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ABSTRACT OF THE DISCLOSURE

Method of and apparatus for heating the surface of a
road, floor and the like by using a heat-generating pipe
buried in the construction material, consisting of an out-
side pipe made of a highly magnetic metal and an insu-
lated wire disposed in the inside of said outside pipe, one
end of said insulated wire being connected to one ter-
minal of an alternating current source and the other end
connected to a terminal fixed on one end of said outside
pipe, the other end of the outside pipe being directly con-
nected to the other terminal of the alternating current
source. When an alternating current flows through the
outside pipe, it passes only the inner surface of said pipe
by the skin effect of the alternating current so as to gen-
erate heat on the inner surface of said pipe without cur-
rent appearing on the outer surface of said pipe.

——————————

This invention relates to a method of and apparatus
for heating the surface of road or wall electrically.

Recently various electrical heating methods have been
attempted to heat the surface of road and floor in order to
prevent them from being frozen, also to thaw snow or to
heat a building.

Among them, there is known a method in which cables
having insulation of butyl rubber and sheath of polyvinyl
chloride (hereinafter it will be referred to as BN cable)
or mineral insulated cables having a sheath of metal
(hereinafter it will be referred to as MI cable) are buried
under the road surfaces or in the inside of walls and elec-
tricity is passed therethrough to generate heat.

Though the method relied on the BN cables is relatively
inexpensive compared with those relied on the MI cable,
the BN cables are liable to be broken. Though the MI
cables possess greater mechanical strength, the connection
method thereof is rather complicated. Because of the
fabrication problem, the metal sheath of the MI cable is
made of the same material with core material and for this
purpose copper is mostly used which makes the MI cables
relatively expensive. Furthermore the copper does not
adapt itself well to the construction material of road and
floor, such as concrete, asphalt and the like. Hence it is
liable to be damaged when it is used under the road where
there is traffic of heavy vehicles.

An object of the present invention is to provide a meth-
od for heating the surface of road, floor or wall elec-
trically which has overcome the above-mentioned draw-
back inevitable in the conventional methods.

Another object of the present invention is to provide
an apparatus which can heat the surface of road, floor or
wall electrically with economical advantage.

Such objects and other advantage can be attained by
the method and the apparatus of the present invention.

The apparatus of the present invention consists of an
outside pipe of highly magnetic metal which is buried in
the to-be-heated construction material and a perfectly in-
sulated wire disposed in the inside of the said outside pipe.
One end of said insulated wire is connected to one termi-
nal of‘an-alternating current source and the other end is
connected to a terminal fixed on one end of the said out-
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side pipe, the other end of the said outside pipe being
directly connected to the other terminal of the said alter-
nating current source so as to generate heat only on the
inner surface of the said outside pipe when an alternating
current is passed through the wiring system. The method
of the present invention consists in generating heat on
the inner surface of an outside pipe made of a highly
magnetic metal and buried in the inside of a construction
material by passing the alternating current only on the
inner surface of the said outside pipe by using an insulated
wire which is disposed in the inside of the said outside
pipe. One end of said insulated wire is connected to an
aliernating current source and the other end is connected
to the other end of the said outside pipe, and the other
end of the said outside pipe is directly connected to the
other terminal of the same alternating current source.

A preferred embodiment of the invention has been
chosen for purposes of illustration and description and is
shown in the accompanying drawings, forming a part of
the specification, together with the contrast drawing using
conventional apparatus wherein FIGURE 1 shows sche-
matically the distribution of current and voltage in the
inside of steel pipe when alternating current is passed
through the wire placed in the inside of the said steel
pipe, FIGURE 2 shows schematically the distribution of
current and voltage in the apparatus of the present inven-
tion, FIGURE 3 shows the apparatus of the present in-
vention when it is buried under the surface of a road, cor-
responding to the view of the cross section taken along the
line X~Y of the FIGURE 4, and FIGURE 4 shows one
embodiment of the method of burying the apparatus of
the present invention.

In the contrast drawing, FIGURE 1, 1 is an alternating
current source, 2 is a steel pipe (e.g. 34*’) having a thick-
ness of about 3 mm. and 3 is an insulated wire having a
cross sectional area of about 22 mm.? which is passed
through the steel pipe 2 as shown in this figure.

When an alternating voltage of commercial frequency
is impressed from the source 1, a current flows in the wire
3. For illustration purposes this current is {. Since 2 is
a highly magnetic steel pipe, a current i’ which is approxi-
mately equal to i flows through the pipe 2 in the direction
shown in the FIGURE 1. In other words, i’ is an eddy
current and also a skin current. It is well known that the
depth of the skin d (cm.) can be expressed by an equation:

d=5030\/p/uf (1)

wherein p is a specific resistance (2 cm.) and 4 is a
permeability (o) and f is a frequency of the source.
(c./sec.)
. Accordingly in order to make i=’, it is necessary that
the thickness of the steel pipe, ¢ cm. must satisfy the
following relation.

>2d 2)

In the circuit shown in FIGURE 1, a voltage e appears
on a voltmeter 9 inserted between terminals p and g and
its value is approximately half the voltage of the source 1.
When short circuit or earthing occurs, between p and q
the current i varies. Accordingly this connection has a
serious drawback in that a human being or animal passing
this part may sustain injury.

In contrast to the connection of FIGURE 1, the appa-
ratus of the present invention has a connection of FIG-
URE 2. Namely the insulated wire 3 from a source 1 is
passed through the inside of a steel pipe and connected to
a terminal 4 conductively fixed on one end of the pipe.
The other end of the source 1 is connected to the terminal
5 fixed on the other end of the steel pipe. By such an ar-
rangement, the current i flowing through the steel pipe
exists only on the inner surface of the wall by the skin
effect and does not appear on the outside of the pipe. For
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example, even if the terminals p and g fixed on the outside
of the pipe are connected to a voltmeter 9, the reading of
voltage is zero and as indicated by 8 and 8’ even when
earthings are effected, there is no flowing of earth current.

The method for surface heating of the present invention
can be reduced to practice by using the steel pipe schemati-
cally shown in FIGURE 2 as heating elements. FIGURES
3 and 4 shows the arrangement of such a heating element
buried under the surface of the ground. In these drawings
1 is an electric source, 2 is a steel pipe, 3 is insulated wire,
4, 5 and 6 are terminals and 8 is the earth. An alternating
current from a source 1 flows to a terminal 6, through an
insulated wire 3 disposed in the inside of a steel pipe 2
and reaches a terminal 4, from there it passes only the
surface part of the inside wall of the steel pipe, from the
terminal 5 it leaves the steel pipe and returns to the source
1. Accordingly even when such steel pipes are buried in
concrete asphalt, conductive earth, or the like, and even
when short circuit is made by a steel plate 7 or the like,
the current { is constant and no earth current or short
circuit current flows so long as the insulation of the wire 3
from the terminal 6 to the terminal 4 is perfect. This
means that there is no voltage appearing on that part and
it is not harmful to a human being, animal or the like.

Since the heating element is of steel, it adapts itself well
to concrete, asphalt or the like road, floor or wall.

Further it can be reinforced simply by structures such
as steel plates 7 and hence it can be of strong construction.
There are further advantages that the temperature dis-
tribution on the surface of road, floor or wall or the like
can be made uniform by using relatively broad steel plates
7 and since the construction material is of steel, it is less
expensive and more economical than copper used mostly
in MI cables.

What is claimed is:

1. A method for heating the surface of construction
material electrically which comprises generating heat on
the inner surface of an outside pipe made of a highly mag-
netic metal and buried in the inside of a construction ma-
terial by passing the alternating current only on the inner
surface of the said outside pipe by using a perfectly in-
sulated wire which is disposed in the inside of the said
outside pipe, one end of said insulated wire being con-
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nected to the one terminal of an alternating current source
and the other end connected to the one end of the said
outside pipe, the other end of the said outside pipe being
directly connected to the other terminal of the same alter-
nating current source.

2. An apparatus for heating the surface of construction
material electrically which comprises an outside pipe of
highly magnetic metal adapted to be buried in the con-
struction material and a perfectly insulated wire disposed
in the inside of the said outside pipe, one end of said in-
sulated wire being connected to one terminal of an alter-
nating current source and the other end connected to a
terminal conductively fixed on the one end of the said
outside pipe, the other end of the said outside pipe being
directly connected to the other terminal of the said alter-
nating current source, so as to generate heat only on the
inner surface of the said outside pipe when an alternating
current is passed through the wiring system.

3. An apparatus for heating the surface of construction
material electrically which comprises an outside pipe of
highly magnetic metal adapted to be buried in the con-
struction material and a perfectly insulated wire disposed
in the inside of the said outside pipe, one end of said in-
sulated wire being connected to one terminal of an alter-
pating current source and the other end connected to a
terminal fixed on one end of the said outside pipe, the
other end of the said outside pipe being directly connected
to the other terminal of the said alternating current source,
so as to generate heat only on the inner surface of the said
outside pipe when an alternating current is passed through
the wiring system, the outside surface of said pipe being
inter-connected at places by steel plates.
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