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(54) Impressed current device responsive to the operative parameters of the structure to be

protected

(57) Itis described a method for impressed current
cathodic protection against corrosion of water heater
tanks (1), in particular accumulator tanks. According to
this invention said impressed current is regulated ac-
cording to one or more operative parameters variable in
time, at least one of said operative parameters being
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identified directly during the function of said water heater
(1) or derived indirectly from one or more further oper-
ative parameters, in turn at least one of said further op-
erative parameters being identified directly during the
function of said water heater.

The means adapted to permit the application of said
method are also described herein.
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Description

[0001] The aim of the present invention is to provide
methods and means to determine the optimal value of
the protective current, using a device for impressed cur-
rent cathodic protection against corrosion, for particu-
larly advantageous use in protecting metal water heater
tanks, in particular accumulator tanks, and even more
in particular electrically heated tanks.

[0002] The cathodic protection method is well known
for eliminating, or at least considerably limiting the phe-
nomenon of corrosion in metal tanks containing electri-
cally conductive liquids, and water in particular.

[0003] Cathodic protection is formed by lowering the
potential of the metal structure of water heaters to levels
where corrosion processes are arrested. This type of
protection provides for the circulation of direct current,
through the accumulated water, from an anode towards
the walls of the water heater tank that acts as a cathode.
[0004] The element that acts as an anode can be
composed of a metal or a metal alloy with an electro-
chemical potential considerably higher than that of the
metal structure to be protected; this anode is called sac-
rificial because it is subject to progressive consumption
during water heater use and must be replaced regularly.
This is a very simple means of protection, wherein the
disadvantage is that, if the anode is not replaced, cor-
rosion begins immediately.

[0005] More advantageously, the current can be sent
into circulation by an external generator, and in this case
the protection system is provided by impressed current.
The generator is equipped with a terminal (the negative
pole) electrically connected to the metallic mass to be
protected, while the other (the positive pole) is connect-
ed to the electrode that acts as an anode, which is also
electrically insulated from the metallic mass.

[0006] This type of very efficient protection is becom-
ing far more widespread, also for the protection of mass-
produced water heater tanks, to the detriment of sacri-
ficial anodes, but known technology still presents prob-
lems, including the difficulty in maintaining the electrical
potential between an electrode and the structure to be
protected at optimal value to eliminate or limit electro-
chemical corrosion as far as possible.

[0007] This value is obtained by applying voltage be-
tween the electrode and the structure to be protected
that counters the electrochemical potential of the struc-
ture bringing it to a more suitable value, or in other
words, impressing the correct value to the direct electri-
cal current between the electrode and the structure to
be protected. This current, commonly called "impressed
current", will be hereafter also referred to as "protection
current”.

[0008] The aforesaid difficulty results from the fact
that the optimal value of the protection current does not
only depend on the constructive characteristics of the
water heater such as:
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- dimensions and form of the structure;

- nature of the protective layer generally present;

- presence or not of one or more immersed heating
elements;

- position and dimensions of the anode;

- thermal power of the heating elements;

- material with which the heating elements and their
coatings are built;

- extent of the heating elements and their coating.

[0009] If this were the fact, it would be simple to reg-
ulate the generator once and for all during the construc-
tion stage, so that it would produce exactly the correct
protection current necessary. In reality however, the op-
timal value of the protection current also depends
strongly on the operative conditions: characteristics
such as the electrical conductibility of the water from the
aqueduct at the inlet, the temperature of the water in the
tank, the amount of lime deposited on the metal surfaces
to be protected, the temperature of the metal surfaces
to be protected, in particular the surface temperature of
the heating elements, that vary with the weather and the
working conditions, thus modifying the system electro-
chemical potential to a great extent.

[0010] The simpler protection devices using im-
pressed current ignore the effect of the working condi-
tions and supply a constant impressed current for all
types of water heater. It is well known however that
these currents also cause slight water hydrolysis with
harmful production of oxygen and hydrogen. Therefore,
the value of the impressed current should be the mini-
mum necessary to inhibit corrosion; higher values pro-
duce gases for no use, while lower values do not guar-
antee completely efficient protection.

[0011] So, devices have been proposed that measure
the electrochemical potential with sufficient regularity in
order to adjust the protection current value basically in-
stant by instant. However, these devices require an ad-
ditional electrode for measuring the electrochemical po-
tential, as well as a sufficiently accurate measuring in-
strument for said potential.

[0012] Document EP 0 285 747 indicates how to use
the electrode that acts as an anode, periodically and for
very short moments, also as the electrode of the poten-
tial measuring instrument, an instrument that cannot be
eliminated.

[0013] The main aim of the presentinvention for water
heaters, and in particular accumulator water heaters, is
to indicate methods and means to evaluate, in an indi-
rect and basically continuous mode, the electrochemical
potential of the structure to be protected through the
identification of the water heater function and without
the need for regular direct potential measuring opera-
tions.

[0014] A further aim of the present invention for the
aforesaid water heaters, is to protect the corrodible
structure by supplying the anode with the quantity of cur-
rent considered optimal by an impressed current ca-
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thodic protection device to counter the corrosive effect
of the evaluated electrochemical potential.

[0015] A further aim of certain variants of the present
invention, for the aforesaid water heaters, is to be able
to vary the ratio between the amounts of protection cur-
rent applied to the surface of the heating elements and
the quantity applied to the surface of the rest of the struc-
ture to be protected.

[0016] It must be stated that, since the value of the
protection current is immediately deductible from the
value of the electrochemical potential, the indirect eval-
uation of the latter is basically equivalent to the calcula-
tion of said protection current.

[0017] These and other aims are attained according
to the invention through the use of a method and the
corresponding means, that provide for data acquisition
concerning the water heater working status and the sup-
ply of impressed current in the amounts considered op-
timal for the current working status of the type of water
heater in question.

[0018] Infact, it can be noted that if the aforesaid con-
structive characteristics of the water heater and certain
working conditions are known, the electrochemical po-
tential of the structure is basically calculated with suffi-
cient precision, and therefore also known is the amount
of impressed current to be applied to counter said po-
tential and the consequential corrosion. Said method
and means result as obvious from the present descrip-
tion, that describe certain preferred embodiments, to-
gether with the appended illustration, and the appended
claims that form an integral part of the same description.
[0019] Figure 1, the only illustration included, shows
a schematic view of a water heater 1 equipped with a
cathode protection device according to the present in-
vention.

[0020] With the water heater 1, also shown are the
tank 2 and a heater 3, in this case, an electric heater,
both liable to corrosion since both are manufactured in
metal. It is also demonstrated that electrode 4 acts as
the anode on the cathodic protection device, electrically
insulated from the metal structure to be protected 2 and
3, that act as a cathode, the inlet pipe 5.1. for the aque-
duct water and the outlet 5.2 for the heated water. The
numeral 6 indicates the monitoring thermostat on the
heater 3, able to receive signals concerning the water
temperature value from a temperature sensor im-
merged in the sheath 6.1. Associated with the water
heater is the protection current control unit 7 that in-
cludes at least one signal processing device 7.a adapt-
ed to process the protection current value in dependen-
cy of the value of specific input data from 7.1 to 7.4 and
to transmit the signal to a generator 7.b of the same pro-
tection current adapted to modulate the intensity on sig-
nals supplied by said signal processing device 7.a.
[0021] The heater 3 can be supported by a metal
structure 3.1 attached to the tank 2 by electrically insu-
lated fixing means 3.2 and connected to earthing by a
resistive connection 3.3; this device, as is known in at
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least patent US 4.975.560, can be used to prevent the
electrode 4, generally very close to heater 3, from dis-
charging the greater part of the supplied protection cur-
rent and thus not providing sufficient protection for the
remaining metal structures.

[0022] Therefore, as a basic concept, the method ac-
cording to this invention consists in first evaluating the
value of the current electrochemical potential, sub-
tractable from the working status, after identification of
the type of water heater, and afterwards, the value of
the impressed current from the electrochemical poten-
tial. However since an unequivocal relationship exists
between the working status and the electrochemical po-
tential for each type of water heater, and in turn between
the electrochemical potential and the optimal impressed
currentin reality, the identification of the current working
status of the water heater permits immediate calculation
of the corresponding optimal value of the impressed cur-
rent without actually having to calculate the electro-
chemical potential, unless this data is useful for other
purposes.

[0023] Therefore, according to this invention, once
the signal processing device 7.a has received the input
data considered representative of the working status, it
transmits in output the optimal value of the protection
current calculated according to a specific mathematical
relation for each type of water heater. The input data
representative of the working status is symbolised in fig-
ure 1 by the dotted lines between 7.1 and 7.4 that do
not necessarily indicate the actual physical connections,
but only the conceptual dependences established by the
mathematical relations. To attain the aim of the inven-
tion, the operative parameters that must be calculated
more or less accurately according to necessity to iden-
tify the electrochemical potential of the structure with
varying degrees of precision, and as a result, the optimal
protection current, are at least one or more of the fol-
lowing:

- water temperature in the water heater,

- amount of lime deposit on the metal surfaces to be
protected,

- ON or OFF status of the heating elements,

- electrical conductibility of the inlet water.

[0024] Various alternative methods are available for
identifying one or more aspects with varying degrees of
precision: either through initial planning during the pro-
duction or installation stage, or through continuous
readings, or finally, through evaluation of other opera-
tional parameters more easily identified.

Water temperature in the water heater

[0025] The higher the temperature of the water in the
water heater 1, the stronger the electrochemical corro-
sive action, and the thicker the lime deposit. To identify
the temperature, the thermostat 6 simply needs to be
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the electronic type; then its sensor can transmit the sig-
nal to the signal processing device 7.a directly or
through the thermostat 6 itself; the temperature signal
is shown in the drawing by the dotted line 7.2. Naturally
a temperature sensor destined exclusively for the signal
processing device 7.a can be foreseen, in particular if
the thermostat 6 is the electro-mechanical type.

Amount of lime deposit on the metal surfaces to be
protected

[0026] The lime deposit on the metal surfaces to be
protected already acts as a protection, and in any case,
the presence of the lime modifies the electrochemical
potential. The amount of the lime deposit increases pro-
gressively in time according to:

- the hardness of the inlet water,
- the quantity of water progressively treated,
- the temperature to which the water is heated.

[0027] The hardness of the inlet water in the water
heater, like its electrical conductibility, parameters that
are shown by the dotted line 7.1, are generally relatively
constant in time for all localities, and therefore measur-
able and programmable in the signal processing device
7.a once and for all during installation operations or in
the manufacturing plant; however, nothing prevents the
application of continuous means for measuring hard-
ness and/or aqueduct water conductibility, mounted on
the water heater, and preferably housed by the inlet pipe
5.1, especially considering that current technology has
already made devices available with a cost level and ac-
curacy appropriate for this purpose; another manner for
identifying this data is to receive it from another device
equipped for measuring, such as a dishwasher or a
washing machine, according to well known techniques
previously illustrated in other patents such as at least
EP 0 582 239 and PCT/IB00/00095 aimed at resolving
problems of domotics.

[0028] As described above, having identified the
hardness of the inlet water into the water heater, the
thickness of the lime layer can be calculated immediate-
ly, through mathematical relations to be developed ex-
perimentally, from the identification of the amount of wa-
ter treated up till this point, and perhaps also through
the temperature up to which the water has been heated;
in fact, if the water is maintained at very low tempera-
tures, for example, 40 -50°C, the lime deposit is very
low.

[0029] In turn the amount of water treated can be cal-
culated from the duration of the ON/OFF status se-
quences of thermostat 6 and/or possibly also once again
the temperature of the water in the water heater tank. In
fact in an accumulator type water heater, where water
is not drawn off, the thermostat 6 is activated regularly
at certainintervals and for basically identifiable duration,
to restore the thermal energy lost through dispersion;
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the periods of ON status of the thermostat 6 that are
more frequent and longer than those necessary for sim-
ple replacement of dispersed energy are basically pro-
portional to the quantity of cold water introduced to be
heated, and therefore they are directly related to the lime
deposits, if the water hardness and thermal power of the
heater 3 are known.

[0030] Similarly, lowering of temperature that is quick-
er than that due to natural water-cooling indicate the
amount of cold water introduced with sufficient preci-
sion. The signal indicating the amount of water drawn
off is shown in figure 1 by the dotted line 7.3; in fact this
can consist of an ON/OFF status signal of thermostat 6
or water temperature; in the first case this coincides with
signal 7.4, and in the second with signal 7.2.

[0031] For most of the practical applications of this in-
vention, an estimation of the lime deposit such as that
described above can be considered sufficient; however
for other applications, this could be considered as being:

- either not sufficiently precise, although it does rep-
resent a considerable progress compared to known
methods that do not consider the lime deposit in-
crease in time at all,

- and/or too complex to be calculated.

[0032] In fact, even admitting that the aforesaid oper-
ative parameters (inlet water hardness, amount of water
treated progressively, temperature to which the water is
heated) are identified with sufficient precision during
their time duration, the entity of the lime deposit on metal
surfaces can be different, and therefore also the protec-
tion it provides, even with the same level of deposit. In
fact, the lime does not always adhere to the surfaces,
but sometimes deposits partially or completely on the
bottom of the tank 2.

[0033] However, the method used to calculate lime
deposit according to the present invention can be per-
fected and/or simplified even further using as a further
or alternative operative parameter the value of the elec-
trical potential difference that the impressed current
generator 7.b applies between the electrode 4 and the
metal structures to be protected 2 and 3.

[0034] Said generator 7.b, as described, adjusts the
potential difference in order to supply the required im-
pressed current. Since for each type of water heater, us-
ing the same amount of impressed current, the electrical
potential necessary to generate it depends exclusively
on the electric resistance in the path between the elec-
trode 4 and the metal structures to be protected 2 and
3, said potential results as an indication of the lime de-
posit on the metal structures to be protected. Conse-
quently, since the mathematical model calculates the
lime deposit that has formed , it can also be used to cal-
culate the electric resistance in the path between the
electrodes 4 on one hand and 2 and 3, on the other,
assigning the appropriate value to the electrical con-
ductibility in the water in tank 2.
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[0035] The identification of the electrical potential ap-
plied by generator 7.b. can therefore result as useful to
correct at appropriately regular intervals, the calculation
of the amount of lime deposit on the metal structures to
be protected, calculations performed using the methods
described above. In fact, if the applied electrical poten-
tial results as lower than that calculated for the applied
impressed current at that point, this means that the elec-
trical resistance in the path between electrodes 4, 2 and
3 is lower than the level foreseen, and therefore the
amount of the lime deposit on the metal structures is
also lower than the level foreseen; consequently, the im-
pressed current value must be increased compared to
the value established up to this point by the selected
mathematical model. This can be obtained by modifying
the appropriate parameters used as a basis for the
mathematic model itself because of the difference be-
tween the foreseen electrical potential, and the potential
actually obtained. On the contrary, if the electrical po-
tential results as higher than the expected level, the
amount of lime deposit is larger than expected, and ac-
cording to the same criteria, the value of the impressed
current must be reduced. This method presupposes the
capacity to evaluate the quantity of lime deposit, but is
aimed at correcting the mathematical model to take into
consideration the mode and amount of lime deposit that
are different from those expected.

[0036] However, itis obvious at this point that the elec-
trical potential applied by the generator can also be used
to calculate a direct estimate of the lime deposited pro-
gressively, leaving to one side the operative parameters
such as inlet water hardness, amount of water progres-
sively treated, temperature to which the water is heated.
In this case, naturally the calculated estimate is im-
proved by the identification of the electrical conductibil-
ity of the inlet water; in fact if the type of water heater
and the electrical conductibility of the water are identi-
fied, differences between the electrical resistance val-
ues in the path between electrode 4 and the metal struc-
tures 2 and 3, and the expected value for the metal struc-
tures 2 and 3 without lime deposit, identified through ex-
periments, cannot be attributed to other factors than the
formation of lime deposit.

ON/OFF status of heating elements 3

[0037] As far as the ON/OFF status of the heating el-
ements 3 are concerned, this is an important aspect
since when they are heated said elements are even
more subject to corrosion, and need greater protection
with impressed current. Obviously the ON/OFF status
of the heating elements 3 coincides with the ON/OFF
status of the thermostat 6 and the corresponding signal
is shown in figure 1 by the dotted line 7.4. With particular
reference to the protection of the heating elements 3,
the mathematical model that calculates the optimal im-
pressed current could increase the value when said
heating elements 3 are in ON status, resulting in an in-
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crease in the current supply to all the structures to be
protected; alternatively or in combination, according to
a variant in this invention, the resistance value of the
resistive connection 3.3 could be reduced in continuous
mode or in small quantities, therefore increasing the im-
pressed current fraction on the total, that would be di-
rected towards said heating elements 3.

Electrical conductibility of inlet water

[0038] Obviously the value of the electrical conducti-
bility of the water has an effect on the corrosion process,
and therefore on the value of the protection current to
be generated. As mentioned previously, the conductibil-
ity measuring methods can be identical to those used
for measuring hardness levels.

[0039] As has been explained above, certain opera-
tive parameters important for corrosion effects have
both direct and indirect effects on the corrosion process,
modifying other parameters that, in turn, have a direct
effect; for example, as the temperature increases, there
is an increase in the corrosion process, but also in the
lime deposit, which on the contrary, limits the corrosion
process. This does not signify that continuous temper-
ature monitoring is essential: if for example the thermo-
stat 6 is of the type that cannot be adjusted by the user,
temperature progress during heating operations can be
considered as identified since the beginning.

[0040] In short, using known mathematical tech-
niques, it is possible to construct specific mathematical
models for every type of water heater, with the insertion
of coefficients to be determined through experiment, to
establish a dependence relation of the protection cur-
rent for application by one or more operative parameters
such as, herein provided as an example, but being by
no means all-inclusive, those listed above and there-
fore: hardness and/or electrical conductibility of the inlet
water and/or the temperature of the water in the water
heater and/or the ON/OFF status of thermostat 6; these
parameters are indicative, and precision increases ac-
cording to the number of parameters included plus the
accuracy of their calculation, the electrochemical poten-
tial generated by the system and therefore, the protec-
tion current to be generated. Naturally, since the phe-
nomenon is of the same nature for all or many types of
water heater, once the operative inlet parameters have
been selected, itis possible to construct a single general
mathematical model that includes the parameters to
which specific values are assigned to define the model
for more than one type of water heater. Said mathemat-
ical model can be made more or less complex and ac-
curate, according to the operative parameters chosen
for monitoring and to the quantity of experimental data
collected for the adjustment setting.

[0041] It can be seen that according to the theory that
water heaters equipped with an electronic thermostat 6
and where the electrochemical characteristics of aque-
duct water initially measured and stored using known
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means in the signal processor 7.a are considered con-
stant, the protection current control unit 7 is able to main-
tain the current constantly at optimal level by simply
processing the signals transmitted by the thermostat 6
(water temperature and ON/OFF status of thermostat
6), and perhaps also possibly by generator 7.b. (applied
electrical potential) without the need for any additional
Sensors.

[0042] Lastly, according to a variant of the invention,
it can be seen that it is possible to modulate the protec-
tion current received from the heating elements 3 with-
out basically modifying the protection current received
from the other corrodible elements, due to the possibility
of creating a mathematical model that foresees this pos-
sibility according to the ON/OFF status of said heating
elements. In relation to this aspect, a simple variant of
the invention can therefore consist in a method and cor-
responding means, already familiar, that provide for re-
ducing or respectively, increasing the value of the resist-
ance of the resistive connection 3.3 even by a small
amount according to whether the thermostat 6 is in the
ON status or respectively, in the OFF status. For exam-
ple, this can be easily obtained with electronic compo-
nents, arranging in parallel mode, or respectively, in se-
quence, two resistors along the resistive connection 3.3,
or by by-passing at least one of the two resistors ar-
ranged in sequence. In fact, according to a very simple
variant of this invention, operations can be limited ex-
clusively to varying the resistance value of the resistive
3.3 by a small amount using electromechanical means
(sequence/parallel switch-over of the two resistors, or
by pass of one of the two) according to the variation of
the ON/OFF status of a thermostat; for efficient use, this
thermostat could be electromechanical to activate said
circuit modifications directly using known methods.
[0043] In this case the signal processing device 7.a
would not be necessary since the mathematical model
is reduced to a simple rule: ON status (respectively
OFF) = resistors in parallel mode (respectively in se-
quence); otherwise: ON status (respectively OFF) = a
by-passed resistor (respectively not by-passed) or, bet-
ter still, it is the thermostat 6 itself that assumes the role
of the said signal processing device 7.a.

[0044] However, in most cases when the currentto be
generated depends more or less on the value of the in-
put data between 7.1 and 7.4, said signal processing
device 7.a will include at least one microprocessor that
could be equipped with not only a calculating unit, but
storage memory as well according to the situation in
question.

[0045] In general therefore, the present invention ex-
plains that

- as well as depending on other constructive charac-
teristics, optimal protection current, for each water
heater model also depends on one or more opera-
tive parameters to a greater or lesser degree;

- itis possible to obtain the said operative parameters
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easily, whether directly or indirectly;

- therefore it is possible to construct more or less
complex and accurate mathematical models exper-
imentally that provide as a result the value of the
optimal protection current for each distinct working
status identified by the values of the group for op-
erative parameters taken into consideration.

- This description has illustrated several of the pre-
ferred embodiments of the present invention; natu-
rally many other variants are possible for those
skilled in the art, without however, exceeding the es-
tablished limits of this invention.

Claims

1. Method for impressed current cathodic protection
against corrosion in water heater tanks (1), in par-
ticular accumulator tanks, where the impressed cur-
rent is able to take into consideration certain con-
structive parameters remaining constant in time,
characterised by the fact that
said impressed current is further regulated accord-
ing to one or more operative parameters variable in
time, and at least one of said operative parameters
being

- either directly identified during the same water
heater (1) operations

- or derived indirectly from one or more further
operative parameters, at least one of these fur-
ther operative parameters being in turn directly
identified during the water heater (1) operation.

2. Method for cathodic protection according to the pre-
vious claim
characterised by the fact that
one of said operative parameters may be the tem-
perature of the water in the water heater (1).

3. Method for cathodic protection according to claims
1or2
characterised by the fact that
one of said operative parameters can be the
amount of lime deposited on the metal surfaces to
be protected (2, 3).

4. Method for cathodic protection according to claims

1or2or3

characterised by the fact that

one of said operative parameters can be the ON/
OFF status of the heating elements (3).

5. Method for cathodic protection according to claims
1or2or3or4
characterised by the fact that
one of said operative parameters can be the elec-
trical conductibility of the inlet water.
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Method for cathodic protection according to claim 3
characterised by the fact that

the amount of lime deposited on the metal surfaces
to be protected (2, 3) can be calculated through an
experimental mathematical experiment,

- from the hardness of the inlet water,
- and from the amount of water progressively
treated.

Method for cathodic protection according to the pre-
vious claim

characterised by the fact that

said experimental mathematical relation used to
calculate the amount of lime deposited on the metal
surfaces to be protected (2, 3) also takes into con-
sideration the temperature of the water in the water
heater.

Method for cathodic protection according to claim 5
characterised by the fact that

the electrical conductibility of the inlet water is iden-
tified and stored in the control unit (7) of the protec-
tion current before the initial function of the water
heater (1).

Method for cathodic protection according to claim 5
characterised by the fact that

the electrical conductibility of the inlet water is iden-
tified during the water heating (1) operating func-
tion.

Method for cathodic protection according to claim 6
characterised by the fact that

the hardness of the inlet water is identified and
stored in the protection current control unit (7) be-
fore the initial function of the water heater (1).

Method for cathodic protection according to claim 6
characterised by the fact that

the hardness of the inlet water is identified during
the water heating (1) operating function.

Method for cathodic protection according to claim 6
characterised by the fact that

the amount of water progressively treated is evalu-
ated using the mathematical relation from the differ-
ence between the actual duration of the ON/OFF
status sequence of the thermostat (6) and the ex-
pected duration of the same sequences in the case
of failure to draw in hot water.

Method for cathodic protection according to claim 6
characterised by the fact that

the amount of water progressively treated and eval-
uated using the mathematical relation from the dif-
ference between the actual lowering or water tem-
perature in the water heater (1) and the expected
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14.

15.

16.

17.

18.

19.

12

lowering of the same water in the case of failure to
draw in hot water.

Method for cathodic protection according to one or
more claims from 6 to 13

characterised by the fact that

said experimental mathematical relation is correct-
ed at appropriate intervals to compare the electrical
potential value actually applied by the generator 7.b
with that foreseen by the mathematical model,

- there being a difference between the two val-
ues demonstrating the difference between the
actual lime deposited on the metal surfaces to
be protected (2, 3) and that foreseen by the
mathematical model,

- andthere being the correction applied to modify
the value of the impressed current to be sup-
plied according to the operative parameters
employed to evaluate said amount of deposited
lime.

Method for cathodic protection according to claim 3
characterised by the fact that

the amount of lime deposited on the metal surfaces
to be protected (2, 3) is directly evaluated through
the experimental mathematical relation according
to the difference between the value of the electric
resistance in the path between electrode (4) and the
metal structures to be protected (2, 3) and the value,
identified experimentally, of the same metal struc-
tures (2, 3) free of lime deposit.

Method for cathodic protection according to previ-
ous claims 15 and 5

characterised by the fact that

the calculated estimate of the amount of lime is
made more accurate because of the identified elec-
trical conductibility of the inlet water.

Method for cathodic protection according to at least
claim 4

characterised by the fact that

during the ON status of the heating elements (3) the
ratio between the protection current supplied to the
heating elements (3) themselves and the remaining
structures (2) subject to corrosion is increased.

Method for cathodic protection according to claim
17

characterised by the fact that

said ratio between the protection current supplied
to the same heating elements (3) and the remaining
structures (2) subject to corrosion is varied to small
degrees.

Method for cathodic protection according to claim
17
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characterised by the fact that

said ratio between the protection current supplied
to the same heating elements (3) and the remaining
structures (2) subject to corrosion is varied in con-
tinuous quantities.

Method for cathodic protection according to one or
more of the previous claims

characterised by the fact that

the impressed current to be distributed towards the
structures to be protected (2, 3) is calculated from
a specific mathematical model for each type of wa-
ter heater (1) and contains coefficients to be deter-
mined experimentally to establish a relation of de-
pendence between the protection current to be ap-
plied and operative parameters taken into consid-
eration.

Method for cathodic protection according to the pre-
vious claim

characterised by the fact that

said mathematical model can be considered formal-
ly valid and identical for more than one type of water
heater (1) and characterised for each of said same
water heaters through the assignment of specific
values to appropriate parameters.

Protection current control unit (7) against corrosion
of structures (2, 3) of water heaters (1) being adapt-
ed to implement the method of cathodic protection
according to claim 1

characterised by the fact that

it includes at least:

- one signal processing device (7.a)

- being adapted to process the value of the
protection current from specific input data
(71,7.2,7.3,7.4),

- and to transmit said signal to a generator
(7.b) of the same protection current,

- said generator (7.b), being adapted to modu-
late the intensity of said current according to the
signals transmitted by said signal processing
device (7.a),

- means adapted to receive from outside said
protection current control unit (7) the values of
the operative parameters taken into considera-
tion.

Protection current control unit (7) according to claim
22 being adapted to implement the method of ca-
thodic protection according to at least claim 2
characterised by the fact that

the water temperature in the water heater is identi-
fied by the temperature sensor of the heater (3)
monitoring thermostat (6), said thermostat being
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Protection current control unit (7) according to claim
22 being adapted to implement the method of ca-
thodic protection according to at least claim 2
characterised by the fact that

the water temperature in the water heater is identi-
fied by a specific temperature sensor.

Protection current control unit (7) according to any
of the claims from 22 to 24 being adapted to imple-
ment the method of cathodic protection according
to at least claim 4

characterised by the fact that

the ON/OFF status of the heating elements (3) is
identified by the ON/OFF status of the thermostat

(6).

Protection current control unit (7) according to any
of the claims from 22 to 25 being adapted to imple-
ment the method of cathodic protection according
to at least claim 9

characterised by the fact that

the electrical conductibility of the inlet water is iden-
tified by measuring means in continuous mode,
preferably housed near the inlet pipe (5.1).

Protection current control unit (7) according to any
of the claims from 22 to 25 being adapted to imple-
ment the method of cathodic protection according
to at least claim 9

characterised by the fact that

the electrical conductibility of the inlet water is iden-
tified in continuous mode by the measuring means
in combination with a device external to the water
heater (1) and is signalled to the control unit (7) by
means known in domotics.

Protection current control unit (7) according to any
of the claims from 22 to 27 being adapted to imple-
ment the method of cathodic protection according
to at least claim 11

characterised by the fact that

the hardness of the inlet water is identified by meas-
uring means in continuous mode, preferably
housed near the inlet pipe (5.1).

Protection current control unit (7) according to any
of the claims from 22 to 28 being adapted to imple-
ment the method of cathodic protection according
to at least claim 11

characterised by the fact that

the hardness of the inlet water is identified in con-
tinuous mode by the measuring means in combina-
tion with a device external to the water heater (1)
and is signalled to the control unit (7) by means
known in domotics.
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Protection current control unit (7) according to any
of the claims from 22 to 28 being adapted to imple-
ment the method of cathodic protection according
to at least claim 14 or 15

characterised by the fact that

- the protection current generator (7.b) is adapt-
ed to transmit to the signal processing device
(7.a) the electrical potential value applied from
said generator (7.b),

- while said signal processing device (7.a) is
adapted to receive and use the said signal.

Protection current control unit (7) according to any
of the claims from 22 to 29 being adapted to imple-
ment the method of cathodic protection according
to at least claim 18

characterised by the fact that

the resistive connection (3.3) between the heating
elements (3) and the protection current control (7)
is composed of two resistors that can be connected
in parallel mode or in sequence, and according to
which respectively, the ratio between the protection
current supplied to the said heating elements (3)
and the remaining structures (2) subject to corro-
sion must be increased or reduced.

Protection current control unit (7) according to any
of the claims from 22 to 29 being adapted to imple-
ment the method of cathodic protection according
to at least claim 18

characterised by the fact that

the resistive connection (3.3) between the heating
elements (3) and the protection current control (7)
is composed of two resistors that can be connected
in parallel, one of which can be by-passed when the
ratio between the protection current supplied to the
heating elements (3) and the remaining structures
(2) subject to corrosion must be increased.

Protection current control unit (7) according to any
of the claims from 22 to 29

characterised by the fact that

said signal processing device (7.a) is composed of
at least one microprocessor including a calculating
unit.

Protection current control unit (7) according to the
previous claim

characterised by the fact that

said microprocessor also includes a memory unit.

Protection current control unit (7) being adapted to
implement the method of cathodic protection ac-
cording to at least claim 18

characterised by the fact that

- theresistive connection (3.3) between the heat-
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ing elements (3) and the protection current gen-
erator (7.b) is composed of two resistors con-
nected in parallel mode when the thermostat (6)
is in ON status, and in sequence mode when
the thermostat (6) is in OFF status,

- the thermostat (6) can be the electronic type,

- the switch-over on the connection between the
two resistors is obtained using known electro-
mechanical means.

Protection current control unit (7) being adapted to
implement the method of cathodic protection ac-
cording to at least claim 18

characterised by the fact that

- theresistive connection (3.3) between the heat-
ing elements (3) and the protection currentgen-
erator (7.b) is composed of two resistors of
which one is by-passed when the thermostat
(6) is in ON status, and connected in sequence
mode when the thermostat (6) is in OFF status,

- the thermostat (6) can be the electronic type,

- the switch-over on the connection between the
two resistors is obtained using known electro-
mechanical means.

Method for impressed current cathodic protection
against corrosion in water heater tanks (1), in par-
ticular accumulator tanks, where the impressed cur-
rent can be regulated according to certain construc-
tive parameters being constant in time according to
one or more of the claims from 1 to 21.

Method for impressed current cathodic protection
against corrosion in water heater tanks (1), in par-
ticular accumulator tanks, where the impressed cur-
rent can be regulated according to certain construc-
tive parameters being constant in time according to
the descriptions and illustrations provided for the
specific aims and purposes.

Protection current control unit (7) according to any
of the claims from 22 to 32 being adapted to imple-
ment the method of cathodic protection according
to one or more claims from 1 to 21.

Protection current control unit (7) against the corro-
sion of the structures (2, 3) of water heaters (1) ac-
cording to the aforesaid descriptions and illustra-
tions for the specified aims and purposes.
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