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Description

TECHNICAL FIELD

[0001] The present invention relates to a refrigerating
apparatus performing a vapor compression refrigeration
cycle by circulating carbon dioxide and particularly re-
lates to a measure to reduce pressure pulsation of the
refrigerant flowing in a refrigerant circuit and being com-
pressed to over its critical pressure.

Background Art

[0002] Conventionally, refrigerating apparatuses in-
cluding a refrigerant circuit performing a vapor compres-
sion refrigeration cycle have been known.
[0003] For example, Patent Document 1 discloses a
refrigerating apparatus using carbon dioxide as the re-
frigerant. A compressor, a radiator, a positive displace-
ment type expander, and an evaporator are connected
to the refrigerant circuit of this refrigerating apparatus. In
the compressor, the refrigerant is compressed to over its
critical pressure. The refrigerant discharged from the
compressor radiates heat in the radiator, and is expand-
ed in the expander. Thereafter, the refrigerant is evapo-
rated in the evaporator, and is then sucked into the com-
pressor to be compressed again. For example, in a heat-
ing operation of this refrigerating apparatus, heat re-
leased from the radiator heats an indoor room.
[0004] In the expansion mechanism of the expander,
a refrigerant expansion operation is performed in such a
manner that the piston revolves to increase the volume
of the expansion chamber. The refrigerant on the inflow
side and outflow side of the expander becomes compar-
atively high in density. Therefore, the expansion opera-
tion by the expander accompanies variation in pressure
of the refrigerant on the inflow side and outflow side of
the expander to cause large pressure pulsation of the
refrigerant. The pressure pulsation of the refrigerant may
cause noise generation or malfunction of instruments
connected to the refrigerant pipes.
[0005] To tackle this problem, Patent Document 2 pro-
poses a refrigerating apparatus in which a pulsation ab-
sorbing accumulator is provided on the inflow side of the
expander for reducing the pressure pulsation of the re-
frigerant. This accumulator includes a sealed container
housing a bag-shaped membrane. Inside the membrane,
a high-pressure nitrogen gas is encapsulated. When the
pressure of the refrigerant flowing, for example, on the
inflow side of the expander is increased, the membrane
contracts to increase the effective volume of the sealed
container. As a result, the pressure of the refrigerant low-
ers to mitigate and absorb the pressure pulsation of the
refrigerant.

Patent Document 1: Japanese Unexamined Patent
Application Publication 2000-234814
Patent Document 2: Japanese Unexamined Patent

Application Publication 2004-190938

US 4,878,350 relates to a surge bottle or pulsation damp-
ening device for cryogenic services and comprises three
sections: a liquid sump section comprised of an enclosed
area containing a volume of an incompressible fluid; a
warm gas volume section comprised of an enclosed area
containing a volume of a compressible warm gas; and a
laminar flow section which connects and allows for com-
munication between the liquid sump section and the
warm gas volume section.

DISCLOSURE OF THE INVENTION

PROBLEMS THAT THE INVENTION IS TO SOLVE

[0006] However, the accumulator disclosed in Patent
Document 2 necessitates the membrane to make the de-
vice configuration comparatively complicated, thereby
shortening its lifetime and increasing its cost.
[0007] The present invention has been made in view
of the foregoing, and its objective is to reduce, in a re-
frigerating apparatus performing a vapor compression
refrigeration cycle, the pressure pulsation of refrigerant
on the inflow side or outflow side of an expander by a
comparatively simple device configuration.

MEANS FOR SOLVING THE PROBLEMS

[0008] A first aspect of the present invention is directed
to a refrigerating apparatus according to claim 1.
[0009] In the first aspect, a compressor (20) and a pos-
itive displacement type expander (22) are provided in a
refrigerant circuit (10). In the refrigerant circuit (10), the
refrigerant is compressed in the compressor (20), while
being expanded in the expander (22), thereby performing
the vapor compression refrigeration cycle. In the present
aspect, the muffler (30, 40, 50) is provided on the inflow
side of the expander (22). This muffler is of any one of
expansion type, branch pipe type, and interference type.
When the refrigerant flows in the muffler (30, 40, 50), the
pressure variation of the refrigerant is suppressed to re-
duce the pressure pulsation of the refrigerant.
[0010] The refrigerant circuit (10) uses carbon dioxide
as the refrigerant for performing the refrigeration cycle,
in which the compressor (20) compresses the refrigerant
to over its critical pressure.
[0011] When the refrigeration cycle in which carbon
dioxide is compressed to over its critical pressure is per-
formed, the refrigerant flowing on the inflow side and out-
flow side of the expander (22) becomes comparatively
low in sonic speed. The lower the sonic speed of the
refrigerant of which the sound is to be muffled is, the
more the muffler (30, 40, 50) of expansion type, branch
pipe type, or interference type according to the present
invention can be reduced in size. Accordingly, in this as-
pect, the pressure pulsation of the refrigerant can be re-
duced effectively, while size reduction of the muffler (30,
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40, 50) can be contemplated.
[0012] The refrigerant circuit (10) includes pressure re-
ducing means (24) for allowing high-pressure refrigerant
to be in a gas-liquid two-phase state by reducing its pres-
sure, and the muffler (30, 40, 50) is provided between
the outflow side of the pressure reducing means (24) and
the inflow side of the expander (22).
[0013] When the refrigerant passes through the pres-
sure reducing means (24), the high-pressure refrigerant
having been compressed in the compressor (20) is re-
duced in pressure to be in a gas-liquid two-phase state.
This refrigerant in the gas-liquid two-phase state flows
into the muffler (30, 40, 50). The refrigerant in the gas-
liquid two-phase state flowing in the muffler (30, 40, 50)
is further lower in sonic speed than, for example, refrig-
erant in a gas state. In consequence, in the present as-
pect, the pressure pulsation of the refrigerant can be re-
duced further effectively, while size reduction of the muf-
fler (30, 40, 50) can be contemplated.
[0014] Referring to another aspect not part of the
claimed invention, the expander (22) alternatively allows
high-pressure refrigerant to be in a gas-liquid two-phase
state by reducing its pressure, and the muffler (30, 40,
50) is provided on the outflow side of the expander (22).
[0015] In this case, the refrigerant having been re-
duced in pressure in the expander (22) to be in the gas-
liquid two-phase state flows into the muffler (30, 40, 50).
Accordingly, in the present aspect, similarly to the case
in the third aspect, the sonic speed of the refrigerant flow-
ing in the muffler (30, 40, 50) becomes low to lead to size
reduction of the muffler (30, 40, 50).
[0016] Referring to another aspect of the present in-
vention, the refrigerating apparatus may further include:
an expansion type muffler (30) including an expansion
passage (32) including at the respective ends thereof
opening parts to which refrigerant pipes are connected,
the expansion passage (32) having a diameter larger
than each of the refrigerant pipes, and a partition plate
(60) including an opening (61) having a diameter smaller
than an inner diameter of a refrigerant pipe at an opening
part of the expansion passage (32) on the side of the
expander (22).
[0017] The use of the expansion type muffler (30) may
cause resonance of a pressure wave generated in the
expander (22) to invite noise generation in a refrigerant
pipe connecting the expander (22) and the muffler (30).
Specifically, the refrigerant expansion operation by the
expander (22) allows a traveling wave of sound to
progress from the expander (22) toward the muffler (30),
so that this pressure wave enters the expansion passage
(32). At the opening part on the inflow side of the expan-
sion passage (32), the traveling wave of the sound is
readily reflected, which means that the reflected wave is
liable to progress from the muffler (30) toward the ex-
pander (22). For this reason, the traveling wave of the
sound from the expander (22) and the reflected wave
from the muffler (30) resonate with each other in the re-
frigerant pipe between the expander (22) and the muffler

(30), thereby readily generating noise. To tackle this
problem, in the present aspect, the partition plate (60) is
provided at the opening part of the expansion passage
(32) on the side of the expander (22). The partition plate
(60) has the opening smaller in diameter than the refrig-
erant pipe to function as a generally-called orifice at the
opening part of the expansion passage (32). As a result,
in the present aspect, the partition plate (60) can prevent
generation of the reflected wave from the expansion pas-
sage (32) toward the expander (22) to prevent resonance
in the refrigerant pipe between the expander (22) and
the muffler (30).
[0018] Referring to another aspect of the present in-
vention, the refrigerating apparatus may further include:
an expansion type muffler (30) including an expansion
passage (32) including at the respective ends thereof
opening parts to which refrigerant pipes are connected,
the expansion passage (32) having a diameter larger
than each of the refrigerant pipes, wherein the expansion
passage (32) is formed in a spiral shape.
[0019] Accordingly, in the present aspect, the muffler
(30) can be reduced in size with the length of the expan-
sion passage (32) sufficiently secured.

ADVANTAGES OF THE INVENTION

[0020] In the present invention, the muffler (30, 40, 50)
of expansion type, branch pipe type, or interference type
is provided on the inflow side of the expander (22) to
reduce the pressure pulsation of the refrigerant. The muf-
flers (30, 40, 50) of these types have a device configu-
ration simpler than, for example, the accumulate in Pat-
ent Document 2, thereby enabling contemplation of a low
cost muffler. Such the simple device configuration facil-
itates the maintenance of the muffler (30, 40, 50).
[0021] The muffler (30, 40, 50) is applied to a refriger-
ant circuit (10) in which carbon dioxide is compressed to
over its critical pressure. The refrigeration cycle in which
the refrigerant is compressed to over its critical pressure
lowers comparatively the sonic speed of the refrigerant
flowing in the muffler (30, 40, 50), thereby leading to a
compact design of the muffler (30, 40, 50).
[0022] Further, the refrigerant in the gas-liquid two-
phase state is allowed to flow into the muffler (30, 40,
50). The flow rate of the refrigerant in the gas-liquid two-
phase state flowing in the muffler (30, 40, 50) lowers fur-
ther to lead to a further compact design of the muffler
(30, 40, 50).
[0023] Moreover, the partition plate (60) serving as an
orifice may be provided at the opening part of the expan-
sion passage (32) on the side of the expander (22) in the
expansion type muffler (30). This prevents resonance
from causing in the refrigerant pipe between the muffler
(30) and the expander (22). As a result, noise generation
caused due to the resonance can be suppressed.
[0024] Additionally, the expansion passage (32) may
be formed in a spiral shape. This can lead to a further
compact design of the muffler (30) with the channel length
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of the expansion passage (32) sufficiently secured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

[FIG. 1] FIG. 1 is a schematic diagram showing a
configuration of a refrigerant circuit of a refrigerating
apparatus which is not part of the invention
[FIG. 2] FIG. 2 is a schematic diagram showing a
configuration of an expansion type muffler in accord-
ance with the apparatus of Fig.1.
[FIG. 3] FIG. 3 is a schematic diagram showing a
configuration of a refrigerant circuit of a refrigerating
apparatus which is not part of the invention
[FIG. 4] FIG. 4 is a schematic diagram showing a
configuration of an expansion type muffler in accord-
ance with the apparatus of Fig. 3.
[FIG. 5] FIG. 5 is a schematic diagram showing a
configuration of a refrigerant circuit of a refrigerating
apparatus in accordance with the invention.
[FIG. 6] FIG. 6 is a schematic diagram showing a
configuration of a branch pipe type muffler.
[FIG. 7] FIG. 7 is a schematic diagram showing a
configuration of an interference type muffler.
[FIG. 8] FIG. 8 is a schematic perspective view of an
expansion type muffler in a spiral shape.
[FIG. 9] FIG. 9 is a schematic diagram showing a
configuration of a refrigerant circuit switchable be-
tween a cooling operation and a heating operation.

INDEX OF REFERENCE NUMERALS

[0026]

1 air conditioner
10 refrigerating apparatus
20 compressor
22 expander
24 expansion valve (pressure reducing means)
30 expansion type muffler (muffler)
40 branch pipe type muffler (muffler)
50 interference type muffler (muffler)
60 partition plate

BEST MODE FOR CARRYING OUT THE INVENTION

[0027] Configurations will be described below in detail
with reference to the accompanying drawings.

Configuration 1

[0028] The configuration 1 will be described. Configu-
ration 1 illustrates the basic configuration of a refrigerat-
ing apparatus which is not part of the the claimed inven-
tion.
[0029] A refrigerating apparatus in accordance with
configuration 1 composes an air conditioner (1) for indoor

air conditioning. The refrigerating apparatus (1) includes
a refrigerant circuit (10) performing a vapor compression
refrigeration cycle by circulating refrigerant. The refrig-
erant circuit (10) is filled with carbon dioxide as the re-
frigerant. The refrigeration cycle in which the refrigerant
is compressed to over its critical pressure is performed
in the refrigerant circuit (10).
[0030] In the refrigerant circuit (10), a compressor (20),
a radiator (21), an expander (22), and an evaporator (23)
are connected to one another by means of refrigerant
pipes (11, 12, 10 13, 14). Specifically, to the discharge
side of the compressor (20), one end of a discharge pipe
(11) is connected. The other end of the discharge pipe
(11) is connected to one end of the radiator (21). The
other end of the radiator (21) is connected to one end of
an inflow pipe (12). The other end of the inflow pipe (12)
is connected to the inflow side of the expander (22). The
outflow side of the expander (22) is connected to one
end of an 15 outflow pipe (13). The other end of the out-
flow pipe (13) is connected to one end of the evaporator
(23). The other end of the evaporator (23) is connected
to one end of a suction pipe (14). The other end of the
suction pipe (14) is connected to the suction side of the
compressor (20).
[0031] The compressor (20) is of positive displacement
type. The compressor (20) 20 accommodates in its cas-
ing a rotary compression mechanism. The compression
mechanism of the compressor (20) compresses gas re-
frigerant up to a pressure over its critical pressure. The
radiator (21) is disposed in an indoor space, for example,
and is composed of a fin-and-tube type heat exchanger.
In the radiator (21), heat is radiated from the high-tem-
perature high-pressure refrigerant indoors. The expand-
er (22) is of 25 positive displacement type. The expander
(22) accommodates in its casing a rotary expansion
mechanism. The expansion mechanism of the expander
(22) reduces the pressure of the high-pressure refriger-
ant to allow it to be in a gas-liquid two-phase state.
[0032] The evaporator (23) is disposed in an outdoor
space, for example, and is composed of a fin-and-tube
heat exchanger. In the evaporator (23), the low-pressure
liquid refrigerant absorbs heat from the outdoor air to be
evaporated.
[0033] An expansion type muffler (30) is provided in
the refrigerant circuit (10). The expansion type muffler
(30) is mounted to the inflow pipe (12) on the inflow side
of the expander (22). As shown in FIG. 2, the expansion
type muffler (30) includes a hollow cylindrical casing (31),
in which a cylindrical expansion passage (32) is formed.
The expansion passage (32) includes an opening part at
one end thereof to which a refrigerant inflow pipe (12a)
is connected, and an opening part at the other end thereof
to which a refrigerant outflow pipe (12b) is connected.
Each inner diameter of the refrigerant inflow pipe (12a)
and the refrigerant outflow pipe (12b) is set at approxi-
mately 10 mm, and the inner diameter of the casing (31)
is set at approximately 30 mm. Namely, the inner diam-
eter of the casing (31) is approximately three times as
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large as each inner diameter of the refrigerant pipes (12a,
12b) connected to the respective ends of the casing (31).
The channel length 1 of the expansion passage (32) is
set at approximately 70 cm. The channel length 1 of the
expansion passage (32) may be designed according to
the sonic speed of the refrigerant which can be obtained
from the property and driving condition of the refrigerant
flowing in the expansion passage (32) and the frequency
of the pressure pulsation which can be obtained from the
rotating speed of the expansion mechanism of the ex-
pander (22).
[0034] The expansion type muffler (30) includes a par-
tition plate (60) at the opening part of the expansion pas-
sage (32) on the side of the expander (22). The partition
plate (60) has a circular opening (61) having a diameter
smaller than the inner diameter of the refrigerant outflow
pipe (12b), and is fitted in the refrigerant outflow pipe
(12b). The partition plate (60) functions as an orifice for
preventing resonance of the pressure wave from the ex-
pander (22) accompanied by the operation of the expand-
er (22).

- Operation Behavior -

[0035] Basic operation behavior of the air conditioner
(1) will be described next. During the operation of the air
conditioner (1), the compression mechanism of the com-
pressor (20) and the expansion mechanism of the ex-
pander (22) are driven. In the compression mechanism
of the compressor (20), the gas refrigerant is compressed
to over its critical pressure. The refrigerant compressed
in the compressor (20) is discharged into the discharge
pipe (11). The refrigerant flowing in the discharge pipe
(11) flows into the radiator (21). In the radiator (21), the
refrigerant radiates heat indoors to heat the indoor air.
The refrigerant having radiated the heat in the radiator
(21) flows into the inflow pipe (12) and the expansion
type muffler (30), and flows then into the expander (22).
[0036] In the expansion mechanism of the expander
(22), the high-pressure refrigerant is reduced in pressure
to be low-pressure refrigerant in a gas-liquid two-phase
state. The refrigerant having been reduced in pressure
in the expander (22) flows out into the outflow pipe (13).
The refrigerant flowing in the outflow pipe (13) flows into
the evaporator (23). In the evaporator (23), the refrigerant
absorbs heat from the outdoor air to be evaporated. The
gas refrigerant having been evaporated in the evaporator
(23) flows into the suction pipe (14), and is then sucked
into the compressor (20). In the compression mechanism
of the compressor (20), the refrigerant is compressed
again to over its critical pressure.

- Pressure Pulsation Suppressing Behavior of Muffler -

[0037] In the operation of the above-described air con-
ditioner (1), refrigerant compression by the compressor
(20) may accompany variation in pressure of the refrig-
erant flowing in the refrigerant circuit (10), which can

cause pressure pulsation of the refrigerant in any of the
refrigerant pipes (11, 12, 13, 14). Particularly, in the inflow
pipe (12) on the inflow side of the expander (22), the
refrigerant at a comparatively high density flows, and
therefore, large pressure pulsation is liable to be caused.
To tackle this problem, in the air conditioner (1), the ex-
pansion type muffler (30) is provided to minimize the
pressure pulsation of the refrigerant on the inflow side of
the expander (22).
[0038] Specifically, the high-pressure refrigerant hav-
ing radiated heat in the radiator (21) flows into the ex-
pansion type muffler (30). In the expansion passage (32),
a wave by the pressure variation of the refrigerant re-
ceives interference to mitigate the pressure variation of
the refrigerant. As a result, the pressure pulsation of the
refrigerant on the inflow side of the expander (22) is re-
duced.
[0039] In association with the expansion operation of
the expander (22), a traveling wave of sound progresses
from the inflow side of the expander (22) toward the ex-
pansion type muffler (30). In the case where the partition
plate (60) is not provided at the opening part of the ex-
pansion passage (32) on the side of the expander (22),
this traveling wave is reflected by the opening part of the
expansion passage (32), and accordingly, the reflected
wave from the expansion passage (32) toward the ex-
pander (22) is readily produced. Resonance of the
traveling wave and the reflected wave may generate
noise in the refrigerant outflow pipe (12b). To tackle this
problem, the partition plate (60) is provided at the opening
part of the expansion passage (32) on the side of the
expander (22) in the present embodiment. With the par-
tition plate (60) provided, the reflected wave from the
expansion type muffler (30) toward the expander (22) is
not produced to suppress resonance in the refrigerant
outflow pipe (12b).

- Advantages

[0040] The expansion type muffler (30) is provided on
the inflow side of the expander (22). This can reduce the
pressure pulsation of the refrigerant on the inflow side of
the expander (22) effectively, while the muffler is simpli-
fied. In consequence, in the present invention, cost re-
duction of the muffler can be contemplated when com-
pared with the conventional accumulator. Such the sim-
plified configuration of the muffler can facilitate the main-
tenance of the muffler (30).
[0041] The carbon dioxide is compressed to over its
critical pressure in the refrigerant circuit (10). This lowers
the flow rate of the refrigerant flowing in the expansion
type muffler (30). By this lowering, the channel length 1
of the expansion passage (32) can be shortened. Thus,
the expansion type muffler (30) can be reduced in size.
[0042] Further, the partition plate (60) serving as an
orifice is provided at the opening part of the expansion
passage (32) on the side of the expander (22). This can
prevent resonance from causing in the refrigerant pipe
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between the expansion type muffler (30) and the expand-
er (22) (refrigerant outflow pipe (12b)). Hence, noise gen-
erated due to the resonance can be avoided.

<Configuration 2>

[0043] In an air conditioner (1) in accordance with con-
figuration 2 which is not part of the claimed invention, 10
as shown in FIG. 3 and FIG. 4, the same expansion type
muffler (30) as that in configuration 1 provided to the out-
flow pipe (13) on the outflow side of the expander (22)
(between a refrigerant inflow pipe (13a) and a refrigerant
outflow pipe (13b)). In this refrigerant circuit (10), the
high-pressure refrigerant at a pressure over its critical
pressure is reduced in pressure in the expander (22) to
be in a gas-liquid two-phase state. 15 Thereafter, the
refrigerant in the gas-liquid two-phase state flows into
the expansion type muffler (30). As a result, the pressure
pulsation of the refrigerant on the outflow side of the ex-
pander (22) can be reduced.
[0044] Further, by allowing the refrigerant in the gas-
liquid two-phase state to flow into the expansion type
muffler (30), the sonic speed of the refrigerant flowing in
the expansion passage (32) can be reduced further when
compared with, for example, that of gas refrigerant. Ac-
cordingly, the channel length 1 of the expansion passage
(32) can be further shortened, thereby enabling contem-
plation of reduction in size of the expansion type muffler
(30).
[0045] The partition plate (60) is provided at the open-
ing part of the 25 expansion passage (32) on the side of
the expander (22) (the refrigerant inflow pipe (13a)). This
can prevent the aforementioned resonance from being
caused in the refrigerant inflow pipe (13a).

<EMBODIMENT>

[0046] In an air conditioner (1) in accordance with an
Embodiment of the present invention, as shown in FIG.
5, an expansion valve (24) is provided between the ra-
diator (21) and the expander (22). The expansion valve
(24) serves as pressure reducing means for allowing the
high-pressure refrigerant having radiated heat in the ra-
diator (21) to be in a gas-liquid two-phase state by re-
ducing its pressure. In the embodiment, the same expan-
sion type muffler (30) as that in above unclaimed config-
urations is provided between the outflow side of the pres-
sure reducing valve (24) and the inflow side of the ex-
pander (22).
[0047] The refrigerant in the gas-liquid two-phase state
is allowed to flow into the expansion type muffler (30).
This lowers the flow rate of the refrigerant flowing in the
expansion passage (32) to lead to shortening of the
length of the expansion passage (32).

<OTHER EMBODIMENTS>

[0048] In each of the embodiments, the expansion type

muffler (30) is provided on the inflow side of the expander
(22). Rather than the expansion type muffler (30), a
branch pipe type muffler (40) shown in FIG. 6 or an in-
terference type muffler (50) shown in FIG. 7 may be em-
ployed.
[0049] Specifically, the branch type muffler (40) shown
in FIG. 6 includes a branch pipe (41) branching from a
refrigerant pipe (12, 13) on the inflow side or outflow side
of the expander (22), and having a closed distal end. In
the branch pipe type muffler (40), interference in pressure
variation is allowed to be caused between the refrigerant
flowing in the branch pipe (41) branching from the refrig-
erant pipe (12, 13) and the refrigerant having been re-
flected by the closed end of the branch pipe (41) to thus
reduce the pressure pulsation of the refrigerant.
[0050] The interference type muffler (50) shown in FIG.
7 includes an interference pipe (51) branching from a
refrigerant pipe (12, 13) on the inflow side of the expander
(22), and interflowing again with refrigerant pipe (12, 13).
In the interference type muffler (50), interference in pres-
sure variation is allowed to be caused between the re-
frigerant flowing in the refrigerant pipe (12, 13) and the
refrigerant flowing in the interference pipe (51) to reduce
the pressure pulsation of the refrigerant. Each of the muf-
flers (40, 50) has a device configuration simpler than the
conventional accumulator, thereby enabling contempla-
tion of cost reduction and maintenance facilitation of the
muffler.
[0051] Referring again to the expansion type muffler
(30), as shown in FIG. 8, the expansion passage (32)
may be formed in a spiral or coil shape, for example. The
spiral expansion passage (32) can lead to a compact
design of the expansion type muffler (30) with the channel
length of the expansion passage (32) secured to some
extent.
[0052] In the refrigerant circuit (10) in a four-way
switching valve (25) and a bridge circuit (26) including
four check valves may be provided, as shown in FIG. 9,
to make the air conditioner (1) switchable between a cool-
ing operation and a heating operation. In this refrigerant
circuit (10), provision of any of the mufflers (30, 40, 50)
on the inflow side of the expander (22) can reduce the
pressure pulsation of the refrigerant on the inflow side or
outflow side of the expander (22) during each operation.
[0053] In each of the embodiments, carbon dioxide is
used as the refrigerant in the refrigerant circuit (10) for
performing the refrigeration cycle in which the carbon
dioxide is compressed to over its critical pressure.
[0054] In each of the above embodiments, the com-
pression mechanism of the compressor (20) and the ex-
pansion mechanism of the expander (22) may be con-
nected to each other by means of a rotary shaft to com-
pose a generally-called single shaft expander-compres-
sor unit.
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Claims

1. A refrigerating apparatus including a refrigerant cir-
cuit (10) to which a compressor (20) and a positive
displacement type expander (22) are connected and
which performs a refrigeration cycle by circulating
refrigerant, comprising:

any one of an expansion type muffler (30), a
branch pipe type muffler (40), and an interfer-
ence type muffler (50) wherein
the refrigerant circuit (10) uses carbon dioxide
as the refrigerant for performing the refrigeration
cycle, in which the compressor (20) compresses
the refrigerant to over its critical pressure, char-
acterized in that
the refrigerant circuit (10) includes pressure re-
ducing means (24) for allowing high-pressure
refrigerant to be in a gas-liquid two-phase state
by reducing its pressure, and
the muffler (30, 40, 50) is provided between the
outflow side of the pressure reducing means
(24) and the inflow side of the expander (22).

2. The refrigerating apparatus of claim 1, comprising:

an expansion type muffler (30) including a ex-
pansion passage (32) including at the respective
ends thereof opening parts to which refrigerant
pipes are connected, the expansion passage
(32) having a diameter larger than each of the
refrigerant pipes, and
a partition plate (60) including an opening (61)
having a diameter smaller than an inner diame-
ter of a refrigerant pipe at an opening part of the
expansion passage (32) on the side of the ex-
pander (22).

3. The refrigerating apparatus of claim 1, comprising:

an expansion type muffler (30) including a ex-
pansion passage (32) including at the respective
ends thereof opening parts to which refrigerant
pipes are connected, the expansion passage
(32) having a diameter larger than each of the
refrigerant pipes,
wherein the expansion passage (32) is formed
in a spiral shape.

Patentansprüche

1. Kühlvorrichtung mit einem Kältemittelkreislauf (10),
an den ein Kompressor (20) und eine positive Ver-
drängungsexpansionseinrichtung (22) angeschlos-
sen sind, und der einen Kühlkreislauf durchführt, in-
dem ein Kältemittel zirkuliert wird, umfassend:

einen Expansions-Schalldämpfer (30), einen
Abzweigrohr-Schalldämpfer (40) oder einen In-
terferenz-Schalldämpfer (50), wobei
der Kältemittelkreislauf (10) Kohlendioxid als
Kältemittel für die Durchführung des Kühlkreis-
laufs verwendet, in dem der Kompressor (20)
das Kältemittel über seinen kritischen Druck hi-
naus komprimiert, dadurch gekennzeichnet,
dass der Kältemittelkreislauf (10) Druckminde-
rungsmittel (24) aufweist, um es einem Hoch-
druckkältemittel zu ermöglichen, in einem Gas-
Flüssig-Zweiphasenzustand zu sein, indem der
Druck des Hochdruckkältemittels verringert
wird, und
der Schalldämpfer (30, 40, 50) zwischen der
Ausströmseite des Druckminderungsmittels
(24) und der Anströmseite der Expansionsein-
richtung (22) vorgesehen ist.

2. Kühlvorrichtung nach Anspruch 1, umfassend:

einen Expansions-Schalldämpfer (30), der ei-
nen Expansionskanal (32) aufweist, der an den
jeweiligen Enden Öffnungsteile aufweist, an die
Kältemittelleitungen angeschlossen sind, der
Expansionskanal (32) einen Durchmesser auf-
weist, der größer ist als jede der Kältemittellei-
tungen, und
eine Trennplatte (60), die eine Öffnung (61) mit
einem Durchmesser kleiner als ein Innendurch-
messer einer Kältemittelleitung an einem Öff-
nungsteil des Expansionskanals (32) auf der
Seite der Expansionseinrichtung (22) aufweist.

3. Kühlvorrichtung nach Anspruch 1, umfassend:

einen Expansions-Schalldämpfer (30), der ei-
nen Expansionskanal (32) aufweist, der an den
jeweiligen Enden Öffnungsteile aufweist, an die
Kältemittelleitungen angeschlossen sind, der
Expansionskanal (32) einen Durchmesser auf-
weist, der größer ist als jede der Kältemittellei-
tungen,
wobei der Expansionskanal (32) in einer Spiral-
form ausgebildet ist.

Revendications

1. Appareil de réfrigération incluant un circuit de réfri-
gérant (10) auquel un compresseur (20) et un dé-
tendeur du type à déplacement positif (22) sont con-
nectés et qui effectue un cycle de réfrigération en
faisant circuler un réfrigérant , comprenant :

l’un quelconque d’un silencieux du type à ex-
pansion (30), d’un silencieux du type à tuyau
d’embranchement (40) et d’un silencieux du ty-
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pe à interférence (50), dans lequel
le circuit de réfrigérant (10) utilise du dioxyde de
carbone comme réfrigérant pour effectuer le cy-
cle de réfrigération, dans lequel le compresseur
(20) comprime le réfrigérant à plus de sa pres-
sion critique,
caractérisé en ce que :

le circuit de réfrigérant (10) inclut un moyen
de réduction de pression (24) pour permet-
tre à du réfrigérant haute pression d’être
dans un état à deux phases gaz-liquide en
réduisant sa pression, et
le silencieux (30, 40, 50) est disposé entre
le côté de décharge du moyen de réduction
de pression (24) et le côté d’entrée du dé-
tendeur (22).

2. Appareil de réfrigération selon la revendication 1,
comprenant :

un silencieux du type à expansion (30) incluant
un passage d’expansion (32) comportant à ses
extrémités respectives des parties d’ouverture
auxquelles des tuyaux de réfrigérant sont con-
nectés, le passage d’expansion (32) ayant un
diamètre supérieur à celui de chacun des tuyaux
de réfrigérant et
une plaque de séparation (60) incluant une
ouverture (61) ayant un diamètre inférieur au
diamètre intérieur d’un tuyau de réfrigérant dans
une partie d’ouverture du passage d’expansion
(32) sur le côté du détendeur (22).

3. Appareil de réfrigération selon la revendication 1,
comprenant :

un silencieux du type à expansion (30) incluant
un passage d’expansion (32) comportant à ses
extrémités respectives des parties d’ouverture
auxquelles des tuyaux de réfrigérant sont con-
nectés, le passage d’expansion (32) ayant un
diamètre supérieur à celui de chacun des tuyaux
de réfrigérant,
dans lequel le passage d’expansion (32) est for-
mé en spirale.
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