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(54) REFRIGERATION DEVICE

(57) In a refrigerant circuit (10) of a refrigerating ap-
paratus (1), a pulsation absorbing device (30) is provided.
In the pulsation absorbing device (30), a piston (32) is
accommodated in a cylinder member (31) to divide its
cylinder chamber into a pressure buffering chamber (33)
and a back pressure chamber (34). The pressure buff-

ering chamber (33) is connected to a second high-pres-
sure refrigerant pipe (12) on the inflow side of an expand-
er (22) through a first connection pipe (35). The back
pressure chamber (34) is connected to a first high-pres-
sure refrigerant pipe (11) on the discharge side of a com-
pressor (20) through a second connection pipe (36) and
a capillary tube (37).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a refrigerating
apparatus performing a vapor compression refrigeration
cycle by circulating refrigerant, and particularly relates to
a measure to reduce pressure pulsation of the refrigerant
flowing in a refrigerant circuit.

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 refrigerating apparatus performing the re-
frigeration cycle by circulating the refrigerant, the refrig-
erant compressing operation by the compressor and the
refrigerant expanding operation by the expander may ac-
company variation in pressure of the refrigerant to cause
large pressure pulsation of the refrigerant. This may lead
to noise generation or malfunction of instruments con-
nected to the refrigerant pipes.
[0005] To tackle this problem, Patent Document 2 pro-
poses provision of a pulsation absorbing mechanism in-
side the expander for reducing the pressure pulsation of
the refrigerant. The pressure absorbing mechanism in-
cludes a hollow cylinder chamber formed in an expansion
mechanism expanding the refrigerant, and a piston ac-
commodated in the cylinder chamber. The cylinder
chamber communicates with a refrigerant inflow-side
passage formed in the casing of the expander. When the
pressure of the refrigerant flowing in the inflow-side pas-
sage varies, the piston shifts to change the volume of the
cylinder chamber. Thus, in the expander in Patent Doc-
ument 2, the pressure variation of the refrigerant is re-
duced by changing the volume of the cylinder to reduce
the aforementioned pressure pulsation.

Patent Document 1: Japanese Unexamined Patent
Application Publication 2000-234814
Patent Document 2: Japanese Unexamined Patent
Application Publication 2004-286880

DISCLOSURE OF THE INVENTION

PROBLEMS THAT THE INVENTION IS TO SOLVE

[0006] The larger the volume of the cylinder chamber
is, the more effectively the pressure absorbing mecha-
nism as in Patent Document 2 can absorb the pressure
of the refrigerant. However, accommodation of the pres-
sure absorbing mechanism inside the expander is re-
stricted due to the present of other components of the
expander, and therefore, the space for accommodating
the pressure absorbing mechanism cannot be sufficiently
secured. This might require minimization of the pressure
absorbing mechanism to prevent the pressure absorbing
mechanism from significantly reducing the pressure pul-
sation of the refrigerant.
[0007] The present invention has been made in view
of the foregoing, and its objective is to significantly reduce
the pressure pulsation of refrigerant in a refrigerating ap-
paratus performing a vapor compression refrigeration cy-
cle.

MEANS FOR SOLVING THE PROBLEMS

[0008] A first aspect of the present invention is directed
to a refrigerating apparatus including a refrigerant circuit
(10) to which a compressor (20) is connected and which
performs a vapor compression refrigeration cycle by cir-
culating refrigerant in refrigerant pipes (11, 12, 13 ,14).
The refrigerating apparatus includes: a pulsation absorb-
ing device (30) including: a hollow cylinder member (31);
a piston (32) partitioning an internal space of the cylinder
member (31) into a first chamber (33) and a second
chamber (34) and shifting in the cylinder member (31)
according to pressure variation in the first chamber (33),
and a first connection pipe (35) connecting the first cham-
ber (33) to a refrigerant pipe (11, 12, 13, 14).
[0009] In the first aspect, the pulsation absorbing de-
vice (30) is provided in the refrigerating apparatus per-
forming the vapor compression refrigeration cycle. In the
pulsation absorbing device (30), the cylinder member
(31), the piston (32), and the first connection pipe (35)
are provided. In the present invention, the first chamber
(33) in the cylinder member (31) is connected to the re-
frigerant pipe (11, 12, 13, 14) through the first connection
pipe (35). In other words, the pulsation absorbing device
(30) in the present invention is mounted, rather than in-
side the expander as in Patent Document 2, to the refrig-
erant pipe (11, 12, 13, 14) for connecting the compressor,
the expander, and the like to each other. Accordingly, in
the present invention, this pressure absorbing mecha-
nism, which can be comparatively large in size, can be
mounted to the refrigerant pipe (11, 12, 13, 14) without
restraint of other components, such as those of the com-
pressor.
[0010] In the pulsation absorbing device (30), variation
in pressure of the refrigerant flowing in the refrigerant
pipe (11, 12, 13, 14) connected to the first connection
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pipe (35) accompanies shifting of the piston (32). Spe-
cifically, for example, when the pressure of the refrigerant
in the refrigerant pipe (11, 12, 13, 14) increases, the pis-
ton (32) shifts toward the second chamber (34) to in-
crease the volume of the first chamber (33). This reduces
each pressure in the first chamber (33) and the refrigerant
pipe (11, 12, 13, 14) communicating with the first cham-
ber (33) through the first connection pipe (35) to suppress
the pressure increase of the refrigerant. Reversely, for
example, when the pressure of the refrigerant in the re-
frigerant pipe (11, 12, 13 14) lowers, the piston (32) shifts
toward the first chamber (33) to reduce the volume of the
first chamber (33). This increases each pressure in the
first chamber (33) and the refrigerant pipe (11, 12, 13,
14) communicating with the first chamber (33) through
the first connection pipe (35) to suppress the pressure
lowering of the refrigerant.
[0011] Referring to a second aspect of the present in-
vention, in the first aspect, the pulsation absorbing device
(30) includes a second connection pipe (36) connecting
the second chamber (34) and a refrigerant pipe (11, 12,
13, 14) and including a throttling mechanism (37), and
the first connection pipe (35) and the second connection
pipe (36) are connected to a refrigerant pipe (11, 12, 13,
14) at the same refrigerant pressure.
[0012] In the pulsation absorbing device (30) in the
second aspect, the second connection pipe (36) and the
throttling mechanism (37) are provided. The second con-
nection pipe (36) and the first connection pipe (35) are
connected to the refrigerant pipe(s) (11, 12, 13, 14) in
which the refrigerant at the same pressure flows in the
refrigerant circuit (10). Accordingly, the pressure in the
refrigerant pipe (11, 12, 13, 14) works on the first chamber
(33) from the first connection pipe (35), while the pressure
in the refrigerant pipe (11, 12, 13, 14) from the second
connection pipe (35) works on the second chamber (34)
after being reduced by the throttling mechanism (37). In
this aspect, the pressure of the refrigerant having re-
duced in the throttling mechanism (37) is allowed to work
on the surface of the piston (32) in the second chamber
(34) to absorb the pressure pulsation of the refrigerant
in the first chamber (33).
[0013] Specifically, in a normal state in which the pres-
sure in the refrigerant pipe (11, 12, 13, 14) is constant,
the piston (32) stays at a predetermined point in the cyl-
inder member (31). When the pressure of the refrigerant
in the refrigerant pipe (11, 12, 13, 14) increases from that
in the normal state, the pressure in the first chamber (33)
becomes abruptly higher than the that in the second
chamber (34) due to no pressure reduction by the throt-
tling mechanism (37) in the first connection pipe (35) to
destroy the pressure balance between the chambers (33,
34). Accordingly, the piston (32) shifts to increase the
volume of the first chamber (33), so that the refrigerant
is sucked by the increased volume into the first chamber
(33) through the first connection pipe (35). As a result,
each pressure of the first chamber (33) and the refrigerant
pipe (11, 12, 13, 14) communicating with the first cham-

ber (33) lowers to suppress the pressure increase in the
refrigerant pipe (11, 12, 13, 14). This accordingly de-
creases the volume of the second chamber (34). How-
ever, with the throttling mechanism (37) provided in the
second connection pipe (36), it is hard for refrigerant in
the second chamber (34) to flow into the refrigerant pipe
(11, 12, 13, 14) through the second connection pipe (34).
Accordingly, the volume decrease of the second cham-
ber (34) gradually increases the pressure in the second
chamber (34) to balance the pressure between the first
chamber (33) and the second chamber (34) again.
[0014] Reversely, when the pressure of the refrigerant
in the refrigerant pipe (11, 12, 13, 14) lowers from that in
the normal state, the pressure in the first chamber (33)
becomes abruptly lower than the that in the second cham-
ber (34) due to no pressure reduction by the throttling
mechanism (37) to destroy the pressure balance be-
tween the chambers (33, 34). Accordingly, the piston (32)
shifts to decrease the volume of the first chamber (33),
so that the refrigerant is pushed out by the decreased
volume into the refrigerant pipe (11, 12, 13, 14) through
the first connection pipe (35). As a result, each pressure
of the first chamber (33) and the refrigerant pipe (11, 12,
13, 14) communicating with the first chamber (33) in-
creases to suppress the pressure lowering of the refrig-
erant. In this time, the volume of the second chamber
(34) increases. However, with the throttling mechanism
(37) provided in the second connection pipe (36), it is
hard for the refrigerant in the refrigerant pipe (11, 12, 13 ,
14) to flow into the second chamber (34) through the
second connection pipe (36). Accordingly, the volume
increase of the second chamber (34) gradually lowers
the pressure in the second chamber (34) to balance the
pressure between the first chamber (33) and the second
chamber (34) again.
[0015] Referring to a third aspect of the present inven-
tion, in the second aspect, a positive-displacement type
expander (22) is connected to the refrigerant circuit (10),
the first connection pipe (35) is connected to a refrigerant
pipe (12) on an inflow side of the expander (22), and the
second connection pipe (36) is connected to a refrigerant
pipe (11) on a discharge side of the compressor (20).
[0016] In the third aspect, the compressor (20) and the
expander (22) are connected to the refrigerant circuit
(10). The refrigerant is compressed in the compressor
(20) to be high-pressure refrigerant, radiates heat in a
heat exchanger or the like, and then flows into the ex-
pander (22). In the expander (22), the high-pressure re-
frigerant is reduced in pressure to be low-pressure re-
frigerant. The low-pressure refrigerant then evaporates
in a heat exchanger or the like. This refrigerant is com-
pressed again in the compressor (20) to be high-pressure
refrigerant.
[0017] In the present aspect, the first connection pipe
(35) is connected to the refrigerant pipe (12) on the inflow
side of the expander (22). The refrigerant on the inflow
side of the expander (22) has comparatively higher den-
sity than high-pressure gas refrigerant and the like, and
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is therefore liable to cause large pressure pulsation. To
tackle this problem, the first connection pipe (35) is con-
nected to the refrigerant pipe (12) on the inflow side of
the expander (22) in the present aspect to effectively re-
duce the pressure pulsation of the refrigerant in the re-
frigerant pipe (12).
[0018] Further, in the present aspect, the second con-
nection pipe (36) is connected to the refrigerant pipe (11)
on the discharge side of the compressor (20). Accord-
ingly, the second chamber (34) is filled with the refrigerant
discharged from the compressor (20). The refrigerant dis-
charged from the compressor (20) is more compressive
than high-pressure liquid refrigerant. Therefore, even
when the piston (32) shifts accompanied by pressure var-
iation of the refrigerant in the first chamber (33), the pres-
sure in the second chamber (34) less varies. Accordingly,
in the pulsation absorbing device (30) in the present as-
pect, the responsiveness of the piston (32) upon the pres-
sure variation in the first chamber (33) can be enhanced
to increase the efficiency of pressure pulsation absorp-
tion by the pulsation absorbing device (30).
[0019] Referring to a fourth aspect of the present in-
vention, in the first aspect, a positive-displacement type
expander (22) is connected to the refrigerant circuit (10),
and both the first connection pipe (35) and the second
connection pipe (36) are connected to one (13) of refrig-
erant pipes on an inflow side and an outflow side of the
expander.
[0020] In the fourth aspect, the first connection pipe
(35) and the second connection pipe (36) are connected
to the refrigerant pipe (12) on the inflow side of the ex-
pander (22) or to the refrigerant pipe (13) on the outflow
side of the expander (22). Since the refrigerant on the
outflow side and the inflow side of the expander (22) has
comparatively high density, large pressure pulsation of
the refrigerant is liable to be caused. To tackle this prob-
lem, the pulsation absorbing device (30) is provided to
the refrigerant pipes (12, 13) in the present aspect to
effectively reduced the pressure pulsation of the refrig-
erant in the refrigerant pipes (12, 13).
[0021] Referring to a fifth aspect of the present inven-
tion, in the second aspect, a positive-displacement type
expander (22) is connected to the refrigerant circuit (10),
the first second connection pipe (35) is connected to a
refrigerant pipe (13) on an outflow side of the expander
(22), and the second connection pipe (36) is connected
to a refrigerant pipe (14) on a suction side of the com-
pressor (20).
[0022] In the fifth aspect, the first connection pipe (35)
is connected to the refrigerant pipe (13) on the outflow
side of the expander (22), so that the pulsation absorbing
device (30) can effectively reduce the pressure pulsation
on the outflow side of the expander (22) where compar-
atively large pressure pulsation is liable to be caused.
[0023] Further, in the present aspect, the second con-
nection pipe (36) is connected to the refrigerant pipe (14)
on the suction side of the compressor (20). Accordingly,
the second chamber (34) is filled with low-pressure gas

refrigerant on the suction side of the compressor (20).
The low-pressure gas refrigerant is more compressive
than low-pressure liquid refrigerant and the like. There-
fore, even when the piston (32) shifts accompanied by
the pressure variation of the refrigerant in the first cham-
ber (33), the pressure in the second chamber (34) less
varies. Accordingly, in the pulsation absorbing device
(30) in the present aspect, the responsiveness of the pis-
ton (32) upon the pressure variation in the first chamber
(33) is enhanced to increase the efficiency of pressure
pulsation absorption by the pulsation absorbing device
(30).
[0024] Referring to a sixth aspect of the present inven-
tion, in the second aspect, both the first connection pipe
(35) and the second connection pipe (36) are connected
to one of refrigerant pipes (11, 14) on a discharge side
and a suction side of the compressor (20).
[0025] In the sixth aspect, the first connection pipe (35)
and the second connection pipe (36) are connected to
the refrigerant pipe (11) on the discharge side of the com-
pressor (20) or to the refrigerant pipe (14) on the suction
side of the compressor (20). The refrigerant compressing
operation by the compressor (20) may accompany large
pressure pulsation of the refrigerant on the suction side
and the discharge side of the compressor (20). To tackle
this problem, the pulsation absorbing device (30) are pro-
vided to the refrigerant pipes (11, 14) in the present as-
pect to effectively reduced the pressure pulsation of the
refrigerant in the refrigerant pipes (11, 14).
[0026] Referring to a seventh aspect of the present
invention, in any one of the first to sixth aspects, in the
refrigerant circuit (10), carbon dioxide is used as the re-
frigerant, and the refrigeration cycle is performed while
the refrigerant in the compressor (20) is compressed to
over its critical pressure.
[0027] In the refrigerant circuit (10) in the seventh as-
pect, the refrigeration cycle is performed with the carbon
dioxide compressed to over its critical pressure. When
the refrigerant is compressed to over its critical pressure,
large pressure pulsation of the refrigerant is liable to be
caused. However, in the present aspect, the pressure
pulsation of the refrigerant is suppressed by the pulsation
absorbing device (30) effectively.

ADVANTAGES OF THE INVENTION

[0028] In the present invention, the pulsation absorb-
ing device (30) is connected to the refrigerant pipe (11,
12, 13, 14) through the first connection pipe (35). In other
words, in the present invention, the pulsation absorbing
device (30) is mounted directly to the refrigerant pipe (11,
12, 13, 14) unlike a pulsation absorbing mechanism pro-
vided inside the expander as in Patent Document 2. Ac-
cordingly, the present invention can contemplate enlarg-
ing the pulsation absorbing device (30), and in turn, can
contemplate increasing the volume of the first chamber
(33) in the cylinder member (31). This can lead to re-
markable suppression of the pressure pulsation of the
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refrigerant by the pulsation absorbing device (30). Pro-
vision of the pulsation absorbing device (30) to the re-
frigerant pipe (11, 12, 13, 14) facilitates maintenance and
replacement of the pulsation absorbing device (30),
which is the difference from the case where it is incorpo-
rated inside the expander.
[0029] In the second aspect of the present invention,
the first connection pipe (35) and the second connection
pipe (36) are connected to the refrigerant pipe(s) (11, 12,
13, 14) at the same pressure, and the throttling mecha-
nism (37) is provided in the second connection pipe (36).
Accordingly, the pressure pulsation of the refrigerant in
the refrigerant pipe (11, 12, 13, 14) communicating with
the first connection pipe (35) can be suppressed effec-
tively by utilizing the pressure of the refrigerant working
on the second chamber (34) through the second connec-
tion pipe (36).
[0030] In the third aspect of the present invention, the
first chamber (33) communicates with the refrigerant pipe
(12) on the inflow side of the expander (22), and the re-
frigerant discharged from the compressor (20) is intro-
duced into the second chamber (34). Accordingly, the
responsiveness of the piston (32) upon the pressure var-
iation on the inflow side of the expander (22) is enhanced
when compared with that in the case, for example, where
liquid refrigerant works on the second chamber (34),
thereby effectively absorbing the pressure pulsation of
the refrigerant in the refrigerant pipe (12) on the inflow
side of the expander (22).
[0031] In the fourth aspect of the present invention, the
first connection pipe (35) and the second connection pipe
(36) are connected to the refrigerant pipe (12) on the
inflow side of the expander (22) or to the refrigerant pipe
(13) on the outflow side of the expander (22). Accordingly,
in the present aspect, the pressure pulsation of the re-
frigerant can be suppressed effectively at a part where
large pressure pulsation of the refrigerant is liable to be
caused due to comparatively large refrigerant density.
[0032] Further, in the present aspect, since there is
little temperature difference between the refrigerant flow-
ing in the first connection pipe (35) and the refrigerant
flowing in the second connection pipe (36), less or no
heat exchange of the refrigerant may occur between the
first chamber (33) and the second chamber (34). Hence,
according to the present aspect, heat loss in the refrig-
erant circuit (10) accompanied by heat exchange of the
refrigerant in the pulsation absorbing device (30) can be
avoided.
[0033] In the fifth aspect of the present invention, the
first chamber (33) communicates with the refrigerant pipe
(13) on the outflow side of the expander (22), and the
gas refrigerant on the suction side of the compressor (20)
is introduced into the second chamber (20). Accordingly,
the responsiveness of the piston (32) upon the the pres-
sure variation on the outflow side of the expander (22) is
enhanced when compared with that in the case, for ex-
ample, where liquid refrigerant works on the second
chamber (34), thereby effectively absorbing the pressure

pulsation of the refrigerant in the refrigerant pipe (13) on
the outflow side of the expander (22).
[0034] In the sixth aspect of the present invention, the
first connection pipe (35) and the second connection pipe
(36) are connected to the refrigerant pipe (11) on the
discharge side of the compressor (20) or to the refrigerant
pipe (14) on the outflow side of the compressor (20). Ac-
cordingly, in the present aspect, the pressure pulsation
of the refrigerant can be suppressed effectively at a part
where large pressure pulsation of the refrigerant is liable
to be caused due to comparatively large refrigerant den-
sity.
[0035] Further in the present aspect, since there is little
temperature difference between the refrigerant flowing
in the first connection pipe (35) and the refrigerant flowing
in the second connection pipe (36), less or no heat ex-
change of the refrigerant may occur between the first
chamber (33) and the second chamber (34). Hence, ac-
cording to the present aspect, heat loss in the refrigerant
circuit (10) accompanied by heat exchange of the refrig-
erant in the pulsation absorbing device (30) can be avoid-
ed.
[0036] In the seventh aspect of the present invention,
the pulsation absorbing device (30) according to any one
of the first to sixth aspects is applied to the refrigerant
circuit (10) performing the refrigeration cycle in which car-
bon dioxide is compressed to over its critical pressure.
When carbon dioxide is compressed to over its critical
pressure, large pressure pulsation of the refrigerant is
liable to be caused. However, the present aspect can
suppress the pressure pulsation effectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037]

[FIG. 1] FIG. 1 is a schematic diagram showing a
construction of a refrigerant circuit of a refrigerating
apparatus in accordance with Embodiment 1.
[FIG. 2] FIG. 2(A) is a schematic diagram showing
a construction of a pulsation absorbing device in a
normal state; FIG. 2(B) is a schematic diagram show-
ing a construction of the pulsation absorbing device
when the pressure of refrigerant in a refrigerant pipe
increases; and FIG. 2(C) is a schematic diagram
showing a construction of the pulsation absorbing
device when the pressure of the refrigerant in the
refrigerant pipe lowers.
[FIG. 3] FIG. 3 is a schematic diagram showing a
construction of a refrigerant circuit of a refrigerating
apparatus in accordance with a modified example of
Embodiment 1.
[FIG. 4] FIG. 4 is a schematic diagram showing a
construction of a refrigerant circuit of a refrigerating
apparatus in accordance with Embodiment 2.
[FIG. 5] FIG. 5 is a schematic diagram showing a
construction of a refrigerant circuit of a refrigerating
apparatus in accordance with a modified example of
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Embodiment 2.
[FIG. 6] FIG. 6 is a schematic diagram showing a
construction of a refrigerant circuit of a refrigerating
apparatus in accordance with Embodiment 3.
[FIG. 7] FIG. 7 is a schematic diagram showing a
construction of a refrigerant circuit of a refrigerating
apparatus in accordance with Embodiment 4.
[FIG. 8] FIG. 8 is a schematic diagram showing a
construction of a refrigerant circuit of a refrigerating
apparatus in accordance with another embodiment.

INDEX OF REFERENCE NUMERALS

[0038]

1 air conditioner (refrigerating apparatus)
10 refrigerant circuit
11 first high-pressure refrigerant pipe (refrigerant

pipe)
12 second high-pressure refrigerant pipe (refrigerant

pipe)
13 first low-pressure refrigerant pipe (refrigerant pipe)
14 second low-pressure refrigerant pipe (refrigerant

pipe)
20 compressor
22 expander
30 pulsation absorbing device
31 cylinder member
32 piston
33 pressure buffering chamber (first chamber)
34 back pressure chamber (second chamber)
35 first connection pipe
36 second connection pipe

BEST MODE FOR CARRYING OUT THE INVENTION

[0039] Embodiments of the present invention will be
described below in detail with reference to the accompa-
nying drawings.

<EMBODIMENT 1>

[0040] Embodiment 1 of the present invention will be
described.
[0041] A refrigerating apparatus in accordance with
Embodiment 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).
[0042] 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, 13, 14). Specifically, to the discharge side
of the compressor (20), one end of a first high-pressure

refrigerant pipe (11) is connected. The other end of the
first high-pressure refrigerant pipe (11) is connected to
one end of the radiator (21). The other end of the radiator
(21) is connected to one end of a second high-pressure
refrigerant pipe (12). The other end of the second high-
pressure refrigerant pipe (12) is connected to the inflow
side of the expander (22). The outflow side of the ex-
pander (22) is connected to one end of a first low-pres-
sure refrigerant pipe (13). The other end of the first low-
pressure refrigerant 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 second low-pressure refrig-
erant pipe (14). The other end of the second low-pressure
refrigerant pipe (14) is connected to the suction side of
the compressor (20).
[0043] The compressor (20) is of positive displace-
ment type. The compressor (20) accommodates in its
casing a rotary compression mechanism. The compres-
sion mechanism of the compressor (20) compresses gas
refrigerant 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-pres-
sure gas refrigerant indoors. The expander (22) is of pos-
itive displacement type. The expander (22) accommo-
dates in its casing a rotary expansion mechanism. The
expansion mechanism of the expander (22) reduces the
pressure of the high-pressure refrigerant to allow it to be
low-pressure refrigerant. 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 out-
door air to be evaporated.
[0044] As one of the significant features of the present
invention, a pulsation absorbing device (30) is provided
in the refrigerant circuit (10). The pulsation absorbing de-
vice (30) includes a cylinder member (31) and a piston
(32). The cylinder member (31) is in a hollow cylindrical
shape to form a column-shaped cylinder chamber there-
inside. The piston (32) is in a column shape, and is ac-
commodated in the cylinder chamber of the cylinder
member (31). The piston (32) divides the cylinder cham-
ber into a pressure buffering chamber (33) as a first
chamber and a back pressure chamber (34) as a second
chamber. The piston (32) is made of a comparatively
lightweight aluminum material.
[0045] A spring (32a) is provided in the back pressure
chamber (34) of the cylinder chamber in the cylinder
member (31). The spring (32a) is connected at one end
thereof to the inner wall of the cylinder member (31) while
being connected at the other end thereof to the piston
(32). The spring (32a) is composed of as an elastic mem-
ber for pushing the piston (32) from the back pressure
chamber (34) toward the pressure buffering chamber
(33).
[0046] The pulsation absorbing device (30) includes a
first connection pipe (35) and a second connection pipe
(36). The first connection pipe (35) is connected at one

9 10 



EP 2 048 456 A1

7

5

10

15

20

25

30

35

40

45

50

55

end thereof to the pressure buffering chamber (33), while
being connected at the other end thereof to the second
high-pressure refrigerant pipe (12). In other words, the
pressure buffering chamber (33) communicates with the
second high-pressure refrigerant pipe (12) through the
first connection pipe (35). The second connection pipe
(36) is connected at one end thereof to the back pressure
chamber (34) while being connected at the other end
thereof to the first high-pressure refrigerant pipe (11). In
other words, the back pressure chamber (34) communi-
cates with the first high-pressure refrigerant pipe (11)
through the second connection pipe (36). In the second
connection pipe (36), a capillary tube (37) is provided.
The capillary tube (37) serves as a throttling mechanism
for reducing the pressure of the refrigerant. Thus, the first
connection pipe (35) and the second connection pipe (36)
are connected to the refrigerant pipes (11, 12), respec-
tively, in which the refrigerant flows at the same pressure.
[0047] In the pulsation absorbing device (30), the pres-
sure buffering chamber (33) is filled with high-pressure
refrigerant in a gas-liquid two-phase state, while the back
pressure chamber (34) is filled with the refrigerant having
been reduced in pressure by the capillary tube (37). The
piston (32) shifts in the cylinder chamber according to
pressure variation of the refrigerant flowing in the second
high-pressure refrigerant pipe (12) to change the volume
of the pressure buffering chamber (33).

- Operation Behavior -

[0048] Operation behavior of the air conditioner (1) in
accordance with Embodiment 1 of the present invention
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 first high-
pressure refrigerant pipe (11). The refrigerant flowing in
the first high-pressure refrigerant 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 second
high-pressure refrigerant pipe (12), and flows then into
the expander (22).
[0049] 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 first low-pressure
refrigerant pipe (13). The refrigerant flowing in the first
low-pressure refrigerant pipe (13) flows into the evapo-
rator (23). In the evaporator (23), the liquid refrigerant
absorbs heat from the outdoor air to be evaporated. The
gas refrigerant having been evaporated in the evaporator
(23) flows into the second low-pressure refrigerant pipe
(14), and is then sucked into the compressor (20). In the

compression mechanism of the compressor (20), the re-
frigerant is compressed again to over its critical pressure.

- Pressure Pulsation Suppressing Behavior of Pressure 
Absorbing Mechanism -

[0050] In the operation of the above-described air con-
ditioner, refrigerant compression by the compressor (20)
and refrigerant expansion by the expander (22) may ac-
company variation in pressure of the refrigerant 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 second high-pressure
refrigerant pipe (12) on the inflow side of the expander
(22), the refrigerant of which the density is comparatively
large flows, and therefore, large pressure pulsation is
liable to be caused. To tackle this problem, in the air
conditioner (1) of Embodiment 1, the pressure pulsation
of the refrigerant flowing in the second high-pressure re-
frigerant pipe (12) is suppressed by the pulsation absorb-
ing device (30).
[0051] Description will be given of pressure pulsation
suppressing behavior by the pulsation absorbing device
(30) with reference to FIG. 2(A) to FIG. 2(C).
[0052] In a normal state in which the pressure of the
refrigerant does not vary in the second high-pressure re-
frigerant pipe (12), the piston (32) is in the state shown
in FIG. 2(A), for example. In this state, the balance is kept
between the pressure of the refrigerant working on the
surface of the piston (32) on the side of the pressure
buffering chamber (33) from the first high-pressure re-
frigerant pipe (11) through the first connection pipe (35)
and the pressure of the refrigerant working on the piston
(32) on the side of the back pressure chamber (34) from
the second high-pressure refrigerant pipe (12) through
the second connection pipe (36) and the capillary tube
(37) plus the spring force of the spring (32a) against the
piston (32).
[0053] When the pressure of the refrigerant flowing in
the second high-pressure refrigerant pipe (12) increases
from that in the state shown in FIG. 2(A), since the re-
frigerant in the first connection pipe (35) is not reduced
in pressure by the capillary tube (37) unlike that in the
second connection pipe (36), the pressure in the pres-
sure buffering chamber (33) increases abruptly higher
than that in the back pressure chamber (34). Accordingly,
the piston (32) shifts toward the back pressure chamber
(34), as shown in FIG. 2(B), to increase the volume of
the pressure buffering chamber (33). As a result, the re-
frigerant is sucked from the second high-pressure refrig-
erant pipe (12) into the pressure buffering chamber (33)
by the increased volume of the pressure buffering cham-
ber (33). Hence, the pressure of the refrigerant flowing
in the second high-pressure refrigerant pipe (12) lowers
to suppress the pressure increase of the refrigerant.
[0054] On other hand, the volume of the back pressure
chamber (34) decreases at that time. However, since the
capillary tube (37) is provided in the second connection
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pipe (36) communicating with the back pressure chamber
(34), it is hard for the refrigerant in the back pressure
chamber (34) to flow into the first high-pressure refriger-
ant pipe (11) through the second connection pipe (36).
Thus, the decrease in volume of the back pressure cham-
ber (34) leads to a gradual increase in pressure in the
back pressure chamber (34) to balance the forces work-
ing on the piston (32).
[0055] When the pressure of the refrigerant flowing in
the second high-pressure refrigerant pipe (12) lowers
from that in the state shown in FIG. 2(A), since the re-
frigerant in the first connection pipe (35) is not reduced
in pressure by the capillary tube (37) unlike that in the
second connection pipe (36), the pressure in the pres-
sure buffering chamber (33) abruptly becomes lower than
that in the back pressure chamber (34). Accordingly, the
piston (32) shifts toward the pressure buffering chamber
(33), as shown in FIG. 2(C), to reduce the volume of the
pressure buffering chamber (33). As a result, the refrig-
erant is discharged from the pressure buffering chamber
(33) to the second high-pressure refrigerant pipe (12) by
the reduced volume of the pressure buffering chamber
(33). Hence, the pressure of the refrigerant flowing in the
second high-pressure refrigerant pipe (12) increases to
suppress the pressure lowering of the refrigerant.
[0056] On the other hand, the volume of the back pres-
sure chamber (34) increases at that time. However, since
the capillary tube (37) is provided in the second connec-
tion pipe (36), it is hard for the refrigerant flowing in the
first high-pressure refrigerant pipe (11) to flow into the
back pressure chamber (34) through the second connec-
tion pipe (36). Thus, the increase in volume of the back
pressure chamber (34) leads to a gradual decrease in
pressure in the back pressure chamber (34) to balance
the forces working on the piston (32).
[0057] Thus, accompanied by the pressure variation
of the refrigerant flowing in the second high-pressure re-
frigerant pipe (12), the pulsation absorbing device (30)
moves the piston (32) ahead or behind, as shown in FIG.
2(B) or FIG. 2(C). As a result, in the air conditioner (1),
increase and decrease in pressure of the refrigerant flow-
ing in the second high-pressure refrigerant pipe (12) can
be suppressed to contemplate suppression of the pres-
sure pulsation of the refrigerant.

- ADVANTAGES OF EMBODIMENT 1 -

[0058] In Embodiment 1, the pulsation absorbing de-
vice (30) is connected to the refrigerant pipes (11, 12) by
means of the first connection pipe (35) and the second
connection pipe (36). In other words, in Embodiment 1,
rather than provision of a pulsation absorbing mechanism
inside the expander as in Patent Document 2, the pulsa-
tion absorbing device (30) is mounted directly to the re-
frigerant pipes (11, 12). Accordingly, in Embodiment 1,
it can be contemplated to increase the size of the pulsa-
tion absorbing device (30), and in turn to increase the
volume of the cylinder chamber in the cylinder member

(31), thereby enabling the pulsation absorbing device
(30) to remarkably reducing the pressure pulsation of the
refrigerant. Further, provision of the pulsation absorbing
device (30) to the refrigerant pipes (11, 12) facilitates
maintenance and replacement of the pulsation absorbing
device (30) unlike the case where it is incorporated in the
expander.
[0059] Furthermore, in Embodiment 1, the first con-
nection pipe (35) and the second connection pipe (36)
are connected to the refrigerant pipes (11, 12) at the
same pressure, respectively, and the capillary tube (37)
is provided in the second connection pipe (36). Accord-
ingly, the pressure pulsation of the refrigerant in the sec-
ond high-pressure refrigerant pipe (12) can be absorbed
effectively by utilizing the pressure of the refrigerant
working on the back pressure chamber (34) through the
second connection pipe (36).
[0060] In addition, in Embodiment 1, the pressure buff-
ering chamber (33) communicates with the second high-
pressure refrigerant pipe (12) on the inflow side of the
expander (22), while the back pressure chamber (34)
communicates with the first high-pressure refrigerant
pipe (11) on the discharge side of the compressor (20)
for introducing the refrigerant discharged from the com-
pressor (20) into the back pressure chamber (34). The
refrigerant discharged from the compressor (20) is more
compressive than, for example, high-pressure liquid re-
frigerant. Therefore, even when the piston (32) shifts ac-
companied by the pressure variation of the refrigerant in
the pressure buffering chamber (33), the pressure in the
back pressure chamber (34) hardly varies. Hence, ac-
cording to Embodiment 1, the responsiveness of the pis-
ton (32) upon the pressure variation in the pressure buff-
ering chamber (33) is enhanced when compared with the
case where liquid refrigerant is introduced into the back
pressure chamber (34), thereby achieving effective ab-
sorption of the pressure pulsation of the refrigerant in the
second high-pressure refrigerant pipe (12).

<MODIFIED EXAMPLE OF EMBODIMENT 1>

[0061] An air conditioner (1) in accordance with a mod-
ified example of Embodiment 1 is different from that in
Embodiment 1 in the connection point of the second con-
nection pipe (36) of the pulsation absorbing device (30).
Specifically, as shown in FIG. 3, in the pulsation absorb-
ing device (30) in the present modified example, the other
end of the second connection pipe (36) is connected to
the second high-pressure refrigerant pipe (12) as well as
that of the first connection pipe (35) is. Further, in the
pulsation absorbing device (30), the refrigerant in the
second high-pressure refrigerant pipe (12) is introduced
into both the pressure buffering chamber (33) and the
back pressure chamber (34).
[0062] In the present modified example, similarly to
Embodiment 1, the piston (32) shifts according to the
pressure variation of the refrigerant flowing in the second
high-pressure refrigerant pipe (12) to increase or de-
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crease the volume of the pressure buffering chamber
(33). As a result, the pressure pulsation of the refrigerant
flowing in the second high-pressure refrigerant pipe (12)
is suppressed, similarly to the case in Embodiment 1.
[0063] In the present modified example, both the first
connection pipe (35) and the second connection pipe (36)
are connected to the second high-pressure refrigerant
pipe (12), and therefore, there is little temperature differ-
ence between the refrigerant flowing in the respective
connection pipes (11, 12). Accordingly, in the present
modified example, heat exchange of the refrigerant be-
tween the pressure buffering chamber (33) and the back
pressure chamber (34) via the piston (32) can be pre-
vented. Hence, according to the present modified exam-
ple, heat loss in the refrigerant circuit (10), which is ac-
companied by heat exchange of the refrigerant in the
pulsation absorbing device (30), can be avoided.

<EMBODIMENT 2 OF THE INVENTION>

[0064] In an air conditioner (1) in accordance with Em-
bodiment 2 of the present invention, as shown in FIG. 4,
the first connection pipe (35) of the pulsation absorbing
device (30) is connected to the first low-pressure refrig-
erant pipe (13) on the outflow side of the expander (22),
while the second connection pipe (36) is connected to
the second low-pressure refrigerant pipe (14) on the suc-
tion side of the compressor (20). In other words, in the
pulsation absorbing device (30) in Embodiment 2, the
low-pressure refrigerant flowing out from the expander
(22) is introduced into the pressure buffering chamber
(33), while the low-pressure gas refrigerant on the suction
side of the compressor (20) is introduced into the back
pressure chamber (34).
[0065] In Embodiment 2, the piston (32) shifts accord-
ing to the pressure variation of the refrigerant flowing in
the first low-pressure refrigerant pipe (13) to suppress,
similarly to the case in Embodiment 1, the pressure pul-
sation of the refrigerant flowing in the first low-pressure
refrigerant pipe (13).
[0066] In Embodiment 2, the back pressure chamber
(34) is filled with the low-pressure gas refrigerant. Ac-
cordingly, the responsiveness of the piston (32) that shifts
accompanied by the pressure variation in the pressure
buffering chamber (33) is enhanced when compared with
the case, for example, where the back pressure chamber
(34) is filled with liquid refrigerant. Hence, according to
Embodiment 2, the pressure pulsation of the refrigerant
in the first low-pressure refrigerant pipe (13) can be ab-
sorbed effectively.

<MODIFIED EXAMPLE OF EMBODIMENT 2>

[0067] An air conditioner (1) in accordance with a mod-
ified example of Embodiment 2 is different from that in
Embodiment 2 in the connection point of the second con-
nection pipe (36) of the pulsation absorbing device (30).
Specifically, as shown in FIG. 5, in the pulsation absorb-

ing device (30) in the present modified example, the other
end of the second connection pipe (36) is connected to
the first low-pressure refrigerant pipe (13), as well as that
of the first connection pipe (35) is. Further, in the pulsation
absorbing device (30), the refrigerant in the first low-pres-
sure refrigerant pipe (13) is introduced into both the pres-
sure buffering chamber (33) and the back pressure
chamber (34).
[0068] In the present modified example, similarly to the
case in Embodiment 2, the piston (32) shifts according
to the pressure variation of the refrigerant flowing in the
first low-pressure refrigerant pipe (13) to increase or de-
crease the volume of the pressure buffering chamber
(33). As a result, the pressure pulsation of the refrigerant
flowing in the first low-pressure refrigerant pipe (13) is
suppressed in a similar manner to that in Embodiment 2.
[0069] In the present modified example, both the first
connection pipe (35) and the second connection pipe (36)
are connected to the first low-pressure refrigerant pipe
(13), and accordingly, there is little temperature differ-
ence between the refrigerant flowing in the connection
pipes (35, 36). Accordingly, less or no heat exchange of
the refrigerant may occur between the pressure buffering
chamber (33) and the back pressure chamber (34) via
the piston (32). Hence, according to the present modified
example, heat loss in the refrigerant circuit (10), which
is accompanied by heat exchange of the refrigerant in
the pulsation absorbing device (30), can be avoided.

<EMBODIMENT 3>

[0070] In an air conditioner (1) in accordance with Em-
bodiment 3, as shown in FIG. 6, the first connection pipe
(35) and the second connection pipe (36) of the pulsation
absorbing device (30) are connected to the first high-
pressure refrigerant pipe (11) on the discharge side of
the compressor (20). In other words, in the pulsation ab-
sorbing device (30) in Embodiment 3, the refrigerant dis-
charged from the compressor (20) is introduced into both
the pressure buffering chamber (33) and the back pres-
sure chamber (34).
[0071] In Embodiment 3, the piston (32) shifts accord-
ing to the pressure variation of the refrigerant flowing in
the first high-pressure refrigerant pipe (11) to suppress
the pressure pulsation of the refrigerant flowing in the
first high-pressure refrigerant pipe (11) in a similar man-
ner to that in each of the above embodiments.
[0072] In Embodiment 3, both the first connection pipe
(35) and the second connection pipe (36) are connected
to the first high-pressure refrigerant pipe (11), and ac-
cordingly, there is little temperature difference between
the refrigerant flowing in the connection pipes (35, 36).
Hence, also in Embodiment 3, heat loss in the refrigerant
circuit (10), which is accompanied by heat exchange of
the refrigerant in the pulsation absorbing device (30), can
be avoided.
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<EMBODIMENT 4 OF THE INVENTION>

[0073] In an air conditioner (1) in accordance with Em-
bodiment 4, as shown in FIG. 7, the first connection pipe
(35) and the second connection pipe (36) of the pulsation
absorbing device (30) are connected to the second low-
pressure refrigerant pipe (14) on the suction side of the
compressor (20). In other words, in the pulsation absorb-
ing device (30) in Embodiment 4, the refrigerant on the
suction side of the compressor (20) is introduced into
both the pressure buffering chamber (33) and the back
pressure chamber (34).
[0074] In Embodiment 4, the piston (32) shifts accord-
ing to the pressure variation of the refrigerant flowing in
the second low-pressure refrigerant pipe (14) to suppress
the pressure pulsation of the refrigerant flowing in the
second low-pressure refrigerant pipe (14) in a similar
manner to that in each of the above embodiments.
[0075] In Embodiment 4, both the first connection pipe
(35) and the second connection pipe (36) are connected
to the second low-pressure refrigerant pipe (14), and ac-
cordingly, there is little temperature difference between
the refrigerant flowing in the connection pipes (35, 36).
Hence, also in Embodiment 4, heat loss in the refrigerant
circuit (10), which is accompanied by heat exchange of
the refrigerant in the pulsation absorbing device (30), can
be avoided.

<OTHER EMBODIMENTS>

[0076] Any of the above embodiments may employ any
of the following configurations.
[0077] In each of the above embodiments, the air con-
ditioner (1) may be switchable between a cooling oper-
ation and a heating operation, as shown in, for example,
FIG. 8. Specifically, in the example shown in FIG. 8, a
four-way switching valve (50) and a bridge circuit (60)
are provided in the refrigerant circuit (10). In this case,
the four-way switching valve (50) is switchable between
the state indicated by the solid lines and the state indi-
cated by the broken lines in FIG. 8 to revere the refrigerant
circulating direction, thereby enabling switching between
the heating operation and the cooling operation. In this
configuration, also, provision of the pulsation absorbing
device (30) of the present invention to the refrigerant
pipes as shown in FIG. 8 leads to suppression of the
pressure pulsation of the refrigerant in both the cooling
operation and the heating operation.
[0078] In each of the above embodiments, carbon di-
oxide is used as the refrigerant in the refrigerant circuit
(10), and the refrigeration cycle is performed while the
carbon dioxide is compressed to over its critical pressure.
The refrigerant circuit (10) may use another refrigerant,
such as R410A or the like. In this case, the refrigerant
may not be necessarily compressed to over its critical
pressure.
[0079] 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.
[0080] In addition, in each of the above embodiments,
the pulsation absorbing device (30) in the present inven-
tion is applied to an air conditioner utilizing heat radiated
in the radiator (21) for indoor heating. While, the pulsation
absorbing device (30) in the present invention may be
applied to any of a water heater for heating water by heat
radiated in the radiator (21), a refrigerating apparatus
performing indoor cooling or refrigerator cooling by heat
from the evaporator (23), and the like, for example.
[0081] Each of the above embodiments is a mere es-
sentially preferable example, and is not intended to limit
the scopes of the present invention, applicable subjects,
and uses.

INDUSTRIAL APPLICABILITY

[0082] As described above, the present invention is
useful in measures for suppressing the pressure pulsa-
tion of refrigerant in a refrigerating apparatus performing
a vapor compression refrigeration cycle by circulating the
refrigerant.

Claims

1. A refrigerating apparatus including a refrigerant cir-
cuit to which a compressor is connected and which
performs a vapor compression refrigeration cycle by
circulating refrigerant in refrigerant pipes, the refrig-
erating apparatus comprising:

a pulsation absorbing device including:

a hollow cylinder member;
a piston partitioning an internal space of the
cylinder member into a first chamber and a
second chamber and shifting in the cylinder
member according to pressure variation in
the first chamber, and
a first connection pipe connecting the first
chamber to a refrigerant pipe.

2. The refrigerating apparatus of claim 1, wherein
the pulsation absorbing device includes a second
connection pipe connecting the second chamber
and a refrigerant pipe and including a throttling
mechanism, and
the first connection pipe and the second connection
pipe are connected to a refrigerant pipe at the same
refrigerant pressure.

3. The refrigerating apparatus of claim 2, wherein
a positive-displacement type expander is connected
to the refrigerant circuit,
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the first connection pipe is connected to a refrigerant
pipe on an inflow side of the expander, and
the second connection pipe is connected to a refrig-
erant pipe on a discharge side of the compressor.

4. The refrigerating apparatus of claim 2, wherein
a positive-displacement type expander is connected
to the refrigerant circuit, and
both the first connection pipe and the second con-
nection pipe are connected to one of refrigerant
pipes on an inflow side and an outflow side of the
expander.

5. The refrigerating apparatus of claim 2, wherein
a positive-displacement type expander is connected
to the refrigerant circuit,
the first second connection pipe is connected to a
refrigerant pipe on an outflow side of the expander,
and
the second connection pipe is connected to a refrig-
erant pipe on a suction side of the compressor.

6. The refrigerating apparatus of claim 2, wherein
both the first connection pipe and the second con-
nection pipe are connected to one of refrigerant
pipes on a discharge side and a suction side of the
compressor.

7. The refrigerating apparatus of any one of claims 1
to 6, wherein
in the refrigerant circuit, carbon dioxide is used as
the refrigerant, and the refrigeration cycle is per-
formed while the refrigerant in the compressor is
compressed to over its critical pressure.
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