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A heat transfer device

* % % k%

Field of the invention

The present invention relates to a heat transfer device, specifically to a heat
exchanger used in household appliances for the generation of hot water or steam.
State of the art

Heat exchangers, or simply heaters, incorporating electric resistance inserted

within a tube or casing are used in household appliances, e.g. coffee machines.
Specifically, heat transfer devices consisting of a tube which internally
accommodates a resistive wire or resistance, constituting the heating element,
and of a steel tube for the passage of the water to be heated, are known. Both the
heating tube and the water passage tube are helical-wound to reduce dimensions
and are inserted in a die in which an aluminium casting is introduced. A thermal
block consisting of an armoured heating element, a steel tube for water passage
and an aluminium alloy which facilitates the heat exchange between heating
element and tube in which the water flows is thus obtained.

Such heat transfer devices however present some drawbacks and specifically:

- a high cost for making dies for co-stamping the aluminium casting and the two
helical wound tubes,

- a high cost of materials due to the large amount of aluminium required to obtain
a satisfactory heat exchange between resistance and water passage tube with
consequent high thermal inertia,

- difficulty in assembling the resistance, the water passage tube and the
aluminium casting,

- a poor versatility due to the large mass and the consequently high heating times.
A further disadvantage is represented by the fact that the heating element is
separately made, using a steel tube within which a resistance is provided, later
introduced into the aluminium extrusion. The aluminium extrusion and the steel
heating element are then placed in reciprocal direct contact by pressing to obtain
a good thermal exchange. It is known that thermal expansion of aluminium is at
least twice that of steel. Therefore, the direct contact can never be optimal.

It is thus felt the need to make a heat transfer device which allows to overcome



10

15

20

25

30

WO 2007/135519 PCT/IB2007/001274

the aforesaid drawbacks.

Summary of the invention

The primary object of the present invention is to make a heat transfer device
which is versatile, easy to assemble and which presents low manufacturing costs.
A further object of the invention is to provide a particularly rapid and economic
production method of said heat transfer device.

The present invention thus suggests to reach such objects by producing a heat
transfer device for transferring heat to a fluid which, according to claim 1,
comprises a longitudinal extruded block, having an essentially eight-shaped cross
section, internally provided with a first pipe in which there is provided a resistive
heating element and with a second pipe suitable for the passage of the fluid to be
heated, wherein at a side of the first pipe opposite to the contact side with the
second pipe there is provided a first longitudinal side protuberance, formed by
pressing of the block, and at a side of the second pipe opposite to said side of the
first pipe there is provided a second longitudinal side protuberance, said
longitudinal protuberances being arranged so that they are overlapped in a helical-
wound configuration of the device. '

Advantageously, in a first alternative embodiment of the device of the invention
said 'second protuberance comprises:

- a first surface segment defining a first helical surface defining a cylindrical body,
in a helical-wound configuration of the device;

- and a second surface segment having a profile portion suitable to mate with a
surface portion profile of the first protuberance.

The first pipe, housing the resistive element, is provided with a flattened surface
segment defining, in a helical-wound configuration of the device, a second helical
surface defining the cylindrical body itself.

In a second alternative embodiment, instead, there is provided an external surface
segment of the device defining a single helical surface defining a cylindrical body
in a helical-wound configuration of the device itself.

The helical-wound device may be applied onto a fluid passage sleeve, e.g. a pipe
or a container/boiler.

According to a further aspect of the invention, said heat transfer device is

manufactured by means of the following production process of said device which,
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according to claim 13, comprises the steps of:

a) extruding a longitudinal block having an essentially eight-shaped cross section,
internally provided with a first pipe and with a second pipe and externally provided
with a side protuberance at a side of one of said pipes;

b) inserting an electric resistance (8) within the first pipe (4);

c) pressing the longitudinal block (2) to manufacture a further side protuberance
(5') externally thereto at a side of the other one of said pipes (4, 6);

d) helical-winding the longitudinal block (2) so that said side protuberanbes (5, 5)
are overlapped.

Advantageously, the process of the invention allows to obtain the aforesaid heat
transfer device by reducing the amount of aluminium required to obtain a good
thermal exchange between the two tubes, and thus reducing the thermal inertia. A
smaller mass and the obtained shorter heating times imply a greater versatility of
the device of the invention which may be applied, for example, to coffee
machines, steam generators, hot water generators.

The dependent claims describe preferred embodiments of the invention.

Brief description of the drawings

Further features and advantages of the present invention will be more apparent in
the light of the detailed description of preferred, but not exclusive, embodiments,
of a heat transfer device illustrated by the way of non-limitative example, with the
aid of the accompanying drawing, in which:

Figure 1 represents a side view of a heat fransfer device according to the .
invention;

Figure 2 represents a cross section of a part of the device in Figure 1;

Figure 2a represents a cross section of a part of the device in Figure 1 obtained
by the extrusion operation;

Figure 2b represents a cross section of a part of an alternative embodiment of the
device of the invention;

Figure 3 represents the device in Figure 1 wound about a thermal mass;

Figure 4 represents a first use mode of the device of the invention;

Figure 5 represents a second use mode of the device of the invention. .

Detailed description of preferred embodiments of the invention

Fig. 1 shows a heat transfer device, globally indicated by reference numeral 1,
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used in various household.appliances for the generation of hot water or steam.
Such device advantageously comprises a single extruded block 2, preferably
formed by aluminium or other suitable material, having an essentially eight-shaped
cross section, which internally presents at least two pipes, reciprocally separated
by a small aluminium mass to reduce the thermal inertia to the maximum extent.
As shown in greater detail in the section in Fig. 2, a first pipe 4 accommodates a
resistive element, comprising an electric resistance 8 which acts as heating
element; a second pipe 6 may accommodate a tube 9, preferably but not
necessarily formed by steel, suitable for the passage of a fluid, generally the water
to be heated. Tube 9 is coaxially inserted inside second pipe 6 of extruded block 2
so that there is a direct contact between them to further improve the heat
exchange.

The water to be heated may flow into second pipe 6 directly in contact with the
aluminium or aluminium alloy or other suitable material, thus without providing the
steel tube 9.

Electric resistance 8 is, for example, helical-shaped but it may be made in other
shapes. Space 3 between the internal surface of first pipe 4 and electric
resistance 8 is filled with an electrically insulating material, e.g. magnesium oxide
in granule form, which however performs the function of transferring heat
outwards. ‘
Advantageously, the solution of the invention provides inserting electric resistance
8 directly into pipe 4 of aluminium extrusion 2, eliminating the steel tube in which
this is provided in the devices of the state of the art and obtaining an optimal
thermal exchange.

In a preferred embodiment, second pipe 6 has a circular section while first pipe 4
has an essentially elliptical-shaped section and is preferably provided along its
extension with pointed protrusions at the ends of the major axis of the ellipse. This
specific embodiment is obtained by pressing to compact the magnesium oxide
and improve the resistance-extrusion heat exchange. |

As shown in the section view in Fig. 2, extruded block 2 is advantageously
provided with a first edge or longitudinal side protuberance 5, obtained by
pressing the extrusion and arranged at the pointed longitudinal protrusion of first

pipe 4, and with a second edge or longitudinal side protuberance 5, obtained by



10

15

20

25

30

WO 2007/135519 PCT/IB2007/001274
5

extrusion-.and. externally arranged at second pipe 6 so that, once longitudinal .
extruded block 2 is helical-wound, first and second edges 5, 5’ overlap and mate
so as to possibly be fastened by brazing in order to improve the heat exchange.

A first preferred alternative embodiment, with reference to the section view in Fig.
2, provides that the second longitudinal edge 5 comprises a curvilinear surface
segment 16 and a flat surface segment 15 defining a first helical resting surface,
when block 2 is helical-wound to make the device according to the invention, so
as to increase the contact surface between device of the invention and a
cylindrical sleeve in which the fluid to be heated flows. The sleeve, formed by
conductive material, may for example be part of a pipe or a container/boiler.
Advantageously, curvilinear surface segment 16 presents a portion 17 having a
profile suitable for mating with a portion 17’ of the first longitudinal edge 5 when
block 2 is helical-wound.

The pressing operation of the extruded block 2 of Fig. 2a allows to make the first
longitudinal edge 5’ and to obtain the oval or essentially elliptical section of first
pipe 4. This flattening, starting from the circular section of pipe 4 obtained by
extrusion (Fig. 2a), allows to obtain a flattened surface segment 18 (Fig. 2)
defining a second helical resting surface to facilitate the application of the device
of the invention onto a cylindrical sleeve when block 2 is helical-wound.

In a further alternative embodiment of the device, a section of which is shown in
Fig. 2b, there is provided a single contact surface segment 19 defining, in a helical
winding of block 2, a single helical resting surface comprising the aforesaid helical
surfaces defined by surface segments 15 and 18.

Further alternative embodiments of the device of the invention can provide that
the two longitudinal side edges 5, 5 are arranged in different end portions from
those of Fig. 2, e.g. both arranged at the surface passing through the longitudinal
protrusions of pipe 4 and slightly offset with respect to each other.

In the use mode of the device of the invention shown in Figure 3, for example,
helical-wound extruded block 2 is coaxially applied and brazed onto a sleeve 10,
e.g. formed by aluminium, having the function of thermal mass and inside which a
fluid to be heated flows. The same fluid or two different fluids to be heated may
flow through sleeve 10 and tube 9, or simply sleeve 10 and second pipe 6,

according to the type of application of the device of the invention.
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Two different operating modes are shown in figures 4 and.5..in. which extruded
block 2 is wound and brazed onto a container 12, formed by steel with removable
lid 14, acting as a boiler. Specifically, while first pipe 4 comprising resistance 8 is
always outside container 12, an end 7, 7° of steel pipe 9 housed in second pipe 6
enters inside said container.

In the operating mode shown in figure 4, the heat transfer device of the invention
is applied onto container 12 provided with a lid 14 on the upper part. The water to
be heated enters container 12 through the opening 13 of the lid. The heating of
the water and of the container by resistance 8 causes an increase of the water
temperature and thus of the pressure inside the container which makes the
superheated water flow from upper end 11 of tube 9, provided with a lower end 7
housed within container 12 which acts as water intake. In this case, the device of
the invention works as hot water generator and may be applied to household
appliances, such as, for example, coffee machines. The heating element has the
two-fold function of heating the water in the container/boiler and in outlet tube 9.
Control means of the fluid temperature, of the pressure inside the container and of
the fluid flow may be provided on lid 14.

In the operating mode shown in figure 5, the heat transfer device of the invention
is applied onto container 12 provided with a lid 14 on the lower part.

The water to be heated enters container 12 through the opening 13 of lid 14 and
the water level is maintained underneath upper end 7’ of tube 9. Such upper end
7’ is housed within container 12 and acts as steam intake once the water starts
evaporating. The heating of the water and of the container by resistance 8 has
indeed the effect of producing steam which is superheated and spontaneously
released by lower end 11’ of tube 9.

In this case, the device of the invention operates as steam generator and may be
applied to different household appliances which provide the steam generation
function. The heating element has the two-fold function of heating the water in the
container/boiler until it is made to evaporate and then of heating the steam in the
outlet tube 9. Also in this case, control means of the fluid temperature, of the
pressure inside the container and of the fluid flow may be provided on lid 14.

In both cases, if tube 9 is not provided, ends of second pipe 6 will be housed
within container 12 to acts as water or steam intakes.
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Advantageously, the production process. of..the..above-described heat transfer
device provides the following steps:

- extruding a longitudinal block 2, preferably formed by aluminium, having an
essentially eight-shaped cross section, internally provided with a first pipe 4 and
with a second pipe 6 and externally provided with a side edge 5 at said second
pipe 6;

- inserting an electric resistance 8 inside first pipe 4 of extruded block 2;

- ingerting an electrically insulating material inside said first pipe 4 between the
internal surface of the pipe itself and the electric resistance;

- possibly inserting a tube 9, preferably formed by steel, inside second pipe 6 of
extruded block 2;

- pressing extruded block 2 to externally make a further side edge 5’ at first pipe 4,
in order to compact the electrically insulating material inside said first pipe 4 and to
possibly improve the contact between tube 9 and second pipe 6;

- helical-winding extruded block 2 so that second side edge 5 may be overlapped
over first side edge 5.

Fig. 2a shows a cross section of extruded block 2 before the pressing operation. it
is observed that first pipe 4 has a circular section, as obtained from the extrusion
operation. ‘

The overlapping of side edges 5, 5 allows to braze the turns onto each other. In .
this manner, second pipe 6 crossed by water is optimally heated on both sides.
Indeed, once side edges 5, 5 are overlapped, they may be simply fastened by
brazing so as to optimise the heat exchange between resistance 8 and tube 9 or
water passage pipe 6.

The device of the invention may be easily applied to sleeves, pipes or containers
in which the fluid to be heated flows.
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CLAIMS
1. A heat transfer device for transferring heat to a fluid comprising a longitudinal
extruded block (2), having an essentially eight-shaped cross section, internally

provided with a first pipe (4) in which there is provided a heating resistive element

+(8) and with a second pipe (6) suitable for the passage of the fluid to be heated

wherein at a side of the first pipe (4) opposite to the contact side with the second
pipe (6) there is provided a first longitudinal side protuberance (5), formed by
pressing of block (2), and at a side of the second pipe (8) opposite to said side of
first pipe (4) there is provided a second longitudinal side protuberance (5), said
longitudinal protuberances being arranged so that they are overlapped in a helical-
wound configuration of the device.

2. A device according to claim 1, wherein the second protuberance (5) comprises

a first surface segment (15) defining a first helical surface defining a cylindrical

~ body in a helical-wound configuration of the device.

3. A device according to claim 2, wherein the second protuberance (5) comprises
a second surface segment (16) having a profile portion (17) suitable to mate with a
profile of a portion (17°) of the surface of the first protuberance (5').

4. A device according to claim 3, wherein the first pipe (4) is provided with a
flattened surface segment (18) defining a second helical surface defining the
same cylindrical body in a helical-wound configuration of the device.

5. A device according to claim 1, wherein there is provided a surface segment (19)
defining a single helical surface defining a cylindrical body in a helical-wound
configuration of the device.

6. A device according to claim 1, wherein the second pipe (6) has a circular
section and the first pipe (4) has an essentially elliptical shape section.

7. A device according to claim 6, wherein the first pipe (4) is provided along its
extension with pointed protrusions at the ends of the major axis of the ellipse.

8. A device according to claim 7, wherein the first protuberance (5) is arranged at
an external pointed longitudinal protrusion of the first pipe (4).

9. A device according to any of the preceding claims, wherein there is provided a
tube (9) coaxially housed in the second pipe (6) so that there is a direct contact
between tube and second pipe.

10. A device according to claim 1, wherein the longitudinal extruded block (2) is
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formed by aluminium... . .

11. A device according to claim 9, wherein the tube (9) is formed by steel.

12. A device according to any of the preceding claims, suitable to be helical-
wound on a fluid passage sleeve.

13. A device according to claim 12, wherein said fluid passage sleeve is a pipe.
14. A device according to claim 12, wherein said fluid passage sleeve is a
container/boiler (12) and ends (7, 7°) of the second pipe (6) are housed within the
container/boiler (12) to act as water or steam intakes.

15. A production process of a heat transfer device according to claims from 1 to
14, comprising the following steps:

a) exiruding a longitudinal block (2), having an essentially eight-shaped cross
section, internally provided with a first pipe (4) and with a second pipe (6) and
externally provided with a side protuberance (5) at a side of one of said pipes (4,
6);

b) inserting an electric resistance (8) within the first pipe (4);

c) pressing the longitudinal block (2) to manufacture a further side protuberance
(9) externally thereto at a side of the other one of said pipes (4, 6);

d) helical-winding the longitudinal block (2) so that said protuberances (5, 5°) are
overlapped.

16. A process according to claim 15, wherein before step ¢) there is provided an
insertion of an electrically insulating material inside the first pipe (4).

17. A process according to claim 15 or 16, wherein before step c) there is
provided a coaxial insertion of a tube (9) within the second pipe (6) in reciprocal
direct contact.
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