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DEVICE FOR HEATING A LIQUID FOR DOMESTIC APPLIANCE, DOMESTIC

APPLIANCE FITTED WITH SAID DEVICE.

Technical field

The invention relates to the industry of household
electric appliances. It is directed more particularly to
appliances for household use requiring the heating of a liquid
to a temperature lower than that of passage into the vapor
phase, and more partiéularly of water. Among these appliances
one can cite electric coffeemakers, espresso'machines, hot
beverage distributors requiring the rapid production of water

at a temperature between 60°C and 90°cC.

The invention more specifically relates to a structure of
the device for heating the liquid, which allows a heating of
the liquid in a time significantly shorter than that of

existing devices.

Prior technigues

In a general manner, appliances requiring the
uninterrupted production of hot water have heating devices
that include electric resistances that are associated with a
heating body, so as toAtransmit to this latter a certain
quantity of heat energy. This heating body has a water
circulation circuit, so that when water traverses the heating
body, it receives a part of the energy provided by the
resistance. Multiple architectures have already been proposed
to arrange the circulation circuit as well as the resistance

within the heating body. Thus, currently, the resistance is
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embedded inside the heating body, which is made of a metal,

and typically aluminum.

To avoid any electric risk, this resistance is generally
sheathed, then embedded, brazed or crimped in the mass of the

heating body.

The water circulation circuit can be realized in various
ways, and in particular be formed by a tube itself integrated,

for example by molding in the heating body.

The whole of the systems known to date present multiple
disadvantages, and in particular a strong thermal inertia,
owing to the fact that the resistance is embedded in the
heating body, and that it must be sheathed. A long phase of
preheating is thus absolutely necessary to bring the heating
body up to temperature, before it can ensure the heating of

the liquid that traverses it.

In other words, it is impossible with the existing
systems to obtain hot water practically from the beginning of

the cycle of operation.

Because of this thermal inertia, it is also necessary to
ensure a cyclic supplying of the resistance by a regulating
thermostat, to maintain the heating body at constant
temperature, even in the phases of non-utilization, and this
in order to be able to benefit from sufficiently hot water as

of the entry into a new phase of use.

These disadvantages are found in the devices described in
the document EP 0 345 528, which have a main heating body,
inside of which is embedded a sheathed fesistance. This
heating body is associated with an additional element, forming

a lid, in a manner to define a volume for circulation of the
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liquid. The central body can be either flat, or cylindrical. Such an arrangement has a
strong thermal inertia, since the heating resistance is embedded within material forming
the heating body, with the disadvantages evoked herebefore.

In the field of household electric appliances implementing water heating, there
are also known boilers such as those described in the document WO 99/59453. This type
of boiler has a chamber cylindrical in volume, whose wall is equipped in its lower part
with a localized resistance. This resistance screen printed on the wall of the chamber
causes the heating of the liquid contained in the chamber. This type of boiler of large
volume cannot of course eliminate the time for preheating the boiler, so that it does not
make it possible to obtain water at sufficient temperature as of the starting of the device.
Moreover, it is advisable to provide a temperature control to maintain, by long cycles of
supply of thermal energy, the temperature at a predetermined assigned value.

Object of the Invention

It is an object of the present invention to substantially overcome or at least to

ameliorate at least one of the above disadvantages.
Summary of the Invention

The present invention provides device for heating a liquid for a household
electric appliance, having a main body connected to a reservoir for liquid, and associated
with an additional element covering a face of the main body to define a liquid circulation
volume, wherein the main body presents a thermal inertia lower than that of aluminum
and said additional element has a heating resistance screen printed on its face opposed to

that facing the main body.

(2232340 2):PRW
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By thermal inertia (Ith), one understands the capacity of a body to store more or
less heat, which can be expressed by the product of the value of its mass density (p) by
the value of its specific thermal capacity, (cp).

Ith=p Xcp

For this reason, one finds that metal bodies usually present a high thermal inertia,
if only by their high mass density. In other words, according to the invention the main
body is a sort of thermal insulator in that, during a heating phase, it takes much less heat
than the liquid in circulation.

Advantageously, this main body may be made of plastic.

Advantageously, the additional element may present a high transversal thermal
conduction coefficient, for example higher than 40. By transversal thermal conduction
coefficient (Cth), one understands the ratio of the value of the thermal conductivity
coefficient (A) of the material of the additional heating element divided by the value of its
thickness (e) expressed in millimeters.

Cth=2Me

In at least a preferred embodiment, the additional element very quickly transmits
by conduction the heat energy of the heating resistance to the liquid, either in that the
thickness is reduced, of the order of 3mm for a material like aluminum with a high
coefficient of conductivity, or in that the thickness is very reduced, of the order of a

millimeter, for a material having a lower coefficient of conductivity like stainless steel.

(2232340 2):PRW
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Incidentally, the fact that the heating resistance is of the screen printed type and
this in combination with the good transversal thermal conduction coefficient causes the
additional heating element to also present a low thermal inertia, decreasing the energy
losses. Now, this type of screen printed heating element makes it possible to achieve a
uniform heating over a large surface facing the liquid, which increases its general thermal
conductivity effectiveness.

In other words, at least in a preferred embodiment, the heating device has a main
body which is relatively thermally insulating, and which is covered by a rapid heating
element. This heating element thus transmits heat energy to the liquid circulating in the
space that separates it from the main body. Because of the high coefficient of thermal
transfer by conduction of the additional element, the bulk of the energy dissipated by the
screen printed resistance is transmitted to the liquid in circulation, rather than
accumulating in the additional heating element. Similarly, the main heating body has a
low thermal inertia, so that it stores only a small quantity of energy coming from the
heating element.

It follows that, in the preferred embodiment, the liquid receives very quickly and
in a quasi integral way the heat energy coming from the screen printed resistance, so that
the heating of the liquid is quasi instantaneous. Similarly, the main body practically does
not take part in the phenomena of heating of the liquid, so that when the device is not in
operation, it is not necessary to provide a quantity of energy to maintain it at a sufficient

temperature.

(2232340 2):PRW
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In other words, the consumption of the preferred heating device is null apart
from the phases of heating themselves. In a corollary way, it is practically not necessary
to carry out long preheating phases at the beginning of the use of the device, since the
heating body does not need to receive a significant quantity of energy to arrive at the
temperature of use.

In practice, the principle of the invention can be implemented on heating devices
having various geometries. Thus, in a first embodiment, the central body can be
cylindrical, and can receive on its outer face the additional heating element forming a
sleeve.

In other embodiment, the central body can be flat, and then receives an equally
flat heating element.

To increase the effectiveness of the device, it can be provided that the main body
has a groove making it possible to define with the additional element a liquid circulation
channel, thus increasing the path followed by the latter within the heating device, and thus
its capacity to receive heat energy.

For the same purpose, the screen printed resistance advantageously can be
localized in line with the liquid circulation channel.

In practice, when the device is of generally cylindrical form, the groove can be
helical, while when the central heating body is flat, the groove then can be in the form of

a spiral.

(2232340 2):PRW
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In the same spirit, the main heating body can be hollow, so as to further limit its
mass, therefore its thermal inertia.

Advantageously, a temperature sensor may be arranged on the additional
element, and the heating device comprises an electric and/or electronic circuit controlling
the temperature of the additional body to a set point, preferably ranging between 70 and
90°C.

Owing to the fact that the additional element has a high transverse conductivity
and that the main body and the additional element present a low thermal inertia, the
electric and/or electronic regulation, in at a preferred embodiment is particularly dynamic,
quasi permanent, causing the liquid to leave at a rather stable temperature with a
minimized energy consumption.

Brief Description of the Figures
The manner of carrying out a preferred embodiment of the invention, will clearly

appear from the

(2232340 2):PRW
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description of the embodiment that follows, with the aid of

the attached figures in which:

Figure 1 is an exploded perspective view of the heating
device according to the invention, shown before assembly.

Figure 2 is a longitudinal cross-sectional view of the
heating device of figure 1, shown in an assembled

configuration.

Manner of carrying out the invention

Figures 1 and 2 illustrate an embodiment of the invention

in which the device for heating is cylindrical.

In this case, the device (10) has a central main body (1)
associated with an additional heating element (3) in the form
of a cylindrical sleeve. The space defined between the outer
face (6) of the central main body (1) and. the inner face (7)
of the sleeve (3), forms the hollow cylindrical volume for

circulatibn of the liquid;

In the illustrated form, the outer face of the central
body (1) has é helical groove (4) that makes it possible to
define with the sleeve a path for the liquid around the
central body (1). However, in other embodiments, not
represented, the outer face of the central body (1) can be
completely cylindrical, so as to define with the sleeve a
circulation volume of constant thickness, extending along the
cylinder. Other alternatives can be envisioned without

departing from the framework of the invention.

In practice, the central main body (1) is as illustrated
in figure 2, connected to a cold water supply (8). This inlet
(8) is connected to the outer face (6) by a substantially

radial channel (9), which opens on the outer face (6).
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The central main body (1) is preferably made of plastic,
or more generally of a material having a low thermal inertia
Ith, in any case lower than that of aluminum of the order of
2.30, so as to store only a small part of the heating energy.
As material that can be suitable for producing the main body
according to the invention, there can be cited polyamide
(Ith=1.9), polyacetal (Ith=2), polypropylene (Ith=1.6),
poysulfone (Ith=1.4) or polycarbonate (Ith=l.5f.

In the form illustrated in figure 2, it is seen that the
central main heating body (1) presents a central cavity (5),
intended to decrease its weight even more, therefore its

thermal inertia.

In the example illustrated in figures 1 and 2, the groove
(4) has a depth of about 3 millimeters, and a width of
approximately 8 millimeters. This groove (4), presents a
helical geometry, with a pitch of approximately 9 millimeters.
In other words, the depth is smaller than the width in such a
manner as to "spread out" the liquid against the additional

heating element and thus to aid the transfer of heat.

Preferably, the sleeve (3) is made in a manner to present
a high transversal thermal conductivity and a low thermal

inertia.

The thickness of the sleeve (3) is reduced to the minimum
according to the base material to decrease this thermal
inertia, and to increase the phenomena of conduction. Among
materials giving good results in terms of thermal properties,
there can be cited copper, stainless steel, aluminum or glass.
It is important that the sleeve (3) allow the deposit of a

screen printed heating electric resistance (2).
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The method for fabrication of the heating tracks consists
in screen printing one or more layefs of insulating material,
then a layer of conductive paste according to a particular
path, a layer to form contact pins and finally one or more
layers of insulating material. The power available can be

about 2000w.

This electric resistance (2) thus forms a ribbon which,
in the illustrated form, is arranged in the form of transverse
circles with shifting along the same longitudinal line: the
entire inner surface of the sleeve forms a heating plate
against which the grooves force the liquid tq flow. If
desired,'the screen printed resistance can be helical, and can
be found to be in line with the‘'channels defined by the groove
(4) of the main heating body (1). - In this case, the

effectiveness of the heating and its speed are improved.

Thus, for a stainless steel sleeve having an outer
diameter of about 45 mm, the thickness of the sleeve (3) can
advantageously be comprised between 0.5 and 1.5 millimeters,
preferably between 0.8 and 1 millimeter. 1Its transverse
thermal conduction coefficient Cth is then of the order of 60.
The advantage of stainless steel is its corrosion resistance

and its behavior at high temperature facilitating the

- fabrication of flat heating elements.

The use of an aluminum sleeve is possible, but with
heating elements on a support of polyimide and pastes with a
lower baking temperature. For example, for an aluminum sleeve
with a thickness of about 3 millimeters allowing the
fabrication of screen printed heating elements, its thermal

conduction coefficient Cth is about 70.
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In practice, the circulation of water in the path along
the outer face of the main body can be carried out either only

by gravity, or by the intermediary of a pump.

Usefully, a temperature gauge'(12), such as a NTC
resistanée, is brought against the additional heating element
and is connected to an electronic circuit controlling the
power supply of the resistive heating tracks in such a manner
as to maintain this heating element in the form of a sleeve at
a predetermined temperature during the period of water

circulation.

At the time of a first startup with a cold heating
device, the regulation controls a rapid preheating, of the
order of 2 to 3 seconds, before the beginning of water
circulation. This preheating, particularly fast and almost
imperceptible to the user, results from the very low total
thefmal inertia df the device and from its efficiency of
thermal transfer essentially towards the water contained in

the circuit.

After many laboratory tests, it proved that, to obtain
hot water at 80°C at the outlet, it was sufficient to control
thereafter, during flow of the liquid, the temperature of the
additional element heating to a set point equal to that
desired for the liquid simply increased by a constant value,

for example of 30°cC.

When the heating device is fed by means of a pump, this
latter can take part in the regulation. In effect, if the
flow of the pump proves too low, the temperature of the sleeve
rises above its set point causing turn-off of the heating

element while leaving the pump running. On the other hand, if
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the flow of the pump proves too high, the temperature of the

sleeve will drop and a control will momentarily stop the pump.

In practice, measurements taken with this type of heating
device make it possible to obtain a heating of approximately
25 centiliters of water to a temperature ranging between 70
and 80°C in only 6 to 7lseconds. The preheating phase, only
optional, is particularly reduced, since the beginning of flow
can intervene at the latest around three seconds after

starting the heating device.

It results from the preceding that the device according
to the invention presents multiple advantages, and in
particular that of having a particularly reduced thermél
inertia. It thus follows that water circulating in the device
heats in a quasi instantaneous manner upon supplying voltage

to the heating resistance.

Upon disconnecting voltage from the resistance, the
heating device cools quickly thanks to its low thermal
inertia, thus protecting the immediate surroundings from

heating and also facilitating the outlet temperature control.

The use of the screen printed resistance also ensures a
distribution of the heating power over a larger surface
compared to the existing solutions, so as to optimize the

thermal transfer.

As an alternative, the central body can be flat and
receive an equally flat heating element. In this case, the
face by the central body facing the heating element is
supplemented of a groove in the shape of a spiral, cold water
arriving at the center, hot water leaving at the periphery, or

conversely.
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The claims defining the invention as follows:-

1. Device for heating a liquid for a household electric appliance, having a
main body connected to a reservoir for liquid, and associated with an additional element
covering a face of the main body to define a liquid circulation volume, wherein the main
body presents a thermal inertia lower than that of aluminum and said additional element

has a heating resistance screen printed on its face opposed to that facing the main body.

2.. Device for heating according to claim 1, wherein the main body is made
of plastic.
3. Device for heating according to claim 1, wherein the additional element

made of metallic material presents a transversal thermal conduction coefficient (Cth)
higher than 40.

4. Device for heating according to claim 3, wherein the additional element
is made of stainless steel with a thickness comprised between 0.5 and 1.5 millimetres.

5. Device for heating according to claim 4, wherein said thickness is
between 0.8 and 1 millimetres.

6. Device for heating according to claim 1, wherein the main body has a
groove making it possible to define with the additional element a channel for circulation
of the liquid.

7. Device for heating according to claim 6, wherein screen printed
resistance is localized substantially in line with the liquid circulation channel.

8. Device for heating according to claim 6, wherein the main body is flat
and in that the groove is in the form of a spiral.

9. Device for heating according to any one of claims 1 to 6, wherein the
main body is cylindrical, and receives on its outer face the additional element in the form
of a sleeve.

10. Device for heating according to claim 9, when appended to claim 6,
wherein the groove is helical.

11. Device for heating according to claim 9, wherein the main cylindrical

body is hollow.

(2232340 2):PRW
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12. Device for heating according to any one of the preceding claims,
wherein a temperature sensor is arranged on the additional element, and in that the device
comprises an electric/electronic circuit connected to the heating resistance in order to
control the temperature of the additional body.

13. Device for heating a liquid for a household electric appliance, said
device being substantially as hereinbefore described with reference to the accompanying

drawings.

Dated 11 August, 2009
SEB S.A.
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON

(2232340 2).PRW
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