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. ~ 1

This invention relates to control systems and
particularly to method and apparatus adapted to
~control’ the operation of a- power producing &p-
paratus such as an electrically heated vapor gen-
erator. : ‘

In certain localities where hydro-power is
abuindant, the price of electricity is low. enough
‘to make economical its use in vaporizing water
into ‘steam for process or other purposes.  In the
operation of such vapor generators problems of
control arise which must be solved in order that
the temperature and pressure of the produced
steam will be of uniform optimum value under
existing demand conditions and with full safety
.tolife and apparatus. ' s

It is an object of our invention to provide both

‘method and apparatus of control for an. electri~

cally heated vapor generator.

- We have as a further object the provision of
a completely automatic control system for such
a vapor generator. . .

Other objects will become evident upon a study
of the specification, drawings and claims.

In the drawings:

Pig. 1 is a diagrammatic representation of
one preferred embodiment of our invention ap-

-plied to an electrically heated steam .generator..

Fig. 2 diagrammatically illustrates a pneumatic
control system for regulating the rate of supply
of feed water to the boiler of Fig. 1. .

Fig. 3 diagrammatically illustrates a. pneumatic
control for regulating the blow-down from the
boiler of Fig. 1. )

Fig. 4 is a chart of conditions in the operation

.of the unit of Fig. 1.

Tig. 5 is an across-the-line diagram of elec-
trical circuits for actuating certain valves of Fig.
1 to accomplish the sequential operation charted
in Fig. 4. ' ‘ S '

Refeiring to the drawings, the particular unit
being ‘described and to which our control is ap~
plied, includes’a vertically mounted drum or pres-
sure vessel § supported in customary manner (not
shown). Insulated through the upper head of
the drum { and suspended therefrom are three

~equally sp@ced electrodes 2 (two.only being shown

in Fig. 1), which may be of cast iron or other
suitable material. The three electrodes. are
‘usually enclosed by a clover leaf neutral plate
‘properly spaced from the electrodes and from
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‘the inner surface of, the drum wall. The ter-

"‘min_,als‘3 of the »electrodes are connected through

- water itself.

“electric current passing ‘through the water-ahd

2

the necessary electiical apparatus to a . source
of electrical power. (usually 3-phase); the..ar-
rangernent forming no part of the present inven-
tion. , e
External to and above the drum ‘1 is'g, hori-
zontally supported dry drum 4 having a plu-
rality of steam riser tubes 5 and one or more
dry drum drain tubes 6. ‘Known bafile’ arrange-
ments T are incorporated within the dry drum 4
to separate from the steam any water which may
be carried over or condensed. - ‘The boiler drum |
is provided with the usual water column and gage
slasses (not shown), while the dry ‘drum -471s

provided with the usual safety valve (not shown)

and with a main steam exit nozzle 8 discharging
to a steam header 9. Water ‘is supplied to the
unit through & feed pipe I8 terminating in<a
feed nozzle ! f centrally located in the lowermosh
portion of the main drum .- ‘To g 'settling cham-
ber portion (2 at the base of the drum I is also
connected a blowdown line 13 and a bleed line:14.

The probleths with which our method andappa~
ratus are concerned is-the supply of water: to

‘the unit, the extraction of water ‘therefrom;:the

maintenance of desired level of liquid within:the
drum t, as well as the conductivity of ‘the liquid

within the drum; all in proper degree so-that

the vapor which is -generated will satisfy :the
rate ‘demand -while ‘maintaining - the “:desired
pressure.: : Che e i
In such z vaporgenerator; the heat for vaporiz-
ing the water is supplied by the passage 'of elec~ .
tric current ‘through-the water itself, from-one
electrode to another, -or to-the neutral -plate.
Since the voltage of the power supply is-con-
stant, the energy consumed varies directly with
the current, while the current varies inversely
s the resistance of -the path it travels. The re-
sistance of the path, in-turn, -depends upon-the
cross-sectional area of -the: water . conductor
(path) and upon the specific resistance of the
Inasmuch as the -electrodes . are -
fixed in ‘position, the water area through:which
the' current can pass;is determined by the depth
of immersion of the electrodes; i. e. the height

of water within.the boiler drum. The specific re-

sistance of the water is a function of the, con-
centration. or amount of dissolved solids. in the
water and also the temperature of the water..

“Thus, in a boiler of this type, the amount of
steam  generated depends upon the.'amour}t;pf
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this, in turn, depends upon the area of the path
through the water and upon the conduetivity (or
resistivity) of the water to the passage of elec-
tric current therethrough. The water area
through which the current can pass is deter-
mined by the depth of immersion of the elec-
trodes. Therefore, if we maintain a constant
specific resistance of the water, the amount of
steam generated may be controlled by varying
the level of the water in the boiler.

Thus, in order to maintain a substantially uni-
form value of steam pressure, while satisfying the
demand upon the boiler for quantity rate of
steam generated, we are confronted with the
problem of controlling the level of liquid within
the boiler drum as well as the specific resistance
of the water. A variation in any one, 6r all, of

10

15

the three variables, namely, the amount of water

within the boiler, its concentration of impurities,
or its temperature, may cause a desirable or an
undesirable variation in steam pressure and/or
rate of steam generation.
. The water fed to the unit will always contain
_a certain percentage of dissolved or suspended
solids, and particularly if the greater portion of
water supplied is other than condensate: Inas-
much as the steam does not carry away any ap-
preciable - amount of salts or solids from the
- boiler, there is g continuous tendency to build up
the concentration of solids within the boiler
water, and thus to continually decrease the re-
- sistivity to current passage through the water
“path. When operating at rated capacity the
- boiler may hourly evaporate many times the
water normally contained in it. In general, it
‘may be said that if the conductivity of the water
is maintained substantially uniform the rate of
- steam generation will vary with the water level
or extent of immersion of the electrodes in the
water pool.. Conversely, if the level is maintained
substantially uniform, then the rate of steam gen-
eration will vary with the concentration of dis-
- solved salts in the boiler water. In order to keep
- the concentration of the water from gradually
increasing (which would make inaccurate any
functional relationship between water level and
vapor generation) it is advisable to continually
" bleed some part of the highly concentrated water
" from the lower portion of.the boiler drum in a
controlled manner. If this is properly accom-
plished then a control of level within the drum
is a control of rate of steam generation.

The interrelation of the effects of the operating
variables may, however, cause disturbances in the
primary control of level or of conductivity. For
example, the conductivity of the water is not only
a function of the amount of dissolved solids
therein, but is also a function of the tempera-
ture of the water (increasing with temperature).

"By way of example; if there is an increase in
~demand upon the vapor generator the steam
pressure will tend to fall. Assuming for the mo-
ment a uniform conductivity of the water, then
‘the increase in demand indicates a desirability
of raising the level of water within the boiler,
and thus increasing the path for electric current,
thereby increasing the rate of current dissipation
and consequently the rate of steam generation.
However, a rapid increase in the rate of supply
of water will tend to dilute the water within the
boiler, thus lowering its conductivity, and at the
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. sarie time will tend to cool the water within the -

- boiler, which also effects a lowering of its con-
" ductivity. Both of these adverse effects are op-

4

posite in nature to a desired increase in vapor
generation as would be expected through increas-
ing the level and thus the area of conductor
path, It is, therefore, apparent that a proper
control must be judicious in regard to varying
the level of water and must definitely take into
account such adverse effects as have been men-
tioned.

It is known to provide a generating unit of
this type with a storage or surge tank to which
water may be transferred from the boiler, or
from which water may be fed to the boiler. Such
a surge tank 15 is shown in Fig. 1 as being of sub-
stantially the same size as the dry drum 4 and
supported above the boiler { in a similar manner.
Preferably the surge tank 15 is a cylindrical
pressure vessel, supported horizontally, to mini-
mize changes in static head due to level changes
when water is transferred to or from the tank.
The horizontal length of the tank is chosen in
accordance with the water storage capacity de-
sired, in relation to the size of the boiler I, its
steaming capacity, and the extent and rapidity
of demand fluctuations expected. Certain. fea-
tures of the surge tank 15 and of the heat ex-
changer 18 are disclosed and claimed in Patent
No. 2,485,762 to Harvey C. Mittendorf.

Water within the tank 15 is transferred thereto
from the boiler I, through a pipe I8, the pipe {6
communicating with the boiler { at-a location
such that the water transferred to the tank 15
is of a temperature and conductivity fairly rep-
resentative of the water in .the pool in which
the electrodes are immersed, i, e. shielded by a
haffle {7 from the relatively colder and lower con-
centration feed water being admitted through
the nozzle 11 and not from the settling chamber
section 2. :

While the water stored in the tank 15 is at
substantially the same pressure and temperature
as the water in the boiler proper, there is of
course some heat loss due to radiation. In order
to conserve the heat of the highly concentrated
bleed water controllably discharged through the
pipe 14, and to maintain the water within the
tank {8 at or near boiler water temperature as
possible, we pass the bleed through a heat ex-
change coil 18 located in the tank (5.

Water is transferred between the boiler | and
the surge tank 15 through the pipe 16 under the
control of a relatively large solenoid actuated
valve C and a relatively small solenoid actuated

.valve D, the latter by-passing the valve C.

The top of the tank 5 is placed in communica-
tion with the top of boiler | through a pipe {9
under the control of a solenoid actuated valve A
and the tank may be vented to the atmosphere
or to a lower pressure area through a solenoid
actuated valve B. In order to avoid complicating
Fig. 1 we have chosen to show the various elec-

-trical circuits in Fig. 5, while in Fig. 4 we have
“tabulated the “open” or “closed”. positions of

valves A—B—C—D for various operating condi-
tions. .

In the operation of an electrically heated vapor
generator, and particularly one which is subjected
to relatively rapid and wide load demands, a
study. of the relation between concentration of
salts or solids in the water and the electrical cur-

rent dissipation has shown that concentration

has s very important bearing on the performance

.of the unit. The purpose of the surge tank is

primarily to assist in holding the concentration
of the boiler water uniform during load changes,
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~against theddverse effect -of dilution 6t theboiler
- pool by feed water-of low concentratlon and:tem-~
~perature. For theé surge “tankto:-be useful in
~handling load-swings its water and heat storage

must be of sufficient:magnitude’ to- nearly satisfy :

“the: load swing vaporization.

“The continual evaporation-of: water inthe drum
1:tends to increase the concentration of the salts
and impurities in the water pool in which tle
electrodes-are immersed. - In order that steaming

-rate may be primarily controlled by the amount
-of electrode immersion, it is essential that ‘the
.concentration value of the pool be maintained as
neatly uniform -as possible. The transfer - of

~water to (on -decreasing steam- demands) ‘and-

-from “(on. increasing: steam demands) - the surge
~tank-serves to-minimize the- concentration dilu-
tion and temperature quenching effect of sudden
-drastic. increases -in' rate-of fresh:watber infeed.
We provide -additionally a.'check back from a
-measure of ¢oncentration or-conductivity: of the
“pool. water, by regulating a bleed of highly con-
centrated water from a measure of ‘conductivity.

“In: Fig. 1:we have shown the bleed pipe-i4 con-
nected to the settling chamber 12, Located in
the pipe ‘14 is a regulating’ valve 20 under the
control of a-conductivity controller 21 responsive
{00, conductivity cell’22, which is sensitive-to the

t‘eonductivity of the pool water at-a selected loca~
“¥ion in the drum (. We have found that, par-
~ticularly on rapidly and widely swinging steam
-demands, the-conductivity control-of bleed is not
alone sufﬁczent due to instrument time ‘lag and
also because it is not practical to sample from
the conducting path directly from the active-area
between the electrodes themselves. Under such
operating conditions we preferably-employ both
5. controlled bleed: of highly concentrated water
and the automatic transfer of water-between the
boiler and the surge tank as described. ‘

The primary functions of our control. system
may be summarized as follows:

1. To so control the rate of admission of feed
water to the unit as to maintain a uniform steam
~pressure, through varying the liquid immersion
of the -electrodes in. relation to steam :demand.
We preferably control the rate of admission of
“feed water conjointly from steam pressure, steam
“flow rate, water flow rate, and water level within
“the-boiler; with the demand factors (steam pres-
- sure-and steam flow rate) so limited.in their dic-
tates as to prevent exceeding the desired.high and
~low immersion of the electrodes.

2. To controllably bleed highly -concentrated
water from the unit under the dictates of a con-
ductivity sensitive: device and to transfer water
between the pooland 4 storage tank under chang-
“ing-load demands, all‘for the purpose of main-
‘taining the conductivity of the water.in which

“the electrodes are immersed substantially con-
starit at all levels and rates of operation, to the
end that a control of extent of immersion becomes
a control of vaporization.

3. To prevent abnormal high water:level in the
“poiler by an emergency blowdown,

Giving consideration to such disturbing influ-
-enees as have been mentioned, which-are effective
principally: under conditions of wide- and rapid
.variations in'demand, the arrangement of Fig. 1
-is particularly directed to most ‘efficient’ opera-
tion of a unit subjected to:varying load demands,
-although not limited thereto. -~

“Theoretically, with a constant.voltage applied
to:the-electrodes, and -a uniform:conductivity of

‘the. hoiler water, the rate of steam generation’
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‘2,054,464, ~We further

‘immersion of the electrodes 2.

8

Wil vary ‘divectly with. the: extent 6f immerdion
-6f “the-electrodes, i.-e. the level of water<in the
‘boiler.

Thus ‘we desire a.gedred range between
steam pressure (as an indieation of demand upon

“the boiler) gnd water level, namely, a deﬁnite

relatlon between level and load demand.
Connected to the steam outflow c_onduit § we

-show -a- Bourdon tube 23" sensitive to pressure

of the 'steam and arranged to -vertically position
the stem 24, of a pneumatic pilot valve 25, which
is adapted to establish in the pipe 26 gn air load-
ing pressure bearing a definite relation ‘to the
pressure of the steam in'the conduit9. -:Such a
pilot valve is described in the patent to ‘Johnson
provide ‘a “measuring
device 21 arranged to vertically position the stem

"28, of ‘& pilot valve 29, to establish in the pipe-30

an.air loading pressure continuously representa-

‘tive of the weight rate of flow of steam leaving
the:dry drum 4 through the conduit 9.

Tn connection with the feed water supply con-
duit 18 we show a water flow measuring device

-§1 grranged. to -vertically position the stem 32,
‘of.a pneumatic pilot valve 33, theréby continually

establishing 'in-the pipe 34 an-gir loading pres-
sure directly represertative of weight rate of flow
of fead water through the pipe 13 to the boiler 1.

"Spanning the vertical elevation of theboiler I,

‘gt predetermined maximum and minimum water

Jevel” limits, are pipe connections 85—36, ‘con-

‘nected to a water level measuring ‘device 31,

arranged to vertically position the stem 38, of a

‘pneumatic pilet valve 39, continuously establish-

ing in the pipe 48 an air'loading pressure repre-

‘sentative ¢f the level ¢f liguid within the drum'i

between the points of connection of pipes 35—36,
and thus continually representative of‘the liguid
In similar fashion
we indicate-at 41 a level measuring device span-
ning the elevation of the tank 5. :
Referring now to Fig. 2, it will be seen ‘that
the rate of supply of ‘water to the drum' i,
through the pipe 10, is controlled by a valve 42

-which is positioned under the dictates of four

variables in the operation of the unit. " It is
apparent that under any steady load- condition

-the rate ‘of liguid-inflow to the boiler should

equal the weight rate of vapor outflow plus

‘the bleed. Therefor the primary demand or
“load factor will be from steam outflow. This
-primary control factor may then be readjusted
‘from steam pressure so as to quickly anticipate

load changes. As steam pressure -deécreases
‘(indicating inereased ‘demand or steam outflow)
the rate of water supplied to the boiler will be

‘increased’ proportionately’ to the ‘deviation “of

steam pressure from standard. The electrodes
are ‘subject to wearing ‘away or scaling up, with

‘consequent variation in-steam generation rate

per ‘inch of submergence,” Steam pressure-as

‘an -element ‘in the control of feed water supply

has the advantage of correcting for such éhanges

in the relationship: between level and rate of
steam output.

‘Should - there be -fluctuations in feed water
pressure, the feed water flow will fluctuate ac-
cordingly, -so that a measure of water level is
used to modify the primary demand effect so as
to maintain the level at a proper value. “This

-control so -far - described tends to ‘maintain’ a
“definite water:level for a given load demand.

There will, however, be little effect: upon the

‘yalve 42 from: the steam pressure: controller or
“from. the water .level controller -inasmuch as

under such steady load condition these.variables
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should not be fluctuating. However, should any
-0f the variables. tend to fluctuate they will im-
pose a correction upon the loading pressure
-within the pipe 43 leading to the valve 42 and
correspondingly correct the rate of water input
to the boiler. .
As a final check-back we use a measure of

.actual weight rate of water flow through the
pipe 10, to the boiler, as a fourth element effec-
tive in positioning the control valve 42.

- The steam flow controller and the water flow
controller are each designed on a weight rate
basis for proper comparison. Should there be
a deviation in steam pressure, steam temperature
or feed water pressure one or the other of these
Hlow controllers may give a slightly incorrect rep-
resentation of the true weight rate. Thus a direct
.comparison between the two might indicate a
proper proportionality between weight rate of lig-
uid inflow and weight rate of vapor outflow,
whereas actually the proportion would not be ex-
actly correct. With the check back, however, from
actual water level such discrepancy will be cor-
rected. At the same time the modified control
from steam pressure will be effective to take
-care of minor departures in steam pressure from
the desired value.

When a change In load (for example an in-
crease in steam demand) ocecurs, this will show
up as an increase in the steam flow and a cor~
.responding decrease in steam pressure. As pre-
.viously mentioned, the desired operation is to
raise the water level on the electrodes to in-
crease the rate of steam generation. The in-
-creased steam flow and the decreased steam pres-
sure will act in the same direction to demand
-an increase in rate of feed water until the com-
parison between steam outflow rate and feed
water input rate attains desiredq proportionality.
If the water level has not reached the proper
value to satisfy the new demand, the water level
controller will impose its control upon the feed
‘water valve 42. In general, the four variables,
namely, steam outflow, water inflow, steam pres-
.sure and water level, will coact to properly posi-
tion the feed input valve 42 to satisfy the steam
demand upon the unit and maintain steam
pressure substantially uniform.

It will be appreciated that the various control
.instrumentalities, such as regulators, relays, pilot

valves, etc., may be adjusted for sensitivity,
range, limits, etc. Inasmuch as such adjustments
are known, it does not appear to be necessary
to go into the details thereof.
. It may be said that in Fig. 2 an air loading
pressure is established within the pipe 26 repre-
.sentative of steam pressure, an air loading pres-
sure within the pipe 30 representative of weight
rate of steam outflow, an air loading pressure
within the pipe 40 representative of water level
within the boiler drum {, while an air loading
bressure is established in the pipe 34 representa-
tive of weight rate of water feeding the boiler.

We apply the steam flow effect to the A cham-~
ber-of a relay 44, to the B chamber of which we
apply the steam pressure effect. Connected to
the inlet and outlet valves of the relay 44 are
load limiting relays 45, 46 supplied with air
under pressure from a source (not shown). The
relays 45, 46 supply air at selected reduced pres-
sures to the pipes 47, 48 respectively, joining the
D ‘chamber of relay 44. By way of example, the
pressure in the pipe 47 may be limited to 25
p. s. i, while the pressure in the pipe 48 may
be limited to 5 p. s. i. S
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- Variations in the loading ‘pressures, effective
in the chambers A and B, produce & control pres-
sure In the chamber D to which is connected the
pipe 49. The C chamber is open to the atmos-
phere. The result is that for any change in the
loading pressures applied to the A chamber or to
the B chamber the control pressure in chamber D
will vary proportionately and in proper direc-
tion. :

We desirably limit the water level in the boiler
drum to a maximum and a minimum value irre-
spective of steam pressure conditions. When the
loading pressure from the relay 44 (in pipe 49)
reaches either a minimum or a maximum value,
as determined by the adjustment of the lmiting

.relays 45, 46, no further change in loading pres-

sure from the relay 44 can be applied to the re-
lay 50. Under such conditions the ‘water level
controller 37, connected to the B chamber of re-
lay 50, assumes precedence over the demangd ef-
fect of steam pressure and steam flow, and main-
tains the water level in the boiler drum within
the desired limits without regard to steam pres-
sure or steam flow changes. Thus the boiler is
brevented from flooding or from becoming empty.

The limiting relays 45, 46 are each provided
with an adjustable orifice bleeding to the atmos-
phere so as to definitely establish the maximum
pressure which may be experienced in the lines

47, 48 respectively. In order to limit the maxi-~
mum and minimum values of the control pres-

sure available in the pipe 49 we limit the maxi-
mum air pressure in the pipes 41, 48 and thereby
in the D chamber of relay 44. Assuming that a
maximum pressure of 25 p. 8. i. is available in
the pipe 41, through adjustment of the bleed
valve of the relay 45 and therefor to the inlet
of the chamber D, then this is the maximum con-
trol pressure which can be applied to the pipe
49 when the. inlet valve is open and the outlet
valve of the relay 44 is closed. Under a reversed
condition, when the inlet valve of relay 44 is
closed and the outlet valve is open, the bleed

‘valve of limiting relay 46 is so adjusted that the

pressures within the chamber D of relay 44 can-
not decrease below a minimum of say 5 p. s. 1.

The loading pressure resultant from steam
bressure and steam flow, available in the pipe
49, is applied to the A chamber of a relay 50 for
comparison with the water level effect which is
available within the B chamber from the pipe
40. The output of the relay 50, available through
& pipe ¥, is applied to the A chamber of a stand-
ardizing relay 52, to the B chamber of which we
apply the water flow effect through the pipe 34.

The output of the relay 82 is available in the
pipe 43 for positioning the feed valve 42. Inter-
posed in the pipe 43 we provide g selector valve
53 similar to the type described in the patent tg
Fiteh 2,202,485, thus providing a possibility for
remote manual or automatic selective control of
the valve 42,

The relay 52isof a standardizing type described
in the patent to Gorrie, 2,098,914, Variations in
pressure within the A chamber or the B champer
of the relay initially vary the control pressure
within the pipe 43 with g standardizing follow-up
variation in such control pressure accomplished
through the agency of the adjustable bleed be-
tween the D and C chambers of the relay as fully
described in said Gorrie patent.

It will be evident from g study of Fig. 2 that
the differential relay 44 continually interrelates
pressures individually representative of the two
operation variables first to show the effect of
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changes. in demand upon the boiler, namely;

steam pressure and steam outflow rate. ' Bither
or both of these operation variables may change,
but normally. they vary in: opposite direction, i.e.
an increase in steam outflow: rate is. accom-
panied by a decrease in steam. pressure, and vice
versa. Thus, upon an -increase in steam outflow,
the ‘pressure within the A chamber of relay 44
will increase, while the pressure within the B
chamber will decrease. These effects are addi-
tive to increase the loading pressure output of
the relay 44, through the pipe 49 to the A cham-
ber of relay 50, resulting in an increase in pres-
sure within the chamber A of relay:§2and inan
opening -of the feed valve 42..

The resultant effect of steam flow and. steam
pressure (in chamber A of.relay:50) is'modified’in
accordance with water level as imposed upon
the B chamber. Likewise; the pressure effect in
the A chamber: of relay 52 is-modified by a pres-
sure in the B chamber representative. of water
flow rate. Thus when the valve 42 is positioned
to satisfy the dictates of steam pressure, steam
flow and. water: level,. it: should result. in.a rate
of feed water admission to the boiler:such as to
satisfy said. three variables. . As a check: upon
the actual rate of water flow, the water flow
meter- 31 establishes a loading pressure repre-
sentative of water flow rate within:the B cham-

ber of relay 52, and compares this against the.
effect- established: within the chamber A. If the:

proper: rate -of ‘water atdmission.is. not attained,
due perhaps to fluctuations in feed water pres-
sure; then the positioning of the.valve 42 is modi-
fled. responsive to the interrelation: between the
pressure effects within the chambers A and B
of relay 52.

‘In addition' to the high and low water level
limits described in connection with the relay 44,
we; provide- an emergency blowdown. systent. in-
cluding a blowdown valve 54 interposed in the.
blowdown. pipe 13 and under the control of steam:
pressure through the agency of a relay. 55.

The. relay. 55 assists' the steam pressure: .con-
troller in maintaining steam: pressure within:de-
sired limits upon a suddden decrease in:steam de-
mand.  Normally; the blow down valve b4 is
closed. Should a sudden decrease:.in steam: out-
flow oceur it-may not be possible for the water.
in the boiler to be immediately evaporated. (or.
transferred into surge tank 15 as later described)
down to a level corresponding: to the: required
steam. output of the boiler as a result of closing
down the feed water supply valve 42 under the
dictates of the rising steam, pressure and water
level.
beyond the standard. and the master loading
pressure in pipe 26 would also increase above the
standard value. When increased sufficiently
above.standard, depending upon the adjustment
of.relay 55, the blowdown valve B4 will start to
open up so-as-to assist in dropping the level of
water in the boiler drum, and thus decrease the
rate of steam generation so as-to bring:the steam
pressure back to the normal value.

The loading pressure within-the pipe 26 is ap-
plied through a branch 26A to both the A and.C

chambers of the relay 585, while the opposing:

chamber B is left open to the atmosphere.. Thus
the loading pressure is doubly effective-in posi-
tioning the supply and bleed valves of chamber D
of the relay 55. The initial spring loading ad-
justment of the relay is:such that pressure within
the pipe 26A is not effective in positioning . the
yalves of the relay 55 until after a predgtermined

The steam pressure would then increase
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high-loading pressure is attained representative:
of a predetermined high steam pressure. For in~
stance the relay may be so adjusted that-for an.
increase of say 25-35 p. s. 1. loading pressure-from:
pilot 25 the output of the relay will cover the
range of 525 p. s. i. for opening valve 54.. The
output pressure from the D chamber of the.relay
is applied to the diaphragm valve 54 through a
pipe 51. Interposed in the pipe 51 is a selector
valve 58 which allows the possibility of hand or
automatic control of the valve. )

Thus it is seen that the blowdown valve 54.1s
normally closed, and is opened only under what,
may be termed an emergency condition of high
steam pressure when it is desired to more rapidly.
relieve water from the boiler drum than is-possi-
ble by merely shutting off the supply line 10 and.
waiting for the level to be lowered through evap~
oration. .

In general, the control system of-Figs. 1, 2.an
3 provides that the greater the depth of immer-
sion the greater the contact area of the boiler
water with the heating unit becomes, and con-
sequently the greater the steaming rate of the
unit will be. There is, of course, a desirable maxi=-
mum and minimum level of water in the boiler:
not to be exceeded.

The steam pressure controller has two princi-
pal functions: .

1. To control water. level in the boiler and to
maintain steam pressure within desired limits at
different loads. B

2. To open the blowdown valve in the event
that the steam pressure increases beyond & pre-
determined high value. Blowdown valve 54 is
normally closed and is opened only upon emer-:
gency high pressure.

The water level controller 31 functions to:open.
the feed water valve 42 as rating: (steam flow)
increases, and subsequently as the operating.
water level in the generator is increased. Al~
though called & water level controller, its essential.
function serves primarily to maintain an inerease
in rate of fresh feed water flow as boiler-demand
inereases, and also to stabilize the action of the:
steam pressure controller in the operation of the
feed water valve. )

Water concentration is controlled -both by the
conductivity controller 21, operating on the bleed
control valve 26, and by an automatic transfer-of.
boiler water to and from the surge tank i5. The
operation of such automatic transfer, through the
agency of valves A—B—C-—-D, will now be de-
sceribed in connection with Figs. 1, 4 and 5. .

Referring first to Fig. 1, it will be noted-that:

8 relatively large pipe 16-joins the lower portion:
of boiler | with the bottom of surge tank 15 for
fast transfer of water, from the boiler to the
tank, or from the tank to the boiler, under: con-
trol of a quick opening solenoid valve C; the valve
C being normally closed but is capable of being:
quickly fully opened upon energization- of its
solenoid. By-passing the larger valve C is a
smaller valve D (of operational type similar to-C)
for providing relatively slower transfer of water:
between the boiler and tank when valve C-is
closed and valve D is opened. .

The mere opening of .valves D or C does not- of
itself cause water to pass between:-the boiler-and
tank. The transfer'is accomplished through re-
lationship of static pressure in- the. boiler and:
tank, and relationship in static-head between the:
liquid levels in the boiler and tank. Pressure:
communication between the two is through a pipe

- 18 joining the steam space of boiler: I with the
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top of tank 15 and controlled by solenoid actuated”

quick opening valve A, which is normally closed
when its solenoid is deenergized. The top of tank

I5 may be vented to an area of lower pressure
through the agency of solenoid actuated quick
opening valve B, which is normally closed when
its solenoid is deenergized.

The following operations of transfer are ac
complished: )

" 1, With valves A and C open, valves B and D
closed. Pressure is equalized between boiler and
tank. - The additional static head of water in
tank 15 over that of boiler | causes a “Fast”
transfer of water from tank to boiler (passed
through large valve C).

* 2. With valves A and D open, valves B and C
closed. “Slow” transfer of water from tank to
boiler. -

_ 3. With valves B and C open, valves A and D
closed. The tank 15 is vented to atmosphere.
The higher pressure in boiler | causes a “Fast”
transfer of water (passed through valve C) from
boiler to tank,

4. With valves B and D open, valves A and C
closed. “Slow” transfer of water from boiler
to tank.

5. All valves closed. No transfer in either di-
rection.

The above noted valve combinations; with re-
sulting conditions of water transfer, are desirably
accomplished upon predetermined combinations
of operating conditions as tabulated in Fig. 4.

The control so far described provides:

1. A control of feed water input rate to vary
the electrode immersion with demand, limiting
the effect from pressure (both high and low) so
that water level will dominate the inflow and
not allow an excessive high or low level; respon-
sive to steaming demand (steam pressure and
steam flow rate), actual water level (immersion)
and with a check on actual water flow rate
against the dictated rate.

2. A control of conductivity of the pool water
50 that the steaming rate is in direct relation
to immersion, first by a bleed from the pool un-
der the control of a conductivity cell, and sec-
ondly to counteract the temporary adverse effect
upon the conductivity of the pool, such as tem-
perature and concentration dilution of pool by
sudden increase in rate of feed upon increasing
demand might cause, through supplementing the
bleed control with a transfer of water from boiler
to tank, or vice versa.

3, Protection against extreme high level in the
boiler, by steam pressure opening an emergency
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The present water transfer system supple-
ments previous control by a temporary transfer
of water between the tank and boiler, and also to
protect against excessive high or low levels in
the boiler.

To accomplish operation of the transfer valves
we provide electric contacts in the steam pres-
sure controller 23, the boiler water level con-
troller 37 and the tank level controller 41,
Specifically, the Bourdon tube 23, sensitive to
steam pressure, positions a contact arm 59 to
close circuit with a terminal 60 when the steam
pressure reaches a predetermined high pressure,
or to close circuit with a terminal 6i should
steam pressure reach a predetermined low pres-
sure; beyond which pressures it is not desired
operate.

We provide the boiler water level controller 37
with a contact arm 62 arranged to close circuit

60

65

70

75

12
with a terminal 63 when maximum permissible.
Immersion of the electrode is reached; or to close -
circuit with a terminal 64 when minimum per- .
missible immersion of the electrodes is reached.

The tank level controller 41 has a contact arm
65 arranged to cooperate with three contdct ter- -
minals 66, 6T and 68. The parts 66 and 67 are
of an elongated nature spanning the entire an-
gular travel of the arm 65 except for a non--
contacting gap corresponding to a liquid level-
equivalent of about +2 inches across the center
of the surge tank. In other words, the actual
level of water within the tank {5 may fluctuate
from 2 inches above the tank center to 2°inches
below the tank center without the contact ‘arm’
65 engaging either 66 or 61. Should. the ‘level
fall more than 2 inches below the center of the-
tank, then arm 65 engages 66 snd maintains
such engagement for all levels below. On the:
other hand, should the level rise 2 iriches above:
the center of the tank, the arm 65 engages 67
and maintains such engagement for all levels up
to a full tank. When the level reaches “full”:
the arm 65 additionally engages terminal 68 for
& purpose to be explained. - st

Referring now particularly to Fig. 4, it will 'be:
noted that water transfer between boiler ‘and
tank, through control of valves A~—B—C--D, is
dictated by (1) the extent of electrode immer-
sion, (2) value of steam pressure, and (3) ‘the
amount of water in the storage tank or conversely
the available space within the storage tank to
accept water from the boiler, - B

Considering . first the electrode. immersion, it
will be observed from Fig. 4 that three general
conditions may exist,. o

1. When the water level within the boiler is in
what we term the “operating range,” i. e, between
the points 35, 36, no emergency level condition
exists within the boiler and water from the boiler
may be transferred to the tank, or may be re-
turned to the boiler from the tank, under the
dictates of steam pressure and tank water level.’

2. If the level of water within the boiler reaches
the maximum immersion limit the arrangement
is such that no additional water can be trans-
ferred to the boiler from the tank,

3. Should the water level within the boliler
reach the minimum immersion limit, then no
water may be transferred from the boiler to the
tank. . .o

Considering next the effect of steam pressure
variations, it will be observed that in general g
high steam pressure ealls for transferring water
from the boiler to the tank so as to decrease the
immersion of the electrodes and thereby -the
steaming possibility. An exception is when the
electrodes are already at their minimum immer-
sion limit. If steam pressure is lower than nor-
mal, then the tendency is to increase the im-
mersion of the electrodes by transfer of water
from the tank to the boiler; except for a condition
of where the maximum immersion of the elec-~
trodes already exists. ’

Considering now the level of liquid within the
tank, as a variable for the purpose of transfer
control, it will be observed that four conditions
are shown in Fig. 4, namely, the normal desired
level at a point =+ 2 inches across the middle of
the drum, a high or a low operating condition,
and a full tank condition. ,

The indication of “high” or “low” level within
the tank is not a condition of emergency or
calling for drastic action. It is quite possible
that the liquid within the tank may be con-"



2,612,598

13.

sidered as “high level” and still-there be available

space within thetank for:storing water from the
boilér, Conversely; the-condition may: be indi-
cated as “low tank level” and still there may he
some water in the tank for possible transfer to
the boiler.,: ‘The only. emergency. condition -in
connection with the tarik level is' when the tank
is. “full,” for then it is important that no more
water be moved from the boiler to the tank which
might cause the tank to overflow through valves
Aor B. Valve B usually vents to an area of lower
pressure rather than to waste or the atmosphere,
and.thus: damage to the equipment might be ef-

fected were tank 15 filled to-an extent that water

would pass through the valve B.

No: damage to equipment is expected should
the tank i5 be emptied, and therefore no emer-
gency “empty” condition is: provided.for.

The: particular function of the transfer: sys-
tem just described is:in providing a.storage place
wherein water, at the temperature and concen-
tration of the boiler pool, may be stored. for
quick return to the boiler whenneeded. In other
words, to take care' of sudden, rapid demand
swings or surges upon the boiler steaming capac-.
ity, through moving hot concentrated water from
the boiler- to the ‘tank for storage when mnot
needad, and for returning it to the boiler quickly
when needed. The: latter operation obviates di-
lution of the water:in the vaporizing pool by sud-
den inflow-of raw feed water at a-relatively lower
temperature and relatively lower value of: con-
ductivity. - While the long range variation in rate
of feed input, to accommodate basic changes in
rate of .operation, is accomplished through regu-
lation. of the feed input valve 82, as previously
described, the transfer system,. including the
storage tank 15, acts with a flywheel effect to take

care of rapid variations in demand upon the

steaming capacity  of the boiler. ‘
_Following any surge in.demand, such as:an in
crease or decrease in steam demand, with cor-
responding decrease or increase in steam pres-
sure, upon the occurrence of: which hot, high
concentration water is transferred between the
boiler and tank, the valves should be so. posi-
tioned as to accomplish a slow return to or from
the surge tank. to always tend to return the
liguid level within the tank to its mid point.

On the premise that steaming capacity bears

a-direct relation to-extent of electrode immersion,

it -is apparent that this is in turn based upon-

holding: the conductivity  of the water in the
vaporizing pool substantially uniform. Sudden
increases in rate: of steam outflow will: call for
an-increased rate of feed water with consequent
dilution of the pool water, both as to temperature
and conductivity, which effects- are adverse to
increasing the steam generation rate: Through
our invention, however, we tend to avoid such ad-
verse conditions by taking care of sudden surges
in demand through transfer of hot highly: con-
centrated water to or from the storage tank;

Immediately following such a surge, with con-
sequent transfer of water between the boiler and
the tank, we so control the transfer valve system
a5 to tend to return the tank level to its mid
point in anticipation of another demand upon
the tank for water or for storage space. Thus,
referring to Figs. 4 and 5, the valving arrange-
ment is such as to always tend to return the surge
tank level to its mid position.

In the transfer system as illustrated and de-
scribed, all instrument contacts are normally
open and the valves A—B—C—D are normelly
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closed when' their: solenoids' As-—Bs—Cs--~Ds 4rg:
deenergized. Desirably, when valve A-is open,
valve B is closed; and vice versa. When valve C
is open, for rapld transfer of water, valve D is:
also open. When ‘magimum immersion-limit is.
reached we never transfer water from the tank to:
the boiler, and conversely, when minimum im-
mersion limit is reached we never transfer water
from the boiler to the tank. "When the water:
level within the boiler is within the normal op-
erating range 'we may ‘transfer water either way:
but always follow a ‘demand surge by'a transfer-
tending to return the level within the surge tank:
to mid-point: '

It is not believed: necessary to go into-detailed.
explanation-of how- the-electric.circuit of Fig, 5
accomplishes the  various combinations. . tabu-"
lated in Fig. 4. It is believed that this is self=.
explanatory for the various combinations: of*
poiler electrode immersion, steam pressure, and:

‘tank water level.  Suffice it to describe a-single

set of conditions to-illustrate how-the ‘circuits-of’
Fig. 5 will-accomplish - the valve -combinations
of Fig. 4. ‘ A ' RE

Consider operating condition® #19 of Fig. 4.
where the -boiler electrode immersion ‘is-in -its.
“gperating range.”” Steam pressure is at- a
“normal” value. ‘Under: such conditions. ‘neither-
the contact arm 62 nor the contact arm. 59 is’
engaging a terminal 63, 64 or 66, @1 and the re~
spective relays Ri, R2, R3 and R4 remain in the :
deenergized condition as shown in Fig. 5. “The
level of the water within the tank is- at ‘the
“mid=+2 inch” position and the contact arm 6§
is not engaging any of the términals 68, 67 or 68.
Operation is completély normal in every respect:
in that the boiler electrode:immersion is satis-
factory for the demand-and thus the rate-of va--
porization is such as to maintain uniform -nor--
mal steam -‘pressure. ‘Furthermore, the'storage -
tank i5 is approximately one-half full. As seen
in wig. 4, there is no transfer:.of water in either
direction through the pipe 1§. Valves B, C and
D are closed, while valve A -is opened for pres-:
sure  equalization between: the boiler and-the’
storage tank. All of the electrieal circuits in-
connection with the four valves are as shown in
Fig. 5 with the solenoid windings Bs, Cs and Ds
deenergized while the winding As is energized.

Assume now that boiler electrode immersion-
is in the desired ‘“operating range,” but appar=-:
ently is slightly: higher than that corresponding
to the rate of steam demand so that steam pres-
sure is “high.” . As illustrated in Fig. 4, unless
the storage tank 5 is “full” (condition: #13)
there will be ‘a fast transfer of water from the-
boiler ‘to the tank (conditions 14, 15 or: 16) in
order to reduce the extent of immersion, and
thus the rate of steam generation, to thereby
decrease the “high” steam pressure to its desir=
able “normal” value. . N '

On the other hand, if the boiler electrode im-
mersion is in the desired “operating range,” but
slightly lower than that corresponding .to the.
rate of steam demand, the steam pressure may.
be “low:” - Under this condition (operating con-
ditions 21, 22, 23, 24) the valve positions dictate
a “fast” transfer of water from the tank to the
boiler;.regardless of tank level, to increase elec=.
trode immersion and thereby increase vaporiza«
tion, ‘and raise steam pressure. ‘

In like manner, the possible operating condi--
tions may be traced in Fig. 4, to indicate the
open -or: closed positions of valves A—B—C—D,;
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with résulting direction and speed of water trans-

fer: between boiler and tank, " ’ o

" 'While we have illustrated and described cer-
tain preferred embodiments of our invention, it
will be understood that this-is by way of ex-
planation only and not to- be -considered- as
limiting. : ‘ .

What we claim as new, and desire to secure by
Letters Patent of the United States, is:

1.. The method of operating a steam generator
of the type having two interconnected pressure
chambpers in one of which electric energy is dis-
sipated in a water pool for vaporizing the water,
which includes, controlling the supply of feed
water directly to the water pool chamber respon-
sive to a plurality of variables in the operation
of the generator, and automatically transferring
liquid from one chamber to another when at
least one of the variables reaches a predeter-
mined value: . oo

2. The method of operating a steam generator
of the type having two interconnected pressure
chambers in one of which electric energy is dis-
sipated in a water pool for vaporizing the water,
which includes, controlling the rate of ‘supply of
feed water directly to the water pool chamber

conjointly responsive to demand upon the unit:

and to the amount of water in the pool, and au-
tomatically transferring water from one cham-
ber to another when one of the feed water con-
trol variables reaches a predetermined value.

3. The method of controlling the operation of
an electric steam generator of the type having
two interconnected pressure chambers in one of
which electric energy is dissipated in a water
bool for vaporizing the water, which includes,
feeding one-of the chambers with water to form
a pool in which the electrodes are immersed for
vaporizing the water, determining the extent of
immersion, obtaining. & representation of the
steam demand upon the unit, continuously uti-
lizing the values of these two variables in con-
trolling the rate of feeding of water to the pool,
and transferring water from one chamber to the
other when one of the variables reaches a pre-
determined value.

4. The method of controlling the operation of
an electric steam generator of the type having
two interconnected pressure chambers in one of
which electric energy is dissipated in g water
pool for vaporizing the water, which includes,
feeding one of the chambers with water to form
a pool in which the electrodes are immersed for
vaporizing the water, determining the extent of
immersion, obtaining a representation of the
steam demand upon the unit, continuously de-
termining the rate of supply of feed water to
the unit, continuously utilizing the values of
these three variables in controlling the rate of
feeding of water to the unif, and transferring
water from one chamber to another when at least
one of the three variables reaches a predeter-
mined value,

5. The method of claim 4 wherein the transfer
of water is from the pool chamber to the second
chamber when -the value of the mentioned
variables dictate that water should be removed
from the pool, and transferring from the second
chamber to the pool chamber when the variables
dictate that the pool should be increased.

6. The method of operating an electric steam
generator of the type having two interconnected
chambers in one of which electric energy is dis-

sipated in a water pool for vaporizing the water

and the other chamber providing water storage,
which includes, controlling the conductivity of
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the pool water by a bleed of water from the pooi -
responsive to a measure of conductivity, and sup-
plementing such bleed by transferring water from
one chamber to the other upon change in unit
load. .

7. The method of claim 6 wherein the transfer
of water is from storage chamber to pool chamber
upon sudden increase in demand to temporarily
counteract any adverse dilution of pool water
such as would be caused by sudden increase in
rate of feed supply responsive to increased unit
load demand.

8. The method of claim 6 including the further
step of protecting the unit against over-immer-
sion of the electrodes through  the opening of
an emergency blowdown responsive to steam pres-
sure, :

9. The method of operating an electric steam
generator of the type having two interconnected

.chambers in one of which electric energy. is dis-

sipated in a water pool for vaporizing the water
and the other chamber providing water storage,
which includes, normally feeding water to ‘the
pool chamber in accordance with load demand in
& manner such that electrode immersion is within
predetermined high and low limits, and supple~
menting the feed by transferring water from one
chamber to another responsive to steam pressure
and storage chamber water level. :

10. The method of claim 9 including the step of .
preventing transfer of water from the storage
chamber to the pool chamber when maximum im-
mersion of the electrodes in the pool chamber is
reached. '

11. The method of claim 9 including the step of
preventing transfer of water from the poo] cham-
ber to the storage chamber when minimum im-
mersion of the electrodes in the pool chamber is
reached,

12. The method of claim 9 in which normally
water is transferred from the pool chamber to the
storage chamber responsive to predetermined -
high steam pressure to thereby decrease the im-
mersion of the electrodes and thus the steaming
rate.

13. The method of claim 9 in which normally
water is transferred from the storage chamber to
the pool chamber responsive to predetermined low
steam pressure to thereby Increase the immersion .
of the electrodes and thus the steaming rate,

14. The method of claim 9 in which, following
&.load change, the water content of the storage -
chamber is returned toward g, predetermined nor~
mal value, : 8

15. In combination with an electric steam gen-
erator having two interconnected pressure cham-
bers in one of which are-electrodes and having
provisions for supplying feed ‘water to the elec-
trode chamber to form a pool in which the elec-
trodes are variably immersed for vaporizing the
water, means sensitive to a demand factor on the
unit, means sensitive to the amount of electrode "
immersion, control means responsive to both said"
sensitive means adapted to regulate the feed
water supplying provisions, and transfer means
arranged to cause transfer of water from one
chamber to another when one of said sensitive
means reaches a predetermined value, .

16. In combination with an electric steam gen-
erator having two’ interconnected pressure
chambers in one of which are electrodes and hay- .
ing provisions for supplying feed water to the
elecirode chamber to form a pool in which the
electrodes are variably immersed for vaporizing
the water, first means determining the extent of
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immersion; second means: determining steam. des

mand upon the unit, third means: determining-

the rate:of supply of feed water, means continu-
ously. controlling: the supply. of feed water con-

jointly- responsive to' said first three named
means, and means adapted to cause a transfer
of water from one chamber to.another when one-

of~the first three named means reaches a pre-
detérmined value. . )

17 In combination with an' electric: steam
generator- having two interconnected pressure

chambers: in one of* which are electrodes and

having provisions for supplying-feed water to the
electrode chamber to form & pool in which the

electrodes are variably immersed for ‘'vaporizing -
the water, means regulating: the -electrode im--

mersion responsive to demand upon the unit,
means regulating bleed of water from the pool
responsive to conductivity of the pool water, and
means adapted to cause a transfer of water from

one chamber to another responsive to'a variable-

condition in the operation of the:unit:
18..In combination with an electric steam

generator: having two interconnected pressure:

chambers: in one of which are- electrodes and
having - provisions for -supplying: feed water to
the electrode chamber to form a pool in which
the-electrodes are variably immersed for:vapor-
izing the water, means regulating:bleed of water

from. the: pool responsive to conductivity of ‘the:
pool water; and means causing a transfer of wa--
ter from one chamber to the other upon change:

in unit load.
16:. Tn “combination with an electric steam

generator - having: two interconnected pressure: <

chambers in one of which are: electrodes- and
having: provisions for supplying “feed water  to
the electrode chamber: to form-a pool in which

the electrodes are variably immersed for vapor-

izing the water; means establishing-a fluid -con-

trol pressure representative of demand upon the:
unit, means establishing a fluid control pressure:

representative of water. level within: the- pool
chamber and thereby of -the- electrode immer-
sion, control” means adapted to regulate the rate
of supply of water responsive to- both said- fluid
controlpressures, valve means controlling- trans-

fer-of water-from one chamber to the other, and
transfer means sensitive to a- selected variable-

in the operation of the unit adapted fo position
said valve means. ‘

20" Tn combination-with an electric steam-gen~
erator-having twointerconnected pressure cham-

pers-in one of which are electrodes and having-

provisions for supplying feed water to the elec-
trode chamber to form a -pool in which the elec-
trodes are variably immersed' for vaporizing the
water, means establishing a fluid control pres-
sure - continuously = representative: of electrode
immersion, means establistiing a second fluid
control pressure continuously representative of
demand. upon the unit, means establishing &
third fluid control pressure continuously repre-
sentative of rate of water supplied to the pool,
control means for the water supply to the pool
responsive to said: three fluid control pressures,
valve: means controlling: transfer of’ water from

one chamber to the-other; and a.. plurality- of’
means- separately- responsive: to. steam pressure:
and . electrode: immersion- and- storage chamber’
water level arranged to conjointly control the:

said valve -means:

91. The method. of: operating-an electric steam
generator of the type having two interconnected
pressure chambers. in. one . of. which - electric
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energy- is disstpated’ in. & water: pool. for: va-
porizing: the. water and the:other  chamber: pro-:
viding water storage, which. includes; continu-
ously controlling: the extent. of immersion.of’ the:
electrodes -in the pool conjointly responsive. to.
steam demand upon -the unit and to amount-of
water in the pool;, and continuously: controlling:
the: conductivity of: the pool water in which:the
electrodes are immersed by controllably bleeding:
pool water from the pool chamber and by trans--
ferring. water between the pool chamber: and
the storage cliamber. :

22. The method of operating an-electric steam
generator of the type having two'interconnected.:
pressure: chambers. in: one of which electric
energyis dissipated in a water pool for-vaporizing:
the water and the other chamber: providing wa-
ter storage, which includes, continuously con-.
trolling the extent of immersion of the elec-
trodes in the pool conjointly responsive to-steam
demand, amount of water in the pool, and: rate
of feed: water supply to the unit; and continu-
ously controlling the conductivity of the  pool
water in which the electrodes are' immersed by
controllably bleeding pool water from. the pool
chamber and by transferring water between the-
pool chamber and the storage chamber:

93. The metHod of operating an electric steam
generator of the type having two interconnected
pressure- chambers in one of which electric
energy is dissipated in-a water pool for vaporizing
the water and the other chamber providing wa-
ter storage; which includes; continuously con-
trolling the extent of immersion of the electrodes

. in the pool conjointly responsive to steam pres--
- sure, rate of steam outflow, extent of électrode-

immersion, and rate-of feed water supply to the
unit; and continuously controlling the conduc-
tivity of the pool water in which the electrodes
are immersed by controllably bleeding pool wa-
ter from. the pool chamber: and by transferring
water between the pool chamber and the storage
chamber; R

24 The method of operating an:electric-steam
generator of the type having two interconnected
pressure chambers in one of which electric
energy is dissipated in a water pool for vaporizing
the water and the other chamber providing wa-
ter storage, which ‘includes; continuously con-
trolling the extent of immersion of the electrodes’
in' the pool conjointly: responsive to a plurality
of variables-in' the unit operation, and continu-
ously controlling  the conductivity of the pool’
water in which the electrodes are immersed by
controllably - bleeding- pool: water-from the pool
chamber and by transferring water-between the
pool chamber and the storage chamber,, the:
transferring of' water- from the storage chamber
to:the pool chamber being prevented when pre-
determined maximum immersion of the elec-
trodes is reached and the transferring of’ water:
from the pool chamber to the storage chamber
being prevented when predetermined minimum
immersion of the electrodes is-reached.

25 The method of ‘'operating-an electric vapor
generator of the type having two interconnected.
pressure chambersin-one of ‘which electric energy
is: dissipated in- & liquid pool for vaporizing.the.
ligquid- and the- other-chamber  providing - liguid
storage; which includes, confrolling-the specific-
conductivity:of the pool liguid by a bleed of liguid’
from the poo} responsive to-a measure of specific
conduetivity-of the: liquid, and: supplementing:
such bleed by transfesring liquid from one cham-
ber-to:the other-upon:change: in unit load:
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- 26. In combination with an electric vapor gen-
erator having two interconnected pressure cham-
bers in one of which are electrodes and having
provisions for supplying feed liquid to the elec-
trode chamber to form a pool in which the elec-
trodes are variably immersed for vaporizing the
liquid, means establishing a fluid control pressure
representative of demand upon the unit, means
establishing a fluid control pressure representa-
tive of liquid level within the pool chamber and
thereby of the electrode immersion, control
means adapted to regulate the rate of supply of
liquid responsive to both said fluid control pres-
sures, valve means controlling transfer of liquid
from one chamber to the other, and transfer
means sensitive to a selected variable in the oper-
ation of the unit adapted to position said valve
means.

27. In combination with an electric vapor
generator having two interconnected pressure
chambers in one of which are electrodes and
having provisions for supplying feed liquid to
the electrode chamber to form a pool in which
the electrodes are variably immersed for vaporiz-
ing the liquid, means establishing a fluid control
pressure continuously representative of electrode
immersion, means establishing a second fuid
control pressure continuously representative of
demand upon the unit, means establishing a third
fluid control pressure continuously representa-
tive of rate of liquid supplied to the pool, control
means for the liguid supply to-the pool respon-
sive to said three fluid control pressures, valve
means controlling transfer of liquid from one
chamber to the other, and a plurality of means
separately responsive to vapor pressure and elec-
trode immersion and storage chamber liguid
level arranged to conjointly control the said valve
means.

28. The method of operating a steam generator
of the type having two interconnected pressure
chambers in one of which electric energy is dissi-
pated in a water pool for vaporizing the water,
which includes, controlling the rate of supply of
feed water directly to the water pool chamber
conjointly responsive to steam outflow rate and to
the amount of water in the pool, and automati-
cally transferring water from one chamber to
another when one of the feed water control
variables reaches a predetermined value.

29. The method of operating an electric steam
generator of the type having two interconnected
chambers in one of which electric energy is dis-
sipated in a water pool for vaporizing the water
and the other chamber providing water storage,
which includes, normally feeding ‘water to the
pool chamber in accordance with steam outflow
rate in a manner such that electrode immersion
is within predetermined high and low limits, and
supplementing the feed by transferring water
from one chamber to another responsive to steam
bressure and storage chamber water level.

30. The method of operating an electric steam
generator of the type having two interconnected
pressure chambers in one of which electric
energy is dissipated in a water pool for vaporiz-
ing the water and the other chamber providing

water storage, which includes, continuously con--

trolling the extent of immersion of the electrodes
in the pool conjointly responsive to steam out-
flow rate from the unit and to amount of water
In the pool, and continuously controlling the
conductivity of the pool water in which the elec-
trodes are immersed by controllably bleeding

pool water from the pool chamber and by trans-
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ferring water between the
storage chamber.

31. The method of operating an electric steam
generator of the type having two interconnected

pool chamber and the

+ pressure chambers in one of which electric energy

is dissipated in a water pool for vaporizing the
water and the other chamber providing water
storage, which includes, continuously controlling
the extent of immersion of the electrodes in the
pool conjointly responsive to steam outflow rate,
amount of water in the pool, and ‘rate of feed
water supply to the unit; and continuously con-
trolling the conductivity of the pool water in
which the electrodes are immersed by control-
lably bleeding pool water from the pool chamber
and by transferring water between the pool
chamber and the storage chamber.

32. In combination with an electric steam gen-
erator having two interconnected pressure cham--
bers in one of which are electrodes and having
provisions for supplying feed water to the elec-
trode chamber to form a pool in which the elec-
trodes are variably immersed for vaporizing the
water, means sensitive to steam outflow rate
from the unit, means sensitive to the amount
of electrode immersion; control means respon-
sive to both said sensitive means adapted to
regulate the feed water supplying provisions, and
transfer means arranged to cause transfer of
water from one chamber to another when one
of said sensitive means reaches a predetermined
value.

33. In combination with an electric steam gen-
erator having two interconnected pressure cham-
bers in one of which are electrodes and having
provisions for supplying feed water to the elec-
trode chamber to form a pool in which the elec-
trodes are variably immersed for vaporizing the
water, means establishing a fluid control pres-’
sure representative of steam outflow rate from
the unit, means establishing a fluid contro] pres-
sure representative of water level within the
pool chamber and ‘thereby of the electrode im-
mersion, control means adapted to regulate the
rate of supply of water responsive to both said
fluid control pressures, valve means controlling
transfer of water from one chamber to the other,
and transfer means sensitive to a selected var-
iable in the operation of the unit adapted to
position said valve means.

34. In combination with an electric steam gen-
erator having two interconneeted pressure cham-
bers in one of which are electrodes and having
provisions for supplying feed water to the elec-
trode chamber to form a pool in which the elec-
trodes are variably immersed for vaporizing the
water, means establishing a fluig control pres-
sure continuously representative of electrode im-
mersion, means establishing a second fluid con-
trol pressure continuously representative of steam
outflow rate from the unit, means establishing
a third fluld control pressure continuously rep-
resentative of rate of water supplied to the pool,
control means for the water supply to the ool
responsive to said three fluig control pressures,
valve means controlling transfer of water from
one chamber to the other, and a plurality of
means separately responsive to steam pressure
and electrode immersion and storage water level

arranged to conjointly control the said valve
means.

HARVEY C. MITTENDORF.
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