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(54) LIMESCALE DEPOSITION DETECTION BY THERMAL PULSE TECHNOLOGY

(567) Disclosed is a method M of controlling a house-
hold appliance 1 being or comprising a water heater with
regard to limescale deposition. The method includes gen-
erating at least one thermal pulse P by operation of an
electrical heating element 13 of the water heater, and
measuring a plurality of successive temperature values
Tt Tns Tk- The method further comprises determining
one or more parameter value/s p of a measurement pat-
tern Q arising from the plurality of successive tempera-

Fig. 3a

ture values T4, T,, T and their respective time of meas-
urement, and ascertaining a limescale deposition state
of the water heater based on the determined parameter
value/s p.

Further disclosed are a household appliance 1 con-
figured to perform such a method M, and a computer
readable medium having stored thereoninstructions con-
figured to trigger, when executed, a household appliance
to perform such a method M.
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Description

[0001] The present invention concerns a method of
controlling a household appliance (being or comprising
a water heater) with regard to limescale deposition. The
invention further concerns a computer readable medium
comprising instructions configured to trigger, when exe-
cuted by a computer unit, a household appliance to per-
form such method. Moreover, the invention concerns a
household appliance being or comprising a water heater,
wherein the household appliance comprises an electrical
heating element and a computer unit and is configured
to perform said method.

[0002] Accumulation of limescale on surfaces of water
heater devices is a well-known phenomenon caused by
arespective chemical composition of the tap water used,
in particular by atotal level of solids dissolvedin the water,
such as that expressed as a water hardness. The respec-
tive degree of calcification depends on a temperature
gradient pattern on a water heater surface, and on an
overall topology and work mode of the respective heating
system.

[0003] The respective limescale accumulation layer
typically blocks a heat transfer between an electrical
heating element of the water heater and water to be heat-
ed. As a consequence, efficiency of the heater may di-
minish, and the heating element may burn out.

[0004] Toavoid suchdisadvantages, home appliances
are known which may feature a limescale warning or pre-
vention system. These systems are usually based on lo-
cal water hardness (which may be pre-set by a user of
the respective appliance), or on a counting of appliance
work/time cycles, for example. Such systems may be
configured to detect a respective limescale layer, e.g.,
by means of a respective optical instrument. Moreover,
limescale fouling may be ascertained by way of observing
long term degradation of the heat transfer between the
water heater and water included therein.

[0005] However, such approaches are often not relia-
ble enough, or even not suitable due to many parameters
involved, such as total appliance water amount and/or
total appliance working space heat capacity.

[0006] Itis an object of the presentinvention to provide
an alternative, improved technique facilitating a protec-
tion against the drawbacks of a limescale accumulation
in a water heater.

[0007] The object is achieved by a method according
to claim 1, by a computer-readable medium according to
claim 9 and by a household appliance according to claim
10. Advantageous embodiments are disclosed in the de-
pendent claims, the description and the figures.

[0008] A method according to the present invention
serves for controlling a household appliance, which is or
which comprises a water heater, with regard to limescale
deposition. According to the method, an electrical heating
element of the water heater is operated so as to generate
at least one thermal pulse during (and preferably lasting)
a pulse time interval. Advantageously, the thermal pulse
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may have a duration of at most 5 seconds, at most 4
seconds or at most 3 seconds, and/or of at least 0.5 sec-
ond, at least 1 second, at least 2 seconds or at least 3
seconds, for instance.

[0009] Further pursuant tothe method according to the
present invention, one or more temperature sensor(s)
measure/s, during a measurement time interval compris-
ing the pulse time interval, a plurality of successive tem-
perature values. Therein, the at least one of the temper-
ature sensor(s) is preferably connected to the electrical
heating element and/or to a body structure of the water
heater. The plurality of successive temperature values
may preferably be regular, i.e., measured at equidistant
points of time. According to advantageous embodiments,
at least 10 and/or at most 100 of the successive temper-
ature values are measured per second. The measure-
ment time interval may preferably exceed an end of the
thermal pulse by at least a/the duration of the thermal
pulse.

[0010] One or more parameter value(s) of a measure-
ment pattern are determined, the measurement pattern
arising from (in particular being formed of) the plurality
of measured temperature values and their respective
time at which they are measured.

[0011] Based on the determined parameter value(s),
a (current) limescale deposition state of the water heater
is ascertained.

[0012] A computer readable medium according to the
present invention has stored thereon instructions which
are configured to trigger a household appliance being or
comprising a water heater with an electrical heating ele-
ment and a computer unit and executing the instructions,
to perform a method according to an embodiment of the
present invention.

[0013] The computer readable medium thus provides
the method according to the present invention as a soft-
ware add-on technique, which preferably may be imple-
mented without requiring (significant) modification, pref-
erably in particular without a hardware alteration, of an
existing household appliance.

[0014] A householdappliance according to the present
invention is or at least comprises a water heater. The
household appliance includes an electrical heating ele-
ment, one or more temperature sensor(s) and acomputer
unit, and it is configured to perform a method according
to an embodiment of the present invention (by respec-
tively running the electrical heating element, the one or
more temperature sensor(s) and the computer unit). The
computer unit may in particular be or form part of an ap-
pliance information system and/or an appliance predic-
tive maintenance system of the household appliance.
[0015] The structure of the water heater together with
its heat transient characteristics between the heater body
and the water represents a non-homogenous thermal en-
vironment, where the heat transfer Fourier equation may
have a very complex form, especially in non-equilibrium
state, generated by an introduced short thermal pulse.
[0016] By means of the ascertaining the water heater’s
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limescale deposition state, the present invention pro-
vides for an instant detection of a limescale condition of
the water heater, which may take just afew seconds (e.g.,
at most 15 seconds, at most 12 seconds or at most 10
seconds). As compared to a standard water heating time
of the home appliance, the generated thermal pulse is
very short. It thus generates just a small amount of the
heat energy and produces almost zero water tempera-
ture change. By means of the present invention, in par-
ticular, a thermal flow between the water heater and the
respective water to be heated may be instantly deter-
mined.

[0017] As a consequence, the technique provided by
the present invention does not depend on a respective
total amount of water respectively contained in the home
appliance, and it is further independent of a total appli-
ance content heat capacity under normal working condi-
tion. Moreover, the invention provides good reliability,
which in particular eliminates redundancy of appliance
descaling induced by other, less reliable limescale fouling
detection methods.

[0018] According to particular examples of the present
invention, the household appliance is a portable appli-
ance (e.g., an electric steam iron or a kitchen appliance
such as an electric kettle or a coffee machine), a major
appliance (such as a washing machine or a dishwasher)
or adomestic water heating appliance (such as a storage
water heater or a tankless water heating). According to
particular embodiments, the household appliance may
be configured to hold flowing water, such as within a wa-
ter guidance system (which may comprise one or more
pipes) which may form part of the household appliance.
In particular, the household appliance might comprise a
water pump, especially a water circulation pump.
[0019] The one or more parameter value/s determined
according to the present invention may comprise a max-
imum temperature occurring in the measurement pat-
tern, a maximum temperature difference occurring, in the
measurement pattern, between a measured temperature
value and its antecedent measured temperature value
and/or a minimum temperature difference occurring, in
the measurement pattern, between a measured temper-
ature value and its antecedent measure temperature val-
ue. Additionally or alternatively, the one or more param-
eter value/s may comprise a maximum value of a deriv-
ative of a function interpolating the measurement pattern,
a minimum value of the derivative of the function inter-
polating the measurement pattern and/or a value of a
mathematical function applied to one, two or more of said
maximum temperature, said maximum temperature dif-
ference, said minimum temperature difference, said
maximum value of said derivative and/or said minimum
value of said derivative. In particular, the mathematical
function may be a mathematical operator.

[0020] According to advantageous embodiments of
the presentinvention, the one or more parameter value/s
comprise a moving average (in particular, a rolling me-
dian) of the plurality of successive temperature values
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overtime, and/or a moving average (in particular, arolling
median) of differences of successive temperature values
over time. In such cases, the method may preferably
comprise computing the respective moving average(s).
[0021] The method according to the present invention
may advantageously comprise saving the measured plu-
rality of successive temperature values, the determined
one or more parameter value/s of the measurement pat-
tern and/or the ascertained limescale deposition state in
adatamemory. Thereby, the respective values are made
available for later use, e.g., to serve as a basis for a further
(and possibly improved) ascertaining of a future limes-
cale deposition state.

[0022] Analogously, the ascertaining of the limescale
deposition state may be further based on one or more
former parameter value/s determined with regard to at
least one former thermal pulse previously generated (i.e.,
generated prior to the above-mentioned thermal pulse)
by means of the electrical heating element, and/or atleast
one former limescale deposition state. The method may
comprise generating such former thermal pulse, meas-
uring a corresponding former plurality of successive tem-
perature values, determining said one or more former
parameter value/s and/or ascertaining said former limes-
cale deposition state based on the said former parameter
value/s. The method may comprise saving one or more
of said former plurality of successive temperature values,
said former parameter value/s and/or said former limes-
cale deposition state in the/a data memory. In particular,
a limescale deposition history of the water heater can be
taken into account when the (current) limescale deposi-
tion state of the water heater is ascertained.

[0023] The limescale deposition state ascertained ac-
cording to the present invention may comprise one or
more indicators; in particular, the state may be estab-
lished as a vector comprising one, two or more entries
of such indicators. At least one of such indicators may
reflect a current value of a limescale accumulation per-
centage of the water heater with respect to a predefined
maximum accumulation (i.e., a pre-set boundary for the
limescale accumulation); in the following, such indicator
is called a limescale accumulation percentage indicator.
[0024] Additionally or alternatively, atleast one of such
indicators possibly comprised by the limescale deposi-
tion state may reflect a stage contained in a predeter-
mined graduation scaling two or more degrees of neces-
sity for decalcification of the water heater. In the following,
such indicator is referred to as a decalcifying need indi-
cator.

[0025] According to advantageous embodiments of
the present invention, based on the ascertained limes-
cale deposition state, a signal is provided to a user. In
particular, the signal may indicate a respective degree
of a decalcifying need. For instance, if the ascertained
limescale deposition state includes a decalcifying need
indicator, such indicator may be signalled. Thereby, the
user can perceive a respective current stage (reflected
by said indicator) in a graduation of needs for decalcifying
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and, thereby, recognise whether and/or when he should
decalcify the water heater.

[0026] The provided signal may comprise at least one
acoustic signalling (which may be provided by means of
a beeper the household appliance may comprise)
and/one or visual signalling (which may be provided by
means of an analogue gauge and/or digital gauge and/or
a by means of at least one indicator lamp the household
appliance may comprise).

[0027] The household appliance according to the
presentinvention may be configured to perform the meth-
od responsive to a respective user input and/or at least
partially automatically, such as responsive to a beginning
of a household appliance operating cycle and/or even
several times during the appliance working cycle.
[0028] Additionally or alternatively, the household ap-
pliance may be configured to perform said method ac-
cording to a predefined control frequency which may de-
pend on a frequency and/or intensity of utilisation of the
household appliance. For instance, based on such pre-
defined control frequency, the computer unit may be con-
figured to trigger operation of the electrical heating ele-
ment, so as to generate atleast one thermal pulse during
a pulse time interval, and/or to trigger the temperature
sensor to measure plurality of successive temperature
values during a measurement time interval comprising
the pulse time interval.

[0029] Analogously, according to advantageous em-
bodiments of a method according to the present inven-
tion, at least the step of generating the at least one ther-
mal pulse may be performed responsive to a user input
initiating an operation cycle of the water heater. Addition-
ally or alternatively, the method may comprise evaluating
a history of utilisation of the water heater (such as with
respect to frequency and/or intensity of its utilisation),
and concluding based on the evaluation that the at least
one thermal pulse is to be generated (so as to monitor
the household appliance).

[0030] In the following, preferred embodiments of the
present invention are explained with respect to the ac-
companying drawings. As is to be understood, the vari-
ous elements and components are depicted as examples
only, may be facultative and/or combined in a manner
different than that depicted. Reference signs for related
elements are used comprehensively and not defined
again for each figure.

[0031] Shown is schematically in

Fig. 1: a configuration of a household appliance ac-
cording to an exemplary embodiment of the
present invention;

Fig. 2: a correlation of parameter values of a meas-

urement pattern and respective underlying
limescale accumulation percentages, along
with a graduation of corresponding needs for
decalcifying the water heater;
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Fig. 3a:  agraphofa functioninterpolating correlations
of time values to respectively measured suc-
cessive temperature values, and an underly-
ing heat pulse entailing the temperature val-
ues;

Fig. 3b:  aderivative of the function of Figure 3a, along
with the underlying heat pulse; and

Fig. 4: steps of a method according to an exemplary
embodiment of the present invention.

[0032] In Figure 1, an exemplary household appliance
1 according to an embodiment of the present invention
is schematically depicted. The household appliance 1 is
a water heater, which is depicted as filled with water W.
For illustration, the various layers of the water heater as
well as a currently present limescale accumulation layer
L are shown incomplete, such that an insight in the struc-
ture is provided.

[0033] In the example depicted, the household appli-
ance 1 is embodied as a receptacle such as an electric
kettle. It comprises a body structure 11, an electrical in-
sulation layer 12 and an electrical heating element 13
which in the present case is formed as a laminar layer of
the water heater, in particular of its wall. As is to be un-
derstood, additionally or alternatively, a bottom area of
the water heater may comprise at least a part of the/an
electrical heating element. A housing layer preferably fur-
ther comprised by the household appliance 1, covering
the electrical heating element 13 and insulating it out-
wardly, is omitted in the figure.

[0034] The household appliance 1 is configured to per-
form a method according to an embodiment of the
present invention. To this end, the household appliance
comprises a temperature sensor 14 connected to the
electrical heating element 13 and to the body structure
11, and a computer unit 15 configured to receive a plu-
rality of temperature values measured by the tempera-
ture sensor 14, to determine one or more parameter val-
ue/s of a measurement pattern arising from the plurality
of successive temperature values and their respective
time of measurement, to ascertain a (current) limescale
deposition state of the water heater based on the deter-
mined parameter value/s, and to cause a gauge 16 fur-
ther comprised by the household appliance 1 to provide
a signal based on the ascertained limescale deposition
state. Additionally or alternatively to the analogue gauge
16 shown in Figure 1, for providing such signal, the
household appliance might comprise a digital display, at
least one indicator lamp and/or an acoustic signalling
means such as a beeper (not shown in Figure 1).
[0035] In Figure 2, a correlation of parameter values v
of a measurement pattern and respective underlying
limescale accumulation percentages is depicted along
with a graduation G of corresponding needs for decalci-
fying the water heater. In the exemplary case depicted,
the graduation contains three stages g4, g,, gs: If alimes-
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cale accumulation percentage is between 0% and 20%,
which in the exemplary diagram of Figure 2 is derived
from parameter values v being in the range from about
3.2to 4, the stage g4 indicates a low need for decalcifying
the water heater. By contrast, if the parameter values v
are in the range from about 1.95 to about 3.2, they indi-
cate a limescale accumulation percentage from 20% to
50%, which means a medium need for decalcification of
the waterheater, as indicated by the stage g,. Alimescale
accumulation percentage higher than 50% can be con-
cluded from parameter values smaller than about 1.95
andrequires decalcifying the water heater for maintaining
its safe operability, which is reflected by a stage gs.
[0036] Figure 3a exemplifies steps carried out accord-
ing to a method subject to the present invention: Therein,
an interrelation between a generated thermal pulse P
and a measurement pattern Q arising from successively
measured temperature values is illustrated by graphs
showing the respective progressions during a measure-
ment time interval I.

[0037] Indeed, the lower graph in Figure 3a indicates
a thermal pulse generated during a pulse time interval D
contained by the measurement time interval |. Therein,
the ordinate specifies a voltage ratio for the electrical
heater elementas compared to a standard operating volt-
age thereof, and the abscissa specifies the progress in
time.

[0038] The upper graph in Figure 3a illustrates a plu-
rality of temperature values measured during said meas-
urementtime interval I. In the figure, to improve clearness
of the picture, only temperature values T,,_¢, T, and T
are referenced.

[0039] To visualise the correlation of the thermal pulse
P and the measurement pattern Q, the abscissa of this
graph coincides with that of the lower graph, whereas
the ordinate specifies the respective temperature T.
[0040] The respective limescale accumulation on a
surface of the water heater may significantly change the
thermal transient condition on the heater surface. This
may have considerable influence on the measurement
pattern Q under non-equilibrium thermal state, generated
by the (short) thermal pulse. However, the measurement
pattern Q may typically depend on heat propagation
through the structure of the water heater, on heater-water
transient parameters and/or on heat convection around
heater structure caused by flowing (surrounding) water.
Therefore, any change in those parameters may have its
mirroring response in the measurement pattern Q.
[0041] As can be seen in Figure 3a, during a pre-mon-
itoring time interval i, temperature values are measured
before the thermal pulse P is generated. In the present
exemplary case, a temperature tightly above 0°C is
measured. The thermal pulse P is then generated during
the pulse time interval D (and lasting this interval D),
which in the present case has a duration of about 3 sec-
onds. During the pulse time interval D, the respectively
measured temperature values increase. At an end of the
thermal pulse, a maximum temperature M, is measured.
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Thereafter, in a subsequenttime intervali,, the measured
temperature values decrease over time.

[0042] Said maximum temperature M; may be deter-
mined as a parameter value of the measurement pattern
Q, based on which a (current) limescale deposition state
of the water heater may be ascertained.

[0043] Additionally or alternatively, further character-
istics of the measurement pattern may be considered to
ascertain the limescale deposition state. For instance, a
plurality of temperature differences between subsequent
(neighboured) measured temperature values may be cal-
culated, such as the difference A,=T,-T,_1. These differ-
ences may be compared with each other. For instance,
a maximum and/or a minimum temperature difference
occurring, in the measurement pattern Q, between a
measured temperature value and its antecedent meas-
ured temperature value may respectively be determined
as aparameter value, based on which a currentlimescale
deposition state of the water heater may be ascertained.
[0044] Similarly, a derivative of a function interpolating
the measurement pattern Q may (additionally or alterna-
tively) be considered, as illustrated in the upper graph
shown in Figure 3b. Therein, the above-described graph
representing the thermal pulse P is again reproduced,
as a lower graph, so as to visualise the correlation of said
derivative and the thermal pulse P.

[0045] A maximum value My and/or a minimum value
my of said derivative may respectively be determined as
a parameter value, based on which a current limescale
deposition state of the water heater may be ascertained.
[0046] Figure 4 depicts various steps of a method M
according to a possible embodiment of the present in-
vention. To increase intelligibility, in the following the
steps are described with further reference to Figure 3a.
[0047] Inastep S,, a water heater of a household ap-
pliance isfilled with water (e.g., with tap water), preferably
up to a predefined operating level of the water heater.
[0048] Thereafter, in a step S,, a water temperature is
pre-monitored during a pre-monitoring time interval i; as
indicated in Figure 3a; if included in the household ap-
pliance, a circulation pump of the household appliance
may further be run.

[0049] A step S;then comprises generating a thermal
pulse P by operating an electrical heating element of the
water heater. Said operating the electrical heating ele-
ment may be performed with a standard operating volt-
age of the electrical heating element or with a voltage
which is reduced in comparison with said standard op-
erating voltage; the latter reduced voltage may be pro-
tective and thus advantageous in particular in case of a
possible heavy limescale accumulation.

[0050] In a step S,, successive temperature values
Th-1» T T resulting from the thermal pulse are measured
during the duration thereof.

[0051] InastepSg, furthersuccessive temperature val-
ues resulting from the thermal pulse are measured in a
subsequenttime interval i, following an end of the thermal
pulse P. The time interval | during which the plurality of
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successive temperature values are measured in accu-
mulated steps S,, S, and Sg, thus exceeds an end of the
thermal pulse P by the subsequenttime intervali,. During
the time interval iy, the temperature values preferably
reduce to at most a half or a third of the maximum tem-
perature M, (being a peak value of the measured tem-
perature values). Preferably, the length of the subse-
quent time interval i, is at least as long as the duration
of the thermal pulse, as indicated in Figure 3a.

[0052] In a step Sg, one or more parameter value/s of
a measurement pattern Q comprising the plurality of suc-
cessive temperature values are determined. The param-
eter value/s may further be stored in a data memory.
It/they may comprise a maximum temperature M; occur-
ring in the measurement pattern, a maximum and/or a
minimum temperature difference respectively occurring,
in the measurement pattern Q, between ameasured tem-
perature value and its antecedent measured temperature
value, and/or a value of a mathematical function applied
to one or more of said values. In particular, the one or
more parameter value/s may comprise a moving average
of the plurality of measured successive temperature val-
ues T4, T,, T, over time, and/or a moving average of
differences of measured successive temperature values
over time.

[0053] A step S; then comprises ascertaining a (cur-
rent) limescale deposition state of the water heater based
on the determined parameter value/s. The such ascer-
tained limescale deposition state may comprise one or
more indicators, such as a limescale accumulation per-
centage indicator reflecting a current value of a limescale
accumulation percentage of the water heater with respect
to a predefined maximum accumulation. Additionally or
alternatively, the ascertained limescale deposition state
may comprise a decalcifying need indicator reflecting a
respective current degree of need for decalcifying the
water heater, as contained in a predetermined graduation
(see Figure 2).

[0054] Said ascertaining may be further based on one
or more previous parameter value/s determined (and
stored) with regard to at least one former thermal pulse
previously generated by means of the electrical heating
element, based on a frequency of utilisation of the water
heater and/or based on a duration a last decalcification
of the water heater dates back.

[0055] In step Sg, based on the ascertained limescale
deposition state, a signal is provided to a user, such as
by means of an analogue and/or digital gauge (which
may, for instance, indicate a respective (current) limes-
cale accumulation percentage) and/or by a graded indi-
cation of a degree of need for decalcifying the water heat-
er (such as by means of atleast one indicatorlamp and/or
an acoustic identification).

[0056] Disclosed is a method M of controlling a house-
hold appliance 1 being or comprising a water heater with
regard tolimescale deposition. The method includes gen-
erating at least one thermal pulse P by operation of an
electrical heating element 13 of the water heater, and
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measuring a plurality of successive temperature values
Th-1: T Tk The method further comprises determining
one or more parameter value/s p of a measurement pat-
tern Q arising from the plurality of successive tempera-
ture values T4, T,, T and their respective time of meas-
urement, and ascertaining a limescale deposition state
of the water heater based on the determined parameter
value/s p.

[0057] Further disclosed are a household appliance 1
configured to perform such a method M, and a computer
readable medium having stored thereoninstructions con-
figured to trigger, when executed, a household appliance
to perform such a method M.

Reference signs
[0058]

1 household appliance

11 body structure

12  electrical insulation layer
13  electrical heating element
14  temperature sensor

15  computer unit

16 gauge

D pulse time interval

A, difference between subsequent meas-
ured temperatures

91, 92: 93 stage

G predetermined graduation

iq pre-monitoring interval

i subsequent time interval

| measurement time interval

L limescale accumulation layer

M method

my minimum value of the derivative of a func-
tion interpolating the measurement pat-
tern Q

My maximum value of the derivative of a func-
tion interpolating the measurement pat-
tern Q

M maximum temperature

p parameter value

P thermal pulse

Q measurement pattern

S;-Sg method steps

T temperature

T, Thets Tn measured temperature value

w water

Claims

1. Method (M) of controlling a household appliance (1)
being or comprising a water heater with regard to
limescale deposition, the method including
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- generating (S3) at least one thermal pulse (P)
by operation of an electrical heating element
(13) of the water heater during a pulse time in-
terval (D);

- measuring (S,, Sy, Sg), during a measurement
time interval (I) comprising the pulse time inter-
val (D) and by at least one temperature sensor
(14), a plurality of successive temperature val-
ues (Tp.q, Tno T

- determining (Sg) one or more parameter val-
ue/s (p) of a measurement pattern (Q) arising
from the plurality of successive temperature val-
ues (T,.1, T, Ty) and their respective time of
measurement;

- ascertaining (S7) a limescale deposition state
of the water heater based on the determined pa-
rameter value/s (p).

2. Method according to claim 1, wherein the ascer-

tained limescale deposition state comprises

- alimescale accumulation percentage indicator
reflecting a current value of a limescale accu-
mulation percentage of the water heater with re-
spect to a predefined maximum accumulation;
and/or

- a decalcifying need indicator reflecting a stage
(94, 92, 93) contained in a predetermined grad-
uation (G) of needs for decalcifying the water
heater.

Method according to one of claims 1 or 2, further
comprising providing (Sg) a signal to a user based
on the ascertained limescale deposition state.

Method according to one of the preceding claims,
wherein the one or more parameter value/s (p) com-
prise

- a maximum temperature (M;) occurring in the
measurement pattern (Q);

- a maximum temperature difference occurring,
in the measurement pattern, between a meas-
ured temperature (T,)) value and its antecedent
measured temperature value (T,_¢);

- a minimum temperature difference occurring,
in the measurement pattern, between a meas-
ured temperature value (T,)) and its antecedent
measured temperature value (T,_¢);

- a maximum value (My) of aderivative of a func-
tion interpolating the measurement pattern (Q);
- aminimum value (my) of the derivative of a/the
function interpolating the measurement pattern
(Q); and/or

- a value of a mathematical function applied to
one, two or more of said maximum temperature
(M;), said maximum temperature difference,
said minimum temperature difference, said
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10.

maximum value (M) and/or said minimum value
(mg).

Method according to one of the preceding claims,
wherein the one or more parameter value/s (p) com-
prise a moving average of the plurality of successive
temperature values (T,_4, T,, T) over time, and/or
a moving average of differences (A,) of successive
temperature values over time.

Method according to one of the preceding claims,
wherein the ascertaining of the limescale deposition
state is further based on one or more previous pa-
rameter value/s determined with regard to at least
one former thermal pulse previously generated by
means of the electrical heating element.

Method according to one of the preceding claims,
wherein the thermal pulse has a duration of

- at most 5 seconds, at most 4 seconds or at
most 3 seconds; and/or

- at least 0.5 second, 1 second, at least 2 sec-
onds or at least 3 seconds.

Method according to one of the preceding claims,
wherein during said measurement time interval (1),
atleast 10 and/or at most 100 of the successive tem-
perature values (T,_¢, T, T\) are measured per sec-
ond.

n-1:

Computer readable medium having stored thereon
instructions configured to trigger, when executed, a
household appliance (1) being or comprising a water
heater with an electrical heating element (13), at
least one temperature sensor (14) and a computer
unit (15) to perform a method (M) according to one
of the preceding claims.

Household appliance (1) being or comprising a water
heater, the household appliance including an elec-
trical heating element (13), at least one temperature
sensor (14) and a computer unit (16), wherein the
household appliance is configured to perform a
method according to one of claims 1-8.
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