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i 13a; 13b; 13c; 13d; 13e) comprising

a plurality of modular elements (10;

10a; 10b; 10c; 10d; 10e) that can be

connected to one another serially or

in parallel, that is equipped with an

7 opening (3) wherein a burner (15) can

be inserted, each modular element (10;

10a; 10b; 10c; 10d; 10e) comprises two

half shells (1; 1la; 1b; Ic; 1d) between

which a chamber (12) is defined for

the circulation of a fluid, said chamber

(12) being equipped with at least one

opening (9; 9a; 24) for the entry of said

fluid and with at least an opening (9;
9a; 24) for the exit of said fluid.
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Heat exchanger

This invention concerns a heat exchanger, 1in particular a
gas/liquid heat exchanger for heating appliances consisting of
a plurality of modular elements that can be connected to one
another serially or in parallel, that are equipped with an
opening wherein a burner can be inserted.

In the prior art, heat exchangers of the.type mentioned above
exist wherein each modular element consists of a tubular
element wherein a liquid such as water is circulated; the
tubular element is equipped at either end with an inlet and an
outlet opening respectively and is wound in a configuration
with the shape of a cylindrical helix comprising a set number
of coils. Within said configuration with the shape of a
cylindrical helix an opening with a circular shape is defined,
through which a burner body can be inserted.

A heat exchanger of this type generally consists of a

_plurality of said modular elements, arranged one after the

other along the axis of the cylindrical helix and inserted in
a containing element, wherein the connections are made for
connecting together the inlet and outlet openings of the
tubular elements. The tubular elements can be serially
connected together by connecting, by means of connection
elements, the outlet opening of each element with the inlet
opening of the next element or they can be parallel connected
by connecting together the inlet and outlet openings of all
the tubular elements. The containing element is also used to
guide the fumes produced during burner operation between the
coils of the tubular element to maximise heat exchange between
said fumes and the 1liquid that is circulated within the
tubular element.

Although said heat exchangers have a compact construction and
have a good heat-exchange surface in relation to their
external dimensions they are relatively expensive to make

because of the operations of forming and bending the tubular
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element that are required to configure the element in the
shape. of a cylindrical helix and possibly with cross—-sections
with a non-circular shape. Furthermore, the curve radius of
the tubular element cannot descend below a minimum wvalue to
prevent the element’s breaking during the bending phase. This
makes it impossible to make heat exchangers with transversal
dimensions that are below a given minimum value. Furthermore,
in order not to make the connections between the different
modular elements too complicated, each modular element
normally comprises a plurality of coils, generally at least

three. This means that the minimum increase in exchanger

. power, which can be obtained by adding a modular element,

cannot fall below a minimum value, depending .on the number of
coils present in each modular element.

One aim of this invention is to provide a heat exchanger of
the type mentioned above that is cheaper to make, that can
have extremely compact transversal dimensions, that enables
modular elements to be connected together in an extremely
simple and rapid manner, wherein the minimum increase in the
power of ‘the exchanger, which can be obfained. by adding a
modular element, can be reduced to very low values, and which
can be made by means of geometries that may even be different
from a cylindrical geometry.

According to this invention, a heat exchanger is provided that
comprises a plurality of modular elements that can be
connected to one another serially or in parallel, that are
equipped with an opening wherein a burner can be inserted,
characterised in that each modular element comprises two half
shells that are identical to one another, between which a
chamber is defined for the circulation of a 1liquid, said

chamber being equipped with at least one opening serving as an

-inlet for said liquid and at least one opening serving as an

outlet for said liquid.
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The half-shell  structure of the modular elements ‘enables the
half shells themselves to be made by moulding using the same
mould, thus significantly reducing production costs.
Furthermore, the axial dimension and the transversal dimension
of each modular element can be minimised, which enables
extremely compact heat exchangers to be made with extremely .
reduced dimensions, where necessary. Lastly, the obtainable
increase in power of the exchanger can be minimised by adding
a modular element to the exchanger, which enables a wider-
power range to be obtained for the exchangers according to the.
invention.

According to a preferred embodiment of this invention, each
half shell is equipped with connecting elements suitable for
facilitating the reciprocal connection of said modular
elements. Said connecting elements being preferably
constituted of ‘raised and recessed parts distributed on one
face . of the half shell intended to Dbe coupled with a
corresponding face of a respective half shell of an adjacent
modular element. The raised and recessed parts of each half
shell Dbeing dimensioned in such a way as to be coupled
respectively with the recessed and raised parts of a half
shell of a respective adjacent modular element.

Furthermore, the dimensions of saild raised parts and of said
recessed parts have been selected in such a way that when the
modular elements are assembled together, between each modular
elemént and an element adjacent to it there is a passage in a
radial . direction through which the fumes produced by said
burner can pass to exchange heat with the 1liquid that
circulates in said chambers.

The arrangement and the shape of the connecting elements
enable very simple and rapid assembly of the modular elements

to make up a heat exchanger.
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Furthermore, the passages for the circulation of the fumes are
obtained in an extremely simple manner -during the phase of
assembly of the modular elements of the exchanger.

According to a preferred embodiment of this invention, at
least one of said connecting elements communicates with said
chamber. This enables the chambers of the different modular
elements to be connected together either serially or in
parallel in a very simple manner, thereby eliminating the need
for special connection elements.

In  order that the invention may be clearly and completely
disclosed, reference will now be made, by way of examples that
do not limit the scope of the invention, to the accompanying
drawings, wherein:

Fig. 1 is a front view of a half shell of a modular element of
a heat exchanger according to the invention;

Fig. 2 is a view like the one in Fig. 1 of a first variation
of a half shell of a modular element that can be coupled with
the half shell in Fig. 1;

Fig. 3 is the cross-section III-III of the half shell in Fig.
1; )

Fig. 4 is the cross-section IV-IV of the half shell in Fig. 2;
Fig. 5 is an axial cross-section of a modular element made up
of two half shells that are coupled together;

Fig. 6 is a cross-section like the one .in Fig. 5 of a first
variation of a modular element that can be coupled with the
modular- element in Fig. 5;

Fig. 7 is an axial cross-section of an exchanger according to
the invention, consisting of a plurality of modular elements
that are serially connected together;

Fig. 8 is an axial cross-section of an exchanger according to
the invention, consisting of a plurality of modular elements
that are connected together in parallel;

Fig. 9 is a cross-section like those in Figs 3 and 4 of a

second variation of a half shell of a modular element;
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. Fig. 10 is an-axial cross-section of a second variation of a

modular element that can be obtained by coupling two half
shells like those in Fig. 9;

Fig. 11 is an axial cross-section of a heat exchanger that can
be obtained by serially coupling together a plurality of
modular elements like. the one in Fig. 10; -

Fig. 12 is an axial cross-section of a heat exchanger obtained
by coupling together in parallel a plurality of modular
elements like the one in Fig. 10; '

Fig. 13 is a cross-section 1like those in Figs 3 and 4
regarding a third variation of a half shell- of a modular
element;

Fig. 14 is an axial cross—section of a third variation of a
modular element that can be obtained by coupling together two
half shells like the one in Fig. 13;

Fig. 15 is an axial cross-section of a heat exchanger that can
be obtained by serially coupling together a plurality of
modular elements like the one in Fig. 14;

Fig. 16 is an axial cross-section of a heat exchanger that can
be obtained by coupling together in parallel a plurality of
modular elements like the one in Fig. 14;

Figs 17 and 18 are axial cross-sections of a fourth and fifth
variation of a modular element according to the invention;

Fig. 19, 20 and 21 are front views referring respectively to a
fourth, fifth and sixth wvariation of a modular element
according to the invention;

Fig. - 22 1s an axial cross-section .of a heat exchanger
according to the invention, inserted into a containing element
that defines a route for the circulation of the fumes produced
by a burner inserted in the central opening of the heat
exchanger;

Fig. 23 is the cross-section XXIII-XXIII in Fig. 22.

A heat exchanger according to the invention consists of a

plurality of modular:-elements that can be obtained by joining
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“together two half shells, each of which constitutes one half

of the modular element, as will be explained below.

Fig. 1 shows a half shell 1 of a modular element of a heat
exchanger according to the invention. 8Said half shell 1,
having a substantially circular shape;,  comprises an annular
strip 2 that surrounds a central hole 3, which is also
substantially circular. .One face of said annular strip 2 is
equipped with ‘an external edge 4 and with an internal edge 5,
both of which are raised, that define an annular. half chamber
6 between them. Along said annular strip 2,. a plurality of
raised parts 7 and depressions 8 is distributed at a
preferably constant angle. At least one of said raised parts 7
or at least one of saild depressions 8 1is equipped with a
through opening 9, 9a that communicates with said annular half
chamber 6. Figs 1 and 3 show a half shell 1 wherein a through
opening 9 that communicates with the annular half chamber 6 is
made in one of the depressions 8. Figs 2 and 4 show, by
contrast, a first variation la of a half shell according to
the invention wherein a through opening %a that communicates
with the annular half chamber 6 is made in one of the raised
parts 7. Fig. 5 shows a modular element 10 of a heat exchanger
according to the invention, which is obtained by Jjoining
together two half shells 1. The modular. element 10 that is
thereby obtained has a central hole 11 that is defined by the
central holes 3 of the two half shells 1 that ‘make it . up.
Within the modular element 10 an annular chamber 12 is defined
that is made up of the annular half chambers 6 of the two half
shells 1.

The arrows F show, purely by way of example, the inlet and
outlet in the modular element 10 of the fluid that circulates
in a heat exchanger that can be made by using said modular
elements 10. Fig. 6 shows another modular element 10a, that is
similar -the modular element 10, that is obtained by joining
together two half shells la.
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The modular elements 10 and 10a can be connected together by
coupling the raised parts 7 of a half shell 1 of a first
modular element 10 with the depressions 8 of a corresponding
half shell la of a second modular element 10a and vice versa.
By coupling together a plurality of modular elements . 10 and -
10a a heat exchanger 13, 13a (Figs 7 and 8) is obtained with a
substantially annular shape with a cylindrical central passage

.14 wherein a burner can be inserted, as will be explained

below. :

Fig. 7 shows a heat exchanger 13 that is obtained by serially
connecting the modular elements 10, 10a, together, i.e. by
connecting the outlet of each modular element 10, 10a with the
inlet of the next modular element 10, 10a. The arrows .F1 show
the route of the fluid inside the heat exchanger. .

Fig. 8 shows a heat exchanger 13a that is obtained by
connecting in parallel the modular elements 10, 10a, i.e. by
connecting all the inlets and all the outlets of the modular
elements 10, 10a. The arrows F2 show the route of the fluid
inside the heat exchanger.

Fig. 9 shows a second wvariation 1b of a half shell according
to the invention wherein only the raised parts 7 are present,
in at least one of which a through opening %a is made for the
passage of the fluid.

Fig. 10 shows a modular element 10b that is obtained by
joining two half shells 1b. The arrows F3 show, by way. of
example, the inlet and outlet of the fluid in- the modular
element 10b. A . . .
Fig. 11 shows a heat exchanger 13b that is obtained by
serially connecting together a plurality of modular elements
10b. The arrows F4 show the route of the fluid inside the heat
exchanger 13b.

Fig. 12 shows a heat exchanger 13c obtained by connecting
together -in parallel a plurality of modular elements 10b. The
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arrows . F5 show the route of the fluid inside the heat
exchanger 13c.

Fig. 13 shows a third variation 1lc of a half. shell according
to the invention wherein only the depressions 8 are present,
in at least one of which a through opening 9 is made for the
passage of the fluid. . } ,
Fig. 14 shows a modular element 10c that is obtained by
joining two half shells lc. The arrows F6. show, by way of
example, the inlet and the outlet of the fluid in the modular
element 10Db.

Fig. 15 shows a heat exchanger 13d that is obtained by
serially connecting together a plurality of modular elements
10c. The arrows F7 show the route of the fluid inside the heat
exchanger 13d.

Fig. 16 shows a heat exchanger 13e obtained by connecting
together in parallel a .plurality of modular elements 10b. The
arrows F8 show the route of thé fluid inside the heat
exchanger 13e.

Fig. 17 shows a modular element 10d that is similar to the
modular element 10a that has the internal edges 5a of the half
shells clinched towards the inside of the annular chamber 12.
This arrangement has the advantage of preventing the internal
edges 5a of the half shells that make up the modular element
10d from being exposed to the high degree of heat generated by

+the fumes produced by the burner that is inserted .in the heat

exchanger, inasmuch as, following clinching, they are located
inside the annular chamber 12 wherein the. fluid - of the
exchanger, e.g. water, circulates, which is at a much lower
temperature than the fumes produced by the burner. It is thus
possible to avoid recourse to materials that are very
resistant to temperature.

Fig. 18 shows a modular element 10e that is similar to the
modular element 10d, from which it differs by the fact that it
is the external edges 4a of the half shells that make up the
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modular element 10e that are clinched in: such-a way as to-be
inside the annular chamber 12. It is obviously possible to
also make a modular element wherein both the external edges 4
and the internal edges 5 of the half shells are clinched
towards the. inside of the annular chamber 12.

Fig. 19 shows a modular element 10f, wherein at least one of
said raised parts 7a and at least one of said depressions 8a
may have .an elliptic or anyway oblong shape the dimensions of
which are greater than those of the other raised parts 7 or
depressions 8. An opening 9b, which is also elliptic. in shape
or at least oblong, for the entry of the fluid into the
modular element 10f is made in at least one. of said.
depressions 8a and an opening 9c with an elliptic or anyway
oblong shape for the exit of the fluid in the modular element
10f is made in at least one of said raised parts 7a in such a
way as to have a passage cross-section that is enlarged for .
the fluid at the inlet and outlet of the modular element 10f
in order to reduce load losses. ‘

Fig. 20 shows a further embodiment of a modular element 10g
according to the invention/ wherein the annular chamber 12 is.
equipped with a baffle 22 that forces fluid that enters the
inlet'opening 9 to travel through the annular chamber 12 in a
single direction as far as the outlet opening 9a; in this case
it is advantageous to make the outlet opening %a at. the end of
the annular chamber 12 located in the baffle 22 part. opposite
the part where the inlet opening 9 is located.

This solution- has the advantage of allowing greater.
circulation speed of the fluid in the modular elements 10g and
therefore better heat exchange between said fluid -and the
fumes produced by the burner 15. Whilst coupling together the
modular elements 10g to make a heat exchanger it 1is
advantageous to coordinate the adjacent elements amongst
themselves in such a way that the inlet openings 9 of each

modular element 10g are all in the same part of the respective
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baffle -22. This enables the fluid to : travel in the same
direction.in all the modular elements 10g in such a.way as to
minimise load losses during the passage of the fluid from one
modular element 10g to the next one.

Fig. 21 shows a yet further variation of a modular element .
10h, having an approximately oval shape, with two .
diametrically opposite expansions 25 wherein, on each face of
the modular element 10h a raised part 23 and a depression 23a
are respectively created that have greater dimensions than the
other raised parts 7 and depressions 8. This - enables, .e.g. in
the raised part 23, an opening 24 to be made on the first face
of . the modular element 10h that has enlarged dimensions for
the entry of the fluid into the modular element and, in the
depression 23a on a second face of the modular element 10h
opposite said first face, an opening 24a with enlarged
dimensions for the exit of the fluid to be made. These two
openings 24, 24a with enlarged dimensions are used to reduce
the load losses in the fluid entering and exiting the modular
element 10h.

Figs 22 and 23 show a heat exchanger 13 according to the
invention coupled with a burner 15, inserted in the central
passage 14 . of the exchanger 13. The raised parts 7 : and the
depressions 8 of the modular elements 10, 10a of the exchanger
13 are dimensioned in such a way that during coupling of the
modular elements 10, -10a, passages 16 for the fumes produced
by the combustion of a fuel burnt in said burner 15 remain
defined between adjacent modular elements 10, 10a. .

The heat exchanger 13 is completed by a bulkhead 17 -that
closes the central passage 14 at the end opposite the end from
which the burner ‘15 is inserted. The exchanger 13 with the
burner 15 is - ‘inserted into a containing element 18 equipped
with an opening 19 for inserting the burner 15 into  the
central passage 14, and with an outlet conduit 20 for
conveying the fumes produced by the burner 15 outside the heat
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exchanger. The bulkhead- 17 means that the fumés produced by
the burner 15 have to go through the passages 16 between the
modular elements 10, 10a of the exchanger 13 before being
conveyed to the outlet conduit 20 of the containing element
18, as indicated by the arrows F9, the aim of this being to
improve the heat exchange between the fumes and the fluid that
flows inside the heat exchanger 13.

The half shells 1-1lc and therefore the modular elements 10-10h -
shown in the Figs have the shape of an annular strip with a
substantially circular central hole. However, the form of the
half shells 1-lc and of the modular elements 10-10h may also
be elliptic, .with an elliptic central hole; rectangular or
square, with a rectangular or square central hole, or yet
again polygonal, with a polygonal central hole.

To make the modular elements, the half shells can be connected
together, e.g. by brazing, weld-brazing or welding. In the
same way 1t 1s possible to make a connection between the
different modular elements that make up the heat exchanger, in
the =zones affected by the passage of the fluid between one
modular element and the modular elements adjacent to it. In
the case of a heat exchanger made with the modular elements
10, 10a shown in Figs 5 and 6 the modular elements can be
coupled through interference between the raised parts 7. and
the depressions 8 of adjacent modular elements 10, 10a, by
appropriately dimensioning said raised parts 7 and said
depressions 8.

A heat exchanger according'to the invention can also be made
by assembling the  half shells and the modular elements
together by means of tie rods, with no welding between: the
adjacent half shells. In this case seal washers must  be
provided to place between the external 4 and internal 5 edges
of the half shells of each modular element. The washers placed
between the internal edges 5 of the half shells that are

exposed to the high temperatures of the fumes produced by the
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burner 15 must be made of a material with high resistance to
heat. This need 'can be eliminated by using half shells .that
are provided with an internal edge 5 clinched towards the
annular half chamber 6, as in the modular element 10d shown in
Fig. 17.

In the practical embodiment the materials, dimensions and the
implemented details may be different from those described but
be technically equivalent, and still fall within- the legal

scope of this invention.



10

15

20

25

30

WO 03/106909 PCT/IB03/02594

13

CLAIMS

1. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e) comprising
a plurality of modular elements (10; 10a; 10b; 10c; 10d; 10e;
10£; 10g; 10h) that can be connected to one another serially
or in parallel, equipped with an opening (3) wherein a burner
(15) can  be inserted, .characterised in that each modular
element (10; 10a; 10b; 10c; 10d; 10e; 10f; 10g; 10h) comprises
two half shells (1; 1la; 1b; 1c) between which a chamber (12;
12a) is defined for the circulation of a fluid, said chamber
(12; 12a) being equipped with at least an opening (9; 9a; 24)
for the entry of said fluid and with at least an opening (9;
9a; 24a) for the exit of said fluid.

2. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e) according
to claim 1, wherein said half shells (1; 1la; 1lb; 1lc) are
identical to one another.

3. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e) according.
to claim 1, or 2, wherein each half éhell (1; la; 1b; 1lc) 1is
equipped with connecting elements (7, 8; 7a, 8a; 23, 23a)
suitable for facilitating the connection together of said
modular elements (10; 10a; 10b; 10c; 10d; 10e; 10£f; 10g; 10h).

4. A heat exchanger -(13; 13a; 13b; 13c; 13d; 13e) according
to claim 3, wherein said connecting elements (7, '8; 7a, 8a;:
23, 23a) comprise a plurality of raised parts (7; 7a; 23)
and/or a plurality of depressions (8; 8a; 23a) distributed on
said half shell (1; la; 1b; 1c).

5. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e) according
to claim 4, wherein saild raised parts (7; 7a; 23) and said
depressions (8; 8a, 23a) are dimensioned in such a way as to
enable coupling .between raised parts (7; Ta; 23) and
depressions (8; 8a; 23a) of a half shell (1; 1la; 1b; 1lc) of a
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modular element (10; 10a; 10b; 10c; 10d; 10e; 10f; -10g; 10h)
respectively with corresponding depressions (8; 8a; 23a) -and
raised parts (7; 7a; 23) of a respective adjacent modular
element (10; 10a; 10b; 10c; 10d; 10e; 10£; 10g; 10h).

6. A heat .exchanger (13; 13a; 13b; 13c; 13d; 13e) according
to claim 5, wherein said coupling is a coupling with

interference.

7. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e) . according to
any one of the previous claims, wherein on a face of said half
shell (1; la; 1b; 1c) . an external raised edge (4; 4a)
peripherally delimiting the half shell and an internal raised
edge (5; 5a) delimiting said opening {3) are provided, there
being 'defined a half chamber (6) between said external edge

(4; 4a) and said internal edge (5; 5a).

8. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e) according
to claim 7, wherein the half chambers (6) of each pair of half
shells (1; la; 1b; 1c) that constitute a modular element (10;
10a; 10b; 10c; 10d; 10e; 10f; 10g; 10h) define, within the
modular element, a chamber (12; 12a) for said fluid.

9. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e) according
to claim 8, "wherein each half shell (1; 1la; 1b; 1lc) is
equipped with at least one through opening (9; 9a; 9b; 24;
24a) .

10. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e) according
to claim 9, wherein at least one of said through openings (9;
9a; 9b; 24; 24a) is made in one of said raised parts (7, 7a;

23) or in one of said depressions (8; 8a; 23a).
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11. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e) according
to claim 9, or 10, wherein each modular element (10; 10a; 10b;
10c; 10d; 10e; 10f; 10g; 10h) is equipped with at least one
inlet opening and at least one outlet opening, said inlet
opening and said outlet opening being constituted by the
through openings (9; 9a; 9b; 24; 24a) of the pair of half
shells (1; 1la; 1b; 1lc) that constitute the modular element
(10; 10a; 10b; 10c; 10d; 10e; 10f; 10g; 10h).

12. A heat exchanger (13; 13a) according to any one of the
claims from 4 to 11, wherein each of said half shells (1, la)
comprises a plurality of said raised parts (7) .alternating
with a plurality of said depressions (8), said raised parts
(7) and said depressions (8) being distributed at a
substantially constant distance at said half chamber (6).

13. A heat exchanger (13; 13a) according to claim 12,
comprising at least one first modular element (10) consisting
of two half shells (1) in each one of which at 1least one of
said through openings (9) is made in one of said depressions
(8).

14. A heat exchanger (13; 13a) according to claim 12, or 13,
comprising at least one second modular element (10a)
consisting of 'two half shells (1) in each one of which at
least one of said through openings (%9a) .is made in one of said

raised parts (7).

15. A heat exchanger (13) according to «c¢laim - 14, when
dependent on claim 13, comprising at least one first modular
element (10) and a second modular element (10a) that are

serially connected together.
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16. ‘A heat exchanger " (13a) according to claim- 14, - when
dependent on claim 13, comprising at least one first modular -
element (10) and a second modular element (10a) connected

together in parallel.

17. A heat exchanger {(13b; 13c) according to any one of the
claims -from 4 to 11, wherein each half shell (1b) comprises a
plurality of said raised ©parts (7) distributed .at a

substantially constant distance at said half chamber (6).

18. A heat exchanger (13b; ‘13c) according to claim 17,
wherein at least one of said through openings (9a) is made in

one of said raised parts (7).

19. A heat exchanger (13b) according to claim 17, comprising
at least two modular elements (10b) that are serially

connected together.

20. A heat exchanger (13c¢) according to claim 17, comprising
at least two modular elements (10b) that are connected

together in parallel .

21. A heat exchanger (13d; 13e) according to any one of the
claims from 4 to 11, wherein each half shell (lc) comprises a
plurélity of said depressions (8) distributed at a
substantially constant distance at said half chamber (6).

22. A heat exchanger (13d; 13e) according to claim 21,
wherein at least one of said through openings .(9) is made in

one of said depressions (8).
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23. A heat exchanger' (13d) according to claim 22, comprising-
at least two modular elements (10c) that are serially

connected together.

24. A heat exchanger (13e) according to claim 22, comprising
at least two modular elements (10c) that are connected

together in parallel

25. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e), according
to any one of the claims from 4 to 20, wherein in each modular
element (10f) at least one of said raised parts (7a) has a

substantially elliptic shape, or an anyway oblong shape.

26. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e), according
to any one of the claims from 4 to 16 and from 21 to 24,
wherein in each modular element (10f) at least one of said
depressions (8a) has a substantially elliptic shape, or an

anyway oblong shape.

27. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e), according
to claim 25, or 26, wherein in at least one of said raised
parts (7a) with an elliptic or anyway oblong shape, or in at
least one of said depressions (8a) with an elliptic or anyway

oblong shape a through opening (9; 9c) is made, which also

‘has an elliptic or anyway oblong shape.

28. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e), according
to any one of the claims from 7 to 27, comprising at least one
modular element (10g) wherein said chamber (12) is equipped
with . a dividing baffle (22).

29. A heat exchanger according to ‘claim 28, comprising a
plurality of said modular elements (10g) arranged in such a
way that the inlet openings (9) of each modular element (10g)
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are all on the same part of the respective dividing baffle
(22).

30. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e), according
to any one of the previous claims, comprising at least one
modular element (10h) that has an approximately oval shape,

with two diametrically opposite expansions (25).

31. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e), according
to claim 30, wherein respective raised parts (23) .and
depressions (24) that have enlarged dimensions than the other
respective raised parts (7) and depressions- (8) are made in

said expansions (25).

32. A heat exchanger (13; 13a; 13b; 13c¢c; 13d; 13e), according
to claim 31, wherein a through opening (24) of enlarged
dimensions for the entry of said fluid into said modular
element (10h) is made in one of séid raised parts (23) or in

one of said depressions (24).

33. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e), according
to claim 31, or 32, wherein a through opening (24a) of
enlarged dimensions -for the exit of said £luid from the
modular element (10h) is made in one of said raised parts (23)

or' in one of said depressions (24).

34. A heat exchanger. (13; 13a; 13b; 13c; 13d; 13e), according
to any one of the previous claims, whereln between the
adjacent modular elements (10; 10a; 10b; 10c; 10d; 10e; 10f;
10g; 10h) passages (16) are defined through which the fumes

produced by said burner (15) can pass.

35. A heat exchanger (13; 13a; 13b; 13c; 13d; 13e), according

to any one of the previous claims, furthermore comprising a
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containing element (18) that encloses said modular elements
(10; 10a; 10b; 10c; 10d; 10e; 10f; 10g; 10h) and is equipped
with an inlet opening (19) to insert said burner (15) and with

an outlet opening (20) for evacuating the fumes produced by

. sald burner.
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