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(54) FREEZER-REFRIGERATOR AND COOLING STORAGE UNIT

(57) A freezer-refrigerator comprising: a refrigeration
compartment (2) for refrigerating and storing an object
to be stored; a freezing compartment (4) for freezing and
storing an object to be stored; a first compressor (11) for
operating a first refrigeration cycle (10) in which a first
refrigerant flows; a first heat dissipater (12) provided to
a high-temperature section of the first refrigeration cycle
(10); a first evaporator (14) provided to a low-temperature
section of the first refrigeration cycle (10); a second com-
pressor (21) for operating a second refrigeration cycle
(20) in which a second refrigerant flows; a second evap-
orator (24) provided to a low-temperature section of the
second refrigeration cycle (20); and an intermediate heat
exchanger (31) for performing heat exchange between
the low-temperature section of the first refrigeration cycle
(10) and a high-temperature section of the second refrig-
eration cycle (20). The first evaporator (14) cools the re-
frigeration compartment (2), and the second evaporator
(24) cools the freezing compartment (4).
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Description

Technical Field

[0001] The present invention relates to a freezer-re-
frigerator that includes first and second evaporators that
cool a refrigeration compartment and a freeze compart-
ment, respectively. Besides, the present invention re-
lates to a cooling storage unit that includes first and sec-
ond compartments that have different temperatures from
each other.

Background Art

[0002] Conventional freezer-refrigerators are dis-
closed in patent documents 1 and 2. In a freezer-refrig-
erator disclosed in the patent document 1, thanks to a
compressor, a refrigerant flows to operate a freeze cycle;
in a low-temperature portion of the freeze cycle, first and
second evaporators are disposed in parallel with each
other. The first evaporator is disposed behind the freeze
compartment. Thanks to driving of an air blower, cold air
generated by heat exchange with the first evaporator cir-
culates in the freeze compartment and the refrigeration
compartment, whereby the inside of the freeze compart-
ment and the inside of the refrigeration compartment are
cooled. The second evaporator is disposed in the freeze
compartment to directly freeze a stored thing in the freeze
compartment.
[0003] Fig. 25 shows a freeze cycle of a freezer-refrig-
erator disclosed in the patent document 2. A freeze cycle
40 has a compressor 41; thanks to the compressor 41,
a refrigerant flows in an arrow direction, whereby the
freeze cycle 40 is operated. To a subsequent stage of
the compressor 41, a heat radiator 42 is connected;
branched at a three-way valve 46, first and second evap-
orators 44a, 44b are disposed in parallel with each other
via first and second pressure reducers 43a, 43b. Accord-
ing to this, the heat radiator 42 is disposed in a high-
temperature portion of the freeze cycle 40, while the first
and second evaporators 44a, 44b are disposed in a low-
temperature portion.
[0004] The first and second evaporators 44a, 44b are
disposed behind the refrigeration compartment and the
freeze compartment, respectively. Near the first and sec-
ond evaporators 44a, 44b, air blowers (not shown) are
disposed, respectively. Thanks to driving of each air
blower, cold air generated by heat exchange with the first
and second evaporators 44a, 44b circulates in the refrig-
erator compartment and the freeze compartment, where-
by the refrigeration compartment and the freeze com-
partment are cooled.
[0005] On the other hand, patent documents 3, 4 dis-
close a dual freeze cycle that includes first and second
freeze cycles which are operated by first and second
compressors. In the first and second freeze cycles, a
refrigerant including carbon dioxide flows, respectively.
An intermediate heat exchanger, which performs heat

exchange between a low-temperature portion of the first
freeze cycle and a high-temperature portion of the sec-
ond freeze cycle, is disposed; and in the high-tempera-
ture portion of the second freeze cycle, an evaporator is
disposed.
[0006] Thanks to driving of the first compressor, the
intermediate heat exchanger in the low-temperature por-
tion of the first freeze cycle is kept at a low temperature.
Thanks to driving of the second compressor, the refrig-
erant in the second freeze cycle radiates heat in the in-
termediate heat exchanger to be condensed. An evapo-
rator in a low-temperature portion of the second freeze
cycle is kept at a temperature lower than the intermediate
heat exchanger. According to this, it is possible to supply
extremely cold air into a storing compartment.
[0007] Besides, in the second freeze cycle of the dual
freeze cycle of the patent document 4, a receiver is dis-
posed in a subsequent stage of the intermediate heat
exchanger. The receiver separates the refrigerant, which
flows from the intermediate heat exchanger, into a gas
and a liquid; and outputs the liquid refrigerant. According
to this, it is possible to secure a circulation amount of the
refrigerant by decreasing bubbles contained in the refrig-
erant that flows in the evaporator; and prevent deterio-
ration of the cooling capability.
[0008] Besides, a patent document 5 discloses a con-
ventional freezer-refrigerator. In this freezer-refrigerator,
a freeze compartment is disposed in an upper portion of
a main body portion and a refrigeration compartment is
disposed in a lower portion of the main body portion. Be-
hind the refrigeration compartment, a mechanical com-
partment is disposed; in the mechanical compartment,
first and second compressors are disposed. The first
compressor operates a first freeze cycle and the refrig-
eration compartment is cooled by an evaporator dis-
posed in a low-temperature portion of the first freeze cy-
cle. The second compressor operates a second freeze
cycle and the freeze compartment is cooled by an evap-
orator disposed in a low-temperature portion of the sec-
ond freeze cycle. According to this, the refrigeration com-
partment and the freeze compartment are independently
cooled, whereby it is possible to achieve energy saving.
[0009] Besides, in the freezer-refrigerator disclosed in
the patent document 2, defrosting heaters are disposed
below the first and second evaporators. By stopping the
compressor and driving the defrosting heaters, the first
and second evaporators are defrosted.
[0010] Besides, a patent document 6 discloses a freez-
er-refrigerator that defrosts an evaporator by means of
a freeze cycle. In this freezer-refrigerator, an evaporator
is disposed in a low-temperature portion of the freeze
cycle and a heat radiator is disposed in a high-tempera-
ture portion of the freeze cycle. The heat radiator is dis-
posed on a metal rear plate or the like of the freezer-
refrigerator; and thanks to operation of the freeze cycle,
radiates heat into the outside air via the rear plate. The
evaporator is cooled thanks to the operation of the freeze
cycle; and a storing compartment is cooled by cold air
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that performs heat exchange with the evaporator.
[0011] During a time of defrosting the evaporator, a
refrigerant in the freeze cycle is made to flow in an op-
posite direction by a switching means. According to this,
the evaporator is disposed in the high-temperature por-
tion of the freeze cycle and raised in temperature, where-
by the defrosting is performed.
[0012] Besides, a freezer-refrigerator disclosed in a
patent document 7 has first and second evaporators that
are connected in parallel with a compressor which oper-
ates a freeze cycle. The first and second evaporators are
disposed in a low-temperature portion of the freeze cycle
and the flowing of a refrigerant is switched by a switching
means. In the first evaporator, a cooling plate is mounted
on a refrigerant pipe in which the refrigerant flows. The
cooling plate covers a wide area of a rear surface of the
refrigeration compartment and is exposed. The second
evaporator is disposed in a duct that is disposed behind
the freeze compartment; and many fms are mounted on
a refrigerant pipe in which the refrigerant flows. An air
blower is disposed in the duct.
[0013] If the flow path of the refrigerant is switched to
the first evaporator, the first evaporator is lowered in tem-
perature and the inside of the refrigeration compartment
is cooled by cold heat that is radiated from the cooling
plate. If the flow path of the refrigerant is switched to the
second evaporator, the second evaporator is lowered in
temperature. The air, which flows in the duct thanks to
driving of the air blower, and the second evaporator per-
form heat exchange with each other, whereby cold air is
generated; and the cold air is output into the freeze com-
partment, whereby the freeze compartment is cooled.
[0014] Stored things in the refrigeration compartment
undergo radiation cooling performed by the cooling plate,
so that the cold air does not directly hit the stored things
and it is possible to prevent the stored things from being
dried. Besides, the cold heat is evenly output from the
cooling plate, so that it is possible to make temperature
distribution in the refrigeration compartment even.
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Summary of Invention

Technical Problem

[0016] The refrigeration compartment refrigerates and
preserves the stored things at, for example, 0°C to 5°C
and is kept at a compartment temperature higher than
the freeze compartment that freezes and preserves the
stored things at, for example, -20°C. In the freezer-re-
frigerators disclosed in the patent documents 1, 2, the
first and second evaporators are disposed in parallel with
each other, accordingly, kept at about the same temper-
ature. Because of this, the first evaporator, which per-
forms the cooling of the refrigeration compartment, is
kept at a temperature lower than the temperature of the
freeze compartment.
[0017] The evaporator disposed in the low-tempera-
ture portion of the freeze cycle is able to sufficiently cool
the refrigeration compartment at a temperature a few de-
grees lower than the temperature of the refrigeration
compartment. On the other hand, it is known from a prin-
ciple of thermodynamics that the lower the temperature
of the low-temperature portion is, the lower the cooling
effect of the freeze cycle becomes. Because of this, if
the refrigeration compartment is cooled by means of the
first evaporator that has a temperature extremely lower
than the compartment temperature of the refrigeration
compartment, the COP (Coefficient Of Performance) of
the freeze cycle becomes low. Accordingly, there is a
problem that power consumption of the freezer-refriger-
ator becomes large.
[0018] Besides, in the dual freeze cycles disclosed in
the patent documents 3, 4, the evaporator for generating
the cold air is disposed in the second freeze cycle. Be-
cause of this, even if the dual freeze cycle is disposed in
a freezer-refrigerator, the refrigeration compartment and
the freeze compartment are cooled by the same evapo-
rator. According to this, like the above description, the
temperature of the evaporator becomes an extremely low
temperature compared with the compartment tempera-
ture of the refrigeration compartment, and there is a prob-
lem that the power consumption of the freezer-refriger-
ator becomes large.
[0019] Besides, according to the conventional freezer-
refrigerator disclosed in the above patent document 5,
the first and second compressors are disposed in the
mechanical compartment that is disposed in the lower
portion of the main body portion. The first and second
compressors are point sound sources as well, so that
sounds released from them are superposed. Besides, if
the first and second compressors are disposed close to
each other, sounds, which have frequencies close to
each other and the same phase, are likely to be released
from the respective compressors. If the sounds having
the same phase are superposed, the sound-pressure lev-
el becomes double. Besides, because of the sounds hav-
ing the frequencies close to each other, a hum sound
becomes likely to occur. Accordingly, there is a problem
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that the noise of the freezer-refrigerator becomes large.
[0020] Besides, according to the freezer-refrigerator
disclosed in the patent document 2, the first and second
evaporators are raised in temperature by the defrosting
heater to perform the defrosting, so that there is a prob-
lem that the power consumption of the freezer-refriger-
ator becomes large. Besides, according to the freezer-
refrigerator disclosed in the patent document 6, a defrost-
ing heater is not disposed, so that the power consumption
is reduced. However, the heat radiator disposed in the
high-temperature portion of the freeze cycle is disposed
in the low-temperature portion during a time of defrosting,
so that there is a problem that condensation occurs on
the heat radiator and the rear plate.
[0021] Besides, according to the freezer-refrigerator
disclosed in the patent document 7, the refrigerant se-
lectively flows in the first and second evaporators, so that
it is impossible to cool the refrigeration compartment and
the freeze compartment at the same time. Because of
this, there is a problem that during a high load time im-
mediately after the stored things are housed, it is impos-
sible to obtain a sufficient cooling capability in the refrig-
eration compartment and the freeze compartment at the
same time. Especially, the refrigeration compartment un-
dergoes the radiation cooling, so that it takes a long time
to lower the temperature; and the freeze compartment is
not cooled enough during the high load time of the refrig-
eration compartment.
[0022] It is an object of the present invention to provide
a freezer-refrigerator that is able to reduce the power
consumption. Besides, it is an object of the the present
invention to provide a freezer-refrigerator and a cooling
storage unit that are able to reduce the noise. Besides,
it is an object of the present invention to provide a freezer-
refrigerator that is able to prevent the condensation dur-
ing a time of defrosting and reduce the power consump-
tion. Besides, it is an object of the present invention to
provide a freezer-refrigerator that is able to increase the
cooling capability.
[0023] To achieve the above objects, a freezer-refrig-
erator according to the present invention includes:

a refrigeration compartment that refrigerates and
preserves a stored thing;
a freeze compartment that freezes and preserves a
stored thing;
a first compressor that operates a first freeze cycle
in which a first refrigerant flows;
a first heat radiator that is disposed in a high-tem-
perature portion of the first freeze cycle;
a first evaporator that is disposed in a low-tempera-
ture portion of the first freeze cycle;
a second compressor that operates a second freeze
cycle in which a second refrigerant flows;
a second evaporator that is disposed in a low-tem-
perature portion of the second freeze cycle; and
an intermediate heat exchanger that performs heat
exchange between the low-temperature portion of

the first freeze cycle and a high-temperature portion
of the second freeze cycle;
wherein the refrigeration compartment is cooled by
the first evaporator and the freeze compartment is
cooled by the second evaporator.

[0024] According to this structure, the first and second
freeze cycles are operated by the first and second com-
pressors; the first and second refrigerants flow, so that
the low-temperature portion and high-temperature por-
tion of the first and second freeze cycles are formed. The
first refrigerant, which has a high temperature and high
pressure, flows in the first heat radiator of the high-tem-
perature portion of the first freeze cycle to radiate heat,
so that the first refrigerant is condensed. The first refrig-
erant, which has a low temperature and low pressure,
flows in the first evaporator of the low-temperature por-
tion of the first freeze cycle and the intermediate heat
exchanger, so that the refrigeration compartment is
cooled by cold air which is lowered in temperature by the
first evaporator. The second refrigerant, which has a high
temperature and high pressure, flows in the high-tem-
perature portion of the second freeze cycle; and has heat
sucked by the intermediate heat exchanger to radiate
heat. The second refrigerant, which has a low tempera-
ture and low pressure, flows in the second evaporator of
the low-temperature portion of the second freeze cycle,
so that the freeze compartment is cooled by cold air which
is lowered in temperature by the second evaporator. The
first evaporator and the intermediate heat exchanger may
be disposed in series with each other or disposed in par-
allel with each other.
[0025] Besides, in the freezer-refrigerator having the
above structure according to the present invention, the
intermediate heat exchanger is disposed in a subsequent
stage of the first evaporator. According to this structure,
the first refrigerant, after absorbing heat in the first evap-
orator, flows in the intermediate heat exchanger to per-
form heat exchange with the high-temperature portion of
the second freeze cycle.
[0026] The freezer-refrigerator having the above struc-
ture according to the present invention includes a second
heat radiator disposed in the high-temperature portion of
the second freeze cycle. According to this structure, the
second refrigerant, which has the high temperature and
high pressure, flows in the second heat radiator of the
high-temperature portion of the second freeze cycle and
the intermediate heat exchanger, so that the second re-
frigerant radiates heat via the second heat radiator and
the intermediate heat exchanger to be condensed.
[0027] Besides, in the freezer-refrigerator having the
above structure according to the present invention, the
intermediate heat exchanger is disposed in a subsequent
stage of the second heat radiator. According to this struc-
ture, the second refrigerant, after radiating heat via the
second heat radiator, flows in the intermediate heat ex-
changer to perform heat exchange with the low-temper-
ature portion of the first freeze cycle.
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[0028] Besides, in the freezer-refrigerator having the
above structure according to the present invention, heat
exchange is performed between the second refrigerant
flowing from the second evaporator and the first refrig-
erant after flowing in the first evaporator. According to
this structure, the low-temperature second refrigerant
flowing from the second evaporator absorbs heat from
the first refrigerant before flowing in the first evaporator;
the enthalpy of the first refrigerant decreases; and the
first refrigerant as a refrigerant having a higher cooling
capability flows in the first evaporator.
[0029] Besides, in the freezer-refrigerator having the
above structure according to the present invention, heat
exchange is performed between the second refrigerant
flowing from the second evaporator and the second re-
frigerant before flowing into the second evaporator. Ac-
cording to this structure, the low-temperature second re-
frigerant flowing from the second evaporator absorbs
heat from the second refrigerant before flowing in the
second evaporator; the enthalpy of the second refrigerant
decreases; and the second refrigerant as a refrigerant
having a higher cooling capability flows in the second
evaporator.
[0030] Besides, the freezer-refrigerator having the
above structure according to the present invention in-
cludes:

a first internal heat exchanger that performs heat ex-
change between the first refrigerant of the first freeze
cycle having a high temperature and the second re-
frigerant of the second freeze cycle having a low tem-
perature;
a second internal heat exchanger that performs heat
exchange between the second refrigerant of the sec-
ond freeze cycle having a high temperature and the
second refrigerant of the second freeze cycle having
a low temperature; and
a third internal heat exchanger that performs heat
exchange between the first refrigerant of the first
freeze cycle having a high temperature and the first
refrigerant of the first freeze cycle having a low tem-
perature.

[0031] According to this structure, it becomes easy to
adjust an evaporation temperature of a high-temperature
cycle evaporator for cooling the refrigeration compart-
ment, and an evaporation temperature of a low-temper-
ature cycle evaporator for cooling the freeze compart-
ment to respective set temperatures of the refrigeration
compartment and the freeze compartment. Besides, the
intermediate heat exchange is disposed, so that it is pos-
sible to make compression ratios of a high-temperature
cycle compressor and a low-temperature cycle compres-
sor smaller than that of the conventional cycle; according
to this, the compression efficiency increases, and it is
possible to obtain the freezer-refrigerator that is excellent
in energy saving characteristic. Besides, thanks to the
dispositions of the third internal heat exchanger, the sec-

ond internal heat exchanger and the first internal heat
exchanger, it is possible to increase the freeze capability
of the freeze cycle; and keep the temperatures of the
refrigerants, which the high-temperature cycle compres-
sor and the low-temperature cycle compressor suck, at
a temperature near the ambient temperature, so that it
is possible to curb a heat loss and obtain the freezer-
refrigerator that is more rational.
[0032] Besides, in the freezer-refrigerator having the
above structure according to the present invention, the
third internal heat exchanger performs heat exchange
between the first refrigerant flowing from the first heat
radiator and the first refrigerant flowing from the interme-
diate heat exchanger.
[0033] Besides, in the freezer-refrigerator having the
above structure according to the present invention,
the second heat radiator disposed in the high-tempera-
ture portion of the second freeze cycle is disposed in a
previous stage of the intermediate heat exchanger; and
the second internal heat exchanger performs heat ex-
change between the second refrigerant flowing from the
intermediate heat exchanger and the second refrigerant
flowing from the second evaporator.
[0034] Besides, in the freezer-refrigerator having the
above structure according to the present invention, the
first internal heat exchanger performs heat exchange be-
tween the first refrigerant flowing from the third internal
heat exchanger and the second refrigerant flowing from
the second internal heat exchanger.
[0035] Besides, the freezer-refrigerator having the
above structure according to the present invention in-
cludes:

a first pressure reducer that is disposed on a previous
stage of the first evaporator, decompresses the first
refrigerant and includes a capillary tube;
wherein the first pressure reducer functions as a heat
exchange pipe of the first internal heat exchanger or
of the third internal heat exchanger.

[0036] Besides, the freezer-refrigerator having the
above structure according to the present invention in-
cludes:

a second pressure reducer that is disposed in a pre-
vious stage of the second evaporator, decompress-
es the second refrigerant and includes a capillary
tube;
wherein the second pressure reducer functions as a
heat exchange pipe of the second internal heat ex-
changer.

[0037] Besides, the freezer-refrigerator having the
above structure according to the present invention in-
cludes a receiver that is disposed in the flow path for the
first refrigerant of intermediate heat exchanger; sepa-
rates the first refrigerant into a gas and a liquid; and out-
puts a gas refrigerant.
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[0038] According to this structure, the first and second
freeze cycles are operated by the first and second com-
pressors; the first and second refrigerants flow, so that
the low-temperature portion and high-temperature por-
tion of the first and second freeze cycles are formed. The
first refrigerant, which has the low temperature and low
pressure, flows in the first evaporator of the low-temper-
ature portion of the first freeze cycle and the intermediate
heat exchanger; and the refrigeration compartment is
cooled by the cold air that is lowered in temperature by
the first evaporator. The second refrigerant, which has
the high temperature and high pressure, flows in the high-
temperature portion of the second freeze cycle; and has
heat absorbed by the intermediate heat exchanger to ra-
diate heat. The second refrigerant, which has the low
temperature and low pressure, flows in the second evap-
orator of the low-temperature portion of the second
freeze cycle; and the freeze compartment is cooled by
the cold air that is lowered in temperature by the second
evaporator. The first refrigerant, which flows in the inter-
mediate heat exchanger, performs, in a mixed state of a
gas and a liquid, heat exchange with the second refrig-
erant; thereafter, the first refrigerant in the gas state,
which is separated by the receiver, performs heat ex-
change with the second refrigerant to absorb heat.
[0039] Besides, in the freezer-refrigerator having the
above structure according to the present invention, in the
intermediate heat exchanger, an upstream side of the
first freeze cycle and a downstream side of the second
freeze cycle perform heat exchange with each other; and
a downstream side of the first freeze cycle and an up-
stream side of the second freeze cycle perform heat ex-
change with each other. According to this structure, the
first refrigerant, which flows in the intermediate heat ex-
changer and is in the mixed state of a gas and a liquid,
performs heat exchange with the second refrigerant that
has heat radiated by the intermediate heat exchanger.
The first refrigerant, which passes through the receiver
and is in the gas state, performs heat exchange with the
high-temperature second refrigerant.
[0040] Besides, in the freezer-refrigerator having the
above structure according to the present invention, the
intermediate heat exchanger includes:

a latent-heat exchange portion that in an upstream
with respect to the receiver of the first freeze cycle,
deprives the second refrigerant of latent heat chiefly
and gives the latent heat to the first refrigerant; and
a sensible-heat exchange portion that in a down-
stream with respect to the receiver of the first freeze
cycle, deprives the second refrigerant of sensible
heat chiefly and gives the sensible heat to the first
refrigerant.

According to this structure, the first refrigerant, which
flows in the intermediate heat exchanger and is in the
mixed state of a gas and a liquid, deprives the second
refrigerant of condensation heat (latent heat) to evapo-

rate. The first refrigerant, which passes through the re-
ceiver and is in the gas state, deprives the high-temper-
ature second refrigerant of sensible heat to rise in tem-
perature.
[0041] Beside, the freezer-refrigerator having the
above structure according to the present invention in-
cludes the first and second heat radiators that are dis-
posed in the high-temperature portions of the first and
second freeze cycles, respectively; and the intermediate
heat exchanger is disposed in a subsequent stage of the
second heat radiator. According to this structure, thanks
to driving of the first compressor, the first refrigerant ra-
diates heat via the first heat radiator; thereafter, flows in
the first evaporator of the low-temperature portion and
the intermediate heart exchanger. Thanks to driving of
the second compressor, the second refrigerant radiates
heat via the second heat radiator; thereafter, flows in the
intermediate heat exchanger to perform heat exchange
with the first refrigerant.
[0042] Besides, in the freezer-refrigerator having the
above structure according to the present invention, the
second refrigerant flowing from the second evaporator
performs heat exchange with the second refrigerant that
flows from the intermediate heat exchanger; thereafter,
performs heat exchange with the first refrigerant that
flows from the first heat radiator. According to this struc-
ture, the second refrigerant, which flows from the inter-
mediate heat exchanger, has heat absorbed by the sec-
ond refrigerant, which flows from the second evaporator
and has the low temperature; and the enthalpy decreas-
es. Besides, the first refrigerant, which flows from the first
heat radiator, has heat absorbed by the second refriger-
ant, which flows from the second evaporator and has the
low temperature; and the enthalpy decreases. According
to this, the first and second refrigerants, which each have
a high cooling capability, flow in the first and second evap-
orators.
[0043] Besides, in the freezer-refrigerator having the
above structure according to the present invention, the
first and second refrigerants include isobutane.
[0044] Besides, in the freezer-refrigerator having the
above structure according to the present invention, a boil-
ing point of the first refrigerant is higher than a boiling
point of the second refrigerant.
[0045] besides, in the freezer-refrigerator having the
above structure according to the present invention, the
first refrigerant includes isobutene; and the second re-
frigerant includes propane or carbon dioxide.
[0046] To achieve the above objects, the freezer-re-
frigerator according to the present invention includes:

a main body portion that has a heat insulation box
body in which a refrigeration compartment for refrig-
erating and preserving a stored thing, and a freeze
compartment for freezing and preserving a stored
thing are formed;
a first compressor that operates a first freeze cycle
in which a first refrigerant flows;
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a first evaporator that is disposed in a low-tempera-
ture portion of the first freeze cycle, and cools the
refrigeration compartment;
a second compressor that operates a second freeze
cycle in which a second refrigerant flows;
a second evaporator that is disposed in a low-tem-
perature portion of the second freeze cycle, and
cools the freeze compartment;
a first mechanical compartment in which the first
compressor is disposed; and
a second mechanical compartment in which the sec-
ond compressor is disposed;
wherein one of the first and second mechanical com-
partments is disposed in an upper portion of the main
body portion and the other is disposed in a lower
portion of the main body portion.

[0047] According to this structure, the first and second
freeze cycles are operated by the first and second com-
pressors; the first and second refrigerants flow, so that
the low-temperature portion and high-temperature por-
tion of the first and second freeze cycles are formed. The
refrigeration compartment is cooled by the first evapora-
tor of the low-temperature portion of the first freeze cycle,
while the freeze compartment is cooled by the second
evaporator of the low-temperature portion of the second
freeze cycle. The first and second compressors are dis-
posed in the first and second mechanical compartments,
which are disposed in the main body portion, respective-
ly. For example, the first mechanical compartment is dis-
posed in the upper portion of the main body portion, while
the second mechanical compartment is disposed in the
lower portion of the main body portion. According to this,
the first and second compressors are disposed away
from each other.
[0048] Besides, the freezer-refrigerator having the
above structure according to the present invention in-
cludes an intermediate heat exchanger that performs
heat exchange between a first heat exchange portion
disposed in a subsequent stage of the first evaporator
and a second heat exchange portion disposed in a high-
temperature portion of the second freeze cycle. Accord-
ing to this structure, the first refrigerant, which has the
low temperature and low pressure, flows in the first heat
exchange portion of the low-temperature portion of the
first freeze cycle, while the second refrigerant, which has
the high temperature and high pressure, flows in the sec-
ond heat exchange portion of the high-temperature por-
tion of the second freeze cycle. According to this, heat
of the second refrigerant is absorbed by the first refrig-
erant in the intermediate heat exchanger.
[0049] Besides, in the freezer-refrigerator having the
above structure according to the present invention,
the refrigeration compartment and the freeze compart-
ment are vertically disposed in parallel with each other,
and the first and second mechanical compartments are
disposed near the refrigeration compartment and the
freeze compartment, respectively;

the first and second evaporators are disposed behind the
refrigeration compartment and the freeze compartment,
respectively;
the intermediate heat exchanger is disposed between
the first compressor and the second compressor, formed
to vertically extend;
the first heat exchange portion and the second heat ex-
change portion bend in a vertical direction; and
refrigerant flow-in openings and refrigerant flow-out
openings of the first and second heat exchange portions
are disposed near the first mechanical compartment.
[0050] According to this structure, for example, the re-
frigeration compartment is disposed at an upper position
of the main body portion; the first mechanical compart-
ment, which includes the first compressor, is disposed in
the upper portion of the main body portion; the freeze
compartment is disposed at a lower position of the main
body portion; and the second mechanical compartment,
which includes the second compressor, is disposed in
the lower portion of the main body portion. Besides, the
first evaporator is disposed in the upper portion of the
main body portion, while the second evaporator is dis-
posed in the lower portion of the main body portion. The
intermediate heat exchanger is so disposed as to extend
vertically in the main body portion; and is so formed as
to bend in a vertical direction. At upper ends of each of
the first and second heat exchange portions, a refrigerant
flow-in opening and a refrigerant flow-out opening are
formed. In the first heat exchange portion, the refrigerant
flow-in opening is connected to the first evaporator, while
the refrigerant flow-out opening is connected to the first
compressor. In the second heat exchange portion, the
refrigerant flow-in opening is connected to the second
compressor, while the refrigerant flow-out opening is con-
nected to the second evaporator.
[0051] Besides, the freezer-refrigerator having the
above structure according to the present invention in-
cludes:

a first heat radiator disposed in a high-temperature
portion of the first freeze cycle;
a first pressure reducer disposed in a subsequent
stage of the first heat radiator;
a second pressure reducer disposed in a subsequent
stage of the intermediate heat exchanger of the sec-
ond freeze cycle;
a first internal heat exchanger that vertically extends
and performs heat exchange between the second
refrigerant flowing from the second evaporator and
the first pressure reducer; and
a second internal heat exchanger that vertically ex-
tends and performs heat exchange between the sec-
ond refrigerant flowing from the second evaporator
and the second pressure reducer;
wherein a refrigerant flow-in side of the first pressure
reducer is disposed near the second compressor
and a refrigerant flow-in side of the second pressure
reducer is disposed near the first compressor.
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[0052] According to this structure, the first refrigerant,
which has the high temperature and high pressure, flows
in the first heat radiator to radiate heat, so that the first
refrigerant is condensed. The first refrigerant, which is
condensed by the first heat radiator, flows in the first pres-
sure reducer, so that the first refrigerant is decompressed
and expanded to become a damp vapor that has a low
dry degree and a low temperature. The second refriger-
ant, which is condensed by the intermediate heat ex-
changer, flows in the second pressure reducer, so that
the second refrigerant is decompressed and expanded
to become a damp vapor that has a low dry degree and
a low temperature.
[0053] The second refrigerant, which flows from the
second evaporator, performs heat exchange with the first
pressure reducer in the first internal heat exchanger to
absorb heat. According to this, the enthalpy of the first
refrigerant decreases; and the first refrigerant having a
higher cooling capability flows in the first evaporator. Be-
sides, the second refrigerant, which flows from the sec-
ond evaporator, performs heat exchange with the second
pressure reducer in the second internal heat exchanger
to absorb heat. According to this, the enthalpy of the sec-
ond refrigerant decreases; and the second refrigerant
having a higher cooling capability flows in the second
evaporator.
[0054] For example, if the first mechanical compart-
ment is disposed in the upper portion, the second internal
heat exchanger is so disposed as to extend vertically;
and the refrigerant flow-in side of the second pressure
reducer is disposed in the upper portion of the main body
portion. The refrigerant flow-out side of the second pres-
sure reducer is connected to the second evaporator that
is disposed in the lower portion. The first internal heat
exchanger is so disposed as to continuously extend ver-
tically from an upper end of the second internal heat ex-
changer. The refrigerant flow-in side of the first pressure
reducer is disposed in the lower portion of the main body
portion, while the refrigerant flow-out side of the first pres-
sure reducer is connected to the first evaporator that is
disposed in the upper portion.
[0055] Besides, in the freezer-refrigerator having the
above structure according to the present invention,
a first dryer, which dehumidifies the first refrigerant before
flowing into the first pressure reducer, is disposed in the
second mechanical compartment; and
a second dryer, which dehumidifies the second refriger-
ant before flowing into the second pressure reducer, is
disposed in the first mechanical compartment.
[0056] According to this structure, the first refrigerant,
moisture of which is removed by the first dryer, flows in
the first pressure reducer, while the second refrigerator,
moisture of which is removed by the second dryer, flows
in the second pressure reducer. For example, if the first
mechanical compartment is disposed in the upper por-
tion, the first dryer is disposed in the lower portion of the
main body portion and connected to the refrigerant flow-
in side of the first pressure reducer, while the second

dryer is disposed in the upper portion of the main body
portion and connected to the refrigerant flow-in side of
the second pressure reducer.
[0057] Besides, in the freezer-refrigerator having the
above structure according to the present invention, the
second dryer is covered by a heat insulation member.
[0058] Besides, in the freezer-refrigerator having the
above structure according to the present invention,
the intermediate heat exchanger includes a dual pipe in
which an inside pipe is covered by an outside pipe;
the first refrigerant flows in the inside pipe to form the
first heat exchange portion; and
the second refrigerant flows in the outside pipe in a di-
rection opposite to the first refrigerant to form the second
heat exchange portion.
According to this structure, the first refrigerant flowing in
the inside pipe and the second refrigerant flowing in the
outside pipe perform heat exchange via the inside pipe.
[0059] Besides, in the freezer-refrigerator having the
above structure according to the present invention, the
second heat radiator is disposed between the second
compressor and the intermediate heat exchanger. Ac-
cording to this structure, the second refrigerant, which
has the high temperature and high pressure, flows in the
second heat radiator to radiate heat, so that the second
refrigerant is lowered in temperature. The second refrig-
erant, which is lowered in temperature by the second
heat radiator, is further cooled by the intermediate heat
exchanger to condense.
[0060] Besides, in the freezer-refrigerator having the
above structure according to the present invention,
the first and second internal heat exchangers are em-
bedded in a rear wall of the heat insulation box body; and
the second heat radiator is disposed on a rear surface
of the main body portion.
[0061] Besides, in the freezer-refrigerator having the
above structure according to the present invention, the
intermediate heat exchanger is embedded in the rear wall
of the heat insulation box body.
[0062] Besides, in the freezer-refrigerator having the
above structure according to the present invention, an
accumulator for separating a gas and a liquid from each
other is disposed on a refrigerant flow-out side of the
second evaporator and is not disposed on a refrigerant
flow-out side of the first evaporator. According to this
structure, the second refrigerant flowing from the second
evaporator is separated into a gas and a liquid; and the
gas refrigerant is sent to the second compressor. The
first refrigerant, which flows from the first evaporator and
in which a gas and a liquid are mixed with each other,
flows in the intermediate heat exchanger; and thanks to
heat exchange with the high-temperature portion of the
second freeze cycle, the first refrigerant becomes a gas
refrigerant and is sent to the first compressor.
[0063] Besides, in the freezer-refrigerator having the
above structure according to the present invention, a heat
insulation wall for partitioning the refrigeration compart-
ment and the freeze compartment has a heat insulation
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performance in a level that is equal to that of a circum-
ferential wall of the heat insulation box body.
[0064] Besides, in the freezer-refrigerator having the
above structure according to the present invention, part
of heat radiation from the first heat radiator is used for a
drained water process and prevention of condensation
in the freezer-refrigerator.
[0065] Besides, the present invention includes:

a refrigeration compartment that refrigerates and
preserves a stored thing;
a freeze compartment that freezes and preserves a
stored thing;
a first compressor that operates a first freeze cycle
in which a first refrigerant flows;
a first evaporator that is disposed in a low-tempera-
ture portion of the first freeze cycle, and cools the
refrigeration compartment;
a second compressor that operates a second freeze
cycle in which a second refrigerant flows; and
a second evaporator that is disposed in a low-tem-
perature portion of the second freeze cycle, and
cools the freeze compartment;
wherein the second evaporator is defrosted by heat
of a high-temperature portion of the first freeze cycle.

[0066] According to this structure, the first and second
freeze cycles are operated by the first and second com-
pressors; the first and second refrigerants flow, so that
the low-temperature portion and high-temperature por-
tion of the first and second freeze cycles are formed. The
first refrigerant, which has a low temperature and low
pressure, flows in the first heat radiator of the high-tem-
perature portion of the first freeze cycle, so that the first
refrigerant is cooled by the cold air that is lowered in
temperature by the first evaporator. The second refrig-
erant, which has a low temperature and low pressure,
flows in the second evaporator of the low-temperature
portion of the second freeze cycle, so that the freeze
compartment is cooled by the cold air that is lowered in
temperature by the second evaporator.
[0067] During a time of defrosting the second evapo-
rator, the operation of the second freeze cycle is stopped,
while the first freeze cycle is operated. The high-temper-
ature portion of the first freeze compartment and the sec-
ond evaporator perform heat exchange, so that the sec-
ond evaporator is raised in temperature and the defrost-
ing is performed.
[0068] Besides, the freezer-refrigerator having the
above structure according to the present invention in-
cludes:

a first heat radiator disposed in the high-temperature
portion of the first freeze cycle;
a three-way valve disposed on a refrigerant flow-in
side of the first heat radiator;
a defrosting heat exchanger that is disposed in par-
allel with the first heat radiator in a flow path branched

at the three-way valve, and performs heat exchange
with the second evaporator; and
a check valve disposed on a refrigerant flow-out side
of the defrosting heat exchanger;
wherein in defrosting the second evaporator, the
three-way valve is switched to the defrosting heat
exchanger.

[0069] According to this structure, during the time of
cooling the refrigeration compartment and the freeze
compartment, a flow path of the first refrigerant is
switched to the first heat radiator by the three-way valve.
According to this, the first and second evaporators are
cooled and heat is radiated from the first heat radiator.
Here, the flow of the first refrigerant, which is from the
refrigerant flow-out side of the first heat radiator to the
defrosting heat exchanger, is stopped by the check valve.
During the time of defrosting the second evaporator, the
flow path of the first refrigerant is switched to the defrost-
ing heat exchanger by the threes-way valve. According
to this, the first evaporator is cooled and heat is radiated
from the defrosting heat exchanger. The second evapo-
rator performs heat exchange with the defrosting heat
exchanger, so that the second evaporator is raised in
temperature and the defrosting is performed.
[0070] Besides, in the freezer-refrigerator having the
above structure according to the present invention, the
check valve is disposed near a joining point of a refrig-
erant flow-out side of the first heat radiator and a refrig-
erant flow-out side of the defrosting heat exchanger. Ac-
cording to this, the check valve and the defrosting heat
exchanger are disposed away from each other. Because
of this, when the flow path of the first refrigerant is
switched to the first heat radiator by the three-way valve,
the temperature rise of the second evaporator due to the
first refrigerant, which flows from the first heat radiator
and has the high temperature, is reduced.
[0071] Besides, in the freezer-refrigerator having the
above structure according to the present invention,
the second evaporator and the defrosting heat exchanger
include first and second refrigerant pipes in which the
first and second refrigerants flow, respectively; and
the first and second refrigerant pipes are connected to
each other by a plurality of fins.
According to this structure, heat of the first refrigerant
having the high temperature is conducted to the second
evaporator via the fins that connect the first and second
refrigerant pipes to each other.
[0072] Besides, in the freezer-refrigerator having the
above structure according to the present invention,
the second evaporator and the defrosting heat exchanger
include first and second refrigerant pipes in which the
first and second refrigerants flow, respectively; and
the first and second refrigerant pipes are disposed side
by side.
According to this structure, heat of the first refrigerant
having the high temperature is conducted to the second
evaporator via a border wall between the first and second
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refrigerant pipes.
[0073] Besides, in the freezer-refrigerator having the
above structure according to the present invention, the
sectional area of a refrigerant pipe of the defrosting heat
exchanger is half of the sectional area of a refrigerant
pipe of the first evaporator. According to this structure,
the internal volume of the refrigerant pipe of the defrosting
heat exchanger is made small and a large amount of the
refrigerant is prevented from collecting in the defrosting
heat exchanger after the defrosting.
[0074] Besides, in the freezer-refrigerator having the
above structure according to the present invention, be-
fore defrosting the second evaporator, the first compres-
sor is stopped for a predetermined period. According to
this structure, if the first compressor is stopped and the
three-way valve is switched to the defrosting heat ex-
changer, the compartment temperature of the refrigera-
tion compartment rises; and if the predetermined period
elapses, the first compressor is driven. According to this,
the first refrigerant flows in the defrosting heat exchanger,
so that the second evaporator is defrosted and the re-
frigeration compartment is cooled. After the predeter-
mined period elapses, the three-way valve may be
switched to the defrosting heat exchanger.
[0075] Besides, the present invention includes:

a refrigeration compartment that refrigerates and
preserves a stored thing;
a freeze compartment that freezes and preserves a
stored thing;
a first compressor that operates a first freeze cycle
in which a first refrigerant flows;
a first evaporator that is disposed in a low-tempera-
ture portion of the first freeze cycle, and cools the
refrigeration compartment;
a second compressor that operates a second freeze
cycle in which a second refrigerant flows; and
a second evaporator that is disposed in a low-tem-
perature portion of the second freeze cycle, and
cools the freeze compartment;
wherein the evaporator is formed by fixing a metal
cooling plate, which covers a wall surface of the re-
frigeration compartment, to a refrigerant pipe; and
the refrigeration compartment is cooled by radiation
my means of the cooling plate.

[0076] According to this structure, the first and second
freeze cycles are operated by the first and second com-
pressors; the first and second refrigerants flow, so that
the low-temperature portion and high-temperature por-
tion of the first and second freeze cycles are formed. The
first refrigerant, which has a low temperature and low
pressure, flows in the refrigerant pipe of the first evapo-
rator of the first freeze cycle, so that cold heat is radiated
from the cooling plate and the refrigeration compartment
is cooled. The second refrigerant, which has a low tem-
perature and low pressure, flows in the second evapo-
rator of the low-temperature portion of the second freeze

cycle, so that the freeze compartment is cooled by the
cold air which is lowered in temperature by the second
evaporator
[0077] Besides, the freezer-refrigerator having the
above structure according to the present invention in-
cludes:

a door open-close detection portion that detects
opening and closing of a door of the refrigeration
compartment;
a temperature sensor that detects a temperature of
the refrigeration compartment; and
a humidity sensor that detects a humidity of the re-
frigeration compartment;
wherein when the door is opened and closed, a dew
point temperature of the refrigeration compartment
is obtained thanks to detection of the temperature
sensor and the humidity sensor.

[0078] According to this structure, if it is detected by
the door open-close detection portion that the door is
opened then closed, the temperature and the humidity
of the refrigeration compartment are detected by the tem-
perature sensor and the humidity sensor. The dew point
temperature of the refrigeration compartment is obtained
from calculation and the like based on the detection re-
sults from the temperature sensor and the humidity sen-
sor; and the first evaporator is kept at the dew point tem-
perature or below. According to this, moisture of the out-
side air, which flows in thanks to the opening and closing
of the door, condenses on a surface of the cooling plate.
[0079] Besides, in the freezer-refrigerator having the
above structure according to the present invention, an
intermediate heat exchanger, which performs heat ex-
change between the low-temperature portion of the first
freeze cycle and a high-temperature portion of the sec-
ond freeze cycle, is disposed. According to this structure,
the first refrigerant, which has the low temperature and
low pressure, flows in the first evaporator of the low-tem-
perature portion of the first freeze cycle and the interme-
diate heat exchanger. The second refrigerant, which has
the high temperature and high pressure, flows in the high-
temperature portion of the second freeze cycle; and has
heat absorbed by the intermediate heat exchanger to ra-
diate heat. Here, the first evaporator and the intermediate
heat exchanger may be disposed in series with each oth-
er or disposed in parallel with each other.
[0080] Besides, in the freezer-refrigerator having the
above structure according to the present invention,
in a lower portion of the refrigeration compartment, an
insulation compartment having a temperature lower than
a temperature of an upper portion is disposed; and
in the refrigerant pipe of the first evaporator, a refrigerant
flows from lower to upper.
According to this structure, in the lower portion of the
refrigeration compartment, there disposed are the insu-
lation compartments such as a chilled compartment, an
ice compartment and the like which have a low temper-
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ature. The cooling plate in the lower portion of the first
evaporator touches the refrigerant pipe, which has the
low temperature, to cool the insulation compartments.
[0081] Besides, a cooling storage unit according to the
present invention includes:

first and second cooling compartments;
a first compressor that operates a first freeze cycle
in which a first refrigerant flows;
a first heat radiator that is disposed in a high-tem-
perature portion of the first freeze cycle;
a first evaporator that is disposed in a low-tempera-
ture portion of the first freeze cycle;
a second compressor that operates a second freeze
cycle in which a second refrigerant flows;
a second evaporator that is disposed in a low-tem-
perature portion of the second freeze cycle; and
an intermediate heat exchanger that performs heat
exchange between the low-temperature portion of
the first freeze cycle and a high-temperature portion
of the second freeze cycle;
wherein the first cooling compartment is cooled by
the first evaporator; and the second cooling compart-
ment is cooled by the second evaporator.

[0082] Besides, the cooling storage unit having the
above structure according to the present invention in-
cludes:

a first internal heat exchanger that performs heat ex-
change between the first refrigerant of the first freeze
cycle having a high temperature and the first refrig-
erant of the second freeze cycle having a low tem-
perature;
a second internal heat exchanger that performs heat
exchange between the second refrigerant of the sec-
ond freeze cycle having a high temperature and the
second refrigerant of the second freeze cycle having
a low temperature; and
a third internal heat exchanger that performs heat
exchange between the first refrigerant of the first
freeze cycle having a high temperature and the first
refrigerant of the first freeze cycle having a low tem-
perature.

[0083] Besides, the cooling storage unit having the
above structure according to the present invention in-
cludes a receiver that is disposed in a first freeze cycle
of the intermediate heat exchanger, separates the first
refrigerant into a gas and a liquid, and outputs the liquid
refrigerant.
[0084] Besides, the cooling storage unit having the
above structure according to the present invention in-
cludes:

a main body portion that has first and second cooling
compartments;
a first compressor that operates a first freeze cycle

in which a first refrigerant flows;
a first evaporator that is disposed in a low-tempera-
ture portion of the first freeze cycle, and cools the
first cooling compartment;
a second compressor that operates a second freeze
cycle in which a second refrigerant flows;
a second evaporator that is disposed in a low-tem-
perature portion of the second freeze cycle, and
cools the second cooling compartment;
a first mechanical compartment in which the first
compressor is disposed; and
a second mechanical compartment in which the sec-
ond compressor is disposed;
wherein one of the first and second mechanical com-
partments is disposed in an upper portion of the main
body portion and the other is disposed in a lower
portion of the main body portion.

[0085] Besides, the cooling storage unit having the
above structure according to the present invention in-
cludes:

first and second cooling compartments;
a first compressor that operates a first freeze cycle
in which a first refrigerant flows;
a first evaporator that is disposed in a low-tempera-
ture portion of the first freeze cycle, and cools the
first cooling compartment;
a second compressor that operates a second freeze
cycle in which a second refrigerant flows; and
a second evaporator that is disposed in a low-tem-
perature portion of the second freeze cycle, and
cools the first cooling compartment;
wherein the second evaporator is defrosted by heat
of a high-temperature portion of the first freeze cycle.

Advantageous Effects of Invention

[0086] According to the present invention, in a dual
freeze cycle type of freezer-refrigerator which disposes
the intermediate heat exchanger that performs the heat
exchange between: the low-temperature portion of the
first freeze cycle operated by the first compressor; and
the high-temperature portion of the second freeze cycle
operated by the second compressor, the refrigeration
compartment is cooled by the first evaporator that is dis-
posed in the first freeze cycle, while the freeze compart-
ment is cooled by the second evaporator that is disposed
in the second freeze cycle. Because of this, it is possible
make a temperature difference between the first evapo-
rator and the refrigeration compartment small; and it is
possible to drive the first and second compressors with
a high efficiency. Accordingly, the COP of the freeze cycle
increases; and it is possible to reduce power consump-
tion of the freezer-refrigerator.
[0087] Besides, according to the present invention, the
receiver is disposed in the first freeze cycle of the inter-
mediate heat exchanger, so that even if a heat load on
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the freezer-refrigerator increases, the first refrigerant as
the gas refrigerant performs the heat exchange with the
second refrigerant. According to this, the first refrigerant
surely rises in temperature and is sent to the first com-
pressor, so that it is possible to keep the capability of the
intermediate heat exchanger. In addition, the first refrig-
erant as the gas refrigerant, which flows from the receiv-
er, absorbs heat to rise in temperature, thereafter, flows
in the first compressor, so that it is possible to reduce a
cold heat loss.
[0088] Besides, according to the present invention,
one of the first and second mechanical compartments,
in which the first and second compressors are disposed,
is disposed in the upper portion of the main body portion,
while the other is disposed in the lower portion, so that
the first and second compressors, which are also point
sound sources, are disposed away from each other. The
sound-pressure level of the point sound source decreas-
es as the distance increases; and when a user comes
close to one point sound source, the user is away from
the other point sound source, so that the noise level the
user hears becomes small. Besides, the first and second
compressors are disposed in the compartments different
from each other, so that the same-phase sound and the
same-frequency sound become unlikely to occur. Ac-
cording to this, the sound pressure due to the sounds,
overlapping with each other, from the first and second
compressors becomes low; and it is possible to reduce
occurrence of a hum. Accordingly, it is possible to lower
the noise of the freezer-refrigerator.
[0089] Besides, according to the present invention, the
second evaporator of the second freeze cycle is defrost-
ed by the heat of the high-temperature portion of the first
freeze cycle, so that first heat radiator of the first freeze
cycle and the second heat radiator of the second freeze
cycle do not reach a low temperature. Accordingly, it is
possible to prevent condensation on the rear plate and
the like of the freezer-refrigerator. Besides, it is unnec-
essary to additionally dispose a heater that defrosts the
second evaporator, so that it is possible to curb temper-
ature rise caused by a heater and the like during the
defrosting time. Besides, most of the heat, which heats
the second evaporator during the defrosting time, is heat
from the refrigeration compartment, so that it is possible
to cool the refrigeration compartment performing the de-
frosting. Accordingly, it is possible to curb the power con-
sumption caused by the defrosting; and keep the power
consumption of the freezer-refrigerator low.
[0090] Besides, according to the present invention, the
first and second freeze cycles are operated by the first
and second compressors, respectively; the refrigeration
compartment and the freeze compartment are cooled by
the first and second evaporators; and the first evaporator
has the cooling plate, so that it is possible to prevent the
drying of the stored things; and during a high-load time
and the like immediately after the stored things are
housed, it is possible to obtain a sufficient cooling capa-
bility of the refrigeration compartment and the freeze

compartment. Especially, during the high-load time of the
refrigeration compartment, it is possible to lower the sec-
ond evaporator in temperature, so that it is possible to
prevent insufficient cooling of the freeze compartment.
Besides, during the high-load time of the freeze compart-
ment, it is possible to lower the first evaporator in tem-
perature; and keep the humidity in the refrigeration com-
partment by holding condensation on the cooling plate.
According to this, even in a case where the freeze com-
partment has a high load, it is possible to reduce the
drying of the stored things in the refrigeration compart-
ment.

Brief Description of Drawings

[0091]

[Fig. 1] is a side sectional view showing a freezer-
refrigerator according to a first embodiment of the
present invention.
[Fig. 2] is a view showing a freeze cycle of the freezer-
refrigerator according to the first embodiment of the
present invention.
[Fig. 3] is a P-H diagram of the freezer-refrigerator
according to the first embodiment of the present in-
vention.
[Fig. 4] is a view showing a relationship between an
adiabatic compression efficiency and a compression
ratio of a positive displacement compressor.
[Fig. 5] is a view showing a freeze cycle of a freezer-
refrigerator according to a second embodiment of
the present invention.
[Fig. 6] is a view showing a freeze cycle of a freezer-
refrigerator according to a third embodiment of the
present invention.
[Fig. 7] is a view showing details of an intermediate
heat exchanger in the freeze cycle of the freezer-
refrigerator according to the third embodiment of the
present invention.
[Fig. 8] is a P-H diagram of the freezer-refrigerator
according to the third embodiment of the present in-
vention.
[Fig. 9] is a view showing a relationship between a
position and a temperature of the intermediate heat
exchanger in the freeze cycle of the freezer-refrig-
erator according to the third embodiment of the
present invention.
[Fig. 10] is a view showing a freeze cycle of a com-
parison example.
[Fig. 11] is a view showing a relationship between a
position and a temperature of an intermediate heat
exchanger in a freeze cycle of a comparison exam-
ple.
[Fig. 12] is a view showing a freeze cycle of a freezer-
refrigerator according to a fourth embodiment of the
present invention.
[Fig. 13] is a P-H diagram of the freezer-refrigerator
according to the fourth embodiment of the present
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invention.
[Fig. 14] is a view showing other structures of first
and third internal heat exchangers in the freeze cycle
of the freezer-refrigerator according to the fourth em-
bodiment of the present invention.
[Fig. 15] is a side sectional view showing a freezer-
refrigerator according to a fifth embodiment of the
present invention.
[Fig. 16] is a rear perspective view showing pipe ar-
rangement of the freezer-refrigerator according to
the fifth embodiment of the present invention.
[Fig. 17] is a view showing a freeze cycle of the freez-
er-refrigerator according to the fifth embodiment of
the present invention.
[Fig. 18] is a view showing a freeze cycle of a freezer-
refrigerator according to a sixth embodiment of the
present invention.
[Fig. 19] is a detailed view showing a defrosting heat
exchanger and a second evaporator of the freezer-
refrigerator according to the sixth embodiment of the
present invention.
[Fig. 20] is a flow chart showing operation of the sec-
ond evaporator of the freezer-refrigerator according
to the sixth embodiment of the present invention.
[Fig. 21] is a front view showing a freezer-refrigerator
according to a seventh embodiment of the present
invention.
[Fig. 22] is a front sectional view showing pipe ar-
rangement of the freezer-refrigerator according to
the seventh embodiment of the present invention.
[Fig. 23] is a block diagram showing a structure of
the freezer-refrigerator according to the seventh em-
bodiment of the present invention.
[Fig. 24] is a front sectional view showing pipe ar-
rangement of a freezer-refrigerator according to an
eighth embodiment of the present invention.
[Fig. 25] is a view showing a freeze cycle of a con-
ventional freezer-refrigerator.

Description of Embodiments

[0092] Hereinafter, embodiments of the present inven-
tion are described with reference to the drawings. Fig. 1
is a side sectional view showing a freezer-refrigerator
according to a first embodiment. A freezer-refrigerator 1
is provided with a refrigeration compartment 2 in an upper
portion for refrigerating and preserving stored things. Be-
low the refrigeration compartment 2, a vegetable com-
partment 3, which is kept at a temperature that is higher
than a temperature of the refrigeration compartment 2
and suitable for preserving vegetables, is disposed. In a
lower portion of the freezer-refrigerator 1, a freeze com-
partment 4 for freezing and preserving stored things is
disposed. A front surface of the refrigeration compart-
ment 2 is opened and closed by a rotatable heat insula-
tion door 2a. Front surfaces of the vegetable compart-
ment 3 and the freeze compartment 4 are opened and
closed by drawer type of heat insulation doors 3a and 4a

that are unitary with housing cases 3b and 4b, respec-
tively.
[0093] Behind the freeze compartment 4, a mechani-
cal compartment 5 is disposed In the mechanical com-
partment 5, first and second compressors 11 and 21,
which operate first and second freeze cycles 10 and 20
(see Fig. 2) described in detail later, respectively, are
disposed. On a rear surface of the refrigeration compart-
ment 2, a first evaporator 14 connected to the first com-
pressor 11 is disposed; and over the first evaporator 14,
a refrigeration compartment air blower 15 is disposed.
On a rear surface of the freeze compartment 4, a second
evaporator 24 connected to the second compressor 21
is disposed; and over the second evaporator 24, a freeze
compartment air blower 25 is disposed. Below the first
evaporator 14, a defrosting heater 51 is disposed.
[0094] Cold air cooled by heat exchange with the first
evaporator 14 is output into the refrigeration compart-
ment 2 by the refrigeration compartment air blower 15.
The cold air flows in the refrigeration compartment 2 and
flows in the vegetable compartment 3 that communicates
with the refrigeration compartment 2. The cold air flowing
in the vegetable compartment 3 flows in the vegetable
compartment 3 and returns to the first evaporator 14.
According to this, the refrigeration compartment 2 and
the vegetable compartment 3 are cooled. Cold air cooled
by heat exchange with the second evaporator 24 is output
into the freeze compartment 4 by the freeze compartment
air blower 25. The cold air output into the freeze com-
partment 4 flows in the freeze compartment 4 and returns
to the second evaporator 24. According to this, the freeze
compartment 4 is cooled.
[0095] Fig. 2 shows a freeze cycle of the freezer-re-
frigerator 1. A freeze cycle 30 of the freezer-refrigerator
1 is a cascade type of dual freeze cycle in which the first
and second freeze cycles 10, 20 are connected to each
other by an intermediate heat exchanger 31. In other
words, the first freeze cycle 10 forms a high temperature
cycle while the second freeze cycle 20 forms a low tem-
perature cycle. And, heat exchange is performed be-
tween a low-temperature portion of the first freeze cycle
10 and a high-temperature portion of the second freeze
cycle 20 by the intermediate heat exchanger 31. Accord-
ing to this, a low-temperature portion of the second freeze
cycle 20 is kept at a temperature lower than the low-
temperature portion of the first freeze cycle 10.
[0096] The first freeze cycle 10 operated by the first
compressor 11 has: a first heat radiator 12, a first pres-
sure reducer 13, and a first evaporator 14 that are con-
nected by a refrigerant pipe 10a. In the refrigerant pipe
10a, a first refrigerant such as isobutane and the like
flows in an arrow S1 direction. In other words, the first
refrigerant flows and circulates via the first compressor
11, the first heat radiator 12, the first pressure reducer
13, the first evaporator 14 and the first compressor 11 in
this order.
[0097] The second freeze cycle 20 operated by the
second compressor 21 has: a second heat radiator 22,
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a second pressure reducer 23, and a second evaporator
24 that are connected by a refrigerant pipe 20a. In the
refrigerant pipe 20a, a second refrigerant such as isob-
utane and the like flows in an arrow S2 direction. In other
words, the second refrigerant flows and circulates via the
second compressor 21, the second heat radiator 22, the
second pressure reducer 23, the second evaporator 24
and the second compressor 21 in this order.
[0098] In the intermediate heat exchanger 31, a heat
exchange portion 31a disposed in the first freeze cycle
10 and a heat exchange portion 31c disposed in the sec-
ond freeze cycle 20 are disposed side by side; and so
formed as to be able to perform heat exchange with each
other via a wall surface. The heat exchange portion 31a
is disposed in a subsequent stage of the first evaporator
14 while the heat exchange portion 31c is disposed in a
subsequent stage of the second heat radiator 22.
[0099] In the first and second freeze cycles 10 and 20,
first and second internal heat exchangers 32, 33 are dis-
posed. In the first internal heat exchanger 32, a heat ex-
change portion 32a disposed in the first freeze cycle 10
and a heat exchange portion 32b disposed in the second
freeze cycle 20 are disposed side by side; and so formed
as to be able to perform heat exchange with each other
via a wall surface.
[0100] The heat exchange portion 32a is disposed in
a subsequent stage of the first heat radiator 12; and the
first refrigerant having a high temperature before flowing
in the first evaporator 14 flows in the heat exchange por-
tion 32a. The heat exchange portion 32b is disposed in
a subsequent stage of the second evaporator 24; and
the second refrigerant having a low temperature after
flowing from the second evaporator 24 flows in the heat
exchange portion 32b. In a case where the first pressure
reducer 13 includes a capillary tube, the heat exchange
portion 32a may double as the first pressure reducer 13.
[0101] In the second internal heat exchanger 33, a heat
exchange portion 33a disposed in a subsequent portion
of the heat exchanger 31c and a heat exchange portion
33b disposed in a subsequent stage of the second evap-
orator 24 are disposed side by side; and so formed as to
be able to perform heat exchange with each other via a
wall surface. In the heat exchange portion 33a, the sec-
ond refrigerant having a high temperature before flowing
in the second evaporator 24 flows, while in the heat ex-
change portion 33b, the second refrigerant having a low
temperature after flowing from the second evaporator 24
flows. In a case where the second pressure reducer 23
includes a capillary tube, the heat exchange portion 33a
may double as the second pressure reducer 23.
[0102] In the freezer-refrigerator 1 having the above
structure, thanks to driving of the first and second com-
pressors 11 and 21, the first and second refrigerants flow
in the refrigerant pipes 10a and 20a, respectively. The
first and second compressors 11, 21 compress the first
and second refrigerants to a high temperature and a high
pressure, while the first and second pressure reducers
13 and 23 decompress and expand the first and second

refrigerants to a low temperature and a low pressure.
[0103] Accordingly, during a time the first and second
refrigerants flow from the first and second compressors;
and thereafter flow in the first and second pressure re-
ducers 13, 23, the first and second refrigerants serve as
high-temperature portions of the first and second freeze
cycles 10, 20. During a time the first and second refrig-
erants flow from the first and second pressure reducers
13, 23; and thereafter flow in the first and second com-
pressors 11, 21, the first and second refrigerants serve
as low-temperature portions of the first and second
freeze cycles 10, 20.
[0104] The first refrigerant, which is compressed by
the first compressor 11 and has the high temperature
and high pressure, is deprived of heat by the surrounding
air via the first heat radiator 12 to condense. The first
refrigerant, which is liquefied by the first heat radiator 12,
is deprived of heat by the second refrigerant in the low-
temperature portion of the second freeze cycle 20 in the
first internal heat exchanger 32 to be further lowered in
temperature. The first refrigerant, which is cooled to a
large over-cooling degree by the first internal heat ex-
changer 32 and in the liquefied state, flows in the first
pressure reducer 13. The first refrigerant is decom-
pressed and expanded by the first pressure reducer 13
and becomes a damp vapor that has a low dry degree
and a low temperature.
[0105] The first refrigerant, which becomes the low-
temperature damp vapor, flows in the first evaporator 14,
deprives the cold air in the refrigeration compartment 2
of heat to evaporate; and becomes a damp vapor that
has a higher dry degree. The first refrigerant, which flows
from the first evaporator 14 and is in the damp vapor
state, flows in the intermediate heat exchanger 31, de-
prives the second refrigerant in the high-temperature por-
tion of the second freeze cycle of heat to evaporate; and
becomes an over-heated vapor. The first refrigerant,
which becomes the over-heated vapor, returns to the first
compressor 11. According to this, the first refrigerant cir-
culates, whereby the first freeze cycle 10 is operated.
[0106] The second refrigerant, which is compressed
by the second compressor 21 and has the high temper-
ature and high pressure, is deprived of heat by the sur-
rounding air via the second heat radiator 22. The second
refrigerant, which is lowered in temperature by the sec-
ond heat radiator 22, flows in the intermediate heat ex-
changer 31 and is deprived of heat by the first refrigerant
in the low-temperature portion of the first freeze cycle 10
to be further cooled to condense. The liquefied second
refrigerant is deprived of heat by the second refrigerant
in the low-temperature portion of the second freeze cycle
20 in the second internal heat exchanger 33 to be further
lowered in temperature.
[0107] The second refrigerant, which is cooled to a
large over-cooling degree by the second internal heat
exchanger 33 and in the liquefied state, flows in the sec-
ond pressure reducer 23. The second refrigerant is de-
compressed and expanded by the second pressure re-
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ducer 23 and becomes a damp vapor that has a low tem-
perature. The second refrigerant, which becomes the
low-temperature damp vapor, flows in the second evap-
orator 24, deprives the cold air in the freeze compartment
4 of heat to evaporate; and becomes a damp vapor.
[0108] The second refrigerant, which flows from the
second evaporator 24 and is in the damp vapor state, is
guided to the second internal heat exchanger 33 and the
first internal heat exchanger 32; deprives the high-tem-
perature second refrigerant and the high-temperature
first refrigerant of heat to become an over-heated vapor.
The second refrigerant, which becomes the over-heated
vapor, returns to the second compressor 21. According
to this, the second refrigerant circulates, whereby the
second freeze cycle 20 is operated.
[0109] Here, the second compressor 21 is driven after
the first compressor 11 is driven and the temperature of
the intermediate heat exchanger 31 decreases. And, the
temperatures of the refrigeration compartment 2 and the
freeze compartment 4 and a temperature difference be-
tween the heat exchange portions 31a and 31c of the
intermediate heat exchanger 31 are monitored; and the
rotation speeds of the first and second compressors 11,
21 are controlled by inverter control such that these
speeds become predetermined values.
[0110] Fig. 3 shows a pressure-enthalpy diagram (P-
H diagram) of the freeze cycle 30. A vertical axis indicates
pressure while a lateral axis indicates enthalpy. Besides,
in this figure, the respective points A, B, C, D, E, E’, a,
b, b’, c, d, e, and f correspond to the respective points of
the freeze cycle shown in Fig. 2.
[0111] In a case of the first freeze cycle 10 (A-B-C-D-
E-E’ -A), the A-B indicates a process in the first compres-
sor 11. The B-C indicates a process in the first heat ra-
diator 12. The C-D indicates a process in the heat ex-
change portion 32a of the first internal heat exchanger
32. The D-E indicates a process in the first pressure re-
ducer 13. The E-E’ indicates a process in the first evap-
orator 14. The E’-A indicates a process in the heat ex-
change portion 31a of the intermediate heat exchanger
31.
[0112] In a case of the second freeze cycle 20 (a-b-b’-
c-d-e-f-a), likewise, the a-b indicates a process in the
second compressor 21. The b-b’ indicates a process in
the second heat radiator 22. The b’-c indicates a process
in the heat exchange portion 31c of the intermediate heat
exchanger 31. The c-d indicates a process in the heat
exchange portion 33a of the second internal heat ex-
changer 33. The d-e indicates a process in the second
pressure reducer 23. The e-f indicates a process in the
second evaporator 24. The f-a indicates processes in the
heat exchange portion 33b of the second internal heat
exchanger 33 and the heat exchange portion 32b of the
first internal heat exchanger 32.
[0113] The first and second freeze cycles 10, 20 are
filled with the same refrigerant (e.g., isobutane), so that
a temperature relationship and a pressure relationship
between the first and second freeze cycles 10, 20 are

easily understandable in the PH-diagram. For example,
a pressure PA at the A point of the first freeze cycle 10
is slightly lower than a pressure Pb at the b point of the
second freeze cycle 20. This is because the first freeze
cycle 10 deprives the second freeze cycle 20 of heat.
[0114] In a case of the conventional single freeze cycle
40 (see Fig. 25), if the freeze compartment 4 has the
same set temperature, the evaporation temperatures of
the first and second evaporators 44a, 44b (see Fig. 25)
are about a temperature indicated by the e-f in Fig. 3. In
contrast, the evaporation temperature of the first evapo-
rator 14, which cools the refrigeration compartment 2 ac-
cording to the present embodiment, is indicated by the
E-F in Fig. 3. In a damp vapor region of the refrigerant,
the higher the pressure P is, the higher the temperature
is, so that the evaporation temperature of the first evap-
orator 14 becomes higher than the temperature in the
case of the single freeze cycle.
[0115] According to this, in the case of the conventional
single freeze cycle 40, it is possible to dramatically make
small a temperature difference of, for example, 20°C be-
tween the first evaporator 14 and the refrigeration com-
partment 2 to, for example, 5°C or below. Accordingly,
without using unnecessary energy for the cooling of the
refrigeration compartment 2, it is possible to provide the
freezer-refrigerator 1 that is highly efficient.
[0116] Besides, in the case of the conventional single
freeze cycle 40, under the same set condition, a conden-
sation pressure becomes a pressure PB at the B point,
while an evaporation pressure becomes a pressure Pa
at the a point. Because of this, the pressure ratio of the
compressor 41 (see Fig. 25) becomes PB/Pa. On the
other hand, in the present embodiment, the compression
ratio of the first freeze cycle 10 becomes PB/PA, while
the compression ratio of the second freeze cycle 20 be-
comes Pb/Pa. Because of this, both become smaller than
the compression ratio of the freeze cycle 40.
[0117] Fig. 4 shows a relationship between an adia-
batic compression efficiency and a compression ratio of
a positive displacement compressor according to "Guide
and Data Book" (1961, p. 498) from ASHRAE (American
Society of Heating, Refrigerating and Air-Conditioning
Engineers). A vertical axis indicates the adiabatic com-
pression efficiency while a lateral axis indicates the com-
pression ratio. Here, most of the compressors used in
usual freezer-refrigerators today are positive displace-
ment type. According to experimental data of refrigerants
R12 and R22, it is possible to say that other refrigerants
have the same tendency. According to this figure, the
smaller the compression ratio of the compressor is, the
higher the adiabatic compression efficiency of the com-
pressor becomes.
[0118] In a case where the ambient temperature is
25°C; the temperature of the refrigeration compartment
2 is 3°C; the temperature of the freeze compartment 4 is
- 18°C; and the first and second refrigerants are isobu-
tane that is usually often used, the compression ratio of
the conventional single freeze cycle 40 (see Fig. 25) is
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about 8. In contrast, the compression ratios of the first
and second freeze cycles 10, 20 each become abut 2 to
3. Accordingly, both of the compression ratios of the first
and second freeze cycles 10, 20 are smaller than the
conventional, so that it is possible to drive the first and
second compressors 11, 21 with a high efficiency.
[0119] According to the present embodiment, in the
dual freeze cycle type of the freezer-refrigerator 1 which
disposes the intermediate heat exchanger 31 for per-
forming the heat exchange between: the low-tempera-
ture portion of the first freeze cycle 10 operated by the
first compressor 11; and the high-temperature portion of
the second freeze cycle 20 operated by the second com-
pressor 21, the refrigeration compartment 2 is cooled by
the first evaporator 14 disposed in the first freeze cycle
10, while the freeze compartment 4 is cooled by the sec-
ond evaporator 24 disposed in the second freeze cycle
20. Because of this, it is possible to make the temperature
difference between the first evaporator 14 and the refrig-
eration compartment 2 small; and drive the first and sec-
ond compressors 11, 21 with a high efficiency. Accord-
ingly, the COP of the freeze cycle 30 increases from the
conventional, and it is possible to reduce the power con-
sumption of the freezer-refrigerator 1.
[0120] Here, the intermediate heat exchanger 31 may
be disposed in parallel with the first evaporator 14. How-
ever, if the intermediate heat exchanger 31 is disposed
in the subsequent stage of the first evaporator 14 in se-
ries, the first refrigerant flows in the first evaporator 14
before the second refrigerant is deprived of heat by the
intermediate heat exchanger 31. Accordingly, the first
evaporator 14 deprives the air in the refrigeration com-
partment 2 of heat without lowering the temperature of
the air in the refrigeration compartment 2 by means of
heat exchange that uses latent heat, so that it is possible
to increase the cooling efficiency.
[0121] Besides, the second heat radiator 22 is provid-
ed which is disposed in the high-temperature portion of
the second freeze cycle 20, so that it is possible to further
lower the radiation heat of the entire first and second
freeze cycles 10, 20. Accordingly, the COP of the freeze
cycle 30 increases.
[0122] Here, the intermediate heat exchanger 31 may
be disposed in parallel with the second heat radiator 22.
However, the intermediate heat exchanger 31 is dis-
posed in the subsequent stage of the second heat radi-
ator 22, so that the second refrigerant flows in the second
heat radiator 22 before the second refrigerant is deprived
of heat by the first refrigerant in the intermediate heat
exchanger 31. Accordingly, after the second refrigerant
performs heat exchange in the second heat radiator 22
to radiate heat, the second refrigerant is cooled by the
intermediate heat exchanger 31, so that it is possible to
more efficiently perform the heat exchange.
[0123] Besides, the first internal heat exchanger 32 is
disposed which performs the heat exchange between:
the second refrigerant flowing from the second evapora-
tor 24; and the first refrigerant before flowing in the first

evaporator 14, so that it is possible to lower the enthalpy
of the first refrigerant; and further increase the cooling
capability of the first refrigerant that flows in the first evap-
orator 14.
[0124] Besides, the second internal heat exchanger
33 is disposed which performs the heat exchange be-
tween: the second refrigerant flowing from the second
evaporator 24; and the second refrigerant before flowing
in the second evaporator 24, so that it is possible to lower
the enthalpy of the second refrigerant; and further in-
crease the cooling capability of the second refrigerant
that flows in the second evaporator 24.
[0125] Besides, thanks to cold-heat collection by the
first and second internal heat exchangers 32 and 33, the
second refrigerant, which flows from the second evapo-
rator 24, is heated to about the ambient temperature dur-
ing a heat absorption process f-a in Fig. 3. Because of
this, a suction pipe of the second compressor 21 dis-
posed in the mechanical compartment does not deprive
the surrounding air of heat, so that it is possible to curb
a heat loss. Besides, the temperature of the second re-
frigerant compressed by the second compressor 21 be-
comes higher than the ambient temperature, so that it
becomes possible to radiate heat from the second heat
radiator 22 into the surrounding area during a heat radi-
ation process b-b’ in Fig. 3.
[0126] In addition, the heat radiation level of the entire
freeze cycle 30 is high; and an output temperature Tb
from the second compressor 21 is lower than an output
temperature TB from the first compressor 11. Because
of this, it is impossible to sufficiently raise the temperature
of the refrigerant, which is sucked into the second com-
pressor 21, by means of the second internal heat ex-
changer 33 only. By disposing the first internal heat ex-
changer 32 in addition to the second internal heat ex-
changer 33, it is possible to raise the temperature of the
second refrigerant sucked into the second compressor
21 such that the temperature of the second refrigerant
after compression becomes over the ambient tempera-
ture. According to this, it becomes possible to radiate
heat from the second heat radiator 22 into the surround-
ing area during the heat radiation process b-b’ in Fig. 3.
[0127] Next, Fig. 5 is a view showing a freeze cycle of
the freezer-refrigerator 1 according to a second embod-
iment. For convenience of description, the same portions
as those shown in Fig. 1 to Fig. 4 described above are
indicated by the same reference numbers. In the freeze
cycle 30 of the freezer-refrigerator 1 according to the
present embodiment, the second heat radiator 22, the
first and second internal heat exchangers 32 and 33 (see
Fig. 2 for both) are removed from the first embodiment.
The other portions are the same as the first embodiment.
[0128] According to the present embodiment, the sec-
ond heat radiator 22 and the first and second internal
heat exchangers 32, 33 (see Fig. 2) are removed from
the first embodiment, so that it is impossible to use the
effects of the first and second internal heat exchangers
32, 33; and that the COP of the freeze cycle 30 slightly
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decreases. However, by simplifying the structure of the
freeze cycle 30 compared with the first embodiment, it is
possible to achieve cost reduction.
[0129] Besides, like the first embodiment, in the dual
freeze cycle type of the freezer-refrigerator 1 which dis-
poses the intermediate heat exchanger 31 for performing
the heat exchange between: the low-temperature portion
of the first freeze cycle 10 operated by the first compres-
sor 11; and the high-temperature portion of the second
freeze cycle 20 operated by the second compressor 21,
the refrigeration compartment 2 is cooled by the first
evaporator 14 disposed in the first freeze cycle 10, while
the freeze compartment 4 is cooled by the second evap-
orator 24 disposed in the second freeze cycle 20. Be-
cause of this, it is possible to make the temperature dif-
ference between the first evaporator 14 and the refriger-
ation compartment 2 small; and drive the first and second
compressors 11, 21 with a high efficiency. Accordingly,
the COP of the freeze cycle 30 increases from the con-
ventional, and it is possible to reduce the power con-
sumption of the freezer-refrigerator 1.
[0130] Next, Fig. 6 shows a freeze cycle of the freezer-
refrigerator 1 according to a third embodiment. For con-
venience of description, the same portions as those
shown in Fig. 1 to Fig. 4 described above are indicated
by the same reference numbers. In the present embod-
iment, a first receiver 17 is disposed in the flow path for
the first refrigerant of the intermediate heat exchanger
31, while a second receiver 27 is disposed in a down-
stream with respect to the second evaporator 24. The
other portions are the same as the first embodiment.
[0131] The first and second receivers 17, 27 separate
a gas and a liquid from each other, store the liquid refrig-
erant and output the gas refrigerant. The first receiver 17
prevents the liquid refrigerant from flowing in the first
compressor 11, while the second receiver 27 prevents
the liquid refrigerant from flowing in the second compres-
sor 21.
[0132] Fig. 7 is a view showing details of the interme-
diate heat exchanger 31. In the intermediate heat ex-
changer 31, the heat exchange portions 31a, 31b dis-
posed in the first freeze cycle 10 and the heat exchange
portions 31c, 31d disposed in the second freeze cycle
20 are disposed side by side; and so formed as to be
able to perform heat exchange with each other via a wall
surface. The heat exchange portion 31a is disposed in
the subsequent stage of the first evaporator 14, while the
heat exchange portion 31d is disposed in the subsequent
stage of the second heat radiator 22.
[0133] In the first freeze cycle 10 of the intermediate
heat exchanger 31, the heat exchangers 31a, 31b are
disposed in an upstream and a downstream with respect
to the first receiver 17, respectively. According to this, in
the heat exchange portion 31a, the first refrigerant, in
which a gas and a liquid are mixed with each other, is
given vaporization heat (latent heat) to vaporize, while in
the heat exchange portion 31b, the first refrigerant in a
gas state is given sensible heat to rise in temperature.

[0134] The heat exchange portion 31a in an upstream
of the first freeze cycle 1 is close to the heat exchange
portion 31c in a downstream of the second freeze cycle
20 to perform heat exchange. Besides, the heat ex-
change portion 31b in a downstream of the first freeze
cycle 1 is close to the heat exchange portion 31d in an
upstream of the second freeze cycle 20 to perform heat
exchange. Here, the lengths of the heat exchange por-
tions 31c, 31d are set such that the heat exchange portion
31d radiates sensible heat chiefly from the second refrig-
erant that has a high temperature; and the second refrig-
erant, which falls in temperature in the heat exchange
portion 31d, radiates condensation heat (latent heat)
chiefly at the heat exchange portion 31c. Accordingly,
the heat exchange portions 31a, 31c each constitute a
latent-heat exchange portion that gives the latent heat of
the second refrigerant as the latent heat of the first re-
frigerant, while the heat exchange portions 31b, 31d each
constitute a sensible-heat exchange portion that gives
the sensible heat of the second refrigerant as the sensible
heat of the first refrigerant.
[0135] In the freezer-refrigerator 1 having the above
structure, the first refrigerant, which flows from the first
evaporator 14 and is in a damp vapor state, flows in the
heat exchange portion 31a of the intermediate heat ex-
changer 31. The first refrigerant in the heat exchange
portion 31a deprives the second refrigerant in the heat
exchange portion 31c of latent heat to vaporize; and flows
in the first receiver 17.
[0136] The first refrigerant, which flows in the first re-
ceiver 17, is separated into a gas and a liquid; the liquid
refrigerant is stored and the gas refrigerant is output. The
first refrigerant, which is output from the first receiver 17
and in the gas state, deprives the heat exchange portion
31d of sensible heat chiefly by means of the heat ex-
change portion 31b to rise in temperature; and becomes
an over-heated vapor.
[0137] The second refrigerant, which is lowered in tem-
perature by the second heat radiator 22, flows in the heat
exchange portion 31d of the intermediate heat exchanger
31. The second refrigerator, which flows in the heat ex-
change portion 31d, is deprived of latent heat chiefly by
the first refrigerant in the heat exchange portion 31b to
be further cooled. The second refrigerant, which is low-
ered in temperature and in the gas state, flows in the heat
exchange portion 31c and is deprived of latent heat chief-
ly by the first refrigerant in the heat exchange portion 31a
to condense. In the second internal heat exchanger 33,
the second refrigerant, which condenses, is deprived of
heat by the second refrigerants in the low-temperature
portion of the second freeze cycle 20 to be further lowered
in temperature.
[0138] Fig. 8 shows a pressure-enthalpy diagram (P-
H diagram) of the freeze cycle 30 according to the present
embodiment. A vertical axis indicates pressure while a
lateral axis indicates enthalpy. Besides, in this figure, the
respective points A, B, C, D, E, E’, F, a, b, b’, b", c, d, e,
and f correspond to the respective points of the freeze
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cycle shown in Fig. 6; a point F and a point b" are added
to Fig. 3 described above.
[0139] Specifically, the E’-F indicates a process in the
heat exchange portion 31a of the intermediate heat ex-
changer 31. The F-A indicates a process in the heat ex-
change portion 31b of the intermediate heat exchanger
31. Besides, the b’-b" indicates a process in the heat ex-
change portion 31d of the intermediate heat exchanger
31. The b"-c indicates a process in the heat exchange
portion 31c of the intermediate heat exchanger 31.
[0140] Fig. 9 is a view showing a relationship between
a position and a temperature of the intermediate heat
exchanger 31. For comparison, Fig. 11 shows a relation-
ship between a position and a temperature of the inter-
mediate heat exchanger 31 of a freeze cycle 30’ shown
in Fig. 10. In the freeze cycle 30’ as the comparison ex-
ample, the first receive 17 is disposed in a subsequent
stage of the intermediate heat exchanger 31. The other
portions are the same as the freeze cycle 30 shown in
Fig. 25 described above. Here, in Fig. 9 and Fig. 11,
vertical axes indicate the temperature and lateral axes
indicate the position of the intermediate heat exchanger
31. Here, the respective points A, F, E’, b’, b", and c
correspond to the respective points of the freeze cycles
30, 30’ shown in Fig. 25 and Fig. 20.
[0141] In the second freeze cycle 20 of the intermedi-
ate heat exchanger 31 in the comparison example, the
second refrigerant undergoes heat radiation in the heat
exchange portion 31d (b’-b"); and is condensed by the
heat exchange portion 31 c (b" -c). Besides, in the first
freeze cycle 10 of the intermediate heat exchanger 31,
the first refrigerant evaporates in the heat exchange por-
tion 31a (E’ -F); and evaporates in the heat exchange
portion 31b (F-A) as well.
[0142] Because of this, the temperature difference be-
tween the first and second refrigerants in the heat ex-
change portion 31b becomes large, so that a loss due to
the heat exchange is large. Besides, the first refrigerant,
which is the gas refrigerant flowing from the first receiver
17, does not absorb heat from the second freeze cycle
20, so that the first refrigerant flows in the first compressor
11 keeping the evaporation temperature unchanged. Ac-
cordingly, a cold heat loss is likely to occur.
[0143] In contrast, in the first freeze cycle 10 of the
intermediate heat exchanger 31 in the present embodi-
ment, the first refrigerant evaporates in the heat ex-
change portion 31a (E’-F); and undergoes heat absorp-
tion in the heat exchange portion 31b (F-A). Because of
this, in the intermediate heat exchanger 31, the latent-
heat exchange and the sensible-heat exchange are per-
formed matching with each other. Accordingly, it is pos-
sible to curb the temperature difference to the smallest
limit; and reduce an effective energy loss caused by the
heat exchange. Besides, the first refrigerant absorbs heat
to rise in temperature, thereafter, flows in the first com-
pressor 11, so that it is possible to reduce the cold heat
loss.
[0144] According to the present embodiment, like the

first embodiment, in the dual freeze cycle type of the
freezer-refrigerator 1 which disposes the intermediate
heat exchanger 31 for performing the heat exchange be-
tween: the low-temperature portion of the first freeze cy-
cle 10 operated by the first compressor 11; and the high-
temperature portion of the second freeze cycle 20 oper-
ated by the second compressor 21, the refrigeration com-
partment 2 is cooled by the first evaporator 14 disposed
in the first freeze cycle 10, while the freeze compartment
4 is cooled by the second evaporator 24 disposed in the
second freeze cycle 20. Because of this, it is possible to
make the temperature difference between the first evap-
orator 14 and the refrigeration compartment 2 small; and
drive the first and second compressors 11, 21 with a high
efficiency. Accordingly, the COP of the freeze cycle 30
increases from the conventional, and it is possible to re-
duce the power consumption of the freezer-refrigerator 1.
[0145] Besides, the first receiver 17 is disposed in the
flow path for the first refrigerant of the intermediate heat
exchanger 31, so that even if the heat load on the freezer-
refrigerator 1 changes, the first refrigerant, which is the
gas refrigerant, performs the heat exchange with the sec-
ond refrigerant. According to this, the first refrigerant
surely rises in temperature and is sent to the first com-
pressor 11, so that it is possible to keep the capability of
the intermediate heat exchanger 31. In addition, the first
refrigerant, which is the gas refrigerant flowing from the
first receiver 17, absorbs heat to rise in temperature,
thereafter, flows in the first compressor 11, so that it is
possible to reduce the cold heat loss.
[0146] Besides, in the intermediate heat exchanger 31,
the heat exchange portion 31a in the upstream of the first
freeze cycle 10 and the heat exchange portion 31c in the
downstream of the second freeze cycle 20 perform the
heat exchange with each other, while the heat exchange
portion 31b in the downstream of the first freeze cycle 10
and the heat exchange portion 31d in the upstream of
the second freeze cycle 20 perform the heat exchange
with each other, so that the first refrigerant in the gas
state flowing from the first receiver 17 and the second
refrigerant having the high temperature perform the heat
exchange with each other. According to this, the sensible
heat due to the heat radiation from the second refrigerant
is used as the sensible heat for raising the first refrigerant
in temperature; and it is possible to make the temperature
difference in the heat exchange between the first and
second refrigerants. Accordingly, it is possible to de-
crease the effective energy loss caused by the heat ex-
change and further reduce the power consumption of the
freezer-refrigerator 1.
[0147] Besides, in the latent-heat exchange portion
(31a, 31c), the first refrigerant deprives the second re-
frigerant of latent heat chiefly, while in the sensible-heat
exchange portion (31b, 31d), the first refrigerant deprives
the second refrigerant of sensible heat chiefly, so that
the latent-heat exchange and the sensible-heat ex-
change between the first refrigerant and the second re-
frigerant are performed matching with each other, so that
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it is possible to make the temperature difference between
both smaller.
[0148] Next, Fig. 12 shows a freeze cycle of the freez-
er-refrigerator 1 according to a fourth embodiment. For
convenience of description, the same portions as the
third embodiment shown in Fig. 6 described above are
indicated by the same reference numbers. In the present
embodiment, a third internal heat exchanger 34 is dis-
posed in the subsequent stage of the first heat radiator
12. The other portions are the same as the third embod-
iment.
[0149] In the third internal heat exchanger 34, the heat
exchange portion 34a disposed in the subsequent stage
of the first heat radiator 12 and the heat exchange portion
34b disposed in the subsequent stage of the intermediate
heat exchanger 31 are disposed side by side; and so
formed as to be able to perform heat exchange with each
other via a wall surface. In the heat exchange portion
34a, the first refrigerant having the hot temperature and
flowing from the first heat radiator 12 flows, while in the
heat exchange portion 34b, the first refrigerant having
the low temperature and flowing from the intermediate
heat exchanger 31 flows.
[0150] The first refrigerant, which is liquefied by the
first heat radiator 12, flows in the heat exchange portion
34a of the third internal heat exchanger 34. Besides, the
first refrigerant, which flows from the heat exchange por-
tion 31b of the intermediate heat exchanger 31, flows in
the heat exchange portion 34b of the third internal heat
exchanger 34. The first refrigerant (high-temperature re-
frigerant) in the heat exchange portion 34a is deprived
of heat by the first refrigerant (low-temperature refriger-
ant) that flows in the heat exchange portion 34b.
[0151] And, the first refrigerant, which flows from the
heat exchange portion 34a of the third internal heat ex-
changer 34, flows in the heat exchange portion 32a of
the first internal heat exchanger 32. Besides, the first
refrigerant, which flows from the heat exchange portion
34b of the third internal heat exchanger 34, returns to the
first compressor 11.
[0152] Fig. 13 shows a pressure-enthalpy diagram (P-
H diagram) of the freeze cycle 30 according to the present
embodiment. A vertical axis indicates pressure while a
lateral axis indicates enthalpy. Besides, in this figure, the
respective points A, B, C, C’, D, E, E’, F, F’, a, b, b’, b",
c, d, e, and f correspond to the respective points of the
freeze cycle shown in Fig. 12; points C’, F’, and f are
added to Fig. 8 described above.
[0153] Specifically, the C-C’ indicates a process in the
heat exchange portion 34a of the third internal heat ex-
changer 34. The C’-D indicates a process in the heat
exchange portion 32a of the first internal heat exchanger
32. The F-F’ indicates a process in the heat exchange
portion 31b of the intermediate heat exchanger 31. The
F’-A indicates a process in the heat exchange portion
34b of the third internal heat exchanger 34. Besides, the
f-f’ indicates a process in the heat exchange portion 33b
of the second internal heat exchanger 33. The f’-a indi-

cates a process in the heat exchange portion 32b of the
first internal heat exchanger 32.
[0154] The second freeze cycle 20, which is less than
the first freeze cycle 10 in generation amount of evapo-
ration heat, is less than the first freeze cycle 10 in refrig-
erant flow rate. However, if the first refrigerant in the first
freeze cycle 10 deprives the second refrigerant in the
second freeze cycle 20 of heat in the intermediate heat
exchanger 31, the temperature of the first refrigerant be-
comes lower than the ambient temperature by 10°C or
more in many cases. Because of this, in a case where
the third internal heat exchanger 34 is not present, a suc-
tion pipe of the first compressor 11, which is disposed in
the mechanical compartment, has a temperature lower
than the ambient temperature, so that a heat loss occurs.
[0155] In contrast, if the third internal heat exchanger
34 is disposed, the first refrigerant flowing from the inter-
mediate heat exchanger 31 is heated to about the ambi-
ent temperature by heat collection of the third internal
heat exchanger 34 during the heat absorption process
F’-A in Fig. 13. Because of this, it is possible to curb the
heat loss caused by the suction pipe of the first compres-
sor 11.
[0156] Fig. 14 shows an example in which making use
of the fact that the first pressure reducer 13 is a capillary
tube, the first internal heat exchanger 32 and the third
internal heat exchanger 34 are composed. In other
words, the first pressure reducer 13 functions as a heat
exchange pipe of the first internal heat exchanger 32 or
the third internal heat exchanger 34. In this figure, the
first pressure reducer 13 constitutes the heat exchange
portion 32a of the first internal heat exchanger 32 and
the heat exchange portion 34a of the first internal heat
exchanger 34; however, may constitute either one of
them.
[0157] The first pressure reducer 13 forms the heat
exchange portion 34a of the third internal heat exchanger
34; the pipes are connected to each other by soldering
and the like and brought into tight contact with the heat
exchange portion 34b. Besides, the first pressure reducer
13 forms the heat exchange portion 32a of the third in-
ternal heat exchanger 32; the pipes are connected to
each other by soldering and the like and brought into tight
contact with the heat exchange portion 32b.
[0158] The first refrigerant, which has the high temper-
ature and high pressure and flows in the first pressure
reducer 13, is, first in the third internal heat exchanger
34, deprived of heat by the first refrigerant which flows
from the intermediate heat exchanger 31 and has the low
temperature and low pressure. Thereafter, in the first in-
ternal heat exchanger 32, the first refrigerant is deprived
of heat by the second refrigerant which flows from the
second internal heat exchanger 33 and has the low tem-
perature and low pressure. Accordingly, the first refrig-
erant is deprived of heat in the third internal heat ex-
changer 34 and the first internal heat exchanger 32 to
expand; and becomes a refrigerant that has a low tem-
perature and a low pressure.
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[0159] According to this, by making the first pressure
reducer 13 formed of the capillary tube function as the
heat exchange pipe of the first internal heat exchanger
32 or the third internal heat exchanger 34, it is possible
to reduce the number of components and lower the pro-
duction cost of the freezer-refrigerator 1.
[0160] Likewise, by making use of the fact that the sec-
ond pressure reducer 23 is a capillary tube, it is possible
to make the second pressure reducer 23 function as the
heat exchange portion 33a of the second internal heat
exchanger 33. Here, the second pressure reducer 23 is
brought into tight contact with and connected by soldering
and the like to the heat exchange portion 33b in the inside
of the second internal heat exchanger 33.
[0161] The second refrigerant, which flows in the sec-
ond pressure reducer 23 and has the high temperature
and high pressure, is, in the second internal heat ex-
changer 33, deprived of heat by the second refrigerant
which flows from the second receiver 27 and has the low
temperature and low pressure. The second refrigerant is
deprived of heat in the second internal heat exchanger
33 to expand; and becomes a refrigerant that has a low
temperature and a low pressure. According to this, like
the above description, it is possible to reduce the number
of components and lower the production cost of the freez-
er-refrigerator 1.
[0162] Here, the first and second pressure reducers
13, 23 in the above first and third embodiments each may
be formed of a capillary tube; and the first and second
internal heat exchangers 32, 33 may be structured alike.
[0163] According to the present embodiment, like the
first embodiment, in the dual freeze cycle type of the
freezer-refrigerator 1 which disposes the intermediate
heat exchanger 31 for performing the heat exchange be-
tween: the low-temperature portion of the first freeze cy-
cle 10 operated by the first compressor 11; and the high-
temperature portion of the second freeze cycle 20 oper-
ated by the second compressor 21, the refrigeration com-
partment 2 is cooled by the first evaporator 14 disposed
in the first freeze cycle 10, while the freeze compartment
4 is cooled by the second evaporator 24 disposed in the
second freeze cycle 20. Because of this, it is possible to
make the temperature difference between the first evap-
orator 14 and the refrigeration compartment 2 small; and
drive the first and second compressors 11, 21 with a high
efficiency. Accordingly, the COP of the freeze cycle 30
increases from the conventional, and it is possible to re-
duce the power consumption of the freezer-refrigerator 1.
[0164] Besides, the third internal heat exchanger 34 is
disposed which performs the heat exchange between
the high-temperature first refrigerant of the first freeze
cycle 10 and the low-temperature first refrigerant of the
first freeze cycle 10, so that the low-temperature first re-
frigerant is heated to about the ambient temperature by
the cold heat collection of the third internal heat exchang-
er 34. Because of this, it is possible to curb the heat loss
caused by the suction pipe of the first compressor 11.
[0165] Besides, the third internal heat exchanger 34

performs the heat exchange between: the first refrigerant
flowing from the first heat radiator 12; and the first refrig-
erant flowing from the intermediate heat exchanger 31,
so that it is possible to easily collect the cold heat of the
first refrigerant.
[0166] Besides, the second internal heat exchanger
33 performs the heat exchange between: the second re-
frigerant flowing from the intermediate heat exchanger
31; and the second refrigerant flowing from the second
evaporator 24, so that it is possible to easily collect the
cold heat of the second refrigerant. According to this, the
low-temperature second refrigerant is heated to about
the ambient temperature by the cold heat collection of
the second internal heat exchanger 33. Because of this,
it is possible to curb the heat loss caused by the suction
pipe of the second compressor 21.
[0167] Besides, the first internal heat exchanger 32
performs the heat exchange between: the first refrigerant
flowing from the third internal heat exchanger 34; and
the second refrigerant flowing from the second internal
heat exchanger 33, so that it is possible to easily collect
the cold heat of the second refrigerant.
[0168] Besides, the first pressure reducer 13 disposed
in a previous stage of the first evaporator 14 includes the
capillary tube; and the first pressure reducer 13 functions
as the heat exchange pipe of the first internal heat ex-
changer 32 or the third internal heat exchanger 34, so
that it is possible to reduce the number of components
and lower the cost of the freezer-refrigerator 1.
[0169] Besides, the second pressure reducer 23 dis-
posed in a previous stage of the second evaporator 24
includes the capillary tube; and the second pressure re-
ducer 23 functions as the heat exchange pipe of the sec-
ond internal heat exchanger 33, so that it is possible to
reduce the number of components and lower the cost of
the freezer-refrigerator 1.
[0170] In the first to fourth embodiments, the descrip-
tion is performed using the same refrigerant such as the
isobutane and the like for the first and second refriger-
ants; however, different refrigerants may be used. Here,
it is desirable that the boiling point of the first refrigerant
is set higher than the boiling point of the second refrig-
erant. According to this, the second refrigerant becomes
higher than the first refrigerant in vapor density, so that
it is possible to further increase the performance of the
second freeze cycle 20, which is more preferred.
[0171] For example, if isobutane (the boiling point
-12°C) is used as the first refrigerant; and propane (the
boiling point -40.09°C) or carbon dioxide (the boiling point
-78.5°C) is used as the second refrigerant, it is possible
to easily make an achievement. These refrigerants are
all natural refrigerants that use substances which are
present in large quantities in the natural world. Accord-
ingly, by increasing the cooling efficiency of the freeze
cycle that uses the natural refrigerant, it is possible to
achieve further reduction of the environmental load on
the freezer-refrigerator 1.
[0172] Next, Fig. 15 is a side sectional view showing
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a freezer-refrigerator according to a fifth embodiment of
the present invention. The main body portion of the freez-
er-refrigerator 1 has a heat insulation box body 3. In an
upper portion of the heat insulation box body 3, the re-
frigeration compartment 2 for refrigerating and preserv-
ing stored things is disposed. The front surface of the
refrigeration compartment 2 is opened and closed by a
rotary type of heat insulation door 2a.
[0173] Below the refrigeration compartment 2, the
freeze compartment 4 for freezing and preserving stored
things is disposed via a heat insulation wall 7. The freeze
compartment 4 is partitioned by a partition wall 8 dis-
posed in a front portion; and housing cases 4c, 4d are
vertically disposed. The front surface of the freeze com-
partment 4 is opened and closed by drawer type of heat
insulation doors 4a, 4b that are unitary with the housing
cases 4c, and 4d, respectively.
[0174] The heat insulation wall 7 has a heat insulation
performance in the same level of circumferential walls
(upper wall, bottom wall, side wall and rear wall) of the
heat insulation box body 3. According to this, heat ex-
change between the refrigeration compartment 2 and the
freeze compartment 4 is curbed.
[0175] In an upper rear portion of the refrigeration com-
partment 2, the first mechanical compartment 5 is dis-
posed in which the first compressor 11 is disposed. In a
lower rear portion of the freeze compartment 4, a second
mechanical compartment 6 is disposed in which the sec-
ond compressor 21 is disposed. The first and second
freeze cycles 10, 20 (see Fig. 16) are operated by the
first and second compressors 11, 21, respectively.
[0176] On the rear surface of the refrigeration compart-
ment 2, the first evaporator 14 connected to the first com-
pressor 11 is disposed; over the first evaporator 14, the
refrigeration compartment air blower 15 is disposed. On
the rear surface of the freeze compartment 4, the second
evaporator 24 connected to the second compressor 21
is disposed; over the second evaporator 24, the refriger-
ation compartment air blower 25 is disposed.
[0177] The cold air cooled by the heat exchange with
the first evaporator 14 is output into the refrigeration com-
partment 2 by the refrigeration compartment air blower
15. The cold air flows in the refrigeration compartment 2
and returns to the first evaporator 14. According to this,
the refrigeration compartment 2 is cooled. The cold air
cooled by the heat exchange with the second evaporator
24 is output into the freeze compartment 4 by the freeze
compartment air blower 25. The cold air output into the
freeze compartment 4 flows in the freeze compartment
4 and returns to the second evaporator 24. According to
this, the freeze compartment 4 is cooled.
[0178] Fig. 16 is a rear perspective view showing pipe
arrangement of the freezer-refrigerator 1. Besides, Fig.
17 shows a freeze cycle of the freezer-refrigerator 1. The
freeze cycle 30 of the freezer-refrigerator 1 is a cascade
type of dual freeze cycle in which the first and second
freeze cycles 10, 20 are connected to each other by the
intermediate heat exchanger 31. Here, in Fig. 16, the first

freeze cycle 10 is indicated by a solid line, while the sec-
ond freeze cycle 20 is indicated by a broken line.
[0179] The first freeze cycle 10 operated by the first
compressor 11 has: the first heat radiator 12, a first dryer
19, the first pressure reducer 13, and the first evaporator
14 that are connected by the refrigerant pipe 10a. In the
refrigerant pipe 10a, the first refrigerant such as isobu-
tane and the like flows in the arrow S1 direction. In other
words, the first refrigerant flows and circulates via the
first compressor 11, the first heat radiator 12, the first
dryer 19, the first pressure reducer 13, the first evaporator
14 and the first compressor 11 in this order.
[0180] The first heat radiator 12 is formed by fixing the
refrigerant pipe l0a to a metal plate that covers the rear
surface and the side surfaces of the main body portion;
and radiates heat into the outside air. Besides, the first
heat radiator 12 has a front surface portion 12a and an
evaporation portion 12b. The front surface portion 12a is
embedded in a front portion of the partition wall 8 and
the like (see Fig. 15); and prevents, by means of the heat
radiation, condensation on an opening circumferential
portion of the freeze compartment 4 that touches the heat
insulation doors 4a, 4b. The evaporation portion 12b is
disposed in the first mechanical compartment 6; and by
means of the heat radiation, evaporates drained water
collected on an evaporation tray (not shown). According
to this, by means of the first heat radiator 12 of the first
freeze cycle having a high temperature, it is possible to
efficiently perform the prevention of condensation and
the evaporation of drained water.
[0181] The first dryer 19 is disposed in the second me-
chanical compartment 6; and dehumidifies the first re-
frigerant that flows in the first pressure reducer 13. The
first pressure reducer 13 includes a capillary tube; forms
the first internal heat exchanger 32; and performs the
heat exchange with the second refrigerant that flows from
the second evaporator 24.
[0182] The second freeze cycle 20 operated by the
second compressor 21 has: the second heat radiator 22,
a second dryer 29, the second pressure reducer 23, and
the second evaporator 24 that are connected by the re-
frigerant pipe 20a. In the refrigerant pipe 20a, the second
refrigerant such as isobutane and the like flows in the
arrow S2 direction. In other words, the second refrigerant
flows and circulates via the second compressor 21, the
second heat radiator 22, the second dryer 29, the second
pressure reducer 23, the second evaporator 24 and the
second compressor 21 in this order.
[0183] The second heat radiator 22 is formed by fixing
the refrigerant pipe 20a to a metal plate that covers the
rear surface of the main body portion; and radiates heat
into the outside air. The second dryer 29 is disposed in
the first mechanical compartment 5. The second pres-
sure reducer 23 includes a capillary tube; forms the sec-
ond internal heat exchanger 33; and performs the heat
exchange with the second refrigerant that flows from the
second evaporator 24. Besides, on a refrigerant flow-out
side of the second evaporator 24, an accumulator 28 for
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separating a gas and a liquid from each other is disposed.
[0184] The intermediate heat exchanger 31 includes:
the heat exchange portion 31a disposed in the first freeze
cycle 10; and the heat exchange portion 31c disposed in
the second freeze cycle 20. The heat exchange portion
31a is disposed in the subsequent stage of the first evap-
orator 14, while the heat exchange portion 31c is dis-
posed in the subsequent stage of the second heat radi-
ator 22. The first and second heat exchange portions
31a, 31c are formed side by side; and so formed as to
be able to perform the heat exchange via a border wall.
[0185] The intermediate heat exchanger 31 includes
a dual pipe that has an inside pipe and an outside pipe
that are embedded in a rear wall of the heat insulation
box body 3 (see Fig. 15); and is formed into a U-shape
pipe that extends in a vertical direction and bends at a
lower end. The first refrigerant flows in the inside pipe to
form the heat exchange portion 31a, while the second
refrigerant flows in the outside pipe to form the heat ex-
change portion 31c. In the heat exchange portion 31a, a
refrigerant flow-in opening 31g and a refrigerant flow-out
opening 31h are formed at upper ends. Likewise, in the
heat exchange portion 31c as well, a refrigerant flow-in
opening 3 1 e and a refrigerant flow-out opening 31 fare
formed at upper ends; and a refrigerant flow direction is
opposite to the heat exchange portion 31a.
[0186] Besides, the first and second freeze cycles 10,
20 are provided with the first and second internal heat
exchangers 32, 33. The first and second internal heat
exchangers 32, 33 are embedded in the rear wall of the
heat insulation box body 3 (see Fig. 15). In the second
internal heat exchanger 33, the second pressure reducer
23 and the heat exchange portions 33b disposed in the
second freeze cycle 20 are disposed side by side; and
so formed as to be able to perform heat exchange with
each other via a border wall. In the present embodiment,
a capillary tube forming the second pressure reducer 23
and a refrigerant pipe forming the heat exchange portion
33b are welded to each other, whereby the second inter-
nal heat exchanger 33 is formed.
[0187] The heat exchange portion 33b is disposed in
the subsequent stage of the second evaporator 24; and
the low-temperature second refrigerant flowing from the
second evaporator 24 flows in the heat exchange portion
33b. A refrigerant flow-in side of the second pressure
reducer 23 is disposed in the main-body upper portion
near the first compressor 11. According to this, the sec-
ond internal heat exchanger 33 is so formed as to extend
from the upper portion of the main body portion to the
lower portion in which the second evaporator 24 is dis-
posed, so that it is possible to secure a long heat ex-
change length.
[0188] In the first internal heat exchanger 32, the first
pressure reducer 13 and the heat exchange portion 32b
disposed in the second freeze cycle 20 are disposed side
by side; and so formed as to be able to perform heat
exchange with each other via a wall surface. In the
present embodiment, a capillary tube forming the second

pressure reducer 13 and a refrigerant pipe forming the
heat exchange portion 32b are welded to each other,
whereby the first internal heat exchanger 32 is formed.
[0189] The heat exchange portion 32b is disposed in
a subsequent stage of the heat exchange portion 33b of
the second internal heat exchanger 33; and the low-tem-
perature second refrigerant flowing from the second
evaporator 24 flows in the heat exchange portion 32b. A
refrigerant flow-in side of the first pressure reducer 13 is
disposed in the main-body lower portion near the second
compressor 21. According to this, the first internal heat
exchanger 32 is so formed as to extend from the lower
portion of the main body portion to the upper portion in
which the first evaporator 14 is disposed, so that it is
possible to secure a long heat exchange length.
[0190] In the freezer-refrigerator 1 having the above
structure, thanks to driving of the first and second com-
pressors 11 and 21, the first and second refrigerants flow
in the refrigerant pipes l0a and 20a. The first and second
compressors 11, 21 compress the first and second re-
frigerants to a high temperature and a high pressure,
while the first and second pressure reducers 13 and 23
decompress and expand the first and second refrigerants
to a low temperature and a low pressure.
[0191] Accordingly, during a time the first and second
refrigerants flow from the first and second compressors
11, 21; and thereafter flow in the first and second pres-
sure reducers 13, 23, the first and second refrigerants
serve as high-temperature portions of the first and sec-
ond freeze cycles 10, 20. During a time the first and sec-
ond refrigerants flow from the first and second pressure
reducers 13, 23; and thereafter flow in the first and sec-
ond compressors 11, 21, the first and second refrigerants
serve as low-temperature portions of the first and second
freeze cycles 10, 20.
[0192] The first refrigerant, which is compressed by
the first compressor 11 and has the high temperature
and high pressure, is deprived of heat by the surrounding
air via the first heat radiator 12 to condense. The first
refrigerant, which is liquefied by the first heat radiator 12,
is dehumidified by the first dryer 19 to be dehydrated.
The first refrigerant, which flows from the first dryer 19,
is decompressed and expanded by the first pressure re-
ducer 13 to become a damp vapor that has a low dry
degree and a low temperature. Here, the first refrigerant
is, in the first internal heat exchanger 32, deprived of heat
by the second refrigerant in the low-temperature portion
of the second freeze cycle 20 to be further lowered in
temperature.
[0193] The first refrigerant, which becomes the low-
temperature damp vapor, flows in the first evaporator 14;
deprives the cold air in the refrigeration compartment 2
of heat to evaporate; and becomes a damp vapor that
has a higher dry degree. The first refrigerant, which flows
from the first evaporator 14 and is in the damp vapor
state, flows in the intermediate heat exchanger 31, de-
prives the second refrigerant in the high-temperature por-
tion of the second freeze cycle of heat to evaporate; and
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becomes an over-heated vapor. The first refrigerant,
which becomes the over-heated vapor, returns to the first
compressor 11. According to this, the first refrigerant cir-
culates, whereby the first freeze cycle 10 is operated.
[0194] The second refrigerant, which is compressed
by the second compressor 21 and has the high temper-
ature and high pressure, is deprived of heat by the sur-
rounding air via the second heat radiator 22. The second
refrigerant, which is lowered in temperature by the sec-
ond heat radiator 22, flows in the intermediate heat ex-
changer 31; and is deprived of heat by the first refrigerant
in the low-temperature portion of the first freeze cycle 10
to be further cooled to condense. The second refrigerant,
which is liquefied by the second heat radiator 22 and the
intermediate heat exchanger 31, is dehumidified by the
second dryer 29 to be dehydrated.
[0195] The second refrigerant, which flows from the
second dryer 29, is decompressed and expanded by the
second pressure reducer 23 to become a damp vapor
that has a low dry degree and a low temperature. Here,
the second refrigerant is, in the second internal heat ex-
changer 32, deprived of heat by the second refrigerant
in the low-temperature portion of the second freeze cycle
20 to be further lowered in temperature. The second re-
frigerant, which becomes the low-temperature damp va-
por, flows in the second evaporator 24; deprives the cold
air in the freeze compartment 4 of heat to evaporate; and
becomes a damp vapor.
[0196] The second refrigerant, which flows from the
second evaporator 24 and is in the damp vapor state, is
guided to the second internal heat exchanger 33 and the
first internal heat exchanger 32; deprives the high-tem-
perature second refrigerant and the high-temperature
first refrigerant of heat to become an over-heated vapor.
The second refrigerant, which becomes the over-heated
vapor, returns to the second compressor 21. According
to this, the second refrigerant circulates, whereby the
second freeze cycle 20 is operated.
[0197] Here, the rotation speeds of the first and second
compressors 11, 21 are controlled by an inverter. Ac-
cording to this, the temperature levels of the first evapo-
rator 14 and the second evaporator 24 are so controlled
as to correspond to the temperatures of the refrigeration
compartment 2 and the freeze compartment 4, respec-
tively.
[0198] According to the present embodiment, like the
first embodiment, the freeze cycle 30 is so formed as to
be the cascade type of dual freeze cycle in which the first
and second freeze cycles 10, 20 are connected to each
other by the intermediate heat exchanger 31; the refrig-
eration compartment 2 is cooled by the first evaporator
14, while the freeze compartment 4 is cooled by the sec-
ond evaporator 24. Because of this, it is possible to make
the temperature difference between the first evaporator
14 and the refrigeration compartment 2 small. Besides,
the compression ratios of the first and second compres-
sors 11, 21 become small, so that it is possible to drive
the first and second compressors 11, 21 with a high ef-

ficiency. Accordingly, the COP of the freeze cycle 30 in-
creases, and it is possible to reduce the power consump-
tion of the freezer-refrigerator 1.
[0199] Besides, the refrigeration compartment 2 and
the freeze compartment 4 are cooled, corresponding to
the temperatures of the refrigeration compartment 2 and
the freeze compartment 4, by the first and second evap-
orators 14, 24 disposed in the first and second freeze
cycles 10, 20, so that it is possible to achieve dramatic
reduction of the power consumption of the freezer-refrig-
erator 1 compared with the conventional.
[0200] Besides, the first mechanical compartment 5,
in which the first compressor 11 is disposed, is disposed
in the upper portion of the main body portion; and the
second mechanical compartment 6, in which the second
compressor 21 is disposed, is disposed in the lower por-
tion of the main body portion, so that the first and second
compressors 11,21, which are also point sound sources,
are disposed away from each other. The sound pressure
level of the point sound source decreases as the distance
increases. For example, if the distance becomes double,
the sound pressure level decreases about 6 dB. Because
of this, when a user comes close to one sound source,
the user is away from the other, so that the noise level
the user hears becomes small.
[0201] Besides, the first and second compressors 11,
21 are disposed in the compartments different from each
other, so that the same-phase sounds and the same-
frequency sounds become unlikely to occur. According
to this, the sound pressure due to the sounds, overlap-
ping with each other, from the first and second compres-
sors 11, 21 becomes low; and it is possible to reduce
occurrence of a hum. Accordingly, it is possible to lower
the noise of the freezer-refrigerator 1.
[0202] In a case as well where the first mechanical
compartment 5 is disposed in the lower portion of the
main body portion and the second mechanical compart-
ment 6 is disposed in the upper portion of the main body
portion, likewise, it is possible to lower the noise.
[0203] Besides, the first mechanical compartment 5
and the refrigeration compartment 2 are disposed in the
upper portion of the main body portion; the first evapo-
rator 14 is disposed behind the refrigeration compartment
2; the second mechanical compartment 6 and the freeze
compartment 4 are disposed in the lower portion of the
main body portion; and the second evaporator 24 is dis-
posed behind the freeze compartment 4. And, the inter-
mediate heat exchanger 31 extends vertically and is bent
at a position away from the first compressor 11; and in
the upper portion of the main body portion near the first
mechanical compartment 5, the refrigerant flow-in open-
ings 31g, 31e, and the refrigerant flow-out openings 31h,
31f are disposed.
[0204] According to this, the connection length for the
first evaporator 14, the intermediate heat exchanger 31
and the first compressor 11 is shortened. Accordingly, it
is possible to shorten the pipe length of the first freeze
cycle 10; and further increase the cooling efficiency of
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the first freeze cycle 10.
[0205] Here, the first mechanical compartment 5 and
the refrigeration compartment 2 may be disposed in the
lower portion of the main body portion, while the second
mechanical compartment 6 and the freeze compartment
4 may be disposed in the upper portion of the main body
portion. In this case, the intermediate heat exchanger 31
may be bent at an upper end; and at lower ends, the
refrigerant flow-in openings 3 1 g, 31e, and the refrigerant
flow-out openings 31h, 31f may be disposed. In other
words, the refrigeration compartment 2 and the freeze
compartment 4 are vertically disposed; and the first and
second mechanical compartments 5, 6 are disposed near
the refrigeration compartment 2 and the freeze compart-
ment 4, respectively. And, it is desirable that the inter-
mediate heat exchanger 31 is bent at a position away
from the first compressor 11; and the refrigerant flow-in
openings 31g, 31e, and the refrigerant flow-out openings
31h, 31f are disposed near the first mechanical compart-
ment 5.
[0206] Besides, the first internal heat exchanger 32,
which performs the heat exchange between: the first
pressure reducer 13; and the low-temperature second
refrigerant flowing from the second evaporator 24, is dis-
posed, it is possible to lower the enthalpy of the first re-
frigerant that flows in the first evaporator 14. Accordingly,
it is possible to further increase the cooling capability of
the first refrigerant that flows in the first evaporator 14.
[0207] Likewise, the second internal heat exchanger
33, which performs the heat exchange between: the sec-
ond pressure reducer 23; and the low-temperature sec-
ond refrigerant flowing from the second evaporator 24,
is disposed, it is possible to lower the enthalpy of the
second refrigerant that flows in the second evaporator
24. Accordingly, it is possible to further increase the cool-
ing capability of the second refrigerant that flows in the
second evaporator 24.
[0208] Here, the refrigerant flow-in side of the first pres-
sure reducer 13 is disposed in the lower portion of the
main body portion; and the first internal heat exchanger
32 extends upward to be connected to the first evaporator
14. Besides, the refrigerant flow-in side of the second
pressure reducer 23 is disposed in the upper portion of
the main body portion; and the first internal heat exchang-
er 32 extends downward to be connected to the second
evaporator 24. According to this, it is possible to lengthen
heat exchange lengths of the first and second internal
heat exchanger 32, 33; and surely lower the enthalpy of
the first and second refrigerants that flow in the first and
second evaporators 14, 24.
[0209] Here, in a case where the first compressor 11
and the first evaporator 14 are disposed in the lower por-
tion of the main body portion; and the second compressor
21 and the second evaporator 24 are disposed in the
upper portion of the main body portion, it is desirable that
the refrigerant flow-in side of the first pressure reducer
13 is disposed in the upper portion of the main body por-
tion; and the refrigerant flow-in side of the second pres-

sure reducer 23 is disposed in the lower portion of the
main body portion. In other words, it is desirable that the
refrigerant flow-in side of the first pressure reducer 13 is
disposed near the second compressor 21; and the refrig-
erant flow-in side of the second pressure reducer 23 is
disposed near the first compressor 11.
[0210] Besides, the refrigerant flow-out opening 31 f
of the heat exchange portion 31c of the intermediate heat
exchanger 31 is disposed in the upper portion of the main
body portion, so that it is possible to shorten the connec-
tion between the intermediate heat exchanger 31 and
the second pressure reducer 23; and further increase the
cooling efficiency of the second freeze cycle 20. In a case
where the second compressor 21 and the second evap-
orator 24 are disposed in the upper portion of the main
body portion, it is desirable that the refrigerant flow-out
opening 31f of the heat exchange portion 31c is disposed
in the lower portion of the main body portion. In other
words, it is desirable that the refrigerant flow-out opening
31f of the heat exchange portion 31 c is disposed near
the first compressor 11.
[0211] Here, the first mechanical compartment 5 and
the freeze compartment 4 may be disposed in the lower
portion of the main body portion, while the second me-
chanical compartment 6 and the refrigeration compart-
ment 2 may be disposed in the upper portion of the main
body portion.
[0212] Besides, the first dryer 19 is disposed in the
second mechanical compartment 6, while the second
dryer 29 is disposed in the first mechanical compartment
5, so that it is possible to shorten the pipe arrangement
of the first dryer 19 and the first internal heat exchanger
32; and shorten the pipe arrangement of the second dryer
29 and the intermediate heat exchanger 31.
[0213] Besides, the second dryer 29 is covered by a
heat insulation member 50, so that it is possible to prevent
temperature rise of the low-temperature second refriger-
ant of the second freeze cycle 20 caused by heat invasion
from the first mechanical compartment 5.
[0214] Besides, the intermediate heat exchanger 31
includes the dual pipe; and the first refrigerant flows in
the inside pipe, while the second refrigerant flows in the
outside pipe, so that the first refrigerant easily touches
the inside pipe. According to this, it is possible to speed
the evaporation of the first refrigerant and return the first
refrigerant to the first compressor 11. Here, the second
refrigerant touches the inside pipe and the outside pipe
and condenses thanks to the heat radiation. The flow
directions of the first and second refrigerants that flow in
the inside pipe and the outside pipe are opposite to each
other, so that it is possible to efficiently conduct the sen-
sible heat of the first refrigerant after the evaporation to
the second refrigerant that is on the flow-in side. Accord-
ingly, it is possible to increase the cooling efficiency of
the freeze cycle 30.
[0215] Besides, the second heat radiator 22 is dis-
posed between the second compressor 21 and the inter-
mediate heat exchanger 31, so that it is possible to further
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lower the heat radiation temperature of the entire first
and second freeze cycles 10, 20. In addition, the second
refrigerant flows in the second heat radiator 22 before
the second refrigerant is deprived of heat by the first re-
frigerant in the intermediate heat exchanger 31. Accord-
ing to this, after the second refrigerant performs the heat
exchange in the second heat radiator 22 to radiate heat,
the second refrigerant is cooled by the intermediate heat
exchanger 31, so that it is possible to more efficiently
perform the heat exchange.
[0216] Besides, the first and second internal heat ex-
changers 32, 33 are embedded in the rear wall of the
heat insulation box body 3; and the second heat radiator
22 is disposed on the rear surface of the main body por-
tion, so that it is possible to concentrate the complicated
pipe arrangement on the rear surface. According to this,
it is possible to easily dispose a vacuum heat insulation
member in the heat insulation box body 3; and increase
the heat insulation performance of the heat insulation
box body 3.
[0217] Besides, the intermediate heat exchanger 31 is
embedded in the rear wall of the heat insulation box body
3, so that the intermediate heat exchanger 31, the second
heat radiator 22, the first and second internal heat ex-
changers 32, 33, which all have a relatively low temper-
ature, are concentratedly disposed on the rear surface.
Accordingly, it is possible to reduce the heat loss of the
freezer-refrigerator 1.
[0218] Besides, the accumulator 28 is disposed on the
refrigerant flow-out side of the second evaporator 24 and
an accumulator is not disposed on the refrigerant flow-
out side of the first evaporator 14. The intermediate heat
exchanger 31 is disposed in the subsequent stage of the
first evaporator 14, so that it is possible to surely make
the first refrigerant evaporate. Because of this, even if an
accumulator is not used, it is possible to prevent invasion
of the liquid refrigerant into the first compressor 11. Ac-
cordingly, it is possible to reduce the cost.
[0219] Besides, the heat insulation wall 7, which par-
titions the refrigeration compartment 2 and the freeze
compartment 4, has the heat insulation performance in
the same level as the circumferential wall (upper wall,
bottom wall side walls and rear wall) of the heat insulation
box body 3, so that it is possible to surely prevent heat
invasion from the refrigeration compartment 2 into the
freeze compartment 4. According to this, it is possible to
use the low-temperature cold air, which is cooled by the
second freeze cycle 20, for only the cooling of the freeze
compartment 4. Accordingly, it is possible to further re-
duce the power consumption of the freezer-refrigerator 1.
[0220] Besides, part of the heat radiation from the first
heat radiator 12 is used for the condensation prevention
by means of the front surface portion 12a; and used for
the drained water process in the freezer-refrigerator 1 by
means of the evaporation portion 12b, so that it is pos-
sible to efficiently perform the condensation prevention
and the drained water process by means of the high-
temperature first heat radiator 12 of the first freeze cycle

10.
[0221] In the present embodiment, the description is
performed using the same refrigerant such as the isob-
utane and the like for the first and second refrigerants;
however, different refrigerants may be used. Here, it is
desirable that the boiling point of the first refrigerant is
set higher than the boiling point of the second refrigerant.
According to this, the second refrigerant becomes higher
than the first refrigerant in vapor density, so that it is pos-
sible to further increase the performance of the second
freeze cycle 20, which is more preferred.
[0222] For example, if isobutane (the boiling point
-12°C) is used as the first refrigerant; and propane (the
boiling point -40.09°C) or carbon dioxide (the boiling point
-78.5°C) is used as the second refrigerant, it is possible
to easily make an achievement. These refrigerants are
all natural refrigerants that use substances which are
present in large quantities in the natural world. Accord-
ingly, by increasing the cooling efficiency of the freeze
cycle that uses the natural refrigerant, it is possible to
achieve further reduction of the environmental load on
the freezer-refrigerator 1.
[0223] Here, in the freezer-refrigerator in which the in-
termediate heat exchanger 31 is not used; and the first
and second freeze cycles 10, 20 are independently op-
erated by the first and second compressors 11, 21, by
dispersing and disposing the first and second mechanical
compartments 5, 6 in the upper portion and the lower
portion of the main body portion, it is possible to reduce
the noise.
[0224] Next, a freezer-refrigerator according to a sixth
embodiment is described. The freezer-refrigerator 1 ac-
cording to the present embodiment has the same struc-
ture as the first embodiment, while the structure of the
freeze cycle 30 is different.
[0225] Fig. 18 shows a freeze cycle of the freezer-re-
frigerator 1 according to the present embodiment. The
freezer-refrigerator 1 has the first freeze cycle 10 oper-
ated by the first compressor 11 and the second freeze
cycle 20 operated by the second compressor 21. The
first freeze cycle 10 has: the first heat radiator 12, the
first pressure reducer 13, and the first evaporator 14 that
are connected by the refrigerant pipe 10a. In the refrig-
erant pipe 10a, the first refrigerant such as the isobutane
and the like flows in the arrow S1 direction. In other words,
the first refrigerant flows and circulates via the first com-
pressor 11, the first heat radiator 12, the first pressure
reducer 13, the first evaporator 14 and the first compres-
sor 11 in this order.
[0226] Besides, the defrosting heat exchanger 35 is
disposed in parallel with the first heat radiator 12. On the
refrigerant flow-in side of the first heat radiator 12, a three-
way valve 36 for switching the flow path is disposed; and
the refrigerant pipe 10a, which branches off at the three-
way valve 36, is connected to the defrosting heat ex-
changer 35. On the refrigerant flow-out side of the de-
frosting heat exchanger 35, a check valve 37 is disposed.
The check valve 37 is disposed near a joining point 10b
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between: the refrigerant flow-out side of the first heat
radiator 12; and the refrigerant flow-out side of the de-
frosting heat exchanger 35, and disposed away from the
defrosting heat exchanger 35.
[0227] By switching the three-way valve 36 to the de-
frosting heat exchanger 35, the first refrigerant flows as
indicated by an arrow S1’. According to this, the first re-
frigerant flows and circulates via the first compressor 11,
the defrosting heat exchange 35, the first pressure re-
ducer 13, the first evaporator 14 and the first compressor
11 in this order.
[0228] The second freeze cycle 20 operated by the
second compressor 21 has: the second heat radiator 22,
the second pressure reducer 23, and the second evap-
orator 24 that are connected by the refrigerant pipe 20a.
In the refrigerant pipe 20a, the second refrigerant such
as the isobutane and the like flows in the arrow S2 direc-
tion. In other words, the second refrigerant flows and cir-
culates via the second compressor 21, the second heat
radiator 22, the second pressure reducer 23, the second
evaporator 24 and the second compressor 21 in this or-
der.
[0229] The defrosting heat exchanger 35 and the sec-
ond evaporator 24 are so formed as to be able to perform
heat exchange with each other. Fig. 19 shows a detailed
view of the defrosting heat exchanger 35 and the second
evaporator 24. The refrigerant pipes 10a, 20a of the de-
frosting heat exchanger 35 and the second evaporator
24 are so disposed as to be close to each other and to
snake their way; and connected by many fins 37. Accord-
ing to this, the defrosting heat exchanger 35 and the sec-
ond evaporator 24 easily perform the heat exchange via
the fins 37. The refrigerant pipes 10a, 20a may be dis-
posed side by side; and may be so formed as to be able
to perform the heat exchange via a border wall between
the defrosting heat exchanger 35 and the second evap-
orator 24.
[0230] The sectional area of the first refrigerant pipe
10a of the defrosting heat exchanger 35 is so formed as
to be half or below the sectional area of the first refrigerant
pipe l0a of the first evaporator 14. According to this, when
the three-way valve 36 is switched to the first heat radiator
12, it is possible to lessen the amount of the first refrig-
erant that remains in the defrosting heat exchanger 35.
[0231] The first and second heat radiators 12, 22 are
joined to and disposed on the rear side of the metal plate
(not shown) that covers the side surfaces, the rear sur-
face and the like of the freezer-refrigerator 1. Besides,
the first and second heat radiators 12, 22 extend in a
heat insulation box body 6 and are disposed near the
doors 2a, 3a, and 4a of the heat insulation walls 7, 8.
According to this, it is possible to secure a sufficient heat
radiation area and prevent condensation near the doors
2a, 3a and 4a.
[0232] In the first and second freeze cycles 10, 20, the
second and third internal heat exchangers 33, 34 are
disposed which are the same as those in the fourth em-
bodiment (see Fig. 12); and the first internal heat ex-

changer 32 (see Fig. 12) is removed.
[0233] In the second internal heat exchanger 33, the
heat exchange portion 33a disposed in the subsequent
stage of the second heat radiator 22 and the heat ex-
change portions 33b disposed in the subsequent stage
of the second heat radiator 22 are disposed side by side;
and so formed as to be able to perform the heat exchange
with each other via the border wall. The high-temperature
second refrigerant flowing from the second heat radiator
22 flows in the heat exchange portion 33a, while the low-
temperature second refrigerant flowing from the second
heat radiator 22 flows in the heat exchange portion 33b.
In a case where the second pressure reducer 23 includes
a capillary tube, the heat exchange portion 33a may dou-
ble as the second pressure reducer 23.
[0234] In the third internal heat exchanger 34, the heat
exchange portion 34a disposed in the subsequent stage
of the first heat radiator 12 and the heat exchange por-
tions 34b disposed in the subsequent stage of the first
evaporator 14 are disposed side by side; and so formed
as to be able to perform the heat exchange with each
other via the border wall. The high-temperature first re-
frigerant flowing from the first heat radiator 12 flows in
the heat exchange portion 34a, while the low-tempera-
ture first refrigerant flowing from the first evaporator 14
flows in the heat exchange portion 34b. In a case where
the first pressure reducer 13 includes a capillary tube,
the heat exchange portion 34a may double as the first
pressure reducer 13.
[0235] In the freezer-refrigerator 1 having the above
structure, during a time the refrigeration compartment 2,
the vegetable compartment 3, and the freeze compart-
ment 4 are cooled, thanks to driving of the first and second
compressors 11 and 21, the first and second refrigerants
flow in the refrigerant pipes l0a and 20a. The first and
second compressors 11, 21 compress the first and sec-
ond refrigerants to a high temperature and a high pres-
sure, while the first and second pressure reducers 13
and 23 decompress and expand the first and second re-
frigerants to a low temperature and a low pressure.
[0236] The first refrigerant, which is compressed by
the first compressor 11 and has the high temperature
and high pressure, is deprived of heat by the surrounding
air via the first heat radiator 12 to condense. The first
refrigerant flowing from the first heat radiator 12 is pre-
vented from flowing in the defrosting heat exchanger 35
by the check valve 37. Here, the check valve 37 is so
disposed as to be away from the defrosting heat exchang-
er 35 and to be near the joining point 10b. Because of
this, it is possible to reduce temperature rise of the sec-
ond evaporator 24 caused by heat conduction via the
first refrigerant l0a from the high-temperature first refrig-
erant that flows from the first heat radiator 12.
[0237] The first refrigerant, which is liquefied by the
first heat radiator 12, flows in the third internal heat ex-
changer 34 and performs the heat exchange with the first
refrigerant flowing from the first evaporator 14 to be fur-
ther lowered in temperature. The first refrigerant, which
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is cooled to a large over-cooling degree by the third in-
ternal heat exchanger 34 and in a liquid state, flows in
the first pressure reducer 13. The first refrigerant is de-
compressed and expanded by the first pressure reducer
13 and becomes a damp vapor that has a low dry degree
and a low temperature.
[0238] The first refrigerant, which becomes the low-
temperature damp vapor, flows in the first evaporator 14,
deprives the cold air in the refrigeration compartment 2
of heat to evaporate; and becomes a damp vapor that
has a higher dry degree. The first refrigerant, which flows
from the first evaporator 14 and is in the damp vapor
state, flows in the third internal heat exchanger 34, de-
prives the high-temperature first refrigerant flowing from
the first heat radiator 12 to evaporate; and becomes an
over-heated vapor. The first refrigerant, which becomes
the over-heated vapor, returns to the first compressor
11. According to this, the first refrigerant circulates, so
that the first freeze cycle 10 is operated and the refriger-
ation compartment 2 and the vegetable compartment 3
are cooled.
[0239] The second refrigerant, which is compressed
by the second compressor 21 and has the high temper-
ature and high pressure, is deprived of heat by the sur-
rounding air via the second heat radiator 22 to condense.
The second refrigerant, which is liquefied by the second
heat radiator 22, flows in the second internal heat ex-
changer 33 and performs the heat exchange with the
second refrigerant flowing from the second evaporator
24 to be further lowered in temperature. The second re-
frigerant, which is cooled to a large over-cooling degree
by the second internal heat exchanger 33 and in a liquid
state, flows in the second pressure reducer 23. The sec-
ond refrigerant is decompressed and expanded by the
second pressure reducer 23 and becomes a damp vapor
that has a low dry degree and a low temperature.
[0240] The second refrigerant, which becomes the
low-temperature damp vapor, flows in the second evap-
orator 24, deprives the cold air in the freeze compartment
4 of heat to evaporate; and becomes a damp vapor that
has a higher dry degree. The second refrigerant, which
flows from the second evaporator 24 and is in the damp
vapor state, flows in the second internal heat exchanger
33, deprives the high-temperature second refrigerant
flowing from the second heat radiator 22 of heat to evap-
orate; and becomes an over-heated vapor. The second
refrigerant, which becomes the over-heated vapor, re-
turns to the second compressor 21. According to this,
the second refrigerant circulates, so that the second
freeze cycle 10 is operated and the freeze compartment
4 is cooled.
[0241] Fig. 20 is a flow chart showing operation of the
second evaporator 24 during a defrosting time. In a step
#11, to perform defrosting of the second evaporator 24,
the second compressor 21 is stopped. In a step #12, the
first compressor 11 is stopped. In a step #13, the three-
way valve 36 is switched to the defrosting heat exchanger
35.

[0242] In a step #14, the process stands by from the
time the first compressor 11 is stopped to a time a pre-
determined time elapses. According to this, the temper-
atures of the refrigeration compartment 2 and the vege-
table compartment 3 rise. If the predetermined time
elapses; and the refrigeration compartment 2 and the
vegetable compartment 3 rise near an upper limit of a
set temperature, the process goes to a step #15. The
three-way valve 36 may be switched to the defrosting
heat exchanger 35 after the predetermined time elapses.
Besides, the standby time does not need to depend on
time. Specifically, a sensor may be disposed in the re-
frigeration compartment 2 or the vegetable compartment
3; and the process may stand by until the upper limit of
the set temperature is detected by the temperature sen-
sor; thereafter may go to the step #15.
[0243] In the step #15, the first compressor 11 is driven.
According to this, the first freeze cycle 10 is operated;
and thanks to the heat exchange with the defrosting heat
exchanger 35 in the high-temperature portion, the sec-
ond evaporator 24 is raised in temperature and defrosted.
Besides, the refrigeration compartment 2 and the vege-
table compartment 3 are cooled. By raising the temper-
atures of the refrigeration compartment 2 and the vege-
table compartment 3 in advance in the step #14, it is
possible to prevent the refrigeration compartment 2 and
the vegetable compartment 3 from being over-cooled
during the defrosting time.
[0244] In a step #16, the process stands by until a pre-
determined time elapses. According to this, the defrost-
ing of the second evaporator 24 advances; if the prede-
termined time elapses and the defrosting is completed,
the process goes to a step #17. In the step #17, the three-
way valve 36 is switched to the first heat radiator 12. In
a step #18, the process stands by until a predetermined
time elapses. At the time of switching the three-way valve
36, the first compressor 11 may be temporarily stopped
Besides, after the predetermined time elapses, the three-
way valve 36 may be switched to the first heat radiator 12.
[0245] If the predetermined time elapses, the process
goes to a step #19, where the second compressor 21 is
driven. According to this, the second freeze cycle 20 is
operated and the freeze compartment 4 is cooled.
[0246] The first evaporator 14 for cooling the refriger-
ation compartment 2 is higher than the second evapora-
tor 24 in temperature; accordingly, is less than the second
evaporator 24 in frost amount thereon. Besides, the tem-
perature of the air in the refrigeration compartment 2 is
0°C or higher. Accordingly, by only stopping the first com-
pressor 11 and driving the refrigeration compartment air
blower 31, it is possible to defrost the first evaporator 14
by means of the heat of the air in the refrigeration com-
partment 2. Because of this, a defrosting heater 51 (see
Fig. 1) is not driven usually, and driven at an unusual
frost occurrence time.
[0247] According to the present embodiment, the first
and second freeze cycles 10, 20 are operated by the first
and second compressors 11, 21, respectively; and the
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refrigeration compartment 2 and the freeze compartment
4 are cooled by the first and second evaporators 14, 24,
so that the temperature of the first evaporator 14 for cool-
ing the refrigeration compartment 2 is kept higher than
the temperature of the second evaporator 24 to increase
the cooling efficiency; and it is possible to reduce the
power consumption of the freezer-refrigerator 1.
[0248] Besides, the second evaporator 24 of the sec-
ond freeze cycle 20 is defrosted by the heat of the high-
temperature portion of the first freeze cycle 10, so that
first heat radiator 12 of the first freeze cycle 10 and the
second heat radiator 22 of the second freeze cycle 20
do not reach a low temperature. Accordingly, it is possible
to prevent condensation on the side surfaces, the rear
surface and the like of the freezer-refrigerator 1. Besides,
it is unnecessary to additionally dispose a heater that
defrosts the second evaporator 22, so that it is possible
to curb temperature rise caused by a heater and the like
during the defrosting time. Accordingly, it is possible to
curb the power consumption caused by the defrosting;
and keep the power consumption of the freezer-refriger-
ator 1 low.
[0249] Besides, the first heat radiator 12 and the de-
frosting heat exchanger 35 are disposed in parallel with
each other; and the three-way valves 36 and the check
valve 37 are disposed on the refrigerant flow-in side and
the refrigerant flow-out side, respectively, so that it is pos-
sible to easily achieve the freezer-refrigerator 1 that de-
frosts the second evaporator 24 of the second freeze
cycle 20 by means of the heat of the high-temperature
portion of the first freeze cycle 10.
[0250] Besides, the check valve 37 is so disposed as
to be away from the defrosting heat exchanger 35 and
to be near the joining point 10b, so that it is possible to
reduce temperature rise of the second evaporator 24
caused by heat conduction via the first refrigerant pipe
l0a from the high-temperature first refrigerant that flows
from the first heat radiator 12. Accordingly, it is possible
to increase the cooling efficiency of the freezer-refriger-
ator 1.
[0251] Besides, the first compressor 11 is stopped for
the predetermined period before the defrosting of the
second evaporator 24, so that it is possible to raise in
advance the temperatures of the refrigeration compart-
ment 2 and the vegetable compartment 3 to prevent the
refrigeration compartment 2 and the vegetable compart-
ment 3 from being over-cooled during the defrosting time.
[0252] Besides, the sectional area of the first refriger-
ant pipe l0a of the defrosting heat exchanger 35 is so
formed as to be half or below the sectional area of the
first refrigerant pipe l0a of the first evaporator 14, so that
after the defrosting of the second evaporator 24 is ended
and the three-way valve 36 is switched to the first heat
radiator 12, a large quantity of the first refrigerant does
not remain in the defrosting heat exchanger 35. Accord-
ingly, it is possible to curb the amount the refrigerant that
is injected in the first freeze cycle 10.
[0253] Here, in the first to sixth embodiments, the

present invention is applicable to any cooling storage
units alike that include the dual type of freeze cycle in
which the first and second evaporators 14, 24 are dis-
posed in the first and second cooling compartments that
have the compartment temperatures different from each
other. In other words, the present invention is applicable
to a freeze cycle application apparatus, typically, the
freezer-refrigerator 1 for home use.
[0254] Next, Fig. 21 is a front view showing a freezer-
refrigerator according to a seventh embodiment. The
freezer-refrigerator 1 is provided with the refrigeration
compartment 2 for refrigerating and preserving stored
things in an upper portion of the heat insulation box body
6 that forms the main body portion. Below the refrigera-
tion compartment 2, the freeze compartment 4 for freez-
ing and preserving stored things is disposed via the heat
insulation wall 8. The front surface of the refrigeration
compartment 2 is opened and closed by a rotatable door
(not shown). The front surface of the freeze compartment
4 is opened and closed by a drawer type of door (not
shown) that is unitary with a housing case (not shown).
[0255] The mechanical compartment 5 is disposed be-
hind the freeze compartment 4. In the mechanical com-
partment 5, the first and second compressors 11, 21 (see
Fig. 22), which operate the first and second freeze cycles
10, 20 respectively described in detail later, are disposed.
[0256] In a lower portion of the refrigeration compart-
ment 2, insulation compartments 7a, 7b, which are insu-
lated from an upper portion by a partition wall 2a, are
disposed. The insulation compartments 7a, 7b include
an ice compartment and a chilled compartment that are
kept at temperatures lower than the upper portion f the
refrigeration compartment 2. The rear surface of the re-
frigeration compartment 2 is covered by a metal cooling
plate 14b. As described in detail later, the cooling plate
14b forms the first evaporator 14 (see Fig. 22) to radiate
cold heat.
[0257] A duct (not shown) is formed behind the freeze
compartment 4; and in the duct, the second evaporator
24 is disposed. Over the second evaporator 24, the
freeze compartment air blower 25 is disposed. Thanks
to driving of the freeze compartment air blower 25, the
cold air performing the heat exchange with the second
evaporator 24 is output into the freeze compartment 4
from an output opening 4a in the upper portion. The cold
air in the freeze compartment 4 is returned to the second
evaporator 24 via a return opening 4b in the lower portion.
[0258] Fig. 22 is a front sectional view showing pipe
arrangement of the freeze cycle of the freezer-refrigera-
tor 1. The freezer-refrigerator 1 has the first freeze cycle
10 operated by the first compressor 11 and the second
freeze cycle 20 operated by the second compressor 21.
The first freeze cycle 10 has: the first heat radiator 12,
the first pressure reducer 13, and the first evaporator 14
that are connected by the refrigerant pipe 10a. In the
refrigerant pipe 10a, the first refrigerant such as the isob-
utane and the like flows in the arrow S1 direction. In other
words, the first refrigerant flows and circulates via the
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first compressor 11, the first heat radiator 12, the first
pressure reducer 13, the first evaporator 14 and the first
compressor 11 in this order.
[0259] The second freeze cycle 20 operated by the
second compressor 21 has: the second heat radiator 22,
the second pressure reducer 23, and the second evap-
orator 24 that are connected by the refrigerant pipe 20a.
In the refrigerant pipe 20a, the second refrigerant such
as the isobutane and the like flows in the arrow S2 direc-
tion. In other words, the second refrigerant flows and cir-
culates via the second compressor 21, the second heat
radiator 22, the second pressure reducer 23, the second
evaporator 24 and the second compressor 21 in this or-
der.
[0260] The first evaporator 14 is formed by fixing the
cooling plate 14 to the refrigerant pipe 14a in which the
refrigerant flows. The cooling plate 14 includes a metal
plate that has a high thermal conductivity; and the front
shape is formed into substantially a rectangular shape.
As a material of the cooling plate 14b, it is possible to
select aluminum, stainless steel, copper, brass, a plated
steel plate and the like. It is more desirable that consid-
ering thermal conductivity, resistance to corrosion,
strength, light weight, price and the like, the cooling plate
14b is formed of aluminum. Besides, the thickness of the
cooling plate 14b is formed to be 0.5 mm to 1 mm. Ac-
cording to this, it is possible to have a sufficient thermal
conduction performance and obtain a high strength at
low price.
[0261] As for the refrigerant pipe 14a of the first evap-
orator 14, the refrigerant flow-in side is disposed at a
lower position and the refrigerant flow-out side is dis-
posed at an upper position; and the first refrigerant flows
from lower to upper. The cooling plate 14b has a high
thermal conductivity, accordingly, the temperature is
substantially evened; however, the refrigerant flow-in
side becomes lower than the refrigerant flow-out side in
temperature. Because of this, the temperature of the re-
frigerant pipe 14a that faces the insulation compartments
7a, 7b is low, so that it is possible to surely keep the
insulation compartments 7a, 7b at low temperatures.
[0262] The second evaporator 24 is formed by joining
many fins to the refrigerant pipe. The cold air flowing in
the duct (not shown) on the rear surface of the freeze
compartment 4 performs heat exchange with the fins,
whereby cold air is generated and output into the freeze
compartment 4.
[0263] The first and second heat radiators 12, 22 are
joined to and disposed on a metal rear plate (not shown)
that covers a rear surface of the heat insulation box body
6. Besides, the first and second heat radiators 12, 22
extend in the heat insulation box body 6 and are disposed
in front of the heat insulation wall 8. According to this, it
is possible to secure a sufficient heat radiation area and
prevent condensation near the doors of the refrigeration
compartment 2 and the freeze compartment 4.
[0264] Fig. 23 is a block diagram showing a structure
of the freezer-refrigerator 1. The freezer-refrigerator 1

includes a control portion 65 that controls each portion.
The first and second compressors 11, 21, the freeze com-
partment air blower 25, an operation panel 66, a door
open-close detection portion 63, temperature sensors
61, 62, and a humidity sensor 64 are connected to the
control portion 65. The operation panel 66 is disposed
on the door of the refrigeration compartment 2 and sets
the compartment temperatures of the refrigeration com-
partment 2 and the freeze compartment 4.
[0265] The door open-close detection portion 63 de-
tects opening and closing of the door of the refrigeration
compartment 2. The temperature sensors 61, 62 detect
the compartment temperatures of the refrigeration com-
partment 2 and the freeze compartment 4, respectively.
Based on detected temperatures by the temperature sen-
sors 61, 62, the control portion 65 drives the first and
second compressors 11,21, and the refrigeration com-
partment 2 and the freeze compartment 4 are kept at the
set temperatures. The humidity sensor 64 detects the
humidity in the refrigeration compartment 2.
[0266] In the freezer-refrigerator 1 having the above
structure, during a time the refrigeration compartment 2
and the freeze compartment 4 are cooled, thanks to driv-
ing of the first and second compressors 11 and 21, the
first and second refrigerants flow in the refrigerant pipes
l0a and 20a. The first and second compressors 11, 21
compress the first and second refrigerants to a high tem-
perature and a high pressure, while the first and second
pressure reducers 13 and 23 decompress and expand
the first and second refrigerants to a low temperature and
a low pressure.
[0267] The first refrigerant, which is compressed by
the first compressor 11 and has the high temperature
and high pressure, is deprived of heat by the surrounding
air via the first heat radiator 12 to condense. The first
refrigerant, which is liquefied by the first heat radiator 12,
flows in the first pressure reducer 13. The first refrigerant
is decompressed and expanded by the first pressure re-
ducer 13 and becomes a damp vapor that has a low dry
degree and a low temperature.
[0268] The first refrigerant, which becomes the low-
temperature damp vapor, flows in the first evaporator 14,
deprives the cold air in the refrigeration compartment 2
of heat to evaporate; and becomes a damp vapor that
has a higher dry degree. The first refrigerant, which flows
from the first evaporator 14 and is in the damp vapor
state, returns to the first compressor 11. According to
this, the first refrigerant circulates, so that the first freeze
cycle 10 is operated.
[0269] As for the refrigeration compartment 2, cold
heat is radiated from the entire cooling plate 14b that
covers the rear surface of the refrigeration compartment
2, so that the refrigeration compartment 2 undergoes ra-
diation cooling. According to this, the cold air does not
directly impinge on the stored things in the refrigeration
compartment 2, so that it is possible to prevent the stored
things from being dried.
[0270] The second refrigerant, which is compressed
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by the second compressor 21 and has the high temper-
ature and high pressure, is deprived of heat by the sur-
rounding air via the second heat radiator 22 to condense.
The second refrigerant, which is liquefied by the second
heat radiator 22, flows in the second pressure reducer
23. The second refrigerant is decompressed and expand-
ed by the second pressure reducer 23 and becomes a
damp vapor that has a low dry degree and a low temper-
ature.
[0271] The second refrigerant, which becomes the
low-temperature damp vapor, flows in the second evap-
orator 24, deprives the cold air that flows in the duct of
the freeze compartment 4 of heat to evaporate; and be-
comes a damp vapor that has a higher dry degree. The
second refrigerant, which flows from the second evapo-
rator 24 and is in the damp vapor state, returns to the
second compressor 21. According to this, the second
refrigerant circulates, so that the second freeze cycle 20
is operated. As for the freeze compartment 4, the cold
air, which performs the heat exchange in the second
evaporator 24, is output, and the freeze compartment 4
is cooled.
[0272] Besides, if the door of the refrigeration compart-
ment 2 is opened and then closed, damp outside air flows
in the refrigeration compartment 2. If the opening and
closing of the door is detected by the door open-close
detection portion 63, the temperature and humidity in the
refrigeration compartment 2 are detected by the temper-
ature sensor 61 and the humidity sensor 64. The control
portion 65, based on the temperature and humidity in the
refrigeration compartment 2, obtains a dew point tem-
perature by calculation. And, the control portion 65 drives
the first compressor 11 for a predetermined period such
that the temperature in the refrigeration compartment 2
becomes the dew point temperature or below.
[0273] According to this, moisture of the damp outside
air condenses on a surface of the cooling plate 14b,
whereby the cooling plate 14b goes into a foggy state. If
the humidity in the refrigeration compartment 2 is found
lower than a predetermined value based on the detection
by the humidity sensor 64, the first compressor 11 is con-
trolled such that the refrigeration compartment 2 has the
set temperature. Here, the condensation on the surface
of the cooling plate 14b gradually evaporates, so that the
stored things in the refrigeration compartment 2 are fur-
ther prevented from being dried.
[0274] To hold the condensation on the surface of the
cooling plate 14b, outside air flows in without allowing
moisture to flow out when the door is opened again. Ac-
cording to this, every time the door is opened, moisture
of the damp outside air is made to condense and the
condensation is held by the cooling plate 14b, so that it
is possible to increase the humidity keeping effect of the
refrigeration compartment 2.
[0275] According to the present embodiment, the first
and second freeze cycles 10, 20 are operated by the first
and second compressors 11,21, respectively; the refrig-
eration compartment 2 and the freeze compartment 4

are cooled by the first and second evaporators 14, 24;
and the first evaporator 14 has the cooling plate 14b.
According to this, it is possible to prevent the stored things
from being dried without directly directing the cold air to
the stored things; and even the temperature distribution
in the refrigeration compartment 2 by equally radiating
cold heat from the cooling plate 14b that covers the wall
surface of the refrigeration compartment 2.
[0276] Besides, during a high-load time and the like
immediately after the stored things are housed, the re-
frigeration compartment 2 and the freeze compartment
4 are able to obtain a sufficient cooling capability. Espe-
cially, during the high-load time of the refrigeration com-
partment 2, it is possible to lower the second evaporator
24 in temperature, so that it is possible to prevent insuf-
ficient cooling of the freeze compartment 4. Besides, dur-
ing the high-load time of the freeze compartment 4, it is
possible to lower the first evaporator 14 in temperature;
and keep the humidity in the refrigeration compartment
2 by holding the condensation on the cooling plate 14b.
According to this, even in a case where the freeze com-
partment 4 has a high load, it is possible to further reduce
the drying of the stored things in the refrigeration com-
partment 2.
[0277] Besides, the adiabatic compression efficiency
of the compressor increases as the compression ratio
decreases. Because of this, by operating the first and
second freeze cycles 10, 20 by means of the first and
second compressors 11, 21 respectively, it is possible to
lower the compression ratio; and drive the first and sec-
ond compressors 11, 21 with a high efficiency.
[0278] Besides, the first freeze cycle 10 is operated
such that the first evaporator reaches the dew point tem-
perature or below when the door of the refrigeration com-
partment 2 is opened and then closed, so that it is pos-
sible to condense moisture of the outside air and hold
the condensation by the cooling plate 14b; and further
reduce the drying of the stored things.
[0279] Besides, in the lower portion of the refrigeration
compartment 2, the insulation compartments 7a, 7b hav-
ing temperatures lower than the upper portion are dis-
posed; and the refrigerant flows from lower to upper in
the refrigerant pipe 14a of the first evaporator 14. The
cooling plate including the metal plate has a high thermal
conductivity, accordingly, the temperature is evened;
however, the refrigerant flow-in side becomes lower than
the refrigerant flow-out side in temperature. Because of
this, the temperature of the refrigerant pipe 14a that faces
the insulation compartments 7a, 7b is low, so that it is
possible to surely keep the insulation compartments 7a,
7b at low temperatures.
[0280] Next, Fig. 24 is a front sectional view showing
pipe arrangement of a freeze cycle of a freezer-refriger-
ator according to an eighth embodiment. The freeze cycle
30 of the freezer-refrigerator 1 according to the present
embodiment is structured in the same way as the second
embodiment shown in Fig. 5 described above. In other
words, the freeze cycle 30 is so formed as to be the cas-
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cade type of dual freeze cycle in which the first and sec-
ond freeze cycles 10, 20 are connected to each other by
the intermediate heat exchanger 31. The other portions
are the same as the first embodiment.
[0281] In the third internal heat exchanger 31, the heat
exchange portion 31a disposed in the first freeze cycle
10 and the heat exchange portions 31b disposed in the
second freeze cycle 20 are disposed side by side; and
so formed as to be able to perform the heat exchange
with each other via the wall surface. The heat exchange
portion 31a is disposed in the subsequent stage of the
first evaporator 14, while the heat exchange portion 31b
is disposed in the subsequent stage of the second heat
radiator 22. Accordingly, thanks to the intermediate heat
exchanger 31, the heat exchange is performed between
the low-temperature portion of the first freeze cycle 10
and the high-temperature portion of the second freeze
cycle 20.
[0282] In the freezer-refrigerator 1 having the above
structure, thanks to driving of the first and second com-
pressors 11 and 21, the first and second refrigerants flow
in the refrigerant pipes l0a and 20a. The first and second
compressors 11, 21 compress the first and second re-
frigerants to a high temperature and a high pressure,
while the first and second pressure reducers 13 and 23
decompress and expand the first and second refrigerants
to a low temperature and a low pressure.
[0283] The first refrigerant, which is compressed by
the first compressor 11 and has the high temperature
and high pressure, is deprived of heat by the surrounding
air via the first heat radiator 12 to condense. The first
refrigerant, which is liquefied by the first heat radiator 12,
flows in the first pressure reducer 13. The first refrigerant
is decompressed and expanded by the first pressure re-
ducer 13 and becomes a damp vapor that has a low dry
degree and a low temperature.
[0284] The first refrigerant, which becomes the low-
temperature damp vapor, flows in the first evaporator 14,
deprives the cold air in the refrigeration compartment 2
of heat to evaporate; and becomes a damp vapor that
has a higher dry degree. The first refrigerant, which flows
from the first evaporator 14 and is in the damp vapor
state, flows in the intermediate heat exchanger 31, de-
prives the second refrigerant in the high-temperature por-
tion of the second freeze cycle 20 of heat to evaporate;
and becomes an over-heated vapor. The first refrigerant,
which becomes the over-heated vapor, returns to the first
compressor 11. According to this, the first refrigerant cir-
culates, so that the first freeze cycle 10 is operated.
[0285] The second refrigerant, which is compressed
by the second compressor 21 and has the high temper-
ature and high pressure, is deprived of heat by the sur-
rounding air via the second heat radiator 22. The second
refrigerant, which is lowered in temperature by the sec-
ond heat radiator 22, flows in the intermediate heat ex-
changer 31 and is deprived of heat by the first refrigerant
in the low-temperature portion of the first freeze cycle 10
to be further cooled to condense. The liquefied second

refrigerant flows in the second pressure reducer 23.
[0286] The second refrigerant is decompressed and
expanded by the second pressure reducer 23 and be-
comes a damp vapor that has a low temperature. The
second refrigerant, which becomes the low-temperature
damp vapor, flows in the second evaporator 24, deprives
the cold air in the freeze compartment 4 of heat to evap-
orate; and becomes a damp vapor. The second refriger-
ant, which flows from the second evaporator 24 and is in
the damp vapor state, returns to the second compressor
21 According to this, the second refrigerant circulates,
so that the second freeze cycle 20 is operated.
[0287] Here, the second compressor 21 is driven after
the first compressor 11 is driven and the temperature of
the intermediate heat exchanger 31 decreases. And, the
temperatures of the refrigeration compartment 2 and the
freeze compartment 4 and a temperature difference be-
tween the heat exchange portions 31a and 31b of the
intermediate heat exchanger 31 are monitored; and the
rotation speeds of the first and second compressors 11,
21 are controlled by inverter control such that these
speeds become predetermined values.
[0288] According to the present embodiment, it is pos-
sible to obtain the same effects as the seventh embodi-
ment. Further, the intermediate heat exchanger 31 is dis-
posed, so that heat of the high-temperature portion of
the second freeze cycle 20 is absorbed by the interme-
diate heat exchanger 31. According to this, the second
evaporator 24 is lowered in temperature further than the
intermediate heat exchanger 31, whereby it is possible
to easily generate the cold air that has a low temperature.
[0289] In the present embodiment, the first and second
refrigerants, which flow in the first and second freeze
cycles 10, 21, include isobutane; however, different re-
frigerants may be used. Here, it is more desirable that
the boiling point of the second refrigerant is set lower
than the boiling point of the first refrigerant. According to
this, the second refrigerant becomes higher than the first
refrigerant in vapor density, so that it is possible to further
increase the performance of the second freeze cycle 20.
For example, if isobutane (the boiling point -12°C) is used
as the first refrigerant; and propane (the boiling point
-40.09°C) or carbon dioxide (the boiling point -78.5°C) is
used as the second refrigerant, it is possible to easily
make an achievement.
[0290] Besides, in the seventh and eighth embodi-
ments, an internal heat exchanger may be disposed
which performs heat exchange between the first refrig-
erant flowing from the first heat radiator 12 and the first
refrigerant flowing from the first evaporator 14. According
to this, it is possible to lower the enthalpy of the first re-
frigerant before flowing in the first evaporator 14; and it
is possible to further increase the cooling capability of
the first refrigerant that flows in the first evaporator 14.
Likewise, an internal heat exchanger may be disposed
which performs heat exchange between the second re-
frigerant flowing from the second heat radiator 22 and
the second refrigerant flowing from the second evapora-
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tor 24.

Industrial Applicability

[0291] The present invention is applicable to a freezer-
refrigerator that includes first and second evaporators
which cool a refrigeration compartment and a freeze
compartment, respectively. Besides, the present inven-
tion is applicable to a cooling storage unit that includes
first and second evaporators which cool first and second
cooling compartments that have temperatures different
from each other.

Reference Signs List

[0292]

1 freezer-refrigerator

2 refrigeration compartment

3 vegetable compartment

4 freeze compartment

10 first freeze cycle

10a, 20a refrigerant pipe

11 first compressor

12 first heat radiator

13, 43a first pressure reducer

14, 44a first evaporator

14a cooling plate

15 refrigeration compartment air blower

16 first dryer

17 first receiver

20 second freeze cycle

21 second compressor

22 second heat radiator

23, 43b second pressure reducer

24, 44b second evaporator

25 freeze compartment air blower

26 second dryer

27 second receiver

30, 40 freeze cycle

31 intermediate heat exchanger

32 first internal heat exchanger

33 second internal heat exchanger

34 fourth internal heat exchanger

35 defrosting heat exchanger

36 three-way valve

37 check valve

41 compressor

42 heat radiator

50 heat insulation member

51 defrosting heater

61, 62 temperature sensor

63 door open-close detection portion

64 humidity sensor

65 control portion

66 operation panel

Claims

1. A freezer-refrigerator comprising:

a refrigeration compartment that refrigerates
and preserves a stored thing;
a freeze compartment that freezes and pre-
serves a stored thing;
a first compressor that operates a first freeze
cycle in which a first refrigerant flows;
a first heat radiator that is disposed in a high-
temperature portion of the first freeze cycle;
a first evaporator that is disposed in a low-tem-
perature portion of the first freeze cycle;
a second compressor that operates a second
freeze cycle in which a second refrigerant flows;
a second evaporator that is disposed in a low-
temperature portion of the second freeze cycle;
and
an intermediate heat exchanger that performs
heat exchange between the low-temperature
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portion of the first freeze cycle and a high-tem-
perature portion of the second freeze cycle;
wherein the refrigeration compartment is cooled
by the first evaporator and the freeze compart-
ment is cooled by the second evaporator.

2. The freezer-refrigerator according to claim 1, where-
in
the intermediate heat exchanger is disposed in a
subsequent stage of the first evaporator.

3. The freezer-refrigerator according to claim 1, further
comprising a second heat radiator disposed in the
high-temperature portion of the second freeze cycle.

4. The freezer-refrigerator according to claim 3, where-
in
the intermediate heat exchanger is disposed in a
subsequent stage of the second heat radiator.

5. The freezer-refrigerator according to claim 1, where-
in
heat exchange is performed between the second re-
frigerant flowing from the second evaporator and the
first refrigerant before flowing in the first evaporator.

6. The freezer-refrigerator according to claim 1, where-
in
heat exchange is performed between the second re-
frigerant flowing from the second evaporator and the
second refrigerant before flowing in the second
evaporator.

7. The freezer-refrigerator according to claim 1, further
comprising:

a first internal heat exchanger that performs heat
exchange between the first refrigerant of the first
freeze cycle having a high temperature and the
second refrigerant of the second freeze cycle
having a low temperature;
a second internal heat exchanger that performs
heat exchange between the second refrigerant
of the second freeze cycle having a high tem-
perature and the second refrigerant of the sec-
ond freeze cycle having a low temperature; and
a third internal heat exchanger that performs
heat exchange between the first refrigerant of
the first freeze cycle having a high temperature
and the first refrigerant of the first freeze cycle
having a low temperature.

8. The freezer-refrigerator according to claim 7, where-
in
the third internal heat exchanger performs heat ex-
change between the first refrigerant flowing from the
first heat radiator and the first refrigerant flowing from
the intermediate heat exchanger.

9. The freezer-refrigerator according to claim 7, where-
in
the second heat radiator disposed in the high-tem-
perature portion of the second freeze cycle is dis-
posed in a previous stage of the intermediate heat
exchanger; and
the second internal heat exchanger performs heat
exchange between the second refrigerant flowing
from the intermediate heat exchanger and the sec-
ond refrigerant flowing from the second evaporator.

10. The freezer-refrigerator according to claim 7, where-
in
the first internal heat exchanger performs heat ex-
change between the first refrigerant flowing from the
third internal heat exchanger and the second refrig-
erant flowing from the second internal heat exchang-
er.

11. The freezer-refrigerator according to claim 7, further
comprising a first pressure reducer that is disposed
in a previous stage of the first evaporator, decom-
presses the first refrigerant and includes a capillary
tube;
wherein the first pressure reducer functions as a heat
exchange pipe of the first internal heat exchanger or
of the third internal heat exchanger.

12. The freezer-refrigerator according to claim 7, further
comprising a second pressure reducer that is dis-
posed in a previous stage of the second evaporator,
decompresses the second refrigerant and includes
a capillary tube;
wherein the second pressure reducer functions as a
heat exchange pipe of the second internal heat ex-
changer.

13. The freezer-refrigerator according to claim 1, further
comprising a receiver that is disposed in a flow path
for the first refrigerant of the intermediate heat ex-
changer; separates the first refrigerant into a gas and
a liquid; and outputs a gas refrigerant.

14. The freezer-refrigerator according to claim 13,
wherein in the intermediate heat exchanger,
an upstream side of the first freeze cycle and a down-
stream side of the second freeze cycle perform heat
exchange with each other; and
an downstream side of the first freeze cycle and an
upstream side of the second freeze cycle perform
heat exchange with each other.

15. The freezer-refrigerator according to claim 14,
wherein
the intermediate heat exchanger includes:

a latent-heat exchange portion that in an up-
stream with respect to the receiver of the first
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freeze cycle, deprives the second refrigerant of
latent heat chiefly and gives the latent heat to
the first refrigerant; and
a sensible-heat exchange portion that in a down-
stream with respect to the receiver of the first
freeze cycle, deprives the second refrigerant of
sensible heat chiefly and gives the sensible heat
to the first refrigerant.

16. The freezer-refrigerator according to claim 1, where-
in
the first and second refrigerants include isobutane.

17. The freezer-refrigerator according to claim 1, where-
in
a boiling point of the first refrigerant is higher than a
boiling point of the second refrigerant.

18. The freezer-refrigerator according to claim 17,
wherein
the first refrigerant includes isobutene; and
the second refrigerant includes propane or carbon
dioxide.

19. A freezer-refrigerator comprising:

a main body portion that has a heat insulation
box body in which a refrigeration compartment
for refrigerating and preserving a stored thing,
and a freeze compartment for freezing and pre-
serving a stored thing are formed;
a first compressor that operates a first freeze
cycle in which a first refrigerant flows;
a first evaporator that is disposed in a low-tem-
perature portion of the first freeze cycle, and
cools the refrigeration compartment;
a second compressor that operates a second
freeze cycle in which a second refrigerant flows;
a second evaporator that is disposed in a low-
temperature portion of the second freeze cycle,
and cools the freeze compartment;
a first mechanical compartment in which the first
compressor is disposed; and
a second mechanical compartment in which the
second compressor is disposed;
wherein one of the first and second mechanical
compartments is disposed in an upper portion
of the main body portion and the other is dis-
posed in a lower portion of the main body portion.

20. The freezer-refrigerator according to claim 19, fur-
ther comprising an intermediate heat exchanger that
performs heat exchange between a first heat ex-
change portion disposed in a subsequent stage of
the first evaporator and a second heat exchange por-
tion disposed in a high-temperature portion of the
second freeze cycle.

21. The freezer-refrigerator according to claim 20,
wherein
the refrigeration compartment and the freeze com-
partment are vertically disposed in parallel with each
other, and the first and second mechanical compart-
ments are disposed near the refrigeration compart-
ment and the freeze compartment, respectively;
the first and second evaporators are disposed be-
hind the refrigeration compartment and the freeze
compartment, respectively;
the intermediate heat exchanger is disposed be-
tween the first compressor and the second compres-
sor, formed to vertically extend;
the first heat exchange portion and the second heat
exchange portion bend in a vertical direction; and
refrigerant flow-in openings and refrigerant flow-out
openings of the first and second heat exchange por-
tions are disposed near the first mechanical com-
partment.

22. The freezer-refrigerator according to claim 21, fur-
ther comprising:

a first heat radiator disposed in a high-temper-
ature portion of the first freeze cycle;
a first pressure reducer disposed in a subse-
quent stage of the first heat radiator;
a second pressure reducer disposed in a sub-
sequent stage of the intermediate heat exchang-
er of the second freeze cycle;
a first internal heat exchanger that vertically ex-
tends and performs heat exchange between the
second refrigerant flowing from the second
evaporator and the first pressure reducer; and
a second internal heat exchanger that vertically
extends and performs heat exchange between
the second refrigerant flowing from the second
evaporator and the second pressure reducer;
wherein a refrigerant flow-in side of the first pres-
sure reducer is disposed near the second com-
pressor and a refrigerant flow-in side of the sec-
ond pressure reducer is disposed near the first
compressor.

23. The freezer-refrigerator according to claim 22,
wherein
a first dryer, which dehumidifies the first refrigerant
before flowing into the first pressure reducer, is dis-
posed in the second mechanical compartment; and
a second dryer, which dehumidifies the second re-
frigerant before flowing into the second pressure re-
ducer, is disposed in the first mechanical compart-
ment.

24. The freezer-refrigerator according to claim 23,
wherein
the second dryer is covered by a heat insulation
member.
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25. The freezer-refrigerator according to claim 22,
wherein
the intermediate heat exchanger includes a dual pipe
in which an inside pipe is covered by an outside pipe;
the first refrigerant flows in the inside pipe to form
the first heat exchange portion; and
the second refrigerant flows in the outside pipe in a
direction opposite to the first refrigerant to form the
second heat exchange portion.

26. The freezer-refrigerator according to claim 22,
wherein
a second heat radiator is disposed between the sec-
ond compressor and the intermediate heat exchang-
er.

27. The freezer-refrigerator according to claim 26,
wherein
the first and second internal heat exchangers are
embedded in a rear wall of a heat insulation box
body; and
the second heat radiator is disposed on a rear sur-
face of the main body portion.

28. The freezer-refrigerator according to claim 27,
wherein
the intermediate heat exchanger is embedded in the
rear wall of the heat insulation box body.

29. The freezer-refrigerator according to claim 20,
wherein
an accumulator for separating a gas and a liquid from
each other is disposed on a refrigerant flow-out side
of the second evaporator and is not disposed on a
refrigerant flow-out side of the first evaporator.

30. The freezer-refrigerator according to claim 19,
wherein
a heat insulation wall for partitioning the refrigeration
compartment and the freeze compartment has a
heat insulation performance in a level that is equal
to that of a circumferential wall of the heat insulation
box body.

31. The freezer-refrigerator according to claim 19,
wherein
part of heat radiation from the first heat radiator is
used for a drained water process and prevention of
condensation in the freezer-refrigerator.

32. A freezer-refrigerator comprising:

a refrigeration compartment that refrigerates
and preserves a stored thing;
a freeze compartment that freezes and pre-
serves a stored thing;
a first compressor that operates a first freeze
cycle in which a first refrigerant flows;

a first evaporator that is disposed in a low-tem-
perature portion of the first freeze cycle, and
cools the refrigeration compartment;
a second compressor that operates a second
freeze cycle in which a second refrigerant flows;
and
a second evaporator that is disposed in a low-
temperature portion of the second freeze cycle,
and cools the freeze compartment;
wherein the second evaporator is defrosted by
heat of a high-temperature portion of the first
freeze cycle.

33. The freezer-refrigerator according to claim 32, fur-
ther comprising:

a first heat radiator disposed in the high-temper-
ature portion of the first freeze cycle;
a three-way valve disposed on a refrigerant flow-
in side of the first heat radiator;
a defrosting heat exchanger that is disposed in
parallel with the first heat radiator in a flow path
branched at the three-way valve, and performs
heat exchange with the second evaporator; and
a check valve disposed on a refrigerant flow-out
side of the defrosting heat exchanger;
wherein in defrosting the second evaporator, the
three-way valve is switched to the defrosting
heat exchanger.

34. The freezer-refrigerator according to claim 33,
wherein
the check valve is disposed near a joining point of a
refrigerant flow-out side of the first heat radiator and
a refrigerant flow-out side of the defrosting heat ex-
changer.

35. The freezer-refrigerator according to claim 32,
wherein
the second evaporator and the defrosting heat ex-
changer include first and second refrigerant pipes in
which the first and second refrigerants flow, respec-
tively; and
the first and second refrigerant pipes are connected
to each other by a plurality of fins.

36. The freezer-refrigerator according to claim 32,
wherein
the second evaporator and the defrosting heat ex-
changer include first and second refrigerant pipes in
which the first and second refrigerants flow, respec-
tively; and
the first and second refrigerant pipes are disposed
side by side.

37. The freezer-refrigerator according to claim 32,
wherein
a sectional area of a refrigerant pipe of the defrosting
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heat exchanger is half of a sectional area of a refrig-
erant pipe of the first evaporator.

38. The freezer-refrigerator according to claim 32,
wherein
before defrosting the second evaporator, the first
compressor is stopped for a predetermined period.

39. A freezer-refrigerator comprising:

a refrigeration compartment that refrigerates
and preserves a stored thing;
a freeze compartment that freezes and pre-
serves a stored thing;
a first compressor that operates a first freeze
cycle in which a first refrigerant flows;
a first evaporator that is disposed in a low-tem-
perature portion of the first freeze cycle;
a second compressor that operates a second
freeze cycle in which a second refrigerant flows;
a second evaporator that is disposed in a low-
temperature portion of the second freeze cycle;
wherein the evaporator is formed by fixing a met-
al cooling plate which covers a wall surface of
the refrigeration compartment to a refrigerant
pipe; and
the refrigeration compartment is cooled by radi-
ation my means of the cooling plate.

40. The freezer-refrigerator according to claim 39, fur-
ther comprising:

a door open-closse detection portion that de-
tects opening and closing of a door of the refrig-
eration compartment;
a temperature sensor that detects a temperature
of the refrigeration compartment; and
a humidity sensor that detects a humidity of the
refrigeration compartment;
wherein when the door is opened and closed, a
dew point temperature of the refrigeration com-
partment is obtained thanks to detection of the
temperature sensor and the humidity sensor.

41. The freezer-refrigerator according to claim 39,
wherein
an intermediate heat exchanger, which performs
heat exchange between the low-temperature portion
of the first freeze cycle and a high-temperature por-
tion of the second freeze cycle, is disposed.

42. The freezer-refrigerator according to claim 39,
wherein
in a lower portion of the refrigeration compartment,
an insulation compartment having a temperature
lower than a temperature of an upper portion is dis-
posed; and
in the refrigerant pipe of the first evaporator, a refrig-

erant flows from lower to upper.

43. A cooling storage unit comprising:

first and second cooling compartments;
a first compressor that operates a first freeze
cycle in which a first refrigerant flows;
a first heat radiator that is disposed in a high-
temperature portion of the first freeze cycle;
a first evaporator that is disposed in a low-tem-
perature portion of the first freeze cycle;
a second compressor that operates a second
freeze cycle in which a second refrigerant flows;
a second evaporator that is disposed in a low-
temperature portion of the second freeze cycle;
and
an intermediate heat exchanger that performs
heat exchange between the low-temperature
portion of the first freeze cycle and a high-tem-
perature portion of the second freeze cycle;
wherein the first cooling compartment is cooled
by the first evaporator; and the second cooling
compartment is cooled by the second evapora-
tor.

44. The cooling storage unit according to claim 43, fur-
ther comprising:

a first internal heat exchanger that performs heat
exchange between the first refrigerant of the first
freeze cycle having a high temperature and the
first refrigerant of the second freeze cycle having
a low temperature;
a second internal heat exchanger that performs
heat exchange between the second refrigerant
of the second freeze cycle having a high tem-
perature and the second refrigerant of the sec-
ond freeze cycle having a low temperature; and
a third internal heat exchanger that performs
heat exchange between the first refrigerant of
the first freeze cycle having a high temperature
and the first refrigerant of the first freeze cycle
having a low temperature.

45. The cooling storage unit according to claim 43, fur-
ther comprising a receiver that is disposed in a first
freeze cycle of the intermediate heat exchanger,
separates the first refrigerant into a gas and a liquid,
and outputs a liquid refrigerant.

46. A cooling storage unit comprising:

a main body portion that has first and second
cooling compartments;
a first compressor that operates a first freeze
cycle in which a first refrigerant flows;
a first evaporator that is disposed in a low-tem-
perature portion of the first freeze cycle, and
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cools the first cooling compartment;
a second compressor that operates a second
freeze cycle in which a second refrigerant flows;
a second evaporator that is disposed in a low-
temperature portion of the second freeze cycle,
and cools the second cooling compartment;
a first mechanical compartment in which the first
compressor is disposed; and
a second mechanical compartment in which the
second compressor is disposed;
wherein one of the first and second mechanical
compartments is disposed in an upper portion
of the main body portion and the other is dis-
posed in a lower portion of the main body portion.

47. A cooling storage unit comprising:

first and second cooling compartments;
a first compressor that operates a first freeze
cycle in which a first refrigerant flows;
a first evaporator that is disposed in a low-tem-
perature portion of the first freeze cycle, and
cools the first cooling compartment;
a second compressor that operates a second
freeze cycle in which a second refrigerant flows;
and
a second evaporator that is disposed in a low-
temperature portion of the second freeze cycle,
and cools the first cooling compartment;
wherein the second evaporator is defrosted by
heat of a high-temperature portion of the first
freeze cycle.
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