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Description

[TECHNICAL FIELD]

[0001] The present invention relates to refrigeration
apparatuses that attain an ultralow temperature of -80°C
or the like and in particular relates to a refrigeration ap-
paratus that uses a refrigerant composite material con-
taining carbon dioxide (R744).

[BACKGROUND ART]

[0002] Conventionally, for example, a refrigerant hav-
ing a low boiling point, such as ethane (R170) having a
boiling point of -88.8°C, R508A having a boiling point of
-85.7°C (azeotropic mixture of 39 mass% trifluorometh-
ane (R23) and 61 mass% hexafluoroethane (R116)), and
R508B having a boiling point of -86.9°C (azeotropic mix-
ture of 46 mass% trifluoromethane (R23) and 54 mass%
hexafluoroethane (R116)), is used in a refrigeration ap-
paratus capable of cooling its interior to an ultralow tem-
perature of -80°C or the like (e.g., refer to patent docu-
ment 1).
[0003] In addition, to reduce the global-warming po-
tential (hereinafter, referred to as GWP) and the inflam-
mability, it is being proposed that carbon dioxide (R744,
GWP = 1) be mixed with the aforementioned primary re-
frigerant. Carbon dioxide (R744) has high thermal con-
ductivity, and mixing carbon dioxide (R744) produces
such effects as an increase in the density of the refriger-
ant sucked into a compressor and an increase in the cir-
culation amount. Thus, an improvement in the refrigera-
tion performance can be expected from such mixing with
the aforementioned primary refrigerant.
[0004] In addition, in this type of refrigeration appara-
tus, the performance is improved by constituting a double
pipe by a suction pipe through which a refrigerant that
returns from a final-stage evaporator to a compressor
passes and a capillary tube through which a refrigerant
travels toward the evaporator, and by allowing the refrig-
erants to exchange heat therebetween (e.g., refer to pat-
ent document 2).
[0005] [patent document 1] Japanese Patent No.
3244296 [patent document 2] JP2011-112351
[0006] Document JP 2007 178042 A discloses a re-
frigeration apparatus according to the preamble of claim
1.

[PROBLEM TO BE SOLVED BY THE INVENTION]

[0007] The boiling point of carbon dioxide (R744) is -
78.4 °C, which is high as compared to that of ethane
(R170) or the like serving as a primary refrigerant, and
carbon dioxide (R744) is less likely to evaporate even in
a final evaporator. Thus, the refrigerant exiting from the
evaporator contains a very high proportion of carbon di-
oxide (R744) and is at an ultralow temperature of -80°C
or the like. Meanwhile, pressure loss is likely to occur at

the aforementioned double pipe portion, leading to a sit-
uation in which carbon dioxide (R744) is solidified at this
portion and turns into dry ice, which clogs up a pipe in a
refrigerant circuit.
[0008] Thus, there has been a problem in that this dry
ice prevents the refrigerant from circulating in the refrig-
erant circuit, leading to a sudden rise in the temperature
inside the refrigeration apparatus.
[0009] The present invention has been made to solve
such existing technical problems and is directed to pro-
viding a refrigeration apparatus capable of effectively
suppressing an occurrence of inconvenience caused by
carbon dioxide (R7 44) turning into dry ice.

[MEANS TO SOLVE THE PROBLEM]

[0010] In order to solve the above problems, a refrig-
eration apparatus of the present invention is defined in
claim 1.
[0011] In the refrigeration apparatus of the invention
according to claim 2, the mixed refrigerant in each of the
above inventions further contains a second refrigerant
that is soluble in carbon dioxide (R744) at a temperature
lower than a boiling point of carbon dioxide (R744).
[0012] In the refrigeration apparatus of the invention
according to claim 3, in the invention according to claim
1 or 2, a control unit that controls passage of electricity
to the heater is provided, and the control unit passes the
electricity to the heater in a case in which a temperature
of the double-pipe structure reaches or falls below a pre-
determined value.
[0013] In the refrigeration apparatus of the invention
according to claim 4, the control unit in the above inven-
tion passes the electricity to the heater in a case in which
the temperature of the double-pipe structure reaches or
falls below the predetermined value and a temperature
of a target to be cooled through the refrigeration effect
rises with respect to a set value.
[0014] In the refrigeration apparatus of the invention
according to claim 5, in the invention according to any
one of claims 1 to 4, a high-temperature-side refrigerant
circuit and a low-temperature-side refrigerant circuit are
provided, and an evaporator in the high-temperature-
side refrigerant circuit and a condenser in the low-tem-
perature-side refrigerant circuit constitute a cascade heat
exchanger. The double-pipe structure is provided in the
low-temperature-side refrigerant circuit; and in the low-
temperature-side refrigerant circuit, the mixed refrigerant
is enclosed, or the heater is provided in addition to the
mixed refrigerant enclosed therein.
[0015] In the refrigeration apparatus of the invention
according to claim 6, in the invention according to any
one of claims 1 through 5, the connection pipe has a
shape that is prone to pressure loss.
[0016] In the refrigeration apparatus of the invention
according to claim 7, the connection pipe in the above
invention is a T-pipe.
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[ADVANTAGE OF THE PRESENT INVENTION]

[0017] According to the present invention, a refrigera-
tion apparatus includes a refrigerant circuit that condens-
es a refrigerant discharged from a compressor, decom-
presses the refrigerant with a capillary tube, and causes
the refrigerant to evaporate in an evaporator to exhibit a
refrigeration effect. As the refrigerant in the refrigerant
circuit, a mixed refrigerant containing a first refrigerant
having a boiling point in an ultralow temperature range
of not less than -89.0 °C and not more than -78.1°C and
carbon dioxide (R744) is enclosed, and a heater that
heats at least a portion of a suction pipe is provided. In
addition, or in
place of providing the heater, the mixed refrigerant further
contains a second refrigerant that is highly soluble in car-
bon dioxide (R744). Accordingly, in the refrigeration ap-
paratus including a double-pipe structure that is consti-
tuted, as in claim 2 or 4, by constituting at least a portion
of the suction pipe through which the refrigerant that re-
turns from the evaporator to the compressor passes by
a main pipe and connection pipes connected to respec-
tive ends of the main pipe, by disposing the capillary tube
in the main pipe, and by pulling out the capillary tube
through the connection pipes at the respective ends and
in which the connection pipes are constituted, as in the
invention of claim 9 or 10, by a T-pipe or the like that is
prone to pressure loss, carbon dioxide (R744) can be
prevented from turning into dry ice at the aforementioned
portions, and the stable refrigeration effect can be exhib-
ited.
[0018] In particular, a control unit that controls passage
of electricity to the heater is provided, and the control unit
passes the electricity to the heater in a case in which a
temperature of the double-pipe structure reaches or falls
below a predetermined value, as in the invention of claim
6, or the control unit passes the electricity to the heater
in a case in which the temperature of the double-pipe
structure reaches or falls below the predetermined value
and a temperature of a target to be cooled through the
refrigeration effect rises with respect to a set value, as in
the invention of claim 7. Thus, heating of the double-pipe
structure by the heater can be controlled with accuracy.
[0019] In addition, in the refrigeration apparatus in
which a high-temperature-side refrigerant circuit and a
low-temperature-side refrigerant circuit are provided, an
evaporator in the high-temperature-side refrigerant cir-
cuit and a condenser in the low-temperature-side refrig-
erant circuit constitute a cascade heat exchanger, and
the double-pipe structure is provided in the low-temper-
ature-side refrigerant circuit, as in the invention of claim
8; the present invention is particularly effective when the
mixed refrigerant is enclosed in the low-temperature-side
refrigerant circuit, or a heater is additionally provided.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0020]

Fig. 1 is a diagram of a refrigerant circuit in a refrig-
eration apparatus of an example of the present in-
vention;
Fig. 2 is an external view of a double-pipe structure
portion of the refrigeration apparatus of Fig. 1;
Fig. 3 is a diagram for describing the properties of
refrigerants used in examples;
Fig. 4 is a diagram illustrating changes in the inner
temperature and the evaporator-inlet temperature in
a low-temperature-side refrigerant circuit of Fig. 1
with respect to each refrigerant composition in a re-
frigerant composite material containing ethane
(R170), carbon dioxide (R744), and difluoromethane
(R32);
Fig. 5 is a diagram for describing production of dry
ice from carbon dioxide (R744) in the refrigerant
composite material of Fig. 4 and an effect of difluor-
omethane (R32) preventing such production;
Fig. 6 is a diagram illustrating changes in the inner
temperature and the evaporator-inlet temperature in
the low-temperature-side refrigerant circuit of Fig. 1
with respect to each refrigerant composition in a re-
frigerant composite material containing ethane
(R170), carbon dioxide (R744), and 1,1,1,2-
tetrafluoroethane (R134a);
Fig. 7 is a diagram illustrating changes in the inner
temperature and the evaporator-inlet temperature in
the low-temperature-side refrigerant circuit of Fig. 1
with respect to each refrigerant composition in a re-
frigerant composite material containing difluoroeth-
ylene (R1132a), carbon dioxide (R744), and difluor-
omethane (R32);
Fig. 8 is an external view of a double-pipe structure
portion of another example of the refrigeration ap-
paratus of Fig. 1; and
Fig. 9 is a rear view of an ultralow-temperature stor-
age of an example to which the present invention is
applied.

[MODE FOR CARRYING OUT THE INVENTION]

[0021] Hereinafter, embodiments of the present inven-
tion will be described in detail.

Example 1

(1) Refrigeration apparatus R

[0022] Fig. 1 is a diagram of a refrigerant circuit in a
refrigeration apparatus R of an example that cools the
interior of a storage room CB of an ultralow-temperature
storage DF of an example illustrated in Fig. 9 to a tem-
perature (inner temperature) of -80°C or lower, e.g., an
ultralow temperature of -85°C to -86°C. Compressors 1
and 2 and so on constituting the refrigerant circuit of the
refrigeration apparatus R are installed in a machine com-
partment MC located underneath a heat-insulating box
IB of the ultralow-temperature storage DF; and an evap-
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orator (refrigerant pipe) 3 is attached in a heat-exchange-
able manner to a peripheral surface of an inner compart-
ment IL of the heat-insulating box IB on the side of a heat
insulator I.

(1-1) High-temperature-side refrigerant circuit 4

[0023] As a cascade (binary) single-stage refrigerant
circuit, the refrigerant circuit of the refrigeration apparatus
R of the present example is constituted by a high-tem-
perature-side refrigerant circuit 4 and a low-temperature-
side refrigerant circuit 6, which each constitute an inde-
pendent refrigerant closed circuit. The compressor 1 con-
stituting the high-temperature-side refrigerant circuit 4 is
an electromotive compressor that uses a single-phase
or three-phase AC power supply. A refrigerant com-
pressed by the compressor 1 is discharged to a refriger-
ant discharge pipe 7 connected to the compressor 1 at
its discharge side. The refrigerant discharge pipe 7 is
connected to a pre-condenser 8. The pre-condenser 8
is connected to a frame pipe 9 for heating an opening
edge of the aforementioned storage room CB to prevent
dew condensation.
[0024] A refrigerant pipe from the frame pipe 9 is con-
nected to an oil cooler 11 of the compressor 1, then to
an oil cooler 12 of the compressor 2 constituting the low-
temperature-side refrigerant circuit 6, and to a condenser
13. The refrigerant pipe from the condenser 13 is then
connected to a high-temperature-side dehydrator (dry
core) 14 and a capillary tube 16. The dehydrator 14 is a
moisture removing unit for removing the moisture in the
high-temperature-side refrigerant circuit 4. The capillary
tube 16 is disposed inside a portion (18A) of a suction
pipe 18 that extends from a high-temperature-side evap-
orator 19 of a cascade heat exchanger 17 and returns to
the compressor 1.
[0025] Specifically, a double-pipe structure is consti-
tuted with the capillary tube 16 disposed inside the pipe
18A, which is a portion of the suction pipe 18 on an outlet
side of the evaporator 19. Such a double-pipe structure
allows a refrigerant flowing through the capillary tube 16
on the inner side of a double pipe 21 (hereinafter, referred
to as a double-pipe structure) to exchange heat with a
refrigerant, from the evaporator 19, flowing through the
pipe 18A on the outer side.
[0026] In this manner, as the double-pipe structure 21
is constituted with the capillary tube 16 disposed inside
the suction pipe 18 (pipe 18A), a refrigerant passing
through the capillary tube 16 and a refrigerant passing
through the suction pipe 18 (pipe 18A) exchange heat
therebetween through thermal conduction along the en-
tire peripheral wall surface of the capillary tube 16. Thus,
as compared to a conventional structure in which a cap-
illary tube is attached to the outer peripheral surface of
a suction pipe, the heat exchanging performance can be
increased considerably.
[0027] Furthermore, the entire outer periphery of the
pipe 18A of the double-pipe structure 21 is surrounded

by a heat insulator (not illustrated). Thus, the double-pipe
structure 21 is less affected by heat from the outside, and
the heat exchanging performance between a refrigerant
inside the pipe 18A and a refrigerant inside the capillary
tube 16 can be further increased. In addition, the refrig-
erant is made to flow such that the flow of a refrigerant
in the capillary tube 16 on the inner side of the double-
pipe structure 21 is countercurrent to that in the suction
pipe 18 (pipe 18A) outside the capillary tube 16. Thus,
the heat exchanging performance in the double-pipe
structure 21 can be further improved.
[0028] The refrigerant pipe from the capillary tube 16
is connected to the high-temperature-side evaporator 19
provided so as to exchange heat with a condenser 22 in
the low-temperature-side refrigerant circuit 6. The high-
temperature-side evaporator 19, along with the condens-
er 22 in the low-temperature-side refrigerant circuit 6,
constitutes the cascade heat exchanger 17. The suction
pipe 18 from the high-temperature-side evaporator 19
passes successively through a high-temperature-side
header 23 and the double-pipe structure 21 and is con-
nected to the compressor 1 at its suction side.

(1-2) Refrigerant in high-temperature-side refrigerant cir-
cuit 4

[0029] Enclosed in the high-temperature-side refriger-
ant circuit 4 is an azeotropic mixture (R407D) of difluor-
omethane (R32)/pentafluoroethane (R125)/1,1,1,2-
tetrafluoroethane (R134a); an azeotropic mixture
(R404A) of pentafluoroethane (R125)/1,1,1-trifluor-
oethane (R143a)/1,1,1,2-tetrafluoroethane (R134a); as
a refrigerant composite material having a GWP of 1500
or lower, a mixed refrigerant containing a fluorohydrocar-
bon mixed refrigerant that contains 1,1,1,2,3-pentafluor-
opentene (HFO-1234ze, GWP 6, boiling point -19°C) in
a refrigerant group of difluoromethane (R32), pentafluor-
oethane (R125), 1,1,1,2-tetrafluoroethane (R134a), and
1,1,1-trifluoroethane (R143a); or similarly as a refrigerant
composite material having a GWP of 1500 or lower, a
mixed refrigerant containing a fluorohydrocarbon mixed
refrigerant that contains 1,1,1,2-tertafluoropentene
(HFO-1234yf, GWP 4, boiling point -29.4°C) in a refrig-
erant group of difluoromethane (R32), pentafluoroethane
(R125), 1,1,1,2-tetrafluoroethane (R134a), and 1,1,1-tri-
fluoroethane (R143a).
[0030] The boiling point is approximately -40°C in the
atmospheric pressure, and this mixed refrigerant is con-
densed by the pre-condenser 8, the frame pipe 9, and
the condenser 13, is decompressed in the capillary tube
16, flows into the high-temperature-side evaporator 19
constituting the cascade heat exchanger 17, and evap-
orates therein. Thus, the temperature of the cascade heat
exchanger 17 is brought to approximately -36°C.
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(1-3) Flow of refrigerant in high-temperature-side refrig-
erant circuit 4

[0031] In Fig. 1, the dashed arrows indicate the flow of
the refrigerant circulating in the high-temperature-side
refrigerant circuit 4. Specifically, a high-temperature gas-
eous refrigerant discharged from the compressor 1 is dis-
charged from a sealed container through the refrigerant
discharge pipe 7, releases heat in the pre-condenser 8
and the frame pipe 9, returns into the sealed container,
and passes through the oil cooler 11. Thus, the interior
of the sealed container can be cooled by the refrigerant
with a reduced temperature. Then, the high-temperature
gaseous refrigerant is condensed by the oil cooler 12 of
the compressor 2 in the low-temperature-side refrigerant
circuit 6 and the condenser 13 and releases heat to be
liquefied; then, the moisture contained therein is removed
by the dehydrator 14, and the refrigerant flows into the
capillary tube 16 of the double-pipe structure 21.
[0032] In the capillary tube 16, the refrigerant exchang-
es heat with a refrigerant passing through the suction
pipe 18 (pipe 18A), which is provided along the entire
periphery of the capillary tube 16, through thermal con-
duction along the entire peripheral surface of the capillary
tube 16, and the refrigerant is thus decompressed while
having its temperature further reduced and then flows
into the evaporator 19. In the evaporator 19, the refrig-
erant absorbs heat from a refrigerant flowing through the
condenser 22 of the cascade heat exchanger 17 and thus
evaporates. Thus, the refrigerant flowing through the
condenser 22 is cooled.
[0033] The refrigerant that has evaporated in the evap-
orator 19 then exits from the high-temperature-side evap-
orator 19 through the suction pipe 18, flows into the dou-
ble-pipe structure 21 through the high-temperature-side
header 23, exchanges heat with a refrigerant flowing
through the capillary tube 16 described above, and then
returns to the compressor 1.

(1-4) Low-temperature-side refrigerant circuit 6

[0034] Meanwhile, like the compressor 1 in the high-
temperature-side refrigerant circuit 4, the compressor 2
constituting the low-temperature-side refrigerant circuit
6 is an electromotive compressor that uses a single-
phase or three-phase AC power supply. A refrigerant dis-
charge pipe 26 of the compressor 2 extends to an internal
heat exchanger 27. The internal heat exchanger 27 is a
heat exchanger for allowing a high-pressure-side refrig-
erant that has been compressed by the compressor 2
and is traveling toward a capillary tube 28 to exchange
heat with a low-pressure-side refrigerant that has evap-
orated in the evaporator 3 and is traveling back to the
compressor 2.
[0035] The high-pressure-side refrigerant pipe past the
internal heat exchanger 27 is connected to the condenser
22. As described above, the condenser 22, along with
the high-temperature-side evaporator 19 in the high-tem-

perature-side refrigerant circuit 4, constitutes the cas-
cade heat exchanger 17. The refrigerant pipe extending
from the condenser 22 is then connected to a low-tem-
perature-side dehydrator (dry core) 31 and the capillary
tube 28. The dehydrator 31 is a moisture removing unit
for removing the moisture in the low-temperature-side
refrigerant circuit 6. The capillary tube 28 is disposed in
a main pipe 34 of a double-pipe structure 33, described
later, that constitutes a part of a suction pipe 32 extending
from the evaporator 3 and returning to the compressor 2.

(1-5) Structure of double-pipe structure 33

[0036] A specific structure is illustrated in Fig. 2. Spe-
cifically, the double-pipe structure 33 is constituted as
illustrated in Fig. 2 with the capillary tube 28 disposed in
the main pipe 34, which is a part (immediately past the
evaporator 3) of the suction pipe 32 located on the outlet
side of the evaporator 3 and upstream from the internal
heat exchanger 27. Such double-pipe structure allows a
refrigerant flowing through the capillary tube 28 on the
inner side of the double-pipe structure 33 to exchange
heat with a refrigerant, from the evaporator 3, flowing
through the main pipe 34 on the outer side.
[0037] Subsequently, an example of procedures for
manufacturing the double-pipe structure 33 will be de-
scribed (the double-pipe structure 21 described above is
also manufactured through similar procedures). First, the
linear capillary tube 28 is inserted into the linear main
pipe 34 having a diameter larger than that of the capillary
tube 28, and a double pipe is thus provided. Then, this
double pipe is wound spirally in a plurality of turns. At this
point, the double pipe is wound such that the center of
the axis of the main pipe 34 substantially coincides with
the center of the axis of the capillary tube 28, and the
spiral double pipe is formed. Thus, a substantially con-
stant and uniform gap is formed between the inner wall
surface of the main pipe 34 and the outer wall surface of
the capillary tube 28. In this manner, the double pipe is
wound spirally in a plurality of turns, and the spiral double-
pipe structure is formed. Thus, the size can be reduced
while the length of the capillary tube 28 is secured to a
sufficient level and the heat exchanging portion of the
double-pipe structure 33 is secured to a sufficient level.
[0038] Subsequently, a connection pipe 36, which is a
T-pipe in the example, formed with one end of an end
pipe 37 welded to one side end 36A is attached to each
end of the main pipe 34 with the other side end 36B weld-
ed thereto, and each end of the capillary tube 28 is pulled
out through a corresponding opening at the other end of
each end pipe 37 of the connection pipe 36. Then, the
other ends of the end pipes 37 are welded and sealed.
Furthermore, the suction pipe 32 connected to the evap-
orator 3 at its outlet side is connected to a lower end 36C
of the T-pipe of one of the connection pipes 36, and this
connecting portion is welded. In a similar manner, the
suction pipe 32 extending to the internal heat exchanger
27 is connected to a lower end 36C of the T-pipe of the
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connection pipe 36 attached to the other end of the main
pipe 34, and this connecting portion is welded. Then, the
outer periphery of this double-pipe structure 33 is sur-
rounded by a heat insulator (not illustrated).
[0039] In this manner, the capillary tube 28 is inserted
into the suction pipe 32 (main pipe 34 and connection
pipe 36) so as to form the double-pipe structure 33; thus,
a refrigerant passing through the capillary tube 28 ex-
changes heat with a refrigerant passing through the suc-
tion pipe 32 (main pipe 34) through thermal conduction
along the entire wall surface of the capillary tube 28.
Thus, as compared to a structure in which a capillary
tube is attached to the outer peripheral surface of a suc-
tion pipe, the heat exchanging performance can be in-
creased considerably.
[0040] Furthermore, as the entire outer periphery of
the double-pipe structure 33 is surrounded by the heat
insulator, the double-pipe structure 33 is less affected by
heat from the outside, and the heat exchanging perform-
ance between a refrigerant inside the main pipe 34 and
a refrigerant inside the capillary tube 28 can be further
increased. In addition, the refrigerant is made to flow such
that the flow of a refrigerant in the capillary tube 28 on
the inner side of the double-pipe structure 33 is counter-
current to that in the suction pipe 32 (main pipe 34) out-
side the capillary tube 28. Thus, the heat exchanging
performance in the double-pipe structure 33 can be fur-
ther improved.
[0041] This double-pipe structure 33 is housed inside
the heat insulator I on the back side of the inner compart-
ment IL of the ultralow-temperature storage DF, as illus-
trated in Fig. 9. In Fig. 9, the heat insulator that surrounds
the double-pipe structure 33 is not illustrated. In addition,
IS indicated in Fig. 9 denotes a heat-insulating structure
formed by surrounding the cascade heat exchanger 17
described above and so on with a heat insulator, and the
heat-insulating structure is housed inside the heat insu-
lator I on the back side of the inner compartment IL so
as to be adjacent to the double-pipe structure 33. Mean-
while, the suction pipe 32 extending from the double-pipe
structure 33 passes through the internal heat exchanger
27 and is connected to the compressor 2 at its suction
side.

(1-6) Refrigerant composite material in low-temperature-
side refrigerant circuit 6

[0042] In the example, a mixed refrigerant containing
ethane (R170) serving as a first refrigerant (primary re-
frigerant), carbon dioxide (R744) serving as a refrigerant
to be mixed with the first refrigerant, and difluoromethane
(R32) is enclosed in the low-temperature-side refrigerant
circuit 6. The boiling points and the GWPs of the respec-
tive refrigerants are indicated in Fig. 3. Ethane (R170)
has a boiling point of -88.8°C and a GWP of 3; carbon
dioxide (R744) has a boiling point of -78.4°C and a GWP
of 1; difluoromethane (R32) has a boiling point of -51.7°C
and a GWP of 650; and a refrigerant composite material

containing the above has a boiling point of -86°C or lower,
with an improvement in the refrigeration performance due
to carbon dioxide (R744) contributing thereto.
[0043] Since carbon dioxide (R744) has a boiling point
of -78.4°C, carbon dioxide (R744) does not directly con-
tribute to the cooling effect in the evaporator 3 that has
a target evaporation temperature of -85°C to -86°C. How-
ever, since carbon dioxide (R744) has a GWP of 1, mixing
carbon dioxide (R744) makes it possible to reduce the
GWP of the refrigerant enclosed in the low-temperature-
side refrigerant circuit 6. As the thermal conductivity in-
creases, the refrigeration performance can be increased,
and the density of the refrigerant sucked into the com-
pressor 2 also increases. In addition, an azeotropic effect
with ethane (R170) serving as the first refrigerant can
also be expected, and thus the refrigeration performance
can be further improved. When the first refrigerant is in-
flammable, the effect of turning the refrigerant noninflam-
mable can also be expected. In addition, difluoromethane
(R32) is a refrigerant (second refrigerant) that is highly
soluble in carbon dioxide (R744) at a temperature lower
than the boiling point of carbon dioxide (R744) .

(1-7) Flow of refrigerant in low-temperature-side refrig-
erant circuit 6

[0044] In Fig. 1, the solid arrows indicate the flow of
the refrigerant circulating in the low-temperature-side re-
frigerant circuit 6. In describing the flow of the refrigerant
in the low-temperature-side refrigerant circuit 6 specifi-
cally, a high-temperature gaseous refrigerant discharged
from the compressor 2 is discharged from a sealed con-
tainer through the refrigerant discharge pipe 26, is con-
densed by the internal heat exchanger 27 and the con-
denser 22, and releases heat to be liquefied; then, the
moisture contained therein is removed by the low-tem-
perature-side dehydrator 31, and the refrigerant flows
into the capillary tube 28.
[0045] In the capillary tube 28, the refrigerant exchang-
es heat with a refrigerant passing through the suction
pipe 32 (main pipe 34), which is provided along the entire
periphery of the capillary tube 28, through thermal con-
duction along the entire peripheral surface of the capillary
tube 28, and the refrigerant is thus decompressed while
having its temperature further reduced and then flows
into the evaporator 3. Then, ethane (R170) serving as
the first refrigerant draws heat from its surrounding in the
evaporator 3 and evaporates. At this point, as ethane
(R170) serving as the first refrigerant evaporates in the
evaporator 3, ethane (R170) exhibits the cooling effect
and cools the surrounding of the evaporator 3 to an ul-
tralow temperature of -88°C to - 90°C. As described
above, the evaporator (refrigerant pipe) 3 is constituted
by being wound in a heat-exchangeable manner along
the heat insulator I of the inner compartment IL of the
heat-insulating box IB; thus, as the evaporator 3 is
cooled, the interior of the storage room CB of the ultralow-
temperature storage DF can be brought to an inner tem-
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perature of -80°C or lower. The refrigerant that has evap-
orated in the evaporator 3 then exits from the evaporator
3 through the suction pipe 32, passes through the above-
described double-pipe structure 33 and the internal heat
exchanger 27, and returns to the compressor 2.
[0046] In this manner, as the double-pipe structure 33
is constituted with the capillary tube 28 disposed in the
suction pipe 32 (main pipe 34) through which the refrig-
erant that returns from the evaporator 3 to the compres-
sor 2 passes, the heat exchanging efficiency between a
refrigerant in the main pipe 34 and a refrigerant in the
capillary tube 28 can be increased, and the performance
can thus be improved. In particular, as the double-pipe
structure 33 is constituted with the capillary tube 28 dis-
posed in the main pipe 34 of the suction pipe 32 imme-
diately past the evaporator 3, providing a configuration
in which heat can be exchanged through thermal con-
duction along the entire peripheral wall surface of the
capillary tube 28, ethane (R170) having the lowest boiling
point can be cooled efficiently by the refrigerant returning
from the evaporator 3, and the performance can be in-
creased considerably. Accordingly, this is particularly ef-
fective in the ultralow-temperature storage DF as in the
present example.
[0047] Furthermore, as the capillary tube 28 is dis-
posed in the double-pipe structure 33, which is then sur-
rounded by a heat insulator, the heat exchanging effi-
ciency can be further improved. In addition, as the flow
of a refrigerant in the capillary tube 28 is countercurrent
to the flow of a refrigerant passing through the main pipe
34 outside the capillary tube 28, the heat exchanging
performance can be further improved.
[0048] In addition, in the example, like the capillary
tube 28 in the low-temperature-side refrigerant circuit 6,
the capillary tube 16 serving as a decompressing unit in
the high-temperature-side refrigerant circuit 4 is formed
into the double-pipe structure 21, and this double-pipe
structure 21 is surrounded by a heat insulator. Further-
more, the flow of a refrigerant in the capillary tube 16 on
the inner side of the double-pipe structure 21 is counter-
current to the flow of a refrigerant in the suction pipe 18
(pipe 18A) outside the capillary tube 16. Thus, the refrig-
erant in the capillary tube 16 can be cooled efficiently by
the refrigerant returning from the evaporator 19. Thus,
the heat exchanging efficiency can be further increased,
and the performance can be further improved. Generally,
the refrigeration apparatus R capable of efficiently cool-
ing the interior (interior of the storage room CB) of the
ultralow-temperature storage DF to a desired ultralow
temperature can be implemented.

(2) Refrigerant composition for preventing carbon dioxide 
from turning into dry ice in low-temperature-side refrig-
erant circuit 6

[0049] In the double-pipe structure 33 in the low-tem-
perature-side refrigerant circuit 6 described above, the
flow direction of the refrigerant is turned at substantially

right angle at each connection pipe 36 constituted by a
T-pipe along its shape (indicated by X1 and X2 in Figs.
1 and 2). Therefore, when the refrigerant passes through
the connection pipes 36, pressure loss is likely to occur.
[0050] Meanwhile, as described above, carbon dioxide
(R744) has a boiling point of -78.4°C, which is high as
compared to that of ethane (R170) serving as the first
refrigerant, and thus carbon dioxide (744) enters the suc-
tion pipe 32 in the form of liquid or moist steam without
having evaporated in the final evaporator 3. Therefore,
the refrigerant that has exited from the evaporator 3 con-
tains a very high proportion of carbon dioxide (R744) and
has an ultralow temperature of -85°C or lower; thus, car-
bon dioxide can turn into dry ice due to its properties.
[0051] If the refrigerant in such a condition reaches the
double-pipe structure 33 in the low-temperature-side re-
frigerant circuit 6 and carbon dioxide (R744) is solidified
and turns into dry ice at the portions X1 and X2 at which
pressure loss is likely to occur as described above, the
connection pipes 36 are clogged at X1 and X2, leading
to a situation in which the refrigerant is prevented from
circulating.

(2-1) Ethane (R170) + carbon dioxide (R744)

[0052] Fig. 4 illustrates changes in the inner tempera-
ture (temperature at the middle of the interior in the
height-wise direction) 1/2H and in the temperature at the
inlet of the evaporator 3 (evaporator-inlet temperature)
Eva-In when the proportion (wt%) of carbon dioxide
(R744) to the total weight of the refrigerant composite
material enclosed in the low-temperature-side refrigerant
circuit 6 was varied stepwise (external temperature
+30°C). When ethane (R170) was at 100 (wt%), the evap-
orator-inlet temperature Eva-In was -91.2°C, and the in-
ner temperature 1/2H was -86.0°C. When carbon dioxide
(R744) was mixed therewith at 4.6 (wt%), the evaporator-
inlet temperature Eva-In dropped to -92.2°C, and the in-
ner temperature 1/2H dropped to -86.1°C. When the pro-
portion of carbon dioxide (R744) to be mixed was in-
creased to 8.8 (wt%), the evaporator-inlet temperature
Eva-In dropped to -93.9°C, and the inner temperature
1/2H dropped to -86.3°C.
[0053] Furthermore, when the proportion of carbon di-
oxide (R744) to be mixed was increased to 11.9 (wt%),
although the evaporator-inlet temperature Eva-In rose to
-93.0°C, the inner temperature 1/2H dropped to -86.6°C.
However, since the evaporator-inlet temperature Eva-In
started to rise, it is considered that dry ice has started to
be produced at the portions X1 and X2 at which pressure
loss is likely to occur in the respective connection pipes
36.
[0054] Then, when the proportion of carbon dioxide
(R744) to be mixed was increased up to 15.4 (wt%), the
evaporator-inlet temperature Eva-In and the inner tem-
perature 1/2H became extremely unstable and became
unmeasurable. This indicates that carbon dioxide (R744)
has turned into dry ice, which then has clogged the por-

11 12 



EP 3 037 744 B1

8

5

10

15

20

25

30

35

40

45

50

55

tions X1 and X2, preventing the refrigerant from flowing
therethrough or considerably obstructing the flow. In this
state, the inner temperature also rises suddenly.

(2-2) Addition of difluoromethane (R32)

[0055] Subsequently, when difluoromethane (R32)
was mixed at 3.1 (wt%) with the above composition, or
the composition containing 84.6 (wt%) ethane (R170)
and 15.4 (wt%) carbon dioxide (R744), each temperature
stabilized; thus, the evaporator-inlet temperature Eva-In
became -91.2°C, and the inner temperature 1/2H be-
came -86.8°C. This indicates that difluoromethane (R32),
which is highly soluble in carbon dioxide (R744), has
melted and removed the dry ice that has clogged the
connection pipes 36 at the portions X1 and X2. The com-
position at this time was 81.9 (wt%) ethane (R170), 15.0
(wt%) carbon dioxide (R744), and 3.1 (wt%) difluor-
omethane (R32). The reason why the proportions of
ethane (R170) and of carbon dioxide (R744) to the total
weight were reduced was that difluoromethane (R32)
was added.
[0056] Thereafter, when the proportion of difluor-
omethane (R32) was increased to 6.1 (wt%), the evap-
orator-inlet temperature Eva-In dropped to -91.9°C, and
the inner temperature 1/2H also dropped to -87.0°C. Fur-
thermore, when the proportion of difluoromethane (R32)
was increased to 8.9 (wt%), the evaporator-inlet temper-
ature Eva-In became -93.2°C, and the inner temperature
1/2H became -86.8°C, which reveals that the tempera-
tures have stabilized.
[0057] Fig. 5 summarizes the state of carbon dioxide
(R744) turning into dry ice and prevention thereof with
respect to the proportions of ethane (R170), carbon di-
oxide (R744), and difluoromethane (R32) contained in
the refrigerant composite material. In Fig. 5, the horizon-
tal axis represents the proportion (wt%) of carbon dioxide
(R744) to the total weight, and the vertical axis represents
the evaporator-inlet temperature Eva-In. Two experi-
mental results obtained with the external temperature
and/or the condition of the capillary tube varied are plot-
ted in the upper part and the lower part of Fig. 5. Under
the conditions indicated by star plots (14), (15), and (16)
in the figure, when a mixed refrigerant of ethane (R170)
and carbon dioxide (R744) containing no difluorometh-
ane (R32) was used, production of dry ice was experi-
mentally confirmed.
[0058] In addition, in Fig. 5, plots (1) to (6) indicate
respective cases in which ethane (R170) only, 0 (wt%),
3.1 (wt%), 6.1 (wt%), 8.9 (wt%), and 23.6 (wt%) difluor-
omethane (R32) in ethane (R170) and carbon dioxide
(R744) are added to the refrigeration apparatus R of the
example; whereas (7) to (13) indicate respective cases
in which ethane (R170) only, 0 (wt%), 4.0 (wt%), 15.8
(wt%), 11.3 (wt%), 18.5 (wt%), and 27.5 (wt%) difluor-
omethane (R32) in ethane (R170) and carbon dioxide
(R744) are added to the refrigeration apparatus R, with
the condition varied as described above.

[0059] The solid line L1 in Fig. 5 indicates the boundary
up to which dry ice is not produced when carbon dioxide
(R744) is mixed with ethane (R170), and indicates, for
example, that when the evaporator-inlet temperature
Eva-In is -91°C, dry ice is not produced even if carbon
dioxide (R744) is mixed at up to 14 (wt%). The range
between the solid line L1 and the dashed line L2 indicates
the region in which dry ice is produced, and means that
when the evaporator-inlet temperature Eva-In is -91°C,
dry ice is produced if, for example, carbon dioxide (R744)
is added at up to 19 wt%.
[0060] In addition, the solid line L3 indicates a case in
which difluoromethane (R32) was added at 8.9 (wt%) to
prevent dry ice from being produced and the inner tem-
perature 1/2H and the evaporator-inlet temperature Eva-
In stabilized. As difluoromethane (R32) is added, the pro-
portion of carbon dioxide (R744) is reduced to approxi-
mately 16.4 (wt%) when the evaporator-inlet temperature
Eva-In is -91°C.
[0061] The case in which difluoromethane (R32) was
added at 3.1 (wt%) in Fig. 4 corresponds to the plot (3)
in Fig. 5; the case of 6.1 (wt%) corresponds to the plot
(4) in Fig. 5; and the case of 8.9 (wt%) corresponds to
the plot (5) in Fig. 5. The star plot (14), occurring when
difluoromethane (R32) was not added, moved to the plot
(5), approaching the solid line L3, which indicates that
dry ice was prevented from being produced.
[0062] The solid line L4 in Fig. 5 indicates a case in
which difluoromethane was added at up to 23.6 (wt%) to
prevent dry ice from being produced and the inner tem-
perature 1/2H and the evaporator-inlet temperature Eva-
In stabilized. In this case, when the evaporator-inlet tem-
perature Eva-In is, for example, -90.5°C, carbon dioxide
(R744) can be mixed at up to 25 (wt%), which is greater
than 20 (wt%) (dry ice is not produced). In other words,
the star plot (15), occurring when difluoromethane (R32)
was not added, moved to the plot (6), approaching the
solid line L4, which indicates that dry ice was prevented
from being produced.
[0063] For reference, as another experimental result,
the solid line L5 in the lower part indicates a case in which
difluoromethane (R32) was added at up to 4.0 (wt%) to
prevent dry ice from being produced and the inner tem-
perature 1/2H and the evaporator-inlet temperature Eva-
In stabilized; and L6 and L7 indicate cases in which the
proportions were increased to 18.5 (wt%) and 27.5 (wt%),
respectively, to prevent dry ice from being produced and
the inner temperature 1/2H and the evaporator-inlet tem-
perature Eva-In stabilized.
[0064] In other words, the star plot (16), occurring when
difluoromethane (R32) was not added, moved to the plot
(9), approaching the solid line (5), when difluoromethane
(R32) was added at 4.0 (wt%), which indicates that dry
ice was prevented from being produced.
[0065] In this manner, in the example, ethane (R170)
serves as the first refrigerant, and a refrigerant compo-
sition containing ethane (R170), carbon dioxide (R744),
and difluoromethane (R32) that is highly soluble in car-
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bon dioxide (R744) is employed. Thus, as difluorometh-
ane (R32) is added in a proportion at which carbon diox-
ide (R744) can be prevented from turning into dry ice as
described above, even if carbon dioxide (R744) is added,
for example, in a proportion greater than 20% to the total
mass, dry ice can be prevented from being produced at
the portions X1 and X2 at which pressure loss is likely to
occur in the double-pipe structure 33 in the low-temper-
ature-side refrigerant circuit 6, and stable refrigeration
performance can be exhibited.

Example 2

(3) Ethane (R170) + carbon dioxide (R744) + 1,1,1,2-
tetrafluoroethane (R134a)

[0066] Subsequently, a case in which dry ice is pre-
vented from being produced by mixing, in addition to
ethane (R170) and carbon dioxide (R744), 1,1,1,2-
tetrafluoroethane (R134a) in the low-temperature-side
refrigerant circuit 6 will be described. Although difluor-
omethane (R32) is used as the refrigerant (second re-
frigerant) that is highly soluble in carbon dioxide (R744)
in the above-described example, 1,1,1,2-tetrafluor-
oethane (R134a) in the present example is also the re-
frigerant (second refrigerant) that is highly soluble in car-
bon dioxide (R744) at a temperature lower than the boil-
ing point of carbon dioxide (R744). 1,1,1,2-tetrafluor-
oethane (R134a) has a boiling point of -26.1°C and a
GWP of 1300. In addition, 1,1,1,2-tetrafluoroethane
(R134a) is noninflammable, and the effect of turning the
mixed refrigerant noninflammable can also be expected.
[0067] As in the case of Fig. 4 described above, Fig. 6
illustrates changes in the inner temperature 1/2H and in
the evaporator-inlet temperature Eva-In when the pro-
portion (wt%) of carbon dioxide (R744) to the total weight
of the refrigerant composite material enclosed in the low-
temperature-side refrigerant circuit 6 is varied (similarly,
external temperature +30°C). In this experiment, when
ethane (R170) was at 100 (wt%), the evaporator-inlet
temperature Eva-In was -91.8°C, and the inner temper-
ature 1/2H was - 86.0°C. When carbon dioxide (R744)
was mixed therewith at 4.6 (wt%), the evaporator-inlet
temperature Eva-In dropped to -93.1°C, and the inner
temperature 1/2H dropped to -86.3°C. When the propor-
tion of carbon dioxide (R744) to be mixed was increased
to 10.3 (wt%), the evaporator-inlet temperature Eva-In
dropped to -94.0°C, and the inner temperature 1/2H
dropped to -86.8°C.
[0068] When the proportion of carbon dioxide (R744)
to be mixed was increased up to 14.8 (wt%), the evapo-
rator-inlet temperature Eva-In and the inner temperature
1/2H became extremely unstable and became unmeas-
urable. This indicates that carbon dioxide (R744) has
turned into dry ice, which then has clogged the connec-
tion pipes 36 at the portions X1 and X2, preventing the
refrigerant from flowing therethrough or considerably ob-
structing the flow.

(3-1) Addition of 1,1,1,2-tetrafluoroethane (R134a)

[0069] Subsequently, when 1,1,1,2-tetrafluoroethane
(R134a) was mixed at 4.6 (wt%) with the above compo-
sition, or the composition of 85.2 (wt%) ethane (R170)
and 14.8 (wt%) carbon dioxide (R744), each temperature
stabilized; thus, the evaporator-inlet temperature Eva-In
became -92.9°C, and the inner temperature 1/2H be-
came -86.5°C. This indicates that 1,1,1,2-tetrafluor-
oethane (R134a) that is highly soluble in carbon dioxide
(R744) has melted and removed the dry ice that has
clogged the connection pipes 36 at the portions X1 and
X2. The composition at this time was 81.3 (wt%) ethane
(R170), 14.1 (wt%) carbon dioxide (R744), and 4.6 (wt%)
1,1,1,2-tetrafluoroethane (R134a). The reason why the
proportions of ethane (R170) and of carbon dioxide
(R744) to the total weight were reduced was that 1,1,1,2-
tetrafluoroethane (R134a) was added at 4.6 (wt%).
[0070] Thereafter, when the proportion of 1,1,1,2-
tetrafluoroethane (R134a) was increased to 8.3 (wt%),
the evaporator-inlet temperature Eva-In dropped to
-93.0°C, and the inner temperature 1/2H also dropped
to -86.4°C. Furthermore, when the proportion of 1,1,1,2-
tetrafluoroethane (R134a) was increased to 11.5 (wt%),
the evaporator-inlet temperature Eva-In became
-93.3°C, and the inner temperature 1/2H became
-86.4°C, which reveals that the temperatures have sta-
bilized.
[0071] In this manner, even when 1,1,1,2-tetrafluor-
oethane (R134a) is added in place of difluoromethane
(R32), carbon dioxide (R744) can very effectively be pre-
vented from turning into dry ice.

Example 3

(4) Difluoroethylene (R1132a) + carbon dioxide (R744) 
+ difluoromethane (R32)

[0072] Subsequently, a case in which, in place of
ethane (170), difluoroethylene (R1132a) serving as the
first refrigerant is enclosed in the low-temperature-side
refrigerant circuit 6 will be described. The refrigerant
composite material in this case contains difluoroethylene
(R1132a), carbon dioxide (R744), and difluoromethane
(R32), and this is the case in which carbon dioxide is
prevented from turning into dry ice through this compo-
sition. Difluoroethylene (R1132a) has a boiling point of
-83.5°C and a GWP of 10.
[0073] As in the cases of Figs. 4 and 6 described
above, Fig. 7 illustrates changes in the inner temperature
(temperature at the middle in the height-wise direction)
1/2H and in the temperature at the inlet of the evaporator
3 (evaporator-inlet temperature) Eva-In when the propor-
tion (wt%) of carbon dioxide (R744) to the total weight of
the refrigerant composite material enclosed in the low-
temperature-side refrigerant circuit 6 is varied. Although
this is another experimental result obtained with the ex-
ternal temperature and/or the condition of the capillary
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tube varied, the result shows a similar tendency.
[0074] When difluoroethylene (R1132a) was at 100
(wt%); the evaporator-inlet temperature Eva-In was
-95.2°C, the outlet temperature of the evaporator 3 (evap-
orator-outlet temperature) Eva-Out was -90.3°C, and the
inner temperature 1/2H was -88.0°C. When carbon diox-
ide (R744) was mixed therewith at 3.8 (wt%); the evap-
orator-inlet temperature Eva-In dropped to -97.0°C, the
evaporator-outlet temperature Eva-Out dropped to
-91°C, and the inner temperature 1/2H dropped to
-88.7°C. When the proportion of carbon dioxide (R744)
to be mixed was increased to 7.9 (wt%); the evaporator-
inlet temperature Eva-In dropped to -98.3°C, the evapo-
rator-outlet temperature Eva-Out dropped to -91.6°C,
and the inner temperature 1/2H dropped to -89.3°C.
[0075] Furthermore, when the proportion of carbon di-
oxide (R744) to be mixed was increased to 10.7 (wt%);
the evaporator-inlet temperature Eva-In dropped to
-99.3°C, the evaporator-outlet temperature Eva-Out
dropped to -91.8°C, and the inner temperature 1/2H
dropped to -89.6°C. When the proportion of carbon diox-
ide (R744) to be mixed was increased to 13.4 (wt%); the
evaporator-inlet temperature Eva-In dropped to -99.5°C,
the evaporator-outlet temperature Eva-Out dropped to
-92.1°C, and the inner temperature 1/2H dropped to
-89.8°C.
[0076] Furthermore, when the proportion of carbon di-
oxide (R744) to be mixed was increased to 16.3 (wt%),
although the evaporator-outlet temperature Eva-Out
dropped to -92.2°C and the inner temperature 1/2H
dropped to -90.0°C, the evaporator-inlet temperature
Eva-In rose to -97.0°C. Since the evaporator-inlet tem-
perature Eva-In started to rise, it is understood that dry
ice has started to be produced at the portions X1 and X2
at which pressure loss is likely to occur in the respective
connection pipes 36.
[0077] When the proportion of carbon dioxide (R744)
to be mixed was increased to 18.8 (wt%) or up to 20.8
(wt%), the evaporator-inlet temperature Eva-In and the
inner temperature 1/2H became extremely unstable and
became unmeasurable. This indicates that carbon diox-
ide (R744) has turned into dry ice, which then has clogged
the portions X1 and X2, preventing the refrigerant from
flowing therethrough or considerably obstructing the
flow. In this state, the inner temperature rises suddenly.

(4-1) Addition of difluoromethane (R32)

[0078] Subsequently, when difluoromethane (R32)
was mixed at 1.1 (wt%) with the above composition, or
the composition of 79.2 (wt%) difluoroethylene (R1132a)
and 20.8 (wt%) carbon dioxide (R744), each temperature
stabilized; thus, the evaporator-inlet temperature Eva-In
became -91.6°C, the evaporator-outlet temperature Eva-
Out became -91.4°C, and the inner temperature 1/2H
became -89.3°C. This indicates that difluoromethane
(R32) that is highly soluble in carbon dioxide (R744) has
melted and removed the dry ice that has clogged the

connection pipes 36 at the portions X1 and X2. The com-
position at this time was 78.3 (wt%) difluoroethylene
(R1132a), 20.6 (wt%) carbon dioxide (R744), and 1.1
(wt%) difluoromethane (R32). The reason why the pro-
portions of difluoroethylene (R1132a) and of carbon di-
oxide (R744) to the total weight were reduced was that
difluoromethane (R32) was added.
[0079] In this manner, even when difluoroethylene
(R1132a), in place of ethane (R170), is used as the first
refrigerant, as difluoromethane (R32) is added, carbon
dioxide (R744) can very effectively be prevented from
turning into dry ice.
[0080] Although ethane (R170) and difluoroethylene
(R1132a) are described as non-limiting examples of the
first refrigerant having a boiling point of not less than
-89.0°C and not more than -78.1°C in the examples de-
scribed above, a mixed refrigerant of difluoroethylene
(R1132a) and hexafluoroethane (R116) or a mixed re-
frigerant of difluoroethylene (R1132a) and ethane (R170)
is also effective.
[0081] In addition, the present invention is also effec-
tive when a mixed refrigerant of ethane (R170) and hex-
afluoroethane (R116), an azeotropic mixture (R508A,
boiling point -85.7°C) of 39 mass% trifluoromethane
(R23) and 61 mass% hexafluoroethane (R116), or an
azeotropic mixture (R508B, boiling point -86.9°C) of 46
mass% trifluoromethane (R23) and 54 mass% hexafluor-
oethane (R116) is used as the first refrigerant.
[0082] In addition, although difluoromethane (R32)
and 1,1,1,2-tetrafluoroethane (R134a) are described as
non-limiting examples of the refrigerant (second refrig-
erant) that is highly soluble in carbon dioxide (R744) in
the examples described above, n-pentane (R600), isob-
utane (R600a), 1,1,1,2,3-pentafluoropentene (HFO-
1234ze), and 1,1,1,2-tetrafluoropentene (HFO-1234yf)
are also highly soluble in carbon dioxide (R744) at a tem-
perature lower than the boiling point of carbon dioxide
(R744) and can thus be employed as the second refrig-
erant. The boiling points and the GWPs of these refrig-
erants are indicated in Fig. 3.

Example 4

[0083] Subsequently, with reference to Fig. 8, another
example of the double-pipe structure 33 in the low-tem-
perature-side refrigerant circuit 6 will be described. In this
drawing, parts indicated by symbols identical to those in
Fig. 2 indicate identical parts. In the example in this case,
electric heaters 41 are attached to the double-pipe struc-
ture 33 in which carbon dioxide (R744) could turn into
dry ice. These electric heaters 41 are wound so as to
correspond to the portions X1 and X2 of the respective
connection pipes 36 at which the above-described pres-
sure loss is likely to occur.
[0084] In the figure, 42 designates a controller serving
as a controlling unit that controls the driving of the ultral-
ow-temperature storage DF, and the electric heaters 41
are connected to an output of the controller 42. In addi-
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tion, an output of an inner-temperature sensor 43, which
detects the inner temperature of the storage room CB
(region to be cooled through the refrigerating effect of
the evaporator 3), and an output of a double-pipe-struc-
ture-temperature sensor 44, which detects the tempera-
ture of the double-pipe structure 33, are connected to an
input of the controller 42.
[0085] Then, for example, when the temperature of the
double-pipe structure 33 detected by the double-pipe-
structure-temperature sensor 44 reaches or falls below
a predetermined value, the controller 42 passes electric-
ity to the electric heaters 41 to heat the portions X1 and
X2 of the double-pipe structure 33 and stops the passage
of electricity to the electric heaters 41 when the temper-
ature rises to an upper limit value having a predetermined
differential from the predetermined value. This predeter-
mined value is set to a temperature at which carbon di-
oxide (R744) turns into dry ice at the portions X1 and X2
of the respective connection pipes 36.
[0086] In this manner, when the temperature of the
double-pipe structure 33 falls to the predetermined value
at which dry ice is produced, the controller 42 causes the
electric heaters 41 to heat the portions X1 and X2 of the
respective connection pipes 36; thus, carbon dioxide
(R744) can be prevented from turning into dry ice at the
portions X1 and X2, or produced dry ice can be melted.
Thus, along with the effect of difluoromethane (R32) de-
scribed above, the inconvenience associated with car-
bon dioxide (R744) turning into dry ice can very effectively
be resolved.
[0087] Conversely, this example offers an effect that
carbon dioxide (R744) can be prevented from turning into
dry ice even if the refrigerant that is highly soluble in car-
bon dioxide (R744), such as difluoromethane (R32) de-
scribed above, is not added.
[0088] As in the example described above, when not
only the temperature of the double-pipe structure 33 but
also the inner temperature of the storage room CB de-
tected by the inner-temperature sensor 43 rises (prede-
termined value) relative to a set value, the electricity may
be passed to the electric heaters 41 (thereafter, when
the inner temperature falls to the set value or when the
temperature of the double-pipe structure 33 rises to the
upper limit value, the passage of electricity is stopped).
Thus, carbon dioxide (R744) turning into dry ice can be
recognized more accurately, and the passage of elec-
tricity to the electric heaters 41 can be controlled more
accurately.
[0089] In addition, although the connection pipes 36
are constituted by T-pipes in each of the examples, with-
out being limited thereto, the present invention is also
effective even in a case of a connection pipe having an-
other shape that is prone to pressure loss, such as a Y-
shape or an L-shape. Furthermore, although the present
invention is applied to the low-temperature-side refriger-
ant circuit of a so-called binary refrigeration apparatus in
the examples, without being limited thereto, the present
invention can also be applied to a single-stage refriger-

ation apparatus. In addition, the numerical values indi-
cated in each of the above examples are illustrative in
the case of the ultralow-temperature storage DF that was
experimentally measured, and may be set as appropriate
in accordance with the capacity or the like.

[DESCRIPTION OF THE REFERENCE NUMERALS]

[0090]

1, 2 compressor
3, 19 evaporator
4 high-temperature-side refrigerant circuit
6 low-temperature-side refrigerant circuit
13, 22 condenser
16, 28 capillary tube
17 cascade heat exchanger
32 suction pipe
33 double-pipe structure
34 main pipe
36 connection pipe
DF ultralow-temperature storage
R refrigeration apparatus

Claims

1. A refrigeration apparatus, comprising:

a refrigerant circuit that condenses a refrigerant
discharged from a compressor (1,2), decom-
presses the refrigerant with a capillary tube
(16,28), and causes the refrigerant to evaporate
in an evaporator (3,19) to exhibit a refrigeration
effect, wherein, as the refrigerant in the refrig-
erant circuit, a mixed refrigerant containing a first
refrigerant having a boiling point in an ultralow
temperature range of not less than - 89.0°C and
not more than -78.1 °C and carbon dioxide
(R744) is enclosed,
a heater (41) that heats at least a portion of a
suction pipe (18,32) through which the refriger-
ant that returns from the evaporator (3,19) to the
compressor (1,2) passes to thus retain the car-
bon dioxide (R744) in a liquid phase or in a gas
phase or to thus melt the solidified carbon diox-
ide (R744) in the suction pipe (18,32) is provid-
ed,
characterized in that
a double-pipe structure (33) is provided by con-
stituting at least a portion of the suction pipe (32)
through which the refrigerant that returns from
the evaporator (3) to the compressor (2) passes
by a main pipe (34) and connection pipes (36)
connected to respective ends of the main pipe
(34), by disposing the capillary tube (28) in the
main pipe (34), and by pulling out the capillary
tube (28) through the connection pipes (36) at
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the respective ends, and
the heater (41) heats at least a portion of the
double-pipe structure (33).

2. The refrigeration apparatus according to claim 1,
wherein the mixed refrigerant further contains a sec-
ond refrigerant that is soluble in the carbon dioxide
(R744) at a temperature lower than a boiling point
of the carbon dioxide (R744).

3. The refrigeration apparatus according to claim 1 or
2, further comprising:

a control unit (42) that controls passage of elec-
tricity to the heater (41),
wherein the control unit (42) passes the electric-
ity to the heater (41) in a case in which a tem-
perature of the double-pipe structure (33) reach-
es or falls below a predetermined value.

4. The refrigeration apparatus according to claim 3,
wherein the control unit (42) passes the electricity to
the heater (41) in a case in which the temperature
of the double-pipe structure (33) reaches or falls be-
low the predetermined value and a temperature of a
target to be cooled through the refrigeration effect
rises with respect to a set value.

5. The refrigeration apparatus according to any one of
claims 1 through 4, further comprising:

a high-temperature-side refrigerant circuit (4)
and a low-temperature-side refrigerant circuit
(6), an evaporator (19) in the high-temperature-
side refrigerant circuit (4) and a condenser (22)
in the low-temperature-side refrigerant circuit (6)
constituting a cascade heat exchanger (17),
wherein the double-pipe structure (33) is provid-
ed in the low-temperature-side refrigerant circuit
(6), and
in the low-temperature-side refrigerant circuit
(6), the mixed refrigerant is enclosed, or the
heater (41) is provided in addition to the mixed
refrigerant enclosed therein.

6. The refrigeration apparatus according to any one of
claims 1 through 5, wherein the connection pipe (36)
has a shape that is prone to pressure loss.

7. The refrigeration apparatus according to claim 6,
wherein the connection pipe (36) is a T-pipe.

Patentansprüche

1. Kühlvorrichtung, die umfasst:

einen Kältemittelkreis, der ein von einem Kom-

pressor (1, 2) ausgegebenes Kältemittel verflüs-
sigt, das Kältemittel mit einem Kapillarrohr (16,
28) dekomprimiert und eine Verdampfung des
Kältemittels in einem Verdampfer (3, 19) veran-
lasst, um einen Kühleffekt vorzusehen,
wobei als das Kältemittel in dem Kältemittelkreis
ein gemischtes Kältemittel eingeschlossen ist,
das ein erstes Kältemittel mit einem Siedepunkt
in einem ultratiefen Temperaturbereich von
nicht weniger als -89,0°C und nicht mehr als
-78,1 °C und Kohlendioxid (R744) enthält,
einen Heizer (41), der wenigstens einen Teil ei-
nes Saugrohrs (18, 32), durch das das von dem
Verdampfer (3, 19) zu dem Kompressor (1, 2)
zurückkehrende Kältemittel hindurchgeht, heizt,
um das Kohlendioxid (R744) in einer flüssigen
Phase oder einer Gasphase zu halten oder um
das verfestigte Kohlendioxid (R744) in dem
Saugrohr (18, 32) zu schmelzen,
dadurch gekennzeichnet, dass
ein Doppelrohraufbau (33) vorgesehen wird, in-
dem wenigstens ein Teil des Saugrohrs (32),
durch welches das von dem Verdampfer (3) zu
dem Kompressor (2) zurückkehrende Kältemit-
tel hindurchgeht, durch ein Hauptrohr (34) und
mit entsprechenden Enden des Hauptrohrs (34)
verbundene Verbindungsrohre (36) gebildet
wird, das Kapillarrohr (28) in dem Hauptrohr (34)
angeordnet wird und das Kapillarrohr (28) durch
die Verbindungsrohre (36) an den entsprechen-
den Enden herausgezogen wird, und
der Heizer (41) wenigstens einen Teil des Dop-
pelrohraufbaus (33) heizt.

2. Kühlvorrichtung nach Anspruch 1, wobei das ge-
mischte Kältemittel weiterhin ein zweites Kältemittel
enthält, das in dem Kohlendioxid (R744) bei einer
Temperatur, die niedriger als der Siedepunkt des
Kohlendioxids (R744) ist, gelöst werden kann.

3. Kühlvorrichtung nach Anspruch 1 oder 2, die weiter-
hin umfasst:

eine Steuereinheit (42), die das Zuführen von
Strom zu dem Heizer (41) steuert,
wobei die Steuereinheit (42) Strom zu dem Hei-
zer (41) zuführt, wenn die Temperatur des Dop-
pelrohraufbaus (33) einen vorbestimmten Wert
erreicht oder unter diesen fällt.

4. Kühlvorrichtung nach Anspruch 3, wobei die Steu-
ereinheit (42) Strom zu dem Heizer (41) zuführt,
wenn die Temperatur des Doppelrohraufbaus (33)
den vorbestimmten Wert erreicht oder unter diesen
fällt und die Temperatur eines durch den Kühleffekt
zu kühlenden Ziels in Bezug auf einen Sollwert
steigt.
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5. Kühlvorrichtung nach einem der Ansprüche 1 bis 4,
die weiterhin umfasst:

einen hochtemperaturseitigen Kältemittelkreis
(4) und einen niedertemperaturseitigen Kälte-
mittelkreis (6), einen Verdampfer (19) in dem
hochtemperaturseitigen Kältemittelkreis (4) und
einen Verflüssiger (22) in dem niedertempera-
turseitigen Kältemittelkreis (6), die einen Kaska-
denwärmetauscher (17) bilden,
wobei der Doppelrohraufbau (33) in dem nieder-
temperaturseitigen Kältemittelkreis (6) vorgese-
hen ist, und
in dem niedertemperaturseitigen Kältemittel-
kreis (6) das gemischte Kältemittel eingeschlos-
sen ist oder der Heizer (41) zusätzlich zu dem
darin eingeschlossenen gemischten Kältemittel
vorgesehen ist.

6. Kühlvorrichtung nach einem der Ansprüche 1 bis 5,
wobei das Verbindungsrohr (36) eine Form aufweist,
die zu einem Druckverlust neigt.

7. Kühlvorrichtung nach Anspruch 6, wobei das Ver-
bindungsrohr (36) ein T-Rohr ist.

Revendications

1. Appareil de réfrigération comprenant :

un circuit réfrigérant qui condense un réfrigérant
éjecté d’un compresseur (1, 2), décompresse le
réfrigérant avec un tube capillaire (16, 28) et
amène le réfrigérant à s’évaporer dans un éva-
porateur (3, 19) afin de présenter un effet de
réfrigération,
dans lequel est utilisé en tant que réfrigérant
dans le circuit réfrigérant un réfrigérant mixte
contenant un premier réfrigérant présentant un
point d’ébullition dans une plage de températu-
res ultra basses non inférieures à -89,0 °C et
non supérieures à -78,1 °C et du dioxyde de
carbone (R744),
un élément chauffant (41) est prévu, lequel
chauffe au moins une partie d’une tubulure d’as-
piration (18, 32) au travers de laquelle passe le
réfrigérant qui revient de l’évaporateur (3, 19)
vers le compresseur (1, 2) pour retenir ainsi le
dioxyde de carbone (R744) dans une phase li-
quide ou dans une phase gazeuse, ou bien pour
mélanger ainsi le dioxyde de carbone (R744)
solidifié dans la tubulure d’aspiration (18, 32),
caractérisé en ce que
une structure en double tubulure (33) est prévue
en constituant au moins une partie de la tubulure
d’aspiration (32) au travers de laquelle le réfri-
gérant qui revient de l’évaporateur (3) vers le

compresseur (2) passe par un tuyau principale
(34) et des tuyaux de raccordement (36) reliés
aux extrémités respectives du tuyau principal
(34) en disposant le tube capillaire (28) dans le
tuyau principal (34) et en extrayant le tube ca-
pillaire (28) au travers des tuyaux de raccorde-
ment (36) au niveau des extrémités respectives,
et
l’élément chauffant (41) chauffe au moins une
partie de la structure en double tubulure (33).

2. Appareil de réfrigération selon la revendication 1
dans lequel le réfrigérant mixte contient en outre un
second réfrigérant qui est soluble dans le dioxyde
de carbone (R744) à une température inférieure au
point d’ébullition du dioxyde de carbone (R744).

3. Appareil de réfrigération selon la revendication 1 ou
la revendication 2, comprenant en outre :

une unité de commande (42) qui pilote le pas-
sage de l’électricité vers l’élément chauffant (41)
dans lequel l’unité de commande (42) fait passer
l’électricité vers l’élément chauffant (41) dans
un cas dans lequel la température de la structure
en double tubulure (33) reste en dessous ou at-
teint une valeur prédéterminée.

4. Appareil de réfrigération selon la revendication 3,
dans lequel l’unité de commande (42) fait passer
l’électricité vers l’élément chauffant (41) dans un cas
dans lequel la température de la structure en double
tubulure (33) reste en dessous ou atteint la valeur
prédéterminée et que la température d’une cible à
refroidir au travers de l’effet de réfrigération s’élève
par rapport à une valeur de consigne.

5. Appareil de réfrigération selon l’une quelconque des
revendications 1 à 4, comprenant en outre :

un circuit réfrigérant du côté haute température
(4) et un circuit réfrigérant du côté basse tem-
pérature (6), un évaporateur (19) dans le circuit
réfrigérant du côté haute température (4) et un
condenseur (22) dans le circuit réfrigérant du
côté basse température (6) constituant un
échangeur de chaleur en cascade (17),
dans lequel la structure en double tubulure (33)
est prévue dans le circuit réfrigérant du côté bas-
se température (6), et
le réfrigérant mixte est enfermé dans le circuit
réfrigérant du côté basse température (6), ou
bien l’élément chauffant (41) est utilisé en plus
du réfrigérant mixte enfermé dans celui-ci.

6. Appareil de réfrigération selon l’une quelconque des
revendications 1 à 5, dans lequel le tuyau de raccor-
dement (36) présente une forme sujette à une perte
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de pression.

7. Appareil de réfrigération selon la revendication 6,
dans lequel le tuyau de raccordement (36) est un
tuyau en T.
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