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(54) STEAM OVEN AND METHOD FOR MONITORING THE LIMESCALE LEVEL IN A STEAM OVEN

(57) A steam oven comprises a cooking chamber (3),
a steam generation device (5) and a monitoring system
(6); wherein the steam generation device (5) is config-
ured to generate steam to be fed into the cooking cham-
ber (3) and comprises a boiler (8) and at least one aux-
iliary tank (10), which is in communication with the boiler
(8) to feed, in use, water to the boiler (8); the monitoring
system (6) being configured to monitor the level of limes-
cale in the steam generation device (5) and comprising
a temperature sensor (22) coupled to the boiler (8) and

a monitoring device (24) configured to store at least one
temperature value (Tempmax) detected by the tempera-
ture sensor (22) each time the steam function of the oven
(1) is activated, to compare the at least one stored tem-
perature value with a limescale threshold value (TCal)
and to signal the need for descaling when the at least
one stored temperature value (Tempmax) detected by the
temperature sensor (22) is greater than or equal to the
limescale threshold value (TCal).
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Description

Cross-reference to related applications

[0001] This patent application claims priority from Italian patent application no. 102022000021585 filed on October
19, 2022, the entire disclosure of which is incorporated herein by reference.

Technical field

[0002] The present invention relates to a steam oven for cooking food and a method for controlling the level of limescale
in a steam oven for cooking food.
[0003] The technical field of reference of the present invention thus pertains to (domestic and professional) ovens for
cooking or heating food.
[0004] Ovens for cooking food have gradually evolved over the years by integrating new functions and cooking modes.
[0005] For several years now, some ovens supplement so-called traditional cooking processes with steam cooking
processes. Such ovens comprise a steam generation device comprising a boiler to generate steam, and a water/steam
circuit comprising ducts to feed water to the boiler and additional ducts to feed the steam to the cooking chamber.
[0006] Steam generation devices, however, are subject to malfunctions due to limescale encrustations which accu-
mulate in the water/steam circuit of the steam generation devices and/or in the boiler. Such encrustations prevent the
boiler from functioning properly and/or the steam and/or water from being fed properly.

State of the art

[0007] Currently, in order to prevent this problem, upon completion of the steam cooking process, the steam generation
device is emptied and, after a predefined number of cycles of use, a signal of the need for descaling is emitted.
[0008] This solution, however, does not guarantee that the descaling is actually carried out when necessary. Indeed,
many factors influence the deposition of limescale such as, for example, the hardness of the water fed to the boiler
(which can be variable), the number of operating cycles, the amount of time the water is in the boiler, etc.

Description of the invention

[0009] It is thus an object of the present invention to provide a steam oven for cooking food that is reliable independently
of how the steam function is used and of the hardness parameters of the water used for the production of steam.
[0010] In accordance with these objects, the present invention relates to a steam oven comprising a cooking chamber,
a steam generation device and a monitoring system; wherein the steam generation device is configured to generate
steam to be fed into the cooking chamber and comprises a boiler and at least one auxiliary tank, which is in communication
with the boiler to feed, in use, water to the boiler; the monitoring system being configured to monitor the level of limescale
in the steam generation device and comprising a temperature sensor coupled to the boiler and a monitoring device
configured to store at least one temperature value detected by the temperature sensor each time the steam function of
the oven is activated, to compare the at least one acquired temperature value with a limescale threshold value, and to
signal the need for descaling when the at least one temperature value detected by the temperature sensor is greater
than the limescale threshold value.
[0011] It is a further object of the invention to provide a control method that is able to monitor the level of limescale
accumulated in the steam generation device in a steam oven in a reliable and cost-effective manner.
[0012] In accordance with these objects, the present invention relates to a method for controlling the level of limescale
in a steam oven as claimed in claim 14.

List of the figures

[0013] Further characteristics and advantages of the present invention will become clear from the following description
of a non-limiting example embodiment of the same, with reference to the figures of the accompanying drawings, wherein:

- Figure 1 is a schematic representation of a steam oven according to the present invention;
- Figure 2 is a schematic representation of a first detail of the steam oven according to the present invention in a first

operating configuration;
- Figure 3 is a schematic representation of a first detail of the steam oven according to the present invention in a

second operating configuration;
- Figure 4 is a schematic representation of a first detail of the steam oven according to the present invention in a third
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operating configuration;
- Figure 5 is a simplified diagram illustrating the evolution of the temperature detected in the boiler of a steam oven

during a cooking process cycle of the oven when the steam function is activated;
- Figure 6 is a simplified diagram illustrating the evolution of the temperature detected in the boiler of a steam oven

during successive cooking process cycles of the oven when the steam function is activated.

Description of an embodiment of the invention

[0014] In Figure 1, the reference number 1 indicates a steam oven comprising a muffle 2 that defines a cooking
chamber 3 (partially visible), a door 4, a steam generation device 5 (schematically represented) and a monitoring system
6 (visible in Figures 2-4).
[0015] With reference to Figure 2, the steam generation device 5 comprises a boiler 8, a main tank 9 for water storage,
an auxiliary tank 10 communicating with the boiler 8, a supply line 12 provided with a supply pump 13 and configured
to feed water to the main tank 9 from a water inlet (not illustrated for simplicity), a discharge line 15 provided with a
discharge pump 16 and configured to empty the main tank 9 and/or the auxiliary tank 10 and discharge the withdrawn
water towards the water inlet, a supply/discharge regulating device 18 (preferably defined by a three-way valve arranged
along the supply line 12 and connected to the discharge line 15), and a connecting valve 20, which regulates the
connection between the main tank 9 and the auxiliary tank 10.
[0016] The monitoring system 6 comprises a temperature sensor 22 and a monitoring device 24. Preferably, the
temperature sensor 22 is an NTC probe made of a sintered semiconductor material that exhibits a large resistive variation
in response to a small temperature variation. The temperature sensor 22 is coupled to the boiler 8. Preferably, the
temperature sensor 22 is coupled externally to the boiler 8.
[0017] The main tank 9 is provided with a level sensor (not illustrated for simplicity) able to measure the water level.
[0018] The temperature sensor 22 and the level sensor of the main tank 9 are configured to detect data and feed it to
the monitoring device 24.
[0019] When the user selects the steam function, the monitoring device 24 calculates, based on the measurement of
the level of water present in the main tank 9, the amount of water necessary to complete the steam cooking process
based on the parameters set by the user (e.g., function, temperature, time). In other words, if there is already water in
the main tank 9, the monitoring device 24 calculates the amount of water to be fed to the main tank 9 in addition to the
water already present.
[0020] If the water present in the main tank 9 is insufficient, the monitoring device 24 activates the regulating device
18 in "supply" mode and activates the supply pump 13 until the level of water supplied into the main tank 9 reaches the
calculated value (see the supply configuration in Figure 2).
[0021] During the steam cooking process, the boiler 8 generates steam and discharges it into the cooking chamber
2 by means of an injection duct 25. Preferably, the boiler 8 is regulated by the monitoring system 6 and performs, in
sequence, switch-on and switch-off cycles controlled by the monitoring device 24.
[0022] When the temperature detected on the boiler 8 by the temperature sensor 22 exceeds a first temperature
threshold, called "dry boiler threshold" Temps, the monitoring device 24 adjusts the connecting valve 20 to perform a
refilling of the auxiliary tank 10 by making a part of the water flow from the main tank 9 to the auxiliary tank 10 (see the
refilling configuration of Figure 3).
[0023] The connecting value 20 is preferably a regulating solenoid valve, whose opening/closing and adjustment is
controlled by the monitoring device 24.
[0024] Once the refilling/filling of the auxiliary tank 10 has been carried out, the boiler 8 is reactivated and continues
to carry out switch-on and switch-off cycles until the temperature detected by the temperature sensor 22 again exceeds
the dry boiler threshold Temps, which causes a new refilling operation to start. In other words, reaching a temperature
value equal to the "dry boiler threshold Temps" is indicative of a complete consumption of the water in the auxiliary tank 10.
[0025] If the level of water in the main tank 9 is lower than that required for the cooking process set by the user, the
monitoring device 24 activates the regulating device 18 in "supply" mode and activates the supply pump 13 until the
level of water supplied in the main tank 9 reaches the calculated value (see the supply configuration of Figure 2).
[0026] These operations (sequential switching-on/switching-off and refilling as required) are repeated until the cooking
process is complete.
[0027] When the cooking process is complete, the user can perform a new steam cooking process, using the water
left over from the previous cooking process, or empty the main tank 9 and the auxiliary tank 10 through activation of the
discharge pump 16 and activation of the regulating device 18 in "discharge" mode (see configuration of Figure 4).
[0028] The monitoring device 24 is also configured to determine, based on at least one temperature value detected
by the temperature sensor 22 in the boiler 8, the need to descale the boiler 8 and/or the entire steam generation device 5.
[0029] In particular, the monitoring device 24 is configured to capture the temperature values detected by the temper-
ature sensor 22 with a certain sampling frequency.
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[0030] In particular, the monitoring device 24 is configured to store the maximum temperature Tempmax reached in
the boiler 8 during a switch-on-switch-off cycle of a "water consumption period" TC.
[0031] A switch-on-switch-off cycle is to be understood as the time that elapses between one switch-on event of the
boiler 8 and the next. In other words, the switch-on-switch-off cycle comprises the period in which the boiler is switched
on (ON time) and the period in which the boiler is switched off between two consecutive switch-on events (OFF time).
In Figure 5, the switch-on-switch-off cycle is visible as a temperature oscillation from a minimum to a maximum. "Water
consumption period" TC, on the other hand, is to be understood as the time of complete consumption of the water in
the auxiliary tank 10 (by reaching the dry boiler threshold temperature Temps). In other words, the water consumption
period TC is the time that elapses between the conclusion of the operations of refilling/filling the auxiliary tank 10 and
the reaching of the dry boiler threshold temperature Temps.
[0032] With reference to Figure 5, the steam cooking process thus consists of a number of water consumption periods
TC interspersed by tank filling periods TR. In particular the diagram in Figure 5 shows the evolution of the temperature
detected by the sensor 22 and the activation signal of the connecting valve 20 (variable between 0 and 1).
[0033] In the water consumption period TC, the activation signal of the regulating valve 20 is at zero, and there is an
oscillation of the temperature due to the succession of switch-on and switch-off cycles of the boiler 8.
[0034] In the tank filling period TR, the temperature drops conspicuously while the activation signal is at 1.
[0035] The evaluation of the temperature for the purpose of determining the limescale level is preferably carried out
as of the third switch-on-switch-off cycle of the boiler 8 while taking into account the maximum temperature reached
during said cycle.
[0036] The first cycles (at least the first two and preferably the first three) have a substantially similar duration. After
the third cycle, the duration of the switch-on and switch-off cycles can vary according to the steam intensity required by
the user. As of the third cycle, however, there is a stabilization of the oscillation values of the temperature.
[0037] For the above reasons, there is a tendency to prefer a detection of the maximum temperature at the third switch-
on and switch-off cycle, so as to reach a compromise between the duration of the cycle and the oscillation of the
temperature. In this manner, the detection at each water consumption period TC is carried out under the substantially
same boundary conditions and can be considered comparable and reliable. In order to reliably detect the state of
limescaling of the boiler, it is thus necessary to detect a temperature value that is always comparable with all other
detected values, regardless of the cooking-process type and intensity in progress.
[0038] In particular, the steam intensity related to the cooking requirements of the user can have a significant impact
on the evolution of the temperature. To remedy this, the control algorithm, after the boiler 8 has been refilled and until
the detection of the temperature useful for the purposes of the evaluation, carries out similar switch-on and switch-off
cycles of substantially the same duration; only after the detection of the maximum temperature does the steam generation
continue, adapting itself to the cooking process required by the user (by prolonging or reducing the duration of the switch-
on and switch-off cycles).
This setting causes limited deviations relative to the standard approach and does not compromise the final result of the
cooking process.
[0039] According to a variation not illustrated, the maximum temperature is detected in a switch-on and switch-off
cycle comprised between the 4th and 6th cycles.
[0040] If the maximum temperature Tempmax reached in the boiler 8 at the third cycle of a "water consumption period"
TC is greater than or equal to a limescale threshold value Tcal, the monitoring device 24 detects an abnormal condition
and signals the need for descaling (condition reached at the 4th water consumption period TC4 in the example shown
in Figure 5) .
[0041] If the maximum temperature Tempmax reached in the boiler 8 at a defined instant of a "water consumption
period" TC is lower than the limescale threshold value Tcal (condition reached in the first three water consumption
periods TC1, TC2, TC3 in the example shown in Figure 5), the monitoring device 24 does not generate any signals and
the switch-on and switch-off cycles continue normally.
[0042] The maximum temperature Tempmax is influenced by the presence of limescale deposits.
[0043] Studies carried out by the Applicant have shown that a new or newly descaled boiler has a relatively low
maximum temperature Tempmax; a boiler that is accumulating limescale on its walls reaches a higher maximum tem-
perature Tempmax under the same heating conditions and boundary conditions.
[0044] The limescale threshold value Teal is defined a priori taking into account the desired performance and functional
aspects of the product, which must be guaranteed.
[0045] In particular, the limescale threshold value Tcal must be lower than the dry boiler threshold value Temps;
otherwise, the functional aspect of the system is compromised.
[0046] In addition, the limescale threshold value Tcal must be sufficiently lower than the dry boiler threshold value
Temps so that the monitoring system 6 can take advantage of a sufficient space of time to alert the user of the need for
descaling before the steam generation device 5 is no longer usable.
[0047] However, the limescale threshold value Teal cannot be too much lower than the dry boiler threshold value
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Temps either, because that would mean excessively reducing the operating hours of the system before descaling.
[0048] For example, the difference between the dry boiler threshold Temps and the limescale threshold Teal is com-
prised between 8°C and 12°C and is preferably 10°C.
[0049] Preferably, as already partially disclosed, the monitoring device 24 is configured to signal the need for descaling
when the maximum temperature Tempmax reached in the boiler 8 in a defined cycle of a "water consumption period" TC
is greater than or equal to a limescale threshold value Teal.
[0050] When the condition Tempmax ≥ Tcal occurs at the predefined instant of the water consumption period TC, the
monitoring device 24 and the steam generation device 5 are functionally still operational. In other words, the monitoring
device 24 provides a "soft" signal to the user, alerting him or her that the time to descale the steam generation device
5 is approaching, but potentially allowing him or her to carry out further steam cooking processes.
[0051] If the monitoring device 24 detects that the dry boiler threshold temperature Temps is reached in a very short
period of time (indicatively less than 30% of the expected time of duration of the water consumption period TC), the
overheating of the boiler 8 is not due to the absence of water, but to a massive presence of limescale. In this case, the
monitoring device 24 generates an alarm signal that imposes the descaling of the steam generation device 5 by preventing
further steam cooking processes from being carried out. In such a case, the signal is thus of a "hard" type and prevents
the use of the steam generation device 5.
[0052] According to a variation not illustrated, the monitoring system 6 is configured to determine an indication of the
limescaling status as well and to provide, in real time, limescaling data to the user as an information parameter.
[0053] In particular, the monitoring device 24 is configured to calculate the degree of limescaling of the steam generation
device 5 according to the following relation: 

[0054] Where:

• TCn is the n-th period of water consumption in a cooking process;
• Tempmax (TCn) is the maximum temperature detected in the boiler 8 in a switch-on-switch-off cycle within the

respective n-th water consumption period TCn; as already mentioned in the foregoing, the acquisition of the tem-
perature is carried out in a switch-on-switch-off cycle comprised between the 3rd and 6th;

• Tempmax D is the maximum temperature expected in the selected switch-on-switch-off cycle (between the 3rd and
the 6th) and in the specific water consumption period TCn when the boiler is new or newly descaled.

• TCal is the limescale threshold temperature.

[0055] For example, if Tempmax D is 130°C, TCal is 150°C and the maximum temperature detected in the third cycle
of the respective water consumption period TCn is 140°C, the calculated level of limescaling for that TCn is 50%.
[0056] The formula highlighted above has its basis in the fact that the maximum temperature reached by the boiler 8
in the presence of water and during the various heating steps tends to increase in proportion to the presence of limescale
deposited on the walls of the boiler 8 and in the fact that the time of consumption of a certain fixed amount of water
tends to remain independent of the amount of limescale deposited inside the boiler 8.
[0057] This is clearly evident in Figure 6, which illustrates a diagram of the evolution of the temperature in a succession
of cooking process cycles. Each cooking cycle comprises n water consumption periods TC, and each water consumption
period TCn comprises a plurality of switch-on-switch-off cycles. The maximum temperature detected at the nth cycle
Tempmax (TCn) is the maximum temperature detected in the boiler 8 in the third switch-on-switch-off cycle comprised
in a respective n-th water consumption period TCn. In the non-limiting example in Figure 6, the limescale threshold Teal
is reached at the water consumption period TC1, TC2, TC3, TC4 of the 6th cooking process.
[0058] Finally, it is evident that modifications and variations can be made to the oven and the method described herein
without departing from the scope of the appended claims.

Claims

1. Steam oven comprising a cooking chamber (3), a steam generation device (5) and a monitoring system (6); wherein
the steam generation device (5) is configured to generate steam to be fed into the cooking chamber (3) and comprises
a boiler (8) and at least one auxiliary tank (10), which is in communication with the boiler (8) to feed, in use, water
to the boiler (8); the monitoring system (6) being configured to monitor the level of limescale in the steam generation
device (5) and comprising a temperature sensor (22) coupled to the boiler (8) and a monitoring device (24) configured
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to store at least one temperature value (Tempmax) detected by the temperature sensor (22) each time the steam
function of the oven (1) is activated, to compare the at least one stored temperature value (Tempmax) with a limescale
threshold value (TCal) and to signal the need for descaling when the at least one temperature value (Tempmax)
detected by the temperature sensor (22) is greater than or equal to the limescale threshold value (TCal).

2. Oven according to claim 1, wherein the activation of the steam function involves a succession of switch-on and
switch-off cycles of the boiler (8); the monitoring device (24) being configured to store the maximum temperature
value (Tempmax) measured during at least one switch-on-switch-off cycle.

3. Oven according to claim 2, wherein the switch-on and switch-off cycles follow each other in a water consumption
period (TC); wherein the water consumption period (TC) corresponds to the period of time between the time of
completion of filling of the auxiliary tank (10) and the time when the boiler (8) has consumed all the water in the
auxiliary tank (10).

4. Oven according to claim 3, wherein the time when the boiler (8) has consumed all the water in the auxiliary tank
(10) is identified by the monitoring device (24) when the temperature detected by the sensor (22) is at least equal
to a dry boiler threshold temperature (Temps).

5. Oven according to claim 4, wherein the limescale threshold temperature (Tcal) is lower than the dry boiler threshold
temperature (Temps).

6. Oven according to any of claims 3 to 5, wherein the monitoring device (24) is configured to stop the steam function
when the dry boiler threshold temperature (Temps) is reached in a time less than 30% of the expected water
consumption time (TC).

7. Oven according to any of claims 3 to 6, wherein the maximum temperature value (Tempmax) stored by the monitoring
device (24) is the measurement of the maximum temperature detected by the temperature sensor (22) in one switch-
on-switch-off cycle comprised between the 3rd and 6th from the time of completion of filling of the auxiliary tank (10) .

8. Oven according to claim 7, wherein the maximum temperature (Tempmax) stored is the measurement of the maximum
temperature detected by the temperature sensor (22) in the 3rd switch-on-switch-off cycle from the time of completion
of filling of the auxiliary tank (10).

9. Oven according to any of the preceding claims, wherein the monitoring device (24) is configured to generate no
signal when the at least one temperature value (Tempmax) detected by the temperature sensor (22) is below the
limescale threshold value (TCal).

10. Oven according to any of claims from 2 to 9, wherein the monitoring device (24) is also configured to determine an
indication of the limescaling status and to provide, in real time, the limescaling data to the user as an information
parameter.

11. Oven according to claim 10, wherein the monitoring device (24) is configured to calculate the degree of limescaling
of the steam generation device (5) in real time according to the following relation: 

Where:

• TCn is the n-th period of water consumption in a steam cooking process;
• Tempmax (TCn) is the maximum temperature detected in a given switch-on-switch-off cycle within a respective
n-th water consumption period (TCn) in the boiler (8);
• TempmaxD is the maximum temperature expected in the selected switch-on-switch-off cycle and in the specific
n-th water consumption period (TCn) when the boiler is new or newly descaled;
• TCal is the limescale threshold temperature.

12. Oven according to any of claims 3 to 11, wherein at least the first two switch-on and switch-off cycles within each
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water consumption period (TC) have substantially similar durations.

13. Oven according to any of claims 3 to 12, wherein at least the first three switch-on and switch-off cycles within each
water consumption period (TC) have substantially similar durations.

14. Method for monitoring the limescale level in a steam oven (1); the steam oven (1) comprising a cooking chamber
(3), a steam generation device (5) and a monitoring system (6); wherein the steam generation device (5) is configured
to generate steam to be fed into the cooking chamber (3) and comprises a boiler (8) and at least one auxiliary tank
(10), which is in communication with the boiler (8) to feed, in use, water to the boiler (8); the monitoring system (6)
comprising a temperature sensor (22) coupled to the boiler (8); the method comprising:

- storing at least one temperature value (Tempmax) detected by the temperature sensor (22) each time the
steam function of the oven (1) is activated;
- comparing the at least one acquired temperature value with a limescale threshold value (TCal); and
- signalling the need for descaling when the at least one temperature value (Tempmax) detected by the temper-
ature sensor (22) is greater than or equal to the limescale threshold value (TCal).
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