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1 Claim,
1

This invention relates to high frequenecy elec-
tronic apparatus for continuously heating  di-
electric materials, and is more particularly con-
cerned with improved means for applying a high
frequency electrical field for arying wet material
as-the material is-conveyed ‘through an electronic
dryer.

It is frequently necessary to dry materials in
a bulky form- into which externally applied heat
penetrates quite slowly. The rate of drying may
be -greatly aceelerated by - heating the material
internally, which can be accomplished by ‘placing
the materialin g high frequency alternating elec-
trical field. Under such conditions a dielectric
material will absorb:power from the field and
become heated throughout. “The heat developed
in the material will be directly proportional to a
broperty - of the :material known as the “loss
faetor,” to the frequency of alternation, and to
the:square of the intensity of the electrical feld.

High frequeney-electriesl power is highly effec-
tive, for example, in drying rayon yarn cakes or
packages produced by the pot or hobbin spinning
methods. However, the loss -factor of many
materials; of which rayon is one, decreases rapidly
as the material dries. Tt is therefore necessary
to increase the field intensity by inecreasing the
voltage as such material dries in order to main-
tain a.desirable rate of drying. This is a prob~
lem -which becomes especially troublesome when
it is desired ‘to- heat materials containing differ-
ent: percentages of ‘moisture simultaneously, as
when wet rayon cakes are advanced continucusly
on-a conveyor through-a drier-and are to'be dry
by ‘the time the cakes have passed through the
drier.

High frequency eleetronic driers have been de-
signed which provide. a rapid increase in field
voltage -after material being dried has reached
an intermediate point in its passage through the
drier. One such arrangement involves the use
of a hedting unit comprised essentially of an in-
ductor constituted by a pair of elongated, op-
posed electrodes spaced from each cther to re-
ceive therebetween the material to be heated and
having an inductor 'connected thereacross "in
proximity to the inlet-end. To tune the ecircuit
there is provided a -variable- capacitor which is
connected across the other end of the electrodes.
At a point intermediate the ends of the inductor
electrodes, a second inductor is connected ‘across
the electrodes. -With this arrangement the volt-
age will increase at a relatively low rate from the
inlet-end to the intermediate point, -and-the volt-
age will:then increase at a:relatively:high rate
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2
from the intermediate point to the outlet . end
of the electrodes.

There are two major disadvantages with the
arrangement described. One of these is that the
tuning capacitor uses up power and lewers the
efficiency of the system. A circuit has been pro-
bosed for overcoming this deficiency in which
one of the two electrodes is divided near the
middle into two sections, one section being indue-
tive and the other capacitive in-operation. The
two sections of divided electrode are connected
at the point of division by a variable inductor,
one lead from a source of high frequency -alter-
nating electrical power is connected to the in-
ductive section of the divided electrode at the
boint of connection of the above inductor, and
the other power lead is connected to an interme-
diate point of the undivided electrode. A second
varisble inductor is connected across the ends of
the two electrodes in the inductive section, this
being the inlet end where the wet material is in-
troduced. By suitable choice of constants, and
by adjusting the variable inductors, the cireuit
can be tuned into resonance without the neces-
sity of using a. power consuming tuning capac-
itor.

With this arrangement there will be an abrupt
increase in voltage in vassing from the inductive
section to the capacitive section, but the voltage
will rise only by a relatively smail amount be-
tween the ends of these respective sections.
Hence the voltage is not a continuous function
of the distance along the electrode, In both this
case and the arrangement deseribed previously
the voltage is a discentinuous function of elec-
trode distance, in that there are abrupt changes
in the rate of voltage increase. On the other
hand, the loss factor of a material such as rayon
varies as a continuous function of the moisture
content, so the voltage should vary in a similar
manner with distance along the bath of travel
between the electrodes, if the material is to be
kept drying at the optimnm rate as it is con-
veyed along. A disadvautage of the ‘circuit ar-
rangements discussed is that the voltage cannot
be varied to provide a preferred rate of heating
in all positions in the field.

To vary the voltage conbinuously aleng the
distance traveled, slectrodes in the form of long
straight conductors could he used. Tha voltage
variation glong such cenduetors would be ap-
proximately sinusoidal, and the distance between
maximum and minimum voltage would be ap-
proximately one fourth of the ‘wave length cor-
responding to'the ‘frequency of ‘electrical oseil<
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lation. To obtain appreciable variation, then,
such an electrode would have to be nearly one
quarter wave length. At frequencies commonly
used for drying moist dielectric materials, such
lengths are often uneconomical of space and too
great for practical application.

Tt is an object of the present inventicn to pro-
vide an improved high frequency electronic ap-
paratus of a size sufficiently small for practical
application for continuously drying moist dielec-
tric materials, provided with means for varying
the field voltage as a continuous function of the
distance of travel through the heating zone of
the drier. A further object of the invention is
to provide such an apparatus in which the field
voltage increases with distance of travel through
the field in a continuous manner and as rapidly
as desired to two or more times the supply volt-
age. Other objects of the invention will appear
hereafter.

The objects of this invention are accomplished
by an apparatus for centinuously drying moist
dielectric materials which comprises conveying
means for continuously advancing material to be
dried through a heating zone and a pair of elon-
gated metallic electrodes connected to a source of
high frequency electrical oscillations and ar-
ranged on opposite sides along the path of travel
of the material to create a high frequency alter-
nating electrical field between the electrodes
suitable for heating the magerial, one or both of
the electrodes being formed in the shape of a
flattened helix of multiple turns to provide a rela-
tively rapid variation of field voliage as a con-
tinuous function of distance of travel through
the field.

The voltage along an electrode thus formed
into a flattened helix will vary sinusoidally
similar to the variation along the long straight
conductor previously described. The distance
between voltage maxima and minima, however,
can be made as small as desired, and can be made
considerably smaller than cne quarter wave
length by properly spacing the turns of the helix.
The “electrical length” of such an electrode is
therefore larger than its physical length. Elec-
trical length is here defined as the physical
length of a long straight eonductor having essen-
tially an equivalent voltage distribution. The
electrical length increases as the physical length
is inereased, and/or as the turn spacing is de-
creased.

Tor most applications the source of high fre-
quency oscillations is connected across the elec-
trode ends at the inlet to the heating =zone, the
outlet ends of the electrodes are left open, and
the electrical length of the electrodes is not more
than one-quarter wave length at the operating
frequency. Under these conditions the field volt-
age will inerease from that of the source to a
maximum at the open ocutlet ends which may be
two or more times that of the source, depending
on the electrical length of the electrodes. The
rate of inerease and the shape of the voliage
versus distance-of-travel curve is determined by
the number and spacing of the turns of the helix
to which the clectrode is formed. A turn spac-
ing may be provided which changes gradually
from a relatively wide spacing to a relatively
close spacing, to cause the field voltage to in-
crease at an increasing rate with distance.

For some applications it may be desired to have
the field voltage decrease from the ends con-
nected to the source of high freguency osecilla-
tions, instead of increasing as described above.
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In this case it is merely necessary to connect an
inductor across the other ends of the electrodes.
This may be a variable inductor to permit tuning.
Tt may be desired to have the field voltage de-
crease to a minimum and then increase o a
maximum. This may be accomplished by making
the electrical length of the electrodes greater
than one-guarter wave length by inereasing the
number of turns of the flattened helix. ¥or a
fixed length of heating zone the increased num-
ber of turns can be spaced more closaly in achiev-
ing the increase in electrical length.

The inventicn will now be described in connec-
tion with the accompanying drawings, wherein
like reference nuraerals designate corresponding
parts.

Fig. 1 is an elevation in perspective of an ap-
paratus for practicing the invention,

Fig. 2 is a diagrammatic view of the apparatus
shown in Pig. 1,

Fig. 3 is a graph of the type of field voltage
distribution obtained with the arrangement
shown in Fig. 2,

Fig. ¢ is a diagrammatic view of a different
circuit arrangement from that shown in Fig. 2,

Fig. 5 is a graph of the type of field voltage
distribution obtained with the arrangement of
Fig. 4.

Fig. 6 is a diagrammatic view of an apparatus
similar to that of Figs. 1 and 2, but with the elec-
trode modified by varying the spacing of the
turns, and

Tig. 7 is a graph of the type of field voltage dis-
tribution obtained with the arrangement of Fig.
6, showing the variation in rate of increase of
voltage with distance which results.

Referring to Figs. 1 and 2, an electrode i1, of
an electrically conductive material, is formed in
the shape of a flattened helix of multiple turns
and spaced opposite and parallel to another elec-
trode 2. This second electrode could be similar
to the first, but it is simpier to have this electrode
{2 also serve as a support and conveyor for mate-
rial to be dried. The electrodes are connected to
the terminals of a scurce of high frequency elec-
trical energy, indicated diagrammatically at {3,
a vacuum tube oscillator being suitable. The
combined electrode and conveyor 12, an endless
belt of electrically conductive material, passes
around rollers {4, which support it at the ends
of travel. Material to be dried, here shown as
rayon cakes §5, are placed on the left or wet end
of the belt 12, advanced to the right beneath the
electrode 1, where the material is heated by the
field of high frequency electrical energy, and is
then removed from the right or dry end of the
belt §2 when sufficiently dry.

As shown in Fig. 3, the field voltage with this
arrangement increases as a continuous function
of the distance from the end of the electrode con-
nected to the high frequency oscillator. When
the circuit is modified by connecting a variable
inductor 28 across the open ends of the electrodes
it and (2, as shown in Pigs. 4 and 5, the field
voltage decreases as a continuous function of the
distance from the end of electrode i{ which is
connected to the oscillator. With this arrange-
ment the material to be dried should be conveyed
from right to left, making the end connected to
the oscillator the dry end.

With either of the arrangements discussed in
connection with Figs. 1 to 5, the shape of the
voltage versus distance curve may be modified
greatly by changing the number and spacing of
the turns of electrode (i. In Figs. 6 and 7 the
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effect is shown of spacing the turns closely near
the ends and relatively wide apart in the central
portion. The voltage curve rises rapidly at first,
then gradually, and finslly rapidly again. While
it might be difficult to fit a mathematical expres-
sion to this curve, it is obviously a continuous
function, there being no abrupt changes in the
voltage. In this manner a field voltage distribu-
tion can be arranged to provide any desired
optimum heating cycle for materials being con-
veyed through the heating zone at a uniform rate
in continuous drying. As a result, material can
be dried more uniformly and quickly, and the
apbaratus can be made as compact as desired for
this purpose.

As many apparently widely different embodi~
ments of this invention may be made without de-
parting from the spirit and scope thereof, it is to
be understood that the invention is not limited
to the specific illustrations given except as de-
fined in the appended claim.

What is claimed is:

In an electronic drier for drying moist dielec-
tric material including conveying means for con-

tinuously advancing material to be dried through &:

the drier and a pair of elongated metallic clec-
trodes connected to a single source of high fre-
quency electrical oscillations and arranged on op-
Dosite sides along the path of travel of the mate-

rial through the drier to create a high frequency 50

electrical field between the electrodes for drying
the material, the improvement which comprises
arranging one of said electrodes in the shape of a

flattened helix having multiple turns spaced more

‘closely in one part of the helix than in another

part and forming a rectangularly shaped, gen-
erally zig-zag pattern parallel to said path of
travel of the material adapted to provide a rela-
tively rapid increase of field voltage at a con-
trolled rate between said electrodes as a con-
tinuous funection of the distance of travel of the
material to compensate for decreasing loss factor
of the material as the material dries.
JOHN G. BERNARD.
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