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(Cl. 219—40)

15 Claims.
1

This invention relates to an electric steam gen-
erator of the type iliustrated in Patent No. 1,862,-
071, granted to me June 7, 1932.

The principal objects of the invention are to
provide a reliable and efficient electric steam gen-
erator which is automatically self-regulating; to
provide a steam generator which is designed to
meet the several public safety requirements, both
with respect to electrical and mechanical hazards;
to provide an apparatus which is adapted for a
wide variety of uses requiring operating pres-
sures which may vary from a few pounds to sev-
eral hundred pounds; and to provide an appara-
tus which is of relatively simple design and which
can be manufactured at a relatively low cost
without the use of skilled workers.

¥urther cobjects relate to various features of
construction and will be apparent from a con-
sideraticn of the following description and the
accompanying drawings, wherein—

PFig. 1 is an elevation, with parts broken away
and shown in section, of one embodiment of the
invention particularly suitable for use with steri-
lizers, cookers and other apparatus having a rela-
tively steady demand and low steam consumption;

Fig. 2 is an exploded view of a preferred form
of electrode;

Fig. 3 is a side elevation, partly in section, of
another embodiment of the invention;

Fig. 4 is an enlarged section through one of the
insulating coupling members;

Fig. 5 is an elevation, partly in section, of an-
other embediment of the invention applied to a
water heating device;

Fig. 6 is a front elevation of another embodi-
ment of the invention particularly suitabie for
use in connection with installations having a rela-
tively high steam consumption;

Fig. 7 is a side elevation of the apparatus shown
in Fig. 6;

Fig. 8 is a top plan view of the apparatus;

Fig. 9 is an enlarged section on the line 8—9 of
Fig, 6;

Fig. 10 is a sectional view of a preferred form of
a trap; and

Fig. 11 is an elevation of a float switch and as-
sociated parts which may be substituted for the
float valve and associated parts shown in Figs. 6
to 8. .

In accordance with the present invention my
improved steam geenrstor comprises g plurality
of electredes which may be mounted within a
suitable casing or housing, or one of the electredes
may of itself provide a casing, but in any event
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the electrodes are suitably insulated from each
other and define a steam-generating chamber
having fluid inlet and outlet lines respectively
connected with the lower and upper parts of the
chamber. The number and arrangement: -of
electrodes may vary, depending upon the type of
alternating current to be employed, and for gen-
eral use, I prefer tubular electrodes telescopi-
cally disposed and suitably insulated from each
other with the annular space between the outer
face of the inner electrode and the inner face of
the outer electrode defining the steam-generating
chamber or zone. : :

The outlet and inlet lines may be directly con-
nected by a suitable conduit, a supply tank, &
steam-consuming apparatus, or any cther means
which with the inlet and outlet lines provides an
exterior fluid circuit between the upper and
lower parts of the steam-generating chamber.
The outlet line may provide or be connected with a
steam discharge line, depending upon the par-
ticular construction, and the inlef line is con-
nected or associated with means for admitting
water or electrolyte to a predetermined initial

5 flyid-level within the steam-generating cham-

bher above the lower parts of the electrodes and at
a level greater than that required for normal op-
eration of the apparatus. To this end the inlet
line may be connected with a conventional float
valve associated with a water supply, or a tank,
reservoir or the like adapted to supply water to
the required level. Means are also provided to

-eliminate excess fluid in the form of vapor or

liquid after a predetermined operating pressure
has been reached, so as to reduce the fluid con-
tent of the chamber to a level below the initial
fluid-level, but above the minimum level which
permits the passage of an electric current through
To this end a vapor blow-off
valve may be connected either in the outlet line
or the inlet line, or the latter may be so designed
as to permit such excess fluid to back into a res-
erveir, tank or the like.

A pressure-regulating valve is connected in the
fluid circuit, preferably in one of the lines and is
operable to close the line when a predetermined
pressure within the chamber is reached, thereby
effecting an automatic regulation of the appa-
ratus in the manner presently to be described.
Water or electrolyte in the steam-generating
chamber at or above the initial fluid-level is
heated up by the passage of the alternating cur-
rent therethrough, and when hoiling occurs, the
pressure starts to build up. When the pressure
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reaches the point for which the regulating valve
is set, the latter closes, although the pressure may
continue to build up to a few pounds in excess
of that for which the regulating valve is set. The
pressure thus produced is effective either to op-
erate the blow-off valve or back excess fluid into
the inlef line, depending upon the particular de-
sign of the apparatus, but in either case sufficient
fluid is ‘discharged or consumed‘to reduce the
fluid-level to a point below the initial fluid-level,
but above the minimum level necessary to main-
tain contact with the electrodes. As the fluid-
level decreases, the current consumption. is re-
duced correspondingly so that by the time:the
minimum operating level is reached, the current
consumed and consequently the amount of steam
generated is merely that necessary to maintain
the operating pressure and compensate for heat
losses. Since at least a part of the electrodes-are
at all times emerged in the electrolyte, it might
seem that the pressure:-would nevertheless con-
tinue to build up in the absence of unusual heat
losses.  However, it has been observed: that the
upper: part of the electrolyte which would nor-
mally surround’ the lower part of the electrodes
is:in-the form of a ‘mass of froth or bubbles of re-
duced-electrical conductivity and functions to re-
duce the current consumption to a minimum. If
the. pressure within the chamber drops below the
operating pressure for which the regulating valve
is set, the:latter opens sufficiently to permit or
cause-enough fluid to be admitted-into the cham-
ber to raise the liquid level and the superposed
froth-like mass, thus increasing the overall con-

ductivity .of the fluid-within the chamber with a

consequent increase in current consumption and

generation- of steam, until the aforementioned

normal operating pressure is again reached.
-When' the steam discharge line is open, there

is of course-a slight -drop in pressure within the uy

chamber; and hence the regulating valve imme-
diately opens to permit or cause more fluid to
enter: the chamber thus- effecting an increased
generation of steam until normal operating pres-
sure is again established, whereupon the genera-
tion .of steam-is reduced to an amount equal to
the steam output plus that necessary to compen-
sate Tor-heat losses. -Thus, by a simple manipula-
tion-of the regulating valve, the steam generator
may. be set so-as automatically to maintain a de-
sired. operating pressure for any output reason-
ably within. the capacity. of the apparatus.

-Referring to. Figs. 1 and. 2, the embodiment
shown therein comprises a tubular casing {, such
as.a length of two-inch standard pipe, the ends
of. which are provided with caps 2 and 3. The
upper. part. of the casing | is connected with. a
fluid outlet line 4 and its lower part is connected
with a fluid inlet line 5.

"Mounted coaxially within the casing [ and
welded, brazed or otherwise suitably secured. to
the inner face of the cap 3 so as to provide a
good electrical contact, is an upstanding tubular
outer electrode 8, the upper end of which ter-
minates below the inlet line 4 and the side wall
of ‘which'is formed with a-plurality of spaced
openings"9. ‘An inner electrode 19, depending
from the cap 2, is telescopicdlly disposed within
the outer electrode 8 with its lower end terminat-
ing above the inlet line 5 and‘defining an annular
steam-generating chamber within the casing 1.

The-electrode 18, as shown in Fig. 2, comprises
a’ tubular member or- pipe |1, the lower end of
which carries'a porcelain insulating sleeve 12, and

its-upper end is providéd with an opening 14. The
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upper part of the electrode is rigidly secured to
but insulated from the cap 2 by an assembly
which projects through an opening in the cap 2.
The insulating assembly comprises a screw-
threaded bushing (5%, the upper face of which
carries an asbestos washer or gasket 16 and a
generally conical insulator 171. An asbestos
washer 18 and another conical insulator 19 are
disposed against the lower face:6f the bushing 15
and a porcelain sleeve 20 extends: through these
A threaded stud 2t extends through the
sleeve 28 and a small asbestos washer 22 into a
metal bushing: 24, the lower end of which has a

cpressed fit within the upper end of the electrode

tube |1 so as to.provide a good electrical connec-

‘tion therewith. "A nut 25 and lock washer 26 car-
ried by theupper end of the stud hold the parts

in assembled relation, the threaded upper end of
the'stud 21 carrying a clamping screw 28 (Fig. 1)
and thus provides a terminal or binding post to
which one of a.pair of single phase alternating
current power lines 80, 32 is connected. A switch
31 is connected in the power line 30, and the
power line 32 is connected in any suitable manner
with the cap 2 and is also grounded, as illustrated.

‘The outlet line 4 is connected by a T or Y 35
with a pipe 3§ which in turn is connected with the
upper- port of a conventional float valve 38. The
lower or ‘discharge port of the float valve is con-
nected: by pipe 40 and elbow 41 to one side'of a
pressure-regulating valve 42, the other side of
which is-connected to the inlet line 5. The pres-
sure-regulating valve 42 may be:of conventional
design and construction, such as an “Acme” regu-
lating valve,-and is preferably provided with an
index finger and- dial-43 designed to. show . the
pressure for which the operating spring is set.

‘The inlet line to the float valve 38 is connected
through a shut-off valve:45.to a service line 46 or
other suitable source -of water supply. The pipes
4,-38, £0-and §, together with the included float
and ‘pressure-regulating valves, provide an ex-
terior fluid circuit. between the top part of the
casing- f-and its lower part, which circuit is open
s0 .long-as the .pressure therein .is below that for
which the regulating valve 42 is set.

A pressure gauge 48 may be connected to the
Y -35 and-a steam. discharge line 58 is connected
to the outlet line 4, the 1ine:-50 being provided
with-a shut-off- valve 5t and-a branch 52 which
carries a safety valve 54 normally set to pop
or open at a. pressure slightly greater than that
for «which the pressure-regulating : valve 42 ‘is
set. :

‘The construction and -arrangement of parts
are such that the float valve 38 is- positioned.to
admit water into the casing | or steam-generating
chamber to a predetermined initial fluid-level
somewhat: .in excess of that required for normal
operation, and it will be observed .that-in- this
particular. embodiment the safety valve 54 is di-
rectly connected with the -outlet 4 so that ex-
cess fluid in the form of steam or vapor may. be
eliminated when the specified pressure is reached. -
If desired, the valve 51 may be used to.accom-
plish the same end, but in. either case the .de-
sign" permits reducing the fluid content of the
casing -1 to its normal operating level which is
between the initial fluid-level ‘defined by the
float valve 38 and the top.of the insulating
sleeve (2. _ o

'The mode of operation of this’apparatus is as
follows: | , .

-Assuming that the pressure-regulating valve
42 is set to-close at 15 pounds per square inch
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pressure, that the valve 54 is set to pop at.18
pounds per square inch pressure, that valves 45
and 51 are closed, and that switch 31 is open—
the valve 45 is first opened to admit water
through float valve 38, pipe 40, regulating valve
42 and line 5 into the casing I. When the water
level in the casing ( reaches the level of the
float valve 38, the latter shuts off the water and
the switch 31 may now be closed. The current
passing through the water gbout the electrodes
8 and 10 heats the water and soon causes it to
boil thus building up pressure within the system.
It will be observed that since the circuif through
the pipe 4, 36, 40 and 5 is open, pressure through-
out the system is equalized, but after the pressure
reaches 15 pounds per square inch, the regulat-
ing valve 42 closes and the pressure then con-
tinues to climb slightly until the safety valve
operates to relieve the excess pressure, or the
valve 51 is manually opened to consume the
steam thus generated. If desired, blowing off
the excess fluid may be accomplished by manual
manipulation of the safety valve 54, but in any
case the excess vapor is discharged with a cor-
responding decrease in the fluid-level about the
electrodes, thus conditioning the apparatus for
normal operation. Should the pressure tend to
climb up, the valve 54 operates further to elim-
inate excess fluid so that ultimately the fluid-
level in the casing is reduced to a point where
the current consumption and consequent gen-
eration of steam is the minimum necessary for
maintaining a pressure of 15 pounds. When it
is desired to utilize the steam, the valve &1 is
opened and consequently a slight drop of pres-
sure within the casing takes place, whereupon the
regulating valve 42 opens sufficiently to admit
enough water into the casing | to increase the
fluid-level about the electrodes with a conse-
quent increase in the rate of generation of steam
until the pressure again reaches 15 pounds at
which point the regulating valve closes the in-
let line 5. The operation thus continues in-
definitely so long as the consumption of steam
is within the capacity of the apparatus.

It will be noted that the rate of generation
of steam is governed by the fluid-level about
the electrodes and this level varies in accordance
with the demand. If the demand drops, the
prevailing pressure is nevertheless maintained
and hence the regulating valve remains closed,
thus preventing admission of water into the
casing 1. Since no water is being admitted to
compensate for the steam consumed, the fluid-
level about the electrodes is reduced and as the
fluid-level drops the power consumption likewise
drops until if reaches the minimum. Thus, the
apparatus is automatically regulating at the
specified pressure for which the valve 42 is set
throughout its rated capacity.

The embodiment shown in Figs. 3 and 4 is
the same in principle as that shown in Fig. 1, but
is designed for use where there is no available
water supply line. In this embodiment the outer
electrode 82 constitutes the casing and hence its
upper part is directly connected with the outlet
line 42 and its lower part is connected with inlet
line 5. The opposite ends of the electrode 82
are provided with caps 2 and 3, the cap 2 sup-
porting the inner electrode {0 which has the
same construction as the inner electrode of the
embodiment of Fig. 1, and power lines 30, 32
are connected with the electrodes, as shown.

The outlet 42 is connected through an insu-
lating coupling 69, pipe 61, trap 62 and pressure-
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regulating valve 64 with the upper part of a
water supply tank or reservoir §5, and the inlet
line 5% 'is connected through another insulating
coupling 60 with the lower part of the tank 65.
The regulating valve 64 is the same type as that
described in connection with the embodiment of
Fig. 1 and may also be provided with a dial and
index to indicate the pressure for which it:is
set. The tank 65 is provided with a cock 68
which may not only be used for filling the tank
to the desired level, but also provides means for
determining the maximum fluid-level within
the electrode chamber 82. The upper end of the
tank 65 may also be provided with: a safety or
blow-off valve T8 and a pressure gauge T{ and
the entire apparatus may be so constructed as
to provide a portable unit.

The inner end of the trap 62 is connected with

a steam discharge line 12 which may be pro-

vided with a shut-off valve 74 and the power line
20 may include the usual operating switch 31, it
being understood that the power lines 38, 32 are
connected with a suitable source of alternating
current, such, for example, as a 220 volt, 60 cycle
single phase transmission line or generator.

The insulating. couplings 68 are provided to
protect the -user against the electrical hazard-
which might otherwise be present and, as shown
in Fig. 4, each coupling comprises a pair of floor
flanges T4, 75 having an interposed disk of
asbestos or the like insulating material 76 formed
with a central opening. - Insulating sleeves T8
extend through circumferentially spaced aligned
openings in the flanges 74, 75 and interposed disk
16 and bolts 80 extend through the sleeves 18
to hold the parts in assembled relation, the op-
posite ends of the bolts being insulated from
the flanges 74, 75 by insulating gaskets 82. A
tubular porcelain insulator 8! extends through
the central opening in the disk 16, and its end
is sealed to the disk by a suitable insulating
cement or adhesive designated by the numeral
8la, i

It will be noted that the pipes 4& and 61, trap
62, regulating valve 64, tank 65 and line 52 pro-
vide a fluid circuit connecting the upper and
lower parts of the electrode chamber, and this
circuit remains open so long as the pressure
therein is below that for which the regulating
valve 64 is set. )

In order to operate this apparatus the regulat-
ing valve 64 is first set to the desired operating
pressure, for example, 25 pounds per square inch,
and water is admitted to the tank 64 and the
electrode chamber 82 to the level of the cock 68,
after which the cock is closed. The switch 31 is
next closed, thereby causing the water about the
electrodes to be heated. As pressure builds up
in the system no appreciable change in the fluid-
level about the elecirode takes place since the
fluid circuit remains open, but when the pressure
reaches 25 pounds per square inch (the pressure
for which the regulating valve 64 is set), the fiuid
circuit is closed, and as the pressure continues to
climb, excess fluid, i. e., water in the electrode
chamber is backed up into the tank 65, thus re-
ducing the fluid-level in the electrode chamber
to the minimum required to maintain the speci-
fied pressure. The apparatus is now in condition

- for normal operation and the valve 174 may be

opened to discharge steam to be consumed. The
drop in pressure thereby produced causes regu-
lating valve 64 to open, whereupon water is ad-
mitted to the electrode chamber through the line
5a in 'an amount sufficient to raise the fluid-level
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about the electrodes so that increased generation
of steam takes place. When the pressure again
builds:up to 25 pounds per square inch the pres-
sure-regulating valve 64 closes thus preventing
further admission of water into the electrode
chamber until such time as.consumption of steam
causes:a pressure drop with consequent opening
of regulating valve 64. The operation thus con-
tinues so long as the steam consumption is with-
in the capacity of the apparatus.

The embodiment shown in PFig. 5 illustrates
the:application of my steam generator for use as
a.-water heater, as well as to provide steam for
heating or ather purposes and as a source of dis-
tilled water or condensate. In this embodiment
the steam generator, per se, may be the same as
that of the embodiment.of Fig. 3, except that the
outlet “and inlet lines 42 and 5% are connected
in.a fluid eircuit comprising blow-off valve 102,
T 83%, pipe 83, float valve 84, pipe 85 and reg-
ulating valve 86. The float-valve 84 is connected
with the water supply line 81 as in the embodi-
ment of Pig. 1, and a steam discharge line 88 is
connected with the line 42-and includes a shut-
off valve 89 and pressure gauge 90.

The steam discharge line 88 is connected with
a column -8f .eontaining a heating coil 92, the
upper-and lower ends of which are connected
with::the top and bottom: of a hot water tank 93.
‘The upper-end of the column 94 is connected with
a steam line ‘94 leading to a steam-consuming
deviee, such ‘as a radiator or the like, and a sole~
noid valve 95, connected in the line 94, is con-
trolled by a thermostat 96 or the like switch
suitably connected to the power lines 36, 32, as
shown. The lower end of the column may be
provided with a tap 98 by means of which con-
densate from. the column may be withdrawn for
use.

The operation of the system is. substantially
identical to that described in connection with the
embodiment of Fig. 1, the pressure-regulating
valve 86 being effective to maintain the desired
operating pressure throughout the rated:capacity
of the apparatus.

The embodiment shown in Figs. 6 to 10 is de-
signed for high steam eonsumption applications
and. is: for use with. a three-phase power line.
In this. embodiment three pairs of electrodes (0,
102 and 103 are employed, each pair of elec-
tredes, i. e., the outer electrode and the inner
electrode, are preferably of the same construc-
tion..as shown in the embodiment of Fig. 3, the
outer .electrode constituting & casing enclosing
the-steam generating chamber. The three-phase
circuit. may have either a A .or Y connection with
the electrodes, and: suitable switches and other
electrica). eontrols. (not shown) may be connected
in;the circuit in any well known manner.

Each of the electrodes is supported.on- s brack-
et. 105 carried by the base 186, and their lower
parts. carry coupling saddles. {08 connected

through: nipples: 189 with three of the branches

of a.cross 118, the fourth branch. of the cross be-

ing connected to.a nipple { il which:is hereinafter-

referred to as. the main inlet.line since it is con-
nected with: the. three branch inlet, lines: to. the
electrode. chambers. The upper parts: of the

outer electrode likewise carry. coupling saddles
112 (Fig. 8) connected through nipples. I.13- with'

three of the branches.of a.cross I.14, the fourth
branch of the cross being, connected with a nip-
ple 115 which. is. hereinafter referred. to. as the
main outlet line: As.shown in Fig. 9,.each of the
coupling, saddles. comprises a- pair of yokes 116
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8
both having ‘a heavy layer of asbestos or the
like insulating material 117 between their inner
faces and the outer faces of the associated elec-
trode. The inner yoke |6 is formed -with a
threaded opening aligned with an opening Hi8in
the wall' of the companion electrode, the open-
ing 118 receiving the end of the associated nip-:
ple 109 or 113, as the case may be. The insulat-
ing gasket 117 is formed with an opening through
which projects one end of the tubular porcelain
insulator 149, the opposite end of the insulator
extending into the associated nipple. ‘This: con-
struction .and. arrangement -of parts has been
found not only to afford satisfactory protection
against electrical hazards which might otherwise
be present, ‘but also to provide .a pressure-tight
connection capable of withstanding several hun-
dred pounds pressure.

The nipple {1 or the main inlet line is. con-
nected through a bend 120 (Fig. 7), pipe 121, one
branch of a reducing T 122, nipple 123 (Fig.:6),
an apertured check wvalve (24, union 125 (Figs.
7 and 11) and pipe 126 to the lower outlet port
of-a float valve {28 having an -inlet port 130 (Fig.
6) adapted to be connected with a water supply
or service line ¢(not shown), and ‘a petcock or
valve 131. The other branch of the T 122 (Fig.
7) is connected with a cross 132, one branch of
which has a plug {32 which may ‘be removed for
the purpese of cleaning out the apparatus, an-
other branch of which is connected with .a re-
ducing street L 134 (Fig. 11), and the remaining
branch of the T 122 is connected ‘through a
shut-off valve {35 and street L 188 Fig. 11)
with -a pipe {38, the upper end of which is pro-
vided with -a reducing coupling 140. The parts
135—149 provide an overflow and hence-a means
for determining the water level within the elee-
trode chambers, and also a eonvenient means by
which the apparatus may be blown out or quickly
emptied simply by swinging the pipe from ver-
tical position to an inclined peosition and open-
ing the valve 135.

The main outlet line or nipple {15 is connected
through a bend {42 (Fig. 7) with a T 14§ (Fig.
8) having one branch connected with a steam
discharge line comprising a pipe line (45, re-
ducing elbow {48, trap 148, one branch of a T
{88, a street L {52, one branch of a T 154 and
shut-off valve {86. The trap (48, as shown in
Fig. 10, comprises a length of pipe 169, such as
a 2”’ long nipple, one end of which is connected
to the enlarged end of the reducing L 146 and the
other end to a reducing coupling 162 connected
A closed end tube (65
has a pressed fit within the nipple {64 and ex-
tends into the pipe 168, as shown, the tube {65
having an outlet opening [86 on its upper wall
adjacent to its inner end. The other branch of
the T 1590 is coupled with a safety or blow-off
valve {78 (Pig. 7) which is set to pop at a pres-
sure a few pounds greater than the normal oper-
ating pressure of the apparatus.

The other branch of the T 144 is connecte
through pipe 172 (Pig. 8), reducing elbow 17
and union. {75 (Figs. 6, 7 and 11) with.a T !/
One branch of the T 176 is connected with ap
sure gauge 118, and its other branch is conne, g
through street L {88 with one side of a _press?m
regulating valve 182 (Figs. 6 and 7). The othe.’
side of the pressure regulating valve {82 is con"
nected through a nipple 184 (Fig. 6):, .one brand
of a T 185, and nipple 186 with the upper puf:
of the float valve 128. The other branch of T
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185 is conrected through street L 188 (Fig. 8) to
an expansion head {90 (Figs. 6, 8§ and 11).

The side branch of T 154 (Figs. 7 and 11) is
connected through street L 192 and union 194
with the top of an upstanding red (or plugged
pipe) 195, the lower end of which has a screw-
threaded coanection with the street L 134. The
purpose of the rod {95 is solely to lend rigidity
to the apparatus and provide a partial support
for the parts connected with the T 154.

The modified arrangement shown in Fig. 11
merely consists in substituting a float switch
1282 and an associated solenoid-operated valve
129 in place of the float valve 128, it being un-
derstood that these parts are connected with the
water supply line in any suitable manner. It will
be noted that such substitution simply requires
the insertion of the assembled float switch 1282
and valve 129 between the union 125 and nipple
186. Suitable electrical connections, as indicated,
are provided bhetween the parts so that they
function in the same manner as float valve (28.

It will be observed that the main inlet line (i1
and the main outlet line 115 are respectively con-
nected with the bettom and top parts of the
electrode chambers, that the steam discharge
line (145—156) are directly connected with the
outlet line 115, and that the inlet and outlet
lines are connected to each other through an
exterior fluid circuit comprising the parts {12—
116, the pressure regulating valve 132, float valve
128 and parts 120—1{26. Thus, the construction
and arrangement of parts correspond with those
of the previously described embodiment.

The operation of the apparatus is as follows:

Assuming that the electrode chambers are
empty, that valves (31, 135 and 155 are closed,
that the pressure regulating valve 182 is set for
100 pounds per square inch pressure, that the
safety valve 170 is set to pop at 110 pounds pres-
sure, and that the water line to port 130 is
closed—the valve (35 is first opened and the
water line to port 130 may then be opened to
admit water through float valve 128 into the
electrode chambers until it reaches the proper
level, as indicated by overflow 1408, whereupon the
water supply line and valve 135 are shut off.
The control switch for the three-phase power
line may now be closed and within a few minutes
steam is being generated within the electrode
chambers. As the pressure is building up, either
valve 158 or safety valve {10 may be momentarily
opened to vent the system of entrapped air.

So long as the pressure within the system is
below that for which the regulating valve 182 is
set, the exterior circuit between the inlet and
outlet lines t11 and (15 remains open, but when
the pressure builds up to 100 pounds per square
inch, the regulating valve 182 automatically closes
the exterior circuit, and as a result, excess water
in the electrode chambers is forced back through
inlet line 111, the apertured check valve 124 and
pipe 126 into the float valve 128 and expansion
head 180, leaving enough water in the electrode
chamber to form a conductive medium (consist-
ing of an aqueous froth of steam bubbles above
the water which surrounds the lower part of the
inner electrodes). The minimum fluid level thus
established permits sufficient steam generation
to compensate for all heat losses, and the ap-
paratus is thus conditioned for normal operation.
The water supply line to port 130 may now be
opened, but since the water level in the float valve
128 is above its operating level, the valve remains
closed. ‘
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Upon opening the valve 156 to deliver steam
for consumption, there is a slight drop in pressure
sufficient to open the regulating valve 182 to allow
water to pass through inlet lihe 111 into the elec-
trode chambers, thereby increasing the rate of
steam generation until the normal operating pres-
sure of 100 pounds per square inch is reached,
whereupon the regulating valve 182 closes. 'The
operation thus continues with the pressure regu-
lating valve periodically opening to permit water
to enter the electrode chambers in accordance
with the steam demand, thereby maintaining the
desired operating pressure. During the course of
operation, the water level in the float valve 128
periodically drops so as to actuate the valve to
admit more water from the supply line and thus
insure an adequate amount of water in the ex-
terior circuit for proper operation. Should the
steam output suddenly be reduced, as by closing
valve 156, a slight excess pressure is created with-
in the electrode chambers which forces excess
fluid back through inlet line i1 into the float
valve 128 and expansion head 190, thus auto-
matically reducing the fluid level within the elec-
trode chambers to the minimum necessary to
maintain the desired operating pressure.

While I have shown and described several de-
sirable embodiments of the invention, it is to be
understood that this disclosure is for the purpose
of illustration and that various changes and modi-
fications may he made without departing from
the spirit and scope of the invention as set forth
in the appended claims.

I claim: -

1. A steam generator comprising spaced elec-
trodes defining a steam generating chamber, out~
let and inletf lines respectively connected with the
upper and lower parts of said chamber, means
connecting said inlet and outlet lines so as to
provide an exterior fluid circuit between the upper
and lower parts of said chamber, and a pressure-
regulating valve connected in said fluid circuit
and operative in response to a drop in pressure
below a predetermined pressure to open so as to
permit fluid to pass through said inlet line into
said chamber so as to contact said electrodes and
thereby effect the generation of steam, said pres-
sure-regulating valve automatically closing when
said predetermined pressure has been reached,
thereby to arrest the flow of fluid through said
inlet line.

2. An electric steam generator comprising a
plurality of electrodes defining a steam generating
chamber, fluid inlet and outlet lines respectively
connected with the lower and upper part of said
chamber, means connecting said inlet and outlet
lines so as to provide an exterior fluid circuit be-
tween the upper and lower parts of said chamber,
means connected with the inlet line for admitting
fluid to a predetermined fluid-level within said
chamber, means for discharging fluid from said
chamber, and a pressure regulating valve con-
nected in said circuit and operative in response
to g drop in pressure below that for which it is

5 set to permit fluid to pass through said inlet line

into said chamber so as to contact said electrodes
and thereby effect the generation of steam, said
pressure-regulating valve automatically  closing
when the pressure for which it has been set is
reached, thereby to arrest the flow of fluid through
said inlet line. . )

3. An electric steam generator comprising a
casing having spaced electrodes defining a steam
generating chamber, fluid inlet and outlet lines

5 respectively connected with the lower and upper
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 part of said chamber, means connecting said-inlet
".and outlet lines so as.to provide. an exterior fluid
. circuit between the upper and lower parts of said
_chamber, means connected with the inlef line. for
admitting fluid to a predetermined. initial fluid-
level within said chamber. in excess of that re-
. quired for normal operation, means for eliminat-
“ing excess fluid within said chamber so.as to re-
duce the fluid content therein to a level below.said
. initial fluid-level, and .a pressure regulating valve
.connected in one.of said lines and operative in
.response .to a.drop.in pressure below that for
_which it is set, to permit.fluid to pass through said
..inlet line into said chamber so as to contact said
.electrodes and thereby. effect the.generation of
. steam, said. pressure-regulating.valve automati-
cally. closing. when the, pressure .for which it has
.been, set. is reached, thereby to arrest the flow of
.fluid through said inlet line.

:4.. An electric steam generator -comprising an
inner electrode, an outer electrode, electrically in-
.sulated. from but surroundmg the inner electrode

and defining therewith a.steam-generating cham-
ber, fluid inlet and, outlet.lines.respectively con-
nected. with the lower and .upper.part of said
chamber, means connecting said inlet.and outlet
lines so as to.provide an exterior fluid circuit
between, the upper and:lower parts.of said cham-
‘ber, means connected with the inlet line for ad-
mitting fluid to a predetermined fluid-level within
said chamber a dxscharge conduit connected with
‘the .upper part of said chamber, and a pressure
regulating valve connected _in one of said lines
and operative in response to a drop in_pressure
below that for which it is set to permit fluid to
pass through- said -inlet ‘line jinto said chamber
s0 as:to contact said electrodes and. thereby effect
the-generation-of steam, said pressure-regulating
valve-automatically closmg when the pressure for
which'it has-been set is reached, thereby to. arrest
the-flow-of ‘fluid through said 1n1et line.

5. A steam generator comprising spaced elec-
‘trodes deﬁmng a steam-generating chamber, out-
let -and inlet lines respectively connected with the
upper and:lower parts of said chamber, means
connectmg said inlet and outlet lines so as to pro-
vide -an exterior-fluid circuit between the upper
and ‘lower parts-of said chamber, a fluid-supply
line-connected-in said eircuit, a pressure-regulat-

ing valve connected-in said fluid circuit and op- :

erativein response to a drop in pressure-within
said chamber below a predetermined pressure, to
open so -as to permlt fluid to be admitted
through said -inlet pipe into :said chamber so
as to contact said .electrodes and thereby effect
the generation of steam, said pressure-regulating
valve ‘automatically closing when the pressure for
which-it-has been set is reached, thereby to arrest
theflow of fluid through said, inlet line, and means
operative to discharge excess fluid from said
chamber in response ‘to a pressure higher than
said predetermined pressure.

‘6. An, electric steam generator comprising a
plurality of electrodes defining a steam-generating
chamber, fluid inlet and outlet lines respectively
connected with the lower and upper parts of said
chamber, means connecting said inlet and outlet
lines so as to provide an exterior fluid circuit be-
tween the upper and lower parts of said chamber,
means connected with the inlet line for admitting
fluid to a predetermined initial finid-level within
said chamber, a steam discharge line connected
with said outlet line, and a pressure-regulating
valve connected in said inlet line and operative
in response to a drop in pressure below that for
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.which it is: set to.permit. fluid- toipass. through

said inlet line into-said chamber so-as-to:contact
said electrodes and-thereby effect the-generation
of steam, said -pressure-regulating valve.auto-
matically: closing -when . the - pressure for which

_it. has been set: is.reached, thereby to arrest.the

flow of fluid through said inlet line.
7. An . electric steam generator comprising:a

. plurality of electrodes defining a steam-generating

10

chamber, fluid inlet and outlet. lines respectively
connected with the lower and upper parts.of:said
chamber, a source of water.supply, means.con-

-necting.said inlet and cutlet lines.with said water

supply..so.as-to provide an exterior fluid circuit
between the upper and lower parts of: said cham-
ber, said water supply being. arranged to supply
water through said.inlef line to said chamber.to
a predetermined fluid-level, a steam discharge

line connected.with said outside outlet-line; and

:a pressure-regulating valve connected in said-cir-

-cuit and operative .in.response-to a drop in pres-

sure below that for which it.is set to.permit. Auid
to pass through said-inlet line.into-said chamber
s0.as.to.contact said electrodes and.thereby-effect
the generation of steam, said pressure-regulating

*_valve automatically closing when the. pressure for
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which- it has been set is reached, thereby to arrest
the flow of fluid through said inlet.line.

.8. An electric.steam generator . comprising -a
plurality of electrodes defining a steam-generating

.chamber, fluid .inlet and outlet lines respectively

.connected with.the lower-and upper.parts.of said
.chamber,.a source.of .water. supply, means con-
necting said.inlet.and outlet.lines with. said water
supply. so.as to.provide an exterior.fluid circuit

Jbetween the.upper and lower parts of said cham-

ber, said water supply. being arranged:to.supply

.water through said inlet.line to. said.chamber . to

.a-predetermined .fluid-level, a steam .discharge

line connected with said .outlet line, and a
bressure-regulating. valve.connected. in said.cir-
cuit .between said inlet.line and.said source .of
water supply, sdid pressure-regulating valve being
operative in response to.a drop in.pressure below
that for which it is set. to permit. fluid to.pass
through said inlet line into said.chamber so as
to contact said.electrodes and thereby effect the
generation of steam, said pressure-regulating
valve automatically closing when the pressure for
which it has been set is reached, thereby to arrest
the flow of fluid through said inlet line.

9. An electric steam generator -comprising a
plurality of electrodes defining a:steam-generating
chamber, fluid inlet and outlet lines respectively
connected ‘with the lower.and-upper parts of-said
chamber, -a, source of ‘water supply, means con-
necting said inlet and outlet lines with said water
supply so -as to provide an exterior fluid circuit
between -the upper and lower parts .of said.cham-
ber, said water supply being arranged ‘to supply
water through said.inlet line to said chamber to
a predetermined fluid level, a steam discharge
line connected with said -outlet line, and .a
pressure-regulating valve connected in said cir-
cuit between said steam discharge’ line.and said
source of water supply, said pressure-regulating
valve being operative in response (to a drop in
pressure below that for which it is.set.to permit
fluid *to pass through -said inlet line into said
chamber so as to .contact said electrodes and
thereby effect the generation of steam, said pres-
sure-regulating valve automatically ¢losing when
the pressure for which it-has been set is reached,
thereby to arrest the flow.of fiuid through said
inlet line,.
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10. An electric steam generafor comprising a
plurality of electrodes defining a steam-generating
chamber, fluid inlet and outlet lines respectively
connected with the lower and upper parts of said
chamber, a float valve having means for con-
nection with a water supply line, means connect-
ing said inlet and outlet lines with the discharge
port of said float valve thereby providing an ex-
terior fluid circuit between the upper and lower
parts of said chamber, said float valve being ar-
ranged to supply water through said inlet line
to said chamber to a predstermined level, a steam
discharge line connected with said outlet line, and
a pressure-regulating valve connected in said cir-
cuit and operative in response to a drop in pres-
sure below that for which it is set to permit fluid
to pass through said inlet line into said chamber
so as to contact said electrodes and thereby effect
the generation of steam, said pressure-regulating
valve automatically closing when the pressure for
which it has been set is reached, thereby to arrest
the flow of fluid through said inlet line.

11. An electric steam generator comprising a
plurality of electrodes defining a steam-generating
chamber, fluid inlet and outlet lines respectively
connected with the lower and upper parts of said
chamber, a float valve having means for con-
necting with a water supply line, means connect-
ing said inlet and outlet lines with the discharge
port of said float valve thereby providing an ex-
terior fluid circuit between the upper and lower
parts of said chamber, said float valve being ar-
ranged to supply water through said inlet line
to said chamber to a predetermined level, a steam
discharge line connected with said outlet line, and
a pressure-reglulating valve connected in said cir-
cuit between said inlet line and float valve, said
pressure-regulating valve being operative in re-
sponse to a drop in pressure below that for which
it is set to permit fluid to pass through said inlet
line into said chamber so as to contact said elec-
trodes and thereby effect the generation of steam,
said pressure-regulating valve automatically clos-
ing when the pressure for which it has been set is
reached, thereby to arrest the flow of fluid through
said inlet line.

12. A steam generator comprising a plurality
of steam generating chambers, each having a pair
of spaced electrodes, the lower parts of said
chambers being connected with a common inlet
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line and the upper parts of said chambers being -

connected with a common outlet line, an exterior
fluid circuit connecting the inlet and outlet lines,
5 pressure regulating valve connected in said fluid
circuit and operative in response to a drop in
pressure below a predetermined pressure to open
so as to permit fluid to pass through said inlet
line into said chambers so as to contact said elec-
trodes and thereby effect the generation of steam,
said pressure-regulating valve automatically clos-
ing when said predetermined pressure has been
reached thereby to arrest the flow of fluid through
said inlet line, and a steam discharge line con-
nected to said fluid circuit between said outlet
line and pressure regulating valve.

13. A steam generator comprising a plurality
of steam generating chambers, each having a pair
of spaced electrodes, the lower parts of said
chambers being connected with a common inlet
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line and the upper parts of said chambers being
connected with a common outlet line, an exterior
fluid circuit connecting the inlet and outlet lines,
said fluid eircuit including a pressure regulating
valve operative in response to a drop in pressure
below a predetermined pressure to open 80 as to
permit fiuid to pass through said inlet line into
said chambers so as to contact said electrodes and
thereby effect the generation of steam, said pres-
sure-regulating valve automatically closing when
said predetermnied pressure has been reached
thereby to arrest the flow of fluid through said
inlet line connections for introducing water into
said fluid circuit when the liquid level therein
drops below a predetermined level, and a steam
discharge line connected to said outlet line,

14, A steam generator comprising a plurality
of steam generating chambers, each having & pair
of spaced electrodes, the lower parts of said
chambers being connected with a common inlet
line and the upper parts of said chambers being
connected with a common outlet line, an exterior
fluid circuit connecting the inlet and outlet lines,
said fluid circuit including a pressure regulating
valve operative in response to a drop in pressure
below a predetermined pressure to open so as to
permit fluid to pass through said inlet line into
said chambers so as to contact said electrodes and
thereby effect the generation of steam, said pres-
sure-regulating valve automatically closing when
said predetermnied pressure has been reached
thereby to arrest the flow of fluid through said
inlet line, a float valve for introducing water into
said fluid circuit when the liquid level therein
drops below a predetermined level, and a steam
discharge line connected to said outlet line.

15. A steam generator comprising a set of three
steam generating chambers, each having a pair
of spaced electrodes adapted for connection with
a three-phase power line, the lower parts of said
chambers being connected with a common inlet
line and the upper parts of said chambers being
connected with a common outlet line, an exterior
fluid circuit connecting the inlet and outlet lines,
a pressure regulating valve connected in said fluid
circuit and operative in response to a drop in
pressure below a predetermined pressure to open
so as to permit fluid to pass through said inlet
line into said chambers so as to contact said elec-
trodes and thereby effect the generation of steam,
said pressure-regulating valve automatically clos-
ing when said predetermined pressure has been
reached thereby to arrest the flow of fluid through
said inlet line, and a steam discharge line con-
nected to said fluid circuit between said outlet
line and pressure regulating valve.

RALPH W. E. VICKERY.
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