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26 Claims

The invention relates to electric heaters, and
to systems for connecting such heaters in circuit.
While the heater here shown may be used for
many purposes, it is intended, more particularly,

5 for the heating of water for household supply.
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As here shown, the heater is connected directly
in the pipe line, but its use is not limited to this
type of connection.

The heater belongs to that type in whlch the
heat is generated by .the passage of current di-
rectly through the fluid while the fluid is. flowing
through the heater, as distinguished from those
heaters in which the current passes through some
special resistance material from which the heat
is transmitted to the fluid by conduction or radia-
tion to the fluid.

While chemically pure water has a yery high
resistance, too high to be heated by current at
commercial voltages, the water that is. ordinarily
used for household supply always contains more
or less mineral matter in the form of  dissolved
salts and other foreign matter; and the bresence
of these salts or other substanCes even in small
quantities, so lowers the resistance of the water
that current of commercial voltages may be read-
ily used to secure the necessary heat. )

Moreover the water from any one locality .is
substantially constant in its dissolved salts. and
other foreign matter, so that it is practical to so
adjust the heaters for any given locality that they
will consume only the current necessary to pro-
duce the required heat; and when once adjusted
do not ordinarily require to be changed. ' There-
fore while the resistance of water of different
localities may vary considerably, the fact that it
does not vary substantially for any given loca-
tion makes it possible to--so adjust the heaters
that. they may be adapted to any particular lo-

cality when used as water heaters; and when

they have been once adjusted they may continue.

in use without substantial change for an indefi-

nite period of time.
Heaters in which the heat is developed by cur-

rent flowing through the fluid “itself are best. .

adapted for wuse with- alternating. - currents.
While direct current may - be used, a certain
amount of fluid is then. always decomposed, with
the formation of gas and the destruction of the

these objectionable results are not. produced in
a substantial amount. However, when direct

current is used, the amount of fluid decomposed.

is small, and if the electrodes are made of mate=
rials which are not affected by the resulting con-
ditions, the use of direct current is practical.

whereas = with . alternating current

(CL 219—40)

__One of the objections to heaters of this type, as
heretofore constructed, has been the formation of
short circuits and the passage of leakage currents

1y
]

through the water and through the walls of the - -

heater to the water pipes themselves. -This not
only results in a loss of current but injuriously
affects -the pipes ‘as the result of electrolysis,
which occurs where the current flows between the
pipe and the ground. One of the objects of my

invention is to. so connect the heater in the elec- ¢

tric circuit as to reduce this leakage current to a
negligible amount.
.This object: is .accomplished by means herem-

after-described, the principal advantage secured .

thereby being the increased safety to life -and ¢

property, which are endangered by leakage of
currents from the high power supply circuits now
commonly used.. A further advantage is the in-
cidental saving in the quantity of current used.

Another major object of the present invention
is. to_attain substantially increased -efficiency in
operation ‘relative to the size and cost of the
heater unit and. the quantity of electrical energy

consumed. This object is attained mainly by -

the manner in which several groups of conduct-
ing plates or electrodes are arranged relatively to
each other and connected into the power circiiit,
and other disconnected electrodes are interposed
between members of “said groups of connected
electrodes as will be hereinafter explained.

‘Referting to the accompanying drawings which
illustrate one form of my invention:

‘Pig. 1 is a view of the heater “itself partly in
section to illustrate the internal construction;

Fig. 2 is a front view of the connecting panel
which' is: attached to and forms a part of the
heater shown'in Fig. 1;

PFig. 3 is a view of two plates of the heater
separated - to -show the relatwe arrangement
thereof; -

¥Fig. 4 is a horizontal section on the line 4—4,
Fig. 1, showing how the heating elements are con-
nected in the cireuit.

Fig.-5 is a -diagrammatic view of the heating
élements and of the electncal connectlons there-
for.

Heating element

““The heater proper-is built up of a plurality of
plates of cast'iron or other suitable material, said
plates being all of the same .or substantially the
same construction'and form. Theseplates, repre-

sented by the numerals 10-and 11 (Fig. 3), have’

relatively thin: body portions 12 and thickened
rims 13; and the body portions of plates 10 are
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provided in the central portion thereof with
perforations 14, while the plates 11 have perfora-
tions 15 located in the cuter portion of the thinner
section. The heater is built up of these plates
alternately arranged, so that, when the thickened
edges rest one upon the other the water is com-
pelled to follow a sinuous path through the heater
between the thin body portions of the plates and
through the perforations 14 in plates 10 and
perforations 15 in plates 11 (see Fig. 5) thereof.

The plates 10 and 11 are separated each from
the other by insulating rings or gaskets 20 which
lie between the thickened rims thereof. The rims
of the plates are provided on one side with an
annular groove or recess 21, and on the other side
with annular recesses 22 (Figs. 1 and 3). The
gaskets may be made of any suitable insulating
material, such as bakelite, rubberized asbestos, or
other suitable insulating material; and as the
plates are forced tightly together as hereafter
described, the material of these gaskets will be
forced into the grooves 21 and 22, thereby aiding
in sealing the joints between the plates so that
water tight electrically insulated joints may be
provided. :

The plates 10 and 11 with the gaskets 20 con
stitute the body of the heater; and the spaces
between the plates, in conjunction with the perfo-
rations 14 and 15, constitute the sinuous path
through which the water flows. This flow of
water may be in either direction, but as here
shown, it will pass in at the bottom and out
at the top.
© Preferably, a chamber is formed in the bottom
of the heater by the use of rings 30, which are
separated from each other and from the heating
elements by means of insulating gaskets 20 like
those used to separate the heating elements, or
by forming an annular rim or header 42,

The heater is completed by headers or plates
40, 42; header 40 being mounted on the top of
the plates and insulated therefrom by a gasket
20, and header 42 being secured to the bottom
of the heater, and being likewise insulated there-
from by a gasket 20. _

The header 40 is provided with an opening
into which is secured a discharge pipe 44, while
the other header 42 is provided with a pipe inlet
46. And to the latter is secured the main supply
pipe 47.

As stated above, the water may flow in either
direction through the heater, but as here illus-
trated it enters through the pipe 47, passes
through the pipe 46 into the bottom chamber of
the heater formed by the rings 30, thence through
the perforations 15 of the lowermost plate 11,
through the annular space between this and the
next higher plate 10, thence through the perfora-
tions 14 of the last mentioned plate, thence alter-
nately through the outer perforations of the one
plate and the inner perforations of the other
until the upper end of the heater is reached,
whereupon it is discharged from the body of the
heater, and passes out through discharge pipe 51.

The water might discharge from the heater
directly into the distributing system, but as here
shown it discharges into a top chamber made up
of the annular extension 57 of the header 40,
which chamber is closed by a removable cover
48 secured in pogition by bolts 49, a suitable
gasket 50 being arranged between the extension
57 and the cover plate 48. By removing the
bolts 49 and the cover 48, access may be had
to the chamber for any purpose desired.

1,041,584

Clamping devices

The plates 10 and 11, and the headers 40 and
42, are held together by any suitable clamping
devices. Those here employed are a series of
bolts 60 which extend through openings in the
headers 40 and 42. There may be any suitable
number of bolts, but in the form here shown five
are provided. Both ends of these bolts are
threaded for the reception of -suitable securing
devices. Nuts 61 carried by one end of the bolts
lie against lock washers 62, which in turn rest
against ordinary metallic washers 63, and these
latter rest upon insulating washers 64 lying
against the header 42. At the other end, each
bolt 60 is provided with a similar insulating wash-
er 65, a metallic washer 66 above the same, and
suitable tension devices. These last mentioned
devices include a helical spring 67 which sur-
rounds the bolt and rests upon the metallic wash-
er 66. Another metallic washer 66 rests upon
the top of the spring, and screwed upon the bolt
and resting upon the last mentioned washer 67 is
a nut 68. By screwing down the nut 68 any suit-
able tension may be placed upon the spring.
This tension must be great enough to secure the
plates together with a pressure sufficient to pre-
vent leakage, while at the same time, the springs
allow for normal expansion and contraction of
the heater.

Each bolt 60 is provided at one end with an
insulating sleeve or bushing 69 which passes
through the header 40, and at the other end with
a similar insulating sleeve 69 passing through
the corresponding hole in the header 42. The
purpose of these insulating sleeves is to prevent
loss of electrical energy to the ground and in the
heater itself.

To secure the elements of the heater together,
the bolts 60 are inserted in the holes in the head-
ers, the bushings 69, and the nuts, washers and
springs are put upon the bolts in their proper
order. By tightening either or boith of the nuis
61 and 68, any desired pressure can he applied

to the springs 67, thereby securing the elements

of the heater together with the degree of pres-
sure required in each particular case, and yeb
permitting proper expansion and coniraction of
the parts.

Casing

In the form of the invention here shown, the
heating unit is surrounded by a suitable casing
congsisting of a cylindrical body 70, a top 71 and
a bottom 72.
the cover plate 48 but contacts with the outside of
the extension or chamber 47. The bottom 72 is
provided with an opening through which the pipe
46 extends, and to which the water pipe 47 is

secured. The top 71 is provided with openings :

at 73 through which the upper ends of the clamp-~
ing bolts or rods 60 extend, and nuts 74 thereon
secure the top 71 in position. The outlet pipe 51
extends through a suitable opening in the side
of the casing 70, and its inner end is screw-
threaded into an opening extending throush the
wall of the annular extension 57 on header 40.
It is to be understood however that this partic-
ular form of casing, and the particular manner
in which the inlet and outlet pipes are shown, are
not of the essence of the invention, and may be
varied at the will of the user. In fact, it is not
essential that an outer casing be provided, al-
though such a casing is to be preferred. And the
space between the casing and the heater proper

The top 71 does not extend over 3
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may be.looked upon -as a heat insulating cham-

ber, for preventing undue radiation -of the heat,

Electrzcal connectzons

~As explalned above, the plates 10 w1th thelr
perforations 14, and the plates 11 with -their
perforations 15, when piled alternately as de-
seribed form a sinuous conduit or passageway
through which the fluid .to -be heated is forced
to flow, These plates are connected in the cir-
cuit in varying combinations to suit the condi-
tions under which the heater is used. The ohmic
resistance of the -plates 10 and 11, if made of
iron, is. considerable, and therefore. a certain
amount of heat is generated in the plates them-
selves; thus, while the heating effect is produced
primarily in the mass of fluid passing through
the heater, that heat which is generated -in the
plates 10 and 11 due. to the resistance thereof, is
utilized to raise the temperature of the fluid as
it passes through the apparatus.

These plates 10 and. 11 may each be provided
with .a single terminal, .or they may carry any
desired number of terminals. - In the form here
illustrated, each plate is provided with two ter-
minals 76 arranged at substantially opposite
points thereon. These terminals are connected
in parallel so that the plates are supplied with
current at a plurality of points. This is partic-

q. ularly -desirable where iron plates are used, be-

cause. of the comparatively -high resistance  of
the material of which they are composed.

In heaters of this.type, as heretofore con-
structed and when used as water heaters, there
has been an objectionable and serious loss of

* current through the water to the pipes which are

grounded in the earth. One of the objects of
this invention is to reduce this leakage of cur-
rent to & minimum, and this is effected in a man-
ner which will now be described, ‘ ,

The headers 40 and 42 are of course connected
to the pipe system.of the water supply and these
pipes-in use are always grounded. In the ordi-.
nary commercial -electrical distribution systems,
a three wire circuit is used. One of the lines,
usually termed the neutral line, leads back to
the generator and is.grounded. There is a differ-
ence of potential of 220 volts between the two so-
called outside or power lines, and a difference of
110 volts between each of the outside lines and
the neutral line. This cireuit is well known, and
is used with electric ranges and similar appli-
ances. It is well known that lamps or other ap-
paratus intended to be used with a difference of
potential of 110 volts may be connected hetween
either outside line and the neutral line; and that
electrical appliances intended to be used on 220
volts can be coupled. directly between the so-
called outside lines.

‘In the embediment of my mventlon taken for

-explanation herein, “the .three wire. distribution

system of 110-220 volts potential is used to illus-
trate the heater connections,\bu;t my heater can
be used on a two wire.110 volt system, or on any-
common distributing ‘system. of -any potential,

- with practically the same results and efficiency.

"6

However, the 110-220 volt system is preferable for
domestic use, owing to.the smaller- wires which
may be used to carry the same wattage consump-
tion,

In my invention, advantage is taken of this
common. distribution circuit- to so-connect the
elements of the heater as to limit or reduce to a
minimum - the -leakage of current.. To this end,
the plates 10.and 11 of the heater are all insu-

lated each from the other by the gaskets 20; .and
the plates are insulated from the headers 40 and
42 by annular gaskets 20, identical, or: substan-
tially identical, with the gaskets 20 between the
elements. Thisprevents leakage from the plates
10 .and 11 to the headers 40 and 42 and thus to
ground through a direct metal conductor. But
inasmuch as the current is passing through the
fluid, and the fluid is passing through the pipes
of the distributing system, there is a possibility, in
fact a probahility, of .current leaking through the
water to the grounded pipe, and:thence to the
ground and through the ground to the trans-
former which.:is always grounded, thus possibly
causing electrolysis. where the current passes
from the pipe tothe ground and vice versa.

_To reduce this leakage to a megligible amount,
the . plates of the heater are connected in the
manner shown -in Fig. 5, to which reference will
now be ‘made, This figure illustrates the -elec~
trodes or plates 10 and 11 and the circuits there-
for diagrammatically. And for convenience of
reference -the several plates are numbered se-
rially from (101) to (119); inclusive. It.is to be
understood, however, that while 19 plates are
here illustrated, any suitable number may be
used; the numbering here used being employed
merely for convemence in describing the circuit
connections.

The top plate 101 is insulated from the header
40, and the bottom plate 119 is'insulated from the
rings 30, which in turn are insulated from the
header 42 by the gaskets 20, as shown in Fig. 1.
The plates that are nearest the headers 40 and
42, that is (101), (119), respectively, are both
connected, as by conductors 142 (Fig. 2), to the
neutral, center or 110 volt line of the distributing
system, which gives them a neutral or substan-
tially neutral potential. The outside or 220 volt
lines -are connected to certain of the other plates
in .varying combinations, depending upon the
character of the fluid being heated and the
amount of heat it is desired to impart to the fluid,
and the amount of electrical energy it is desired
to .consume .over & given period, and other con-
siderations. In the arrangement here shown
(Figs. 2, 4 and 5), the one side of the 220 volt line
is connected by conductors 141 in multiple with
two heater plates, namely (105), which is near the
top thereof, and (113) which is near the middle
thereof; and the other 220 volt line is similarly
connected by conductors 141 with the plate (109)
near the middle of the heater and with the plate
(116) near the bottom thereof.  But these par-
ticular connections are-illustrative .only, and va~-
rious other combinations may be:employed. -

By these connections, it will be noticed that
while the plates (101) and (119) -are of neutral
or nearly neutral potential, there will be a dif-
ference of potential of 110 volts between: the
top plate (101) and the plate: (105), -and be-
tween the bottom plate (119) and the plate
(116); and under this difference of potential a
certain amount of current ‘will flow, depending
upon the resistance of theé-fluid being heated.
By varying the number of intervening plates
and the length of the liquid path, this resist-
ance may be varied at will, and consequently
the amount of current -also varied as required
by the conditions of any particular situation.
Under this difference of potential, a certain lim-

ited amount of current will flow between plates.

(101) and (105) at the top, and plates (116)
and. (119) at the bottom; but there will be lit-
tle tendency for -current to flow from the end

3 :
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plates to ground, as the resistance of the wire or
wires connected to plates (101) and (119) and
thence direct to the transformer will always be
considerably less than the total resistance of
the rings 30, the headers 40 and 42, the pipes
44, 46 and 47 and the liquid contained therein.
But while there is a difference of only 110 volts
between the groups of plates just referred -to,
there is a difference of 220 volts between other
groups of plates; for instance, there is a differ-
ence of 220 volts between plates (105) and (109) ;
and between the plates (109) and (113); and
between. plates (113) and (116). Inasmuch as
the voltage between the last mentioned groups
is double that between the upper and the lower
groups, the tendency of the current will be to
flow between these plates (105) to (116), rather
than between plates (101) to. (105) and (116)
to (119); or between the individual plates (101)
and (119) to the ground, as represented by the
inlet and outlet pipes connected to the heater.
By thus providing for the maintenance of poten-
tial differences of various degrees in different
parts of the heater a substantial gain in effi-
ciency is accomplished. as pointed cut herein-
after. BT ' .

- In the particular arrangement here shown,
the fluid is supposed to enter at the bottom and
pass out at the top of the heater, although the
circulation may be in ‘the reverse direction if
desired. Most fluids when cold normally have
a higher resistance than when heated; there-
fore, a smaller number of unconnected plates
are shown between the connected ones at the
bottom of the heater, than there are uncon-
nected plates at the top of the heater, where the
fluid has become heated.

By using a large number of plates, and cou~
pling these in circuit as demanded by the cir-
cumstances, it is possible to adapt heaters of
this kind to widely varying conditions; it being
merely necessary to determine by test the best
combination for any particular heater or partic-
ular location, temperature of, or quantity of
heated fluid desired, and then couple in the plates
in accordance with the requirements of that
situation, and the requirements of the user as
to the desired temperature of the fluid and wat-
tage consumption. '

The plates, conductors or electrodes 10 and 11
may be connected in circuit in any suitable way.
As here shown, the heater casing carries on one
side thereof a -terminal box and coupling de-
vices for connecting the plates in c¢ircuit as de-
sired. These parts are shown in section in Fig.
1 and in front view in Fig. 2,

Referring more particularly to this feature,
the casing 70, Figs. 1 and 4, has secured thereto
a board or panel 130 of insulating material by
means of bolts 131. Mounted on the board or
panel 130 is another board or panel 132 of insu-
lating material, and upon this last mentioned
board or panel are three conducting strips or bus
bars 133, 134, 135 (Fig. 2), which are terminals re-
spectively of the three wires of the distributing
circuit.  Bus bars 133, 135 are the terminals
of the two 229 volt wires, respectively, and
134 is the terminal of "the “neutral = wire.
These bars have secured therein suitable
binding posts 138; dnd the insulating panel

132 carries a number of binding posts 139, one

for each heating element 10 and 11. As here
shown, there are a large number of these hind-
ing posts 139; for while the heater shown in
Fig. 1, is provided with only 19 plates, as ex-

1,041,584

plained before, this is merely illustrative, and a
much larger number may be used.

All of the binding posts on panel 132 are indi-
cated by the numerals 139; but in Fig. 2, those
particular binding posts which are selected for
use with the plates of this heater are also num-
bered with the numbers of the several plates,
as shown in Fig. 5, so that the several circuits
may be more easily traced. Thus the post 139
which is connected to plate 101 is marked (101 ;
that connected to plate 105 is marked (105) ;
that-connected to plate 109, as (109); and so
forth throughout the series. In fact, all of the
plates of the heater are in practice preferably
connected to the correspondingly numbered
binding posts 139, so that any connections neces-
sary can be readily made.

Each of the series of plates 10, 11, is connected
by a conductor 140 to one of the series of bind-
ing posts 139. As shown in Fig. 4, these con-
ductors 140 are carried into the heater from
panel 132 through an opening 150 in casing 70.
Three of said conductors 140 are there shown,
each connected with two binding posts 76 in the
rim  (preferably diametrically opposite each
other) of one of the plates. Each of said plates
10, 11, is similarly connected with its own binding
post on panel 132.

Conductors 141 (Fig. 2) connect certain of the
binding posts 139 and the electrodes connected
thereto, these heing selected as herein indicated
according to the local conditions and require-
ments, with cne or the other of the terminal bars
133, 135 of the 220 volt lines of the three-wire
power - circuit; conductors 142 connect other
binding posts and electrodes, selected according
to the same conditions and requirements, with
the terminal 134 of the neutral or 110 volt line.
By means of these terminals and circuit connec-
tions, as shown more in detail in Fig. 2, it is pos-
sible to connect the heating plates or electrodes
in various groupings or combinations with the
power circuit, so as to obtain in each case the
particular varfation of potential differences in
different parts of the heater that are best suited
to the local requirements.

It is impossible to show all of the circuit con-
nections in Figs. 1 and 4; but a clear under-
standing thereof may be had by referring to Pigs.
2 and -5, which; for convenience of description,
may be considered together; Fig. 2 representing
the terminel board or panel, and Fig. 5 the plates
in diagram. The connections are indicated for
the particular heating plates selected for de-
scription in this specification, it being under-
stood that these connections may be varied at
will. .

Conductors 140 connect the top plate (101)
and botfom plate (119) of the heater with bind-
ing posts 139 on the terminal board 132, and these
in turn are connected by connectors 142 to the
neutral or 110 volt bus bar 134; and the other
plates (105), (109), (113), and (116) are con-
nected by other wires 1490 to their respective
binding posts 139 on terminal board or panel 132,
and thence by connectors 141 to the binding
posts 138 on one or the other of the 220 volt bus
bars 133 or 135, as may be desired. In this in-
stance plates (105) and (113) are shown connect-
ed to bar 133, and plates (109) and (116) to
bar 135.

Assuming the parts to be connected as shown,
current will flow between the several plates con-
nected directly to the two sides of the 220 volt
lines.

For instance, current will flow from the :
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220 volt line connected to bar 133, through the
connections 141 to the binding posts 139 (105)
and (113) on board or panel 132, thence through
conductors 140 to the plate (105) ‘and (113) in
parallel, through the heater to the plates (109)
and (116), through other conductors 140 back to
binding -posts 139 (109) and- (116) on board or
panel 132, through connectors 141 to the bar
to the other side of the 220 volt line.

With the active plates referred to connected
to the opposite sides of the 220 velt circuit, and
the end plates (101) and (119) connected to the
neutral line, the tendency is for the current to
pass between the plates having the greatest dif-
ference of potential; so that, as in all three wire
distributing circuits, no current or substantially
no current, will pass through the neutral line;
but the end plates (101) and (119) are connected
to the neutral line so: that stray currents, or
currents due to an unbalanced condition of the
system, will make circuit through the end plates
(101) and (119), through their respective con-
ductors 140, to their binding posts 139 (101) 139
(119), connectors ‘142, to bus bar 134, which is
connected through the neutral line to the trans-
former, : ‘

The plates (101) and (119) and the headers 40
and 42 are always at neutral potential, there-
fore there is no difference of potential between
the ‘plates and the headers, and therefore there
is no tendency for current to pass from plates
to the headers, and thence through the pipes to
the ground.  Thus these end plates connected in
this manner and:insulated from the headers, act
as screens to prevent the flow of current into the
pipe system and to ground.

As explained above, not all the plates 10 and
11 are usually in circuit at the same time, and
the unconnected plates are merely idle plates,
considered strictly as electrodes.’' They. never-
theless serve an important purpose, whereby the
efficiency-of the heater is substantially increased;
for as the current passes between -the active
plates it will flow-partly through the liquid in
the heater and partly through the: intervening
plates; There being a ‘continuous -liquid  path
through the holes 14 and 15, part of the current
will take this path, while another portion will
pass from the active plates directly through the
liquid to the next adjacent plates, thence from
plate to liquid and liquid to plate to: the next
active plate. ; : g

By means of the above described construction
and circuit- connections, advantage is. taken of
the fact that when current  passes from. one
medium to another, as from solid. to liquid:and
vice versa, there is always a definite fall-of poten-
tial and a consequent dissipation of energy.at
the point of transit.” In a heater constructed ac-
cording to thé present invention such a fall of
potential takes place at several points, the en-
ergy thereby generated being transformed’ into
heat, which is absorbed by the liquid passing
through the heater. It has been found in prac-
tice that a heater thus constructed is' consider-
ably more efficient than one in which: the current
is forced to flow: through the fluid: only, or
through a resistance element only. : :

Having thus described ‘my invention, what T
claim is:— : TTon

1. 'In an electric heating system, the combina-
tion of a plurality of electrodes, means for. circu-
lating the substance to be heated between the
same, means for insulating ‘the electrodes from
the ‘system, mmeans for maintaining the ends of

135,

S

the heater at low or zero potential; and means
for passing current between the electrodes at any
desired rate within the capacity of the generator
and through any desired section or sections of
the heater. oo

-2, In an electric heater, the combination of a
plurality of electrodes between which the
medium to be heated may flow, means for con-
necting the electrodes near the ends to the ney-
tral line of a three wire distributing system, and
means for connecting intervening electrodes to
the other lines of the system.

3. In an electric heater, the combination of &
blurality of plates spaced apart and having open-~
ings therein so that when secured together a
tortuous path for the flow of fluid is provided,
means for insulating the plates each from the
other, means for maintaining the plates near
the end of ‘the heater at or near zero potential,
means for maintaining the other plates at dif-
ferent potentials so that current will flow through
the heater between the last mentioned plates.

4. In an electric heater, the combination of a
blurality. of plates spaced apart and having open-
ings therein .so that when secured together a
tortuous path for the flow of fluid is provided,
means for insulating the plates each from the
other, means for maintaining the end plates at
low or zero potential, means for maintaining a
definife but variable potential difference between
certain of ‘the other plates and the end plates,
and means for maintaining a definite but vari-
able and greater potential difference between the
other plates of the heater.

5. In a water heating system, the combination 110
of a supply pipe and a discharge pipe, a heater
comprising- a plurality of plates between ‘which
the water may flow located between the supply
and discharge pipes, means for insulating the
plates from each other, means for insulating the 115
heater from- the supply and- discharge pipes,
means for maintaining the ends of the heater at
neutral potential, and means for maintaining
other of the plates at substantial potential.

6. In a water heating system, the combination 120

of a supply pipe and & discharge pipe, a heater
comprising a plurality of plates between which
the water may flow located between the supply
and discharge pipes, means for insulating the
plates from each other, means for insulating the 125
heater from the supply and discharge pipes,
means for connecting the ends of the heater
with a source of neutral potential, and means
for connecting other of the plates with a source
of higher potential. ) :
M. In'a submerged type of electric heater, the
combination of a plurality of plates or electrodes
insulated from each other, a terminal board, and
means for connecting-the plates or electrodes in
sections.-or: groups with the terminals of the 135
board, so that-in each section or group there may
be maintained a definite but variable wattage
consumption for each section or group independ-
ently of the others. -

8. In'a submerged type of electric heater, ‘the
combination of a plurality of plates or electrodes
insulated from each other, a terminal board, and
means for connecting the plates or- electrodes
with fhe terminals of the board so as to maintain
any predetermined temperature in the material 145
being heated irrespective of the conductivity
thereof. k :

9. 'In a submerged type of electric heater, the
combination of a plurality of plates or electrodes
insulated from each other, a terminal board, and 150
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means for connecting the plates or electrodes
with the terminals of the board so that the plates
may be variably connected in circuit to maintain
a given wattage consumption whatever the con-
ductivity of the material being heated may be.

10. In an electric heater, the combination of a
plurality of electrodes insulated from each other
and spaced apart to form a passage between
the electrodes for the flow of the liquid to he
heated; means for connecting the end electrodes
of those which are connected to circuit to the
neutral line of a supply circuit; and means for
connecting an electrode intermediate of said end
electrodes to a power line of the supply circuit.

11. In an electric heater, the combination of a
plurality of electrodes insulated from each other
and spaced apart to form a passage between the
electrodes for the flow of the liquid to be heated;
means for connecting the end electrodes of those
which are connected to circuit to the neutral
line of a supply circuit; and means for connecting
two or more electrodes intermediate of said end
electrodes each to a power line of the circuit.

12. In an electric heater, the combination of
a plurality of electrodes insulated from each other
and spaced apart to form a passage between the
electrodes for the flow of the liquid to he heated;
means for connecting the end electrodes of those
which are connected to circuit to the neutral line
of a supply circuit; means for connecting two
or more electrodes which are intermediate of said
end electrode to a power line of said supply cir-
cuit; and means for connecting two or more
other electrodes which are intermediate of said
end electrodes to another line of said supply cir-
cuit, said intermediate electrodes which are con-
nected to one line alternating with said interme-
diate electrodes which are connected to the other
line.

13. In an electric heater, the combination of
a plurality of electrodes insulated from each
other and spaced apart to form a passage be-
tween the electrodes for the flow of the liquid to
be heated; means for connecting the end elec-
trodes of those which are connected to circuit to
the neutral line of a three-wire supply circuit;
means for connecting an electrode intermediate
of said end electrodes to one of the power lines of
said supply circuit; and means for connecting
another electrode intermediate of said end elec-
trodes to the other power line of said supply
circuit.

14. In an electric heater, the combination of a
plurality of electrodes insulated from eéach other

" and spaced apart to form a passage between the

electrodes for the flow of the liquid to be heated;
means for connecting the end electrodes of those
which are connected to circuit to the neutral line
of a three-wire supply circuit; means for connect-

;0° ing two electrodes intermediate of said end elec-

trodes to one of the power lines of said supply
circuit; and means for connecting another elec-
trode intermediate of said two electrodes to the
other power line of said supply circuit.

15. In an electric heater, the combination of a
plurality of electrodes insulated from each other
and spaced apart to form a passage between the
electrodes for the flow of the liquid to be heated;
means for connecting the end electrodes of those

- which are connected to circuit to the neutral line

of a three-wire supply circuit; means for con-
necting two or more electrodes which are inter-
mediate of said end electrodes to one of the power
lines of said supply circuit; and means for con-
necting two or more other electrodes which are

1,041,584

intermediate of said end electrodes to the other
power line of said supply circuit, said electrodes
which are connected to one pewer line alternating
with said electrodes which are connected to the
other power line.

16. In an electric heater, the combination of a
plurality of electrodes insulated from each other
and spaced apart to form a passage between the
electrodes for the flow of the liquid to be heated;
means for connecting one end electrode of those
which are connected to circuit to the neutral line
of a three-wire supply circuit; means for con-
necting another electrode to one of the power
lines of said supply circuit; and means for con-
necting another electrode to the other power line
of said supply circuit.

17. In an electric heater, the combination of a
plurality of electrodes insulated from each other
and spaced apart to form a passage between the
electrodes for the flow of the liquid to be heated;
means for connecting one end electrode of those
which are connected to circuit to the neutral line
of said supply circuit; means for connecting two
or more other electrodes to one of the power lines
of said supply circuit; and means for connecting
two or more other electrodes to the other power
line of said supply circuit, said electrodes con-
nected to one power line alternating with said
electrodes connected to the other power line.

18. In an electric heater, the combination of a
plurality of electrodes insulated from each other
and spaced apart to form a passage for the flow
of ‘the liquid to be heated; means connecting
certain selected electrodes with the power lines of
a three-wire supply circuit; and means connecting
one of the end electrodes of those connected to
circuit with the neutral line of said supply cir-
cuit.

19. In an electric heater, the combination of
a plurality of electrodes insulated from each
other and spaced apart to form a passage for
the flow of the liquid to be heated; means con-
necting certain selected electrodes with the
power lines of a three-wire supply circuit; and
means connecting the last electrode of those con-
nected to circuit at the hot end of the heater with
the neutral line of said supply circuit.

20. In an electric heater, the combination of
a plurality of electrodes insulated from each
other and spaced apart to form a passage for
the flow of the liquid to be heated; means for
connecting certain selected electrodes with the
power lines of a three-wire supply circuit; and
means for connecting the end electrode of those
connected to circuit with the neutral line of said
supply circuit.

21. In an electric heater, the combination of a
plurality of electrodes insulated from each other
and spaced apart to form a passage between the
electrodes for the flow of the liquid to be heated;
means for connecting one of said electrodes to
one line of a supply circuit; means for connect-
ing another of said electrodes to another line of
said supply circuit, there being interposed be-
tween said electrodes one or more electrodes
which are not connected to said supply circuit.

22. In an electric heater, the combination of
a plurality of electrodes insulated from each
other and spaced apart to form a passage between
the electrodes for the flow of the liquid to be
heated: means for connecting a plurality of said
electrodes to one line of a supply circuit; means
for connecting another plurality of said elec-
trodes with another line of said supply circuit,
the electrodes connected with the two lines of the
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supply circuit alternating with each other, and
there being others of said electrodes not con-
nected to the supply circuit and interposed be-
tween some or all of said electrodes which are
connected to the supply circuit.

23. In an electric heater, the combination of
a plurality of electrodes insulated from each
other and spaced apart to form a passage for
the flow of the liquid to be heated; means for
connecting certain selected electrodes with cir-
cuit conductors of different potential; and one
or more unconnected electrodes interposed be-
tween said connected electrodes.

24, In an electric heater, the combination of
a plurality of electrodes insulated from each
other and spaced apart to form a passage for the
flow of the liquid to be heated; means for con-
necting certain selected electrodes with: circuit
conductors of different potential; means for
maintaining the end electrodes of those con-
nected to circuit at low or zero potential, and one
or more unconnected electrodes interposed be-
tween said connected electrodes. i

25. In an electric heater, the combination of

7

a plurality of electrodes insulated from each
other and spaced apart to form a passage for
the flow of the liquid to be heated; means for
connecting certain selected electrodes with cir-
cuit conductors of different potential; means for
maintaining one of the end electrodes of those
connected to circuit at low or zero potential, and
unconnected electrodes interposed between said
connected electrodes.

26. In an electric heater, the combination of a
plurality of electrodes insulated from each other
and spaced apart to form a passage for the flow
of the liquid to be heated; means for connecting
certain selected electrodes with circuit conduc-
tors of different potential; means for maintain-
ing the end electrodes of those connected to cir-
cuit at low or zero potential; an unconnected
electrode or electrodes interposed between  the
electrodes of said connected group; and other
unconnected electrodes interposed between the
group of connected electrodes and each of said
end electrodes.

GEORGE NORRELL SEXTON,
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