Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2554081 C 2014/06/03

(11)(21) 2 554 081

(12 BREVET CANADIEN
CANADIAN PATENT

13) C

(86) Date de déepot PCT/PCT Filing Date: 2005/01/14

(87) Date publication PCT/PCT Publication Date: 2005/09/01
(45) Date de délivrance/lssue Date: 2014/06/03

(85) Entree phase nationale/National Entry: 2006/0/7/138

(86) N° demande PCT/PCT Application No.: |IB 2005/000097
(87) N° publication PCT/PCT Publication No.: 2005/080900
(30) Priorité/Priority: 2004/01/22 (IT TO2004A000022)

(51) Cl.Int./Int.Cl. F28D 7/02(2006.01),
F24H 1/43 (2006.01)

(72) Inventeurs/Inventors:
ALESSANDRINI, ALBERTO, IT;
ALESSANDRINI, ANDREA, IT

(73) Proprietaire/Owner:
COSMOGAS S.R.L.,IT

(74) Agent: MACRAE & CO.

(54) Titre : ECHANGEUR THERMIQUE, EN PARTICULIER DE TYPE A CONDENSATION
54) Title: A HEAT EXCHANGER, IN PARTICULAR OF THE CONDENSATION TYPE

2, 2|

(57) Abrégée/Abstract:

A heat exchanger (1) comprises a casing (2, 13, 28, 33), within which there Is present a first pipe wound in a spiral (25), In which a
first fluid flows, the casing (2) being designed to receive a second fluid that Is In heat-exchange relationship with the first fluid. The

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~




CA 2554081 C 2014/06/03

anen 2 554 081
13) C

(57) Abrege(suite)/Abstract(continued):

heat exchanger further comprises at least one second pipe wound in a spiral (26, 27), which connects, In parallel to the first pipe
(25), two gaps (15, 36) formed In the casing (2, 13, 28, 33), the spiralled pipes (25,26, 27) being arranged In a coaxial way and at a
distance from one another, and having different sections of passage.



woO 2005/080900 A3 I M HI 00! AN Y000 VT O D O R0

CA 02554081 2006-07-18

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /%2
International Burcau "

(43) International Publication Date
1 September 2005 (01.09.2005)

(51) International Patent Classification : F28D 7/02,
F24H 1/43
(21) International Application Number:
PCT/IB2005/000097

(22) International Filing Date: 14 January 2005 (14.01.2005)

(25) Filing Language: Italian

(26) Publication Language: English

(30) Priority Data:

1T0O2004A000022 22 January 2004 (22.01.2004) IT

(71) Applicant (for all designated States except US): COSMO-
GAS S.R.L. [TT/IT]; Via Leonardo Da Vinci, 16, I-47014
Meldola (IT).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ALESSANDRINI,
Alberto [I'T/IT]; Via della Repubblica, 3/B, I-47014 Mel-
dola (IT). ALESSANDRINI, Andrea [IT/IT]; Via della
Repubblica, 3/B, 1-47014 Meldola (IT).

(10) International Publication Number

WO 2005/080900 A3

(74) Agents: GALLAROTTI, Franco et al.; Buzzi, Notaro
& Antonielli d'Oulx S.r.l., Via Maria Vittoria, 18, I-10123
Torino (I'T).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, K7, L.C, LK, LR, LS, LT, LU, L.V, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU,
ZA, 7ZM, 7ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

(81)

(84)

[Continued on next page]

(54) Title: A HEAT EXCHANGER, IN PARTICULAR OF THE CONDENSATION TYPE

16 2, j'

i 28
%
4~ | 27
|9 | | %6
|
8 20 5%
a1 11|11
20, 27
—H- A7) _ |
20, 22 /
| U 20
a4 [T
Za il ARl
’ | 55
7 | 4 %6

---------

(57) Abstract: A heat exchanger (1) comprises a casing (2, 13,
28, 33), within which there is present a first pipe wound in a
spiral (25), in which a first fluid flows, the casing (2) being de-
signed to receive a second fluid that is in heat-exchange relation-
ship with the first fluid. The heat exchanger further comprises
at least one second pipe wound in a spiral (26, 27), which con-
nects, in parallel to the first pipe (25), two gaps (15, 36) formed
in the casing (2, 13, 28, 33), the spiralled pipes (25,26, 27) be-
ing arranged in a coaxial way and at a distance from one another,
and having different sections of passage.
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“A HEAT EXCHANGER, IN PARTICULAR OF THE CONDENSATION
TYPE”
R %R
Field of the invention
The present invention relates to a heat exchanger, m particular of the

condensation type.

Background of the invention

As is known, the function of a heat exchanger is to transfer thermal energy
between two fluids. For example, in the case of the widely used domestic gas
boilers, the function of the heat exchanger is to heat water circulating mside 1t,
starting from hot fumes that result from combustion produced by a burner. Said
condensation boilers are devised for said purpose in order to exploit both heat that
develops following upon combustion and latent heat of condensation contained in
the combustion fumes. Heat contained in the fumes can be recovered via a heat
exchanger comprising a shell or casing, inside which is set a pipe for circulation of
water, against which the fumes are made to flow.

The amount of condensation that is recovered mainly depends upon the
temperature of delivery and return of the water in the heat exchanger, with respect
to the heating system. Furthermore, to obtain a considerable heat exchange
between the fluids inside and outside the pipe of the heat exchanger, it is
necessary to have a surface of heat exchange as extensive as possible. For this
purpose, the pipe is usually constituted by a tube bent to form a coil, positioned in
the casing of the heat exchanger so as to sutround the burner.

In order to have available a high surface of heat exchange the coiled pipe
must, however, be rather long, and this at the expense of the requirement of
rendering‘ the dimensions of the heat exchanger as a whole compact. Said
drawback can be reduced by shaping the tube that forms the coiled pipe with a
section of passage having parallel plane surfaces. If on the one hand said solution

enables a good heat exchange to be obtained even with a coil that is not too long,

on the other hand it involves a greater complexity of construction of the heat

exchanger, with a consequent increase in its cost.

Another drawback of known heat exchangers is that they must be adequately
insulated thermally, for example to prevent excessive heating of the body of the
boiler. The need to reduce the temperature of the casing of the heat exchanger in
this way involves the use of insulators, which further complicate the construction
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of the heat exchanger, as well as its disposal at the end of its useful working life.

Summary of the invention
In the light of the foregoing considerations, the purpose of the present

invention is to provide a new-concept heat exchanger, which presents etficiency ot
operation, compact dimensions and is industrially simple and economically
advantageous to produce.

With a view to achieving said purpose, the subject of the invention is a heat
exchanger, particularly of the condensation type, comprising a casing, within
which is present at least one part of a path for passage of a first fluid, said path
comprising a first pipe wound in a spiral, the casing being designed to receive a
second fluid that is in heat-exchange relationship with the first fluid, wherein said
path of passage comprises at least one second pipe wound 1n a spiral that connects,
in parallel to the first pipe, a first area and a second area of said path of passage,
and wherein the diameter of winding of the turns of the first pipe is smaller than
the diameter of winding of the turns of the second pipe; the spiral formed by the
first pipe is located within the spiral formed by the second pipe, the two spirals
being set at a distance from one another; and the section of passage of the first
pipe is different from the section of passage of the second pipe, characterized in
that spacer means are provided, operative for keeping the turns of the respective
pipe at a distance from one another, the spacer means being made up of localized
portions of the respective pipe.

In another embodiment, the heat exchanger is characterized in that said path
of passage comprises at least one third pipe wound in a spiral, the first pipe, the
second pipe, and the third pipe connecting in parallel said first and second areas of
said path of passage, wherein the diameter of winding of the turns of the second
pipe is smaller than the diameter of winding of the turns of the third pipe; the
spiral formed by the second pipe is located within the spiral formed by the third
pipe, the second pipe and the third pipe being set at a distance from one another;
and the section of passage of the third pipe is different from the section of passage

of at least one between the first and the second pipes.
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Brief description of the drawings

Further purposes, characteristics and advantages of the invention will
emerge from the ensuing description with reference to the annexed plate of
drawings, provided purely by way of non-limiting example, in which:

- Figures 1 and 2 are two perspective views of the heat exchanger according
to the invention;

- Figures 3 and 4 are two side views of the heat exchanger of Figures 1 and
2;

- Figure 5 is a plan view of the heat exchanger of Figures 1 and 2;

- Figure 6 1s an exploded view of the heat exchanger according to the
invention;

- Figure 7 is a perspective view of a first component of the heat exchanger of
Figure 6;

- Figure 8 is a detail of the component of Figure 7;

- Figure 9 i1s a perspective view of a second component of the heat
exchanger of Figure 6;

- Figure 10 is a cross-sectional view of a part of the component of Figure 8;

- Figures 11 and 12 are two views in cross section of the heat exchanger
according to the invention according to the line XI-XI of Figure 3 and the line XII-
XII of Figure 5, respectively;

- Figures 13 and 14 are two schematic sections that illustrate successive
steps of reciprocal positioning between two components of the heat exchanger of
Figure 6; and

- Figure 15 illustrates a possible application of two heat exchangers built

according to the invention.
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Description of preferred embodiments of the invention

In the figures, reference number 1 indicates as a whole a heat exchanger, in
particular of the condensation type for a gas boiler, built according to the present
invention.

_The heat exchanger 1 comprises a bell-like casing 2 made of thermally
conductive material, preferably stainless steel, obtained by deformation of sheet
metal, via operations of shearing, drawing, and pressing.

The casing 2 has a substantially cylindrical circumferential wall 3 and an
end wall 4. In diametrally opposite areas of the wall 3 there are formed, once again
by operations of drawing and shearing, a condensate-outlet connector 5 and a
fume-outlet connector 6, which extend radially with respect to the axis of the
casing 2. |

As may be seen, 1n particular in Figures 6 and 7, the end wall 4 has a central
area 7, around which there is formed, via drawing, an annular depression 8, facing
the outside of the casing 2 and having a depth that is progressively variable in a
circumferential direction. In other words, the area of the wall 4 that constitutes the
bottom of the depression 8 develops substantially as a turn of a spiral, which starts
and finishes in a position corresponding to a short inclined wall, designated by 9
in Figures 6, 7 and 8. At the wall 9, which forms a sort of “step” within the
depression 8, there are defined three circular openings, designated by 10 in Figures
7 and 8, of different cross section. From the aforesaid figures it may moreover be
noted how the inclined wall 9, which is substantially plane, has different heights in
its two longitudinal end areas, and in particular a greater height in the direction of
the portion 7 of the wall 4 and a smaller height in the direction of the peripheral
part of the wall 4 (and in any case, as will emerge hereinafter, a greater height at
the opening 10 for the pipe 25 and a smaller height at the opening 10 for the pipe
27).

From Figures 6, 7 and 12 it may be noted how, in a corner area between the
walls 3 and 4, in the bottom part of the heat exchanger 1, the casing 2 is drawn so

as to present a recess 12, which communicates directly with the depression 8.

Fixed on the wall 4 1s a closing flange or base plate, designated by 13, which
1s also made of thermally conductive material, for example via drawing of
stainless steel sheet. In the base plate 13 there is formed a circular depression,
designated by 14 in Figures 11 and 12, which faces in the direction of the
depression 8 of the wall 4. Following upon coupling between the casing 2 and the
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base plate 13, the depressions 8 and 14 form a substantially toroidal interspace or
gap, designated by 15 1 Figures 11 and 12, having a section of passage that varies
in a circumferential direction. In the upper part of the heat exchanger, the gap 15 is
hence m communication with the openings 10 and in the lower part of the heat
exchanger with the recess 12.

The base plate 13 1s of an overall circular shape and provided at its
periphery are radial portions 16 for fixing the heat exchanger 1, equipped with
corresponding anchoring eyelets. A peripheral portion 17 of the base plate 12
extends 1in a way substantially orthogonal to the general plane of the base plate
itself so as to close the recess 12. Present 1n said orthogonal portion 17 of the base
plate 13 is a hole, associated to which, with modalities in themselves known, 1s an
inlet connector 18 for a fluid, which 1s supposed herein as being a liquid to be
heated. Formed 1n the central area of the base plate 13 are embossings 19, 20,
which project within the depression 14 and are made to rest on corresponding
embossings 21, 22, which rise from the central area 7 of the wall 4, as may be
seen, for example, in Figure 11.

Within the casing 2 there is set a plurality of spiralled or coiled pipes,
designated by 25, 26 and 27 in Figures 6, 11 and 12, which have prevalently
circular sections of passage different from one another.

On the side opposite to the wall 4, associated in a fluid-tight way to the
casing 2 1s a second end wall, designated by 28 in the figures, which is provided
with a central passage 29. The wall 28 has an annular depression, designated by 30
in Figures 6, 11 and 12, facing the outside of the casing 2, made in a way
substantially similar to the depression 8 of the wall 4 and hence having a depth
progressively increasing in a circumferential direction. Also the area of the wall
28, which forms the bottom of the depression 30 develops substantially in the
form of a turn of a spiral, which starts and terminates in the area designated by 31
in Figure 6, in which there 1s provided a short inclined wall similar to the one
designated by 9 in Figures 7 and 8. In a position corresponding to said wall three

openings are formed, designated as a whole by 32 in Figure 6 and made in a

similar way to the openings 10.

Fixed to the wall 28 is a second flange or base plate, designated by 33,
provided with a respective central passage 34. In the base plate 33 there is formed
an annular depression, designated by 35 in Figures 6, 11 and 12, which faces in
the direction of the depression 30 of the wall 28. Following upon coupling of the
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wall 28 in a fluid-tight way to the base plate 33, the depressions 30 and 35 form a
substantially toroidal interspace or gap, designated by 36 in Figures 11 and 12,
which has a section of passage that varies in a circumferential direction. Formed
inside the bottom wall of the depression 35 is a hole 37, associated to which is a
respective connector 38 for outlet of liquid. In the lower part of the heat exchanger
1, then, the gap 36 is in communication with the openings 32, whilst in the upper
part of the heat exchanger 1t communicates with the connector 38.

According to an important aspect ot the invention, the pipes 25, 26, 27 are
arranged so that the respective spirals are coaxial and are designed to convey in
parallel the fluid that 1s to be, for example, heated by the heat exchanger 1. For
this purposé, the pipes 25, 26, 27 are connected between the gaps 15 and 36,
formed at the two opposite side ends of the heat exchanger 1. For this purpose, in
the embodiment 1llustrated, three distinct pipes 25, 26, 27 are provided, which are
wound to form spirals with turns of different diameter, and in which the spirals
can be arranged one inside another, preferably (even though not necessarily) in a
coaxial way and at a distance from one another. Said pipes have first ends,
designated by 25°, 26°, 27° i Figure 6, each connected in a fluid-tight way in a
respective opening 10 of the gap 15, and second ends 25”7, 26, 27”, each
connected in a fluid-tight way to a respective opening 32 of the gap 36.

The sections of the pipes 25, 26, 27 are different from one another, with the
liquid that will thus flow therein 1n an amount proportional to their cross section.
In particular, the pipes 25 and 27, 1.e., the internal one and the external one of the
set, have a larger section of passage and a smaller section of passage, respectively,
the section of passage of the pipe 26 being intermediate between that of the pipes
25 and 27. As may be noted, in the case exemplified, the dimension in an axial
direction of the spirals formed by the pipes 25, 26, 27 1s different (basically, the
spirals are of different height). As has been said, moreover, also the respective
sections of passage are different, so that the pipe 27 has a number of turns greater
than the pipe 26, the number of turns of which is in turn greater than that of the

pipe 25.

Also the distance between the turns of each pipe 25, 26, 27 is different.
Preferably, the turns of the internal pipe 25 are set at a greater distance from one
another as compared to the distance between the respective turns of the other two
pipes 26, 27. The external pipe 27 preferably has turns set at a smaller distance
from one another than the intermediate pipe 26.
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FEach coiled pipe has suitable means to keep the respective turns at the
correct distance, which 1s preferably constant along the development of the pipe
itself. In the embodiment exemplified, the aforesaid means are made up of
localized portions of the same pipes, shaped to function as spacers. In Figure 9,
where only the pipe 25 1s represented, the aforesaid spacer portions are designated
by 40. Basically, as may be noted also from the detail appearing in the cross
section of Figure 10, i a position corresponding to each spacer portion 40 the
cross section of the pipe 1s slightly ovalized in a direction parallel to the axis of
the spiral, so that the portions 40 of one turn, which are in local contact with the
surfaces of the adjacent bottom turn and top turn, enables an interstice or port,
designated by 41 in Figures 9 and 10, to be defined between the turns themselves.

The pipe 25 1s obtained starting from a normal tube with an initially circular
cross section, for example made of stainless steel, and the spacer portions 40 are
formed by rolling of said tube. In practice, the starting tube with circular cross
section 1s first “squeezed” 1n order to bestow on it throughout its length the
ovalized cross section that may be seen in Figure 10, and subsequently is brought
back into the original circular cross section, with the exception of the areas in
which the spacer portions 40 are to be formed. Preferably, the spacer portions 40
are arranged at approximately 60° from one another along the development of a
turn.

The aforesaid steps of rolling can be advantageously performed in the course
of the same operation with which the tube is wound in a spiral, :said operation
being carried out with modalities in themselves known.

Even though the length, section of passage, and interstices 41 between the
turns are different, the pipes 26 and 27 are produced with modalities similar to the

~ ones described above with reference to the pipe 25.

The construction and assembly of the heat exchanger 1 is obtained according

to the following procedure.
The bell-like casing 2 1s produced by normal operations of shearing,

pressing and drawing, starting from sheet metal preferably made of stainless steel.

According to an advantageous aspect, the part of sheet metal that constitutes the
inclined wall 9 is pre-formed, via pressing, so that the openings 10 present
peripheral lips, designatedhby 10’ 1n the detail of Figure 8, so that the subsequent
step of welding of the ends 25°, 26° and 27 of the coiled pipes does not entail the
use of added weld material and the fit 1s more tolerant to the imperfections of the
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machining operations.
Arranged coaxially within the casing 2 are the three coiled pipes 25, 26, 27,
provided with the respective spacer portions 40, previously obtained via

‘machining of a normal metal tube wound in a spiral, as described previously.

The ends 25°, 26°, 27° of the pipes 25, 26, 27 are then fixed in a fluid-tight
way, preferably via TIG welding, to the respective openings 10. For this purpose,
the pipes are cut at the aforesaid ends with an inclined cut, in order to enable
better welding and less turbulence and loss of head of the fluid entering the gap
15. The cross-sectional views appearing in Figures 13 and 14 are schematic
illustrations of successive steps of positioning of the end 25° with inclined cut of
the pipe 25 at the respective opening 10 pre-formed in the wall 9, for the purposes
of welding, 1t being taken for granted that similar operations are performed for the
ends 26’ and 27’ of the pipes 26 and 27.

The base plate 13 1s fixed in a fluid-tight way to the wall 4 of the body 2,
preferably via laser welding, along the respective peripheral areas and at the
embossings 19-20 and 21-22. In a position corresponding to the hole present in the
portion 17 of the base plate 13 the respective connector 18 is fixed in a fluid-tight
way. =
The ends 25, 267, 27” of the pipes 25, 26, 27 are welded to the respective
openings 32 present in the inclined wall 31 of Figure 6, with modalities similar to
the ones adopted for the ends 25, 26°, 27’ and described previously with reference
to Figures 9, 13 and 14. The wall 28 is then fixed in a fluid-tight way to the casing
2, preterably via laser welding, 1n the respective peripheral areas.

Finally, the base plate 33 is fixed in a fluid-tight way to the wall 28,
preferably via laser welding, in the respective peripheral areas and around the
respective central passages 29, 34. The respective connector 38 is fixed in a fluid- |
tight way to the hole 37 of the base plate 33.

To the heat exchanger 1 thus formed there can next be associated a burner of
a type in itself known, designated as a whole by 42 in Figures 11 and 12,

.preferably so as to be positioned inside the casing 2 and surrounded by the

innermost coiled pipe 25. It should be noted that in any case the second heat-
exchange fluid, instead of being produced by a burner set inside the casing 2,
could come from a suitable external source, said fluid, in the form of a liquid or
aertform, being appropriately conveyed mside the casing of the heat exchanger 1
through the inlet opening formed by the passages 29, 34 of the wall 28 and of the
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base plate 33 and, in the case where said second fluid is a liquid, one of the
connectors 5 and 6 may be omitted or re-closed. The aforesaid inlet opening could
possibly be omitted or occluded, with the second fluid introduced into the heat
exchanger through the connector 5 and expelled through the connector 6.

Operation of the heat exchanger 1 will now be described with reference to
Figure 12, assuming that the heat exchanger itself forms part of a gas boiler of a
domestic type, in which the first heat-exchange fluid is a heating liquid that must
be made to circulate in a system of radiators, and the second heat-exchange fluid
1s smoke produced by combustion.

The liquid returning from the system enters the heat exchanger 1 via the
connector 18. The hquid, Which has previously yielded heat to the aforesaid
system, subsequently reaches the gap 15 through the recess 12 and proceeds
upwards as far as the inlets 10 of the three pipes 25, 26, 27, as indicated
schematically by the arrows in Figure 7. By so doing, the liquid cools the
respective side portion of the heat exchanger 1.

The liquid then penetrates into the three pipes 25, 26, 27 and passes through
them, until it reaches the gap 36. Obviously, the length of the path followed by the
liquid along the three pipes is different, given the different lengths thereof.

As a result of the three different sections of passage, and hence of the
different flow rates, the liquid passes in an amount proportional to the capacity of
heat exchange of the respective pipe 25, 26, 27, the three pipes operating at
temperatures that are independent and decreasing with respect to one another,
starting from the internal pipe 25, which is hotter, towards the external pipe 27,
which 1s colder, thus favouring in a determining way the phenomenon of
condensation of the fumes.

In other words, the liquid that passes through each pipe tends to absorb a
different amount of heat, represented by the central arrows appearing in Figure 11.
The majority of the heat is absorbed by the innermost pipe 25, which absorbs also
the heat generated by radiation by the burner 42, whilst the intermediate pipe 26

-and the outermost pipe 27 absorb the residual energy of the fumes. As a result of

the lower temperature of the pipes 26, 27 and of the variable passage for fumes (as
mentioned, the interstices 41 between the turns of the pipe 25 are larger and those
of the pipes 26, 27 smaller), it manages to absorb a very large amount of energy
from the fumes, which are increasingly impoverished and, coming up against
increasingly colder heating liquid, can condense effectively.
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The fact that the three pipes 25, 26, 27 are at a distance from one another
and that, by virtue of the different number of turns, the interstices of one pipe are
staggered with respect to those of the next pipe, favours turbulence of the fumes
and enables them to “break up”, finding a number of different passages as they
proceed towards the outermost pipe, which further improves the efficiency of heat
exchange.

After passing through the pipes 25, 26, 27, the liquid reaches the gap 36, in
the lower part of the heat exchanger 1, and then rises again as far as the delivery
connector 38. Also 1n this case, even though it has absorbed heat, the liquid that
rises in the gap 36 towards the connector 38 enables cooling of the respective side
portion of the heat exchahger, which 1s very hot on account of the action of the

burner 42. |

The Iiquid leaving the connector 38 1s then re-introduced into the system.
The condensate that 1s generated within the heat exchanger 1 is collected and
evacuated through the connector 5, and the residual fumes are expelled through
the connector 6. |

It should again be emphasized how, according to a further aspect of the
invention, the bottoms of the depressions 8 and 30, formed by respective areas of
the walls 4 and 28, have a progressively varying inclination. In particular, said
bottoms are inclined with respect to a plane orthogonal to the axis of the spirals
formed by the pipes 25, 26, 27. Said characteristic of the invention emerges
clearly, for example, from Figures 11 and 12, where it may be noted how the
distance that separates the bottoms of the depressions 8 and 30 from one another is
smaller towards the centre of the heat exchanger and larger towards the outside of
the heat exchanger. This enables the end turn of each pipe 25, 26, 27 to be kept in
contact with the aforesaid bottoms of the depressions 8 and 30, even though the
dimensions in an axial direction of the spirals formed by said pipes 25, 26, 27 are
different. This enables a further increase in the heat exchange, with the gaps 15
and 36 which basically function as “additional” turns for the pipes 25, 26, 27.

From the foregoing description there emerge clearly the characteristics and
advantages of the present invention.

The provision of coaxial spiralled pipes 25, 26, 27 set at a distance from one
ahother, which have different cross sections and lengths and in which the first
fluid flows in parallel, enables an extremely efficient operation of the heat
exchanger 1 to be achieved thanks to the high heat exchange that is obtained by



WO 2005/080900

10

15

20

25

30

35

CA 02554081 2006-07-18

L0

exploiting to the full the residual energy of the second fluid. Added to thas, are the
compact dimensions of the heat exchanger and the fact that there 1s no need for
perfoming complex machining operations 1n order to obtain the pipes 25, 26, 27,
which do not require plahe surfaces.

The provision of the gaps 15, 36 enables cooling of the respective portions
of the heat-exchanger body, whenever necessary, as well as an increase in the heat
exchange.

The heat exchanger 1 can be entirely made using materials that can readily
be recycled (preferably stainless steel) with the minimum of insulators made of
fibre or the like. On account of the materials used, the operations involved 1n
producing the heat exchéﬁger are the simple ones of deformation and shearing of
sheet metal. |

The provision of a bell-like casing 2, obtainable in a single piece and thus
avoiding long and costly welding operations, enables having available one or more
connectors 5, 6, 18, which extend radially from the casing 2, and one or more
connectors 38, which extend in an axial direction with respect to the casing, with
consequent greater compactness as regards the overall dimensions of the heat
exchanger.

The provision of gaps 15, 36 of variable cross section enables surfaces 9, 32
to be obtained for direct connection of the ends of the pipes 25, 26, 27, without
any need to bend the ends themselves at right angles or to provide specific
elements for comer connection, which once more is to further advantage in terms
of compactness of the heat exchanger.

Finally, it should be noted that the construction of the bell-like casing 2 in a
single piece, of the gaps 15, 16 with progressively increasing cross section, of the
spacer portions 40 of the coiled pipes 25, 26, 27, as well as of the type of
connection of the ends of said pipes, constitute individually solutions that can be
adopted independently of the use of coaxial spiralled pipes set at a distance from
one another, which have different cross sections, lengths and interstices between

‘the turns, and are consequently solutions that may also’ form a specific subject of

the present invention.
Of course, without prejudice to the principle of the invention, the details of

construction and the embodiments may vary widely with respect to what 1s

- described and illustrated herein purely by way of example, without thereby

departing from the scope of the present invention.

PCT/IB2005/000097 — -
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In the embodiment previously exemplified, the axis of the heat exchanger 1
is horizontal, but this is not to be considered binding or in any way limiting.

Even though the invention may be used to particular advantage for the
production of condensation heat exchangers, as has been said it may also be used

5  for producing other types of heat-exchange apparatus, in which the two heat-
exchange fluids are of types and combinations different from what is exemplified
above. In such a perspective, as has been said, a liquid could be introduced into
the casing 2, or else a gas could circulate in the pipes 25, 26, 27 and in the gaps
15, 36, and so forth. The heat exchanger 1 according to the invention could be

10 employed also to obtain cooling of a fluid, instead of heating thereof.

Figure 15 illustré,tes a possible mode of use of two heat exchangers 1 built
according to the mvention. As emerges clearly, by virtue of the construction of the
overall bell-like casing and the radial arrangement of the connector 18, it is
possible to combine a number of heat exchangers 1 together, i.e., associate them to

15  the respective base plates 13, thus obtaining a single generator of higher power.
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CLAIMS

1. A heat exchanger (1) comprising a casing (2, 13, 28, 33), within which is
present at least one part of a path (15, 18, 25, 26, 27, 36, 38) for passage of a first
fluid, said path (15, 18, 25, 26, 27, 36, 38) comprising a first pipe wound in a
spiral (25), the casing (2) being designed to receive a second fluid that is in heat-
exchange relationship with the first fluid, wherein said path of passage (15, 18, 25,
26, 27, 36, 38) comprises at least one second pipe wound in a spiral (26, 27) that
connects, in parallel to the first pipe (25), a first area (15) and a second area (36)
of said path of passage (15, 18, 25, 26, 27, 36, 38), and wherein:

- the diameter of winding of the turns of the first pipe (25) is smaller than
the diameter of winding of the turns of the second pipe (26, 27);

- the spiral formed by the first pipe (295) is located within the spiral formed
by the second pipe (26, 27), the two spirals being set at a distance from one
another; and

- the section of passage of the first pipe (25, 26) is different from the section
of passage of the second pipe (26, 27),

characterized in that spacer means (40) are provided, operative for keeping
the turns of the respective pipe (25, 26, 27) at a distance from one another, the
spacer means being made up of localized portions (40) of the respective pipe (25,
26, 27).

2. The heat exchanger according to Claim 1, characterized in that said path
of passage (15, 18, 25, 26, 27, 36, 38) comprises at least one third pipe wound in a
spiral (27), the first pipe, the second pipe, and the third pipe (25, 26, 27)
connecting in parallel said first and second areas (15, 36) of said path of passage
(15, 18, 235, 26, 27, 36, 38), wherein:

- the diameter of winding of the turns of the second pipe (26) is smaller than
the diameter of winding of the turns of the third pipe (27);

- the spiral formed by the second pipe (26) is located within the spiral
formed by the third pipe (27), the second pipe and the third pipe being set at a
distance from one another: and

- the section of passage of the third pipe (27) is different from the section of
passage of at least one between the first and the second pipes (25, 26).
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3. The heat exchanger according to Claim 1 or Claim 2, characterized in that
the spirals formed by said pipes (25, 26, 27) are substantially coaxial to one
another.

4. The heat exchanger according to Claim 1, characterized in that the section
of passage of the first pipe (25) is greater than the section of passage of the second
pipe (26, 27).

S. The heat exchanger according to Claim 2, characterized in that the section
of passage of the second pipe (26) is greater than the section of passage of the
third pipe (27).

6. The heat exchanger according to Claim 1 or Claim 2, characterized in that
at least one of said first and second areas comprises one gap (135, 36) defined in a
side wall of the casing (2, 13, 28, 33).

7. The heat exchanger according to Claim 6, characterized in that said gap
(15, 36) has a substantially toroidal shape.

8. The heat exchanger according to Claim 7, characterized in that said gap
(15, 36) is formed by the sealed union of a first component and a second
component (2, 13; 28, 33), at least one of which has a respective depression (8;
30).

9. The heat exchanger according to Claim 8, characterized in that the first
and the second components (28, 33) have a substantially circular shape and have
respective through central openings (29, 34) that are substantially coaxial to one
another, there being associated to at least one of said components (28, 33) a first
connector (38) for the passage of the first fluid.

10. The heat exchanger according to Claim 8, characterized in that the first
component (2) is made of a single piece defining a cylindrical wall (3) and a side
closing portion (4), there being formed in the latter the respective depression (8),
there being defined in said cylindrical wall (3) an opening for passage (5, 6) of the
second fluid, the axis of which extends radially with respect to the axis of said
cylindrical wall (3).

11. The heat exchanger according to Claim 10, characterized in that the

second component (13) is to be fixed on said side closing portion (4).
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12. The heat exchanger according to Claim 10 or Claim 11, characterized in
that the second component (13) has a respective portion (17) that extends on a
localized area of the cylindrical wall (3) of the first component (2), there being
formed in said area a respective recess (12) of the second component (2), which 1s
in communication with said gap (15), there being associated to said portion (17) of
the second component (13) a respective connector (18) for the passage of the first
fluid.

13. The heat exchanger according to Claim 7, characterized in that said gap
(15, 36) is at least in part delimited by a respective wall portion that develops in
the form of a turn, which starts and terminates in an area of connection (9, 31), in
which connection openings are formed (10, 32) for the ends (25°, 26°, 27°; 257,
267, 277) of said pipes (25, 26, 27).

14. The heat exchanger according to Claim 13, characterized in that said
wall portion is inclined with respect to a plane orthogonal to the axis of the spirals
formed by said pipes (25, 26, 27).

15. The heat exchanger according to Claim 13, characterized in that said
area of connection comprises a substantially plane inclined wall (9, 13), said
inclined wall (9, 13) having different heights in opposite longitudinal areas.

16. The heat exchanger according to Claim 1, characterized in that said
pipes (25, 26, 27) are cut at the respective ends (25°, 26°, 27°; 257, 26”, 27”) with
an inclined cut and are welded in a position corresponding to openings (10, 32)
formed in a wall portion (9, 31) of the casing (2, 13, 28, 29), which extends
according to a plane having an inclination substantially similar to that of said
inclined cut.

17. The heat exchanger according to Claim 16, characterized in that said
wall portion (9, 31) is pre-formed so that said openings (10, 32) present respective

peripheral lips of suitable geometry.
18. The heat exchanger according to Claim 1, characterized in that said

distance at which the turns of one said pipe (25, 26, 27) are kept from one another
by said spacer means (40) is constant along the development of the pipe (25, 26,

27).
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19. The heat exchanger according to Claim 1, characterized in that the
respective pipe (25, 26, 27) has, in a position corresponding to said localized
portions (40), a substantially ovalized cross section, the major axis of said
ovalized cross section being substantially parallel to the axis of the respective
spiral.

20. The heat exchanger according to Claim 1, characterized in that said
pipes (25, 26, 27) are of a roundish cross section and are obtained starting from a
tube with an initially circular cross section.

21. The heat exchanger according to Claim 1, characterized in that within
said casing (2, 13, 28, 33) there is positioned a burner (42), so as to be surrounded
by said first pipe (25).

22. The heat exchanger according to Claim 1, characterized in that said
localized portions (40) are arranged at approximately 60° from one another along

the development of a turn of the respective pipe (25, 26, 27).

23. The heat exchanger according to Claim 7, characterized in that said gap
(15, 36) has a section of passage that varies in a circumferential direction.

24. The heat exchanger according to Claim 11, characterized in that said
second component (13) has a prevalently circular shape.

25. The heat exchanger according to Claim 15, characterized in that said
substantially plane inclined wall (9, 13) lies on a plane that is transverse with
respect to the plane of lie of the respective wall of the casing (4,13; 28, 33).

26. The heat exchanger according to Claim 15, characterized in that said
substantially plane inclined wall (9, 13) has a greater height at the connection
opening (10) for the said first pipe (25) and a smaller height at the connection
opening for at least one of said second and said third pipe (26, 27).

27. The heat exchanger according to Claim 1 or Claim 2, characterized in
that the spirals formed by said pipes (25, 26, 27) have at least one of:

- a different dimension in an axial direction;

- a different number of turns; and

- interstices (40) between the respective turns that are different for each pipe
(23, 26, 27).

28. The heat exchanger according to Claim 1 or Claim 2, characterized in
that the number of turns of the first pipe (25) is smaller than the number of turns

of the second pipe (26, 27).
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29. The heat exchanger according to Claim 1 or Claim 2, characterized in
that the interstices (40) between the turns of the first pipe (25) are larger than the
interstices between the turns of the second pipe (26).

30. The heat exchanger according to Claim 1 or Claim 2, characterized in
that the dimension in an axial direction of the first pipe (25) 1s smaller than that of
the second pipe (26, 27).

31. The heat exchanger according to 2, characterized in that the number of
turns of the second pipe (26) is smaller than the number of turns of the third pipe
(27).

32. The heat exchanger according to Claim 2, characterized in that the
interstices between the turns of the second pipe (26) are larger than the interstices
between the turns of the third pipe (27).

33. The heat exchanger according to Claim 2, characterized in that the
dimension in an axial direction of the second pipe (26) is smaller than that of the
third pipe (27).

34. The heat exchanger according to Claim 1, characterized in that the heat

exchanger is a condensation heat exchanger.
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