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The present invention relates to methods and
furnaces for electrically melting glass by using
a tank or basin fitted with electrodes connected
to a sultable source of electrle current and so
arranged that an arc §s struck hetween them for
generating heat so as to liquefy the mass of glass
or vitreous material to be melted.

An object of the Invention 1s to provide an im-
proved method for melting glass with the ald of
.a tank or basin of the aforesald type, this meth-
od reslding in a novel or improved mutual ar-
rangement of the electrodes and leads and in
the novel manner of feeding current thereto with
a view to setting up under the Influence of the
currents through the leads electrodynamic forces
capable of re-acting upon the circulation of the
mass of glass belng melted, such ciroulation being
due as Is known to the different thermal effects
on the several portions of sald mass and taking
place on the thermosyphon principle.

Another object of the Inventlon Is to provide
an Improved electric furnace of the aforesald
type comprising such a novel arrangement of the
electrodes and leads feeding current thereto as
to generate parallel currents capable of favor-
ably Influencing by an attractive or a repulsive
electrodynamic effect the heat responslve circu-
latory motlon of the mass of molten glass and
of enabling a metal of finer quality to be ob-
talned.

Another object of the Invention is to provide
a novel or iImproved electric furnace of the afore-
sald type comprising such & new combination of
electrodes set and assoclated palrwise face to face
and of return leads connecting them back to a
source of sultable current as to foster an elec-
trodynamic action which will impart to the mass
of molten glass clrculatory Impulse upwardly from
the central hot polnt In the tank and downwardly
back to sald hot point.

A further object of the invention is to pro-
vide in an electric furnace of the aforesald type
such an improved arrangement of the electrodes
and leads connected thereto as to localize adja-

cent the surface of the pool of molten glass such -

a heat evolution as to carry out and preserve

fusion thereof under advantageous conditions.
A still further object of the Invention s to

provide In an electric furnace of the aforesald

type a novel arrangement of horizontally slidable :

and adjustable electrodes projecting well into the
tank to a position adlacent Its centre so as to
concentrate the current lines In its middle re-
glon.

With these and such other objects in view as
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will incidentally appear hereafter, the invention
comprises the novel steps as well as the novel
construction and combination of elements that
will now be described with reference to the ac-
companying diagrammatic drawing exemplifying
the same and forming a part of the present dis-~
closure.

In the drawing:

Figure 1 is a longitudinal sectional elevational
view of an upwardly open glass-melting tank or
basin, assuming the electrodes to be omlitted,
the section being taken on the line I—T of Fig, 2.

Figure 2 is a plan view corresponding to Fig. 1.

Figure 3 {s a transverse sectional view on the
line ITI—ITI of Fig. 1.

Figure 4 is a plan view of a slightly modified
glass-mfelting tank or basin showing three palrs
of electrodes engaged through Its opposite long]-
tudinal walls and arranged with their tips face
to face palrwise. .

Figure 5 is a plan view showing a tank or basin
as illustrated In Fig. 4 and the wiring provided
between the respective electrodes and the termi-
nals of the windings of a three phase trans-
former.

Figure 6 is a plan vlew similar to Fig. 5 show-
ing & slightly different way of connecting the elec-
frodes to the terminals of the transformer wind-
NEgs.

Flgure 7 is a -transverse sectlonal view of a
closed glass-melting tank or basln showing an
arrangement of the leads connected to a pair of
electrodes arranged face to face.

Figure 8 is a view similar to Fig. 7 showing
a glightly modified arrangement of the leads.

Like reference characters designate llke parts
throughout the several views.

The electric furnace shown comprises & rec-
tangular melting tank or basin 2 of elongated
shape which may have a congtruction similar
to that of commonly bullt glass furnaces. In
accordance with current practice, the tank or
basin 2 is advantageously provided at one end
with an Inlet spout or “dog house” such as 19
defining & channel 25 through which is poured
the mass of glass or vitreous material 26 to be
molten or liquefled In the tank. At the opposite
end of the tank may be provided as shown in
Fig. 4 a “working basin” 27 deflned by an ar-
cuate end wall and communicating with the main
space of the tank by an aperture 28 which may
be In the form of a weir formed In a partition
80 separating the two basins from each other.
The tank may be provided, moreover, with such
suitable contrivances as a glass-gathering pipe
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which are not shown as they form no part of
the invention.

The electrodes 3, 4, 5, 6, T and 8 through
which the electric current is led may be made
of carbon or graphite and are grouped into two
gets, each comprising three electrodes projecting
through the respective longltudinal walls of the
basin 2. The electrodes are sp arranged as to
inwardly protrude well into the basin 2 and into
the pool of molten glass slightly below itg upper
surface.

Each electrode is so mounted as to be horizon-
tally movable along 1ts axls so that it can be en-
gaged to a greater or lesser extent into the en-
closure deflned by the surrounding walls of the
basin 2. Each electrode may be cooled by any
suitable form of water box (not shown) which
forms no part of the Invention.

In the llustrated embodiment, each of the six
electrodes is connected to the terminals of the
secondary windings of a three phase transformer
10 s0 that they receive current impulses which
by a bhenomenon of diffuse conductivity flow
throughout the mass of glass being molten and
heat the same by the known direct Joule action.

The electrodes are located so that their inner
tips face each other as shown. The gaps between
their inner tips may vary according to require-
ments and such gaps may also vary from one pair
of electrodes to another. It will be understood
that provided the electrodes project far enough
into the tank 2 so as to leave between thelr inner
tips comparatively short gaps, the current lines
will be closer to one another between said tips

than hetween the portions of the electrodes adja- :»

cent to the periphery of the tank. Consequently
the evolution of heat is greater in the middle
or cenfral portion of the tank. This promotes
the formation of a heat-responsive rising stream
through the central portion of the mass of glass
heing molten and fosters the required circulatory
motion thereof as depicted by the arrows in Figs.
1,2and 3.

Ag i3 well known, in an electric furnace of this
clasg, 1t 1s generally advantageous to hasten this
circulatory motion of the hot molten glass so as
to use the latter ag a vehicle carrying by convec-
tion the heat which is required for heating the
fresh batches such as B of glass material charged

into the basin by the spout 18. As will be under- °

gtood, should this convection action be reduced,
the subjacent layer of glass material {s cooled by
contacting with said fresh batches and thus be-
cames less conductive of the electric current so

that the melting process is slowed down and the -

general efficlency of the furnace is curtailed.

In the electric furnace according to the inven-
tion, the mutual arrangement of the electrodes
and leads respectively connected thereto is such
&3 to set up electrodynamic actions which accel-
erate the heat responsive ecirculatory motion of
the glass being molten by adding their effect to
those of heat generated by direct Joule action as
above described,

It 1s a well known electrical notion that two
similarly directed parallel currents attract each
other In direct ratio of the product of their in-
tensities and in inverse ratio of the distance be-
tween them. If, however, the currents are op-
posttely directed, they repulse each other.

Where three phase alternative current is used
to operate such a furnace, the parallel currents
are similarly directed during two sixths of a
¢ycle and oppositely directed during four sixths
of the same cyele so that, as will be readlly un-
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derstood, the currents of two of the three phases
respectively designated by I, IT and ITI In Figs.
5 and 6 repulse each other most of the time.
It follows from this fact that the repulsive ac-
tion Is preponderating.

The wiring should be effected preferably by
taking into account the following explanations
given in connection with the showings of Flgs. 5
and 6: Assuming the source of alternating cur-
rent to be a transformer such as 10 having six
output terminals on its three secondary windings,
a primary way of effecting the wiring is that
shown in Fig. 5 wherein the three electrodes 3,
4, 5 located on the near slde of the tank 2 are
connected to the three positive terminals while
the three electrodes 8, T, 8 located on the far side
of the tank are connected to the corresponding
negative terminals of the respective transformer
windings. It will be understood that between the
electrodes B, 8 tapped to phase I and the elec-
trodes 4, T tapped to phase IT is set up a repul-
sive action. However, as the glass between the
electrodes 5, 8 is cooler than the glass between
the electrodes &, T, it is less fluid and movable
and thus drives the hotter glass towards the mid-
dle of the tank, This arrangement is not fully
satisfactory. In order to obtain betier results,
the wiring shown in Fig. 6 should be preferably
used. It will be seen that the middle electrode 4
located on the near side of the tank 2 is con-
nected to the negative output terminal of the
corresponding transformer winding, while the
middle electrode T lccated on the far side of the
tank is connected to the positive output terminal
of sald winding. This provides a so-called stag-
gered coupling of the several electrodes with
the source of current. Owlng to this coupling,
an attractive action is set up which draws the
Iess movable cooler glass from between the elec-
{rodes 5, 8 towards the hotter glass between the
electrodes 4, T and thus fosters the circulatory
motion depicted by the arrows in Figs, 1, 2 and 3.
The hotter portlon of the glass in the tank is thus
caused to come into contact with the fresh
batches B of glass materfal introduced through
the spout 19 Into the tank and to preheat them.
This improves the thermal efficiency of the fur-
nace and accelerates the melting process with-
out Involving exira current expenditure.

The wirlng arrangement shown in Flg. 6 pre-
sents the further advantage of providing for a
satisfactory balance of the phase loads assuming
the extent to which the electrodes project into
the tank to be equal. Another advantage is that
between the phases only half the tenslon prevails
and the current longitudinally flowing along the
tank wallg is weaker since the furnace operates
on the six phase principle. On the whole, this
connecting system is therefore particularly ad-
vantageous.

An alternative way of connecting the elec-
trodes would consist In negatively tapping the
electrode 3 and positively tapping the oppositely
located electrode 8. This alternative 1s not shown
but it Is so obvious to any one skilled in the art
that it can be readily understood and carrled
into practice without requiring a special illus-
tration. The advantage of this alternative ar-
rangement lies in a still stronger acceleration of
the circulatory motion of the glass as shown by
the arrows in Figs, 1 to 3, because In this case a
repulsive action is set up between the middle
and right hand side phases IT and III while a
conjunctive action is set up between phases HT
and I. However, In order to ensure proper op-
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eration and suitable load and phase balance, the
extents to which the electrodes project into the
tank must be then rendered different, for exam-
ple by means of adjusters such as the one dia-
grammatically shown at A In Fig. 4.

An important feature resides in the fact that
the leads feeding the current Lo the pairs of op-
posltely facing electrodes are so arranged as to
lie over the major portion of their length in sub-
stantial parallelistn with said electrodes so as to
create electrodynamic actlions capable of further
promoting the circulatory motion of the glass.

By way of example, assuming the back lead
from the middle electrode to the negative termi-
nal of the transformer winding to extend under-
neath the furnace hearth, it will be understood
that a repulsive action 1s generated which
sirongly repels the molten glass upwardly in the
middle reglon of the tank since in this region
more intense currents flow through the glass.
This further hastens the circulatory motion and
homeogenizes the mass of molten glass,
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The foregolng action may be still further en-
hanced by so shaping the back lead as to form
one or more loops such as shown at 29 in Figs. 7
and 8, said loops extending parallel with the fac-
ing electrodes and passing over and under the
tank 2 s0 as to surround 1t. The wirlng as shown
in Fig. 8 is s0 devised as to cause the electrody-
namic effect of the current to produce a braking
action capable of slowing down the circulatory
motion of the glass where, somehow, it is too
rapid and this would risk to Jeopardize the qual-
ity of the resultant glass after completion of the
melting process.

The above described electrodynamic effect may
be produced also in glass furnaces heated by
mcans of gas, coal, fuel oll or otherwise.

Minor constructional detalls of the improved
furnace might be changed without departing
from the scope of the subjoined clalms.
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