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(57) ABSTRACT 

Provided is an inexpensive and compact cooling device which 
does not increase the circulation resistance of a refrigerant, 
filling quantity of a refrigerant in a natural circulation circuit 
wherein natural convection of the refrigerant is caused by 
using a thermo-Siphon, and cross-sectional areas of indi 
vidual passages while maintaining a desired cooling effi 
ciency in the circuit. A secondary cooling device (40) 
includes a secondary heat exchange section (42) of a cascade 
heat exchanger (HE) which liquifies a gaseous-phase second 
ary refrigerant, and an evaporator (EP) which vaporizes a 
liquid-phase secondary refrigerant. The secondary cooling 
device (40) is provided with a plurality of natural circulation 
circuits (48) equipped with liquid pipings (44) and gas pip 
ings (46) which connect the secondary heat exchange section 
(42) and the evaporator (EP). The evaporator (EP) has evapo 
ration passages (52) of the natural circulation circuits (48) 
provided in layers vertically apart from one another. The 
evaporation passage (52) is formed by a spiral fin tube type 
heat exchanger whose fins are spirally wound on the outer 
circumference of an evaporation pipe through which the sec 
ondary refrigerant circulates. 
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COOLING DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to a cooling device 
equipped with a natural circulation circuit which carries out 
natural convection of a refrigerant utilizing a temperature 
gradient between a heat exchange section and an evaporator. 

BACKGROUND ART 

0002. A cooling device using the thermo-siphon that car 
ries out natural convection of a refrigerant is adopted in a 
storage facilities. Such as a refrigerator, and air conditioners 
(for example, refer to Patent Document 1). As shown in FIG. 
20, a natural circulation circuit 72 includes a condenser 64 
which condenses an evaporated refrigerant into a liquefied 
refrigerant, and an evaporator 66 which is arranged under the 
condenser 64 to evaporate the liquefied refrigerant to forman 
evaporated refrigerant, causes the liquefied refrigerant to flow 
down from the condenser 64 via a liquid piping 68 to the 
evaporator 66, and circulates the evaporated refrigerant from 
the evaporator 66 via a gas piping 70 to the condenser 64. 
0003. In the condenser 64 and the evaporator 66, a refrig 
erant which circulates through refrigerant passages 64a and 
66a provided therein exchanges heat with another medium, 
Such as external air or water, to condense or evaporate the 
refrigerant. That is, since the cooling efficiency of the cooling 
device depends on the quantity of heat exchanged between 
the refrigerant and another medium, the cooling device has 
the refrigerant passages 64a and 66a provided in a meander 
ing manner in the condenser 64 and the evaporator 66 to 
increase the contact area between the refrigerant passages 
64a and 66a and another medium (henceforth called heat 
exchange area). 
0004. Used as another form of the evaporator 66 is a so 
called finand tube type heat exchanger that has the refrigerant 
passage 66a formed in the meandering manner by using a 
straight-line piping penetrating a plurality of parallel plate 
like fins and a bent portion bent in a U shape to be welded to 
the end portion of the straight-line piping (for example, refer 
to Patent Document 1). This finand tube type heat exchanger 
is widely adopted as an air-cooling heat exchanger because of 
its feature to improve the piping density comparatively easily. 
As anotherform of an evaporator, there is also known a spiral 
fin tube type heat exchanger which has a fin spirally wound 
around the periphery of the evaporation pipe where a refrig 
erant circulates, and bent in a meandering manner. 

Related Art Documents 

Patent Document 

0005 Patent Document 1: Japanese Patent Application 
Laid-Open No. S63-96463 

SUMMARY OF INVENTION 

Problems to be Solved by the Invention 
0006. According to the cooling device, when the piping 
length required to secure the heat exchange contact area that 
provides the necessary cooling efficiency is set up, the refrig 
erant passages 64a, 66a become long, increasing the circula 
tion resistance of the refrigerant in the passages 64a, 66a. In 
addition, since the bent portions of the refrigerant passages 
64a, 66a increase to make the elongated refrigerant passages 
64a, 66a compact, making the circulation resistance higher. 
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Since the system which uses the thermo-siphon like the cool 
ing device is configured to carry out natural convection of the 
refrigerant using a temperature gradient between the con 
denser 64 and the evaporator 66, the circulation power of a 
refrigerant is weak as compared with the system which car 
ries out enforced circulation of the refrigerant with a pump or 
the like, so that the smooth flow of the refrigerant is interfered 
with slight pressure loss or flow resistance against the refrig 
erant. If the flow of the refrigerant is no longer performed 
Smoothly in the refrigerant passages 64a, 66a, the circulation 
of the refrigerant in the natural circulation circuit 72 includ 
ing the evaporator 66 becomes worse, or the refrigerant may 
flow backwards, lowering the delivery capacity of cold, 
which brings about the problem that the target cannot be 
cooled efficiently. In order not to reduce the cooling effi 
ciency, therefore, the cooling device needs to set up the cross 
sectional area of the refrigerant passages 64a and 66a larger 
according to the circulating amount of the refrigerant, thereby 
decreasing the circulation resistance of the refrigerant so that 
the flow state of the refrigerant which is greatly influenced by 
slight pressure loss is stabilized. However, increasing the 
diameter of the pipings which constitute the refrigerant pas 
sages 64a, 66a larger increases restrictions in forming the 
refrigerant passages, and enlarges the condenser 64 or the 
evaporator 66, which leads to cost increase. 
0007 While the fin and tube type heat exchanger can 
increase the density of pipings, it has the straight-line piping 
and the bent portions welded together, so that there are a 
plurality of welded portions in the refrigerant passages, rais 
ing the problem that the reliability against the refrigerant leak 
is low What is more, since the fin and tube type heat 
exchanger is configured Such that each plate-like fin is con 
nected to every adjoining straight-line piping, if the interval 
between the individual plate-like fins is narrowed to improve 
the heat exchanging efficiency, frost is likely to grow at the 
fins between the adjacent Straight-line pipings, and may block 
the clearance between the pipings, inhibiting the flow of air. 
0008. On the other hand, the spiral fin tube type heat 
exchanger, unlike the fin and tube type heat exchanger, need 
not perform welding of pipings or expand the pipings during 
manufacture, significantly simplifying the manufacturing 
process. In addition, since the spiral fin tube type heat 
exchanger has no welded portions of the pipings in the circu 
lation passage of the refrigerant, it advantageously has high 
reliability against refrigerant leak. Further, since the spiral fin 
tube type heat exchanger is configured to have the fin wound 
around the evaporation pipe, the fins on the adjacent straight 
line pipings are not in contact with each other, so that even if 
the spiral pitch of the fins is narrowed in order to improve the 
heat exchanging efficiency, frost, if grown at the fins, does not 
easily block the clearance between the pipings. That is, the 
configuration of the spiral fin tube type heat exchanger does 
not easily cause clogging by frost formation. 
0009. However, since the evaporation pipe in the spiral fin 
tube type heat exchanger is bent after the fin is wound there 
around, if the diameter of the evaporation pipe is increased to 
decrease the circulation resistance of the refrigerant, the mini 
mum bending radius became larger, making the piping den 
sity sparse, so that it is difficult to downsize the evaporator. It 
is therefore difficult to increase the piping density of the 
evaporation pipe as high as that of the fin and tube type heat 
exchanger. Accordingly, at present the spiral fintube type heat 
exchanger which is excellent in cost, reliability against the 
refrigerant leak, Suppression of frost-originated clogging, etc. 
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over the finand tube type heat exchanger has not been adopted 
as the evaporator of the cooling device that uses a thermo 
siphon. 
0010. The aforementioned configuration for improving 
the cooling efficiency with a cooling device, and the spiral fin 
tube type heat exchanger can be adopted by enlarging the heat 
exchanger. However, one product value of a refrigerator in 
which a cooling device is used is to increase the internal 
volume of the refrigerator. To secure this value, it is important 
to design the heat exchanger (evaporator) in the refrigerator 
compact, which makes it difficult to enlarge the heat 
exchanger easily. It is potentially rather demanded to design 
the heat exchanger (evaporator) in the refrigerator more com 
pact. That is, the cooling device for performing heat exchange 
efficiently within limited space is actually desired. 
0011 Namely, in view of the inherent problems of the 
cooling devices according to the related art, the present inven 
tion has been proposed to overcome the problems properly, 
and it is an object of the invention to provide an inexpensive 
and compact cooling device which does not increase the 
circulation resistance of a refrigerant, filling quantity in a 
natural circulation circuit wherein natural convection of the 
refrigerant is caused by using a thermo-siphon, and cross 
sectional areas of individual passages while maintaining a 
desired cooling efficiency in the circuit. 

Means for Solving the Problems 
0012 To overcome the problems and achieve the desired 
object, a cooling device according to the invention of the 
present application, which has a heat exchange section which 
condenses an evaporated refrigerant, which circulates 
through a condensation passage, into a liquefied refrigerant, 
and a tubular evaporation pipe disposed under the heat 
exchange section to evaporate a liquefied refrigerant which 
circulates through an internal evaporation passage into an 
evaporated refrigerant, and is provided with a natural circu 
lation circuit which causes the liquefied refrigerant to flow 
down to the internal evaporation passage from the condensa 
tion passage of the heat exchange section via a liquid piping, 
and causes the evaporated refrigerant to flow to the conden 
sation passage of the heat exchange section from the evapo 
ration passage via a gas piping, is characterized by compris 
ing an evaporator comprising a set of a plurality of mutually 
independent natural circulation circuits and evaporation 
pipes of the plurality of natural circulation circuits, carbon 
dioxide being used as a refrigerant which circulates through 
each natural circulation circuit, and is characterized in that the 
each evaporation pipe is formed bent in a meandering manner 
in Such a way that a straight portion extends in a transverse 
direction intersecting a flow direction of air which circulates 
the evaporation pipes, the liquid piping is connected to a part 
of the evaporation pipe which is downstream of the flow 
direction of air, and the gas piping is connected to a part of the 
evaporation pipe which is upstream of the flow direction of 
air, and the plurality of evaporation pipes are arranged in 
layers apart from one another in an up and down relation. 
0013. According to the invention, the condensation pas 
sage and the evaporation passage are connected by the liquid 
piping and gas piping so that the natural circulation circuits 
each constitute a single circuit independently without involv 
ing branching of passages and pipings. With the cooling 
device provided with the natural circulation circuits whose 
quantity corresponds to the heat exchange contact areas 
needed in the heat exchange section and evaporator, the con 

Jun. 16, 2011 

densation passage and the evaporation passage which are 
needed can be disposed in the heat exchange section and the 
evaporator, thereby securing the heat exchange contact area 
needed for the whole circuit. This makes the heat exchange 
contact area needed per each one of the condensation passage 
and the evaporation passage Smaller, thus making it possible 
to suppress the required lengths of each condensation passage 
and each evaporation passage. Shortening the lengths of each 
condensation passage and each evaporation passage makes 
the circulation resistance originating from the passage length 
lower, and reduces the number of meanders, thereby reducing 
the circulation resistance originating from the bent portions 
of the passages. As a result, each condensation passage and 
each evaporation passage can be set up with Smaller cross 
sectional areas as compared with the related art in which the 
circulation resistance becomes too large to achieve it, thus 
making it possible to reduce the amount of the refrigerant 
which circulates through each condensation passage and each 
evaporation passage. Since it is possible to reduce the lengths 
and cross-sectional areas of each condensation passage and 
each evaporation passage, the heat exchange section and the 
evaporator can be made compact, reducing the sizes of facili 
ties, such as the capacity of the expansion tank which eases a 
pressure increase in the circuit. It is therefore possible to 
make the whole device compact and reduce the cost. In addi 
tion, since the individual natural circulation circuits are inde 
pendent of one another, the drift of the refrigerant is unlikely 
to occur and it is possible to achieve Smooth natural convec 
tion of the refrigerant. 
0014 Further, with the configuration made to allows the 
refrigerant to flow upstream from the downstream side of the 
flow direction of air which circulates through the evaporation 
pipes, and by using carbon dioxide excellent in heat transfer 
performance as the refrigerant, it is possible to use an evapo 
ration pipe of a small heat exchange contact area and a small 
diameter without reducing the heat exchanging efficiency in 
the evaporator, thus reducing the cost of the evaporator, and 
making the evaporator more compact. Furthermore, with a 
plurality of evaporation pipes arranged in layers apart from 
one another in an up and down relation, these evaporation 
pipes function as an evaporator with high heat exchanging 
efficiency. 
0015 To overcome the problems and achieve the desired 
object, a cooling device according to another subject matter 
of the invention, which has a heat exchange section which 
condenses an evaporated refrigerant, which circulates 
through a condensation passage, into a liquefied refrigerant, 
and a tubular evaporation pipe disposed under the heat 
exchange section to evaporate a liquefied refrigerant which 
circulates through an internal evaporation passage into an 
evaporated refrigerant, and is provided with a natural circu 
lation circuit which causes the liquefied refrigerant to flow 
down to the internal evaporation passage from the condensa 
tion passage of the heat exchange section via a liquid piping, 
and causes the evaporated refrigerant to flow to the conden 
sation passage of the heat exchange section from the evapo 
ration passage via a gas piping, is characterized in that the 
natural circulation circuit includes an evaporator comprising 
a set of a plurality of evaporation pipes and condensation 
passages equal in number to the a plurality of evaporation 
pipes, and carbon dioxide is used as a refrigerant which 
circulates through the natural circulation circuit, a liquid pip 
ing which connects to an outflow end of the condensation 
passage is connected to that evaporation pipe which is differ 
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ent from the evaporation pipe to which a gas piping coupled to 
an inflow end of the condensation passage is connected, and 
a gas piping which connects to an outflow end of the evapo 
ration pipe is connected to that condensation passage which is 
different from the condensation passage to which a liquid 
piping coupled to an inflow end of the evaporation pipe is 
concerned, thereby constructing a single natural circulation 
circuit as a whole, the each evaporation pipe is formed bent in 
a meandering manner in Such a way that a straight portion 
extends in a transverse direction intersecting a flow direction 
ofair which circulates the evaporation pipes, the liquid piping 
is connected to a part of the evaporation pipe which is down 
stream of the flow direction of air, and the gas piping is 
connected to a part of the evaporation pipe which is upstream 
of the flow direction of air, and the plurality of evaporation 
pipes are arranged in layers apart from one another in an up 
and down relation. 

0016. According to the another subject matter, the conden 
sation passage and the evaporation passage are connected by 
the liquid piping and gas piping so that a single natural cir 
culation circuit as a whole is formed without involving 
branching of passages and pipings. That is, it is possible to 
adequately dispose the condensation passages and evapora 
tion passages whose quantities correspond to the heat 
exchange contact areas needed in the heat exchange section 
and evaporator. This makes the heat exchange contact area 
needed per each one of the condensation passage and the 
evaporation passage Smaller, thus making it possible to Sup 
press the required lengths of each condensation passage and 
each evaporation passage. Shortening the lengths of each 
condensation passage and each evaporation passage makes 
the circulation resistance originating from the passage length 
lower, and reduces the number of meanders, thereby reducing 
the circulation resistance originating from the bent portions 
of the passages. As a result, each condensation passage and 
each evaporation passage can be set up with Smaller cross 
sectional areas as compared with the related art in which the 
circulation resistance becomes too large to achieve it, thus 
making it possible to reduce the amount of the refrigerant 
which circulates through each condensation passage and each 
evaporation passage. Since it is possible to reduce the lengths 
and cross-sectional areas of each condensation passage and 
each evaporation passage, the heat exchange section and the 
evaporator can be made compact, reducing the sizes of the 
facilities, such as the capacity of the expansion tank which 
eases a pressure increase in the circuit. It is therefore possible 
to make the whole device compact and reduce the cost. In 
addition, even with a plurality of condensation passages and 
a plurality of evaporation passages provided, a single natural 
circulation circuit as a whole is realized without involving 
branching of passages and pipings, causing the refrigerant to 
circulate in good balance through the plurality of condensa 
tion passages and the plurality of evaporation passages, so 
that the drift of the refrigerant does not occur and smooth 
natural convection of the refrigerant can be achieved. 
0017. Further, with the configuration made to allows the 
refrigerant to flow upstream from the downstream side of the 
flow direction of air which circulates through the evaporation 
pipes, and by using carbon dioxide excellent in heat transfer 
performance as the refrigerant, it is possible to use an evapo 
ration pipe of a small heat exchange contact area and a small 
diameter without reducing the heat exchanging efficiency in 
the evaporator, thus reducing the cost of the evaporator, and 
making the evaporator more compact. Furthermore, with a 

Jun. 16, 2011 

plurality of evaporation pipes arranged in layers apart from 
one another in an up and down relation, these evaporation 
pipes function as an evaporator with high heat exchanging 
efficiency. 

Effect of the Invention 

0018. The cooling device according to the invention can be 
made inexpensive and compact while maintaining the desired 
cooling efficiency without increasing the circulation resis 
tance of the refrigerant, the amount the refrigerant filled in the 
circuit, and the cross-sectional area of each passage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1A side cross-sectional view showing a refrig 
erator provided with a cooling device according to a prefer 
able first embodiment of the invention as a secondary circuit 
of a cooling system. 
0020 FIG. 2 A schematic circuit diagram showing the 
essential portions of the cooling system equipped with the 
cooling device of the first embodiment as the secondary cir 
cuit. 
0021 FIG. 3 A front view of essential portions showing 
the evaporation passage according to the first embodiment. 
0022 FIG. 4A top view showing the evaporation passage 
according to the first embodiment. 
0023 FIG. 5A schematic side view showing the evapora 
tor according to the first embodiment. 
0024 FIG. 6 A schematic circuit diagram showing the 
essential portions of a cooling system provided with a cooling 
device according to a preferable second embodiment of the 
invention as a secondary circuit. 
0025 FIG. 7A schematic side view showing an evaporator 
according to a modification. 
0026 FIG. 8 A schematic perspective view showing an 
evaporation pipe according to a modification which is pro 
vided with a heat transfer promotion member. 
0027 FIG. 9 A schematic perspective view showing an 
evaporation pipe according to a modification which is pro 
vided with a heat transfer promotion member. 
0028 FIG. 10 A schematic perspective view showing an 
evaporation pipe according to a modification which is pro 
vided with a heat transfer promotion member. 
0029 FIG. 11 A schematic perspective view showing an 
evaporation pipe according to a modification which is pro 
vided with a heat transfer promotion member. 
0030 FIG. 12 A schematic perspective view showing an 
evaporation pipe according to a modification which is pro 
vided with a heat transfer promotion member. 
0031 FIG. 13 A schematic perspective view showing an 
evaporation pipe according to a modification which is pro 
vided with a heat transfer promotion member. 
0032 FIG. 14A schematic perspective view showing an 
evaporation pipe according to a modification which is pro 
vided with a heat transfer promotion member. 
0033 FIG. 15 A schematic perspective view showing an 
evaporation pipe according to a modification which is pro 
vided with a heat transfer promotion member. 
0034 FIG. 16 A schematic perspective view showing an 
evaporation pipe according to a modification which is pro 
vided with a heat transfer promotion member. 
0035 FIG. 17 A schematic perspective view showing an 
evaporation pipe according to a modification which is not 
provided with a heat transfer promotion member. 
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0036 FIG. 18 A schematic perspective view showing an 
evaporation pipe according to a modification which is not 
provided with a heat transfer promotion member. 
0037 FIG. 19 A schematic side view showing an evapo 
rator according to another modification. 
0038 FIG. 20 A schematic diagram showing the natural 
circulation circuit of the cooling device according to the 
related art. 

DESCRIPTION OF REFERENCE NUMERALS 

0039) 34 primary cooling device (circuit on the primary 
side) 

0040 42 secondary heat exchange section (heat exchange 
section) 

0041 44 liquid piping 
0042 46 gas piping 
0.043 48 natural circulation circuit 
0044) 50 condensation passage 
0045 52 evaporation passage 
0046 52a inflow end 
0047 52b outflow end 
0048 55 heat exchanger 
0049 56 evaporation pipe 
0050 56a straight-line portion 
0051 56C stepped portion 
0052 58 fin (heat transfer promotion member) 
0053 62 natural circulation circuit 
0054) 74, 78,80, 82, 84, 86, 88 heat transfer promotion 
member 

0055 76 spine fin (heat transfer promotion member) 
0056 EP evaporator 

MODES OF CARRYING OUT THE INVENTION 

0057. In these days, use of chlorofluorocarbon as a refrig 
erant is restricted in the system provided with a cooling 
device. Such as a refrigerator or a freezer, from the viewpoint 
of global warming prevention. In particular, since large-sized 
systems of business use. Such as a freezer machine, use a large 
amount of chlorofluorocarbon, there are significant demands 
for reduction of the amount of chlorofluorocarbon used or 
realization of chlorofluorocarbon-free systems. Accordingly, 
attention is paid to the secondary loop type refrigeration 
circuit which has an advantageous circuit configuration in 
promoting chlorofluorocarbon-free systems. The secondary 
loop type refrigeration circuit connects two independent cir 
cuits, namely a primary-side circuit of a machine compres 
sion type which forcibly circulates the refrigerant, and a 
secondary-side circuit which carries out natural convection of 
the refrigerant using a thermo-Siphon, via a cascade heat 
exchanger, and can use a heat transfer medium other than 
chlorofluorocarbon. However, as compared with the refrig 
eration circuit of the machine compression type which uses 
chlorofluorocarbon as a refrigerant, the conventional second 
ary loop type refrigeration circuit has shortcomings of enlarg 
ing the whole system, thus requiring a large installation area, 
and leads to cost increase, and is not competitive to the con 
ventional system using chlorofluorocarbon in terms of the 
size and price, which stands in the way of promoting the 
chlorofluorocarbon-free systems. Accordingly, the present 
inventor has invented the cooling device according to the 
invention which has a compact and inexpensive configura 
tion, without spoiling the desired cooling efficiency. For 
example, adapting the cooling device according to the inven 
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tion to the secondary loop type refrigeration circuit makes it 
possible to design a system provided with the secondary loop 
type refrigeration circuit at a size and a cost equivalent to 
those of the conventional system using chlorofluorocarbon, 
and overcomes the shortcomings, thereby obtaining the com 
petitive strength on the market. That is, the cooling device 
according to the invention has an advantageous technical 
position in promoting the widespread use of the chlorofluo 
rocarbon-free technology based on the secondary loop type 
refrigeration circuit which is considered important from the 
viewpoint of global warming prevention. As apparent from 
the above, the cooling device according to the invention, 
when adapted to the secondary loop type refrigeration circuit, 
can overcome the shortcomings of the conventional second 
ary loop type refrigeration circuit such that it has a large size 
and is expensive, and can provide generally spreadable tech 
nology. 
0.058 Next, the cooling device according to the invention 
will be described below by way of a preferred embodiment 
with reference to the accompanying drawings. The descrip 
tion of the embodiment will be given of a case of employing 
a so-called secondary loop refrigeration circuit which uses 
the cooling device according to the invention on the second 
ary-side circuit, as a large-sized refrigerator, as an example, 
which is used for business usage as in a shop, and can store a 
large amount of goods. Such as Vegetables and meat. 

First Embodiment 

0059. As shown in FIG.1, a refrigerator 10 includes a box 
(adiabatic box) 12 with a thermally insulated structure, which 
has a storage room 14 internally defined, and a cabinet 16 
which is provided above the box 12 and has its outer wall 
formed by a metal panel 18. An opening 12a which opens 
frontward to serve as a goods take-in?take-out port is formed 
in the box 12 in communication with a storage room 14, and 
is blocked by a heat insulation door 22 supported at the front 
portion of the box 12 in an openable/closable manner with a 
hinge which is not illustrated. 
0060 Defined inside the cabinet 16 is a machinery room 
20 where a part of a cooling system32 for cooling the storage 
room 14 and an electric device box for control (not shown) 
which controls the cooling system32 are disposed. Disposed 
at the bottom of the machinery room 20 is a base plate 24 
which is mounted on a top plate 12b of the box 12 to be a 
common board for devices disposed in the machinery room 
20. An air circulation hole (not shown) that communicates 
with the machinery room 20 is formed at an adequate location 
of the metal panel 18 which serves as the outer wall of the 
cabinet 16, and the atmosphere in the machinery room 20 and 
the external air interchange each other via the air circulation 
hole. 
0061. A cooling duct 26 is disposed at the upper portion of 
the storage room 14 away from the top plate 12b in the box 12 
by a predetermined interval, and a cooling room 28 is formed 
between the cooling duct 26 and the base plate 24 which faces 
the storage room 14 via a notched port 12c formed in the top 
plate 12b of the box 12. The cooling room 28 communicates 
with the storage room 14 via a suction port 26.a formed in the 
front side of the bottom portion of the cooling duct 26, and a 
cold outlet 26b formed in the rear side thereof. A blower fan 
30 is disposed at the suction port 26a, so that as the blower fan 
30 is driven, air in the storage room 14 is supplied into the 
cooling room 28 through the Suction port 26a, and cold in the 
cooling room 28 is Supplied to the storage room 14 through 
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the cold outlet 26b. The notched port 12c of the top plate 12b 
is closed airtight by the base plate 24, so that the storage room 
14 (cooling room 28) and the machinery room 20 are parti 
tioned by the base plate 24 to be mutually independent spaces 
(see FIG. 1). 
0062 FIG. 2 is a schematic circuit diagram showing a 
cooling system32 equipped with a secondary cooling device 
(cooling device) 40 according to the first embodiment as a 
secondary circuit. As shown in FIG. 2, a secondary loop 
refrigeration circuit in which the primary cooling device (cir 
cuit on the primary side) 34 of the machine compression type 
that forcibly circulates the refrigerant and the secondary cool 
ing device 40 that comprises a thermo-Siphon which carries 
out natural convection of the refrigerant are thermally con 
nected (cascade-connected) in Such away as to exchange heat 
via a cascade heat exchanger HE is adopted for the cooling 
system32. The cascade heat exchanger HE, which is installed 
in the machinery room 20, includes a primary heat exchange 
section 36 which constitutes the primary cooling device 34, 
and a secondary heat exchange section (heat exchange sec 
tion) 42 which is formed separate from the primary heat 
exchange section 36 and constitutes the secondary cooling 
device 40. That is, circuits through which independent refrig 
erants circulate respectively are formed at the primary cool 
ing device 34 and the secondary cooling device 40. Highly 
safe carbon dioxide which has characteristics of low viscosity 
and a high heat transfer coefficient, and which is nontoxic, 
inflammable and noncorrosive is used as a secondary refrig 
erant (refrigerant) which circulates through the secondary 
cooling device 40. In contrast, an HC-based refrigerant, Such 
as butane or propane, or ammonia or the like, which has 
excellent refrigerant characteristics, such as evaporation heat 
and Saturation pressure, is used as a primary refrigerant which 
circulates through the primary cooling device 34, and isobu 
tane or propane is used in the first embodiment. That is, the 
cooling system 32 need not use chlorofluorocarbon as a 
refrigerant. As the cascade heat exchanger HE, for example, a 
plate type, a double tube type and a developed type thereof, or 
equivalents thereto are used. 
0063. The primary cooling device 34 is configured by 
connecting a compressor CM which compresses a gaseous 
phase primary refrigerant, a condenser CD which liquefies 
the compressed primary refrigerant, an expansion valve EV 
which reduces the pressure of the liquid phase primary refrig 
erant, and the primary heat exchange section36 of the cascade 
heat exchanger HE which evaporates the liquid phase primary 
refrigerant by a refrigerant piping 38 (see FIG. 2). The com 
pressor CM and the condenser CD are disposed commonly on 
the base plate 24 in the machinery room 20, and a condenser 
fan FM which carries out forced cooling of the condenser CD 
is also disposed on the base plate 24 opposite to the condenser 
CD. In the primary cooling device 34, compression of the 
primary refrigerant by the compressor CM forcibly circulates 
the primary refrigerant through the compressor CM, the con 
denser CD, the expansion valve EV, the primary heat 
exchange section 36 of the cascade heat exchanger HE, and 
the compressor CM in the named order, so that the necessary 
cooling is carried out in the primary heat exchange section 36 
under the actions of the individual devices (see FIG. 2). 
0064. The secondary cooling device 40 includes the sec 
ondary heat exchange section 42 of the cascade heat 
exchanger HE which liquefies the gaseous phase secondary 
refrigerant (evaporated refrigerant), and the evaporator EP 
which comprises a collection of pipings which evaporates the 
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liquid phase secondary refrigerant (liquefied refrigerant), and 
the secondary heat exchange section 42 and the evaporator EP 
correspond to each other by 1 to 1 relation (see FIG. 2). The 
secondary cooling device 40 has a liquid piping 44 and a gas 
piping 46 which connect the secondary heat exchange section 
42 and the evaporator EP, and is provided with natural circu 
lation circuits 48 which Supply a liquid phase secondary 
refrigerant from the secondary heat exchange section 42 to 
the evaporator EP via the liquid piping 44 under the action of 
the gravity and circulate a gaseous phase secondary refriger 
ant from the evaporator EP to the secondary heat exchange 
section 42 via the gas piping 46. The secondary cooling 
device 40 of the first embodiment has a plurality of mutually 
dependent natural circulation circuits 48 (three in the illus 
trated example, but the quantity can be two or more) formed 
in parallel. The secondary heat exchange section 42 is dis 
posed in the machinery room 20 while the evaporator EP is 
disposed in the cooling room 28 (inside the box 12) which is 
located below the machinery room 20, and is arranged below 
the secondary heat exchange section 42 with the base plate 24 
in between. 

0065. The secondary heat exchange section 42 is provided 
with a plurality of condensation passages 50 (three in the first 
embodiment) in parallel. The evaporator EP is provided with 
a plurality of evaporation passage 52 (three in the first 
embodiment) in parallel. Although the condensation passage 
50 is expressed by a straight path from an inflow end 50a 
which is connected to the gas piping 46 to an outflow end 50b 
which is connected to the liquid piping 44, and the evapora 
tion passage 52 is expressed by a straight path from an inflow 
end 52a which is connected to the liquid piping 44 to an 
outflow end 52b which is connected to the gas piping 46 in 
FIG. 2, the condensation passage 50 may be formed mean 
dering or linearly. It is to be noted that the evaporation passage 
52 is folded to be meandering as will be described later. In the 
secondary cooling device 40, a plurality of condensation pas 
sages 50, a plurality of evaporation passages 52, a plurality of 
liquid pipings 44, and a plurality of gas pipings 46 are equal 
in number. In each natural circulation circuit 48, the liquid 
piping 44 is laid out to penetrate the base plate 24 with its 
upper end (start end) connected to the outflow end 50b of the 
condensation passage 50 in the secondary heat exchange 
section 42 while its lower end (termination end) located on 
the cooling room 28 side is connected to the inflow end 52a of 
the evaporation passage 52 in the evaporator EP. In each 
natural circulation circuit 48, the gas piping 46 is laid out to 
penetrate with its lower end (start end) located on the cooling 
room 28 side being connected to the outflow end 52b of the 
evaporation passage 52 in the evaporator EP while its upper 
end (termination end) located on the machinery room 20 side 
is connected to the inflow end 50a of the condensation pas 
sage 50 in the secondary heat exchange section 42. Reference 
numeral 54 is a refrigerant charge port provided to fill each 
natural circulation circuit 48 with the refrigerant. 
0066. In the secondary cooling device 40, a temperature 
gradient is formed in each natural circulation circuit 48 
between the secondary heat exchange section 42 which is 
forcibly cooled by heat exchange with the primary heat 
exchange section 36 and the evaporator EP, so that the circu 
lation cycle of the refrigerant in which the natural convection 
of the secondary refrigerant is carried out through the sec 
ondary heat exchange section 42, the liquid piping 44, the 
evaporator EP, and the gas piping 46, then back to the sec 
ondary heat exchange section 42 is formed. 
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0067. As shown in FIG. 3, the evaporation passage 52 
comprises a spiral fin tube type heat exchanger 55 which has 
a fin (heat transfer promotion member) 58 spirally wound 
around the periphery of an evaporation pipe 56through which 
the secondary refrigerant circulates, and is formed by folding 
the evaporation pipe 56 in a meandering form which has 
straight portions 56a and folded portions 56b (see FIG. 4). 
The interval of the adjacent straight portions 56a, 56a is set in 
such a way that the fins 58, 58 which are disposed at the 
individual straight portions 56a and 56a are set in such a size 
as not to contact each other, and the fins 58, 58 are separate 
from each other. The evaporation pipe 56 is formed so that all 
the straight portions 56a and folded portions 56b are located 
on one flat surface (hereinafter called “mount surface'), and 
the mount Surface is set to be inclined at a predetermined 
angle to the horizontal surface (see FIG. 5). The liquid piping 
44 is connected to the straight portion 56a located on the 
inclined lower end side, the gas piping 46 is connected to the 
straight portion 56a located on the inclined upper end side, 
and the inflow end 52a of the evaporation passage 52 (evapo 
ration pipe 56) is located below the outflow end 52b. As 
shown in FIG. 4, each straight portion 56a extends in the 
transverse direction crossing the flow of the air which circu 
lates through the evaporator EP (evaporation pipes 56) and is 
produced when the blower fan 30 is driven, the inclined upper 
end side of the mount surface is located upstream of the flow 
direction of air, and the inclined lower end side is located 
downstream of the flow direction of air (see FIG. 5). That is, 
a plurality of straight portions 56a which constitute the 
evaporation pipe 56 are arranged so as to shift in order toward 
the upstream side from the downstream side of the flow direc 
tion of the air which circulates through the evaporator ER 
Therefore, the liquid refrigerant (refrigerant) which has 
flowed into the evaporation pipe 56 from the liquid piping 44 
repeatedly flows into the bottom straight portion 56a on the 
downstream side of the flow direction of the air to the straight 
portions 56a located upstream sequentially via the folded 
portions 56b, and eventually flows out into the gas piping 46 
from the topmost straight portion 56a on the upstream side of 
the flow direction of air. 
0068. As shown in FIG. 5, the individual evaporation pipes 
56 are disposed in parallel in layers with the mount surfaces 
thereof being apart from one another vertically. The fins 58, 
58 of the evaporation pipes 56, 56 located one above another 
are set to be separated from one another. In the first embodi 
ment, the refrigerant inflow end 52a and the refrigerant out 
flow end 52b of each evaporation passage 52 are arranged in 
Such a positional relationship as to be aligned in the vertical 
direction. 

Function Operation of First Embodiment 
0069. Next, the function of the cooling system32 provided 
with the secondary cooling device 40 according to the first 
embodiment will be described. In the cooling system 32, 
when the cooling operation starts, circulation of the refriger 
ant in each of the primary cooling device 34 and the second 
ary cooling device 40 will start. First, the primary cooling 
device 34 will be described. The compressor CM and the 
condenser cooling fan FM are driven, so that a gaseous phase 
primary refrigerant is compressed by the compressor CM, 
primary refrigerant is supplied to the condenser CD via the 
refrigerant piping 38, and is condensed and liquefied to have 
a liquid phase by forced cooling by the condenser cooling fan 
FM. The liquid phase primary refrigerant is depressurized by 
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the expansion valve EV, takes heat (heat absorption) from the 
secondary refrigerant which circulates through the secondary 
heat exchange section 42 in the primary heat exchange sec 
tion 36 of the cascade heat exchanger HE, and is expanded 
and evaporated at once. The primary cooling device 34 func 
tions in this manner to forcibly cool the secondary heat 
exchange section 42 by the primary heat exchange section 36 
in the cascade heat exchanger HE. Then, the gaseous phase 
primary refrigerant which has been evaporated in the primary 
heat exchange section 36 repeats the forced circulation cycle 
of returning to the compressor CM through the refrigerant 
piping 38. 
0070. In the secondary cooling device 40, since the sec 
ondary heat exchange section 42 is cooled by the primary heat 
exchange section36, the gaseous phase secondary refrigerant 
radiates heat to be condensed, changing the phase from the 
gaseous phase to the liquid phase resulting in an increase in 
specific gravity, while circulating through each condensation 
passage 50 of the secondary heat exchange section 42 in each 
natural circulation circuit 48, the liquid phase secondary 
refrigerant flows down along each condensation passage 50 
of the secondary heat exchange section 42 under the action of 
gravity. In the secondary cooling device 40, the secondary 
heat exchange section 42 is disposed in the machinery room 
20, and the evaporator EP is disposed in the cooling room 28, 
located under the machinery room 20, to provide a fall 
between the secondary heat exchange section 42 and the 
evaporator ER That is, in each natural circulation circuit 48, 
the liquid phase secondary refrigerant can be made to natu 
rally flow down, under the action of gravity, towards the 
evaporator EP which comprises a collection of evaporation 
pipes 56, via the liquid piping 44 connected to the lower 
portion of the secondary heat exchange section 42. In the 
process of circulating through each evaporation passage 52 of 
the evaporator EP, the liquid phase secondary refrigerant 
takes heat from the Surrounding atmosphere of the evaporator 
EP, which comprises the collection of evaporation pipes 56, to 
be vaporized to shift the phase to the gaseous phase. The 
gaseous phase secondary refrigerant flows from the evapora 
tor EP back to the secondary heat exchange section 42 via the 
gas piping 46, and in the secondary cooling device 40, the 
cycle of natural circulation of the secondary refrigerant with 
easy structure is repeated in each natural circulation circuit 
48, without using power, Such as a pump or a motor. 
0071. The air in the storage room 14 which is sucked into 
the cooling room 28 from the suction port 26a by the blower 
fan 30 is sprayed to the cooled evaporator EP, so that the air 
which has exchanged heat with the evaporator EP which 
comprises the collection of evaporation pipes 56 becomes 
cold. Then, the cold is supplied to the storage room 14 via the 
cold outlet 26b from the cooling room 28 to cool the storage 
room 14. The cold repeats the cycle of circulating through the 
interior of the storage room 14 and returning into the cooling 
room 28 via the suction port 26a. In this case, since the 
evaporation passage 52 in each natural circulation circuit 48 
is configured in Such a way that the straight portion 56a 
connected to the liquid piping 44 is located on the most 
downstream side in the flow direction of air, and the straight 
portion 56a connected to the gas piping 46 is located on the 
most upstream side in the flow direction of air, the hot refrig 
erant exchanges heat with the hot air on the outflow end 52b 
side to be vaporized, thus promoting circulation of the sec 
ondary refrigerant, so that heat exchange in the evaporator EP 
is efficiently performed. In addition, the use of carbon dioxide 
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excellent inheat transfer performance as the secondary refrig 
erant achieves more efficient heat exchange in the evaporator 
EP which comprises the collection of evaporation pipes 56. 
That is, the heat exchanging efficiency in the evaporator EP 
can be improved by making the configuration in Such a way 
that the refrigerant flows upstream from the downstream side 
of the flow direction of the air which circulates through the 
evaporator EP, and using carbon dioxide excellent in heat 
transfer performance as the secondary refrigerant. Therefore, 
even if a small-diameter pipe with a small heat exchange area 
is used as the evaporation pipe 56 of the heat exchanger 55. 
the heat exchanging efficiency in the evaporator EP can be 
Suppressed from falling, thus achieving the compact configu 
ration of the evaporator EP which comprises the collection of 
evaporation pipes 56. Even if the piping density is reduced by 
the use of the spiral fin tube type heat exchanger 55, the 
excellent heat transfer performance of the carbon dioxide 
used as the secondary refrigerant compensates for the reduc 
tion in the heat transfer performance originated from the 
reduced piping density, thus allowing the spiral fin tube type 
heat exchanger 55 to appropriately function as the evaporator 
EP. Further, the refrigerant outflow end 52b of the evaporation 
passage 52 is located at a position higher than the inflow end 
52a, it is possible to carry out circulation of the vaporized 
secondary refrigerant promptly. 
0072 The condensation passages 50 and the evaporation 
passages 52 are connected by the liquid pipings 44 and the gas 
pipings 46 so that the individual natural circulation circuits 48 
each constitute a single circuit independent of one another 
without involving branching of passages and pipings. Since 
the individual natural circulation circuits 48 are independent 
of one another, it is possible to suppress maldistribution of the 
secondary refrigerant between the condensation passage 50. 
50, between the evaporation passage 52, 52, or between the 
condensation passage 50 and the evaporation passage 52, thus 
making is possible to match the amount of the secondary 
refrigerant which circulates through each condensation pas 
sage 50 with the amount of the secondary refrigerant which 
circulates through each evaporation passage 52. 
0073. The secondary refrigerant which circulates through 
each natural circulation circuit 48 may be maldistributed in 
either the condensation passage 50 or the evaporation passage 
52 due to an external factor, Such as a change in outside air 
temperature which acts on the secondary cooling device 40. 
However, since mutually independent thermo-Siphons are 
formed in the individual natural circulation circuits 48, bal 
ance of the secondary refrigerant is automatically adjusted in 
Such a way that the amount of the secondary refrigerant in 
each condensation passage 50 matches with the amount of the 
secondary refrigerant in each evaporation passage 52. There 
fore, maldistribution of the secondary refrigerant itself is 
unlikely to occur in each condensation passage 50 and each 
evaporation passage 52, and even if the maldistribution of the 
secondary refrigerant occurs, control is performed so that the 
amount of the secondary refrigerant which circulates through 
the condensation passage 50 matches with the amount of the 
secondary refrigerant which circulates through the evapora 
tion passage 52, thus eliminating the need for providing regu 
lation means, such as a valve, to adjust the balance of the 
secondary refrigerant, and making it possible to simplify the 
configuration of the secondary cooling device 40. In addition, 
since Smooth natural convection of the secondary refrigerant 
is carried out in the natural circulation circuit 48, the cooling 
efficiency in the evaporator EP which comprises the collec 
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tion of the evaporation pipes 56 can be improved. With the 
secondary cooling device 40 provided with the natural circu 
lation circuits 48 whose quantity corresponds to the heat 
exchange areas required for the secondary heat exchange 
section 42 and the evaporator EP, the condensation passages 
50 and the evaporation passages 52 which are needed can be 
arranged in the secondary heat exchange section 42 and the 
evaporator EP, thereby securing the heat exchange area 
needed as the whole system. 
0074. In the secondary cooling device 40, a plurality of 
condensation passages 50 and evaporation passages 52 can be 
arranged in each of the secondary heat exchange section 42 
and the evaporator ER That is, the heat exchange area 
required of one condensation passage 50 and one evaporation 
passage 52 becomes Smaller, making it possible to shorten the 
piping length of each condensation passage 50 and each 
evaporation passage 52. Accordingly, the number of mean 
ders of each condensation passage 50 and each evaporation 
passage 52, which are made to earn the required piping length 
can be lessened, and the bent portions which work as the 
circulation resistance can be reduced, making it possible to 
reduce the pressure loss of the secondary refrigerant which 
circulates through the condensation passage 50 and the 
evaporation passage 52. Since each natural circulation circuit 
48 is constituted by a single refrigerant passage without 
branching the liquid piping 44, the gas piping 46, the conden 
sation passage 50, and the evaporation passage 52, the pres 
sure loss originating from the branched portions of the pip 
ings does not occur. Further, since a head difference of the 
secondary refrigerant needed for natural convection between 
the condensation passage 50 and the evaporation passage 52 
can be made Smaller in each natural circulation circuit 48, a 
fall needed between the condensation passage 50 and the 
evaporation passage 52 becomes Smaller, it is possible to 
narrow the vertical interval between the secondary heat 
exchange section 42 and the evaporator EP, so that the sec 
ondary cooling device 40 can be made compact. Since the 
pressure loss of the secondary refrigerant is Small in each 
natural circulation circuit 48, even if a narrower diameter is 
selected for the liquid piping 44 and the gas piping 46 as 
compared with the conventional pipings, the same amount of 
the secondary refrigerant can be circulated in the circuit, 
making it possible to reduce the amount of the secondary 
refrigerant which is filled in the whole circuit. 
0075 Since it is possible to reduce the lengths and the 
cross-sectional areas of each condensation passage 50 and 
each evaporation passage 52, the secondary heat exchange 
section 42 and the evaporator EP can be made compact, 
reducing the sizes of the facilities, such as the capacity of the 
expansion tank (not shown) which eases a pressure increase 
in the natural circulation circuit 48, so that the secondary 
cooling device 40 as a whole can be made compact, achieving 
cost reduction. In addition, the thickness required to secure 
the pressure resisting performance of the liquid piping 44, the 
gas piping 46, and the evaporation pipe 56 can be reduced by 
decreasing the diameters of these piping 44, 46, and 56. That 
is, the Synergistic effect of narrowing the diameter of each 
piping 44, 46, 56 and reducing the thickness of each piping 
44, 46, 56 can further reduce the weights of the pipings, 
further reducing the cost. Downsizing of the evaporator EP 
disposed in the cooling room 28 in the storage room 14 can 
reduce installation space needed for the evaporator EP (down 
sizing of the cooling room 28), while the internal volume of 
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the storage room 14 to store goods can be increased, which 
can improve the commodity value of the refrigerator. 
0076. Here, cost reduction by narrowing the diameters of 
the liquid piping 44, the gas piping 46, and the evaporation 
pipe 56, etc. will be described specifically. For example, the 
thickness t of the piping which has pressure resisting perfor 
mance P is obtained from the following equation where O is 
allowable stress of the material and D is the outside diameter 
of piping. 

0077. A piping weight M with a length L is obtained by the 
following equation where C is the specific gravity of the 
material and D, is the inside diameter of the piping. 

M=TLC(D’-D)/ (II) 
0078 Since it is possible to express D, D-2t, substituting 

it to the equation II yields the following equation. 
M=TLC(Dt-t') (III) 

0079 Substituting the equation I to the equation III yields 
the following equation. 

M=(1-P/2(1+P))xTLCPD°/2(o+P) (IV) 
0080. The equation IV shows the weight of the piping 
which has the pressure resisting performance P. Given that 
other conditions than Dare invariable in the equation IV, the 
conditions L. L. C. P. and a can be treated as constants. 
Therefore, the piping weight (the outside diameter D of the 
piping) which has the pressure resisting performance P can be 
expressed by the following equation. 

Since inside {} in the equation V is a constant as mentioned 
above, it can be expressed as M=AD. 
0081. The piping weight MD of the piping of the outside 
diameter D which has the pressure resisting performance P is 
AD, , and the piping weight MD, of the piping of the outside 
diameter D which has the pressure resisting performance P is 
AD. Further, the ratio of the piping weight MD, and the 
piping weight MD is expressed as follows. 

0082. A description will be given with specific numbers 
given to the equation VI. In the general cooling device, the 
outside diameter of the evaporation pipe is often set to 9.52 
mm. According to the cooling device of the first embodiment, 
by way of contrast, the evaporation pipe with the outside 
diameter of 6.35 mm, which may vary according to the con 
ditions, can be used. Applying these conditions to the equa 
tion VI yields the following equation. 

MD 6.35/MD 9.52=(6.35)/(9.52)=0.44 
0083. When the evaporation pipe with the outside diam 
eter of 4.76 mm is used in the cooling device of the first 
embodiment, the following is obtained. 

0084. That is, since the weight ratio of the piping can be 
said as the ratio of the material price of the piping, it is 
apparent that according to the secondary cooling device 40 of 
first embodiment, significant cost reduction can be achieved 
by narrowing the piping as compared with the conventional 
cooling device. 
0085 Since the diameter of the piping through which the 
refrigerant circulates can be made narrower by provision of a 

Jun. 16, 2011 

plurality of natural circulation circuits 48 as mentioned 
above, enlargement of the evaporator EP can be Suppressed 
even if the spiral fintube type heat exchanger 55 which has the 
fin 58 spirally wound around the periphery of the evaporation 
pipe 56 is used as the evaporation passage 52. That is, reduc 
ing the minimum bending radius of the evaporation pipe 56 
can make the size compact and can provide a piping density 
equivalent to that of the fin and tube type heat exchanger. In 
the spiral fin tube type heat exchanger, it is unnecessary to 
perform welding of the pipings, or expansion of the pipings in 
the manufacturing process, so that the manufacturing process 
is simplified greatly, and the manufacturing cost can be Sup 
pressed low. Since the spiral fin tube type heat exchanger 55 
has the seamless structure where a U-bent portion is not 
welded to the linear piping like the fin and tube type heat 
exchanger, its reliability with respect to leakage of the circu 
lating refrigerant is improved. That is, since the diameters of 
the pipings in each natural circulation circuit 48 can be 
reduced, it is possible to use the heat exchanger 55 configured 
in such a way that the fins 58 at the adjoining linear portions 
do not contact one another as in the spiral fin tube type with 
the piping density of the evaporation pipe 56 increased to the 
level of that of the fin and tube type heat exchanger by the 
compact configuration with the reduced minimum bending 
radius of the evaporation pipe 56. 
I0086. As mentioned above, since the spiral fin tube type 
heat exchanger 55 has the configuration that does not easily 
cause clogging originating from frost formation as compared 
with the fin and tube type heat exchanger, it is possible to 
lessen the frequency of the defrosting operation to be per 
formed by defrosting means of an unillustrated defrosting 
heater or the like. This can Suppress a temperature rise in the 
storage room 14 which originates from the frequent defrost 
ing operation. In addition, since the spiral fin tube type heat 
exchangers 55 which constitute the evaporation passages 52 
in a plurality of natural circulation circuits 48 are disposed in 
parallel layers vertically separated from one another, as 
shown in FIG. 5, it is possible to make the evaporator EP flat 
to reduce the ratio of its occupation in the cooling room 28, 
achieving space reduction. Since the fins 58, 58 of the heat 
exchangers 55 and 55 arranged in layers vertically are also 
separated from one another, and clogging originating from 
frost formation does not easily occur between the heat 
exchangers 55 and 55. 
I0087. The cooling system 32 has the primary cooling 
device 34 and the secondary cooling device 40 connected by 
the cascade heat exchanger HE, and the primary refrigerant of 
the primary cooling device 34 and the secondary refrigerant 
of the secondary cooling device 40 perform heat exchange 
under evaporation and condensation actions in the cascade 
heat exchanger HE. That is, since it has a very high heat 
transfer coefficient as compared with heat exchange only with 
sensible heat, the heat transfer area between the primary 
cooling device 34 and the secondary cooling device 40 can be 
made Smaller. Both the primary refrigerant and the secondary 
refrigerant transfer heatbased on latent heat, they can transfer 
a large amount of heat in a comparatively small amount of 
them, so that it is possible to reduce the heat capacity of the 
primary cooling device 34 and the secondary cooling device 
40, without reducing the heat exchanging quantity in the 
cascade heat exchanger HE. Therefore, the amount of the 
primary refrigerants of the primary cooling device 34 and the 
amount of the secondary refrigerants of the secondary cool 
ing device 40 can both be reduced, making it possible to 
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reduce the cost and reduce the space for the cooling system32 
due to the compact design of the primary cooling device 34 
and the secondary cooling device 40. 
0088 Since there is a small amount of the primary refrig 
erant needed for the primary cooling device 34, the amount of 
the primary refrigerant can be set equal to or less than the 
upper limit specified by the law or the like, widening the range 
of options for the types of refrigerants to be used as the 
primary refrigerant. Further, the machinery room 20 is set as 
open space so that air can be changed for the sake of conve 
nience of cooling the condenser CD and the compressor CM 
with air. Since the primary cooling device 34 is disposed in 
Such a machinery room 20, even if the primary refrigerant 
should leak out, there is no possibility that it would stay at the 
machinery room 20. Since the machinery room 20 is parti 
tioned in airtight from the storage room 14 which is closed 
space by the base plate 24, a leaked primary refrigerant does 
not flow into the storage room 14, and corrosive gas, such as 
ammonia or hydrogen sulfide, originating from goods stored 
in the storage room 14 does not flow into the machinery room 
20. In addition, it is possible to choose carbon dioxide excel 
lent in Safety as the secondary refrigerant by constituting the 
cooling system 32 by a secondary loop type refrigeration 
circuit including the primary cooling device 34 and the sec 
ondary cooling device 40. That is, although the evaporator EP 
faces the storage room 14 (cooling room 28) in the secondary 
cooling device 40, even if the secondary refrigerant leaks out 
to the storage room 14, for example, safety of a user can be 
secured. 

0089. The primary cooling device 34 and the secondary 
cooling device 40 are independent of each other as refrigerant 
circulating passages, although they are thermally connected 
by the primary heat exchange section 36 and the secondary 
heat exchange section 42 of the cascade heat exchanger HE. 
When the cooling system 32 is stopped (compressor CM: 
stopped), a hot liquid phase primary refrigerant flows into the 
primary cooling device 34 from condenser CD at the primary 
heat exchange section 36. As a result, the temperature of the 
cascade heat exchanger HE increases, but the temperature of 
the evaporator EP does not rise since the secondary cooling 
device 40 is independent, so that a rise in temperature in the 
storage room 14 at the time of stopping the cooling system 32 
is moderate. That is, by cooling the storage room 14 to the 
necessary preset temperature with the cooling system32, the 
time from stopping the cooling system 32 to reactivation of 
the cooling system32 can be lengthened. Therefore, the oper 
ating ratio of the cooling system 32 is lowered, leading to 
reduction of the amount of consumed power. 
0090 The adaptation of the secondary cooling device 40 
of the first embodiment to the cooling system 32 which com 
prises the secondary loop type refrigeration circuit makes it 
possible to design the cooling system 32 at a size and cost 
equivalent to those of the conventional cooling system that 
uses chlorofluorocarbon, and overcomes the shortcomings of 
the mechanical compression type refrigeration circuit using 
chlorofluorocarbon Such that it has a large size and need a 
large installation space, gaining the competitive strength in 
the market. That is, the secondary cooling device 40 accord 
ing to the first embodiment holds an effective technical posi 
tion in promoting the spread of the chlorofluorocarbon-free 
technology by the secondary loop type refrigeration circuit 
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based on the secondary loop type refrigeration circuit which 
is considered important from the viewpoint of global warm 
ing prevention. 

Second Embodiment 

0091 FIG. 6 is a schematic circuit diagram showing the 
cooling system 32 provided with the secondary cooling 
device (cooling device) 60 according to the second embodi 
ment as the secondary circuit. The cooling system 32 of the 
second embodiment is installed in the refrigerator 10 
described in the description of the first embodiment. 
0092. As shown in FIG. 6, the secondary loop refrigeration 
circuit in which the primary cooling device (circuit on the 
primary side) 34 of the machine compression type that forc 
ibly circulates the refrigerant and a secondary cooling device 
(cooling device) 60 that comprises a thermo-Siphon which 
carries out natural convection of the refrigerant are thermally 
connected (cascade-connected) in Such a way as to exchange 
heat via a cascade heat exchanger HE is adopted for the 
cooling system 32. Since the configuration of the primary 
cooling device 34 is the same as that of the first embodiment, 
the detailed description is omitted and same reference numer 
als are given to same or like components. With regard to the 
secondary cooling device 60, same reference numerals are 
given to those components which are identical or similar to 
the components of the first embodiment. 
0093. The secondary cooling device 60 includes the sec 
ondary heat exchange section 42 of the cascade heat 
exchanger HE which liquefies the gaseous phase secondary 
refrigerant (evaporated refrigerant), and the evaporator EP 
which evaporates the liquid phase secondary refrigerant (liq 
uefied refrigerant), and the secondary heat exchange section 
42 and the evaporator EP correspond to each other by 1 to 1 
relation (see FIG. 6). The secondary cooling device 60 has a 
liquid piping 44 and a gas piping 46 which connect the sec 
ondary heat exchange section 42 and the evaporator EP, and is 
provided with natural circulation circuits 62 which supply a 
liquid phase secondary refrigerant from the secondary heat 
exchange section 42 to the evaporator EP via the liquid piping 
44 under the action of the gravity and circulate a gaseous 
phase secondary refrigerant from the evaporator EP to the 
secondary heat exchange section 42 via the gas piping 46. The 
secondary heat exchange section 42 is disposed in the 
machinery room 20 while the evaporator EP is disposed in the 
cooling room 28 (inside the box 12) which is located below 
the machinery room 20, and is arranged below the secondary 
heat exchange section 42 with the base plate 24 in between. 
Reference numeral 54 is a refrigerant charge port provided to 
fill each natural circulation circuit 62 with the refrigerant, and 
since the secondary cooling device 60 of the second embodi 
ment has a single natural circulation circuit 62, one set of 
facilities including the refrigerant charge port 54, and a safety 
valve and an expansion tank (neither illustrated) is sufficient. 
0094. The secondary heat exchange section 42 is provided 
with a plurality of condensation passages 50 (three in the 
second embodiment; C, B, Y. . . . affixed to the numeral 50 
when specifically distinguished) in parallel. The evaporator 
EP is provided with a plurality of evaporation passage 52 
(three in the second embodiment: C, B, Y. . . . affixed to the 
numeral 52 when specifically distinguished) in parallel. 
Although the condensation passage 50 is expressed by a 
straightpath from an inflow end50a which is connected to the 
gas piping 46 to an outflow end 50b which is connected to the 
liquid piping 44, and the evaporation passage 52 is expressed 
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by a straight path from an inflow end 52a which is connected 
to the liquid piping 44 to an outflow end 52b which is con 
nected to the gas piping 46 in FIG. 6, the condensation pas 
sage 47 (sic) may be formed meandering or linearly. 
0095. In the secondary cooling device 60, a plurality of 
condensation passages 50, a plurality of evaporation passages 
52, a plurality of liquid pipings 44 (C, B, Y. . . . affixed to the 
numeral 44 when specifically distinguished), and a plurality 
of gas pipings 46 (O. B. Y. . . . affixed to the numeral 46 when 
specifically distinguished) are set equal in number. The liquid 
piping 44 is laid out to penetrate the base plate 24 with its 
upper end (start end) connected to the outflow end 50b of the 
condensation passage 50 in the secondary heat exchange 
section 42 while its lower end (termination end) located on 
the cooling room 28 side is connected to the inflow end 52a of 
the evaporation passage 52 in the evaporator EP. The gas 
piping 46 is laid out to penetrate with its lower end (start end) 
located on the cooling room 28 side being connected to the 
outflow end 52b of the evaporation passage 52 in the evapo 
rator EP while its upper end (termination end) located on the 
machinery room 20 side is connected to the inflow end 50a of 
the condensation passage 50 in the secondary heat exchange 
section 42. 
0096. The secondary cooling device 60 is configured in 
Such a way that the liquid piping 44 connected to the outflow 
end 50b of the condensation passage 50 is connected to one of 
the plurality of evaporation passages 52 that is different from 
the evaporation passage 52 which is connected with the gas 
piping 46 coupled to the inflow end 50a of the condensation 
passage 50. In the secondary cooling device 60, the gas piping 
46 connected to the outflow end 52b of the evaporation pas 
sage 52 is connected to one of the plurality of condensation 
passages 50 that is different from the condensation passage 50 
which is connected with the liquid piping 44 coupled to the 
inflow end 52a of the evaporation passage 52, so that one 
natural circulation circuit 62 as a whole is constituted by a 
plurality of condensation passages 50, a plurality of evapora 
tion passages 52, a plurality of liquid pipings 44, and a plu 
rality of gas pipings 46. A temperature gradient is formed 
between the secondary heat exchange section 42 and the 
evaporator EP which are cooled through heat exchange with 
the primary heat exchange section 36 which is forcibly cooled 
in the secondary cooling device 60, forming a circulation 
cycle in which the refrigerant is naturally convected through 
the secondary heat exchange section 42, the liquid piping 44. 
the evaporator EP, and the gas piping 46, and returns to the 
secondary heat exchange section 42. 
0097. The natural circulation circuit 62 formed in the sec 
ondary cooling device 60 will be described more specifically 
with reference to FIG. 6. In the secondary cooling device 60 
of the second embodiment, the three condensation passages 
50Cr, 50B, and 50Y are provided in the secondary heat 
exchange section 42 as the refrigerant passages, and the three 
evaporation passages 52Cr, 5B, and 52y are provided in the 
evaporator EP as the refrigerant passages. The start end of the 
first liquid piping 44C. is connected to the outflow end 50b of 
the first condensation passage 50C., the termination end of the 
first liquid piping 44.C. is connected to the inflow end 52a of 
the first evaporation passage 52a, and the secondary liquefied 
refrigerantis Supplied to the first evaporation passage 52C. via 
the first liquid piping 44C. from the first condensation passage 
50C. The start end of the first gas piping 46C. is connected to 
the outflow end 52b of the first evaporation passage 52C, the 
termination end of the first gas piping 46C. is connected to the 
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inflow end 50a of the second condensation passage 50B, and 
the secondary evaporated refrigerant is returned to the second 
condensation passage 50B via the first gas piping 46C. from 
the first evaporation passage 52C. The start end of the second 
liquid piping 44B is connected to the outflow end 50b of the 
second: condensation passage 50B, the termination end of the 
second liquid piping 44 B is connected to the inflow end 52a of 
the second evaporation passage 52B, and the secondary liq 
uefied refrigerant is Supplied to the second evaporation pas 
sage 523 via the second liquid piping 44(3 from the second 
condensation passage 50B. The start end of the second gas 
piping 46fi is connected to the outflow end 52b of the second 
evaporation passage 5213, the termination end of the second 
gas piping 46fi is connected to the inflow end 50a of the third 
condensation passage 50Y, and the secondary evaporated 
refrigerant is returned to the third condensation passage 50y 
via the second gas piping 46B from the second evaporation 
passage 523. The start end of the third liquid piping 44y is 
connected to the outflow end 50b of the third condensation 
passage 50y, the termination end of the third liquid piping 44Y 
is connected to the inflow end 52a of the third evaporation 
passage 52y, and the secondary liquefied refrigerant is Sup 
plied to the third evaporation passage 52y via the third liquid 
piping 44Y from the third condensation passage 50y. The start 
end of the third gas piping 46 y is connected to the outflow end 
52b of the third evaporation passage 52y, the termination end 
of the third gas piping 46y is connected to the inflow end 50a 
of the first condensation passage 50C, and the secondary 
evaporated refrigerant is returned to the first condensation 
passage 50C. via the third gas piping 46 y from the third evapo 
ration passage 52y, so that the secondary refrigerant makes 
one circulation in the natural circulation circuit 62. 
0098. Each evaporation passage 52 in the secondary cool 
ing device 60 of the second embodiment comprises the spiral 
fin tube type heat exchanger 55 shown in FIGS. 3 to 5 as per 
the first embodiment. 

Operation of Second Embodiment 
0099 Next, the function of the cooling system32 provided 
with the secondary cooling device 60 according to the second 
embodiment will be described. In the cooling system 32, 
when the cooling operation starts, the circulation of the refrig 
erant starts in each of the primary cooling device 34 and the 
secondary cooling device 60. Since the function of the pri 
mary cooling device 34 is described in this specification, 
paragraph 0029, its description is omitted. 
0100. In the secondary cooling device 60, since the sec 
ondary heat exchange section 42 is cooled by the primary heat 
exchange section36, the gaseous phase secondary refrigerant 
radiates heat to be condensed, changing the phase from the 
gaseous phase to the liquid phase, while circulating through 
each condensation passage 50 of the secondary heat exchange 
section 42, the liquid phase secondary refrigerant flows down 
along each condensation passage 50 of the secondary heat 
exchange section 42 under the action of gravity. In the sec 
ondary cooling device 60, the secondary heat exchange sec 
tion 42 is disposed in the machinery room 20, and the evapo 
rator EP is disposed in the cooling room 28, located under the 
machinery room 20, to provide a fall between the secondary 
heat exchange section 42 and the evaporator EP. That is, the 
liquid phase secondary refrigerant can be made to naturally 
flow down, under the action of gravity, towards the evaporator 
EP which comprises the collection of evaporation pipes 56, 
via the liquid piping 44 connected to the lower portion of the 
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secondary heat exchange section 42. In the process of circu 
lating through each evaporation passage 52 of the evaporator 
EP, the liquid phase secondary refrigerant takes heat from the 
Surrounding atmosphere of the evaporator EP, which com 
prises a collection of evaporation pipes 56, to be vaporized to 
shift the phase to the gaseous phase. The gaseous phase sec 
ondary refrigerant flows from the evaporator EP back to the 
secondary heat exchange section 42 via the gas piping 46, and 
in the secondary cooling device 60, the cycle of natural cir 
culation of the secondary refrigerant with easy structure is 
repeated without using power, Such as a pump or a motor. 
0101. In the natural circulation circuits 62 formed in the 
secondary cooling device 60, a plurality of condensation pas 
sages 50 and a plurality of evaporation passages 52 equal in 
number to the condensation passages 50 are connected to 
form a single thermo-Siphon which causes the secondary 
refrigerant to alternately circulate through one condensation 
passage 50 and one evaporation passage 52. That is, accord 
ing to the natural circulation circuits 62, a plurality of con 
densation passages 50 and a plurality of evaporation passages 
52 can be provided in a single circuit without branching the 
liquid piping 44, the gas piping 46, the condensation passage 
50 and the evaporation passage 52. Since the natural circula 
tion circuit 62 is thus formed by a single refrigerant passage as 
a whole, it is possible to suppress maldistribution of the 
secondary refrigerant between the condensation passages 50. 
50, between the evaporation passages 52, 52, or between the 
condensation passage 50 and the evaporation passage 52, thus 
making it possible to match the amount of the secondary 
refrigerant which circulates through each condensation pas 
sage 50 with the amount of the secondary refrigerant which 
circulates through each evaporation passage 52. 
0102 The secondary refrigerant which circulates through 
each natural circulation circuit 62 may be maldistributed in 
either the condensation passage 50 or the evaporation passage 
52 due to an external factor, Such as a change in outside air 
temperature which acts on the secondary cooling device 60. 
However, since the natural circulation circuit 62 is formed by 
a single thermo-Siphon, balance of the secondary refrigerant 
is automatically adjusted in Such away that the amount of the 
secondary refrigerant in each condensation passage 50 
matches with the amount of the secondary refrigerant in each 
evaporation passage 52. Therefore, maldistribution of the 
secondary refrigerant itself is unlikely to occur in each con 
densation passage 50 and each evaporation passage 52, and 
even if the maldistribution of the secondary refrigerant 
occurs, control is performed so that the amount of the sec 
ondary refrigerant which circulates through the condensation 
passage 50 matches with the amount of the secondary refrig 
erant which circulates through the evaporation passage 52, 
thus eliminating the need for providing regulation means, 
Such as a valve, to adjust the balance of the secondary refrig 
erant, and making it possible to simplify the configuration of 
the secondary cooling device 60. In addition, since Smooth 
natural convection of the secondary refrigerant is carried out 
in the natural circulation circuit 62, the cooling efficiency in 
the evaporator EP can be improved. It is therefore possible to 
provide a plurality of condensation passages 50 and a plural 
ity of evaporation passages 52 in the secondary heat exchange 
section 42 and the evaporator EP, so that the heat exchange 
areas can be obtained without bending or branching the con 
densation passage 50 and the evaporation passage 52. 
0103) In the secondary cooling device 60, a plurality of 
condensation passages 50 and a plurality of evaporation pas 
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sages 52 can be arranged in each of the cascade heat 
exchanger HE and the evaporator ER That is, the heat 
exchange area required of one condensation passage 50 and 
one evaporation passage 52 becomes Smaller, making it pos 
sible to shorten the piping length of each condensation pas 
sage 50 and each evaporation passage 52. Accordingly, the 
number of meanders of each condensation passage 50 and 
each evaporation passage 52, which are made to earn the 
required piping length can be lessened, and the bent portions 
which work as the circulation resistance can be reduced, 
making it possible to reduce the pressure loss of the secondary 
refrigerant which circulates through the condensation pas 
sage 50 and the evaporation passage 52. Since the secondary 
cooling device 60 is configured in Such away that the natural 
circulation circuit 62 is formed by a single refrigerant passage 
as a whole without branching the liquid piping 44, the gas 
piping 46, the condensation passage 50, and the evaporation 
passage 52, the pressure loss originating from the branched 
portions of the pipings does not occur. Further, since a head 
difference of the secondary refrigerant needed for natural 
convection between the condensation passage 50 and the 
evaporation passage 52 can be made Smaller in each natural 
circulation circuit 62, a fall needed between the condensation 
passage 50 and the evaporation passage 52 becomes Smaller, 
it is possible to narrow the vertical interval between the sec 
ondary heat exchange section 42 and the evaporator EP. So 
that the secondary cooling device 60 can be made compact. 
Since the pressure loss of the secondary refrigerant is Small in 
the natural circulation circuit 62, even if a pipe with a nar 
rower diameter is selected for the liquid piping 44 and the gas 
piping 46 as compared with the conventional pipings, the 
same amount of the secondary refrigerant can be circulated in 
the circuit, making it possible to reduce the amount of the 
secondary refrigerant which is filled in the whole circuit. 
0104 Since it is possible to reduce the lengths and the 
cross-sectional areas of each condensation passage 50 and 
each evaporation passage 52, the secondary heat exchange 
section 42 and the evaporator EP can be made compact, 
reducing the sizes of the facilities, such as the capacity of the 
expansion tank (not shown) which eases a pressure increase 
in the natural circulation circuit 62, so that the secondary 
cooling device 60 as a whole can be made compact, achieving 
cost reduction. In addition, the thickness required to secure 
the pressure resisting performance of the liquid piping 44, the 
gas piping 46, and the evaporation pipe 56 can be reduced by 
decreasing the diameters of these piping 44, 46, and 56. That 
is, the Synergistic effect of narrowing the diameter of each 
piping 44, 46, 56 and reducing the thickness of each piping 
44, 46,56, can further reduce the weights of the pipings, and 
further reduce the cost. Further, even the cooling system 32 
according to the second embodiment demonstrates the func 
tional effects described in this specification, paragraphs 
0033 and 0038 to 0045. 
0105 Since the secondary cooling device 60 of the second 
embodiment comprises the single natural circulation circuit 
62, it is sufficient to provide a single facility such as the 
refrigerant charge port 54 and a safety valve and an expansion 
tank (neither illustrated) which prevent an excessive increase 
in pressure. That is, as compared with the configuration of 
having a plurality of independent natural circulation circuits 
48 as in the secondary cooling device 40 of the first embodi 
ment, the facility becomes compact while maintaining the 
merits of the first embodiment of preventing drifting of the 
secondary refrigerant and narrowing the pipe diameter, mak 
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ing it possible to reduce the cost. Since the work of filling the 
refrigerant in the manufacturing process and maintenance has 
only to be carried out for the single natural circulation circuit 
62 according to the secondary cooling device 60 of the second 
embodiment, the workability and maintenance work can be 
improved. 

Modifications 

0106 The invention is not limited to the configurations of 
the individual embodiments described above, and may 
employ other configurations as needed. 
1. Although the descriptions of the embodiments have been 
given of the case where the refrigerant inflow ends and refrig 
erant outflow ends of a plurality of evaporation passages are 
arranged in a positional relation to be aligned vertically, the 
refrigerant inflow ends 52a and the refrigerant outflow ends 
52b may be arranged to be biased in the flow direction of air, 
as shown in FIG. 7. 
2. Although the descriptions of the embodiments have been 
given of the case where the evaporation pipe of the spiral fin 
tube type heat exchanger is arranged in a meandering manner 
on the same flat Surface (mount Surface), the straight portions 
and the folded portions may not be arranged on the same flat 
surface. For example, as shown in FIG. 19, each evaporation 
pipe 56 is arranged in a meandering manner on a step-like flat 
surface, so that the evaporation pipes 56 are formed in a 
step-like pattern as a whole in the flow direction of the air 
which circulates through the group of evaporation pipes. 
More specifically, the evaporation pipe 56 includes an upper 
step portion 56A which is formed by folding the evaporation 
pipe 56 in a meandering manner on the flat Surface set on the 
upstream side of the flow direction of the air which circulates 
through the group of evaporation pipes, a lower step portion 
56B which is formed by folding the evaporation pipe 56 in a 
meandering manner on the flat surface set to a position lower 
by one step than the upper step portion 56A on the down 
stream side, and a stepped portion 56C which connects the 
downstream end of the upper step portion 56A in the flow 
direction of the air to the upstream end of the lower step 
portion 56B in the flow direction of the air. The upstream end 
of the lower step portion 56B extends upstream and from the 
downstream end of the upper step portion 56A, so that the 
evaporation pipe 56 is formed in a Z shape as a whole. Those 
evaporation pipes 56 formed in a step-like pattern are 
arranged in layers in Such a way that the individual steps are 
apart from one another vertically. Namely, the upper step 
portion 56A of the evaporation pipe 56 located on the upper 
side and the upper step portion 56A of the evaporation pipe 56 
located on the lower side are arranged in layers, apart from 
each other vertically, and the lower step portion 56B of the 
evaporation pipe 56 located on the upper side and the lower 
step portion 56B of the evaporation pipe 56 located on the 
lower side are arranged in layers, apart from each other ver 
tically. 
0107 The formation of each evaporation pipe 56 in a 
step-like pattern (Z-shape pattern) with the stepped portion 
56C so arranged to have the straight portions 56a and 56a 
overlying each other can make the heat exchange length of 
each evaporation pipe 56 longer than that in the case where 
the evaporation pipe is folded in a meandering manner on one 
flat surface of the same length in the flow direction of air 
circulating through the group of evaporation pipes. That is, 
the evaporator EP of the same capability can be constituted by 
fewer evaporation pipes 56, thus making it possible to reduce 
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the number of parts and the number of assembling steps to 
reduce the manufacturing cost. In addition, each evaporation 
pipe 56 is formed in a step-like pattern to rise upward from the 
inflow end 52a of the evaporation passage 52 toward the 
outflow end 52b, and the straight portions 56a which form the 
upper step portion 56A and the lower step portion 56B are 
formed in such a way as to be biased upward toward the 
refrigerant outflow end 52b from the refrigerant inflow end 
52a in order (the flat surface on which the upper step portion 
56A and the lower step portion 56B are formed serve as an 
inclined surface inclined upward toward the outflow end 52b 
from the inflow end 52a), so that the refrigerant which is 
evaporated in the evaporation pipe 56 is circulated promptly. 
0108. Although space where the evaporation pipe 56 does 
not exist is formed under the upper step portion 56A of the 
evaporation pipe 56 located on the lower side in the modifi 
cation shown in FIG. 19, the space portion is where there is 
little circulation of air, sucked into the cooling room 28 by the 
blower fan 30, when the evaporator EP is disposed in the 
cooling room 28 as shown in FIG.1. That is, even if space is 
produced by the formation of the evaporation pipe 56 in a 
step-like pattern, heat exchange with air which flows through 
the cooling room 28 does not fall significantly. The number of 
stages of the evaporation pipe 56 is not limited to two, but may 
be three or more, and the stepped portion 56C which connects 
the upper step portion 56A and the lower step portion 56B 
should just be formed so that at least parts of the straight 
portions 56a and 56a have such a relation as to overlie each 
other vertically. 
3. Although the descriptions of the embodiments have been 
given of the case where the evaporation pipe of the spiral fin 
tube type heat exchanger is arranged in a meandering manner 
on the same flat Surface (mount Surface), the configuration 
where the straight portion and the folded portion are not 
arranged on the same flat Surface may be employed. For 
example, the heat exchanger may be configured by arranging 
the evaporation pipe on the step-like (e.g., crank-shaped) flat 
Surface in a meandering manner, and the individual stages of 
each heat exchanger are arranged in layers, apart from one 
another vertically. Even with the configuration where the 
evaporation pipe is not disposed on the same flat surface, it is 
preferable to arrange the evaporation pipe in Such a way that 
the linear portion is biased upward toward the refrigerant 
outflow end side from the refrigerant inflow end side. 
4. Although the descriptions of the embodiments have been 
given of the case where the spiral fintube type heat exchanger 
having the fin spirally wound around the periphery of the 
evaporation pipe is used, this configuration is not restrictive, 
and configurations shown in FIGS. 8 to 16, for example, can 
be adopted. 
0109 FIG. 8 shows the configuration where the axial 
(lengthwise direction of the evaporation pipe 56) thickness of 
a protruding heat transfer promotion member 74 spirally 
wound around the periphery of the evaporation pipe 56 is 
increased and the spiral pitch of the heat transfer promotion 
member 74 is set narrower. 
0110 FIG. 9 shows the configuration where the axial 
thickness of the heat transfer promotion member 74 is set 
smaller than that of the modification in FIG. 8, and the spiral 
pitch of the heat transfer promotion member 74 is set wider. 
0111 FIG. 10 shows the configuration where multiple 
spine fins (heat transfer promotion members) 76 are protru 
sively provided on the periphery of the evaporation pipe 56 
spirally (so-called spine fine tube). 
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0112 FIG. 11 shows the configuration where multiple 
protruding heat transfer promotion members 78 are protru 
sively provided on the periphery of the evaporation pipe 56 
spirally. The spiral pitch of the heat transfer promotion mem 
bers 78 according to the modification in FIG. 11, the axial 
thickness thereof, etc. can be set arbitrarily. 
0113 FIG. 12 shows a plurality of plate-like heat transfer 
promotion members 80 arranged in parallel apart from one 
another in the lengthwise direction of the evaporation pipe 56. 
The shape of the heat transfer promotion member 80 shown in 
the modification in FIG. 12 may be a circle in FIG. 12(a), a 
quadrangle in FIG. 12(b), an octagon in FIG. 12(c), and a 
polygon that has projections in the up, down, right and left 
directions to form a cross as a whole in FIG. 12(d), and may 
take other various shapes. 
0114 FIG. 13 shows plate-like heat transfer promotion 
members 82 arranged in parallel apart from one another in the 
lengthwise direction of the evaporation pipe 56 in such a way 
as to commonly contact a plurality of evaporation pipes 56 
(two or more and less than the total number of the evaporation 
tubes). The shape of the heat transfer promotion member 82 
shown in the modifications in FIG. 13 may be a quadrangle in 
FIG. 13(a), an oval in FIG. 13(b), and a polygon that has 
projections at the left and right end portions of a rectangular 
plate in FIG. 13(c), and may take other various shapes. 
0115 FIG. 14 shows a plurality of annular heat transfer 
promotion members 84 arranged in parallel apart from one 
another in the lengthwise direction of the evaporation pipe 56, 
with increased axial thickness and wider axial separation 
intervals. The shape of the heat transfer promotion member 
84 shown in the modifications in FIG. 14 may be a circle in 
FIG. 14(a), a quadrangle in FIG. 14(b), and an octagon in 
FIG. 14(c), and may take other various shapes. 
0116 FIG. 15 shows that a plurality of heat transfer pro 
motion members 86 having a plurality of projections 86a 
protrusively provided on the periphery of the evaporation 
pipe 56 are arranged in parallel apart from one another in the 
lengthwise direction thereof. The axial separation distance of 
the heat transfer promotion members 86 according to the 
modification in FIG. 15, the axial thickness thereof, etc. can 
be set arbitrarily. With regard to the shape of each projection 
86a, the heat transfer promotion member 86 which comprises 
a plurality of projections 86a may have a general shape which 
is the same as the outer shapes of the heat transfer promotion 
members 84 of the modifications shown in FIG. 14(b), FIG. 
14(c), etc. 
0117 FIG.16 shows the axial thickness of a heat transfer 
promotion member 88 made larger, and the spiral pitch of the 
heat transfer promotion member 88 set narrower compared 
with the modifications in FIG. 14. With regard to the shape of 
the heat transfer promotion member 88 in the modification in 
FIG.16, various shapes can be adopted as in the modifications 
in FIG. 14. Each heat transfer promotion member 88 may 
comprise a plurality of projections as in the modification in 
FIG. 15. 

5. Although the descriptions of the embodiments have been 
given of the case where the spiral fin tube type heat exchanger 
having the fin spirally wound around the periphery of the 
evaporation pipe is used, a heat exchange which comprises 
only an evaporation pipe (pipe body) which is not provided 
with various kinds of heat transfer promotion members can be 
adopted since efficient heat exchange in the evaporator is 
achieved by the arrangement of the evaporation pipe with 
respect to the flow of air circulating through the evaporation 
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pipe and the use of carbon dioxide excellent in heat transfer 
performance as the secondary refrigerant. The use of the heat 
exchange which comprises only an evaporation pipe (pipe 
body) can make the separation intervals between a plurality of 
heat exchangers narrower, so that the evaporator can be made 
more compact. 
0118. As the evaporation pipe which is not provided with 
aheat transfer promotion member, the configurations in FIG. 
17 and FIG. 18, for example, can be employed. 
0119 FIG. 17 shows the evaporation pipe 56 whose cross 
sectional shape is set to a polygonal shape to increase the 
Surface area, and it is possible to take an octagonal shape in 
FIG. 17(a), a cross shape in FIG. 17(b), and other various 
shapes. 
I0120 FIG. 18 shows grooves formed in the top surface of 
the evaporation pipe 56 to promote heat transfer, and it is 
possible to take a structure where a series of grooves 90 are 
formed on the circumference separated in the axial direction 
as shown in FIGS. 18(a) and 18(b), and a structure where 
multiple grooves 92 which are not sequential are formed 
separated in the circumferential direction and the axial direc 
tion as shown in FIGS. 18(c) to 18(e). Note that the shapes of 
the grooves of the modifications shown in FIG. 18 are not 
limited to the illustrated shapes, and arbitrary shapes can be 
taken. 
6. As the primary cooling device of the cooling system, a 
refrigeration circuit of an absorption type or refrigeration 
circuits of other types can also be used. The cooling device 
according to the invention may be of an air cooling type which 
cools the heat exchange section with air Supplied by a fan or 
the like. 
7. The cascade heat exchanger may have the primary heat 
exchange section and the secondary heat exchange section 
formed as separate sections, or may be a heat exchanger of 
another type. 
8. The expansion valve is used in the embodiments as means 
of depressurizing the liquefied refrigerant in the primary 
cooling device, which is not restrictive, and a capillary tube or 
other depressurizing means can be used. 
9. The description of the embodiment has been given of the 
example where the cooling device according to the invention 
is used on the secondary side of the cooling system which has 
a secondary loop type refrigeration circuit. Since the cooling 
device according to the invention can overcome the short 
comings of the cooling system that is provided with a sec 
ondary loop type refrigeration circuit as described above, the 
adaptation of the cooling device according to the invention to 
the secondary loop type refrigeration circuit is very useful. 
However, the adaptation of the cooling device according to 
the invention is not limited to the secondary loop type refrig 
eration circuit, and the cooling device can be used singularly 
as a cooling device. 
10. The cooling device of the invention can be applied to an air 
conditioner or the like in addition to so-called storehouses, 
Such as a freezer, a freezing refrigerator, a showcase, and a 
prefabricated storehouse. 

1. A cooling device comprising a heat exchange section 
(42) which condenses an evaporated refrigerant circulating 
through a condensation passage (50) into a liquefied refrig 
erant, a tubular evaporation pipe (56) disposed under the heat 
exchange section (42) to evaporate a liquefied refrigerant 
circulating through an internal evaporation passage (52) into 
an evaporated refrigerant, and a natural circulation circuit 
(48) which causes the liquefied refrigerant to flow downto the 
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evaporation passage (52) from the condensation passage (50) 
of the heat exchange section (42) via a liquid piping (44), and 
causes the evaporated refrigerant to flow to the condensation 
passage (50) of the heat exchange section (42) from the 
evaporation passage (52) via a gas piping (46), 

wherein the cooling device comprises: 
a plurality of mutually-independent natural circulation cir 

cuits (48) and an evaporator (EP) comprising a set of 
evaporation pipes (56) of the plurality of natural circu 
lation circuits (48), carbon dioxide being used as a 
refrigerant which circulates through each natural circu 
lation circuit (48), and 

wherein 
the each evaporation pipe (56) is formed bent in a mean 

dering manner in Such a way that a straight portion (56a) 
extends in a transverse direction intersecting a flow 
direction of air which circulates the evaporation pipes 
(56), 

the liquid piping (44) is connected to a part of the evapo 
ration pipe (56) which is downstream of the flow direc 
tion of air, and the gas piping (46) is connected to a part 
of the evaporation pipe (56) which is upstream of the 
flow direction of air, and 

the plurality of evaporation pipes (56) are disposed in lay 
ers apart from one another in up and down relation. 

2. A cooling device comprising a heat exchange section 
(42) which condenses an evaporated refrigerant circulating 
through a condensation passage (50) into a liquefied refrig 
erant, and a tubular evaporation pipe (56) disposed under the 
heat exchange section 02) to evaporate a liquefied refrigerant 
circulating through an evaporation passage (52) into an 
evaporated refrigerant, and a natural circulation circuit (62) 
which causes the liquefied refrigerant to flow down to the 
evaporation passage (52) from the condensation passage (50) 
of the heat exchange section (42) via a liquid piping (44), and 
causes the evaporated refrigerant to flow to the condensation 
passage (50) of the heat exchange section (42) from the 
evaporation passage (52) via a gas piping (46), 

wherein: 
the natural circulation circuit (62) includes an evaporator 

(EP) comprising a set of a plurality of evaporation pipes 
(56) and condensation passages (50) equal in number to 
the plurality of evaporation pipes (56), and carbon diox 
ide is used as a refrigerant which circulates through the 
natural circulation circuit (62), 

a liquid piping (44) connecting to an outflow end (50b) of 
the condensation passage (50) is connected to one of the 
plurality of evaporation pipes (56) that is different from 
the evaporation pipe (56) to which a gas piping (46) 
coupled to an inflow end (50a) of the condensation pas 
Sage (50) is connected, and a gas piping (46) which 
connects to an outflow end (52b) of the evaporation pipe 
(56) is connected to one of the plurality of condensation 
passages (50) that is different from the condensation 
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passage (50) to which a liquid piping (44) coupled to an 
inflow end (52a) of the evaporation pipe (56) is con 
nected, thereby constructing a single natural circulation 
circuit (62) as a whole, 

the each evaporation pipe (56) is formed bent in a mean 
dering manner in Such away that a straight portion (56a) 
extends in a transverse direction intersecting a flow 
direction of air which circulates the evaporation pipes 
(56), 

the liquid piping (44) is connected to a part of the evapo 
ration pipe (56) which is downstream of the flow direc 
tion of air, and the gas piping (46) is connected to a part 
of the evaporation pipe (56) which is upstream of the 
flow direction of air, and 

the plurality of evaporation pipes (56) are disposed in lay 
ers apart from one another in an up and down relation. 

3. The cooling device according to claim 1, wherein: 
an inflow end (52a) to which the liquid piping (44) of the 

evaporation passage (52) connects is located at a posi 
tion lower than an outflow end (52b) to which the gas 
piping (46) connects. 

4. The cooling device according to claim 1, wherein: 
the each evaporation pipe (56) is formed in a steplike 

manner in the flow direction of air circulating the evapo 
ration pipes (56) by a stepped portion (56C) at which the 
straight portions (56a) are arranged so as to at least 
partially overlap each other vertically, and the plurality 
of evaporation pipes (56) formed in the steplike manner 
are disposed in layers in Such away that individual steps 
have an up and down relation. 

5. The cooling device according to claim 1, wherein: 
heat transfer promotion members (58, 74, 76, 78. 80, 82, 

84, 86,88) are disposed at a periphery of the evaporation 
pipe (56), and the heat transfer promotion members (58. 
74, 76, 78,80, 82, 84, 86,88) at adjacent straight por 
tions (56a) of the evaporation pipe (56) bent in the mean 
dering manner are formed so as to be apart from one 
another, and 

the plurality of evaporation pipes (56) are disposed in lay 
ers in an up and down relation with the heat transfer 
promotion members (58, 74,76, 78,80, 82, 84, 86, 88) 
apart from one another. 

6. The cooling device according to claim 1, wherein: 
the natural circulation circuit (48, 62) is thermally con 

nected via the heat exchange section (42) to a circuit (34) 
on a primary side of a machine compression type which 
forcibly circulates a refrigerant. 

7. The cooling device according to claim 2, wherein: 
an inflow end (52a) to which the liquid piping (44) of the 

evaporation passage (52) connects is located at a posi 
tion lower than an outflow end (52b) to which the gas 
piping (46) connects. 
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