DESCRIPTION

C S H o T

COOLING METHOD AND COOLING APPARATUS

TECENICAL FIELD

The present invention relates to an apparatus fbr.
‘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 conventionally been
employed a method in which fron, a refrigerant that
substitutes for fron, water, a thermal accumulating medium,
or an antifreeze agent is caused to flow through a heat
exchangér disposed ‘inside a refrigerator or a room, and in
which forced circulatiﬁn or free convection of air is caused
such that air passes through the heat exchanger in order to
cool the air. Also, in order to obtain a high humidity,
there has been developed and employed a cooling method,
called a “"chilled scheme® in which cooling is effected over
an entire wall surface through use of a similér refrigerant.
Further, a cooling scheme based on the Peltier effect or the
like has recently come into use.

.In order to improve heat absorption.by.a refrigerant,



a metal having a hlgh heat conduct1vrty such as copper or
aluminum is’ utilized as a constltuent material of a heat
exchanger. In a ?eltler element as well heat exchange is
performed through a metal or ceramlc havrng a hlgh heat
conductivity. In such case, 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 eontain water vapor.
Although the amount of water vapor in humid air is 1-2% by
weight or less, the latent 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 rooﬁ temperature. The
maximum amount of water rapor contained in air increases
with temperature. Air containing the maximum amount of
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 condenses. The temperature at which air comes



into a saturated state is called the dew-polnt temperature.
When wet a1r is cooled to a temperature below the dew-point
temperature, water vapor condenses so0 that a phenomenon of
dew formatlon occurs. 'cnanges in’ the state ‘of air in a
conventional cooling apparatus will be described with
reference to an air chart of FIG. 1. Point A indicates a
state in which air has an abgolute humidity x, and a
temperature T,. In order to cool the air, the air is
circulated over a heat exchanger having a surface
temperature t; equal to the temperature t, of a refrigerant.
As indicated by the solid line E, the temperature of the
circulated air—which flows along the surface of the heat
exchanger—changes from T, to T,, while the humidity changes
from x, to X,, so that the air reaches an equilibrium point
D. By this time, the absolute humidity of the air has
decreased to a value corresponding to the maximum amount of
water vapor that can exist at the eurface temperature t, of
the heat exchanger, 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 uhich the surface temperature of the heat
exchanger becomes equal to the temperature of the
refrigerant, since the surface temperature of the heat
.exchanger decreases and the dew-point temperature decreases
accordingly, the absolute humidity of air decreases,
resulting in a dehumidification operation. Accordingly, in

such an heat exchange oystem} mqieture Vithin air is cooled



excessively and thereby dew—condensed, and dewed mollture is
dlscharged to the out51de in the form of water or frost. In
other words, energy is wasted. o '

" Meanwhile, the’ speclflc eétheiﬁ? 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 maintained 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 ie dried and energy is wasted, due to the very nature of
the heat exchanger.

When the conventional cooiing apparatus and cooling
method are applied to a coolingjapﬁaratus in which a
refrigerant is caused to flow throﬁgh a heat exchanger
disposed in a refrigerator or room.in oxder to perform heat
exchange, the space inside the refrigerator or room is dried,
and in the case of the refrigerator, the cooling apparatus
and cooling method are not suitable for storage of flesh
foods for a prolonged period of time. In the case of

cooling the space inside the room, air is dried excessively,



so that a larger amount of molsture transplres from the skin,
whlch causes coollng—related dlseases. Further, as
descrxbed abave, mo;sture within air is cooled and
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dlscharged outside a refrlgerator 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 fhrough 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
heat 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 exchangglbetween the ice and
air, the dew-point temperature is consfant, and only the
temperature of the air changes without a decrease in the
humidity of the aif, so that cooling can be effected while a
high humidity is maintaired.

An object of the present invention is to realize a
cooling apparatus which does not 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, i.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

is employed as a material of a heat exchanger, in place of



a conventionally—employed material hav;ﬁg a high heat
éonduétivitﬁ éuéh‘aé co;per or.éiumiﬁuﬁgwhich makes'the
éurfgée tempéfétﬁre af-tﬁe heaéﬁexdhahéer ééuai to the
iempeféture of a‘réffiée;a;t. :Dﬁe:£6 éﬁpioymené'of a
material having a low heat conductivity, a thermal gradient
is produced between the refrigerant and the surface of the
heat-exchanggr, s0 that the temperature at the surface of
the heat exchanger becomes higher than that of the

refrigerant. Some materials cause the heat exchanger to

. have a surface 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 absolute humidity is

increased. Since cooling is performed in a state in which
the absolute humidify is maintained at a high level, the
rélative humidity is increased,'and cooled air having a high
hunidity can be obtained.

Although the fefrigerant exbhanges heat in the form of
sensible heat, only the temperature of yirculated air can be
changed without a decrease in hﬁmidity, because the surface

temperature of the heat exchanger becomes higher than that

of the refrigerant due to the above-described thermal

gradient.

Further, sincé absolute humidity is not decreased, the
amount of latent heat of air does not decrease, with the
result that cooling can be performed to a sufficient degree

even when a smaller, temperature difference is produced



between the inlet and outlet of the heat exchanger as
compared wrth the case of a conventlonal apparatus. When
the surface temperature of the. heat excnanger is controlled
through adjustment'of the amount and 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 oxder to enhance the effect of latent heat, a
thermal accumnlating medium having - a high specific heat
capacity is preferably used as a refrigerant. In this case,
no limitation is imposed on the material of the thermal
accumulating niedium. |

Any material having a low heat conductivity may be
used as a material for the heat exchanger. Examples of such
a material include synthetic resins such as plastic,
synthetic rubbers, 'and ceramics;

As described aboue, in the cooling method and cooling
apparatus of the present'invention, the heat exchanger has a
surface temperature higher than that of a conventional heat
exchanger formed of a material naving a high heat
conductivitp such as copper or aluminum, by an amount
corresponding to the thermal gradient of the material having

a low heat conductivity. Therefore, cpoling is effected



while absolute humidity is maintained hlgh. Therefore, a
high absolute humidity is maintained w1thin the cooling
apparatus, and the amount of excess dew condensation and
frost formation il decreased, with the result that the

amount 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 apparatus; 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
-showing an example of an air conditioning facility in which

the cooling apparatus of the present invention is used.

BEST MODE FOR CARRYING OUT THE INVENTION

The present 'invention 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
refrioerant flows inside a heat exchanger (cooling pipe) 3
from a refrigerant inlet l.toward a refrigerant outlet 4.
Circulated air 2—which is circulated forcibly or by means

of natural convection—flows. through the heat exchanger 3,



which is provided within a refrigerator or room for which
fhe cbbliﬂg ap'parat-:;uf; : :Ls :providéd ﬁeét '_.ex;:hange with the
circulated air 2 is pérfbrméd on the :ﬁrf:aé‘e' of -the heat
éicchahger 3, so 1:.'h=a.it':':.1:'h<-z5= circulaﬁ:e!d aJ.rz ig cbblecﬁl. The
heat exchanger 3 of the present invention is formed of a
plastic, which is a material having a low heat conducfivity,
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 surface temperature of the heat exchanger 3 becomes
higher than the temperature of the refrigerant. Accordingly,
the dew-point tgmberature of the heat exchanger is decreased.
With reference to FIG. 1, a déscription 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 has an
absolute humidity x, and a temperaturé Ty.. In order to cool
the air, the air is'circulated such that it passes around a
heat exchanger having a surface temperature t,. Since the
heat exchanger is formed of a material having a low heat
conductivity, the surface temperature t, of the heat
exchanger 3 becomes higher than the temperature t, of the
refrigerant. As indicated by the solid line C, the
temperature of the circulated air—which flows along the

surface of the heat, exchanger—changes from T, to T,, .while



the humidity changes from xl*to X,, 8o that the alr reaches
an equlllbrlum pornt B. Am that time, the absolute humidity
of the air 1s decreased to a level close to a maxlmum water

vapor amount x; at the surface temperature tb of the heat

exchanger, and that state is maintained. As is apparent
from FIG. 1, the maximum water vapor amount x, at the
surface temperature t, of the heat exchanger of the present
invention is greater than the maximum water vapor amount X,
of the conventional heat exchanger whose surface temperature
becomes equal to the temperature of the refrigerant.

The temperature difference between the temperature T,
at the equilibrium point B and the surface temperature t, of
the heat exchanger is determined in accordance 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. In the example shown in FIG. 1, the
surface temperature of the heat exchanger is substantially
the same as the temperature at the equilibrium point B, so
that the surface temperature of the heat exchanger is close
to the dew-point temperature of the equilibrium point B.
Therefore, the absolute humiditf at the equilibrium point B
reaches a level close 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 high humidity. is maintained, the amount
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.of latent heat.of air ig large, so that.air can be cooled
.sufficiently éven Wheﬁ the surface teﬁéerature of the heat
exchanger is slightly lowerx (e.élf é;cflﬁﬁers'fhénlﬁ desired
air temperature. That is, control can be effected even when
the minimum difference between the inlet temperature and the
outlet temperature of air passing through the heat exchanger
is 2 to 5°C. Conventionally, it has been considered that
cooling cannot be effected with such 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 against a .heat load. Therefore,
cooling can be performed to a sufficient degree even when
the temperature difference between the -inlet temperature and
the outlet temperature of air passing through the heat
exchanger is small.r That is, energy is not wasted. Table.
1- shows the inlet and outlet temperatures of the heat
exchanger and the relative humidity~in-a refr?gerator of the
present invention that is set to 0°C.

Table'i P : -

Temp. inside’ o ‘ Relative
refrigerator Inlet temp. Outlet temp. humidity
0°c 0% -2°C 86°C

Outside air temperature: 25°C

11




Next, a descrlptron will be glven of a refrlgerator or
freezer for storlng natural products and processed products
in which the coollng method and ooollng apparatus of the
present lnventlon is used. FIG. 3 is J schematlc diagram
showing 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 means of convection. After passing through an expansion
valve 34, the liquefied refrigerant reaches an evaporator
31, where the refrigerant is heated.by air within the
refrigerator~and evaporates. Subsequently, the refrigerant
re-enters the compressor 32. This cycle is repeated. 1In
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 invention, since a cooling pipe through which
the refrigerant flows is formed of a material having a low
heat conductivity, a temperature difference 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 than the temperature of the

refrigerant. As a result, the dew-point temperature of the
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cooling pipe is increased, and therefore, the absolute
humidity is also 1ncreased. Therefore, thefrelative
humidity reaches a high level close to 100%, s0 that cooling
can be effected while a high humidity is maintained.

Next, a description will be given of an air _
conditioner for living space which'is provided inside a
building or a wvehicle 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 facilityﬂ 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 flpﬁ 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 thelliving space via an air supply duct 43
and a supply opening; When the.temperature is low, in order
to prevent decrease of the temperature 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 present invention
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prov1ded in the air condltloner 41 via a coollng water plpe
45. The heat exchanger of the coollng un1t 46 of the

e o

present lnventlon lS formed of a mater1a1 hav1ng a low heat
conduct1v1ty and has a thermai éradlent. Therefore, a
temperature difference is produced between the temperature
at the contact surface between the heat exchanger and the
.refrigerant and the surface temberature 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 of the heat
exchanger is inereaaed, so that cooling can be effected
while a high humidity is maintained. The. temperature and
hunidity within the living space are measured by use of a
sensor 49 and the measurement data are sent to the air
conditioner 41. 1In accordance with detection signals from
the seasor,.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 humidity of air.
In the above descriptions in relation to cooling
apparatuses for a refrigerator and a living space, a
description has been given of basic specifications of a
typical cooling system-in.which the 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 the form of circulated air is caused to remain



around a refrigerant.

INDUSTRIAL APPLICABILITY

As described above, the cooling apparatus and cooling
method of the present invention are useful for cooling 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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"iL' h.cgciiné methodlin which a heat exchanger is
formed of a materlal hav;ng a low heat conduct1v1ty, and a

¥

refrlgerant 'is c1rcu1ated through the heat exchanger.

2. A cooling method in ywhich a heat exchanger is
formed of a material having a low heat conductivity, and a
refrigerant is circhlatcd 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 result of the detection.

3. a cooiing method in which a heat exchanger is
formed of a material having a low heat conductivity, and a
refrigerant is circhlated through the heat exchanger,
wherein iL '

a temperature and/or a humidity is detected, and the .
amount of air fed to the heat exchanger is controlled hased

on a result of the detection.

4. 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 exchanger.

5, A cqoling method in which .a heat exchanger formed

Sheet Has Been Replaced
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of a material hav1ng a low heat conduct1v1ty is disposed
w1th1n a coollng aection, and a refrlgerant is circulated
through the heat exchanger, whereln S

a temperature and/or a humldlty 1s detected, and the
amount 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 exchanger, wherein

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

amount of air fed to the heat exchanger is controlled based

on a resilt of the detection.

7. A cooling method in which a heat exchanger formed
of a material having a low heat conductivity is disposed
within a cooling section having a structure for being
thermally insulated from outside, and a refrigerant is

circulated through the heat exclianger.

8. A cooling method in which a heat exchanger formed
of a material having.a low heat conductivity is disposed
within a cooling section having a etructure for being
thermally insulated from outside, and a refrigerant is
circulated through the heat exchanger, wherein

a temperature and/or a humidity is detected, and the
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amount and/or speed of clrculatlon of the refrlgerant is

controlled based on a result of the detectlon.'

? - . v 2 T
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9. a cooling method in which a heat exchanger formed
of a material having a low heat conductivity is disposed
within a cooling section having a structure for being
thermally insulated from outside, and a refrigerant is
circulated through the heat exchanger, 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.

10. A cooling method according to any one of Claims 5
-~ 9, wherein the cooling section is a storage container for
natural products. ? !

B RS

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

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

processed products.

12. A cooling ‘method accordiﬁé to any one of Claims 5
- 9, wherein the cooling section is a living space.

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

- 9, 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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14: A coollng method accordlng to any one of Claims 5
- 9, whereln the coollng sectlon is a llving space provided

a8
.

in a flxed strﬁcture on the earth such as a bullding.

15. 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.

16. A aooling'apparatus comprising a heat exchanger
formed of a material having a lsw heat conductivity; and a
refrigerant circulating mechanism far 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 appaiatus 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 temperature and/or a

]
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humldlty and which controls the amount of air fed to the

.

heat exchanger based on a result of the detectlon by the

- -

ST

detectlon 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 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,
| 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. .-

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,

This Sheet Has Been Replaced

I 1T




A

further comprising a control section which has
detection means for detecting a temperature and/or a
humidlty and which controls the amount of air fed to the

heat exchanger ‘based on a result of the detectlon by the

detection means.

21. A cooling apparatus comprising 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 circulating a refrigerant through the heat

exchanger.

22. A cooling apparatus comprising a heat excﬁanger
formed of a material having a low heat'conductivity and
disposed within é'éooling section having a structure for
being thermally iﬁsﬁlated from outside; and a circulating
mechanism for circulating a refrigérant 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.

23. A cooling apparatus comprising a heat exchanger

R
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formed of a materlal having a low heat conduct1v1ty and
dlsposed w1th1n a coollng sectlon hav1ng a structure for
bging thermally inShlated from outside; and a circulating
mechanism for circulating a refrigerant through the heat
exchanger,

further comprising a control section which has
detection means for detecting a tepperature 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.
1
24. A cooling apparatus according to any one of Claims

18 - 23, wherein the coocling 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 cobling apparatus according to any one of Claims

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

27. A cooling apparatus according 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 cooling section is a living space

provided in a fixed structure on the earth such as a

building.

15
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29. A cooling apparatus according to any one of Claims
23, wherein the material having a low heat conductivity

synthetic resin.

30. A cooling apparatus according to any one of Claims

23, wherein the material having a low heat conductivity

ceramic.

31. A cooling apparatus according to any one of Claims
23, wherein the material having a low heat conductivity

synthetic rubber.
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