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COOLING METHOD AND.COOLING APPAaATUS 

!l!ECHN:ICAL F:IELD 

., .. . . 

The present invention rel.ates to an apparatus for 

·. cooling .air ·through use of a heat exchanger, and more 

particularly to a cooling method and cooling apparatus which 

can maintain the relative humidity in a refrigerator or a 

room at a level close to 100%, which improves energy 

efficiency, and which allows humidity control. 

BACKGROUND ART 

In order to cool air,- there has conventional1y been 

employed a method in which fron, a refrigerant that 

substitutes for fron, water, a thermal acclimulating medium, 

or an antifreeze agent is caused to flow through a heat 

exchanger disposed.inside a refrigerator or a room, and in 

which forced circulation or free convection of air is caused 

such that air passes through the heat exchanger in order to 

cool the air. Alsd, in order to obtain a high humidity, 

there has been developed and empioyed a cooling method, 

called a "chilled scheme" in which cooling is effected over 

an en~ire wall surface through use of a similar refrigerant. 

Further, a cooling scheme based on the Peltier effect or the 

like has recently come into use • 

. In order to ~prove_ heat a~sorpti9n,by.a _refrigerant, 
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a metal having a high heat conductivity such as copper or 

aluminum is.utilized as:~ constit~ent ~~t~rlal of a heat 
• • : I : : • I • ~ i . : . 

exchanger. In a Peltier element as well~ heat exchange is 
,. 

performed through···~ ·metai or c"a~~i~ h~v.i.~g-
1 

~ high heat 

conductivity. In euch caee, due to high heat conductivity, 

the temperature of a refrigerant becomes equal to the 

surface temperature of a heater exchanger, and in the case 

of fron, the surface temperature is determined by the 

evaporating temperature of fron. This holds true in the 

case where water, a thermal accumulating agent, or an 

antifreeze agent is used; in such a case the temperature of 

the water, thermal.accumulating·agent,_or antifreeze agent 

becomes equal to the surface temperature of the heat 

exchanger. 

Humid air has been known to contain water vapor. 

Although the amount of water vapor in humid air is 1-2% by 

weight or l~ss, the la~ent heat of the:water vapor has an 

effect that must be taken into account in the design of a 

cooling method and.a cooling apparatus, because evaporation 

and condensation occur even at room temperature. The 

maximum amount of water vapor contained in air increases 

with temperature. Air containing the maximum amount ~f 

water vapor is called saturated air, whose absolute humidity 

is the highest for the given temperature and pressure. When 

air in a certain state is cooled to have a decreased 

temperature, the air comes into a saturated state, so that 

water vapor.conden~es. The t~pe~atu~e-~t which air comes 



. . 
into a saturated state is called the dew-point temperature. 

: ., ' .. 
When wet air is cooled to a temperature below the dew-point 

temperature, water"vapor'condenses so that a'phenomenon of 
':J' • :: • ~ •• • ' • •. \-. 

dew formation oc~~rs. Changes in.the state ·of air in a 

conventional ·cooling apparatus wil1 be described with 

reference to an air chart of FIG. 1. Point A indicates a 

state in which air has an absolut~_humidity ~1 and a 

temperature T1 • In order to cool the air, the air is 

circulated over a heat exchanger having a surf ace 

temperature t 4 equal to the temperature t 4 of a refrigerant. 

As indicated by the solid line E, the temperature of the 

circu_lated air-which flows along the surface of the heat 

exchanger-changes from ~1 to T21 while the humidity changes 

from x1 to xll so that the air reaches an equilibrium point 

D. By this time, the cibsolute humidity of the air has 

decreased to a value corresponding to the maximum amount of 
I 

water vapor that.can exist at the surface temperatu~e td of 

the beat exchanqer, Which is identical-to the temperature of 

the refrigerant, so that the relative humidity of the 

circulated air decreases accordingly. In the conventional 

- cooling scheme in which the surface temperature of the heat 

exchanger becomes.equal to the temperature of the 

refrigerant, since the surface tempe~ature of the heat 

exchanger decreases and the dew-point temperature decreases 

accord~gly, the absolute humidity of air decreases, 

resulting in a dehumidification operation. Accordingly, in 

~uch ~n heat exchange ~ystem, mqisture ~ithin air is cooled 
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excessively and thereby dew-condensed, and dewed moisture is 
: . . . I ( . . • • . . . 

discharged to the outside in the form of water or frost. In 

other words , . energy is ; ~~sted. . ... 
• : • • • : ' • : ~:!' ~- • • • ••• •• : • .: 

Meanwhile,'the.specific enth~lpy of 
.... • 

. ' , 

wet air is known 

to increase with the absolute humidity even at constant 

temperature. When air is subjected to heat exchange by a 

conventional heat exchanger, the air is dried, and the . . 

amount of latent heat in the air decreases considerably. 

Therefore, a temperature difference of 10°C or more between 

the inlet and outlet of the heat exchanger has been 

considered a necessary·condition for effecting cooling. 

That is, since the amount of latent heat of air is small, a 

required temperature cannot be maintai~ed unless a certain 

temperature difference is provided.for the internal and 

external thermal loads. Accordingly, when cooling is 

performed through use of the conventional heat exchanger, 

air is dried and energy is wasted, due to the very nature of 

the heat exchanger. : . . 

When the conventional cooling apparatu~ and cooling 

method are applied to a cooling'.apparatus in which a 

refrigerant is caused to flow through a heat exchanger 

disposed in a refrigerator or room in order to perform beat 

exchange, the space inside the ref~iger~toi or room is dried, 

and in the case of the refrigerator, the cooling apparatus 

and cooling method ~re not suitable for storage of flesh 

foods for a prolonged period of time. In the case of 

cooling the.space ~nsi~e the room,. air is dried excessively, 
• '.I ' ~ 
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so that a larger amount of moisture' tra~spi~es from the skin, 

which causes. cooling~related dis~ases. Further, as 

d~scrlbed ab:,ve, "moisture within air is ~~oled and 
. : . . . : . . . ~ :" :-: :~ : ~' . . 
discharged outside a refrigerator or room in the form of 

water, resulting in loss of energy. 

DISCLOSURE OF THE INVENTION 

Recalled here is cooling by use of ice. Conventional 

cooling through use of ice is known to provide a high 

humidity. In cooling through use of ice, the melting 

temperature of the ice is constant;· and the surface 

temperature of the ·ice is always constant. That is, while 

beat is exchanged between the ice and air, heat is absorbed 

by the ice at the surface thereof 'in the form of heat of 

fusion. Therefore, during heat ~xchang~_between the ice ~nd 

air, the.dew-point temperature is constant, and only the 

temperature of the air changes witJlout a decrease i~ the 

humidity of the air, so that cooling can be ·effected while a 

high humidity is maintained. 

An object of the present invention is to realize a 

cooling appa·ratus which does n~t decrease humidity as in the 

case of ice, and.which produces a smaller temperature 

difference between an inlet and an outlet of a heat 

exchanger, f.e., reduces energy loss. In order to achieve 

the object, in a cooling method and cooling apparatus of the 

present invention, a material having a low heat conductivity 

~s employed,,as a ma;t~r~a,J. of a.heat exc:;~anger, in place of 

...... 
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-· 
a conventionally~employed material having a high heat 

. - -
• • •• • • • : I • ~ • • ' ' 1 ' 0 

I 

conductivity such as cooper or aluminum which makes the 
. ~ . : .. 

surface temperature of the heat exchanger equal to the 

temperature ~f a refrt~eia~t. Due ·t~ ~~loyment of ~ 
mater1al having a low heat conductivity, a thermal gradient 

is produced between the refrigerant and the surf ace of the 

beat· exchanger, so that the temperature at the surface of 

the heat exchanger becomes higher than t~at of the 

refrigerant. Some materials cause the heat exchanger to 

have a surf ace temperature close to the temperature of 

circulated air. That is, since the heat exchanger has an 

increased surface temperature, the dew~point temperature 

increases accordingly, so that the ~psolute humidity is 

increased. Since cooling is performed in a state in which 

the absolute humidity is maintained at a high level, the 

relative humidity is increased, and cooled.air having a high 
, I 

humidity can be obtained.· 

Although the refrigerant exchanges heat in the form of 

sensible heat, only the temperature of circulated air can be 

chang~d without a decrease in hWnidity, because the surface 

temperature of the heat exchanger b~omes higher than that 

of the refrigerant due to the above-described thermal 

gradient. 

Further, since absolute humidity is not decreased, the 

amount of latent hea~ of air does not decrease, with the 

result that cooling can be perfo:ane~ to a sufficient degree 

even when a smal.'.!-er,. ~emperature differ~nce .i~ produced 

,.; 
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between the.inlet and outlet of the heat exchanger as 
• ~ • : • •• t.( ... I' • 

compared with the case of a conventional apparatus. When 
• • ,.,_ I o : : ol o • ~ 

the surface temperature of the.heat exchanger is controlled 
ol ', • • • ~ •' : • • l ' • • I "' •• .:· • 

through adjustment"o:f""the amount" anct speed of a refrigerant 

flowing through the heat exchanger, adjustment of the 

temperature and humidity of air becomes possible. As 

described above, according to the present invention, there 

can be obtained a cooling apparatus which can perform 

cooling operation at an arbitrary temperature and humidity 

through fine adjustment of the surface temperature of the 

heat ·exchanger. 

In order to enhance the effect of latent heat, a 

thermal accumulating medium having· a high ~pacific heat 

capacity is preferably used as a refrigerant. In this case, 

no limitation is in\pOS~ on the material Of the thermal 

accumulating medium. 

Any material having a low heat conductivity may be 

used as a material for the heat exchanger. Examples of such 

a material include sy~thetic resin~ such as plastic, 

synthetic rubbers, 'ancl ceramics• 

As described above, in the cooling method and cooling 

apparatus of the present invention, the heat exchanger has a 

surf ace temperat~~e higher than that of a conventional heat 

e~changer formed of a material having a high heat 

conductivity such as copper or aluminum, py an amount 

correspond~g to the thermal gradient of the material having 

a low beat C.Qnduct~v;i"~y. Therefc;>r~, .,cpoling is effected 

-~- j" ·. !! 



while absolute humidity is maintained high. Therefore, a 

high absolut~ hu~ictity is maintain~d ~i~hl~ the cooling 

apparatus,: ~nd the. ·~aunt of exoa"s~ de;,· condensation and 

frost f~rmation i~. ci~'Cr~sed, -~lth.: th·~: re~~it that the 

amoun~ of energy consumption can be decreased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows changes on an air chart in a cooling 

apparatus of the present invention and in a conventional 

cooling appa~atus; FIG. 2 is a schematic view showing a 

method.of heat exchange in the cooling apparatus of the 

present invention and a method of heat exchange in the 

conventional cooling apparatus; FIG. 3 is a diagram.showing 

an example of a refrigerator in which the cooling apparatus 

of the present invention is used; and FIG. 4 is a diagram 

.s~owing an example o~ an air conditioning facility in which 

the cooling apparatus of the present invention is used. 

BEST MODE FOR CARRYING OUT THE INVENTION· 

The present ·~vention will be described in more detail 

with reference to the accompanying ·drawings. FIG. 2 is a 

schematic view showing heat exchange in the cooling method 

and cooling apparatus of the present invention. A 

refrigerant flows inside a heat exchanger (cooling pipe) 3 

from a refrigerant inlet 1 toward a refrigerant outlet 4. 

Circulated air 2--which is circulated forcibly or by means 

of natural co~vect.i,.o~lows.t?u:<>u~h t~e ~eat. exchanger 3, 

. l. 
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which is provided within a refrigerator.or room for which 
·.t .. 

the cooling apparatqs.is ·provid~d.=· Beat exchange with the 

.circulated air 2 ls perform~ on. th~ 9:~rfa~~ :of the heat 
. • • I j . . :r: ~-·· . :~ • . I . .:.· ~ 

exchanger 3, so that· "the circulated. air 2 is cooled. The 

heat exchanger 3 of the present invention ia formed of a 

plastic, which is a material having a low heat conductivity, 

and therefore has a thermal gradient. Therefore, a 

difference is created between the temperature at the contact 

surface between the refrigerant and the heat exchanger 3 and 

the surface temperature of the heat exchanger 3, and thus 

the surf ace temperature of the heat exchanger 3 becomes 

highe~ than the temperature of the refrigerant. Accordingly, 

the dew-point t~perature of the heat ex~hanger is decreased. 

With reference· to FIG. l, ·a description will be given 

of changes in the state of air in the heat exchanger of the 

present invention. FIG. 1 shows~ on an air chart, changes 

in the cooling method and cooling apparatus of the present 

invention. Point A indicates a state in which air bas an 

absolute humidity· x1 and a temperature T1 • . In order to cool 

the air, the air is:~irculated such that it passes around a 

heat exchanger hqving a surface temperature ti,. Since the 

heat exchanger is formed of a material having a low heat 

conductivity, the surface temperature tb of the heat 

exchanger 3 becomes higher than the temperature t 4 of the 

refrigerant. As indicat;ed by the solid line c, the 

temperature of the circulated air--whicb flows along the 

surf~ce of the,. heat, exchanger-changes from T1 to T2 , . while 

. 9' i :1, 



the humidity cnanges from x1 to ·x2 , so that the air reacnes 

an equilibrium. poi~t· :B. ·~t th~t time, the absolute humidity 

of the air is deo~~as~d· :~~ ~ i~~ei ~los~ ··t~ a maximum water 
. . . . . . '. . . . ' ... . . "'• . 

vapor amount ~ at tne surface temperature tb Of the heat 

excha~ger, and that state ia maintained. As ia apparent 

from FIG. 1, the maximum water. vapor amount xb at the 

surface.temperature ~ of the heat exchanger of the present 

invention is greater than the maximum water vapor amount X3 

of the conventional heat exchanger whose surf ace temperature 

becomes equal to the temperature of the refrigerant. 

The temperature difference between the temperature T2 

at the equ!librium ·point B and the surf ace temperature tb of 

the heat exchanger is determined in accorda~ce with the heat 

conductivity and thickness of the material of the heat 
. . 

exchanger, the surface area of the heat exchanger, the 

amount of circulated air, and the amount of sensible heat of 

the refrigerant.· ~n the example: shown in FIG. 1, the 

surface temperature ri~ the heat'exchanger is substantially 

- the ~ame as the temp~rature at the equilibrium point B, so 

that the surface temperature of .the heat exchanger is close 

to the dew-point t~erature of 'the equilibrium point B. 

Therefore, the absolute humidity at the equilibrium point B 

reaches a level clo·se to the maximum water vapor amount at 

the equilibrium point B, i.e., the relative humidity reaches 

a very high level close to 100\. 

Further, in the cooling apparatus of the present 

invention, since:a pigh ~qmidity.~s main~ained, the amount 
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.Pf lat~nt h~at.of air.i~ large, .~Q that.air can be cooled 

,~ufficiently even when the surface temperature of the heat 

exchanger is slightly lower (e.cj".·; i~'c' l~~er:)· th~n. ~ desired 

air temperature. That is, control can be effected even when 

the minimum difference between the inlet temperature and the 

outlet temperature of air pass.µig through the heat exchanger 

is 2 to 5°C. Conventionally, it h~s been con~idered that 

cooling cannot be effected with ~uch a small temperature 

difference. However, in the cooling method and cooling 

apparatus of the present invention, due to a high absolute 

humidity, the amount of latent heat of .air increases, so 

that the heat exchanger can have a sufficient level of heat 

reception capacitance ~gainst a .heat load. Therefore, 

cooling can be performed to a suff~cient degree even when 

the temperature difference between the .inlet temperature and 

the outlet temperature of air passing through the heat 

exchanger is small.• That is, energy is not wasted. Table. 

1· shows the inle~ and.outlet temperatures of the heat 
. 

exchanger and the relative humidity· in -a refrigerator of the 

present invention that is set to 0°c. 
! . : 

Table· 1 

Temp. inside· .. Relative 
refrigerator Inlet temp. outlet temp. humidity 

0°C o~c -2°C 86°C 

Outside air temperature: 25°C 
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Next, a description will be given' of a refrigerator or 
: • • ",: ; : I ••1 • 

freezer for"stQring natural products and.processed products 
. . . : -~· . . ! ; ' . . .:. . • . : " . • . 

in which the coolirig methOd and cooling apparatus of the 
•. .•.. ., :: ... .·. ·' . " . 

present invention is ·used. FIG •. 3. is a s·chematio diagram 

showi.ng a typical cooling scheme of a refrigerator. In the 

case of a refrigerator, a refrigerant is compressed by means 

of a compressor 32 so that the refrigerator becomes heated 

vapor having a high temperature and a high pressure. The 

thus-compressed refrigerant is fed to a condenser 33 

disposed outside the refrigerator, and liquefies there due 

to heat exchange performed with air outside the refrigerator 

by m~ans of convection. After passing through· an expansion 

valve 34, the liquefied refrigerant reaches an evaporator 

31, where the refrigerant is heateq.by air within the 

refrigerator and evaporates. Subsequently, the refrigerant 

re-enters the compressor 32. This.cycle is repeated. In 

such a refrigerator, the refrigerant flows through a pipe in 

.order to absorb heat·from air or product inside the 

refrigerator. In the cooling method and cooling apparatus 

of the present i~vention, since a cooling pipe through which 

the refrigerant flows is formed of a material having a low 

heat conductivity, a temperature d~fference is produced 

between the temperature at the contact surface between the 

cooling pipe_ and the refrigerant and the surface temperature 

of the cooling pipe, so that the surface temperature of the 

cooling pipe becomes higher tha~ the temperature of the 

r~friger~nt. ~s a ~esult, the de~~point temperature of the 
' . 

: . i 
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. : : .· ~ . 
cooling pipe is increased, and therefore, the absolute 

. . ,. . . : .. . ·' ... : . ... ,. t . . . . .. · 
humidity is also.increased. Therefore,.the reiative 

h~midity rea~hes a high·l~v~l-cl~~e to.too~,·~~ ~hat cooling 

c;·~n. b~. effected whtl~ a 'high .. humidlty ·1s ~a"int~ined." 

Next, a description will be given of an air 

conditioner for living space which is provided inside a 

building or a vehicle such as an automobile and in which the 

cooling method and cooling apparatus of the present 

invention is used. FIG. 4 shows a typical example of an air 

conditioning facility. Air that is conditioned by means of 

an air conditioner 41 is supplied to a living space, and a 
,. 

corresponding amount of air is ventilated from the living 

space. Thus, a flp~ of air is created. Air that undergoes 

proper purification.and adjustment of temperature and 

humidify in the air.conditioner 41 is supplied from an air 

supply fan 42 to the living spac~ via a~ air supply duct 43 
!". 

and a supply opening. When the temperature is low, in order 

to prevent decrease of th~ temp~rature of the space, air is 

heated in order to supply air having a properly elevated 

temperature. When the temperature is high, in order to 

prevent increase of the temperature of the space, air having 

a prqperly lowered temperature is supplied. A device for 

applying heat energy to air for heating is called a heat 

source 47, while a device for removing heat energy from air 

for cooling is called a heat sink 44. In the present 

embodiment, cooled water cooled by means of the heat sink 44 

is supplied to a,cooling unit 46 of the pr~sent invention 
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provided in 'the air conditi~nu' 4°l via -a cooling water pipe 

45. The.heat ~xchari~er ~f the ~~o·J..i.~·9·~nit 46 of the 
. • • .• . ·::.· •• . : .. =. :· • 

present invention is f ot:med of a material having a low heat 
. .. . . . . : . ,. . .: .. ' .. :.~'. . .. . . .; . . 

conductivity and has· a thermal ·gradient.· Therefore, a 

temperature difference is produced between the temperature 

at the contact surface between the heat exchanger and the 

refrigerant and the surface temperature of the heat 

exchanger, so that the surface temperature of the heat 

exchanger becomes higher than the temperature of the cooled 

water. As a result, the dew-point temperature o;f the heat 

exchanger is increased, so that cooling can be effected 

whil~ a high humidity is maintained. The. temperature and 

humidity within the living space are measured by use of a 

sensor 49 and the measurement data are sent to the air 

conditioner 41. In accordance with detection signals from 

the sensor, the air conditioner 41 increases and decreases 

the amount of cooled water supplied from the heat sink 44, 

regulates.the amount of circulated air, and performs other 

controls, thereby adjust the temperature and humid~ty of air. 

In the above descriptions in relation to cooling 

apparatuses for a r~frigerator and a ~iving space, a 

description has been given of ba~ic specifications of a 

typical cooling system in which th~ cooling apparatus of the 

present invention is used. However, the cooling apparatus 

and cooling method of the present invention is not limited 

thereto, and can be applied to any kind of cooling system in 

which air· in.~he form of circulated air is caused to remain 

.. 14 
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around a refrigerant. 

INDUSTRIAL APPLICABILITY 

As described above, the cooling apparatus and cooling 

metbqd of the present invention are uBeful for cool~ng a 

refrigerator or freezer for storing natural products and 

processed products as well as for cooling a living space 

provided inside a building or a vehicle such as an 

automobile. 

.· ·~ 
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t. A cooling method in which a heat exchanger is 

formed of a material having a low heat conductivity, and a 

refrikerant ·i~ ~irdui~~e~:~h~~~~h-the heat -~~changer. 

2. A cooling method in wtiicb a heat exchanger is 

formed of a material having a low heat conductivity, and a 

refrigerant is circulated through the heat exchanger, 

wherein 

a temperature and/or a humidity is detected, and the 

amount and/or speed' of circulation of the refrigerant is 

controlled based "on·· a re'sult of the detection • 
. . . 
=~ .. ·= ... : 

3. A cooling method in which a heat exchanger is 

formed Of a material having a low beat conductivity, and a 
. . . 

refrigerant is circulated through the heat exchanger, 

wherein 
j1. 

a temperature and/or a humidity is detected, and the . 

amount of air fed to ,.the heat exchanger is controlled ~ased 

on a result of the detection • . · 
:;· .. 

4. A cooling inethod in which a heat exchanger formed 

of a material having a low heat conductivity is disposed 
. . 

within a cooling section, an~ a refrigerant is circulated 

through the heat.exchanger. 

5, ~ cqoling_~ethod in.w~ich:a heat.exchanger formed 

.. 
, : 

-·--·-
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of a material having a low heat conductivity is disposed 
. . . ~· . .. . •: I: : ...... 

within a cooling section, and a refrigera~t ~s circulated 
. . . . . . ,. ...... ,.. ;•;. .. . i':: .. ... .. 
through the "beat' exchanger, wherein .. . 

. : · .... · ... ·',· :~: =~-- :· 
a temperature and/or a humidity is detected, and the 

amoun~ and/or speed of circulation of the refrigerant is 

controlled based on a result of the detection. 

6. A cooling method in which a heat exchanger formed 

of a material having a low heat conductivity is disposed 

within a cooling section, and a refrigerant is circulated 

through the heat exc~anger, wherein 

a temperature and/or a humidity is detected, and the 

amount of air fed to the heat exchanger is controlled based 

on a result of the detection. 

7. A cooling method in which a heat exchanger formed 

of a.material having a low heat cQnductivity ~s disposed 

within a cooling section having a structure for being 

·- thermally insulated from outside, and a refrigerant is 

circulated through the heat exchanger. 

a. A cooling method in which a heat exchanger formed 

of a material havi:Q.g ... a low heat .conductivity is disposed 

with~n a cooling section having a structure for being 

thermally insulated from outside, and a refrigerant is 

circulated through the heat exchanger, wherein 

a tempe;ratu~~·iaii<Vor .a ~~~ity is. detected, and the 
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amount_antttor speed of circulation of the refrigerant is 
... =. . ~. ..:.: : . . . :· ' .·.. : .· . . ' : . : . 

controlled based on a result of the d~tection. 
• ; =: ··: .• ·! ~ :. :·· : .. i :: ·.: . ~ =. ~ ~ i • : : ; :.: . 

9 .. > A cooling method in which a heat exchanger formed 

of a ~teri~1 having a 1ow heat conductivity is disposed 

within a cooling section hav.iJl,g a structure for being 

thermally insulated from outside, and a refrigerant is 

circulated through the heat exchanger, wherein 

a temperature and/or a hwnidity is detected, and the 

amount of air fed to the heat exchanger is controlled based 

on a result of the'detection. 

10. A cooling method according to any one of Claims 5 

- 9, wherein the cooling section is a storage container for 

natural products. 

: I 

11. A cooling method according to any one of Claims 5 

- 91 wherein the cooling section is a storage container for 

'--· processed products~ 

12. A cooling·method according to any one of Claims s 

- 9, wherein the·cooling section is a living space. 

13. A cooling method according to any one of Claims 5 

- 9, wherein.the pooling section is a living space provided 

in a vehicle such as an automobile, a ship, an airplane or 

the like. 
---------·----
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14. A ~ooling meth~d· .accordlng to any one of Claims 5 

- 9, wherei~ the ;~~~ling: section i~. ~- .llving space provided 

:{~ a fixed . st~c~~~e 
1 

'~~·th~ ~~th' ~uch: :~s· ~ b~llding. 

15. A cooling apparatus .. ~omprising a heat exchanger 

formed of a material having a low heat conductivity; and a 

refrigerant -circulating mechanism for circulating a 

refrigerant through the heat exchanger. 

16. A cooling apparatus compris~ng a heat exchanger 

formed of a material having a low heat conductivity; and a 

refrigerant circulating mechanism for circulating a 

refrigerant through the heat exchanger, 

further comprising a control section which has 

detection means for.detecting a temperature and/or a 

humidity and.which controls the amount and/or speed of 

circulation of a thermal accumulating medium or an 

antifreeze agent based on a result of the detection by the 

detection means. 

17. A cooling apparatus comprising a heat exchanger 

formed of a material having a low heat conductivity; and a 

refrigerant circulating mechanism for circulating a 

refrigerant through the.heat exchanger, 

further comprising a control section which has 

detection means for;detecting a teJJtpe~atur~ and/or a 

. 
• I. ~ 
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humidity and which controls the amount of air fed to the 

heat e~~h~ng~r· bas~d ;·~n a "re~~lt
00 

of the·: d·~t~~ti6~ by the 
.. 

det"ection means·. 
... :. . · .... : . : . : : ~ ....... . . . . . ": ... ~ .. 

18. A cooling apparatus comprising a heat exchanger 

formed of a material having a.low heat conductivity and 

disposed within a cooling section;. and a circulating 

mechanism for circulating a refrigerant through the heat 

exchanger • 

19. A cooling apparatus comprising a heat exchanger 

formed 9f a material having a low heat conductivity and 

disposed within a cooling section; and a circulating 

mechanism for circulating a refrigerant through the heat 

exchanger, 

further comprising a control section which has 

detection means for detecting a temperature and/or a 

humidity and which controls the amoun~ and/or speed of 

circulation of a thermal accumulating medium ~r an 

antifreeze agent based on a result of the detection by the 

detection means. ! · · 

20. A cooling apparatus comprising a heat exchanger 

formed of a material having a low heat conductivity and 

disposed within a cooling section; and a circulating 

mechanism for circulating a refrigerant through the heat 

exchanger, 

------·····----····---
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rurtner comprising a control section which has 

det~ction mean"s for detecting a temperature and/or a 

humidity and which controls the amount of air fed to the 
. . ... i: . . ~ . . . 

heat exchang·er ·based ·on a ·result of the detection by the 

detection means. 

! 

21. A ~ooling a~paratus comp~ising a heat exchanger 

formed of a material having a low heat conductivity and 

disposed within a cooling section having a structure for 

being thermally insulated from outside; and a circulating 

mechanism for circuiating a refrigerant through the heat 

exchanger. 

22. A cooling apparatus comprising a heat exchanger 

fo~ed of a material having a low heat conductivity and 

disposed within a cooling section having a structure for 

being thermally insulated from outside; and a circulating 

mechanism for circulating a refrigerant through ~he heat 

exchanger, 

further comprising a control section which has 

detection means for detecting a temperature and/or a 

humidity and which controls the amount and/or speed of 

circulation of a thermal accumulating medium or.an 

antifreeze agent based on a result of the detection by the 

detection means. 

23. A qooling _appara~us comprising a heat exchanger 

21 
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formed of a material having a low heat conductivity and 
• , : '

0

1 I := : :· : ~· ·r: : ' . :! : : 
disposed within a cooling section having a structure for 

. . . : ::-

being therm.ally insulated from outside1 and a circulating 

mechanism for circulating a refrigerant through the heat 

exch~~ger, 

further comprising a con~rol section which has 

detection means for detecting ~ temperature and/or a 

humidity and which controls the amount of air fed to the 

heat exchanger based on a result of the detection by the 

detection means. 

24. A cooling apparatus according to any one of Claims 

18 - 23, wherein the cooling section is a storage container 

for natural products. 

25. A cooling apparatus according to any one of Claims 

18 - 23, wherein the cooling section is a storage container 

for processed products. 

26. A cooling apparatus according to any one of Claims 

18 - 23, wherein the cooling section is a living space. 

21. A cooling apparatus acco~ding to any one of claims 

18 - 23, wherein the cooling section is a living space 

provided in a vehicle such as an automobile, a ship, an 

airplane or the like. 

,•. 
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28. A cooling apparatus according to any one of Claims 

18 - 23, wherein the coolinq section is a living space 

provided in a fixed structure on the earth such as a 

building. 

29. A cooling apparatus.~cco~ding to any one of Claims 

15 - 23, wherein the material having a low heat conductivity 

is a synthetic resin • 

. 3 o • A cooling apparatus according to any one of Claims 

15 - 23, wherein the material having a low heat conductivity 

is a ceramic. 

31. A cooling apparatus according to any one of Claims 

15 - 23, wherein th~ material having a low heat conductivity 

is a synthetic rubber. 
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