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ABSTRACT

A heat radiating board and a method for cooling by
utilizing the same based on a novel principle of heat
gradient. And, this heat radiating board, which is used
by being disposed between a high temperature zone and a
low temperature zone, consists of a metal plate and a heat
gradient-forming layvyer laminated on the surface thereof
facing the low temperature zone, this heat gradient-forming
layer being formed from a heat conductive material having a
heat volume and an absorption of heat of radiation smaller

than the metal plate.
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DESCRIPTTION

Heat radiating board and method

for cooling by using the same

Technical Field

The present invention relates to a heat radiating board
based on a novel principle capable of dissipating heat 1n
a high efficiency from a zone which is brought to a high
temperature by the generation of heat dﬁring use 1including
electric appliances such as television sets, computers and

motors, engines and radiators of automobiles, various kinds

of machine manufacturing apparatuses and the like to a zone
at a low temperature as well as to a cooling method by

utilizing the same.

Background Art

Known methods for decreasing the temperature of a high
temperature zone by dissipating the heat from the high
temperature zone to a low temperature zone 1nclude the
methods in which the low temperature zone side 1s cooled
with air or water through a metal plate having good heat
conductivity or, namely, the air cooling method and water
cooling method.

And, it is practiced in order to enhance the cooling
efficiency of the metal plate there that the surface facing
the low temperature zone is shaped with ruggedness or the
surface is provided with a large number of fins or heat
radiating auxiliary bodies to increase the contacting area

with the cooling medium (official publication of Japanese

Utility Model Kokai No. 62-52770), that a film of water 1is
formed on the surface so as to promote cooling by utilizing
the heat of vaporization thereof (official publication of
Japanese Patent Publication No. 6-3335) and so on.

However, shaping of the surface with ruggedness or
providing fins or heat radiating auxiliary bodies on the

surface has defective points that a special working process



21701535

is required and, in addition, cleaning works when stained
are troublesome and it is not applicable to a part where
smoothness of the surface is required while the method
utilizing the heat of vaporization is not free from
limitations in the applicable ranges because a special
apparatus 1s required for the formation of a film of water

on the metal surface.

Disclosure of Invention

The present invention has been completed with an object
to provide a heat radiating board based on a completely
novel principle having a simple structure and still exhibit-
ing a high efficiency of heat radiation by overcoming the
defective points 1n a heat radiating board heretofore used
in the air cooling method or water cooling method.

The i1nventors have conducted investigations on the
mechanism for cooling of a high temperature zone through a
heat radiating board disposed between the high temperature
zone and a low temperature zone and, as a result, obtained
the knowledge below.

That is, when heat is transferred by radiation or
staying (typographical error for "convection" - translator)
to the surface of a heat radiating board facing a high

temperature zone, the heat on the surface facing the high

temperature zone is transferred to the surface facing the
low temperature zone in the mode of conduction. And, being
contacted with a cooling fluid at the surface facing the low
temperature zone, the heat is transferred to the cooling
fluid. The temperature decrease of the heat radiating board
in contact with the cooling fluid takes place more rapidly
as the total heat volume of the material constituting the
heat radiating board is decreased smaller and smaller.

When a layer having a small total heat volume 1is

provided on the surface of the heat radiating body facing

the low temperature zone, accordingly, an equilibrium 1is

held in this layer between the heat transferred from the

heat radiating body and the heat removed by the cooling
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fluid so that, assuming that the heat removed by convection

1s identical, the temperature of the surface facing the low
temperature zone 1s decreased more as compared with the case
of the heat radiating board alone resulting in promotion
of heat transfer taking place through the heat radiating
board from the surface facing the high temperature zone.

Following is a numerical equation expressing the state
of this heat flow.

q = a; (T: - Ty)

= A /L(T;y - T3)
= a o (T, - Ty)

Therein, q 1s the heat flow, a { is the heat transfer
coefficient of the fluid in the high temperature zone, a o
1s the heat transfer coefficient of the fluid in the low
temperature zone, T:. 1is the temperature of the fluid in the
high temperature zone, T; 1s the temperature of the surface
of the heat radiating board facing the high temperature
zone, T, 1s the temperature of the surface of the heat
radiating board facing the low temperature zone, Ty 1s the
temperature of the fluid facing the low temperature zone, 2
1s the heat conductivity of the heat radiating board and L
1s the thickness of the heat radiating board.

As 1s shown by this equation, heat flows from the fluid
in the high temperature zone to the surface of the heat
"radiating board facing the high temperature side, flows
through the inside of the heat radiating board by conduction
and flows from the surface of the heat radiating board
facing the low temperature zone to the fluid in the low

temperature zone.

On the other hand, a body is subjected to transfer
of heat by the incidence of sunlight, far infrared light
generated secondarily and the like so that it 1s necessary
to study also on the influence of these heats of radiation.
Incidentally, when a partition wall disposed between a high
temperature zone and a low temperature zone receives the
heat of radiation, the partition wall absorbs the heat of

radiation so that the temperature of the whole body 1s
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increased. And, while the surface facing the low tempera-
ture zone 1s Kkept at the low temperature due to perpetual
~contacting with the fluid at the low temperature, the
temperature of the inside thereof such as the portion in
the vicinity of the center in the direction of thickness
1s kept 1n a somewhat elevated state so that the temperature
1s succeedingly increased insofar as the absorption of heat
of radiation 1is continued arriving at last at the same
temperature as or a higher temperature than the temperature
at the high temperature zone side leading to a result that
the flow of heat from the surface facing the high tempera-
ture zone to the surface facing the low temperature zone
1s 1nhibited. And, this trend is more remarkable in a body
having large absorption of the heat of radiation than in
a body having small absorption of heat of radiation.
Accordingly, even when a layer having a smaller total
heat volume than the heat radiating board is provided to
the low temperature zone side of the heat radiating board,
the absorption of heat of radiation as a whole is increased
so much 1f the absorption of heat of radiation by this layer
1s larger than in the heat radiating board as such that the
flow of heat from the surface facing the high temperature
zone to the surface facing the low temperature zone 1is
rather inhibited.

Based on the above mentioned discovery, the inventors
have conducted extensive investigations and, as a result,
arrived at a finding that, when a heat radiating board is
formed by laminating, on one surface of a metal plate, a
thin layer consisting of a material having a smaller heat
volume and also a smaller absorption of heat of radiation
than the metal plate to be disposed with the same facing
- the low temperature zone, the effect of heat dissipation can
be greatly enhanced as compared with a heat radiating board
consisting of the metal plate alone leading to completion

of the present invention.
Namely, the present invention provides a heat radiating

board which 1s characterized in that, in a heat radiating
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board mainly consisting of a metal plate for the purpose
of heat dissipation from a high temperature zone to a low
temperature zone by being disposed between the high temper-
ature zone and the low temperature zone, a heat gradient-
forming layer consisting of a heat conductive material
having a smaller heat volume and absorption of heat of
radiation than the said metal plate onto the surface o0of the
salid metal plate facing the low temperature zone as well
as a cooling method characterized in that the heat radiating
board is disposed between a high temperature zone and a
low temperature zone with the metal surface facing the high
temperature zone and also with the surface of the heat
radiating board facing the low temperature zone under
contacting with a cooling fluid.

The heat volume here implied, when expressed by Q, 1s
a parameter defined by the following equation. '

Q = V. d. C
= We C

Therein, C is the specific heat or, namely, the
quantity of heat required to increase the temperature of
the substance per unit weight (g) by 1 C (cal/g/C ), d is
the density or, namely, the weight (g) per unit volume (cm?®)
of the substance, V is the total volume of the substance
(cm®) and W is the total weight of the substance. The
above mentioned specific heat ¢ is inherent in each material
and the numerical value thereof to be used in the present
invention is, though varied depending on the temperature,
the value obtained by the measurement using a conventional
instrument for the measurement of specific heat at a
temperature of the outer atmosphere.

And, the absorptivity of heat of radiation here implied
is the proportion of the radiant temperature of the radia-

tion from a heat source to the decrease 1in the temperature

after the radiation passes through a specified material
expressed in percentage and the absorptivity of heat of
radiation X in a specified material can be obtained

according to the following equation.



2170135

_ 6 -

X = (T - T)/T X 100
Therein, T 1is the radiant temperature (C) of the
radiation from the heat source and T is the radiant
temperature (C) of the radiation from the heat source after

passing through the specified material.

Brief Description of Drawings
Figure 1 1s an enlarged cross sectional view i1llustrat-
1ng an example of the structure of the heat radiating board
of the present invention.
Figure 2 1s a graph showing the function of the heat
gradient-forming layer in Reference Example of the present
invention.

Figure 3 is a graph showing the effect of heat

dissipation in Example 1 of the present invention.

Best Mode for Carrying Out the Invention

In the next place, particular embodiments of the
present invention are described in detail by making
reference to the accompanying drawing. Figure 1 is an
enlarged cross sectional view illustrating an example of
the structure of the heat radiating board of the present
invention, 1n which a heat gradient-forming layer 2 is
laminated on one surface of the metal plate 1. And, the
metal plate 1 is disposed to face a high temperature zone
at a temperature Ty and the heat gradient-forming layer 2
1s disposed to face a low temperature zone at a temperature
T.. The material of this metal plate can be selected freely
from metals and alloys heretofore known as a material of
heat radiating boards.

They are exemplified by simple metals such as, for
example, 1ron, aluminum, copper, nickel, platinum, silver,
gold, tungsten, zinc and the like and alloys such as
stainless steels, brass, bronze, chromium-nickel alloys,
aluminum-silicon alloys, aluminum-manganese alloys, nickel-
copper alloys, titanium-iron alloys, titanium-aluminum

alloys and the like. The metal plate of the present
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invention can optionally be provided with a protective film
further thereon by plating, vapor deposition and the like or
can be subjected to a surface working such as an oxidation
treatment and the like 1n so far as the principal consti-
tuent 1s one of these metals and alloys.

The metal plate usually has a thickness in the range
from 0.5 to 10 mm but the thickness can be still larger when
to be used in a large-size one such as large boilers and can
pbe still smaller in the case of a compact one.

The shape of this metal plate is not particularly
limitative and can be shaped in any desired form such as
squares, circles, tubes, semispheres, spheres and the like
and can be worked to have a surface form such as a wavy
form, rugged surface, protruded surface and the like.

In the next place, usable materials for the heat
gradient-forming layer to be laminated onto one surface
of these metal plates include metals and alloys of a kind
different from the substrate plate, metal compounds such as

metal oxides, metal carbides, metal borides, metal nitrides

and the like, ceramics such as glass, various kinds of
pottery materials and the like and inorganic materials such
as graphite and the like but plastics are particularly
satisfactory in respects of the convenience for the
adjustment of the heat volume and absorption of heat of
radiation and easiness of the laminating work onto the metal
plate. Examples of such a plastic include high-pressure
polyethylene, low-pressure polyethylene, ethylene-vinyl
acetate copolymers, ethylene-acrylic acid or -acrylic acid
ester copolymers, metal-containing ethylene-acrylic acid
copolymers, ethylene-propylene copolymers, ethylene-vinyl
chloride-vinyl acetate copolymers, polypropylene, propylene-
vinyl chloride copolymers, polyvinyl chloride, polyvinyl-
l1dene chloride, polystyrene, polyethylene terephthalate,

ABS resins, polyamide, polyacetal, fluorocarbon resins,

acrylic resins, methacrylic resins, polycarbonate, urea

resins, melamine resins, unsaturated polyesters, silicone

resins, epoxy resins and the like. These plastics can
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optionally be compounded with various kinds of additives

conventionally under use and it 1is possible to adjust

the heat volume and absorptivity of heat of radiation by

modifying the kinds, combinations and amounts of addition
of these additives. They can be used either singly or as
a blend of two kinds or more.

The method for the lamination of a metal plate and a
heat gradient-forming layer in the present invention can be
freely selected as desired from the methods conventionally
undertaken heretofore for lamination on a metal plate with
a different material including a method in which the same
1s shaped in advance in the form of a sheet or film which
1s applied and bonded to the surface of the metal plate by
heat-weld bonding or adhesive bonding, a method in which
the plastic is dissolved in a suitable solvent and applied
to or sprayed at the metal plate followed by drying and
solidification and so on.

In this manner, a heat gradient-forming transparent
layer having a thickness of 1 to 1000 um or, preferably,

10 to 500 pm is laminated onto the metal plate.

It 1is essential that these heat gradient-forming layers
have heat conductivity in order not to disturb the heat flow
from the surface of the heat radiating board facing the high

temperature zone to the surface facing the low temperature

zone. Accordingly, it 1s not preferable to use a material
having a heat insulating effect or a material such as, for
example, foamed styrenes and foamed urethanes.

In the present invention, in the next place, it 1is
essential that the heat gradient-forming lavyer has a heat
volume and an absorption of heat of radiation smaller than
those of the metal plate and, in particuiar, 1t 1s advan-
tageous that the heat volume does not exceed 10% or,
preferably, does not exceed 5% and the absorption of heat
of radiation does not exceed 60% or, preferably, does not

exceed 50% of those of the metal plate.

Figure 1 illustrates an example where the heat

gradient-forming layver 1s a unitary layer but, in the
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present 1nvention, 1t 1s optional to provide a plurality

of layers for this heat gradient-forming layer. In this
case, 1t 1s essential that the relationship that the heat
gradient-forming layer directly laminated on the metal
plate has a heat volume and absorption of heat of radiation
smaller than those of the metal plate is satisfied and,
besides, the relationship between the heat gradient-forming
layer facing the metal plate and the heat gradient-forming
layer in the reverse side thereto that the heat volume and
absorption of heat of radiation of the latter are smaller
than those of the former is satisfied. And, it is desirable
to have a constitution that the outermost heat gradient-
forming layer or, namely, that forming the surface to face
the low temperature zone has a heat volume not exceeding
10% or, preferably, not exceeding 5% of the heat volume

of the metal plate and an absorption of heat of radiation
not exceeding 60% or, preferably, not exceeding 50% of the
absorption of heat of radiation of the metal plate.

The lower limit of the heat volume of the heat

gradlent-forming layer in the present invention is not
particularly limitative and a sufficient effect can be noted
even with a proportion as small as 0.01%. As to the absorp-
tion of heat of radiation, it is natural that a good result
can be obtained as 1t 1is decreased smaller and smaller with
improved smoothness of the heat flow.

When cooling of a high temperature zone is conducted
by using this heat radiating board, all or a part of the
partition walls of the high temperature zone is formed
from this heat radiating board with the metal plate facing
inwardly and heat dissipation is performed by passing a
cooling fluid such as, for example, air or water over the
surface facing the low temperature zone to remove the heat
on the surface. With an object to promote heat dissipation,
in this case, 1t 1s optional to concurrently undertake
a4 means conventionally undertaken, a method in which the
contact area with the cqoling fluid 1is increased by forming

the surface with ruggedness or by providing fins, a method
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in which removal of heat is promoted by blowing air over
the surface, a method in which a water film is formed on
the surface to promote cooling by the heat of vaporization
thereof.

In this way, it can be satisfactorily utilized for
prevention of overheating of atomic reactors and power
generators, prevention of overheating of automobile
radiators, improvement of the efficiency of refrigerators,
improvement of the heat-exchange efficiency in heat
exchangers, dissipation of the heat generated inside of
a television set and so on.

In the following, the present invention is described
in further detail by way of examples.

Reference Example.

Three square iron plates each 50 cm by 50 cm wide
and 1 mm thick (heat volume 216.4 cal/°C and absorptivity
of heat of radiation 98%) were prepared and each of them
was laminated on one side as divided into halves in the
transverse direction with a polyvinyl chloride in a varied
thickness of 113 pum, 68 pm or 18 pm, respectively, to
provide a heat gradient-forming layer having a heat volume
of 5.0%, 3.0% and 0.8%, respectively, relative to the heat
volume of the iron plate.

In the next place, uniform irradiation was performed
wlth an infrared lamp on the surface opposite to the surface
provided with this heat gradient-forming layer to heat up
to 60 C followed by interruption of the irradiation to
determine the changes in the lapse of time in the decreasing
temperature on the respective surfaces. The results are
shown 1n Figure 2. A 1in this figure is for the iron plate
only while B i1is for the lamination with polyvinyl chloride
in a thickness of 113 uym, C is for the thickness of 68
um and D 1s for the thickness of 18 pym.

It 1s understood from this Figure 2 that dissipation
of heat was promoted by providing the heat gradient-forming

layer.
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Example 1.

Two cubic boxes (50x50x50 cm) having a single open side
surface were prepared from foamed styrene boards of 5 mm
thickness and a heat radiating board (A) consisting of
a single iron plate of 1T mm thickness alone (heat volume
216.4 cal/C and absorptivity of heat of radiation 98%) was
mounted onto the open side of one of the boxes and another
heat radiating board (B) prepared by forming a coating film
of 5 uym thickness of a methyl methacrylate-ethyl acrylate-
styrene copolymer (heat volume 0.5 cal/°C and absorptivity

of heat of radiation 1.9%) on the outside surface of the

iron plate was mounted on the open side of the other box.

In the next place, these boxes were heated simulta-
neously from outside to increase the inside temperature
up to 63 C followed by setting an air conditioner at a
position about 1.2 meters apart from the heat radiating
board to conduct cooling by blowing of cooled air at 16 °C
at the heat radiating board. The inside temperature of
the boxes there was measured in the lapse of time and the
results are shown in Figure 3 by the graphs of the broken
line (A) and the solid line (B).

It 1s understood from this Figure 3 that cooling was
promoted by providing the heat gradient-forming layer on
the 1ron plate.

Example 2.

Two of the same box made of foamed styrene as in
Example 1 were prepared and a heat radiating board consist-
ing of a zinc-plated commercially available iron plate
having a thickness of 1 mm (heat volume 216.4 cal/C and
absorptivity of heat of radiation 95%) alone was mounted
on the open side of one of the boxes while a heat radiating
board of this iron plate provided with a coating film of
a methyl methacrylate-ethyl acrylate~-styrene copolymer
having a different thickness on the outside surface was
mounted on the open side of the other box.

In the next place, these boxes were placed within

a room at a temperature of 20 °C and each of them was
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simultaneously heated from inside with a 125 watts infrared
lamp covered with a black cloth to measure the change of the
inslide temperature in the lapse of time. The results are

shown in Table 1.
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It is understood from this table that the effect of
heat dissipation was improved by the use of a heat radiating
board provided with a heat gradient-forming layer and that
those having a heat gradient-forming layer having a heat
volume not exceeding 10% of the heat volume relative to the
iron plate exhibited a particularly excellent effect of heat
dissipation.

Example 3.

A heat radiating board was prepared by laminating a
0.5 mm thick layer of a blend of a methyl methacrylate-ethyl
acrylate-styrene copolymer and a silicone oil (heat volume
0.5 cal/’C and absorptivity of heat of radiation 1.9%) on
a commercially available iron plate of 1 mm thickness (heat
volume 126.4 cal/C and absorptivity of heat of radiation
98%) .
on the wholly open side of a foamed styrene-made boX
(50x50x50 cm)

exposed to sunlight by disposing outdoors to measure the

This heat radiating board was spread over and mounted
with the iron plate facing inwardly and

change 1n the inside temperature.

And, the same box with the iron plate alone spread over
and mounted on the wholly open side was placed side by side
for comparison and the change in the inside temperature

thereof was measured. The results are shown in Table 2.

T a b 1l e 2

el PP e —_ A A o N -

Kind Inside temperature (°C )
Sam- | of — -
ple heat after | after | after | after | after | after
No. radiat- | Ini- 2 4 6 8 10 12
ing tial | min- min- min- min- min- min-
board utes utes I utes utes utes utes
e e o B}
with
T lamina- 36 41.7 42 .5 43.5 43.0 43.6 43.5
tion ~
without
2 lamina- 36 42.6 45 .0 45.5 45 .0 45.5 45.6
tion
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It 1s understood from this table that the effect of
heat dissipation could be improved by the use of a heat
radiating board provided with a heat gradient-forming laver
even under heating from outside.

Example 4.

Of the rooms of the same volume with openings (windows)
of the same size on the 8th floor of an eleven-storied
ferroconcrete building, an iron plate having a 5 pm thick
coating of a copolymer of ethyl acrylate, methyl methacryl-
ate and styrene on a commercially available zinc-plated
iron plate of 1T mm thickness (heat volume 216.4 cal/C and
absorptivity of heat of radiation 95%) was mounted on the
~opening of one of the rooms with this coated surface facing
the outer atmosphere. Another iron plate without coating
was mounted on the opening of the other room.

During a night without incidence of sunlight, the
changes of the temperature in the lapse of time within the
rooms when warming was performed with a hot-air room warmer
having a capacity of 2300 kcal/hour are shown.

There, the volume of the rooms was 17.25 m® for each
room and the area of the opening was 1.40 m?.

The proportion of the heat volume of the coating film
there was about 0.23% relative to the iron plate. .

The results are shown in Table 3.
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It 1s understood from this table that the 1ron plate
provided with a heat gradient-forming layer exhibited a

larger effect of heat dissipation.

Industrial Applicability

The present i1nvention 1s a heat radiating board by
utilizing a novel principle of heat radiation and the
efficiency of a heat radiating board can be improved by

merely undertaking a very simple working to conduct

lamination for the formation of a heat gradient so that 1t
can be utilized in wide fields such as capécity lncrease
of coolers, heat exchangers and the like, prevention of

overheating of instruments accompanied by internal heat

generation and so on.
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CLAIMS

1. A heat radiating board characterized in that, in a heat
radiating board mainly composed of a metal plate for heat
dissipation from a high temperature zone to a low temper-
ature zone by being disposed between the high temperature
zone and the low temperature zone, the said metal plate is
laminated on the surface facing the low temperature zone
with a heat gradient-forming layer consisting of a heat
conductive material having a heat volume and an absorption

~of heat of radiation smaller than the said metal plate.

2. T'he heat radiating board described in Claim 1 in which
the heat volume and the absorption of heat of radiation of
the heat gradient-forming layer do not exceed 10% of the
heat volume and 60% of the absorption of heat of radiation

of the metal plate.

3. A method for cooling characterized in that a heat
radiating board mainly consisting of a metal plate laminated
on one surface with a heat gradient-forming layer Consisting
of a heat conductive material and having a heat volume and
absorption of heat of radiation smaller than the said metal
plate is installed between a high temperature zone and

a low temperature zone with the surface of the metal facing
the high temperature zone, the surface of the said heat
radiating board facing the low temperature zone being under
contact with a cooling fluid, to effect dissipation of

heat.

4 . The method for cooling described in Claim 3 in which
each of the heat volume and the absorption of heat of
radiation of the heat gradient-forming layer does not exceed
10% of the heat volume and 60% of the absorption.of heat of

radiation, respectively, of the metal plate, respectively.
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5. The method for cooling described in Claim 3 or 4 in

which the cooling fluid is cooling air or cooling water.
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