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(57) ABSTRACT 

A loop-type therrnosiphon capable of stable operation 
regardless of ?uctuation of heat load and a Stirling refrig 
erator using the same are provided. The loop-type therrno 
siphon transferring heat from a high-temperature heat source 
using a Working ?uid includes a evaporator having a heat 
absorption portion and evaporating the Working ?uid by 
depriving the high-temperature heat source of heat through 
the heat absorption portion, a condenser located above the 
high-temperature heat source and condensing the Working 
?uid that has evaporated in the evaporator, and a pipe 
connecting the evaporator and the condenser so as to form 
a loop. In the loop-type therrnosiphon, the Working ?uid that 
has passed through the condenser is brought in contact With 
the heat absorption portion before it is pooled in a liquid 
pool for the Working ?uid in the evaporator, so as to 
exchange heat With the same 
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FIG.1 
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FIG.2 
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FIG.5 PRIOR ART 



Patent Application Publication Aug. 11, 2005 Sheet 6 0f 7 US 2005/0172644 A1 

FIGS PRIOR ART 
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LOOP-TYPE THERMOSIPHON AND STIRLING 
REFRIGERATOR 

TECHNICAL FIELD 

[0001] The present invention relates to a loop-type ther 
mosiphon and a Stirling refrigerator using the same. 

BACKGROUND ART 

[0002] A heat sink, a heat pipe, a thermosiphon, or the like 
is used for cooling a heat-generating instrument or a ther 
moelectric cooling device. As to the heat sink, temperature 
distribution is caused in a base portion thereof provided With 
a heat source. Accordingly, as a distance from the heat 
source is increased, the heat sink contributes less to heat 
dissipation. MeanWhile, the heat pipe or the thermosiphon 
has high heat transfer capability, and is characteriZed by 
small temperature variation even When the heat is trans 
ferred to a portion distant from the heat source. 

[0003] On the other hand, With regard to the heat pipe, 
vapor and liquid of a Working ?uid ?oWs in the same pipe. 
As such, if an amount of heat transfer is large, a greater 
number of pipes are necessary. For example, if it is assumed 
that a temperature difference is set to 5° C., a heat pipe 
having an outer diameter of 15.8 mm and a length of 300 
mm attains an amount of heat transfer of approximately 
100W. If the heat should ultimately be emitted to an atmo 
spheric environment, a heat pipe including a condensation 
portion having a large heat transfer area should be provided 
in order to exchange heat With air, because a heat transfer 
coef?cient of the air is loW. A pipe-shaped thermosiphon in 
Which a liquid returns to an evaporation portion by gravity 
also has the similar characteristic. 

[0004] MeanWhile, a loop-type thermosiphon is also struc 
tured such that the liquid condensed in a condenser returns 
to an evaporator by gravity. Here, hoWever, not only a shape 
and a siZe of the condenser can be designed in accordance 
With cooling means of the condenser, but also the evaporator 
can be designed in accordance With a shape and a siZe of the 
heat source. Therefore, tWo pipes, i.e., a gas pipe and a liquid 
pipe connecting the condenser and the evaporator are 
enough in most cases. Here, it is natural that the condenser 
has to be located above the evaporator. 

[0005] In the loop-type thermosiphon, hoWever, circula 
tion ?oW rate is less likely to be stabiliZed and a temperature 
of the heat source tends to ?uctuate in many cases, depend 
ing on a type of a contained Working ?uid or heat load 
?uctuation in a certain range. As is Well-knoWn, a CFC 
(chloro?uorocarbon) and an HCFC-based refrigerant have 
been used as a Working ?uid or as a secondary Working ?uid 
in cooling equipment. The CFC-based refrigerant, hoWever, 
is no longer used, and the use of the HCFC-based refrigerant 
is restricted under the international treaty for protecting 
oZone layer. In addition, a neWly developed HFC-based 
refrigerant, though not destroying the oZone layer, is a potent 
greenhouse substance attaining a global Warming coef?cient 
several hundred to several thousand or more times larger 
than carbon dioxide, and subject to ef?uent control. There 
fore, types of refrigerants that can be selected as a Working 
?uid for the loop-type thermosiphon are limited from a 
vieWpoint of environmental protection. Examples of an 
environmental-friendly and What is called natural refrigerant 
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include a medium such as an HC-based refrigerant, ammo 

nia, carbon dioxide, Water, and ethanol, and a mixture 
thereof. 

[0006] As shoWn in FIG. 5, a conventional loop-type 
thermosiphon is structured by connecting an evaporator 101, 
a condenser 103 and a gas-liquid separation tank 106 using 
pipes 102, 104. A heat source 105 is cooled in evaporator 
101. Condenser 103 is provided above evaporator 101. The 
Working ?uid lique?ed in condenser 103 is separated to gas 
and liquid in gas-liquid separation tank 106 provided 
betWeen the condenser and the evaporator. The liquid of the 
Working ?uid runs through pipe 104 by gravity, and is 
introduced in the evaporator from a loWer portion of evapo 
rator 101. In addition, the Working ?uid that has deprived the 
heat source of heat is vaporiZed in evaporator 101, and the 
vapor of the Working ?uid is introduced in condenser 103 
through pipe 102 by a vapor pressure difference betWeen the 
condenser and the evaporator. In most cases, evaporator 101 
is designed in accordance With the shape of the heat source. 
In FIG. 5, gas-liquid separation tank 106 is not essential. 

[0007] Japanese Patent Laying-Open No. 11-223404 dis 
closes a method of cooling a high-temperature portion of a 
Stirling cooler With a liquid of a secondary refrigerant by 
means of a pump. 

[0008] In the conventional loop-type thermosiphon, hoW 
ever, unstable circulation ?oW rate of the Working ?uid has 
been likely, resulting in ?uctuation of the temperature of the 
heat source. In particular, if the conventional loop-type 
thermosiphon is operated under a load far from a target load 
in accordance With design, the temperature of the heat 
source often ?uctuates signi?cantly. If the temperature of the 
heat source ?uctuates signi?cantly, not only performance of 
heat source equipment becomes unstable, but also the heat 
source equipment may be damaged. 

[0009] Here, it is assumed that the loop-type thermosiphon 
is utiliZed for cooling a high-temperature portion of a 
Stirling cooler and the Stirling cooler is mounted on a 
refrigerator, for example. As is Well-knoWn, heat load of the 
refrigerator ?uctuates depending on the season. When the 
heat load of the refrigerator ?uctuates, an amount of heat 
dissipation from the high-temperature portion of the Stirling 
cooler is also varied. The loop-type thermosiphon often 
exhibits an unstable operation under ?uctuating heat load. 
Here, if the temperature of the high-temperature portion of 
the Stirling cooler ?uctuates signi?cantly, an in?uence 
therefrom is not limited to ?uctuation of a COP (Coef?cient 
of Performance) of the Stirling cooler. If the temperature of 
the high-temperature portion is excessively high, a regen 
erator of the Stirling cooler may be destroyed. 

[0010] FIG. 6 shoWs an evaporator for the conventional 
loop-type thermosiphon cooling the heat source having a 
cylindrical shape. Evaporator 101 has an annular shape in 
order to cool cylindrical heat source 105. Cylindrical heat 
source 105 is ?tted in a hole of the evaporator, so as to be 
in intimate contact With a surface of the hole of the evapo 
rator. The surface of the hole of the evaporator is provided 
With an internal ?n (not shoWn) for increasing an evapora 
tion area. The liquid from the condenser runs through pipe 
104 and ?oWs into a liquid pool 121 through a loWer portion 
of the evaporator, and the vapor exits from an upper portion 
of the evaporator through pipe 102 and ?oWs to the con 
denser. 



US 2005/0172644 A1 

[0011] FIG. 7 shows variation of the temperature of the 
heat source in an experimental operation of the loop-type 
thermosiphon employing the evaporator and the pipe 
arrangement shoWn in FIG. 6 and containing Water as a 
Working ?uid. If an amount of heat generation from the heat 
source is not larger than 75% of designed load, ?uctuation 
of the temperature of the heat source is caused as shoWn in 
FIG. 7. Improvement Was not observed even When a con 
tained amount of the Working ?uid Was changed. 

[0012] An object of the present invention is to provide a 
loop-type thermosiphon capable of maintaining a stable 
temperature of a high-temperature heat source in spite of 
large ?uctuation of heat load and a Stirling refrigerator 
equipped With the same. 

DISCLOSURE OF THE INVENTION 

[0013] A loop-type thermosiphon according to the present 
invention transfers heat from a cylindrical high-temperature 
heat source using a Working ?uid. The loop-type thermosi 
phon includes: an annular evaporator having a heat absorp 
tion portion attached to the high-temperature heat source and 
evaporating the Working ?uid by depriving the high-tem 
perature heat source of heat through the heat absorption 
portion; a condenser located above the high-temperature 
heat source and condensing the Working ?uid that has 
evaporated in the evaporator; and a pipe connecting the 
evaporator and the condenser so as to form a loop. The 
Working ?uid that has passed through the condenser and has 
been condensed is made to fall on the heat absorption 
portion before it is pooled in a liquid pool for the Working 
?uid in the evaporator. 

[0014] According to such an arrangement, the cooled and 
condensed Working ?uid is preheated after falling on the 
heat absorption portion instead of being directly supplied to 
the liquid pool, and thereafter it is supplied from above by 
gravitation. Accordingly, a ?oW is produced in the liquid 
pool and evaporation of the Working ?uid as a Whole, 
including the Working ?uid in the liquid pool, is promoted. 
Naturally, evaporation of the Working ?uid that has been 
introduced and initially exchanges heat With the heat absorp 
tion portion is also promoted in an ensured manner, Whereby 
temperature distribution in the high-temperature heat source 
can be uniform. In addition, separation of bubbles adhered 
to the heat absorption portion or the like can be promoted. 
Therefore, heat exchange adapted to ?uctuation of the heat 
load can be performed, and the temperature of the high 
temperature heat source can be stabiliZed. In addition, as the 
high-temperature heat source has a cylindrical shape and the 
evaporator has an annular shape, an apparatus having a 
compact structure and ensuring heat exchange ef?ciency can 
readily be manufactured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 illustrates a basic arrangement of a loop 
type thermosiphon in a ?rst embodiment of the present 
invention. 

[0016] FIG. 2 shoWs a variation of the loop-type thermo 
siphon in the ?rst embodiment of the present invention. 

[0017] FIG. 3 shoWs a Stirling refrigerator in a second 
embodiment of the present invention. 

[0018] FIG. 4 shoWs stability of a temperature of a heat 
source When a loop-type thermosiphon in a third embodi 
ment of the present invention is employed. 
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[0019] FIG. 5 shoWs an arrangement of a general loop 
type thermosiphon. 

[0020] FIG. 6 shoWs an evaporator in a conventional 
loop-type thermosiphon. 
[0021] FIG. 7 shoWs ?uctuation of a temperature of a heat 
source When the conventional loop-type thermosiphon is 
used. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

[0022] In the folloWing, embodiments of the present 
invention Will be described With reference to the ?gures. 

First Embodiment 

[0023] FIG. 1 is a conceptual diagram illustrating a basic 
arrangement of a loop-type thermosiphon in a ?rst embodi 
ment of the present invention. The loop-type thermosiphon 
shoWn in FIG. 1 is constituted of an evaporator 1, a 
condenser 3, a gas pipe 2 extending from evaporator 1 to 
condenser 3, and a liquid pipe 4 extending from condenser 
3 to evaporator 1. In the present embodiment, as a high 
temperature heat source 5 to be cooled has a cylindrical heat 
dissipation surface as shoWn in FIG. 1, the evaporator has 
an annular shape With a circular hole having a dimension 
adapted to the cylindrical heat dissipation surface of the heat 
source. In addition, a surface of the hole of the evaporator is 
brought in intimate contact With the cylindrical heat dissi 
pation surface of heat source 5 in order to reduce thermal 
contact resistance. Condenser 3 is of a ?n-tube type, and 
cools a Working ?uid ?oWing inside the pipe by ?oWing air 
around the same. 

[0024] The pipe of the condenser for ?oWing the Working 
?uid may be any of a parallel ?oW type and a serpentine 
type. The condenser is provided such that an inlet of a gas 
is located higher than an outlet of a condensed liquid. Gas 
pipe 2 extending from evaporator 1 to condenser 3 has a 
larger diameter than liquid pipe 4 extending from the con 
denser to the evaporator. Therefore, gas pipe 2 has a ?oW 
resistance smaller than liquid pipe 4, so as to prevent 
back?oW of the Working ?uid and hard starting. A diameter 
of the liquid pipe is determined based on designed heat load 
and thermal property of the Working ?uid. In order to form 
a thermosiphon, condenser 3 is located above evaporator 1. 

[0025] In the present embodiment, pure Water is contained 
as the Working ?uid. Here, a contained amount is assumed 
as a mass of the Working ?uid of Which liquid ?lls 1/3 to 2/3 
of a total of a possible volume of liquid pool in the condenser 
(a header pipe at an outlet of the condenser, for example), a 
volume of the liquid pipe and a volume of the evaporator, 
and of Which saturated vapor ?lls a remaining volume at an 
operating temperature. Such a contained amount alloWs 
smooth operation of the Working ?uid. 

[0026] As to the operation, as shoWn in FIG. 1, the Water 
evaporates by depriving high-temperature heat source 5 of 
heat in evaporator 1. The vapor produced in evaporator 1 
runs through gas pipe 2 utiliZing a vapor pressure difference 
caused by a temperature difference betWeen condenser 3 and 
evaporator 1 and ?oWs in condenser 3, in Which the vapor 
is deprived of heat by the air outside the pipe and condensed. 
The liquid condensed in condenser 3 returns to evaporator 1 
through liquid pipe 4 by gravity. In this manner, a process 
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including circulation of the Working ?uid, heat absorption in 
the evaporator, and heat dissipation in the condenser is 
repeated. 
[0027] One feature of the embodiment of the present 
invention resides in introduction of the liquid from the 
condenser through the upper portion of the evaporator as 
shoWn in FIG. 1, instead of introduction through the loWer 
portion thereof (see FIG. 5). In the arrangement of the 
conventional loop-type thermosiphon shoWn in FIGS. 4 and 
5, a cold liquid is supplied to the loWer portion of the 
evaporator. Accordingly, a temperature gradient in the liquid 
pooled in the evaporator does not considerably affect the 
?oW, Without promoting evaporation. If the evaporator oper 
ates under a condition far from the designed heat load, 
particularly under such a condition as small heat load, 
bubbles adhered to a heat transfer surface takes longer time 
in groWth. Then, the liquid is further pooled in the evapo 
rator and the bubbles are less likely to escape. As described 
above, in the conventional thermosiphon, signi?cant tem 
perature ?uctuation is caused in the heat source due to 
variation of circulation ?oW rate of the Working ?uid or 
suspension of circulation (see FIG. 7). 

[0028] In the loop-type thermosiphon in the present 
embodiment shoWn in FIG. 1, the liquid from the condenser 
is introduced through the upper portion of the evaporator, so 
that the supercooled liquid initially falls on a heat absorption 
portion at a high temperature or on a not-shoWn internal ?n, 
on Which the liquid is preheated. The internal ?n is attached 
to the heat absorption portion and formed inWardly, so that 
evaporation of the liquid pooled in the evaporator is pro 
moted. In addition, When a colder liquid is introduced from 
above the liquid level in the evaporator, the liquid tends to 
move doWnWard by gravity due to a difference in density. 
Then, the liquid in the evaporator is stirred and evaporation 
is promoted, Whereby the bubbles present on the heat 
transfer surface tend to be separated and destroyed. In this 
manner, the loop-type thermosiphon according to the present 
embodiment can achieve a stable temperature of the heat 
source even under a condition far from the designed heat 
load. 

[0029] Though the gas-liquid separation tank is not pro 
vided in the loop-type thermosiphon shoWn in FIG. 1, a 
gas-liquid separation tank 6 may be provided betWeen the 
condenser and the evaporator as shoWn in FIG. 2. It is noted, 
hoWever, that an inner volume of the gas-liquid separation 
tank should be regarded as a portion of the liquid pipe in 
determining a contained amount. Provision of the gas-liquid 
separation tank may be effective for attaining a stable 
operation of the loop-type thermosiphon. 

[0030] Addition of ethanol to the Water serving as the 
Working ?uid by not larger than 60% can loWer a tolerable 
temperature of an environment during operation or trans 
portation. 

Second Embodiment 

[0031] FIG. 3 is a conceptual diagram of a Stirling refrig 
erator according to a second embodiment of the present 
invention, provided With the loop-type thermosiphon. The 
Stirling refrigerator in FIG. 3 is constituted of a Stirling 
cooler provided in a refrigerator main body 19, the loop-type 
thermosiphon attached in order to cool a high-temperature 
portion of the Stirling cooler, a loW-temperature side heat 
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eXchange system transferring a cold of a loW-temperature 
portion of the Stirling cooler to the inside of the refrigerator, 
the refrigerator main body, and the like. Though the loW 
temperature side heat eXchange system is implemented by 
the loop-type thermosiphon, it is the loop-type thermosiphon 
not of interest in the present embodiment. 

[0032] A Stirling cooler 11 having cylindrical high-tem 
perature and loW-temperature portions is arranged on a back 
surface of the refrigerator. Evaporator 1 of the loop-type 
thermosiphon cooling a high-temperature portion 13 of the 
Stirling cooler is attached to and brought in intimate contact 
With the high-temperature portion of the Stirling cooler. In 
addition, condenser 3 is placed on the refrigerator main body 
and evaporator 1 and condenser 3 are connected to each 
other by a pipe as shoWn in FIG. 1, so that the loop-type 
thermosiphon in the present embodiment is mounted on the 
Stirling refrigerator. Liquid pipe 4 is inserted in evaporator 
1 through its upper portion. As a Working ?uid, pure Water 
or a mixture of pure Water and ethanol is contained. 

[0033] The loW-temperature side heat eXchange system 
supplies the cold of a loW-temperature portion 12 of the 
Stirling cooler to the inside of the refrigerator With a 
refrigerator cooling apparatus 15 utiliZing a secondary 
refrigerant. Refrigerator cooling apparatus 15 is provided in 
a cold-air duct in the refrigerator. 

[0034] When Stirling cooler 11 operates, the temperature 
of high-temperature portion 13 of the Stirling cooler is 
raised. Then, the Working ?uid is heated and evaporates in 
evaporator 1 and ?oWs in condenser 3 through gas pipe 2. At 
the same time, outside air is introduced by rotation of a fan 
7, so that the gas of the Working ?uid from evaporator 1 is 
cooled and condensed in condenser 3. The Working ?uid 
lique?ed in condenser 3 returns to evaporator 1 through 
liquid pipe 4 and an introduction pipe 4a by gravity. When 
the lique?ed Working ?uid returns to evaporator 1, the 
Working ?uid comes in contact With a heat absorption 
portion 1a and/or the internal ?n (not shoWn) of the evapo 
rator so as to eXchange heat. In this manner, natural circu 
lation of the Working ?uid is attained and the heat of Stirling 
cooler 11 is transferred to the outside air. 

[0035] The operation of Stirling cooler 11 serves to loWer 
the temperature of loW-temperature portion 12, and the 
secondary refrigerant in the heat eXchange system ?oWing 
through the loW-temperature portion is deprived of heat. On 
the other hand, the secondary refrigerant in the loW-tem 
perature side heat eXchange system absorbs heat from the air 
inside the refrigerator in the refrigerator cooling apparatus 
by rotation of a cooling fan 16 on Which a damper 17 is 
arranged. In the present embodiment, the secondary refrig 
erant in the loW-temperature side heat exchange system 
attains natural circulation by gravity. Alternatively, circula 
tion may naturally be attained by circulation means using a 
pump. As described above, the cold of Stirling cooler 11 is 
continuously provided to the air inside the refrigerator. 

[0036] In addition, drain Water resulting from defrosting 
of refrigerator cooling apparatus 15 is discharged from a 
drain Water outlet 18. 

Third Embodiment 

[0037] FIG. 4 shoWs temperature ?uctuation of the high 
temperature heat source When a loop-type thermosiphon 
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according to a third embodiment of the present invention is 
employed. The loop-type thermosiphon in the present 
embodiment is obtained merely by varying a manner of 
return of the liquid to the evaporator in the conventional 
loop-type thermosiphon shoWn in FIG. 6. In other Words, 
the loop-type thermosiphon is structured such that the con 
densed Working ?uid is returned so as to contact With the 
heat absorption portion not being in contact With the liquid 
pool, instead of being directly introduced into the liquid 
pool. 
[0038] The variation With time of the temperature of the 
high-temperature heat source shoWn in FIG. 4 exhibits an 
effect obtained under the condition of heat load the same as 
in the conventional loop-type thermosiphon. As compared 
With the large temperature ?uctuation of the heat source in 
the conventional loop-type thermosiphon shoWn in FIG. 7, 
stable temperature transition can be achieved. 

[0039] Examples as many as possible including those 
mentioned in the ?rst to third embodiments of the present 
invention Will comprehensively be explained, referring to 
effects of the loop-type thermosiphon and the refrigerator in 
each embodiment of the present invention. 

[0040] In one embodiment of the present invention, a 
loop-type thermosiphon transferring heat from a high-tem 
perature heat source having a heat dissipation surface 
includes an evaporator depriving the high-temperature heat 
source of heat, a condenser arranged above the high-tem 
perature heat source, and a pipe connecting the evaporator 
and the condenser so as to form a loop. The loop-type 
thermosiphon contains a Working ?uid, and drops the liquid 
of the Working ?uid from the condenser on a heat absorption 
portion When it is introduced in the evaporator, so as to 
exchange heat. Therefore, a loop-type thermosiphon capable 
of maintaining a stable temperature of the high-temperature 
heat source can be provided. 

[0041] In addition, in one embodiment according to the 
present invention different from that described above, an 
internal ?n is provided in the heat absorption portion in the 
evaporator constituting the loop-type thermosiphon, and the 
liquid of the Working ?uid condensed in the condenser is 
introduced in the evaporator through the upper portion 
thereof, so that the liquid of the Working ?uid falls on the 
heat absorption portion or the internal ?n in the evaporator. 
Here, the evaporator may have a box-shape, or may have an 
annular shape by combining semi-annular portions. Alter 
natively, combination of portions of another shape may be 
employed. The heat absorption portion may be of a cylin 
drical shape or formed like a hole so as to receive the 
high-temperature heat source. According to the structure as 
above, utiliZing in the evaporator the heat from an upper half 
of a cylindrical heat dissipation surface of the high-tempera 
ture heat source of Which heat dissipation amount is not as 
large as that in a loWer half thereof, the liquid of the Working 
?uid can be preheated and a uniform and stable temperature 
of the high-temperature heat source in the evaporator can be 
achieved. 

[0042] In an arrangement of a loop-type thermosiphon 
according to another embodiment of the present invention, 
a ?oW resistance of the gas pipe guiding vapor produced in 
the evaporator to the condenser is made smaller than that of 
the liquid pipe guiding the liquid condensed in the condenser 
to the evaporator. According to such an arrangement, back 

Aug. 11, 2005 

?oW of the Working ?uid and hard starting likely in the 
thermosiphon can be prevented. 

[0043] Moreover, in one embodiment of the present inven 
tion other than those as above, desirably in accordance With 
an amount of heat transferred from the high-temperature 
heat source, the ?oW resistance of the pipe is made smaller 
if the amount of transferred heat is large, and it is made 
larger if the amount of transferred heat is small. If a diameter 
of the pipe is determined based on such an arrangement, 
more stable circulation ?oW rate of the Working ?uid can be 
achieved. Here, a reference value of magnitude of an amount 
of transferred heat may be set to 75% of the designed load, 
for example. That is, if an amount of heat generation from 
the heat source is not larger than 75% of the designed load, 
the ?oW resistance of the pipe is made larger, and if it 
exceeds 75%, the ?oW resistance of the pipe is made smaller. 
Alternatively, another reference value such as 50% of the 
designed load may be adopted. 

[0044] In a loop-type thermosiphon according to another 
embodiment of the present invention, a contained amount of 
the Working ?uid can be set to a mass of the Working ?uid 
of Which liquid ?lls 1/3 to 2/3 of a total of a possible volume 
of liquid pool in the condenser at an operating temperature, 
a volume of the liquid pipe (the pipe) and a volume of the 
evaporator, and of Which saturated vapor ?lls a remaining 
volume at the operating temperature. Accordingly, a disad 
vantage resulting from a contained amount of the Working 
?uid can be eliminated. 

[0045] Aloop-type thermosiphon according to yet another 
embodiment of the present invention employs a natural 
refrigerant such as carbonic acid gas, Water, hydrocarbon, or 
the like as the Working ?uid, and can provide an environ 
ment-friendly heat exchange technique. Particularly When 
Water is employed as the Working ?uid, a safe loop-type 
thermosiphon free from a toxic or ?ammable property can 
be obtained. Addition of ethanol by not larger than 60% can 
expand a range of temperature in an environment in Which 
the loop-type thermosiphon employing Water as the Working 
?uid can operate. 

[0046] In a refrigerator equipped With a Stirling cooler 
employing the loop-type thermosiphon according to any one 
of the embodiments of the present invention described 
above, the evaporator of the loop-type thermosiphon 
described above exchanges heat With the high-temperature 
portion of the Stirling cooler. Speci?cally, both of these 
components are brought in intimate contact With each other. 
In addition, the condenser can be arranged in a position 
higher than that of the high-temperature portion of the 
Stirling cooler of the refrigerator. According to such an 
arrangement, even When heat load of the Stirling refrigerator 
is varied, the Stirling cooler can achieve a stable operation. 
In addition, as the Working ?uid achieves natural circulation 
by gravity, it is not necessary to provide a pump. Therefore, 
high reliability and ef?ciency can effectively be achieved. 

[0047] The effects in each embodiment of the present 
invention have been enumerated and explained. In the 
present invention, hoWever, a loop-type thermosiphon 
according to an embodiment covering a broadest scope does 
not have to attain all effects in each embodiment described 
above. The loop-type thermosiphon in the embodiment 
covering the broadest scope should only achieve a stable 
operation adapted to ?uctuation of load of the heat source. 
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[0048] Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by Way of illustration and example only and is not to be 
taken by Way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 

Industrial Applicability 

[0049] The loop-type thermosiphon according to the 
present invention can absorb ?uctuation of heat load of the 
heat source and attain a stable operation. Therefore, the 
loop-type thermosiphon described above is used for cooling 
the high-temperature portion of the Stirling cooler in the 
refrigerator employing as a cooling apparatus the Stirling 
cooler Without using CFC and free from greenhouse gas 
emission, for eXample. The loop-type thermosiphon is 
eXpected to contribute to ensuring stable freeZing perfor 
mance throughout a year. 

1. A loop-type thermosiphon transferring heat from a 
cylindrical high-temperature heat source using a Working 
?uid comprising: 

an annular evaporator having a heat absorption portion 
attached to said high-temperature heat source and 
evaporating said Working ?uid by depriving said high 
temperature heat source of heat through the heat 
absorption portion; 

a condenser located above said high-temperature heat 
source and condensing the Working ?uid that has 
evaporated in said evaporator; and 

a pipe connecting said evaporator and said condenser so 
as to form a loop; Wherein 

said Working ?uid that has passed through said condenser 
and has been condensed is made to fall on contact With 
said heat absorption portion. 

2. The loop-type thermosiphon according to claim 1, 
Wherein 

in said evaporator has the heat absorption portion pro 
vided so as to receive said high-temperature heat source 
said Working ?uid condensed in said condenser is 
introduced so as to fall on a top portion. 

3. The loop-type thermosiphon according to claim 1, 
Wherein 

a ?oW resistance of said pipe guiding the Working ?uid 
that has evaporated in said evaporator to said condenser 
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is made smaller than a ?oW resistance of said pipe 
guiding the Working ?uid condensed in said condenser 
to said evaporator. 

4. The loop-type thermosiphon according to claim 1, 
Wherein 

in accordance With an amount of heat transfer from said 
high-temperature heat source, if the amount of heat 
transfer is large, the ?oW resistance of the pipe from 
said condenser to said evaporator is made smaller, and 
if the amount of heat transfer is small, the ?oW resis 
tance of the pipe from said condenser to said evaporator 
is made larger. 

5. The loop-type thermosiphon according to claim 1, 
Wherein 

a contained amount of the Working ?uid refers to such a 
contained amount that 1/3 to 2/3 of a total volume of a 
possible volume of liquid pool in said condenser at an 
operation temperature, a volume of the pipe and a 
volume of the evaporator is ?lled With a liquid of said 
Working ?uid and a remaining volume of said total 
volume is ?lled With saturated vapor of said Working 
?uid. 

6. The loop-type thermosiphon according to claim 1, 
Wherein 

a natural refrigerant is used as the Working ?uid. 
7. The loop-type thermosiphon according to claim 1, 

Wherein 

any one of carbon dioXide, Water, hydrocarbon, ammonia, 
ethanol, and a miXture thereof is used as the Working 
?uid. 

8. The loop-type thermosiphon according to claim 1, 
Wherein 

a mixture containing ethanol by at most 60% is used as the 
Working ?uid. 

9. A Stirling refrigerator provided With a Stirling cooler 
Wherein 

said Stirling cooler includes the loop-type thermosiphon 
according to claim 1, 

said evaporator eXchanges heat With a high-temperature 
portion of said Stirling cooler, and said condenser is 
located above said high-temperature portion. 

* * * * * 


