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@ An infrared radiant heater.
@ Described is an infrared radiant heater comprising a heat Fig.2
generator (1) with an infrared radiative layer (11) standing for 1 ? 5 i
the nearly vertical direction and an infrared transparent and ~—
low thermal conductive body {2) arranged near or on the 3 "3 e 78
infrared radiative layer {11). The infrared transparent and low NS RIS i/
thermal conductive body (2) typically comprises thin pro- O 3 j?
truded plates (7) arranged near or on the infrared radiative N NE § ’ "a\., Ha
layer {11) and spaces (8} limited by the thin protruded plates o J‘—:—' .
(7) and the infrared radiative layer (11). Thermal energy ; ’,-{ fz';’\/ﬁ-\\_:a
dissipated by convection can be decreased and, as a result, ; P
emission of radiant energy with a high radiation efficiency ne Ve I‘;—'t
. s oo osu= 1
can be obtained. :
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An infrared fadiant heater

The present invention relates to an infrared
radiant heater having a high radiation efficiency, which
is defined as the ratio of the radiant energy to the
applied energy to the heater. This heater is mainly used
for spot heating.

Various types of spot heating apparatus have
been used. One such apparatus comprises a heat
generator provided with a flat surface having a comp-
aratively large area which surface is disposed substant-

ially vertically. This heater is called a panel heater

‘and usually uses a metal body within which electric

heating wires a;e arranged, said electric heating wires
being electrically insulated from said metal body. When
said metal body consists essentially of a metal such as
Al with a low emissivity, an infrared radiative layer
comprising metal oxides with a high emissivity such as
ZrOZ, SiO2 or TiO2 is foémed on the surface of said
metal body. ©Needless to say, this fact indicates that
the infrared layer is not requirzd to be formed when

a heavily oxidized metal is used as said metal body.
There is also used another heater whose heat generator
domprises a metal plate, on whose surrace a resistive
film is formed instead of said metal body described

hereinbefore.
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When electric power is applied to said electric

wires or said resistive film, the surface temperature of

said metal body increases and is saturated at a higher
temperature than an atmospheric temperature. Then the

infrared radiation emitted from the surface is obtained.

However, the convectional heater has the disadvantage that .

the radiation efficiency is low in the range of 40-50%.

- This low radiation efficiency is attributed to the fact

that the applied electric power is dissipated not only by
radiation, but also by convection. In the otﬁer words,
more than half amounts of the applied electric power are
unavailably dissipated by convection. Accordingly, the
conventional heater has the another disadvantage that the
unavailable thermal energy dissipated by convection
increases ﬂearly linearly with an increase of the radiant
energy, because higher radiant energy can be obtained
mainly by means of increasing the surface temperature
when said heat generator have a given emissive surface..
Thg heater has the further disadvantage that
amounts of the radiant energy available for heating is
also low in coﬁparison with that of the total radiant
energy. When occupants receive the radiant energy from
the heater, the radiant energy available for heating is
considered to be usually limited to the radiant energy

emitted for the particular available space, which is

defined as the space viewed from the heater at the angle
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.of elevation less than 20-30 degrees for the vertical
direction and at the wide angle for the horizontal direction.

However, since the infrared radiative layer has
the nearly perfect diffused surface, comparatively large
amounts of the radiant energy are emitted for the unavail-
able space for heating. This fact is attributed to the
conventional radiation characteristic that the radi;nt
energy emitted from the nearly perfect diffused gurface
does not decrease steeply with increase of the aﬁgle of
elevation because the radiant energy varies with the angle
in accordance with Lambert’'s cosine law.

There has been also known an another type of
heater which is possible to be used as such a particular
spot heating apparatus as described hereinafter.

This heater comprises a heat génerator.arranged
horizontally with a flat surface and a collimator arranged
on thg flat surface of said heat generator. Said collimator
consiéts of many plates which extend for the normal direc-
‘tion to the flat.surface and are qrossed each other in the
form of a lattice and the like. Said plates are preferably
eémposed of metal plates having a highly reflective surface.
This hééter was aiéclosed in West Germany Patent No. DE
12619622,

As described in the referenced Patent, this
heater is availably used for industrial applications such

as firing organic materials with a small limited surface
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at a position aparted slightly from the heater. When this
heater is used as the infrared radiant heater for heating
occupants indoor, this heater is situated at a high
position near a ceiling and the radiant energy is emitted
downward from near the ceiling. In this heating process,
the heater has the advantage of high radiation efficiency
because air is prevented from moving upward by said.crossed
plates and the resultant thermal energy dissipated 5y con-
vection decreases greatly. However, as for the radiant
energy emitted downward from near the ceiling, vertical
radiant energy dencity decreases steeply with the height,
therefore, local warm discomfort occurres at the head,
and/oxr cold discomfort at the feet.

On the other hand, when said heat generator is
arranged vertically, this heater has the disadvantage that
the radiation efficiency is lower than that of the con-
ventional panel heater. Since said collimator consisting
highly reflective metal plates ‘is highly thermal c‘onducti\;e,

said collimator increases the thermal energy dissipated

by convection and decreases that dissipated by radiation.

Thia heater has the further disadvantage that
the radiant enerqgy ié iimited to too local space to be
eﬁitted over the available space for heating. Since said
collimator consists of many plates crossed each other in

the form of the lattice and the like, the radiant energy

emitted for the normal direction to the flat surface of
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said heat generator at the center position is high.

However, the radiant energy emitted for the different
direction at the aparted position from the center decreases
steeply. This fact indicates that the radiant energy is
emitted only for the normal direction to said flat surface
of said heat generator. Considering that the availgble
space for heating is spreaded widely for the horizontal
direction, the too limited rédiant energy for fhe horizon£a1
direction is not available for comfortable heating.

The other of the infrared radiant heating
apparatus except for the panel heater comprises a long and
slender heat generator. One of this heater is called an
electric stove. Said long and slender heat generétor‘is
afranged horizontally or vertically. This heater has the
advantage of a high radiation efficiéﬁcy.by means of
selecting the suitable form.of said heat geneé;for.
However, the heatef has the disédvantage that the more
radiant energy i; dissipated for the unavailable space for

heating. =~ - —

— SUMMARY OF THE INVENTION

An object of this invention is-to provide an
iﬁfrared radiaﬁﬁ heater with a high radiation efficiency
wﬁen said radiant heater is situated vertically.

Another object of the present invention is to
provide an infrared radiant heater with a particular

angular dependence of the radiant energy, which is charac-
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terized in that the radiant energy for the space available

for heating is higher than that for the space unavailable

for heating.

A further object of the present invention is to
provide an infrared radiant heater which can decrease hot
discomfort when fingers or other human body touch the
warmed surface of said radiant heater.

Other objects of the present invention will be
obvious from the contents of the detailed deéqription dis-
closed hereinafter.

According to one aspect of the present invention,
there is provided an infrared radiant heater comprising a
heat generator with an infrared radiative surface standing
for the nearly vertical direction and both an infrared
transparent and low thermal conductive body arranged near
the surface of said heat generator.

Infrared rays emitted from the surface of said
infrared radiative gufface pass through said infrared
transparent and low thermal conductive body almost without
absorption loss Eecause of nearly perfect infrared trans-
parency thereof and then infrared radiafions available for
heating are obtaihéd. On the other hand, since said
infrared transparent and low thermal conductive body is
also a superior thermal insulator, the surface temperature
thereof is considerably lower than that of said infrared

radiative surface. This fact indicates that the heater

-
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according to the present invention has a high radiation
efficiency because convective thermal energy owing to air
flow decreases with decrease of temperature difference
between said infra;ed radiative surface temperature of
the heater and a surrounding temperature. Needless to
say, the heater dissipates thermal energy almost only by
both convection and radiation, and heat transfer by.conduc;
tion is possible to be neglected because there exists no
thermal conductive material except for electric wires for
applying electric power to the heater and the electric
wires have a high heat resistance owing to be small in
section and long in length.

BRIEF DESCRIPTOIN OF THE DRAWINGS

Fig. 1 is a cross-sectional view showing a
fundamental construction of an infrared radiant heater

according to the present invention.

Fig. 2 is a cross-sectional view showing a
construction of thé infrared radiant heater according to
the present invention wherein an infrared

transparent and loﬁ thermal conductive body comprises
both thiﬁ protruded élates and spaces limited by said
thin protruded plates aﬁd an infrared radiative surface
of the heater.
Fig. 3 shows schematically a measuring method of

a radiant energy.

Fig. 4 shows vertical angular dependences of the
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radiant energy. ) -

Fig. 5 shows horizontal angular dependences of
the radiant energy.

Fig. 6 shows surface temperatures as a function
of applied electric powers.

Fig. 7 is a cross-sectional view showing a
construction of the infrared radiant heater according to
the invention wherein said thin protruded plates are
inclined for the downward direction to said infrared
radiant layer.

Fig. 8 shows the vertical angular dependence of
the radiant energy of the heater shown'in Fig. 7.

Fig. 9 is a cross-sectional view showing a
construction of the heater according to the invention
wherein infrared reflective f£ilms are form on the surface

of said thin protruded plates.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring now to Fig. 1, there is shown a
fundamental qohstruction of an infrared radiant heater.
according to éhe invention. The heater according to the
invention comprises a heat generator () with an infrared

-

radiative surface ig) standing for the neariy vertical
direction and an infrared transparent and low thermal
conductive body (2) arranged near or on the surface QZD
of said heat generator (). A thermal insulating body C@

is arranged in order to decrease the thermal energy
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dissipated from the other surface @ of said heat

generator (1) . ) LT

Infrared rays emitted from the infrared radiative

surface @ pass through said infrared transparent and

" low thermal conductive body @ almost without absorption

loss because of high infrared transparency thereof and
infrared radiations @ available for heating are obtained.
On the other hand, since said infrared transparent and low
thermal conduCtivg body @ is also a superiér insulator in
thermal conduction, the surface @ temperature thereof
is considerably lower than the surface @ temperatuer
of said heat generator @ . Considering that an applied
energy to said heat generator @ is almost dissipated both
convection @ owing to air flow and infrared radiations
@ if said thermal insulating body @ is perfect, a high
radiation efficiency can be achieved because thermal
energy dissipated by conve;:tionA @ decreases with decrease
of temperature difference between the surface @ tem- | -
perature and a-surrounding -ten{perature.

It is obvious from the contents described

hereinbefore that the high radiation efficiency can be

“achieved by two characteristics of said infrared transparent

and low thermal conductive body {2} ; (1) high infrared
transparency thereof which causes the infrared radiations
(@ to be emitted from the surface @a} of said heat

generator @ to an outer space, and @ low thermal

+
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conductivity thereof which causes the decrease of the

surface @ .temperature.

Needless to say, when said heat generator @
has the poor infrared radiative surface @ ; an infrared
radiative layer is formed on the surface @ . A fired

film comprising metal oxides such as Zr02, Sio?_, Fe

Cr203, 'I‘i02 and the like is frequently used as said

2737

infrared radiative layer.

Reférring to Fig. 2, there is shown an
embodiment of the heater according to the invention.
Said heat generator @ consisted essentially of a metal
substrate @ ;, said infrared radiative layer @
formed on one surface @ of sa2id metal substrate @ '
an electric insulating film @ fixed to the another
surface @ of said metal substrate @ and a planar
resistive £ilm @ formed on said electric insulating
£ilm @ . 21, Fe and the other metal plates were used |
as said metal substrate @ . A polymer _filfn was used
as said electiric insulating film @ . A fired film
of a mixture of f£ine carbon particlés and polymer was
used as said plaﬁar resistive film @ A fired film
of metal oxides described hereinbefore was used as said
infrared radiative layer @ .

Said infrared transparent and low thermal
conductive body (2) consisted essentially of both thin

protruded plates (7) for the normal direction to the
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surface @ of said infrared radiative layer @ '
said thin protruded plates (7) being arranged horizontally
near or on the surface @ in such a way that said thin

protruded plates @ of H(cm) in height and t(cm) in

thickness were separated each other at a given interval
P(cm), and spaces limited by said thin protruded
plates @ and said infrared radiative layer @ .

Thin poly-ethylene terephthalate films of 0.3 mm in

thickness were typically used as said thin protruded

plates @ .

Said thermal insulating body @ is arranged

on said planar resistive film @ . A polyurethane foam

of 15 mm in thickness da was typically used as said
thermal insulating body @ . Needless to sayv, said
therxpal insulating body @ is required when infrared
radiations from one surface \J_./a, of the heater is avail-
able for heating. Accordingly, it is obvious that the

same construction as that including said infrared

radiative layer @ and said infrared transparent and

low thermal conductive body (2) is arranged instead of
said thermal insulating body (3) when infrared radiations
from both tne surface @ of said infrared radiative
layer @ and the surface @ -of said planar resistive
£ilm @ is required.

Said thin protruded plates @ prevent air from

flowing upward along said infrared radiative layer @
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when the surface @ temperature is increased by applying

an electric power to said planar resistive £ilm @ . In
addition, air is an excellent thermal insulator. These
facts indicate that thermal energy dissipated by convection
® owing to air flow is decreased by arranging said thin
protruded plates @ . On the other hang, since air is

also very transparent in the region of infrared waveiengthes,
infrared radiations (4) emitted from the.heated surface @

of said infrared radiative layer @ passes through said

"spaces almost without being absorbed by said spaces

and then is radiated outside the heater. It is obvious
from the contents described hereinbefore that the con-
struction comprising said thin protruded plates @ and
said spaces i;. an excellent infrared transparent and
low thermal conductive body ().

In addition to say, it is obvious that the
existence of an interval @ between said infrared
radiative layer @ and all or parts of said. thin protruded
plates .(7) is not harmful to decrease of convective thermal
dissipation under the conditions that the interval @
is less than several millimeters. This fact is due to an
existence of a large resistance to éir flow when the
interval @ is small.

Radiation‘characteristics will be described in
detail hereinafter when said planar resistive film @

has a very low positive temperature coefficient of resistance.
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Referring to Fig. 3, there is schematicaliy
shown a measuring method of the radiant energy. The
radiant energy was detected by a radiation detector (9

along boundary lines of a circle whereof the center

agreed with the center of the heater. Two types of an

angular dependence of the radiant energy were typically
measured. One angular dependence was a vertical ahgﬁlar
dependence, which éhowed a variation.of the radiant enexgy
incident to said radiation detector (9 as a function of

a vertical angle 6 under the conditions of a given radius
r and a particular horizontal angle ¢=0 degree. Another
angular dependence was a horizontal angular dependence,
which showed a variation_of'the radiant energy incident to
séid radiation detector (9 as a function of a horizontal
anglé ¢ under the conditions of the giveﬁ radius r and the
particular vertical angle 6=0 degree.

Since the radiént energy in a given and compara-
tively large solid angle (2.5 radian) around the normai
to a small sensing surface.of said radiation detector C)
was incident to said radiation detector C), the incident
radiant énergy conﬁained not only the radiant energy
emnitted from the heater, but also a radiant energy emitted
from a surrounding under the particular conditions depend-
ing on the'héate; size (Ll, Lz) and the radius r, In the
following description, when the measured total ehergy

included the radiant energy emitted from both the heater
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and the surrounding, the former radiant energy was used.

.A hemispherical radiant energy, designating a whole

radiant energy emitted for all directions of the enclosing
hemisphere, was determinded by integrating the angular

radiant energy over all directions.

In this experiment, the heater in the rectangular
form of Ll=L2=45 cm and d§=2 mm was used. The radiant
energy was typically measured at the conditions of the
radius r=100 cm and the applied power of 630 W/mz. As
described hereinbefore, the thickness da cf said thermal
insulating body (3) was typically 15 mm. However, the
radiation efficiency varies with the thickness da because
the thermal energy dissipated from the surface of gaid
thermal insulating body (3 varies with the heat resistance
determined by the thickness da. In order to evaluate
exactly the effect of said infrared transparent and low
tnermal conductiveé body C) comprising said thin protruded
plates @.—;nd sp‘aces @ , the radiation. efficiency was
also measured under the conditions that the thickness da
was thick enough for the thermal energy dissipated from
the surface of.said thermal insulating body (4) to be
neglected. The radiation efficiency measured in such a
way is defined as the elemental radiation efficiency. On
the other héﬁd, the radiation efficiency measured under
tne conditions of the suitable thickness da for practical

uses is defined as the practical radiation efficiency.
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The elemental and practical radiation efficiencies
of the conventional heater without said thin protruded
plates @ and spaces were about 50% and 42%, respec-
tively. On the other hand, the elemental and practical
efficiencies of the heater having said thin protruded
plates (@ ana sPaées increased greatly. Typical
efficiencies in the various forms of said thin protrﬁded
plates @ and spaces are shown ianab. 1 .together
with those of the conventional heater.

Referring to Fig. 4, thefe are shown various
vertical angular dependences of the radiant energy. In
Fig. 4, the ratios of the radiant energy emitted from the
heater according to the present invention with a given
thickness da=15 mm and various values of H and P to that
emitted from the conventional heater whereof the size |
Ll, L2 is the same as that of the present heater are shown
when the radiant energy from the conventional heater was
measured at’ the given conditions of r=100 cm and 8=¢=0
degree. The'vertica; angulér dependences with regard to
thé conventional heater are also shown in Fig. 4 by the
same ratio as that described hereinbefore. The conven-
tional heater showed the vertical angular dependence of
the radiant energy which decreased slowly with the vertical
angle 6, as ‘shown by curve Al in Fig. 4. This charac-
teristic agreed nearly with Lambert's cosine law.

On the other hand, the heater according to the

-
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present -invention showed unique characteristics, as shown
by curve Bl and Cl in Fig. 4, in that the radiant energy
decreased very sharply with the vertical angle 6 in
comparison with that of the conventional heater, as shown
by curve Al in Fig. 4. Curve Bl and Cl were obtained with
regard to the heater construction of t=0.3 mm, P=10 mm,
H=30 mm and t=0.3 mm, p=7.5 mm, H=15 mm, respectively.

The radiant energy (curve Bl and Cl) emitted for the
direction of tne vertical angle 6 less than about 20 degree

increased greatly in comparison with that of the conven-

‘tional heater (curve Al). In particular, heater wherein

said thin protruded plates Czi of ¢=0.3 mm and H=30 mm
were arranged at the interval P=10 mm emitted the radiant
eﬁergy for the direction of the vertical anglé =0 which
was about 1.3 times greater in intensity than that of the
conventional heater. On thé contrary, the radiant energy
emitted for the direction of the vertical angle 6 largex
than about 20 degreés decreased greatly in comparison --
with that of the convectiomal heater. - : -
Referring to Fig. 5, there are shown various
ﬂorizontal angular dependences of the radiant energy. .The
ratio, described in Fig. 4, is shown as a function of the
horizontal angle ¢. These measurements were carried out
at the same conditions as those in Fig. 4. The radiant
energy (curve B2 and C2) of the heater according to the

present invention for all the directions of the measured
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horizontal angle ¢ increased greatly in comparison with
that of the conventional heater (curve 22).

As disclosed hereinbefore, the heater according
to the present invention has a useful angular dependence
of the radiant energy in that the radiant energy for the
directions of both all the horizontal angle ¢ and the |
vertical angle 8 less than about 20 degree increased
greatly in comparison with that of the conventional heater.
Since the available space for heating by infrared radiations
is considered to be the space viewed from the heater at the
angle of elevation less than 2030 degree, this angular
dependence of the radiant energy indicates that the heater
according to the present invention is mostly suitable for
heating by infrared radiations. '

The reason why the useful angular dependence of
the radiant was obtained is considered as £followings.

When the electric power was applied to said
resistive £ilm @:), the surface- temperature Ts of said‘

infrared radiative layer (:D at the center increased as

shown in Fig. 6. The surface temperature Ts (curve B3 and

-

C3) of the heater according to the presént invention
increased greatly in comparison with that of the conven-
tional heater (curve A3) under the conditions of a given
applied electric power. Curve A3, B3 and C3 were measured

at the same conditions except for the applied electric

power as those whereat curve Al, Bl and Cl were measured
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.in Fig. 4. The heater construction of t=0.3 mm, P=15 mm,

H=30 mm and t£=0.3 mm, p=7.5 mm, H=15 mm showed the

surface temperatures Ts which were about 30°C and 19°C

higher than that of the conventional heater, respectively,

when the electric power of 630 W/mg was applied to the

heater. The surface temperature Ts depended mainly on the

height H and the interval P. The higher the height H

became, the higher the surface temperature Ts became under
the conditions of the given interval P. And the shorter
the interval P became, the higﬁer the surface temperature
Ts became under the conditions of the given heigh£ H.
This increase in the surface temperatuie Ts is considered
to be the origin of increase in the radiant energy.

On the pther hand, the radiant energy from the
heater comprises both the radiant energy emitted from the

surface QE% and that emitted from the surface (i@ of

~said thin protruded plates (). Temperature of the

surface Q:% was higher than that of the surface (:9 .

When said radiation detector (9) viewed the heater accord-

ing to:the present invention along the boundary line of the

vertical circle, the viewed area of the surface @E} by

said radiation detectcr (8) decreased rapidly with increase

of the vertical angle 6 and, on the contrary, the viewéd
area of the surface QE) increased rapidly with increase
of the vertical angle 6. This vertical angular dependence

of the viewed area of the surface @E; , which can emit
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higher radiant energy than the sufface CE), is considered
to be the origih of the vertical angular dependence of the
radiant energy. In the other words, the rapid iﬁcrease

of the viewed area of the surface CE) with increase of the
vertical angle 6 are considered to be the origin of the
vertical angular dependence of the radiant energy.

When said radiation detector (9) viéwed the
heafer according to the present invention along the boundary
line of the horizontal circle, the viewed area of the
surface Q:% and Q;) by said radiation detector C)
decreased slowly with increase of the horizontal angle ¢
nearly in accordance with the Lembert's cosine law. This
horizontal angular dependence of.the viewed area of the
surface @E% and QE) is considered to be the origin of
the horizontal angular dependence of the radiant energy,
which is similar to that of the conventional heater.

Considering the facts: (1) the surface @
temperature Ts is determined from the relation that the
total énergy épplied to the heater, which consists of the
applied electric power and the incident thermal enexrgy to
the heater from a surrounding, is equivalent to the total
thermal energy dissipated by radiation and convection uﬁaer
the conditions of conduction being neglected, and (2) the
thermal enefgy dissipated by radiation increased by means
of the heater construction according to the present

invention, it is suggested that the thermal energy dissipated
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by convection decreased and, as a result, the surface @

temperature increased. In addition, there may exist the
possibility that the amount of the decreased radiant
energy emitted for the direction larger than 20730 degree
in the vertical angle 6 in comparison with that of the
conventional heater, the décreased radiant energy being
unavailable for heating, contributed also the increase in
the surface @ temz.:erature.

The reason why the convective thermal energy
decreased is cénsiéered to be due to the facts that air
fulfilled in said spaces is difficult to be heated up
because of its -low thermal conductivity and is limited to
flow upward By said thin protruded plates @ even if ai‘:c
is heated up. This fact indicates that said thin pro-
truded plates @ are preferably composed of a low thermal
conductive material because its low thermal conductivity
does not increase the surface @ temperature, whereon

air temperature in said spaces depends, greatly, and,
/
as a result, the convective thermal energy decreases.

Considering both radiation characteristics and the size
of the heater suitable for practical uses, it is pre:ferable
that said thin protruded plates @ have the form of 0.05%

1:0 mm in thickness and 5%50 mm in height H, and are.

arranged at the interval P of 2.5~50 mm.

Since said thin protruded plates @ are arranged

on the surface @ of said heat generator @ , there
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decreases the possibility that fingers or other human body
touch directly the surface i;; kept at high temperature.
There exists the possibility that fingers or other human
body touch the top of said thin protruded plates GD.
However, since the top temperature is very lower than the
surface Q:; température, hot discomfort does not arise.
Accordingly, the heater according to the invention ié

safe and can decrease hot discomfort.

Referring to Fig. 7, there is shown an another
embodiment of the heater according to the invention,
wherein said thin protruded plates CD were inclined for
the downward direction to the surface ég% of said
infrared radiative layerx (). This heater coanstruction was
cﬁaracterized in the vertical angular dependence of the
radiant energy, as shown in Fig. 8. Fig. 8 shows the

vertical angular dependence B4 of the radiant energy when

+the angle 81 between said thin protruded plates C) and

the surface ig; was selected at 60 degrees in compariéon
with that Ag-of the conventional heater. Since the viewed
area of the surface _Q:g by said radiation detector {9
had the maximum value at the vertical angle of (90—61)

degrees, the radiant energy had the maximum value at this

vertical angle. It is obvious that the horizontal angular

dependence of the radiant energy had also a similar tendency.
Since this angular dependence indicates that the high

radiant energy is emitted for the downward direction

1
-
T

' -
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1

determined by the angle 8, .this heater construction is

much éﬁailable for local heating such as that of one's feet.
It is preferable that the angle Bl between said thin
protruded plates C:) and the surface @:9 is ranged from
45 to 90 degrees because the radiation for the downward
direction of the angle Bl less than 45 degree is not
available in practical heatings.

Referring to Fig. 9, there is shown another
embodiment of the heater according to the invention,
further comprising infrared.reflective films Q:) formed
on the surface Q;) of said thin protruded plates (D).
Metal films such as Al, Ni, Zn, Ag, Sn and the like are
used as said reflective films i@ . Since said reflective
films Qz) have a. very low emissivity, the raéiant energy
emitted from said reflective films q:) is negligible small.
On the other hand, parts of infrared rays emitted from
the surface ég% of said heat generator C)‘axe inciden;
to said reflective films C:) and then reflected many times.
As a result, nearly gll of*infrared rays emitted from the
surface ég; -are raéiéted outside the heater. These facts.
indicate that the radiant energy from the heater comprises .
nearly only the radiant energy from the surface i:% . Mére—
over, the vertical angular dependence of the radiant eneigy
such as those shown by curve Bl, Cl in Fig. 4 disappears
mostly because the viewed area of the surface {g% by

said radiation detector () does not decrease with increase



10

20

25

. 0087217

of the vertical angle 6. When a comparatively large spot
heating is required with the radiant energy, the heater is
available because the heater can emit the radiant energy

for a comparative large area with a high radiation efficiency.

It is preferable that said reflective films @
have a low thermal conductivity owing to the same reason
as that described ip the low thermal conductivity of said
thin protruded plates (:). The low tﬁermal conductivity
can be obtained by means of a very thin metal films in
thickness without decreasing the reflectivity.

When the radiant energy emitted from the heater
is required to be stronger for the upward or downward
direction, it is obvious that said reflective films i@
aie preferably formed on one upward or downward suriace of
each of said thin protruded plates (j}, fespectively.

Radiation characteristics described in detail

hereinbefore were obtained when said planar-resistive £film

’ Q:)shown in Fig. 2 had a very low positive temperature

coefficient of resistance.- On the_ofher hand, when said
resistive film 3 has a steeply sloped positive tem—
perature coefficient of resistance at a selected temperature,
different characteristics from those described hereinbefore
were obtained.

When the electric power was initially applied to
said resistive f£ilm @E}, a high electric power was .

dissipated because the resistance at the temperature range
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less than the selected temperature was determined to have
a low value. However, as the temperature of said resistive
film 'QZ) increased and approached to the selected tem-

perature, the applied electric power decreased steeply and

" then the temperature was saturated near the selected tem-

perature in the stationary state because the resistance
increased steeply near thé selected temperature. These
facts cause different characteristics from those described
hereinbefore to be obtained.

When the heater was constructed as shoyn in Fig.
2 and said resistive film @:) had the steeply sloped PTC,
the vertical angular dependence of the radiant energy showed
the similar characteristics as those shown by curves Bl
and Cl in Fig. 4 gxcept for the fact that the radiant
energy for the normal direction of 6=0 and ¢=0 degree was
nearly equivalent to that of the conventional heater. The
horizontal dependence of the radiant energy showed the
similar characteristics as that of the conventional heatér,.

shown by curvd A2 in Fig. 5. However, the dissipated.

electric power decreased to about 70n80% of the dissipated

power 7in the conventional heater. These facts indicate

that the heater according to the invention has the advantage

of being possible to save the dissipated electric power

without decreasing the radiant energy available for heating.
When a long and slender electric heat generator

standing for the vertical direction was used as said heat

-

L]
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generator @ , said thin protruded platés @ were arranged
around said long and slender heat generator. This heater
showed the similar vertical angular dependence of the
radiant energy as those obtained with the heater comprising
said resistive film (i@ having the steeply sloped PTC.
On the other hand, the dissipéted electric power also
decreased to about 90180% of that in the conventionai
heater. These facts indicate that the heater according to
the invention has the advantage of being possible to save
the dissipated electric power without decreasing the radiant
energy available for heating.

While.several embodiments of the invention have
been illustrated and described in detail, it is'particularly
understood that tpe invention is not limited thereto or

thereby. For example, the invention can be also applied to

gas-firing or oil-firing infrared radiator and the like.
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CLAINS: ' : '

1. An infrared radiant heater comprising
a heat generator with an infrared radiativé
surface standing for .the nearly vertical direction; and
an infrared transparent and low thermal conductive
body arrapged'near or on said infrared radiative surface.

2. An infrareé radiant heater claimed in Claiﬁ 1,
wherein said infrared t?an§parent and low thermal conduc-
tive body comprises thin protruded plates for the normal
direction to séid infrared radiative surface, said thin
protruded plates being arranged horizontally near.or on
said infrared radiative surface in such a way that said
thin protruded plates are separated each other at an
interval, and spaces limited by said thin protruded plates
and said infrared radiative surface.

3. An infrared radiant heater claimed in Claim 2,
wherein said thin protruded plates are composed of a low
thermal conductive materials.

4, An'infrared radiant heater claimed in Claim 2 or
3, wherein said thin protruded'plates have the form of
0.05%1.0 mm in thickness and 5450 mm in height, and are
arranged at an intervai of 2,550 mm.

5. An infrared radiant heater claimed in Claim 2,
wherein the angle between said thin protruded plates and

said infrared radiative surface is ranged from 45 to 90

degrees.
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6. An infrared radiant heater claimed in Claim 2,
further comprising infrared reflective films formed on the
surface of said thin protruded plates.

7. An infrared radiant heater claimed in Claim 6,
wherein said infrared reflective films have a low thermal
conductivity.

8. An infrarea iadiant heater claimed in Claiﬁ 6,
wherein said reflective films are formed on 5ne upward or
downward surface of each of said thin pro;ruded plates.

9. An infrared radiant heatef claimed in Claim 2,
wherein said heat generator comprises a resistor having a
steeply sloped positive temperature coefficient of resistance.

10. An infrared radiant heater claimed in Claim 2,
wherein said heat generator has a long and slender form
and said thin protruded plates are arranged around said

heat generator.
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