-liquid distribution in
the speedincreasing chamber 20. As aresult, the swirling
refrigerant flow in the inlet chamber 10 and the speed
increasing chamber 20 is stabilized and gas refrigerant
is stably extracted from the inlet chamber 10.

[0084] After a refrigerant flow is jetted from the speed
increasing chamber 20 to the outlet chamber 30 through
the communication port 21, the diameter of which is not
significantly small, liquid refrigerant strikes against the
inner wall surface of the peripheral wall 33 by the cen-
trifugal force produced by the swirling flow and gas re-
frigerant is blasted from the center portion. As a result,
in the outlet chamber 30, the refrigerant strikes against
the inner wall surface of the peripheral wall 33 hitting the
inner wall surface of the peripheral wall 33 and is thus
stirred. The refrigerant forms an axisymmetric flow that
proceeds from the inner wall surface of the peripheral
wall 33 toward the center of the outlet chamber 30. This
stabilizes the swirling flow in the inlet chamber 10 and
the speed increasing chamber 20. Further, once gas re-
frigerant starts to be drawn into the gas refrigerant ex-
tracting pipe Pg in the inlet chamber 10, quick movement
of the refrigerant gas further promotes gathering of the
gas refrigerant at the center, thus stabilizing the swirling
refrigerant flow. The gas refrigerant is thus stably extract-
ed from the middle portion of the inlet chamber 10.
[0085] The gas-liquid distribution and the refrigerant
flow path in the outlet chamber 30 are basically the same
as those for the basic configuration Il (see Fig. 4). How-
ever, the outlet chamber 30 functions also as a flow di-
vider.

[0086] By the time refrigerant is drawn from the outlet
chamber 30 into the flow dividing pipes Pd, gas refriger-
ant has been extracted through the gas refrigerant ex-
tracting pipe Pg to decrease the proportion of the gas
refrigerant in the refrigerant. The flow dividing pipes Pd
each have an opening facing the axisymmetric portion
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of the refrigerant flow, which proceeds from the inner wall
surface of the peripheral wall 33 toward the center of the
outlet chamber 30. The refrigerant is thus divided into
uniform flows. The swirling refrigerant flow formed in this
manner cancels influence by the mounting direction of
the gas refrigerant separator-cum-refrigerant flow divider
DR in a refrigerating apparatus.

[0087] Fig. 9 represents the refrigerant circuit in the
refrigerating apparatus incorporating the gas refrigerant
separator-cum-refrigerant flow divider, which is config-
ured in the above-described, manner. In the refrigerant
circuit of the first embodiment represented in Fig. 3, the
gas refrigerant separator SG and the cooling refrigerant
flow divider 4B are arranged between the cooling expan-
sion valve 5B and the indoor heat exchanger 6 and the
gas refrigerant separator SG and the heating refrigerant
flow divider 4A are located between the heating expan-
sion valve 5A and the outdoor heat exchanger 3. How-
ever, in the refrigerant circuit of the third embodiment, as
illustrated in Fig. 9, simply by arranging the gas refriger-
ant separator-cum-refrigerant flow dividers DR between
the cooling expansion valve 5B and the indoor heat ex-
changer 6 and between the heating expansion valve 5A
and the outdoor heat exchanger 3, the same advantages
as the advantages of the first embodiment are brought
about.

[0088] The gas refrigerant separator-cum-refrigerant
flow divider of the third embodiment, which is configured
as described above, has the advantages (7) to (10) sim-
ilar to the advantages (1) to (4) of the first embodiment,
as will be described. The third embodiment also has the
advantage (11) in addition to the advantages (7) to (10).

(7) The gas refrigerant separatar-cum-refrigerant
flow divider DR of the third embodiment is configured
by the inlet chamber 10, the speed increasing cham-
ber 20, and the outlet chamber 30. This configuration
stabilizes a swirling refrigerant flow in the inlet cham-
ber 10 to prevent the swirling flow from being influ-
enced by gravity. As aresult, the gas refrigerant sep-
arator-cum-refrigerant flow divider DR is mounted in
the refrigerating apparatus without strict accuracy in
its mounting direction. Handling of the gas refrigerant
separator-cum-refrigerant flow divider DR is thus fa-
cilitated.

(8) Simply by forming the speed increasing chamber
20 in a conical shape, the refrigerant swirling speed
is increased and stabilized. This relaxes strict accu-
racy in the mounting direction and ensures further
stable extraction of gas refrigerant. Further, even if
an intermittently changing two-phase gas-liquid flow
is sent from the refrigerant inlet port 14, uneven den-
sity distribution of the flow is canceled. This decreas-
es noise caused by the refrigerant flow in, for exam-
ple, the expansion valve.

(9) By incorporating the gas refrigerant separator-
cum-refrigerant flow divider DR in the refrigerant cir-
cuit, the amount of refrigerant gas in the refrigerant
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sent to the evaporator is decreased. This facilitates
uniform flow distribution to the flow dividing pipes Pd
and improves the surface heat transmission coeffi-
cient in the evaporator, thus enhancing the heat ex-
change efficiency of the evaporator.

(10) Since gas refrigerant is extracted from the inlet
chamber 10, the proportion of gas refrigerant in the
refrigerant sent to the speed increasing chamber 20
is decreased. This stabilizes gas-liquid distribution
in the speed increasing chamber 20. As a result, a
swirling refrigerant flow is stabilized in the inlet cham-
ber 10 and the speed increasing chamber 20.

(11) The gas refrigerant separator-cum-refrigerant
flow divider DR functions integrally as a gas refrig-
erant separator and a refrigerant flow divider. This
makes it unnecessary to employ a separately man-
ufactured gas refrigerant separator or refrigerant
flow divider. The number of the parts control steps
and the number of the parts mounting steps are thus
decreased.

(Fourth Embodiment)

[0089] A gas refrigerant separator-cum-refrigerant
flow divider according to a fourth embodiment of the
present invention and a refrigerating apparatus using the
gasrefrigerant separator-cum-refrigerant flow divider will
now be described with reference to Figs. 10 and 11.
[0090] As illustrated in Figs. 10, the gas refrigerant
separator-cum-refrigerant flow divider DR of the fourth
embodiment is different from the third embodiment in that
the outlet chamber 30 of the fourth embodiment has a
greater diameter and that gas refrigerant is extracted
from the outlet chamber 30. Further, the fourth embodi-
ment employs the flow dividing pipes Pd of the third em-
bodiment to replace the refrigerant outlet pipe 31 of the
first embodiment. The flow dividing pipes Pd extend from
the side wall 32 of the outlet chamber 30 opposing the
communication port 21.

[0091] In other words, the inlet chamber 10 and the
speed increasing chamber 20 of the gas refrigerant sep-
arator-cum-refrigerant flow divider DR of the fourth em-
bodiment is different from those of the third embodiment
in that the gas refrigerant extracting pipe Pg of the fourth
embodiment is not connected to the inlet chamber 10.
However, the other components of the inlet chamber 10
and the speed increasing chamber 20 of the fourth em-
bodiment are identical to those of the third embodiment.
[0092] The diameter of the outlet chamber 30 of the
fourth embodiment is greater than the diameter of the
outlet chamber 30 of the third embodiment. That is, the
outlet chamber 30 of the fourth embodiment has a mod-
erate diameter. Also, like the third embodiment, the three
flow dividing pipes Pd are spaced apart at equal intervals
along a certain circumference to draw refrigerant from
the vicinity of the peripheral wall 33. The gas refrigerant
extracting pipe Pg is connected to the central portion of
the side wall 32 of the outlet chamber 30. To cause re-
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frigerant in the outlet chamber 30 to swirl, the radius of
the outlet chamber 30 is set smaller than the radius of
the inlet chamber 10 according to the law of conservation
of angular momentum.

[0093] The gas refrigerant separator-cum-refrigerant
flow divider DR, which is configured as described above,
introduces a two-phase gas-liquid flow of refrigerant from
the refrigerant inlet port 14, guides the flow along the
inner wall surface of the peripheral wall 13, and swirls
the flow in the inlet chamber 10 with such intensity that
the flow is not influenced by gravity. Liquid refrigerant is
thus centrifugally collected substantially onto the inner
wall surface of the peripheral wall 13 and gas refrigerant
only is gathered at the middle portion of the swirling flow.
The speed of the swirling flow, which is produced in the
inlet chamber 10, is increased in the speed increasing
chamber 20 through the same operation as the operation
of each of the first to third embodiments. This stabilizes
the center of the swirling flow.

[0094] The refrigerant in the speed increasing cham-
ber 20 passes through the communication port 21, which
is not significantly small and formed at the distal end of
the speed increasing chamber 20, and flows into the out-
let chamber 30 having the comparatively great diameter.
After the refrigerant jet flow is sent from the speed in-
creasing chamber 20 to the outlet chamber 30 through
the communication port 21, the diameter of which is not
significantly small, liquid refrigerant is struck against the
inner wall surface of the peripheral wall 33 by the cen-
trifugal force produced by the swirling flow and gas re-
frigerant is blasted from the center portion. As a result,
liquid containing refrigerant swirls along the inner wall
surface of the peripheral wall 33 in the outlet chamber
30. This forms a swirling refrigerant flow having a center
coinciding with the center of the outlet chamber 30. Fur-
ther, gas refrigerant is extracted from the middle portion
of the outlet chamber 30 through the gas refrigerant ex-
tracting pipe Pg, which has an opening facing the central
portion of the outlet chamber 30. This forms a stable flow
of gas refrigerant extending along the center axis from
the middle of the communication port 21 to the gas re-
frigerant extracting pipe Pg. In this manner, the swirling
refrigerant flow in the outlet chamber 30 is stabilized and
the gas refrigerant is stably extracted. The shape of the
outlet chamber 30 of the fourth embodiment corresponds
to the basic configuration Il illustrated in Fig. 4.

[0095] The flow dividing pipes Pd of the outlet chamber
30 each have an opening facing a swirling flow of liquid-
rich refrigerant swirling along the inner wall surface of
the peripheral wall 33. The refrigerant is thus divided into
uniform flows. Further, since the flow division is carried
out on the swirling flow of liquid-rich refrigerant, the gas
refrigerant separator-cum-refrigerant flow divider DR is
mounted in a refrigerating apparatus without being influ-
enced by the mounting direction.

[0096] The refrigerating apparatus incorporating the
gas refrigerant separator-cum-refrigerant flow divider DR
is configured basically identical to the refrigerating appa-
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ratus of the third embodiment except for the extracting
position of the gas refrigerant extracting pipe Pg with re-
spect to the gas refrigerant separator-cum-refrigerant
flow divider DR.

[0097] The fourth embodiment, which is configured as
described above, has the same advantages as the ad-
vantages (7) to (9) and (11) of the third embodiment. The
fourth embodiment also has the advantage described be-
low.

(12) A stable flow of gas refrigerant is formed along
the center axis from the middle of the communication
port 21 to the gas refrigerant extracting pipe Pg. This
stabilizes the swirling refrigerant flow in the outlet
chamber 30, thus stabilizing gas refrigerant extrac-
tion and improving flow division performance.

(Fifth Embodiment)

[0098] A gas refrigerant separator-cum-refrigerant
flow divider according to a fifth embodiment of the present
invention and a refrigerating apparatus using the gas re-
frigerant separator-cum-refrigerant flow divider will now
be described with reference to Figs. 12.

[0099] The outlet chamber 30 of the gas refrigerant
separator-cum-refrigerant flow divider DR of the fifth em-
bodiment is modified as illustrated in Fig. 12. The other
components of the fifth embodiment are configured iden-
tical to the corresponding components of the fourth em-
bodiment. Specifically, the outlet chamber 30 of the fifth
embodiment has a conical shape that gradually enlarges
from the communication port 21 of the speed increasing
chamber 20. The communication port 21 of the fifth em-
bodiment is sized equal to the communication port 21 of
the fourth embodiment. The maximum diameter of the
outlet chamber 30 of the fifth embodiment is substantially
equal to or slightly greater than that of the fourth embod-
iment.

[0100] Inthis configuration, refrigerant flows in the inlet
chamber 10 and the speed increasing chamber 20 sub-
stantially in the same manner as the fourth embodiment.
However, in the outlet chamber 30, the refrigerant flows
as will be described. After a refrigerant jet flow is sent
fromthe speed increasing chamber 20 to the outlet cham-
ber 30, liquid refrigerant is centrifugally moved along the
peripheral wall 33, which extends conically. Gas refrig-
erant is blasted from the middle portion. A liquid mem-
brane is formed along the inner wall surface of the pe-
ripheral wall 33 in the outlet chamber 30 and only the gas
refrigerant is gathered to the middle portion of the outlet
chamber 30. As a result, in this case, gas-liquid separa-
tion in the outlet chamber 30 is carried out with improved
reliability. This stabilizes gas refrigerant extraction from
the outlet chamber 30. Also in the fifth embodiment, the
gas refrigerant extracting pipe Pg is connected to the
central portion of the side wall 32 of the outlet chamber
30, as in the fourth embodiment. This forms a stable flow
of gas refrigerant along the center axis from the middle
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of the communication port 21 to the gas refrigerant ex-
tracting pipe Pg. As a result, the above-described oper-
ations produce a synergetic effect to further stabilize the
swirling refrigerant flow in the outlet chamber 30. Corre-
spondingly, this further stabilizes extraction of gas refrig-
erant and further improves refrigerant flow division per-
formance. The shape of the outlet chamber 30 of the fifth
embodiment corresponds to the basic configuration IV
illustrated in Fig. 4.

[0101] The gas refrigerant separator-cum-refrigerant
flow divider DR of the fifth embodiment, which is config-
ured as described above, has the same advantages as
the advantages (7) to (9) and

(11) of the third embodiment, like the fourth embod-
iment, and the same advantage as the advantage
(12) of the fourth embodiment. The fifth embodiment
also has the advantage described below.

(13) In the gas refrigerant separator-cum-refrigerant
flow divider DR of the fifth embodiment, after a re-
frigerant jet flow is directed from the speed increas-
ing chamber 20 to the outlet chamber 30, liquid re-
frigerant is centrifugally collected onto the peripheral
wall 33 and gas refrigerant is blasted from the middle
portion. This ensures stable swirling in the outlet
chamber 30 and further improves gas refrigerant
separation performance and refrigerant flow division
performance.

(Sixth Embodiment)

[0102] A gas refrigerant separator-cum-refrigerant
flow divider according to a sixth embodiment of the
present invention will now be described with reference
to Fig. 13.

[0103] Asillustratedin Fig. 13, the gas refrigerant sep-
arator-cum-refrigerant flow divider DR of the sixth em-
bodiment is modified from the third embodiment in that
the communication port 21 and the cylindrical outlet
chamber 30 both have a smaller diameter. As a result, a
refrigerant circuit incorporating the gas refrigerant sepa-
rator-cum-refrigerant flow divider DR is identical to the
refrigerant circuit illustrated in Fig. 9.

[0104] In the sixth embodiment, refrigerant swirls in
the inlet chamber 10 and the speed increasing chamber
20 substantially in the same manner as the third embod-
iment. However, since the communication port 21 of the
sixth embodiment has the smaller diameter, a swirling
flow for refrigerant is throttled by the communication port
21 when moving from the speed increasing chamber 20
into the outlet chamber 30. This produces a liquid-con-
taining refrigerant flow that is jetted from the middle por-
tion of the communication port 21. The flow thus strikes
the side wall 32 facing the communication port 21 and
then forms a flow swirling along the inner wall surface of
the peripheral wall 33. As a result, the refrigerant flow in
the outlet chamber 30 is uniform in gas-liquid distribution
and axisymmetric with respect to the axis of the outlet
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chamber 30. This stabilizes the swirling flow in the inlet
chamber 10 and the speed increasing chamber 20.
[0105] By the time the refrigerant flow reaches the out-
let chamber 30, gas refrigerant has been extracted
through the inlet chamber 10. The refrigerant is thus lig-
uid-rich. Also, as has been described, the refrigerant flow
uniform in gas-liquid distribution is formed axisymmetric
with respect to the axis of the outlet chamber 30. As a
result, the refrigerant flow is divided into uniform flows
for the flow dividing pipes Pd. The shape of the outlet
chamber 30 corresponds to the basic configuration 1 il-
lustrated in Fig. 4. As a result, mounting of the gas re-
frigerant separator-cum-refrigerant flow divider DR of the
sixth embodiment also does not require strict accuracy
in the mounting direction.

[0106] The gas refrigerant separator-cum-refrigerant
flow divider DR of the sixth embodiment, which has the
above-described configuration, has the same advantag-
es as the advantages (7) to (11) of the third embodiment.

(Seventh Embodiment)

[0107] A gas refrigerant separator-cum-refrigerant
flow divider according to a seventh embodiment of the
present invention will now be described with reference
to Fig. 14.

[0108] The gas refrigerant separator-cum-refrigerant
flow divider DR of the seventh embodiment is modified
from the fourth embodiment in terms of the shape of the
inlet chamber 10. The inlet chamber 10 of the seventh
embodiment has a conical shape the diameter of which
becomes greater toward the speed increasing chamber
20. The opening area of the inlet chamber 10 at the side
corresponding to the speed increasing chamber 20 is
equal to the opening area of the speed increasing cham-
ber 20 at the side corresponding to the inlet chamber 10.
[0109] In this configuration, the peripheral wall 13 ex-
tends in a conical shape and thus guides refrigerant into
the speed increasing chamber 20 after the refrigerant
has been sent from the refrigerant inlet port 14 into the
inlet chamber 10.

[0110] The gas refrigerant separator-cum-refrigerant
flow divider DR of the seventh embodiment, which is con-
figured as described above, has the same advantages
as the advantages (7) to (9) and (11) of the third embod-
iment, like the fourth embodiment, and the same advan-
tage as the advantage (12) of the fourth embodiment.
The seventh embodiment also has the advantage de-
scribed below. (14) The refrigerant that has been intro-
duced into the inlet chamber 10 through the refrigerant
inlet port 14 is guided into the speed increasing chamber
20 by means of the peripheral wall 13 of the inlet chamber
10. This stabilizes a refrigerant jet flow into the outlet
chamber 30 through the communication port 21 of the
speed increasing chamber 20. As aresult, gas refrigerant
extraction is stabilized and refrigerant flow division per-
formance is enhanced.
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(Eighth Embodiment)

[0111] A gas refrigerant separator-cum-refrigerant
flow divider according to an eighth embodiment of the
present invention will now be described with reference
to Fig. 15.

[0112] The gas refrigerant separator-cum-refrigerant
flow divider DR of the eighth embodiment is modified
from the fourth embodiment in terms of the shape of the
inlet chamber 10, as in the seventh embodiment. How-
ever, the inlet chamber 10 of the eighth embodiment has
an inclined cylindrical shape and is inclined in the direc-
tion in which an introduced refrigerant flow is guided into
the speed increasing chamber 20. In other words, the
inlet chamber 10 is shaped like a cylinder that extends
along an inclined axis. The opening area of the inlet
chamber 10 at the side corresponding to the speed in-
creasing chamber 20 is equal to the opening area of the
speed increasing chamber 20 at the side corresponding
to the inlet chamber 10.

[0113] Inthis configuration, the peripheral wall 13 adds
a flow component moving toward the speed increasing
chamber 20 to the refrigerant that has been introduced
into the inlet chamber 10 through the refrigerant inlet port
14. That is, the peripheral wall 13 of the inlet chamber
10 guides the refrigerant to the speed increasing cham-
ber 20. As a result, the gas refrigerant separator-cum-
refrigerant flow divider DR of the eighth embodiment has
the same advantages as the advantages of the seventh
embodiment. In other words, the eighth embodiment has
the same advantages as the advantages (7) to (9) and
(11) of the third embodiment, the same advantage as the
advantage (12) of the fourth embodiment, and the same
advantage as the advantage (14) of the seventh embod-
iment.

(Ninth Embodiment)

[0114] A gas refrigerant separator-cum-refrigerant
flow divider according to a ninth embodiment of the
present invention will now be described with reference
to Fig. 16.

[0115] The gas refrigerant separator-cum-refrigerant
flow divider DR of the ninth embodiment is modified from
the fourth embodiment in that the ninth embodiment in-
cludes a flow adjusting portion 14a to add a swirling com-
ponent to a refrigerant flow sent into the refrigerant inlet
port 14 of the inlet chamber 10.

[0116] The flow adjusting portion 14a connects the re-
frigerant inlet pipe 11 to the refrigerant inlet port 14 such
that the distance between the inner peripheral surface of
the refrigerant inlet pipe 11 and the center of the inlet
chamber 10 on a plane perpendicular to the axis of the
refrigerant inlet pipe 11, which is the eccentric distance
S, becomes greater than the corresponding distance in
the fourth embodiment. The flow adjusting portion 14a
of the ninth embodiment is configured by a straight pipe
portion 14aa extending continuously from the refrigerant
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inlet pipe 11 and a joint portion 14ab, which joins the
straight pipe portion 14aa to the refrigerant inlet port 14
in an inclined manner.

[0117] In this configuration, the increased eccentric
distance S applies swirling force, in advance, to the re-
frigerant flowing into the inlet chamber 10. This increases
the swirling force produced by the refrigerant in the inlet
chamber 10.

[0118] The gas refrigerant separator-cum-refrigerant
flow divider DR of the ninth embodiment, which is con-
figured as described above, has the same advantages
as the advantages (7) to (9) and (11) of the third embod-
iment, like the fourth embodiment, and the same advan-
tage as the advantage (12) of the fourth embodiment.
The ninth embodiment also has the advantage described
below.

(15) The swirling force is applied to a refrigerant flow
introduced into the inlet chamber 10 in advance, thus
stabilizing a swirling flow in the inlet chamber 10. As
a result, the center of the swirling flow in the inlet
chamber 10 becomes approximate to the center of
the outlet chamber 30. This stabilizes gas refrigerant
extraction and improves refrigerant flow division per-
formance.

(Tenth Embodiment)

[0119] A gas refrigerant separator-cum-refrigerant
flow divider according to a tenth embodiment of the
present invention will now be described with reference
to Fig. 17.

[0120] Like the ninth embodiment, the gas refrigerant
separator-cum-refrigerant flow divider DR of the tenth
embodiment is modified from the fourth embodiment in
that the tenth embodiment has the flow adjusting portion
14a, which applies a swirling component to a refrigerant
flow introduced into the refrigerant inlet port 14 of the
inlet chamber 10.

[0121] The flow adjusting portion 14a of the tenth em-
bodiment increases the eccentric distance S as in the
case of the ninth embodiment but with improvement from
the ninth embodiment. Specifically, in the tenth embod-
iment, the joint portion 14ab is formed by a pipe angled
at a right angle, not the inclined joint pipe of the ninth
embodiment. At the distal end of the joint portion 14ab,
the inner peripheral surface of the curved pipe is con-
nected smoothly to the inner wall surface of the peripheral
wall 13 of the inlet chamber 10.

[0122] In this configuration, the refrigerant flowing
through the refrigerant inlet pipe 11 receives swirling
force in advance, as in the ninth embodiment. Also, in
the gas refrigerant separator-cum-refrigerant flow divider
DR of the tenth embodiment, centrifugal force acts on
refrigerant when the refrigerant passes through the joint
portion 14ab, which is curved. As a result, liquid-rich re-
frigerant proceeds on a radially outer side in the curved
portion of the joint portion 14ab and gas-rich refrigerant
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flows on a radially inner side in the curved portion of the
joint portion 14ab. Accordingly, by the time refrigerant
reaches the inlet chamber 10, the refrigerant has been
transformed into a gas-liquid separated state. This sta-
bilizes density distribution in the refrigerant introduced
into the inlet chamber 10. As a result, gas refrigerant
extraction is stabilized and refrigerant flow division per-
formance is improved.

[0123] The gas refrigerant separator-cum-refrigerant
flow divider DR of the tenth embodiment, which is con-
figured as described above, has the same advantages
as the advantages (7) to (9) and (11) of the third embod-
iment, like the fourth embodiment, and the same advan-
tage as the advantage (12) of the fourth embodiment.
The tenth embodiment also has the advantage described
below.

(16) The joint portion 14ab improves stability of the
refrigerant flowing into the inlet chamber 10, thus
stabilizing a swirling refrigerant flow in the inlet cham-
ber 10. As a result, gas refrigerant extraction is sta-
bilized and refrigerant flow division performance is
improved.

(Eleventh Embodiment)

[0124] A gas refrigerant separator-cum-refrigerant
flow divider according to an eleventh embodiment of the
present invention will now be described with reference
to Fig. 18.

[0125] Like the ninth and tenth embodiments, the gas
refrigerant separator-cum-refrigerant flow divider DR of
the eleventh embodiment is modified from the fourth em-
bodiment in that the eleventh embodiment has the flow
adjusting portion 14a, which applies a swirling compo-
nent to a refrigerant flow introduced into the refrigerant
inlet port 14 of the inlet chamber 10.

[0126] However, the flow adjusting portion 14a of the
eleventh embodiment is slightly different from the tenth
embodiment and configured by the straight pipe portion
14aa extending continuously from the refrigerant inlet
pipe 11, the joint portion 14ab formed by a pipe angled
ataright angle, and a large diameter portion 14ac, which
extends inward from the joint portion 14ab. The distal
end of the large diameter portion 14ac is located in the
vicinity of the center of the inlet chamber 10.

[0127] In this configuration, swirling force is applied to
the refrigerant flowing from the refrigerant inlet pipe 11
in advance, as in the tenth embodiment. The refrigerant
also receives centrifugal force when passing through the
curved joint portion 14ab so that liquid-rich refrigerant
proceeds on a radially outer side in the joint portion 14ab
and gas-rich refrigerant moves on a radially inner side in
the joint portion 14ab. The eleventh embodiment also
includes the large diameter portion 14ac, which extends
to a position close to the center of the inlet chamber 10.
This directs the gas-rich refrigerant to the vicinity of the
center of the inlet chamber 10, thus making it easy for a
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swirling flow to have an axis coinciding with the center
oftheinletchamber 10. In this manner, swirling flow about
the center of the inlet chamber 10 is smoothly generated.
[0128] The gas refrigerant separator-cum-refrigerant
flow divider DR of the eleventh embodiment, which is
configured as described above, has the same advantag-
es as the advantages (7) to (9) and (11) of the fourth
embodiment, like the third embodiment, and the same
advantage as the advantage (12) of the fourth embodi-
ment. The eleventh embodiment also has the advantage
described below.

(17) Gas-rich refrigerant is smoothly introduced to
the vicinity of the center of the inlet chamber 10 and
forms a swirling flow substantially about the center
of the inlet chamber 10. This stabilizes a swirling
refrigerant flow in the inlet chamber 10, thus stabi-
lizing gas refrigerant extraction and improving refrig-
erant flow division performance.

(Twelfth Embodiment)

[0129] A gas refrigerant separator-cum-refrigerant
flow divider according to a twelfth embodiment of the
present invention will now be described with reference
to Fig. 19.

[0130] Likethe ninthtoeleventh embodiments, the gas
refrigerant separator-cum-refrigerant flow divider DR of
the twelfth embodiment is modified from the fourth em-
bodiment that the twelfth embodiment has the flow ad-
justing portion 14a, which applies a swirling component
to a refrigerant flow flowing into the refrigerant inlet port
14 of the inlet chamber 10.

[0131] However, the purpose of the flow adjusting por-
tion 14a of the twelfth embodiment is not to increase the
eccentric distance but to form a refrigerant flow smoothly
along the inner Wall surface of the inlet chamber by
means of a curved pipe. In other words, as in the case
of the tenth embodiment, the flow adjusting portion 14a
of the twelfth embodiment is configured by the straight
pipe portion 14aa and the curved joint portion 14ab. How-
ever, the straight pipe portion 14aa and the joint portion
14ab are arranged in the cylindrical inlet chamber 10 in
the twelfth embodiment. The inner peripheral surface of
the joint portion 14ab is smoothly connected to the inner
wall surface of the peripheral wall 13 of the inlet chamber
10.

[0132] This configuration applies centrifugal force to
refrigerant when the refrigerant passes through the
curved joint portion 14ab as in the tenth embodiment. As
a result, liquid-rich refrigerant proceeds on a radially out-
er side in the joint portion 14ab and gas-rich refrigerant
moves on a radially inner side in the joint portion 14ab.
This stabilizes density distribution in the refrigerant flow-
inginto the inlet chamber 10, thus ensuring a stable swirl-
ing flow in the inlet chamber 10.

[0133] The gas refrigerant separator-cum-refrigerant
flow divider DR of the twelfth embodiment, which is con-
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figured as described above, has the same advantages
as the advantages (7) to (9) and (11) of the third embod-
iment, like the fourth embodiment, and the same advan-
tage as the advantage (12) of the fourth embodiment.
The twelfth embodiment also has the same advantage
as the advantage (15) of the ninth embodiment.

(Thirteenth Embodiment)

[0134] A gas refrigerant separator-cum-refrigerant
flow divider according to a thirteenth embodiment of the
present invention will now be described with reference
to Fig. 20.

[0135] The gas refrigerant separator-cum-refrigerant
flow divider DR of the thirteenth embodiment is modified
from the sixth embodimentin the shape of the joint portion
between the inlet chamber 10 and the speed increasing
chamber 20. Specifically, in the thirteenth embodiment,
as illustrated in Fig. 20, the diameter d1 of the inlet cham-
ber 10 at the joint portion between the inlet chamber 10
and the speed increasing chamber 20 is greater than the
diameter d2 of the speed increasing chamber 20 to form
a step 16 at the joint portion.

[0136] In this configuration, after flowing from the inlet
chamber 10, refrigerant is temporarily retained by the
step 16 before being sent into the speed increasing
chamber 20. This increases the amount of the swirling
component in the refrigerant. Specifically, the step 16
restricts the flow component moving from the inlet cham-
ber 70 to the speed increasing chamber 20 to increase
the speed at which the refrigerant swirls in the inlet cham-
ber 10. This intensifies the swirling component before
therefrigerantreaches the speed increasing chamber 20.
[0137] The gas refrigerant separator-cum-refrigerant
flow divider DR of the thirteenth embodiment, which is
configured as described above, has the same advantag-
es as the advantages (7) to (11) of the third embodiment,
like the sixth embodiment. The thirteenth embodiment
also has the advantage described below.

(18) The step 16 increases the amount of the swirling
refrigerant component that is produced in the inlet
chamber 10. This stabilizes a swirling refrigerant flow
flowing into the speed increasing chamber 20. As a
result, gas refrigerant extraction is stabilized and re-
frigerant flow division performance is improved.

(Fourteenth Embodiment)

[0138] A gas refrigerant separator-cum-refrigerant
flow divider according to a fourteenth embodiment of the
present invention will now be described with reference
to Fig. 21.

[0139] The gas refrigerant separator-cum-refrigerant
flow divider DR of the fourteenth embodiment is modified
from the sixth embodimentinthe shape of the joint portion
between the inlet chamber 10 and the speed increasing
chamber 20, like the thirteenth embodiment. Further, the
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configuration of the joint portion is different in the four-
teenth embodiment. In the fourteenth embodiment, as
shownin Fig. 21, the joint portion between the inlet cham-
ber 10 and the speed increasing chamber 20 has an an-
nular groove portion 17, the diameter d3 of which is great-
er than both the diameter d1 of the inlet chamber 10 and
the diameter d2 of the speed increasing chamber 20.
[0140] As in the thirteenth embodiment, this configu-
ration temporarily retains the refrigerant sent from the
inlet chamber 10 by means of the annular groove portion
17 before the refrigerant reaches the speed increasing
chamber 20. This increases the amount of the swirling
component in the refrigerant. As a result, the gas refrig-
erant separator-cum-refrigerant flow divider DR of the
fourteenth embodiment has the same advantages as the
advantages of the gas refrigerant separator-cum-refrig-
erant flow divider DR of the thirteenth embodiment.
[0141] In other words, like the thirteenth embodiment,
the gas refrigerant separator-cum-refrigerant flow divider
DR of the fourteenth embodiment, which is configured
as described above, has the same advantages as the
advantages (7) to (11) of the third embodiment and the
same advantage as the advantage (18) of the thirteenth
embodiment.

(Fifteenth Embodiment)

[0142] A gas refrigerant separator-cum-refrigerant
flow divider according to a fifteenth embodiment of the
present invention will now be described with reference
to Fig. 22.

[0143] The gas refrigerant separator-cum-refrigerant
flow divider DR of the fifteenth embodiment has a straight
communication passage 25, which is formed in the joint
portion between the speed increasing chamber 20 and
the outlet chamber 30 of the sixth embodiment. The di-
ameter of the communication passage 25 is substantially
equal to the diameter of the communication port 21.
[0144] In this configuration, the interior of the commu-
nication passage 25 is a uniform cylindrical space. Ac-
cordingly, the communication passage 25 stabilizes the
swirl speed of the refrigerant that has entered the com-
munication passage 25 from the speed increasing cham-
ber 20. The refrigerant path in the outlet chamber 30 is
enlarged compared to the refrigerant path in the commu-
nication port 21. As aresult, when the refrigerant reaches
the outlet chamber 30 through the communication pas-
sage 25, the jet energy of the refrigerant is diffused. That
is, the communication port 21 operates as a nozzle for
spraying homogeneous refrigerant. The refrigerant in the
outlet chamber 30 has a swirling component. According-
ly, a refrigerant flow jetted through the communication
port 21 hits the peripheral wall 33 of the outlet chamber
30, thus stabilizing refrigerant flow proceeding along the
peripheral wall 33. As a result, the refrigerant in the outlet
chamber 30 is divided into uniform flows for the respec-
tive flow dividing pipes Pd.

[0145] The gas refrigerant separator-cum-refrigerant
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flow divider DR of the fifteenth embodiment, which is con-
figured as described above, has the same advantages
as the advantages (7) to (11) of the third embodiment,
like the sixth embodiment. The fifteenth embodiment also
has the advantage described below.

(19) Since the communication passage 25 stabilizes
the swirl speed of refrigerant, a refrigerant flow in the
outlet chamber 30 is stabilized. This stabilizes gas
refrigerant extraction and improves refrigerant flow
division performance.

(Sixteenth Embodiment)

[0146] A gas refrigerant separator-cum-refrigerant
flow divider according to a sixteenth embodiment of the
present invention will now be described with reference
to Fig. 23.

[0147] Inthe gasrefrigerant separator-cum-refrigerant
flow divider DR of the sixteenth embodiment, the com-
munication passage 25, which is shaped as a short
straight pipe the diameter of which is substantially equal
to the diameter of the communication port 21, is formed
in the joint portion between the speed increasing cham-
ber 20 and the outlet chamber 30 of the sixth embodiment
continuously from the communication port 21. A conical
portion 26, which has a diameter increasing toward the
outlet chamber 30, is formed continuously from the com-
munication passage 25. The conical portion 26 is con-
nected directly to the outlet chamber 30.

[0148] In this configuration, the communication pas-
sage 25, which has a constant diameter, stabilizes a
swirling refrigerant flow after the refrigerant flow is dis-
charged from the speed increasing chamber 20 toward
the outlet chamber 30. Further, after the refrigerant en-
ters the conical portion 26 through the communication
passage 25, the conical portion 26 gradually increases
the swirling diameter of the refrigerant, thus stabilizing
the refrigerant flowing into the outlet chamber 30.
[0149] The gas refrigerant separator-cum-refrigerant
flow divider DR of the sixteenth embodiment, which is
configured as described above, has the same advantag-
es as the advantages (7) to (11) of the third embodiment,
like the sixth embodiment. The sixteenth embodiment
has the advantage described below.

(20) The communication passage 25 having a uni-
form diameter stabilizes a swirling refrigerant flow
and the conical portion 26 ensures a smooth refrig-
erant flow into the outlet chamber 30. This stabilizes
gas refrigerant extraction and improves refrigerant
flow division performance.

(Seventeenth Embodiment)
[0150] A gas refrigerant separator-cum-refrigerant

flow divider according to a seventeenth embodiment of
the present invention will now be described with refer-
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ence to Fig. 24.

[0151] Asillustratedin Fig. 24, the gas refrigerant sep-
arator-cum-refrigerant flow divider DR of the seventeenth
embodiment is, for example, the gas refrigerant separa-
tor-cum-refrigerant flow divider of the sixth embodiment
having afilter 27, which is formed in the speed increasing
chamber 20, in this case, to remove foreign matter such
as dustfromrefrigerant. Thefilter 27 is a conically shaped
porous permeable material. The filter 27 is fixed to the
entire circumference of the end of the speed increasing
chamber 20, which has a conical shape, in the vicinity of
the inlet chamber 10. The filter 27 has a conically pro-
jected shape toward the outlet chamber 30. The porous
permeable material for forming the filter 27 may be
formed of metal, ceramic, plastic, meshed material, or a
porous plate.

[0152] The gas refrigerant separator-cum-refrigerant
flow divider DR of the seventeenth embodiment, which
is configured as described above, has the same advan-
tages as the advantages (7) to (11) of the third embodi-
ment, like the sixth embodiment. The seventeenth em-
bodiment also has the advantage described below.

(21) Generally, it is highly likely that throttle perform-
ance of a throttle portion of an expansion valve will
be deteriorated by clogging from foreign matter or
waste. To avoid this, a filter (a porous permeable
material) for catching foreign matter is arranged up-
stream or downstream of the expansion valve. How-
ever, the seventeenth embodiment has the filter 27
arranged inside the gas refrigerant separator-cum-
refrigerant flow divider DR. This makes it unneces-
sary to arrange a separate filter for protecting the
expansion valve connected to the refrigerant inlet
pipe 11. This saves space for installing the separate
filter, thus decreasing the size and cost of the gas
refrigerant separator-cum-refrigerant flow divider.
Specifically, the filter 27 protects the expansion valve
by collecting foreign matter from refrigerant when
the refrigerant flows from the flow dividing pipes Pd
to the refrigerant inlet pipe 11.

(Eighteenth Embodiment)

[0153] A gas refrigerant separator-cum-refrigerant
flow divider DR according to an eighteenth embodiment
of the present invention will hereafter be described with
reference to Fig. 25.

[0154] The gas refrigerant separator-cum-refrigerant
flow divider DR of the eighteenth embodiment is modified
from the gas refrigerant separator-cum-refrigerant flow
divider DR of the fifth embodiment in that the eighteenth
embodiment has an increased number of flow dividing
pipes Pd and a more specified configuration for a con-
tainer configuring the inlet chamber 10, the speed in-
creasing chamber 20, and the outlet chamber 30.
[0155] Specifically, with reference to Fig. 25(a), the
container, which is a component of the gas refrigerant
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separator-cum-refrigerant flow divider DR of the eight-
eenth embodiment, is configured by a member forming
the inlet chamber 10, a member having the peripheral
wall of the speed increasing chamber 20 and the periph-
eral wall 33 of the outlet chamber 30 that are formed
integrally, and a member forming the side wall 32 of the
outlet chamber 30 facing the communication port 21.
[0156] In the member forming the inlet chamber 10,
the peripheral wall 13 of the inlet chamber 10 and the
side wall 12 of the inlet chamber 10 at the side opposite
to the speed increasing chamber 20 are formed integrally
with each other and joined together smoothly. The pe-
ripheral wall 13 has a diameter increasing toward the
speed increasing chamber 20 and is joined to the speed
increasing chamber 20. The seventh embodiment also
has the peripheral wall 13 with the increasing diameter.
The side wall 12 is shaped such that an inner wall surface
12a of the side wall 12 has the shape of an outwardly
projected partially spherical portion having a center cor-
responding to the center axis of the inlet chamber 10. As
in the fifth embodiment, the refrigerant inlet pipe 11 is
connected to the refrigerant inlet port 14 such that refrig-
erant is introduced along the inner wall surface of the
peripheral wall 13.

[0157] Like the fifth embodiment, the peripheral wall
of the speed increasing chamber 20 has a conical shape
the diameter of which decreases from the side corre-
sponding to the inlet chamber 10 to the side correspond-
ing to the outlet chamber 30.

[0158] The peripheral wall 33 of the outlet chamber 30
has a conical shape enlarging gradually from the side
corresponding to the communication port 21 of the speed
increasing chamber 20. In the eighteenth embodiment,
the peripheral wall of the speed increasing chamber 20
and the peripheral wall 33 of the outlet chamber 30 are
molded integrally and formed as a smooth wall surface
curved at the communication port 21, which is located
between the speed increasing chamber 20 and the outlet
chamber 30.

[0159] The side wall 32 of the outlet chamber 30 is
formed by a thick plate-like material. The side wall 32 is
cut such that a central part of an inner wall surface 32a
of the side wall 32 is curved outward in the shape of a
partially spherical portion, or, in other words, the inner
wall surface 32a of the side wall 32 is recessed like a
curved surface of the partially spherical portion. As illus-
trated in Fig. 25(b), which is a side view from the side
corresponding to the outlet chamber, a number of (spe-
cifically eighteen) flow dividing pipe connection holes 32b
are formed in the vicinity of the outer periphery of the
side wall 32. The flow dividing pipes Pd are connected
to the corresponding flow dividing pipe connection holes
32b.

[0160] Inthe eighteenth embodiment, refrigerant flows
in the inlet chamber 10 and the outlet chamber 30 in the
manner described below. Refrigerant is introduced from
the refrigerant inlet port 14 and moves along the inner
peripheral surface of the peripheral wall 13. The refrig-
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erant thus forms a swirling refrigerant flow in the inlet
chamber 10, regardless of the mounting posture of the
gas refrigerant separator-cum-refrigerant flow divider
DR. Inthe swirling refrigerant flow, density variation caus-
es liquid-rich refrigerant to swirl in the vicinity of the pe-
ripheral wall 13 and gas-rich refrigerant to swirl in the
central portion. However, since the refrigerant flows into
the inlet chamber 10 through the single refrigerant inlet
port 14, the center of the swirling refrigerant flow does
not necessarily coincide with the center axis of the gas
refrigerant separator-cum-refrigerant flow divider DR.
[0161] However, in the eighteenth embodiment, the
central part of the inner wall surface 12a of the side wall
12 has the shape of an outwardly projected partially
spherical portion. The shape prevents refrigerant from
flowing out from the central portion of the swirling refrig-
erant flow, thus forming a stagnant portion having only a
swirling speed component. This corrects the axis of the
swirling refrigerant flow to become approximate to the
center of the gas refrigerant separator-cum-refrigerant
flow divider DR and stabilizes the refrigerant flow. Fur-
ther, the peripheral wall 13 of the inlet chamber 10 has
adiameterincreasing toward the speedincreasing cham-
ber 20, thus adding a flow component proceeding to the
speed increasing chamber 20 to the swirling refrigerant
flow. In this manner, the peripheral wall 13 forms a guide
wall that guides the refrigerant flow to the speed increas-
ing chamber 20. As a result, regardless of the mounting
posture of the gas refrigerant separator-cum-refrigerant
flow divider DR, refrigerant is smoothly caused to swirl
and directed into the speed increasing chamber 20.
[0162] Refrigerant flows from the speed increasing
chamber 20 to the outlet chamber 30 in the manner de-
scribed below.

[0163] After gaining speed in the speed increasing
chamber 20, the swirling refrigerant flow continuously
swirls and flows into the outlet chamber 30 through the
communication port 21, the diameter of which is not sig-
nificantly small. At opposite sides of the communication
port 21, the peripheral wall of the speed increasing cham-
ber 20 and the peripheral wall of the outlet chamber 30
are formed integrally with each other to form a smooth
wall surface curved at the communication port 21, which
is located between the two peripheral walls. As a result,
when refrigerant passes through the communication port
21, which has a smooth curved surface, unnecessary
energy loss does not occur. This maintains intensity of
the swirling refrigerant flow when directing the refrigerant
into the speed increasing chamber 20.

[0164] Since swirling of the refrigerant flowing into the
outlet chamber 30 through the communication port 21 is
maintained at an intense level, the refrigerant exhibits
such a density distribution that gas-rich refrigerant gath-
ers at the center portion of the flow and liquid-rich flows
in the vicinity of the inner wall surface of the peripheral
wall 33. In the outlet chamber 30, a liquid membrane is
formed along the inner wall surface of the peripheral wall
33 and only gas refrigerant is collected at the middle por-
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tion of the outlet chamber 30. The center of the swirling
flow is maintained approximately at the center of the gas
refrigerant separator-cum-refrigerantflow divider DR and
thus stabilized. Particularly, the central part of the inner
wall surface 32a of the side wall 32 is shaped like an
outwardly projected partially spherical portion. Even if
some gas refrigerant flows unevenly to some extent after
having been jetted through the vicinity of the middle of
the communication port 21, the gas refrigerant is guided
to the central part of the side wall 32 and the center of
the swirling flow is corrected to collect approximately at
the center of the gas refrigerant separator-cum-refriger-
ant flow divider DR and is thus stabilized.

[0165] The gas refrigerant separator-cum-refrigerant
flow divider DR of the eighteenth embodiment, which is
configured as described above, has the same advantag-
es as the advantages (7) to (9) and (11) of the third em-
bodiment and the same advantage as the advantage (12)
of the fourth embodiment, like the fifth embodiment, as
well as the same advantage as the advantage (13) of the
fifth embodiment. The eighteenth embodiment also has
the advantages described below.

(22) The peripheral wall of the speed increasing
chamber 20 and the peripheral wall 33 of the outlet
chamber 30 are formed as a wall surface curved at
the communication port 21, which is arranged be-
tween the peripheral walls. This decreases unnec-
essary energy loss in the refrigerant flowing from the
speed increasing chamber 20 to the outlet chamber
30. As a result, an intense swirling refrigerant flow
is directed into the outlet chamber 30.

(23) The peripheral wall of the speed increasing
chamber 20 and the peripheral wall 33 of the outlet
chamber 30 are formed integrally with each other.
The inlet chamber 10 is formed independently from
the speed increasing chamber 20 and the outlet
chamber 30 and joined to the speed increasing
chamber 20. This configuration allows the smooth
surface curved at the communication port 21 to be
an endless curved surface that causes less fluid tur-
bulence. As aresult, a swirling refrigerant flow is sta-
bly discharged from the speed increasing chamber
20 to the outlet chamber 30.

(24) The central part of the inner wall surface 12a of
the side wall 12 of the inlet chamber 10, which is
located at the side opposite to the speed increasing
chamber 20, has the shape of an outwardly projected
partially spherical portion. This corrects the center
of a swirling refrigerant flow to gather approximately
at the middle of the outwardly projected partially
spherical portion in the inlet chamber 10. As a result,
the center of the swirling refrigerant flow is stabilized
in a position approximately at the center axis of the
container configuring the gas refrigerant separator-
cum-refrigerant flow divider DR.

(25) The central part of the inner wall surface 32a of
the side wall 32 in the outlet chamber 30 is shaped
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like an outwardly projected partially spherical por-
tion. This corrects the center of a swirling refrigerant
flow produced in the outlet chamber 30 to collect
approximately at the middle of the outwardly project-
ed partially spherical portion and stabilizes the center
of the swirling refrigerant flow in a position approxi-
mately at the axis of the gas refrigerant separator-
cum-refrigerant flow divider DR. As a result, the re-
frigerant is divided into uniform flows for the flow di-
viding pipes Pd.

(Nineteenth Embodiment)

[0166] A gas refrigerant separator-cum-refrigerant
flow divider DR according to a nineteenth embodiment
of the present invention will now be described with ref-
erence to Fig. 26.

[0167] The nineteenth embodiment is modified from
the eighteenth embodiment in the shape of the side wall
12 of the inlet chamber 10. The other components of the
nineteenth embodiment are configured identically to the
corresponding components of the eighteenth embodi-
ment.

[0168] Specifically, in the gas refrigerant separator-
cum-refrigerant flow divider DR of the eighteenth embod-
iment, the central part of the side wall 12 of the inlet cham-
ber 10 has the shape of an outwardly projected partially
spherical portion. In the nineteenth embodiment, as illus-
trated in Fig. 26, the central part of the side wall 12 is
shaped like an inwardly projected partially spherical por-
tion.

[0169] In the nineteenth embodiment, when flowing
from the refrigerant inlet pipe 11 through the refrigerant
inlet port 14, refrigerant is guided tangentially with re-
spect to the inner wall surface of the peripheral wall 13
to form a swirling flow, as in the eighteenth embodiment.
In this state, the space corresponding to the central part
of the inner wall surface 12a of the side wall 12, where
minimum pressure acts, is reduced in size and forms a
guide wall. This forms a refrigerant flow moving along
the surface of the inwardly projected partially spherical
portion, thus stabilizing the swirling refrigerant flow.
[0170] The gas refrigerant separator-cum-refrigerant
flow divider DR of the nineteenth embodiment, which is
configured as described above, has the same advantag-
es as the advantages (7) to (9), (11) to (13), (22), (23),
and (25), like the eighteenth embodiment. The nineteenth
embodiment also has the advantage described below.

(26) In the inlet chamber 10, which forms a swirling
refrigerant flow, the central part of the inner wall sur-
face 12a of the side wall 12 has the shape of an
inwardly projected partially spherical portion. The
space corresponding to the middle portion of the in-
ner wall surface 12a of the side wall 12, where min-
imum pressure acts, is thus reduced in size and
forms a guide wall. As a result, a refrigerant flow is
formed along the recessed portion around the in-
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wardly projected portion. This stabilizes swirling re-
frigerant flow.

(Twentieth Embodiment)

[0171] A gas refrigerant separator-cum-refrigerant
flow divider DR according to a twentieth embodiment of
the present invention will now be described with refer-
ence to Fig. 27.

[0172] The twentieth embodiment is modified from the
eighteenth embodiment in the shape of the side wall 32
of the outlet chamber 30. The other components of the
twentieth embodiment are configured identically to the
corresponding components of the eighteenth embodi-
ment.

[0173] Specifically, in the gas refrigerant separator-
cum-refrigerant flow divider DR of the eighteenth embod-
iment, the central part of the inner wall surface 32a of the
side wall 32 in the outlet chamber 30 is shaped as an
outwardly projected partially spherical portion. In con-
trast, in the twentieth embodiment, the central part of the
inner wall surface 32a of the side wall 32 in the outlet
chamber 30 is shaped like an inwardly projected partially
spherical portion. In other words, the central part of the
inner wall surface 32a of the side wall 32 is cut to be
inwardly projected like a partially spherical portion.
[0174] Inthe twentieth embodiment, after entering the
outlet chamber 30 through the communication port 21
while being maintained as an intense swirling flow, the
refrigerant exhibits such a density distribution that the
central portion is gas-refrigerant-rich and the vicinity of
the inner wall surface of the peripheral wall 33 is liquid-
refrigerant-rich. The center of the swirling flow is main-
tained in a position approximately at the center of the gas
refrigerant separator-cum-refrigerant flow divider DR.
The space corresponding to the central part of the inner
wall surface 32a of the side wall 32 in the outlet chamber
30, where minimum pressure acts, is thus reduced in size
and forms a guide wall. This forms a flow along the sur-
face of the inwardly projected partially spherical portion,
thus stabilizing a swirling refrigerant flow.

[0175] The gas refrigerant separator-cum-refrigerant
flow divider DR of the twentieth embodiment, which is
configured as described above, has the same advantag-
es as the advantages (7) to (9), (11) to (13), and (22) to
(24), like the eighteenth embodiment. The twentieth em-
bodiment also has the advantage described below.

(27) In the outlet chamber 30 in which a swirling flow
is maintained, the space corresponding to the central
part of the inner wall surface 32a of the side wall 32
is reduced in size and forms a guide wall. This forms
a flow along the surface of the inwardly projected
partially spherical portion, thus stabilizing a swirling
refrigerant flow.



45
(Twenty-First Embodiment)

[0176] A gas refrigerant separator-cum-refrigerant
flow divider DR according to a twenty-first embodiment
of the present invention will now be described with ref-
erence to Fig. 28.

[0177] The twenty-first embodiment is modified from
the eighteenth embodiment in the shape of the side wall
12 of the inlet chamber 10. The other components of the
twenty-first embodiment are configured identically to the
corresponding components of the eighteenth embodi-
ment.

[0178] Specifically, in the gas refrigerant separator-
cum-refrigerant flow divider DR of the eighteenth embod-
iment, the inner wall surface of the side wall 12 of the
outlet chamber 30 substantially as a whole is shaped like
an outwardly projected partially spherical portion about
the center corresponding to the center axis of the gas
refrigerant separator-cum-refrigerant flow divider DR. In
contrast, in the inner wall surface of the side wall 12 of
the outlet chamber 30 of the twenty-first embodiment,
only a portion near the center of the gas refrigerant sep-
arator-cum-refrigerant flow divider DR is locally projected
outward.

[0179] This configuration also forms a stagnant flow to
correct the center of a swirling refrigerant flow in the inlet
chamber 10 to a position approximately at the middle of
the outwardly projected partially spherical portion. The
center of the swirling flow is thus stabilized in the vicinity
of the center of the gas refrigerant separator-cum-refrig-
erant flow divider DR. In other words, the diameter of the
outwardly projected partially spherical portion with re-
spect to the inner wall surface 12a does not substantially
influence the function of the partially spherical portion.
[0180] The gas refrigerant separator-cum-refrigerant
flow divider DR of the twenty-first embodiment has the
same advantages as the advantages (7) to (9), (11), (13),
and (22) to (25), as in the gas refrigerant separator-cum-
refrigerant flow divider DR of the eighteenth embodiment.

(Twenty-Second Embodiment)

[0181] A gas refrigerant separator-cum-refrigerant
flow divider DR according to a twenty-second embodi-
ment of the present invention will now be described with
reference to Fig. 29.

[0182] The twenty-second embodiment is modified
from the eighteenth embodiment in segmentation of the
components configuring the gas refrigerant separator-
cum-refrigerant flow divider DR and the configuration of
the joint portion between the speed increasing chamber
20 and the outlet chamber 30.

[0183] Specifically, as illustrated in Fig. 29, the con-
tainer in the gas refrigerant separator-cum-refrigerant
flow divider DR of the twenty-second embodiment in-
cludes a straight communication passage 25, which is
formed in the joint portion between the speed increasing
chamber 20 and the outlet chamber 30 of the eighteenth
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embodiment and has a diameter substantially equal to
the diameter of the communication port 21. The joint por-
tion is identical to that of the fifteenth embodiment. The
components configuring the gas refrigerant separator-
cum-refrigerant flow divider DR include a member con-
figuring the inlet chamber 10 and the speed increasing
chamber 20 as an integral body, a member configuring
the peripheral wall 33 of the outlet chamber 30, and a
member configuring the side wall 32 of the outlet chamber
30 facing the communication port 21.

[0184] Inthe twenty-second embodiment, after having
been directed through the refrigerant inlet port 14, refrig-
erant forms a swirling flow in the inlet chamber 10. The
swirling flow gains speed in the speed increasing cham-
ber 20 and flows into the outlet chamber 30 after having
been subjected to nozzle action in the communication
passage 25. In the outlet chamber 30, the swirling flow
is maintained in a separated gas-liquid state. In this man-
ner, as in the eighteenth embodiment, the center of the
swirling flow is corrected to a position approximately at
the center of the gas refrigerant separator-cum-refriger-
ant flow divider DR in the inlet chamber 10, the speed
increasing chamber 20, and the outlet chamber 30 and
thus the swirling flow is stabilized. The communication
passage 25 is formed as an elongated straight passage
having a uniform diameter unlike the communication port
21 of the eighteenth embodiment. This stabilizes the
swirling speed. Also, the communication passage 25
brings about pronounced nozzle action. Accordingly,
even when a pulsating refrigerant flow is sent through
the refrigerant inlet pipe 11, uneven density distribution,
which causes pulsation, is canceled.

[0185] The gas refrigerant separator-cum-refrigerant
flow divider DR of the twenty-second embodiment has
the same advantages as the advantages (7) to (9), (11),
(13), (24), and (25), like the gas refrigerant separator-
cum-refrigerant flow divider DR of the eighteenth embod-
iment, as well as the same advantage as the advantage
(19) of the fifteenth embodiment. The twenty-second em-
bodiment also has the advantage described below.

(28) The gas refrigerant separator-cum-refrigerant
flow divider DR is formed by the member configuring
theinlet chamber 10 and the speed increasing cham-
ber 20 integrally, the member configuring the periph-
eral wall 33 of the outlet chamber 30, and the mem-
ber configuring the side wall 32 of the outlet chamber
30 facing the communication port 21. The member
configuring the inlet chamber 10 and the speed in-
creasing chamber 20 integrally is connected to the
member configuring the peripheral wall 33 of the out-
let chamber 30 at the joint portion. This configuration
allows joint of the components configuring the inlet
chamber 10, the speed increasing chamber 20, and
the outlet chamber 30 in a portion having a small
diameter, thus facilitating such joint. As a result, a
structural defect such as refrigerant leakage can be
easily avoided.
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(Twenty-Third Embodiment)

[0186] An expansion valve according to a twenty-third
embodiment of the present invention will hereafter be
described with reference to Figs. 30 and 31.

[0187] The expansion valve of the twenty-third embod-
iment is a combination of a typical conventional electric
expansion valve and a gas refrigerant separator-cum-
refrigerant flow divider DR according to the present in-
vention. Although any one of the above-described gas
refrigerant separator-cum-refrigerant flow dividers DR
may be combined with the expansion valve, the twenty-
third embodiment employs the gas refrigerant separator-
cum-refrigerant flow divider DR of the sixth embodiment
by way of example. In the following description of the
expansion valve, upward, downward, leftward, and right-
ward directions refer to corresponding directions as
viewed in Fig. 30(a). Also, the gas refrigerant separator-
cum-refrigerant flow divider DR will be described with
reference to Figs. 13.

[0188] Asillustrated in Fig. 30(a), the expansion valve
of the twenty-third embodiment has a body 50, which
substantially has a vertically elongated cylindrical shape.
Two pipe joint ports 50a, 50b are formed in the body 50.
In this configuration, an inlet pipe 51 is connected to the
pipe joint port 50a, which is formed in a side surface of
the body 50. An outlet pipe 52 is arranged below the body
50. The gas refrigerant separator-cum-refrigerant flow
divider DR of the sixth embodiment is connected to the
outlet pipe 52. In this case, the outlet pipe 52 is formed
by a short straight pipe and functions also as the afore-
mentioned refrigerant inlet pipe 11. Accordingly, as illus-
trated in Figs. 30(a) and 30(b), the gas refrigerant sepa-
rator-cum-refrigerant flow divider DR is arranged such
that the axis of the gas refrigerant separator-cum-refrig-
erant flow divider DR extends horizontally

[0189] With reference to Figs. 31, a valve chamber 53
is formed in the body 50 of the expansion valve. A valve
hole 54 is formed in the bottom wall of the valve chamber
53. The valve chamber 53 accommodates a needle valve
55, which is controlled to selectively ascend and descend
to separate from or contact the wall around the valve hole
54, thus adjusting the open degree of the valve hole 54.
In the expansion valve, the valve hole 54 and the needle
valve 55 configure a throttle portion 56. In the twenty-
third embodiment, the outlet pipe 52 is connected directly
to the refrigerant inlet port 14 (see Figs. 13) of the gas
refrigerant separator-cum-refrigerant flow divider DR.
Thatis, the outlet pipe 52 functions also as the refrigerant
inlet pipe 11 of the sixth embodiment. The length of the
outlet pipe 52 is set at a value suitable for introducing a
jet flow from the throttle portion 56 into the inlet chamber
10 through the refrigerant inlet port 14.

[0190] In this configuration, after having been throttled
by the expansion valve, a two-phase refrigerant flow is
sent into the inlet chamber 10 using intensity of a jet flow
through the throttle portion 56. This rapidly forms a swirl-
ing refrigerant flow in the inlet chamber 10, gathers liquid
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refrigerant in the vicinity of the inner wall surface of the
peripheral wall 13, and collects gas refrigerant to the
swirling central portion. Afterwards, gas refrigerant ex-
traction and refrigerant flow division are carried out ba-
sically in the same manner as the sixth embodiment. A
refrigerant circuit for a refrigerating apparatus using the
expansion valve may be configured by combining and
integrally joining the expansion valves 5A, 5B with the
gas refrigerant separator-cum-refrigerant flow divider DR
illustrated in Fig. 9, for example, according to the twenty-
third embodiment.

[0191] The expansion valve of the twenty-third embod-
iment combined with the gas refrigerant separator-cum-
refrigerant flow divider DR, which is configured as de-
scribed above, has the same advantages as the advan-
tages (7) to (11) of the third embodiment, like the sixth
embodiment. The expansion valve also has the advan-
tages described below.

(29) The expansion valve and the gas refrigerant
separator-cum-refrigerant flow divider DR are joined
integrally with each other through the outlet pipe 52.
This simplifies handling of the components.

(30) In the twenty-third embodiment, refrigerant is
jetted as mist through the expansion valve and en-
ters the inlet chamber 10 and forms a swirling flow.
This greatly decreases influence of gravity on the
swirling refrigerant flow. As a result, the expansion
valve is mounted in the refrigerating apparatus with
greatly improved flexibility.

(31) In the twenty-third embodiment, the expansion
valve and the gas refrigerant separator-cum-refrig-
erant flow divider DR are arranged close to each
other. Accordingly, when a two-phase gas-liquid re-
frigerant flow enters the expansion valve, the swirling
flow in the gas refrigerant separator-cum-refrigerant
flow divider DR causes a flow adjusting effect to de-
crease intermittent jet flow fluctuation. As a result,
noise typically caused by an intermittent refrigerant
flow is decreased.

(Twenty-Fourth Embodiment)

[0192] Arefrigerating apparatus according to a twenty-
fourth embodiment of the present invention will now be
described with reference to Fig. 32.

[0193] The refrigerating apparatus of the twenty-fourth
embodiment is modified from the second embodiment,
which is the refrigerant circuit illustrated in Fig. 7. In the
twenty-fourth embodiment, a gas refrigerant passage 3A
formed in the outdoor heat exchanger 3 and a gas refrig-
erant passage 6B arranged in the indoor heat exchanger
6 are connected to a point in the bypass circuit 7A and
the bypass circuit 7B, respectively, which are connected
to the corresponding gas refrigerant extracting pipes Pg.
[0194] This configuration causes heat exchange with
air using change in sensible heat of the gas refrigerant
extracted through each of the gas refrigerant extracting
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pipes Pg. As a result, the heat exchangers operate with
correspondingly improved efficiency.

[0195] The refrigerating apparatus of the twenty-fourth
embodiment has the same advantages as the advantag-
es (1) to (6) of the second embodiment and the advantage
described below.

(32) Using change in sensible heat of the gas refrig-
erant extracted through the gas refrigerant extracting
pipes Pg, heat exchange efficiency is enhanced.

(Twenty-Fifth Embodiment)

[0196] Arefrigerating apparatus according to a twenty-
fifth embodiment of the present invention will now be de-
scribed with reference to Fig. 33.

[0197] The refrigerating apparatus of the twenty-fifth
embodiment is modified from the fourth embodiment,
which is the refrigerant circuit illustrated in Fig. 11. In the
twenty-fifth embodiment, a supercooling heat exchanger
7C and a supercooling heat exchanger 8C are arranged
in the bypass circuit 7A, 7B, respectively, which are con-
nected to the corresponding gas refrigerant extracting
pipes Pg. The supercooling heat exchangers 7C, 8C are
connected to the passages at the inlet sides of the asso-
ciated expansion valves 5A, 5B.

[0198] In the configuration, each one of the supercool-
ing heat exchangers 7C, 8C causes heat exchange be-
tween the gas refrigerant extracted through the corre-
sponding one of the gas refrigerant extracting pipes Pg
and the liquid refrigerant at the inlet side of the associated
one of the expansion valves 5A, 5B. The refrigerant flow-
ing into each expansion valve 5A, 5B is thus cooled using
sensible heat of the gas refrigerant extracted through the
corresponding gas refrigerant extracting pipe Pg. This
also decreases dryness of the refrigerant flowing into the
expansion valves 5A, 5B, thus improving refrigerating
performance.

[0199] The refrigerating apparatus of the twenty-fifth
embodiment has the same advantages as the advantag-
es (7)o (9), (11), and (12) of the fourth embodiment and
the advantage described below.

(33) The refrigerant entering the expansion valves
5A, 5B is cooled using sensible heat of the extracted
gas refrigerant. This reduces dryness of the refrig-
erant flowing into each expansion valve 5A, 5B, thus
decreasing intermittent refrigerant noise in the ex-
pansion valves 5A, 5B.

(modifications)

[0200] The gas refrigerant separator, the gas refriger-
ant separator-cum-refrigerant flow divider, and the refrig-
erating apparatus according to the present invention are
not restricted to the forms of the illustrated embodiments
but may be embodied by modifying or combining different
components of different embodiments as necessary. Al-
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so, the gas refrigerant separator, the gas refrigerant sep-
arator-cum-refrigerant flow divider, and the refrigerating
apparatus are not restricted to the illustrated embodi-
ments but may be modified to the forms described below.
In these cases, each of the modifications is not only used
in the designated one of the embodiments but may be
combined with another embodiment or another modifi-
cation as necessary.

[0201] In the first embodiment, the outlet chamber 30
has the basic configuration Ill. However, when the gas
refrigerant extracting pipe Pg is connected to the inlet
chamber 10 as in the first embodiment, the outlet cham-
ber 30 may have the basic configuration |, Il, or IV,
[0202] The outlet chamber 30 of the second embodi-
ment has the basic configuration Ill. However, when the
double pipe structure having the refrigerant outlet pipe
31 as the outer pipe and the gas refrigerant extracting
pipe Pg as the inner pipe is employed as in the second
embodiment, the outlet chamber 30 may have the basic
configuration IV.

[0203] In the third embodiment, the outlet chamber 30
has the basic configuration Il. However, when the refrig-
erant outlet pipe 31 is modified to the flow dividing pipes
Pd and the gas refrigerant extracting pipe Pg is connect-
ed to the center of the inlet chamber 10 as in the third
embodiment, the outlet chamber 30 may have the basic
configuration I, 11, or IV.

[0204] In each of the gas refrigerant separator-cum-
refrigerant flow dividers DR of the fourth, fifth, seventh
to twelfth, and eighteenth to twenty-second embodi-
ments, the gas refrigerant extracting pipe Pg is connect-
ed to the outlet chamber 30. However, the gas refrigerant
extracting pipe Pg may be connected to the inlet chamber
10. Specifically, if the outlet chamber has the basic con-
figuration Il or IV as in these embodiments, gas refrig-
erant is collected to the central portions of the inlet cham-
ber 10 and the outlet chamber 30. As a result, the gas
refrigerant extracting pipe Pg may be connected to either
one of the inlet chamber 10 and the outlet chamber 30.
[0205] By modifying the flow dividing pipes Pd to the
refrigerant outlet pipe 31 in the gas refrigerant separator-
cum-refrigerant flow divider DR according to any one of
the third to twenty-second embodiments, a gas refriger-
ant separator configured similarly to the gas refrigerant
separator-cum-refrigerant flow divider DR may be pro-
vided.

[0206] In each of the illustrated embodiments, the
speed increasing chamber 20 substantially has a conical
shape having a diameter decreasing toward the outlet
chamber 30 at a constant rate. However, the speed in-
creasing chamber 20 is not restricted to this shape. Spe-
cifically, the speed increasing chamber 20 may have a
shape having an inclination angle changing in a stepped
manner as illustrated in Figs. 34(a) and 34(b). Alterna-
tively, with reference to Fig. 34(c), the speed increasing
chamber 20 have a shape having an inclination angle
that varies smoothly in a curved manner. In either case,
the speedincreasing chamber 20 has a tapered or curved
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surface such that the diameter of a swirling flow becomes
smaller toward the outlet port of the speed increasing
chamber. This increases the speed of the swirling refrig-
erant flow flowing from the inlet chamber 10, as in the
illustrated embodiments.

[0207] In each of the gas refrigerant separator-cum-
refrigerant flow dividers DR of the third, sixth, and thir-
teenth to eighteenth embodiments in which the gas re-
frigerant extracting pipe Pg is connected to the inlet
chamber 10, the plane defined by the opening of the com-
munication port 21 of the speed increasing chamber 20
may be inclined. In other words, although the plane de-
fined by the opening of the communication port 21 of the
speed increasing chamber 20 is a flat plane extending
perpendicular to the center axis of the outlet chamber 30
in these embodiments, the present invention is not re-
stricted to this. For example, as illustrated in Fig. 35, the
plane defined by the opening of the communication port
21 of the speed increasing chamber 20 may be inclined
with respect to the center axis of the outlet chamber 30.
This configuration regulates the flow direction of the re-
frigerant proceeding from the speed increasing chamber
20 into the outlet chamber 30 at the time when the refrig-
erant enters the outlet chamber 30. The configuration is
thus preferable for a case in which refrigerant flow
amounts are regulated to vary from one flow dividing pipe
Pd to another.

[0208] In the gas refrigerant separator SG or the gas
refrigerant separator-cum-refrigerant flow divider DR ac-
cording to any one of the first to third, fifth, sixth, and
ninth to seventeenth embodiments, the inlet chamber 10
may have a conical shape as in the case of the seventh
embodiment. This achieves the advantage (13) of the
seventh embodiment.

[0209] In the gas refrigerant separator SG or the gas
refrigerant separator-cum-refrigerant flow divider DR ac-
cording to any one of the first to third, fifth, sixth, and
ninth to seventeenth embodiments, the inlet chamber 10
may have an inclined cylindrical shape as in the case of
the eighth embodiment. This achieves the advantage
(13) of the seventh embodiment.

[0210] The gas refrigerant separator-cum-refrigerant
flow divider DR of any one of the ninth to thirteenth em-
bodiments is modified from the gas refrigerant separator-
cume-refrigerant flow divider DR of the fourth embodiment
by adding the flow adjusting portion 14a. The flow ad-
justing portion 14a may be added also to the gas refrig-
erant separator or the gas refrigerant separator-cum-re-
frigerant flow divider of any one of the other embodi-
ments.

[0211] The gas refrigerant separator-cum-refrigerant
flow divider DR of the thirteenth embodiment is modified
from the gas refrigerant separator-cum-refrigerant flow
divider of the sixth embodiment by adding the step 16.
The step 16 may be added also to the gas refrigerant
separator or the gas refrigerant separator-cum-refriger-
ant flow divider of any one of the other embodiments.
[0212] The gas refrigerant separator-cum-refrigerant
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flow divider DR of the fourteenth embodiment is modified
from the gas refrigerant separator-cum-refrigerant flow
divider of the sixth embodiment by adding the annular
groove portion 17. The annular groove portion 17 may
be added also to the gas refrigerant separator or the gas
refrigerant separator-cum-refrigerant flow divider of any
one of the other embodiments.

[0213] The gas refrigerant separator-cum-refrigerant
flow divider DR of the fifteenth embodiment is modified
from the gas refrigerant separator-cum-refrigerant flow
divider of the sixth embodiment by adding the straight
communication passage 25, which is formed in the joint
portion between the speed increasing chamber 20 and
the outlet chamber 30 and has a diameter substantially
equal to the diameter of the communication port 21. How-
ever, the present invention is not restricted to this. The
straight communication passage 25 may be added also
to the gas refrigerant separator or the gas refrigerant sep-
arator-cum-refrigerant flow divider of any one of the other
embodiments.

[0214] The gas refrigerant separator-cum-refrigerant
flow divider DR of the sixteenth embodiment is modified
from the gas refrigerant separatar-cum-refrigerant flow
divider of the sixth embodiment by adding the short
straight communication passage 25, which is formed in
the joint portion between the speed increasing chamber
20 and the outlet chamber 30 and has a diameter sub-
stantially equal to the diameter of the communication port
21, and the conical portion 26 having a diameter increas-
ing toward the outlet chamber 30. However, the present
invention is not restricted to this. The straight communi-
cation passage 25 and the conical portion 26 may be
added also to the gas refrigerant separator or the gas
refrigerant separator-cum-refrigerant flow divider of any
one of the other embodiments.

[0215] The filter for removing foreign matter such as
dust from refrigerant is mounted in the gas refrigerant
separator-cum-refrigerant flow divider DR of the seven-
teenth embodiment. The filter may be employed in the
gasrefrigerant separator or the gas refrigerant separator-
cum-refrigerant flow divider of any one of the other em-
bodiments.

[0216] In the expansion valve of the twenty-third em-
bodiment, the gas refrigerant separator-cum-refrigerant
flow divider DR of the sixth embodiment is connected
integrally to a typical expansion valve. However, the gas
refrigerant separator-cum-refrigerant flow divider DR of
any one of the other embodiments may be connected to
the expansion valve.

[0217] In the expansion valve of the twenty-third em-
bodiment, the gas refrigerant separator-cum-refrigerant
flow divider DR is connected integrally to the expansion
valve. Instead of this configuration, the gas refrigerant
separator SG may be connected integrally to the expan-
sion valve and a refrigerant flow divider, which is a sep-
arate body, may be connected to the gas refrigerant sep-
arator SG as in conventional cases.

[0218] In the expansion valve of the twenty-third em-
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bodiment, the outlet pipe 52 is connected to the pipe joint
port 50b, which is formed in the lower portion of the body
of the expansion valve, and the gas refrigerant separator-
cum-refrigerant flow divider DR is connected to the outlet
pipe 52. However, the present invention is not restricted
to this. In other words, with reference to Figs. 36, the
outlet pipe 52 may be connected to the pipe joint port
50a, which is formed in the side surface of the expansion
valve. The gas refrigerant separator-cum-refrigerant flow
divider DR is connected to the outlet pipe 52. Also, in
these cases, the orientation of the gas refrigerant sepa-
rator-cum-refrigerant flow divider DR may be reversed in
the axial direction.

[0219] The device to which the gas refrigerant sepa-
rator SG or the gas refrigerant separator-cum-refrigerant
flow divider DR according to the presentinvention is con-
nected is not restricted to the expansion valve as in the
above-described cases. For example, the gas refrigerant
separator SG of the invention may be connected to a
device that generates a two-phase gas-liquid flow, such
as an orifice, a nozzle, or an ejector. The gas refrigerant
separator SG or the gas refrigerant separator-cum-re-
frigerant flow divider DR may thus be used in combination
with the device to separate gas refrigerant from refriger-
ant sent from the aforementioned device.

[0220] A gas refrigerant separator-cum-refrigerant
flow divider DR illustrated in Fig. 37 is an example of a
combination of different components from different ones
of the illustrated embodiments. Specifically, the illustrat-
ed gas refrigerant separator-cum-refrigerant flow divider
DR is the gas refrigerant separator-cum-refrigerant flow
divider DR of the fifteenth embodiments in which the inlet
chamber 10 is conically shaped like the inlet chamber 10
of the seventh embodiment and the step 16 is formed in
the joint portion between the inlet chamber 10 and the
speed increasing chamber 20 as in the thirteenth em-
bodiment. Also in this case, the characteristics of the
components are effectively brought about.

[0221] A gas refrigerant separator-cum-refrigerant
flow divider DR illustrated in Fig. 38 is another example
of a combination of different components from different
embodiments. Specifically, the illustrated gas refrigerant
separator-cum-refrigerant flow divider DR is the gas re-
frigerant separator-cum-refrigerant flow divider DR of the
sixteenth embodiment in which the inlet chamber 10 is
conically shaped like the inlet chamber 10 of the seventh
embodiment and the step 16 is formed in the joint portion
between the inlet chamber 10 and the speed increasing
chamber 20 as in the thirteenth embodiment. Also in this
case, the components effectively exhibit their character-
istics.

[0222] In the third to seventeenth embodiments, the
three flow dividing pipes Pd are circumferentially ar-
ranged and spaced apart at equal pitches. However, the
number or arrangement of the flow dividing pipes Pd is
not restricted to this. For example, four or more flow di-
viding pipes Pd may be arranged in a circumferential di-
rection and spaced apart at equal pitches or two flow
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dividing pipes Pd may be employed. Since the eighteenth
to twenty-second embodiments each include a great
number of flow dividing pipes Pd, which are eighteen flow
dividing pipes Pd, each of these embodiments may be
used in a large-sized apparatus.

[0223] In each of the refrigerating apparatuses illus-
trated in Figs. 3, 7, 9, 11, 27, and 28, the gas refrigerant
separator SG or the gas refrigerant separator-cum-re-
frigerant flow divider DR according to any one of the first
to fourth embodiments is employed. However, in these
apparatuses, the gas refrigerant separator SG or the gas
refrigerant separator-cum-refrigerant flow divider DR ac-
cording to any one of the other embodiments or any one
of the modifications may be used. Alternatively, as in the
twenty-third embodiment, the gas refrigerant separator
SG or the gas refrigerant separator-cum-refrigerant flow
divider DR may be connected integrally to the expansion
valve.

[0224] In the refrigerating apparatuses illustrated in
Figs. 3,7,9, 11,27, and 28, the check valves 8A, 8B are
arranged in the corresponding bypass circuits 7A, 7B.
However, an on-off valve or a fully closable flow control
valve may be employed instead of each of the check
valves 8A, 8B. In these cases, to prevent the gas dis-
charged from the compressor 1 from flowing in the by-
pass passages 7A, 7B using the on-off valves or the flow
control valves, not the check valves 8A, 8B, the on-off
valves or the flow control valves may be closed. Further,
in an operating mode allowing gas refrigerant to pass
through the bypass circuits 7A, 7B, the on-off valves or
the flow control valves regulate the bypassing amount to
adjust the degree of superheating of the gas refrigerant
returning to the compressor to an appropriate value. In
this manner, the amount of the gas refrigerant extracted
from the gas refrigerant separator SG or the gas refrig-
erant separator-cum-refrigerant flow divider DR is max-
imized. Also, if an on-off valve for flow control or a flow
control valve is mounted in each of the bypass circuits
7A, 7B to accomplish the above-described operation, the
on-off valves or the flow control valves may be arranged
in series with the corresponding check valves 8A, 8B in
the bypass circuits 7A, 7B. In this configuration, unnec-
essary refrigerant circulation through the bypass circuits
is prevented without operating the on-off valves or the
flow control valves.

[0225] In the first to seventeenth embodiments, the in-
let chamber, the speed increasing chamber, and the out-
let chamber have non-chamfered edge portions and joint
portions. However, as in the eighteenth to twenty-second
embodiments, these edge portions and joint portions may
be rounded appropriately to have smooth shapes when
the apparatuses are actually manufactured.

[0226] In each of the gas refrigerant separatar-cum-
refrigerant flow dividers DR of the eighteenth, nineteenth,
twenty-first, and twenty-second embodiments, the cen-
tral part of the inner wall surface of the side wall 32 in the
outlet chamber 30 is shaped like an outwardly projected
partially spherical portion. The central portion of the inner
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wall surface of the side wall 32 may be configured in the
same manner even for the outlet chamber 30 having the
basic configuration lll as in the fourth embodiment or the
outlet chamber 30 having the basic configuration IV as
in the fifth embodiment.

[0227] Inthe gasrefrigerant separator-cum-refrigerant
flow divider DR of the twentieth embodiment, the central
portion of the inner wall surface of the side wall 32 in the
outlet chamber 30 is shaped like an inwardly projected
partially spherical portion. The central part of the inner
wall surface of the side wall 32 may be configured in the
same manner even for the outlet chamber 30 having the
basic configuration Ill as in the fourth embodiment or the
outlet chamber 30 having the basic configuration IV as
in the fifth embodiment.

In each of the gas refrigerant separator-cum-refrigerant
flow dividers DR of the eighteenth and twentieth to twen-
ty-second embodiments, the central part of the inner wall
surface of the side wall 12 in the inlet chamber 10 is
shaped like an outwardly projected partially spherical
portion. The central portion of the inner wall surface of
the side wall 12 of the inlet chamber 10 may be configured
in the same manner in the other embodiments.

[0228] Inthe gas refrigerant separator-cum-refrigerant
flow divider DR of the nineteenth embodiment, the central
part of the inner wall surface of the side wall 12 in the
inlet chamber 10 is shaped like an inwardly projected
partially spherical portion. The central portion of the inner
wall surface of the side wall 12 of the inlet chamber 10
may be configured in the same manner in the other em-
bodiments.

DESCRIPTION OF THE REFERENCE NUMERALS

[0229] d1,d2, d3...diameter, DR...gas refrigerant sep-
arator-cum-refrigerant flow divider, Pd...flow dividing
pipe (serving as refrigerant outlet pipe), Pg...gas refrig-
erant extracting pipe, r1, r2... radius, SG... gas refrigerant
separator, 3...outdoor heat exchanger (operating as
heating evaporator), 6... indoor heat exchanger (operat-
ing as cooling evaporator), 5A, 58... expansion valve, 7A,
7B...bypass circuit, 7C, 8C... supercooling heat exchang-
er, 8A, 8B...check valve, 10... inlet chamber, 12, 32...
side wall, 12a, 32a... inner wall surface, 13, 33... periph-
eral wall, 14... refrigerant inlet port, 14a...flow adjusting
portion, 16...step, 17...annular groove portion,
20...speed increasing chamber, 21...communication
port, 25...communication passage, 26...conical portion,
27.. filter, 30...outlet chamber, 31...refrigerant outlet
pipe, 51...inlet pipe, 52...outlet pipe, 56...throttled portion

Claims

1. A gas refrigerant separator characterized by:

an inlet chamber that guides refrigerantin a two-
phase gas-liquid state along an inner wall sur-
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face of a peripheral wall of a chamber having a
circular cross section, the refrigerant being
caused to swirl along the inner wall surface;

a speed increasing chamber that has a circular
cross section and s joined coaxially with the inlet
chamber in the axial direction, the speed in-
creasing chamber increasing the speed of a
swirling refrigerant flow directed from the inlet
chamber into the speed increasing chamber;
an outlet chamber that is joined coaxially with
the speed increasing chamber in the axial direc-
tion and has a circular cross section, the outlet
chamber receiving the swirling refrigerant flow
flowing through a communication port formed at
a distal end of the speed increasing chamber,
the diameter of the outlet chamber being greater
than the opening diameter of the communication
port;

a refrigerant inlet port formed in the inner wall
surface of the peripheral wall of the inlet cham-
ber;

a refrigerant outlet pipe for discharging the re-
frigerant from the outlet chamber after gas re-
frigeranthas been separated and extracted from
the refrigerant; and

a gas refrigerant extracting pipe for extracting
the gas refrigerant collected at a center portion
of the swirling refrigerant flow.

The gas refrigerant separator according to claim 1,
characterized in that the speed increasing cham-
beris configured to increase the speed of the swirling
flow by causing the refrigerant that has been directed
from the inlet chamber to swirl along an inner wall
surface of a peripheral wall shaped like a surface
tapered or curved toward the communication port.

The gas refrigerant separator according to claim 1
or 2, characterized in that the outlet chamber has
acylindrical shape, wherein the diameter of the com-
munication port of the speed increasing chamber
and the diameter and the axial dimension of the outlet
chamber are selected such that the refrigerant that
has been directed from the speed increasing cham-
ber is caused to swirl in the outlet chamber and the
center portion of the swirling contains only the gas
refrigerant.

The gas refrigerant separator according to claim 1
or 2, characterized in that the outlet chamber has
a conical shape gradually enlarging from the speed
increasing chamber toward the distal end, wherein
the diameter of the communication port of the speed
increasing chamber and the maximum diameter and
the axial dimension of the outlet chamber are select-
ed such that the refrigerant that has been directed
from the speed increasing chamber is caused to swirl
in the outlet chamber and that a middle portion of



10.

1.

57
the swirling contains only the gas refrigerant.

The gas refrigerant separator according to claim 4,
characterized in that the peripheral wall of the
speed increasing chamber and the peripheral wall
of the speed increasing chamber are formed by wall
surfaces that form a smoothly curved surface with
the communication port located therebetween.

The gas refrigerant separator according to claim 5,
characterized in that the speed increasing cham-
ber and the outlet chamber are formed integrally with
each other, wherein the inlet chamber is formed in-
dependently and joined to the speed increasing
chamber.

The gas refrigerant separator according to claim 1
or 2, characterized in that the diameter of the com-
munication port of the speed increasing chamber
and the diameter and the axial dimension of the outlet
chamber are selected such that, in the outlet cham-
ber, the refrigerant directed from the speed increas-
ing chamber is blown toward and caused to strike
the peripheral wall through centrifugal force pro-
duced by the swirling flow and is thus stirred in the
outlet chamber.

The gas refrigerant separator according to claim 1
or 2, characterized in that the diameter of the com-
munication port of the speed increasing chamber is
selected such that, in the outlet chamber, the refrig-
erant directed from the speed increasing chamber
is subjected to a throttle effect in the communication
port and thus sprayed in a homogeneous gas-liquid
distribution state.

The gas refrigerant separator according to any one
of claims 1 to 8, characterized in that the gas re-
frigerant extracting pipe is configured to extract the
gas refrigerant that has been separated and collect-
ed at a center of the refrigerant swirling in the inlet
chamber.

The gas refrigerant separator according to any one
of claims 3 to 6, characterized in that the gas re-
frigerant extracting pipe is configured to extract the
gas refrigerant that has been separated and collect-
ed at a center of the refrigerant swirling in the outlet
chamber.

The gas refrigerant separator according to claim 10,
characterized in that the gas refrigerant extracting
pipe is configured to extract the gas refrigerant that
has been separated and collected at the center of
the refrigerant swirling in the outlet chamber, wherein
the refrigerant outlet pipe is formed as an outlet pipe
having alarge diameter and is connected to the outlet
chamber to direct liquid-rich refrigerant swirling
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around the gas refrigerant extracting pipe to the ex-
terior, and the gas refrigerant extracting pipe is in-
serted in the refrigerant outlet pipe to form an inner
pipe of a double pipe structure having the refrigerant
outlet pipe as an outer pipe.

The gas refrigerant separator according to any one
of claims 1 to 11, characterized in that the inlet
chamber has a cylindrical shape.

The gas refrigerant separator according to any one
of claims 1 to 11, characterized in that the inlet
chamber substantially has a conical shape having a
diameter increasing toward the speed increasing
chamber.

The gas refrigerant separator according to any one
of claims 1 to 11, characterized in that the inlet
chamber has an inclined cylindrical shape, wherein
the inlet chamber is inclined in a direction in which
refrigerant flow introduced therein is guided to the
speed increasing chamber.

The gas refrigerant separator according to any one
of claims 1 to 14, characterized in that the inlet
chamber has a flow adjusting portion that is formed
in the refrigerant inlet port to apply a swirling com-
ponent to a refrigerant flow introduced therein.

The gas refrigerant separator according to any one
of claims 1 to 15, characterized in that a central
part of an inner wall surface of a side wall of the inlet
chamber at the side opposite to the speed increasing
chamber has an outwardly projected partially spher-
ical shape.

The gas refrigerant separator according to any one
of claims 1 to 15, characterized in that a central
part of an inner wall surface of a side wall of the inlet
chamber at the side opposite to the speed increasing
chamber has an inwardly projected partially spheri-
cal shape.

The gas refrigerant separator according to any one
of claims 1 to 10 and 12 to 16, characterized in that
a central part of an inner wall surface of a side wall
of the outlet chamber that faces the communication
port of the speed increasing chamber has an out-
wardly projected partially spherical shape.

The gas refrigerant separator according to any one
of claims 1to 10 and 12 to 16, characterized in that
a central part of an inner wall surface of a side wall
of the outlet chamber that faces the communication
port of the speed increasing chamber has an inward-
ly projected partially spherical shape.

The gas refrigerant separator according to any one
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of claims 1 to 19, characterized in that a step is
formed in a joint portion between the inlet chamber
and the speed increasing chamber such that the di-
ameter of the inlet chamber is greater than the di-
ameter of the speed increasing chamber.

The gas refrigerant separator according to any one
of claims 1 to 19, characterized in that an annular
groove portion having a diameter greater than both
the diameter of the inlet chamber and the diameter
of the speed increasing chamber is formed in a joint
portion between the inlet chamber and the speed
increasing chamber.

The gas refrigerant separator according to any one
of claims 1 to 4 and 7 to 21, characterized in that
a straight communication passage having a diame-
ter substantially equal to the diameter of the com-
munication port is formed in a joint portion between
the speed increasing chamber and the outlet cham-
ber.

The gas refrigerant separator according to any one
of claims 1 to 4 and 7 to 21, characterized in that
a conical portion having a diameter increasing to-
ward the outlet chamber, starting from the diameter
of the communication port, is formed in a joint portion
between the speed increasing chamber and the out-
let chamber, wherein the conical portion is connect-
ed directly to the outlet chamber.

The gas refrigerant separator according to any one
of claims 1 to 23, characterized in that the speed
increasing chamber and the outlet chamber are
formed separately from each other and joined to-
gether at a joint portion between the speed increas-
ing chamber and the outlet chamber.

The gas refrigerant separator according to any one
of claims 1 to 24, characterized in that a filter for
removing undesirable matter from the refrigerant is
mounted in the gas refrigerant separator.

A gas refrigerant separator-cum-refrigerant flow di-
vider characterized in that

the refrigerant outlet pipe of the gas refrigerant sep-
arator according to any one of claims 1 to 25 is con-
figured as a plurality of flow dividing pipes connected
to a plurality of refrigerant passages in an evapora-
tor, and

the flow dividing pipes are spaced apart at equal in-
tervals along a circumference spaced from the axis
by a certain distance, the flow dividing pipes being
formed such that the radius of an inscribed circle of
the flow dividing pipes is greater than the radius of
the communication port and that the radius of the
outlet chamber is smaller than or equal to the radius
of an inscribed circle of the refrigerant inlet port.
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The gas refrigerant separator-cum-refrigerant flow
divider according to claim 26, characterized in that
the outlet chamber is formed such that the flow di-
viding pipes are arranged in the vicinity of the pe-
ripheral wall of the outlet chamber.

The gas refrigerant separatar-cum-refrigerant flow
divider according to claim 26 or 27, characterized
in that the communication port of the speed increas-
ing member is formed such that the communication
port has an inclined end surface.

An expansion valve having an inlet pipe, an outlet
pipe, and a throttle portion formed in the expansion
valve, the expansion valve being characterized in
that the gas refrigerant separator according to any
one of claims 1 to 25 is connected to the outlet pipe,
arefrigerant jet flow through the throttle portion being
introduced into the inlet chamber via the outlet pipe.

An expansion valve having an inlet pipe, an outlet
pipe, and a throttle portion formed in the expansion
valve, the expansion valve being characterized in
that the gas refrigerant separator-cum-refrigerant
flow divider according to any one of claims 26 to 28
is connected to the outlet pipe, a refrigerant jet flow
through the throttle portion being introduced into the
inlet chamber via the outlet pipe.

A refrigerating apparatus characterized in that
the gas refrigerant separator according to any one
of claims 1 to 25 is connected to an outlet side of an
expansion valve,

the refrigerant outlet pipe is connected to a plurality
of refrigerant pipes of an evaporator through the flow
dividing pipes, and

the gas refrigerant extracting pipe bypasses refrig-
erant passages for directing divided flows of the re-
frigerant and is connected to an outlet side of the
evaporator.

A refrigerating apparatus characterized in that
the gas refrigerant separator-cum-refrigerant flow di-
vider according to any one of claims 26 to 28 is con-
nected to an outlet side of an expansion valve,

the flow dividing pipes are connected to a plurality
of refrigerant passages in an evaporator, and

the gas refrigerant extracting pipe bypasses the re-
frigerant passages and is connected to an outlet side
of the evaporator.

A refrigerating apparatus using the expansion valve
according to claim 29 or 30, characterized in that
the refrigerant outlet pipe is connected to a plurality
of refrigerant passages in an evaporator and that the
gas refrigerant extracting pipe bypasses the refrig-
erant passages and is connected to an outlet side
of the evaporator.
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The refrigerating apparatus according to any one of
claims 31 to 33, characterized in that the gas re-
frigerant extracting pipe is connected directly to an
outlet pipe of the evaporator.

The refrigerating apparatus according to any one of
claims 31 to 33, characterized in that the gas re-
frigerant extracting pipe is connected to an outlet
pipe of the evaporator via a gas refrigerant passage
formed in the evaporator.

The refrigerating apparatus according to any one of
claims 31 to 33, characterized in that the gas re-
frigerant extracting pipe is connected to an outlet
pipe of the evaporator via a supercooling heat ex-
changer arranged at an inlet side of the expansion
valve, the supercooling heat exchanger causing heat
exchange with liquid refrigerant at an inlet side of the
expansion valve.

The refrigerating apparatus according to any one of
claims 31 to 36, characterized in that a flow control
valve is arranged in a circuit through which the gas
refrigerant extracting pipe is connected to an outlet
of the evaporator.

The refrigerating apparatus according to any one of
claims 31 to 36, characterized in that a refrigerant
circuit is configured as a heat pump cycle capable
of performing a reversible cycle and that a check
valve for preventing a refrigerant flow from an outlet
of the evaporator to the gas refrigerant extracting
pipe is arranged in a circuit through which the gas
refrigerant extracting pipe is connected to the outlet
of the evaporator.

The refrigerating apparatus according to any one of
claims 31 to 36, characterized in that a refrigerant
circuit is configured as a heat pump cycle capable
of performing a reversible cycle, that a fully closable
flow control valve is arranged in a circuit through
which the gas refrigerant extracting pipe is connect-
ed to an outlet of the evaporator, and that the flow
control valve is fully closed in an operating cycle in
which a refrigerant flow from the outlet of the evap-
orator to the gas refrigerant extracting pipe is pro-
duced.
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