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Method of operating a water-vapor generator.

@ A water vapor generator of the type having electrodes in
a vaporization vessel is disclosed. Current passed through
the water between electrodes causes water in the vessel to
heat and boil off as steam, make-up water being added when
the current drops below a preset minimum value. The
make-up water is cut off when a preset maximum value is
reached. Thus, the generator operates through successive
cycles each containing a descending "boil” leg and an
ascending "fill" leg. As water is boiled the mineral content in
the vessel becomes more and more concentrated causing
increasing conductivity of the water. In order to return the
contained water conductivity to its design value the frequen-
cy of the boilAill cycles is measured over several cycles and
compared with a predetermined value. If the measured
frequency is higher, this indicates a higher than desired
water conductivity and a drain cycle is initiated by operating
a drain valve. The amount of water drained out of the vessel
is proportional to the deviation of frequency from the
predetermined value. The frequency can be measured by the
duration of a predetermined number of cycles and this is
then compared with a predetermined duration correspond-
ing to the predetermined frequency. The apparatus used
may include a count down sequencer which starts to step
through several relays which have successively higher

‘minimum thresholds and a cycle counter which starts

counting cycles at the same time. If, when the cycle counter
has finished counting the predetermined number of cycles,
the count down sequencer has not finished counting, one of
the relays will be energised and this will cause the outlet
valve to open and remain open until the electrode current
drops to the threshold value for that relay.
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Method of operating a water-vapor generator

This invention relates to humidifiers and more particularly
to the clectrode type steem generating humidifiers.

Such humidifiers in which a current is passed betwcen spaced
electrodes in a water-carrying vessel are well-krown. The current
causes heating of the water and subsequently generation of steam which
is passed into the air space, the moisture content of which is to
be controlled.

The magnitude of the current and hence the steam generating
ability is dependent on the voltage applied to the electrodes, the
size, shape and spacing of the electrodes, the depth of immersion -
of the electrodes and the conductivity and volume of the water. .A
serious probiem which has been recognised is that the conductivity
of a water supply can vary by as much as 10:1 depending on the geological
conditions of the source and also the conductivity of a particular
water supply can vary daily in the same range (10:1) depending on
variables such as interconnections in the water main and switching
and/or mixing of the sources and the season of the year. Becausc
the design of an evaporator is dependent on the conductivity of the
water in the Qéssel, it is necessary to ensure that the conductivity

of the water in the vessel is maintained near the value for which

-the evaporator was designed or else tedious adjustments or adaptations

of the evaporator will be necessary to accommodate different water

conductivites,

Furthermore, because of the continual evaporation of water
from the vessel, impurities from the water remain in the vessel and
increase in concentration to the point where flushing of the vessel

is necessary to maintain the contained water conductivity at the designed
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value and to reduce mineral build-up an the electrodes. If flushing
is carried out merely on a time basis, the water may be flushed vwhen
jts conductivity is below the designed value. In any event, tﬁé loss
of hot water from thc system during flushing is likely fﬁ exceed that
necessary tb maintain the conductivity at the designed value.

Unitgd States Patent 3,937,920 issued on February 10, 1976
to Plascon A.G. discloses a system which dcals with these problems
by arranging for the conductivity of the water in the vessel to be
maintained at a value which is considerably higher than the averzge
conductivity of typical water sources. As water is boiled off, the
conductivity in the vessel gradually_rises to the optimum designed
value.

The magnitude of the cu&rent between the electrodes is measured
continuously and the actual time taken for the current to drop between
twvo predetermined values is compared with the calculated time required
for the current to drop between those two values when the conductivity
of the water is at the designed value. If the actual time measured
is shorter, some of the water is flusked from the vessel, as this

represents an unacceptably high conductivity.

It is an object of the present invention to provide a novel
~method of operating a water-vapor generator to control the conductivity
of the contained water and maintain the conductivity at thé designed
value..

It is another object of the present invention to provide
a nofel water-vapor generator adapted to control the conductivity
of the contained water and maintain the conductivity at the designed

value.
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The present invention involves obtaining a measure of the
frequency of two or more cycles, each cycle containing a boil and
fill leg, and, if the measure of the frequency increases above a predetermined
value corresponding.to a desired, i.e. design, frequency, causing
water to be discharged.

The frequency can ﬁe determined in various ways, such as
by measuring the time to count a predetermined plurality of cycles,
or by counting the number of cycles in a predetermined duration.

Alternatively, the frequency of the £ill legs or the boil
legs can be used as a measure of the cycle frequency in which case
the time to measure a predetermined plurality of fill legs or boil
legs is obtained or the number of fill legs oxr boil legs in a predetermined
duration is coﬁnted.

As another alternative, the accumnmulated boil time over
two or more.cycles or the accumulated fill time over two or more cycles
may be measured and this also would give a measur; or indication of
the cycle frequency.

The drain leg can be adjusted directly by time so that the
higher the frequency measured the longer the drain leg. Alternatively,
the drain leg can be arranged to continue until the current reaches.

a threshold value, the higher the frequency the lower the threshold

value selected.

By cbncentrating on measuring the frequency of t#o or more
cycles, the invention has the effect of minimizing the possibility
of obtaining an incorrecé indication of contained water conductivity
‘which could arise due to spurious or transient factors and thereby
minimizirg the possibility of ordering a flush cycle reedlessly.

Finally, a feedback control can be built in which has the
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effect of altering the requirements for a particular group of cycles
depending upon the frequency measured for the immediately preceding
group of cycles. Thus, the measured frequency is c&mparea with a
variable frequency‘yhich is weighted in relation to the'frequency
measured for the preceding group. In other words, if the frequency
measured for the previous group of cycles was high, the predetermined
frequency is decreased and if the frequency measured for the previous
cycles was low, the predetermined frequency is increased. The effect
of this is to stabilize the water level substantially at one point
with respect to the electrodes vhether the mains supply is of high

or low conductivity.

The invention will now be described in greater detail with
reference to the accompanying drawings, in which:

Figure 1 is a diagram illustrating the principles underlying
the present invention;

Figure 2 is a schematic diagram illustrating an embodiment
of the invention which applies the principles illustrated in Figure
1;

Figure 3 is a diagram illustrating a modification of the
basic technique illustrated in Figure 1;

Figure 4 illﬁstrates diagrammatically the difference in
outcome between applying the principles of Figure 1 on the one hand
and Figure 3 on the other hand;

Figure 5 is a diagram illustrating a variant of the basic

~technique shown in Figure 1; and

Figure 6 is a diagram illustrating a further variant of

the basic technique shown in Figure 1.
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It is believed that a better understanding of the circuit
shown in Figure 2 will be achieved after an explanation of the principles
upon which the invention is based is given with reference'to Figure
1.

It should be appreciated that, as is well-known in the art,

a vaporization container contains two or more electrodes which heat
water in the container to boiling point and as water is boiled off

and replenished with fresh" mains water the concentration of minerals
in the container water gradually increases causing a correspondiné
increase in the conductivity of the water. It is necessary to flush
out some of the container water from time to time to maintain the -
water conductivity around the value for which the unit was designed.
Figure 1 explains how this may be accomplished according to the present

invention,

With particular reference to Figure la which is a plot of
the electrode current, expressed as a percentage of tge rated or designed
value, against time, this shows fill, boil and drain cycles of the
vaporization vessel.

When the container is originally filled from an empty condition
the current level rises to a point (e.g. 5%) above the rated current
at which point the water supply is cut off. As current at 105% continues
to flow the water heats to boiling point and starts boiliné off as
steam to be used in air conditioning. As the water level falls due
to the loss of water as steam, the current falls until it reaches
95% of the rated value at which point mains replenishing water is

fed to the container and the current rises once more to the 105% at

which point the supply of water is cut off and the boil/fill cycle
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is repeated. Because the conductivity of the water is increasing
gradually with every cycle, it takes less water to again reach 105%,
and less water needs to be boiled away to drop to 95%. Therefore,
the cycling rate or frequency of cycling increases graduaily and this
observation is used as the basis of the present invention.

The point A represents the end of a fill portion of a cycle
near start-up of the whole operation, i.e. before the container water
has become very concentrated. It could, in fact, be the end of the
very first fill leg beginning from empty. From the poini A the next
three (for example) complete boil/fill cycles are counted and this
occurs at point B. The design frequency, i.e. the frequency which
would occur if the contained water conductivity were at the desired
or designed value, can be established theoretically or experimentally
and this would give a duration C-D for three complete cycles. If the
measured frequency of the three cycles from A - B differs from the
design frequency it can be determined whether the conductivity is
too high or too low. In the case shown, the first three cycles from
A - B last longer than C - D, i.e. the measured frequency is less
than the design frequency, for three complete cycles assuming the
wvater -is at the desired conductivity. This means that the water conductivity
is less than the desired value and no drain cycle‘is initiated.

| The end of the very next £ill portion at which the 105%
current level is reached is designated E and the ne;f threé complete
boil/fill cycles ending at point F ;re counted and it is noted that
the frequency from E - F is greater than the design frequency indicated
by C - D corresponding to the desired conductivity. In fact, the
three cycles have elapscd some 4 units before C - D and so at point

F a drain cycle is initiated to flush out some of the concentrated
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water. The drain cycle continues to the point G at which the clectrode
current is a predetermined percentage of the rated current, e.g. 80%.
The length of the drain cycle depends on how much greater the actual
frequency is than the design frequency. If the actual frequency is
very high, this indicates that the water conductivity is very high
and so the drain cycle should be correspondingly long. The drain
cycle may be arranged to last a time proportional to the difference
between the actual frequency and the design frequency or, as is preferred,
the drain cycle is arranged so that it shuts off when a predetermined
value of current is reached this value béing proportional to the frequency
difference. Thus, the point G at which the drain cycle ceases corresponds
to 80% current, the point H (which is the drain shut-off point after
the next three cycles) corresponds to 90% current and so on.

Figure la has been drawvn for the case where the conductivity
of the replenishing water is low and Figure lb represents the case
where the replenishing water is much higher in conductivity. It can
be seen that the predetermined number of cycles is counted much more
quickly, i.e. the actual frequency is much higher, and correspondingly
lovwer values of current are reached before the drain cycles are ceased
in the case of 'Figure ih.

Apparatus for carrying out the principles described above
in relation to Figure 1 will now be described with réference to Figure
2 which is a schematic diagram of an embodiment of the invéntion.

A vaporization container or vessel 1, constructed of a non-
corrosive and non-conductive material contains a plurality (two in
the cmbodiment shown) of electredes 2. The electrodes may be concentric

cylindrical tubes or spaced plates and in the embodiment shown are

spaced plates vertically disposed and of constant cross-section throughout
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their height. The clectrodes are constructed of a non-corrosive electrically
conductive material.

The vesscl 1 has an opening 3 at the top thereof- for communication
with a steam-carrying conduit (not shown) for conveying steam to a
space the moisture content or humidity of vhich is to be controlled.

The vessel 1 has an opening at its bottom, the opening communicating
by means of a pipe 5 with a drain valve (solenoid operated in this
embodiment) 6. A branch.pipe 7 connects opening 4 to a solenoid operated
fill valve 8 for supplying replenishing'mains water to the vessel.

The electrodes 2 are connected to zn electrical supply source
8 by means of lead wires 9a and Qb; In line 9b 2 current sensing
means, typically a current transformer 10 or an electrical resistor,

‘is provided. The transformer outputs are connected by lead wires

1la and 11b to a transducef 12 vwhich processes the signals from the
current transformer into control signals propertional to the électrode
éurrent. The current f&ansformer and transducer together form a measuring
device for the current passing between the electrodes. A manual or
automatically adjusting variable resistor 13 is provided in line lla

so as to permit regulation of the magnitude of the contrél signal.

The output of the transducer 12 is connected via lead 14
to a f£ill threshold switch 15 which contains a changeover switch having
three contacts 152, 15b and 15c and a movable contact 152 wvhich is
movable from the position shown in the solid line to the p&sition
shown in the broken line. The threshold switch 15 is constructed
so that the movable contact 15d moves to the position shown in solid
vhen the control signal reachcs or exceeds a predetermined maximum
value fixed in the threshold switch and switches back to the broken

line position wken the control signal drops to or below a predetermined
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minimum value fixed in the threshold switch. The value of the control
signal is determined by the setting of variable resistor 13 and corresponds
to the value of the current which should flow through the electrodes
2 and thus is also a measure of the value of the vaporizing capacity.
‘Since the relationship between the electrode current and the magnitude
of the control signal can be set by adjusting the variable resistor
13, the response values of the threshold switch 15 can be adjusted
over a wide capacity range of the vaporizer. Whatever the actual
current values chosen, typically the maximum and minimum values at
which the threshold switches cause changeover of contact 15d represent,
respectively, 105% and 95% of the rated or designed current value.

The output of transducer 12 is also connected through lead
wire 16, an extension of lead 14, to drain thresholds 17a - 17e which
are, respectively, fixed to turn off when the control signzl drops
below a value corresponding to 5%, 90%, 85%, 80%; 75% of the rated
electrode current. Of course, additional drain thresholds going down
to 40% or so, as necessary, would also be incorporated in the circuit
but it is unnecessary to show all of these.

A control voltage source 20 is comnected via a line 21,22 7‘
to contact 15a of the changeover switch. Contact 15b is connected
to’'a cycle counter 23 via line 24 which branches via line 25to &
start activator 26 which is also connected directly via line 21 to
voltage source 20. The start actuator output is connected to the
start input of a count down scquencer 27 via lines 28 and 29 and to
the reset input of cycle c$unter 23 via lines 28 and 30. The cycle
counter 23 has an output which is connected via line 32 to a series
of switches 33a-33f of which switches SSb;SSf correspond, respectiﬁely

to drain thresholds 17a-17e and are shown connected via lines 34.
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An output line 35 from switch 33z is connected back to the start input
of sequencer 27 and the reset input of counter 23.

Although switches 33 and thresholds 17 are shovn separately,
they may be combined as relays each when energised via line 32 passing
a drain cpening signal when the predetermined threshcld is reached.
Accordingly, hereinafter switches 33 ﬁill be referred to as relays
and it will be understood that thresholds 17 are not separate physical
elements but represent preset thresholds of the relays.

A line 36 is connected frcem line 21 to the relays 33 (shown
connected to drain thresholds 17) .and an output line 57 is connected
from the relays 22 (shown connected to the drain thresholds 17a-17¢)
to a relay 38 which has a normally open contact arranged 38a in the
line 37 between the drain-thresholds and the solenoid drain valve
6. Relay 38 also has a normally closed contact 38b arranged in a
line 40 vhich connects contact 15c¢c of the changeover switch to solenoid
fill valve 8.

The count down sequencer 27 is arranged to step through
relays 33n to 33a in that order as it counts down from the preset
value, for example 2C.

The circuit of Figurerz operates as follows. Initially
solenoid fill valve 8 is open to £fill or partially fill the vessel
1. VWhen the current passing between electrodes 2 reaches the 105%
value as monitored by the current méasuring device.(curren£ transformer
10 and transducer 13) the threshold switch 15 causes the changeover
switch to move to the position shown in full from the broken line
yosition thus immediately closing the fill valve.

The switching ové% of the changeover switch causes line

24 and cycle counter 23 to be energized by voltage source 20 and this
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time the count down sequencer 27 is started and begins to step through
the releys 33.

When the current value reaches 95% due to boiling off of
some of the water in vessel 1 the fill threshold switch 15 changes
the changeover switch back to the broken line position andwfill valve
8 opens again to replenish the vessel with mains water. Again the
105% value is reached and the changeovér switch reverts to the sélid
line position signalling to cycle counter 23 one complete cycle.

This is repeatcd until the cycle counter 23 has counted a predetermined
number of cycles set in the cycle counter at which point an output
signal is generated by the cyéle counter 23 and appears on line 32.

If the count down sequencer has previously completed counting
to zero the relays 33 will have been stepped down to 332 and the cycle
counter 23 will simply be switched through relay 33a to line 35 to
reset the cycle counter 23 and restart the count down timer 27. This
corresponds to peint B on Figure 1la.

If the count down scquencer 27 has not run out but is currently
switched on to one of relays 33b-33n at the time the cycle counter
output signal'is derived, fhis signal energises that relay which causes
a signal to pass from voitagc source 20 to relay 38. This corresponds
to point F on Figure la. For example, if relay 33e is currently opened
by count down sequencer 27, the cycle counter output signai energises
this relay (thus energising from voltage source 20 relay 38) until
the current.valué drops to 80%. It can be seen from Figure la that
this current value corresponds to the step (4) to which the sequencer
has progressed. The energiﬁing of relay 28 causes contact 38a to

’

close thus activating drain valve 6 and causing water to drain from
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vessel 1. At the same time contact 38b is opened thus presenting
an énergising signal to reach solenoid fill valve 8 which would occur
wvhen the current dropped to the 95% value set in the thrgshold switch
15. Thus, the fill valve is prevented {rom being open while the drain
valve is open. In certain cases it may be considered advantageous
to allow replenishing water to be mixed in while the drain valve is
open and to achieve that, relay 38 could be dispensed with so that
when the current value dropped to 95% the fill threshold switch 15
would energise the fill valve 8. Alternatively, relay 38 could be
adapted by replacing normally closed contact 38b with a normally open
contact ccnnected directly between voltage source 20 and fill solenoid
valve 8 so that as soon as drain valve 6 was opened the fill valve
would also open.

When the current passing between eiectrodes 2 drops to 80%
threshold 17d cuts off drain valve and recloses contact 38b allowing
fill valve 8 to open. This corresponds to point G on Figure la.

When the vessel is refilled the same sequence of steps is repeated.
The cycle counter 23 is reset and count dokn'sequencer 27 restarted
when the changeover switch moves once more to the full line positiocn.

Figure 3 illustrétes a modification of the basic techniques
described with reference to'Figﬁre 1. Here the value to which the
count down sequencer 27 is reset depends upon the duration of the
previous three cycles. Figure 3a illustrates the case where the mains
water is of low conductivity and Figure 3b where the mains water is
of high conductivity. Lodking at the first three cycles of Figure
3a, it can be seen that 2 units remain on the count down scquencef

after three cycles have been connected. As before the drain cycle

is carried out over portion M-N until a threshold current value corresponding
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to the step tb which the sequencer has progressed is recached. At

the end of the fill cycle N-O the count down sequencer is recset by
adding a predetermined number of steps to the steps left on the sequencer
at point M. Thus, for the next three cycles, i.e. O-P tﬁe count down
sequencer counts down from 2 + 15 = 17.

When the point P is reached there are still 3 steps remaining
in the count down sequencer and the drain cycle P-Q corresponds to
this value. Also, 15 steps are added to this value to provide the
new reset quantity of 18 steps to the count down sequencer for the
next three cycles and so on.

As can be seen by comparing Figure 3a and 3b, when the water
conductivity is very high and cycling is correspondingly fast, the
drain cycles are longer as was the case with the basic system of Figures
la and 1b. As can be seen by comparing Figures 3b and 1b the drain
cycles are longer in Figure 3b due to the weighting of the reset quantity
of the count down sequencer. The effect of this weighting in practiﬁal
terms can be appreciated by comparing Figures 4a and 4b.

Figure 4a illustrates diagrammatically the difference in
water levels inside the vessel for mains water of high conductivity
(I) and for mains water of low cénductivity (I1) using a fixed number
of count down steps as explained with reference to Figure 1 and Figures

~4b(I) and 4b(II) illustrate the same thing but using a "weighted"
nurber of count down steps. In Figures 4a(I) and 4a(I1I) reference
numcral 40 indicates the water level in the high conductivity case

at which the current is 1060% of designed valuc and the same current
value is achieved at water level 41 when the conductivity is low.

It can be seen that there is a considerable difference in these levels.

Because the water level varies considerably over the range of water
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conductivities which would be expected from different water supplies
it is not possible to design the vessel so that when it is new the

water level for a predetermined current value is established just

above the lower ends of the electrodes 2 for all values of water conductivity.

With reference now to Figure 4b, it can be seen that by

“weighting' the number of ccunt down steps, the levels 40' and 41°,

representing the high conductivity and low conductivity levels, respectively,

for 100% current are virtually identical and so the vessel can be
designed so that this level is near the bottom of the electrodes 2.
This is desirable because in this way, the bottom of the electrodcs
is used first and as this becomes encrusted with deposits the level
moves up bringing into use fresh surface portions of the electrodes.
Moreover, a low water level means that the current is passed between
a smzll surface area of the electrodes and the relatively high current
density enatles great penetration of the build-up of deposits on the
electrodes. Thus, the deposits can build-up to a considerable thickness
before the cﬁfrent flow is sericusly curtailed vhich means a longer
cylinder life.

In order to achieve the "weighting" of the count down time
in practice a reset corrector 45 shown in éhantom in Figure 2 is provided.
This has an input connected to relayé 33 and an output connected to
count down sequencer Zf. Reset corrector operatés to add to a fixéd valué
(e.g. 15 minutes) in the count down timer 27 the value in ﬂinutes
corresponding to the relay 33 which has previously been stepped by
the count down timer 27 while the cycle counter gave out its output
signal. For example, if relay 33e were energised, the correction
value may be 4 minutes so that the count down éimer would be reset

at 4 + 15 = 19 minutes.
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Figure 5 illustrates a variant of the technique shown in
Figure 1. Here, instcad of counting up to & predectermined number
of cycles, e.g. 3, and relating to vhether or not the predetermincd
time has expired, the total number of cycles in a predete;mined time
interval is counted and compared to the number of cycles that would occur
in that same time if contained water was at design conductivity. Thus
in the first interval Tg, four cycles are counted and this number has
been previously determined as the correct number in the particular time
period to give the required conductivity level. As the conductivity
increases, five cycles are counted in the next interval Tg and a drain
cycle is initiated, the extent of the drain cycle depending on the number
of counted cycles by which the predeternined number, namely 4, is exceeded.
In the third interval Tg shown, the number of cycles counted is 6 and
the drain cycle is correspendingly longer. Agein, the length of the
drain cycle can be made time dependent or can be determined by a current
threshold.

It can be seen that the technique illustrated in Figure 5 is
another way of comparing the actual frequency with the design frequency
of thé cycles.

Figure 6 illustrates a variant of the basic technique shown
in Figure 3. ‘Here, instead of measuring the frequency of complefe cycles,
we measure the frequency of occurence of a particular leg cf the cycles,
e.g. the boil leg or the fill leg. Thus, the boil legs RSQ R'S', R"S"
etc. or fill legs TR, SR', S'R" etc. are counted in the predctermined
duration Tg. As the number of boil legs (or fill legs) is the same as
the number of cycles, aéain we are comparing the actual frequency of
the cycles with the design frequency.

Of course, instead of counting the number of beil legs or

fill legs in a predetermined time we could, in a manner aralagous
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to the technique shown in Figure 1, keep the number of cycles (i.e.
number of boil legs or fill legs) constant and relate this to whether
or not the predetermined duration has expired. This, agqiﬁ amounts
to comparing the actual frequency of the cycles with the design frequency.

As another variation of the basic technique, instead of
counting the number of boil legs or fill legs in a predetermined duration
Tg, the actual accumulated duration of all the boil legs (or fill
legs as the case may bte) could be obtained as a measure of the cycle
frequency (The accumulated time is, of course, inversely proportional
to the frequency). This then would be compared with a value corresponding
to the accumulated boil (or fill) time which would be expected for
a design frequency.

It will be understood that this invention is capable of
a variety of modifications and variaticns which will become apparent
to those skilled in the art upon a reading of the specification, such
nodificztions intended to be part of the invention as defined in the
appended claims. For example, it should be apparent that the apparatus
shown in Figure 2 is merely exemplary and that the invention could
te realised by electronic or fully integrated micropressor circuitry

instead of the electromechanical circuitry shown.
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WHAT WE CLAIM AS OUR INVENTION IS:

1. A method of operating a water-vapor generator comprising a
vaporization vessel containing water and having electrodes which are connected
to a power supply between which flows a current the magnitude of which depends
on the depth of immersion of the electrodes in the water in the vessel and

the conductivity of the water, the method comprising continuously measuring
the magnitude of the electrode current, filling the vessel with water to an
extent to give a predetermined maximum electrode current, allowing water in
the vessel to boil off until a ﬁredetermined minimum electrode current is
achieved, re-filling the vessel to obtain again the predetermined maximum
electrode current and repeating the boiling and filling steps to provide a
plurality of cycles each containing a boil leg and a fill

leg, obtaining a measure of the frequency of each of successive pluralities

of cycles and comparing the measure obtained with a predetermined frequency
value corresponding to a desired conductivity of the water, and if the
measured frequency is greater than the predetermined fre-

quency, automatically discharging from the vessel a guantity

of water dependent upon the amount by which the measured

frequency exceeds the predetermined frequency.

2. A method according to claim 1, in which the measure of the
frequency is obtained by counting the cycles and measuring the time
taken to count a predetermined number of cycles, a quantity of water

being discharged if the time taken is less than a predetermined time

for the predetermined number of cycles.

3. A method accerding to claim 1, in which the water is discharged -

from the vesscl until a selected one of a predeternined plurality of



0069155
- 18 -~

low current thresholds is achieved by the current passing betwecn the
electrodes, the greater the measured frequency exceeds the.predetermined

frequency the lower the particular low current threshold selected.

4. A method according to claim 2 in which the water is discharged
from the vessel until a selected one of a predetermined plurality of
low current thresholds is achieved by the current passing between the
electrodes, the shorter the time taken to count the predetermined number

of cycles the lower the low current threshold selected.

S. A method according to claim 2, including varying the predetermined
time for the predetermined number of cycles, the predeterminéd time for a
particular group of cycles being incfea;ed above a fixed vélue in inverse
proportion to the time measured for the immediately preceding prede*ermined

number of cycles.

6. A method according to claim 5, in which the water is discharged
from the vessel until a selected one of a predetermined plurality of

low current thresholds is achieved by the current passing between the
electrodes, the greater the amount by which the time taken to count

the predetermined number of cycles is exceeded by the predetermined

time in effect for that particular predetermined number of cycles the

lower the low current threshold selected.

7. A method according to claim 1, in-which the measurc of the
frequency is obtained by counting the cycles completed in a predetermined
duration, a quantity of water being discharged if the number of cycles

f

counted in the predetermined duration is greater than a predetermined

number.
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8. A method according to claim 7, in which the water is discharged
from the vessel until a selected one of a predetermined plurality of
low current thresholds is achieved by the current passing between the
electrodes, the greater the number of cycles counted the-lower the

low current threshold selected.

9, A method according to claim 1, in which the measure of the
frequency is obtained by measuring the time of the boil legs of the
cycles and adding the total boil time over a predetermined interval,

a quantity of water being discharged if the total boil time is less
than a predetermined total accunulated boil time for the predetermined

interval.

10. A method according to claim @ in which the water is discharged
from the vessel until a selected one of a predetermined plurality of
low current tércsholds is achieved by the current passing through the
electrodes, the less the total toil time measured the lower the low

current threshold selected.

11. A method according to claim 1, in which the measure of the
frequency is obtained by measuring the time of the fill legs of the
cycles and adding the total fill time over a predetermined interval,
a quantity of water being discharged if the total fill time is less

than a predetermined accumulated total fill time for the predetermined

interval.

12. A method according to claim 11 in which the water is discharged
from the vessel until a selected one of a predetermined plurality of
. low current thresholds is achieved by the current passing through the

‘electrodes, the less the total fill time measured the lower the low
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current threshold seclected.

13. A method according to claim 1, in which the measure of the
frequency is obtained by counting the number of boil leg; completed

in a predetermined duration, a quantity of water being discharged if
the number of boil legs counted in the predetermined duration is greater

than a predeterminecd number.

14. A method according to claim 13, in which the water is discharged
from the vessel until a selected one of a predetermined plurality of
low current threshelds is achieved by the current passing through the
electrodes, the greater the number of boil legs counted the lower the

low current threshold selected.

15. A method according to claim 1, in which the measure of the
frequency is obtained by counting the boil legs and measuring thc time
taken to count a predetermined number of boil legs, a quantity of water
being discharged if the time taken is less than a predetermined time

for the predetermined number of cycles.

16. A method according to claim 15 in which the water is discharged
from the vessel until a selected one of a predetermined plurality of
low current thresholds is achieved by the current passing through the
electrodes, the shorter the time taken to count the predetermined number

of boil legs the lower the low current threshold selected.

17. A method according to claim 1, in which the mezsure of the
frequency is obtained by counting the number of fill legs completed
in a predetermined duration,. a quantity of water being discharged if

the number of fill legs counted in the predetermined duration is greater
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than a predetermined number.

18. A method according to claim 17, in which the water is discharged
from the vessel until a selected one of a predetermined plurality of
low current thresholds is achieved by the current passing through the

electrodes, the greater the number of fill legs counted the lower the

low current threshold selected.

19. A method according to claim 1, in which the measure of the
frcquency is obtained by counting the fill'legs and measuring the time
taken to count a predetermined number of fill legs, a quantity of water
being discharged if the time taken is less than a predetermined time

for the predetermined number of cycles.

20. A method according to claim 19 in which the water is discharged
from the vessel until a selected one of a predetermined plurality of
low current thresholds is achieved by the current passing through the
electrodes, the shorter the time taken to count the predetermined number

of fill legs the lower the low current threshold selected.

21. A water-vapor generator comprising a vaporization vessel

provided with electrodcé and with an inlet for fresh water and an outlet
for discharging water in order to reduce the concentration of minerals

an inlet valve arranged to centrol the flow of water through the inlet,

an outlet valve arranged to control the flow of water through the outlet,
means for measuring continuously the current flowing through the electrodes,
-threshold means connected to the current measuring means and operable

to open the inlet valve wheq the measurcd current reaches a predetermined

minimum value and to close the inlet valve when the measured current
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reaches a predetermined maximum value, means connected to the threshold
means for obtaining a measurc of the frequency of successive pluralities
of cycles each containing a leg descending from the.predetermined maximum
value to the predetermined minimum value and the'subsequent leg ascending
from the predetermined minimum value to the predetermined maximum value,
means for comparing the frequency measure obtained with a predetermined
frequency value corresponding to a desiéed conductivity of the water,

and a control device connected to be controlled by the comparison means
to 6pen the outlet valve when the measured frequency is greater than

the predetcrmined frequency and cause the outlet valve to remain open

for a time interval proportional to the amount by which the neasured

frequency exceeds the predetermined frequency.

22, A water-vapor generator comprising a vaporization vessel provided
with electrodes and with an inlet for fresh water and an outlet for discharging
water in order to reduce the concentration of minerals, an inlet valve arranged
to control the flow of water through the inlet, an outlet valve arranged to
_control the flow of water through the outlet, means for measuring continuously
“the current flowing between the electrodes threshold means connected to the
current measuring means and operable t6 open the inlet valve when the measured
current reaches avpredetermined minimum value and to close the inlet valve
when the measured current reaches a predetermined maximum value, means connect-
ed to the threshold means for counting successive pluralities of cycles each
containing a leg descending from the predetermined maximum value to the pre-
determined minimum value ;nd the subsequent leg agcending from the predeter-
mined minimum value to the predetermined maximum value, means for measuring

the duration of a predetermined number of cycles and for comparing the
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duration with a predetermined duration corresponding to a desired conductivity
of the water and a control device connected to the outlet valve and operable
under control of the measuring and comparing means to open £he outlet valve
when the actual duration is less than the predetermined duration and cause
the outlet valve to remain open for a time interval propor-

tional to the amount by which the predetermineq duration

exceeds the actual duration.

23. A water-vapcr generator according to claim 22 wherein the
measuring and comparing means compr?scs a count down sequencer in which
the predetermined duration is set, the count down sequencer being arranged
to step down through a plurality of switch means conrected to the control
device and vherein the means for counting cycles has an output connected
to the plurality of switch means, an energising signal being obtained

at the output of the means for counting cycles when the predctermined
number of cycles has been pounted wvhercby the energising signal fpasses
through one of the plurality of switch means to the control device

vhen the count down sequencer has not finished counting down to the

predetermined duration.

24. A water-vapor generator according to claim 23 vherein the
plurality of switch means comprises a plurality of relays connected
to the means for measuring coentinuously the current flowing through
the electrodes, the relays having ascending energising threshold values
in direct relation to the order in which the count down sequencer counts
down through the relays, vwhereby a relay energised will remain energised

until the electrode current drops below the respective threshold value.
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25. A water-vapor generator according to claim 24 including a
reset corrector connected to the relays and to a reset input of the
count down sequencer, the reset corrector being operable to increase
the predetermined duration set into the count down sequencer after

the count down scquencer has counted out, the amount by which the reset
corrector increases the predetermined duration depending upon which

of the pluralities of relays was immediately-previously encrgised,

the amount decreasing in direct relation to the order in which the

count down sequencer counts through the relays.

26. A water-vspor generator comprising a vaporization vessel provided
with electrodes and with an inlet for fresh water and an outlet for dis-
charging water in order to reduce the concentration of minérals an inlet
valve arranged to control the flow of water through the inlet, an outlet
valve arranged to control the flow of-waterrthrough the outlet, means for
measuring contiﬁuously the current flowing through the elecFredes, threshold
means connected to the current measuring means and operable to open the
inlet valve when the measured current reaches a predetermined minimum value
and to close the inlet valve when the measured current reaches a predetermined
maximum value, means for counting successively the number of cycles during a
predetermined duration, each cycle containing a leg descending from the pre-
determined maximum value and a leg ascending from the predetermined minimum
value, means for comparing the number of cycles counted with a predetermined
number of cycles corresponding to a desired conductivity of the water and
a control device connected to the outlet valve and 0pefable under control
of the means for comparing to open the outlet valve when the number counted
is greater than the predetermined number and cause the outlet valve to remain

open for a duration proportional to the amount by which the number

counted exceeds the predetermined number.
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