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(57) A heat exchanger (1), particularly adapted for
water heating apparatuses, comprises a plurality of
tubes (10) for circulating a cooling fluid, including a sub-
stantially spiral-shaped central portion (11) and at least
one straight end portion (12,13) extending substantially
perpendicularly to the spiral-shaped portion (11). The
tubes (10) are angularly offset from one another within
an outer vessel (2) with the interposition of spacer

Heat exchanger for water heating apparatuses and method for producing the same

means (15) so as to arrange the spiral-shaped portions
(11) in adjacent parallel planes (). Advantageously, the
heat exchanger (1) allows to achieve a high ratio of heat
transfer surface area to overall volume and affords com-
pact size and lightweight features in addition to a high
thermodynamic efficiency.
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Description

Background of the Invention

The present invention relates to a heat exchanger,
particularly for water heating apparatuses adapted both
for household applications and for residential blocks or
large buildings, such as supermarkets and the like.

The invention specifically relates to a heat
exchanger comprising a plurality of tubes for circulating
a cooling fluid mounted within an outer vessel having an
inlet opening and an outlet opening for a hot fluid flow-
ing outside said tubes, as well as spacer means for
holding the tubes at a preset distance from one another.

The invention also relates to a method for manufac-
turing such a heat exchanger and to a water heating
apparatus incorporating the heat exchanger.

Prior Art

As is known, a primary need in the field of heat
exchangers for water heating applications is that of pro-
viding apparatuses compact in size, light in weight, and
economical, but capable at the same time of achieving
a good thermal exchange efficiency.

A design parameter of paramount importance for a
heat exchanger to meet the above requirements is the
area of the thermal exchange surface and, more specif-
ically, the ratio between the heat transfer area and the
overall volume of the heat exchanger. The higher this
ratio, the more compact and thermodynamically effi-
cient the heat exchanger will be.

Known in the art are several systems aimed at max-
imizing the thermal transfer area of a heat exchanger,
for a given volume thereof.

In particular, among the shell-and-tube heat
exchangers (intending with this definition apparatuses
wherein the heat transfer takes place between a fluid
flowing outside the tubes and another fluid flowing
inside the tube, whichever the shape of the tubes them-
selves), known are arrangements providing finned
tubes and flattened tubes.

While essentially achieving their objective, both of
the above known arrangements still exhibit, depending
upon the specific end use of the heat exchanger, a
number of drawbacks which have not been solved to-
date.

Thus, for example, the use of a finned tube type of
heat exchanger would not be suitable in the case of so-
called recuperators for condensation boilers, wherein to
improve the overall efficiency of the boiler, the latent
heat of the flue gas sweeping the outer surfaces of the
tubes is used to condense the water vapour contained
therein. In this case, in fact, a special geometry must be
devised, to ensure an optimum heat transfer and a
prompt discharge of the condensation water, and suita-
ble materials must be employed to withstand the corro-
sive action of such water. The provision of finned tubes
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interferes, however, with a prompt discharge of conden-
sation water since the fins tend to hold the water there-
between, thereby lowering the heat transfer (and along
therewith, the efficiency of the heat exchanger), besides
increasing the risk of tube corrosion.

To mitigate this risk, it has been proposed to use
tube fins of a corrosion-resistant material, such as stain-
less steel; this proposal, however, has the additional
drawback constituted by the tendency of the fins to over-
heat as a consequence of the low heat-exchange coef-
ficient possessed by steel, besides being extremely
costly.

In order to increase the useful heat transfer area, it
has been then proposed to adopt a heat exchanger
comprising a plurality of flattened tubes helically wound
one on top of the other into a vessel, as disclosed in
International PCT Patent Application WO 94/16272.

A problem to be faced with this tube geometry, how-
ever, is that of assuring a uniform spacing between the
tubes, so as to allow a uniform distribution of the flue
gas that is of the essential to have an efficiency of a
technically acceptable and predictable level.

To overcome this problem, the above-referenced
patent application suggests to use ribs formed by
hydraulic expansion across the flattened faces of the
tubes.

Even this suggestion, while being functional to
achieve its intended objective, involves a number of
drawbacks.

Afirst drawback is related to the high manufacturing
cost, due to the complex equipment required for making
the tubes and forming the ribs.

A second drawback is related to the fact that the
high hydraulic pressure required to form the ribs only
allows the use of tubes having a limited wall thickness,
which limit in their turn the maximum working pressure
of the heat exchanger down to a value not exceeding 3
bar, if the flattened surfaces of the tubes are not to be
distorted out of true planarity.

A third drawback is related to the large pressure
drop induced by the flattened shape of the tubes in the
hydraulic circuit.

A fourth drawback is related to the fact that any pos-
sible local unevenness of the tube material would
adversely affect the predictability and reproducibility of
the heat exchanger performance, both in terms of pres-
sure drops on the tube side and in terms of an efficient
exchange with the fluid flowing outside the tubes.

This unevenness may be due to the inherent char-
acteristics of the material forming the tubes, or be the
outcome of the cold plastic deformation operations per-
formed on the tubes. Even the slightest variations in the
thickness of the tubes or of the ribs formed in the flat-
tened regions, in fact, is bound to result in an undesired
and remarkable change of the fluid flow cross-section
both within and outside the tubes.

Finally, a further drawback of the heat exchanger
described in the aforementioned patent application is
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related to the fact that, in order to provide an even spac-
ing between adjacent helical elements, the end portions
of each element must be shaped for utmost planarity of
the outer surface of the last coil in each element. This is
achieved by imparting to the last coil a varying cross-
section which reaches a value about twice the normal
value near the cross-point with its free end.

However, this increase in cross-section will cause a
velocity decrease of the fluid flowing within the tube
and, hence, a decrease of the heat transfer coefficient,
with an attendant risk of local overheating of the tube.

Summary of the Invention

The technical problem underlying the present
invention is to provide a compact and economical heat
exchanger which may assure a high thermal exchange
efficiency while overcoming the drawbacks of prior
apparatuses.

According to the invention, this problem is solved by
a heat exchanger as indicated hereinabove, which is
characterized in that each of said tubes comprises a
substantially spiral-shaped central portion and at least
one straight end portion extending essentially perpen-
dicularly to said spiral-shaped portion, and in that said
tubes are mounted in said outer vessel with the interpo-
sition of said spacer means so as to arrange the spiral-
shaped portions in adjacent parallel planes, each of
said tubes being angularly offset with respect to the
adjacent tube of an angle having a predetermined span.

Throughout the following description and the
appended claims, each of said adjacent parallel planes
containing the spiral-shaped portions of the tubes will
also be referred to as the "planes of development” of the
spiral portions.

Also, the term "hot fluid” will be used to designate
the flue gas issuing from a burner (in the instance of the
heat exchanger being used as the primary heat
exchanger for a boiler), or exhaust gases that have
already delivered their sensible heat and are on the
point of delivering their latent heat (in the instance of the
heat exchanger being used as a regenerator for a
boiler).

Preferably, the cooling fluid flowing through the tube
interiors is water.

Advantageously in this invention, a heat exchanger
can be provided which has a high ratio of heat transfer
surface area to overall volume; accordingly, it will form a
compact and thermodynamically efficient apparatus.
The large beat transfer surface area afforded by the plu-
rality of spirally laid tubes, packed together within the
vessel, ensures a highly efficient transfer of heat without
using finned or flattened shape tubes. The peculiar spi-
ral lay of the tubes and their packing arrangement within
the vessel provide a solution which is simple to con-
struct, light in weight, and economical.

The heat exchanger of this invention obviates the
drawbacks which have been besetting the prior art,
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while featuring adaptability for use in water heating
apparatuses, such as instant boilers or water heaters,
as well as in condenser units for refrigerating apparatus.

Advantageously, the tubes have opposite straight
end portions which extend substantially perpendicularly
to the plane of development of the spiral-shaped portion
along a parallel direction to the longitudinal axis of the
heat exchanger, from radially inward, respectively out-
ward, sides of the spiral-shaped portion.

Even more advantageously, both the end portions
of the tubes extend from the same side of the spiral-
shaped portion.

In this way, the tubes are provided with respective
inlet and outlet openings for the cooling fluid which are
located, relative to the vessel, on opposed sides to
respective inlet and outlet openings for the hot fluid flow-
ing outside the tubes.

In this way, the heat exchanger can be provided
with a single inlet/outlet zone for the cooling fluid flowing
through the tube interiors, to thereby greatly simplify the
heat exchanger packing operations and the operations
for connecting said ends to respective manifolds for dis-
tributing and collecting the fluid.

In an alternative embodiment of this invention, the
end portions of the tubes extend from opposite sides of
the spiral-shaped portion.

Advantageously, the tube end portions extending
radially outward with respect to the spiral-shaped por-
tion include at least one scetion which extends radially
outward in the plane of development of the spiral-
shaped portions along a substantially perpendicular
direction to winding direction of the spiral.

This allows the cooling fluid inlet or outlet openings,
provided at the radially outward ends with respect to the
spiral portion of each tube, to be aligned along an
essentially semicircular line, thereby making for a par-
ticularly easy distribution and collection of the fluid
flowed through the tubes.

Advantageously, the heat exchanger further
includes a pair of distribution, respectively collection,
manifolds for the cooling fluid which are fixed to said
tubes at the locations of the inlet and outlet openings,
externally of the vessel.

The provision of readily accessible manifolds from
the vessel outside greatly simplifies the technological
operations necessary for associating the tubes with the
manifolds, and allows material of ordinary quality to be
used.

Advantageously, the distribution and collecton man-
ifolds for the cooling fluid include at least one partition
plate for connecting the tubes together in series/paral-
lel. This partition plate allows the cooling fluid to be dis-
tributed to the tube interiors along a predetermined
flowpath to achieve a particularly efficient thermal
exchange.

Advantageously, the heat exchanger further
includes at least one annular baffle supported inside the
vessel to direct the hot fluid flowing outside the tubes
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into a substantially zig-zag flowpath, thereby further
enhancing the efficiency of heat transfer of the heat
exchanger.

Preferably, the spacer means for holding the tubes
at a preset distance from one another comprise respec-
tive wires which are structurally independent of the
tubes. The provision of wires, interposed between the
tubes independently of the latter, allows a spacing to be
established between the tubes which is perfectly uni-
form and ensures constant and predictable perform-
ance of the heat exchanger.

In a preferred embodiment of the invention, the
wires are laid into a substantially star-shaped which
comprises a plurality of arms radially extending along a
substantially perpendicular direction to winding direc-
tion of the spiral portions of the tubes.

Advantageously, the spacer means for holding the
tubes at a preset distance from one another further
include a plurality of ribs formed on opposite sides of the
annular baffles.

Still more advantageously, the outer vessel
includes a plurality of supporting ribs for the spiral por-
tions of the tubes which extend from respective inner
walls of oppositely located closure covers of the vessel.

The star-shaped configuration of the wires and the
provision of said ribs allow maximum limitation of the
contact regions between the spacer means, the annular
baffles and the covers, on the one side, and the tubes,
on the other side, thereby allowing the whole surface of
the tubes to be put to use in the transfer of heat.

Where the heat exchanger is used as a regenerator
for condensation boilers, the wire spacer means will
advantageously assist in draining off the condensation
water released by the flue gas.

According to a second aspect, the present inven-
tion also relates to a water heating apparatus for house-
hold applications, which is characterized by that it
includes a heat exchanger as described above.

According to a third aspect, the invention relates to
a method of manufacturing a heat exchanger for water
heating apparatuses, which is characterized by that it
comprises the following steps:

rectifying a first end portion of a tube having a pre-
determined length;

bending said first end portion to a substantially per-
pendicular direction to the remaining portion of the
tube;

winding into a spiral a central portion of the tube
adjacent to said first end portion;

bending a second end portion of said tube, firstto a
substantially radial direction and then to a substan-
tially perpendicular direction to a plane of develop-
ment of said spiral-shaped portion;
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stacking together a plurality of said tubes inside an
outer vessel with the interposition of spacer means,
so as to arrange the spiral-shaped portions in par-
allel adjacent planes;

closing said vessel by a first cover provided with
openings for receiving the free ends of said tube
portions;

closing said vessel by a second cover provided with
inlet and outlet openings for a first fluid adapted to
flow outside the tubes;

connecting the opposite free ends of said tubes
with respective distribution and collection manifolds
for a second fluid adapted to flow inside the tubes.

According to the invention, the above sequence of
steps is uncritical; thus, for example, the heat exchanger
vessel could be closed at one end with the cover formed
with openings for receiving the free ends of the tubes,
prior to installing the tubes.

In this way, the stacking of the tubes within the ves-
sel is carried out by inserting their free ends into the
receiving openings provided in the closure cover,
thereby simplifying the assembly operations.

In one embodiment, the method of this invention
may include an additional step of bending the first end
portion of the tube to a substantially radial direction rel-
ative to the plane of development of the spiral-shaped
portion, before the coiling step.

However, this step may become necessary in some
cases in order to fit inside the vessel of the heat
exchanger the largest possible number of tubes without
these interfering with one another, consistently with the
diameter of the selected tubes and the size of the heat
exchanger.

With the method of this invention, a heat exchanger
can be provided which is economical, compact and
thermodynamically efficient, using a simple, low-cost
technology which ensures repeatability of the heat
exchanger product performance on a large scale.

The use, for the aforementioned distribution and
collection manifolds, of materials which have no partic-
ular characteristics of corrosion resistance, and the sim-
plicity of the technological operations involved in
assembling the tubes inside the vessel, both lead to rel-
atively low investment costs.

Advantageously, the method of this invention
includes a further step of arranging in the manifolds at
least one partition plate for connecting the tubes for the
cooling fluid flow in series/parallel with one another.

Still more advantageously, the method of this inven-
tion further includes a step of arranging annular baffles
for directing the fluid flowed outside the tubes to follow a
substantially zig-zag path.

In a preferred embodiment of the present invention,
the distribution and collection manifolds for the fluid
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flowed through the tube interiors are fixed to the tubes
by an expansion process. This cold-worked fit is spe-
cially advantageous compared to the conventional
welding which has typically been used for associating
the manifolds with the tubes.

In the heat exchanger of this invention, it would also
be possible to provide a welding operation for associat-
ing the manifolds with the tubes. In this heat exchanger,
in fact, the steam contained in the flue gas is condensed
within the vessel, whereas the connections of the tubes
to the manifolds are made on the vessel exterior.

Advantageously, the step of winding at least a cen-
tral portion of the tubes into a spiral shape is carried out
on coiling machines of the type employed for making
springs or coil-shaped electric resistors, which are well
known and quite reliable.

Brief Description of the Drawings

Further features and advantages of a heat
exchanger according to the present invention will
become more clearly apparent from the following
description of a preferred embodiment thereof, given by
way of illustration and not of limitation with reference to
the accompanying drawings. In the drawings:

Figure 1 is a longitudinal portion view, taken along
line I-1in Figure 2, of a heat exchanger according to
the invention;

Figure 1A is an enlarged view of a detail of the heat
exchanger shown in Figure 1;

Figure 2 is a partly cross-portional side view show-
ing schematically the heat exchanger of Figure 1
with one of its closure covers removed;

Figure 3 is a longitudinal portion view showing
schematically the path followed by the fluid flowing
outside the tubes of the heat exchanger of Figure 1;

Figure 4 is a plan view showing schematically the
path followed by the fluid flowing inside the tubes of
the heat exchanger of Figure 1;

Figure 5 is a longitudinal portion view showing
schematically another embodiment of the heat
exchanger of Figure 1.

Detailed Description of a Preferred Embodiment of the
Invention

In the drawing views, the reference numeral 1 gen-
erally designates a heat exchanger for water heating
apparatuses, particularly adapted for use as a regener-
ator installed in series with a conventional type of boiler.

The heat exchanger 1 comprises an outer vessel 2
formed of a substantially cylindrical tubular body 3

10

15

20

25

30

35

40

45

50

55

which is closed at either ends by respective covers 4
and 5. The cover 4 is formed with inlet 6 and outlet 7
openings for a hot fluid.

Throughout this specification and the appended
claims, the term "hot fluid" will be used to mean a fluid
whose average temperature is within the range of 80°C
to 1200°C.

In this case, the hot fluid is essentially a flue gas
exhausted from the boiler, not shown, at a temperature
on the order of 80°C to 200°C.

To facilitate the inflow and ouiflow of flue gas
tofirom the vessel 2, the heat exchanger 1 is provided
with a manifold duct 8 and a tubular connection 9, con-
ventionally attached to the cover 4 at the locations of the
openings 6 and 7.

Accommodated inside the vessel 2 are a plurality of
tubes 10, preferably made of stainless steel, through
which tubes a suitable cooling fluid is caused to flow.

In this case, the cooling fluid is essentially the water
which is has been flowed through the primary hydraulic
or heating circuit of the boiler at a temperature of about
30-50°C.

The tubes 10 are each of circular cross-portion and
comprised of a central portion 11 substantially laid into
a spiral configuration, and of opposite ends portions 12,
13 which are substantially straight and extend perpen-
dicularly to a plane of development, denoted by = in Fig-
ure 1, of the spiral-shaped portion 11 on inward and
outward sides thereof, respectively.

The tubes 10 are stacked within the vessel 2 in an
offset arrangement, each by an angle & from its neigh-
boring tubes, such that all the spiral-shaped portions 11
will lie in mutually parallel and adjacent planes, and all
the end portions 12, 13, also parallel to one another, will
lie parallel to a longitudinal axis, designated x-x in Fig-
ure 1, of the heat exchanger.

In order to allow the largest possible number of
tubes 10 to be stacked together inside the vessel 2 in
non-interfering relationship, the radially inward and out-
ward end portions 12, 13 of the tubes 10 are connected
to the spiral-shaped portion 11 by respective portions
32 and 17 extending outwards and inwards, respec-
tively, from the spiral-shaped portions 11.

In particular, both portions 32 and 17 extend radi-
ally in the plane of development = of the spiral-shaped
portions 11 along a substantially perpendicular direc-
tion to winding direction of the spiral coils.

In the embodiment shown, the end portions 12, 13
of the tubes 10 extend on the same side relative to the
spiral-shaped portions 11, for a predetermined distance
from the cover 5, after going through a plurality of open-
ings, all designated 14, formed in the cover itself.

The free ends of the straight portions 12, 13 of the
tubes 10 define inlet and outlet openings for the cooling
fluid, and are fixed to a pair of manifolds 18, 19 arranged
to distribute and collect the cooling fluid flowing into and
out of the tubes 10.

These manifolds 18, 19 comprise respective box-
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like bodies of substantially arcuate shape which are
fixed to the free ends of the portions 12, 13 of the tubes
10 extending outwardly from the vessel 2 at the loca-
tions of the cooling fluid inlet or outlet openings.

In alternative embodiments, not shown, of the heat
exchanger 1 of this invention, the tubes 10 could have a
flattened cross-portional shape and/or the end portions
12, 13 of the tubes 10 could extend from opposite sides
of the spiral-shaped portions 11.

Interposed between each spiral-shaped portion 11
and its adjacent coils are spacer means 15 which are
structurally independent of the tubes 9 and adapted to
hold the spiral-shaped portions 11 of the tubes 10 at a
preset distance from one another.

In a specially advantageous embodiment shown in
the drawing figures, the spacer means 15 consist
essentially of stainless steel wires.

Preferably, the wires have a substantially star-
shaped configuration having a plurality of arms 16
which are angularly offset from one another and extend
radially along a perpendicular direction to winding direc-
tion of the spiral-shaped portions 11 of the tubes 10.

As shown in Figure 1A, the manifolds 18 and 19
have a plurality of tubular fittings 20 received by surface
engagement inside a terminating portion of the end por-
tions 12, 13 of the tubes 10 which extends outwardly
from the vessel 2.

The fittings 20 are formed with first annular seats
21, located near their free ends, wherein respective
sealing gaskets 22 are placed, and with second annular
seats 23 which locate near the manifolds 18 and 19 and
are engaged by respective annular ribs 24 formed by an
expansion process at the terminating portions of the
end portions 12, 13 of the tubes 10 extending outwardly
from the vessel 2.

The manifolds 18, 19 further include a plurality of
partition plates 25, 26 for connecting the tubes 10
together in series/parallel.

The vessel 2 also includes annular baffles 27 which
are interposed between sets of tubes 10 and effective to
create a substantially zig-zag flowpath for the hot fluid
flowed outside the tubes 10. These baffles 27 are
formed, on opposite sides thereof, with a plurality of
substantially radial ribs 28, 29 for holding the spiral-
shaped portions 11 of the tubes 10 at a preset distance
from one another.

The spiral-shaped portions 11 of the tubes 10 are
also held at a preset distance from the closure covers 4
and 5 of the vessel 2 by respective supporting ribs 30,
31 extending substantially along a radial direction.

In operation, the flue gas enters the heat exchanger
1 through the manifold duct 8. The flue gas is caused,
by the annular baffles 27, to travel through the heat
exchanger 1 along a substantially zig-zag flowpath and
then to exit the heat exchanger 1 through the annular
connection 9 after sweeping essentially around all of the
tubes 10 mounted within the vessel 2.

Condensation water separated from the flue gas by
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the heat transfer process is collected at the bottom of
the heat exchanger 1 and discharged through a drain
outlet, not shown.

In particular, the flue gas will sweep the outer sur-
face of the tubes 10 along alternate radially centrifugal
and centripetal directions relative to the axis x-x of the
heat exchanger 1.

It should be noted that the spiral-shaped spaces
defined within each spiral-shaped portion 11 of the
tubes 10 would not affect the flue gas flowpath because
they exhibit much larger drop pressure than the drop
pressure across the radial passageways defined
between the spiral-shaped portions 11 themselves.

The cooling water enters the tubes 10 through the
distribution manifold 18. In particular, the partition plates
25, 26 cause the water to flow through the interiors of
the tubes 10 along predetermined paths, such as that
shown in Figure 4.

Along this flowpath, the tubes 10 are paired fluid-
mechanically in parallel, with each pair being further
connected fluid-mechanically in series with the next pair
of tubes 10.

In this way, the manifolds 18, 19 can function at one
time as water distribution manifolds for a given pair of
tubes 10 and as collectors for the water flowing out of
the preceding pair of tubes 10.

The water, after flowing through all the tubes 10,
leaves the heat exchanger 1 through a pair of tubes 10
whose outlet openings 14 are fixed to the collecting
manifold 19.

A method according to the invention for manufactur-
ing the heat exchanger 1 discussed hereinabove will
now be described.

At an initial stage of the method, a first end portion
12 of a tube 10 is rectified, i.e. made essentially rectilin-
ear, which portion has been cut to a predetermined
length from a stock of tube coil.

Thereafter, the first end portion 12 is bent to a sub-
stantially perpendicular direction to a central portion 11
of the tube 10 adjacent thereto.

The central portion 11 is then laid into a spiral con-
figuration by coiling equipment, e.g. of the same type as
is employed for making springs or coil resistors, such
that, on completion of the operation, the spiral-shaped
central 11 is development in a plane =.

Preferably, before the coiling step for the spiral-
shaped central 11, the end portion 12 has been bent to
a substantially radial direction relative to the plane of
development r so as to form the connecting portion 32.

After the central portion 11 of the tube 10 is laid into
a spiral configuration, the opposed radially outward end
portion 13 is bent, first to a substantially radial direction
to form the connecting section 17, and then to a sub-
stantially perpendicular direction to the plane = of devel-
opment of the spiral-shaped central portion 11.

On completion of these operations, the tube 10 will
have its central portion 11 coiled spirally, and opposed
straight end portions 12, 13 which extend substantially
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perpendicularly to the spiral-shaped portion.

At this point, a plurality of thus configured tubes 10
having end portions 12 and 13 of predetermined length
are stacked inside the vessel 2 with the spacer means
15, in this case the star-shaped wires, interposed
between each tube and the next, so that the spiral-
shaped portions 11 of the tubes 10 are positioned in
adjacent parallel planes = of development.

Preferably, the vessel 2 has been pre-fitted, during
the step of stacking the tubes 10, with its closure cover
5 formed with openings 14 for accommodating the free
ends of the tube portions 12, 13.

In this way, the insertion of the free ends of the
tubes 10 through the openings 14 provided in the cover
5 can be facilitated.

In order for the tubes 10 to be properly positioned,
each tube is rotated through an angle 6 of predeter-
mined width, prior to being placed above its preceding
tube.

Preferably, the annular baffles 27 are also posi-
tioned inside the vessel 2 to create a substantially zig-
zag flowpath for the fluid flowing outside the tubes 10.

After all the tubes 10 are stacked inside the vessel
2, the vessel 2 is closed with its opposite closure cover
4, formed with second openings 6, 7 for receiving the
manifold duct 8 and tubular connection 9, respectively
adapted to allow the hot fluid flowing outside the tubes
10 to go in and out the vessel 2.

The free ends of the portions 12, 13 of the tubes 10
are then conveniently cut to length such that they will
extends from the cover 5 with a portion of predeter-
mined length, and associated, as by an expansion proc-
ess, with respective manifolds 18, 19 for distributing and
collecting a cooling fluid adapted to flow through the
interiors of the tubes 10.

These manifolds 18, 19 have been pre-fitted with
partition plates 25, 26 adapted for connecting the tubes
10 in series/parallel, thereby to direct the cooling fluid
flowed outside the tubes 10 along a predetermined
path.

Shown schematically in Figure 5 is a further
embodiment of the heat exchanger of this invention,
which is suitable in particular for installation down-
stream of a boiler and has horizontal ducts for exhaust-
ing the flue gas.

Hereinafter, as well as in that figure, components of
the heat exchanger 1 which are structurally and func-
tionally equivalent to those previously discussed with
reference to Figures 1-4 are denoted by the same refer-
ences and will be no further described.

In the embodiment shown in Figure 5, the outer
vessel 2 of the heat exchanger 1 is provided with oppo-
sitely located manifolds 33, 34 which are conventionally
associated in coaxial relationship with the cover 4 and
the opposite cover 5, respectively, and intended for
allowing the hot fluid to be cooled to flow in and out.

In this case, the heat exchanger 1 is even more
compact in size than the previously described embodi-
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ment and comprises a single baffle 35 supported cen-
trally in the vessel 2 and adapted to create a twisting
path for the hot fluid flowed outside the tubes 10.

In the embodiment shown in Figure 5, moreover,
the baffle 35 is formed with openings, not shown,
adapted to provide passageways, and support, for the
straight end portions 12 of the tubes 10.

In a further modification, also not shown, the heat
exchanger 1 may include additional baffles of annular
shape for imparting a substantially zig-zag flowpath for
the hot fluid flowed outside the tubes 10.

The advantages of this invention can be readily
appreciated from the foregoing description.

These advantages include the following:

- possibility of achieving a high ratio of the heat trans-
fer surface area to the overall volume, and this with
a compact and light apparatus which is also ther-
modynamically efficient;

- possibility of providing a heat exchanger featuring
such adaptability characteristics as to make it use-
ful for water heating apparatuses (as a primary
exchanger and/or a regenerator), as well as a con-
denser unit for refrigerating apparatus;

- possibility of providing a heat exchanger which can
ensure consistent and predictable performance
over time;

- possibility of providing an apparatus of simple con-
struction, without resorting to expensive materials
or particularly complicated processing procedures,
that is an apparatus of relatively low investment and
running costs;

- possibility of using high working pressures of the
cooling fluid, which would vary with the thickness
and diameter of the tubes but anyhow be on the
order of tens of bars, so as to benefit from the con-
sequent improved efficiency of heat transfer;

- possibility of providing a flexible apparatus which is
easy to install downstream of boilers having a vari-
ety of shapes and dimensions.

Claims

1. Heat exchanger, particularly for water heating
apparatuses, comprising:

- aplurality of tubes (10) for circulating a cooling
fluid mounted within an outer vessel (2) having
an inlet opening (6) and an outlet opening (7)
for a hot fluid flowing outside said tubes (10);

- spacer means (15) for holding the tubes (10) at
a preset distance from one another;
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characterized in that each of said tubes (10)
comprises a substantially spiral-shaped central
portion (11) and at least one straight end por-
tion (12,13) extending essentially perpendicu-
larly to said spiral-shaped portion (11), and in
that said tubes (10) are mounted in said outer
vessel (2) with the interposition of said spacer
means (15) so as to arrange the spiral-shaped
portions (11) in adjacent parallel planes (),
each of said tubes (10) being angularly offset
with respect to the adjacent tube (10) of an
angle (6) having a predetermined span.

Heat exchanger according to claim 1, wherein said
tubes (10) have opposite straight end portions
(12,13) extending substantially perpendicularly to
said spiral-shaped portion (11) along a direction
parallel to a longitudinal axis (x-x) of the heat
exchanger (1).

Heat exchanger according to claim 2, wherein both
the end portions (12,13) of the tubes (10) extend
from the same side of the spiral-shaped portion

(11).

Heat exchanger according to claim 2, wherein both
the end portions (12,13) of the tubes (10) extend
from opposite sides of the spiral-shaped portion

(11).

Heat exchanger according to claims 1-4, wherein
end portions (13) of the tubes (10) radially out-
wardly extending with respect to the spiral-shaped
portion (11) include at least one section (17) radi-
ally extending in a plane of development (r) of the
spiral-shaped portions (11) along a direction sub-
stantially perpendicular to the winding direction of
the coil.

Heat exchanger according to claim 3, wherein the
tubes (10) are provided with respective inlet and
outlet openings for the cooling fluid positioned on
an opposite side of the vessel (2) with respect to
respective inlet and outlet openings for the hot fluid
flowing outside the tubes (10).

Heat exchanger according to claim 6, further com-
prising a pair of manifolds (18,19) for distributing
and, respectively, collecting the cooling fluid, said
manifolds (18,19) being fixed to said tubes (10) out
of the vessel (2) at said inlet and outlet openings.

Heat exchanger according to claim 7, wherein said
manifolds (18,19) for distributing and collecting the
cooling fluid include at least one partition plate
(25,26) for connecting said tubes (10) together in
series/parallel.
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14.

15.

Heat exchanger according to claim 1, further com-
prising at least one annular baffle (27) mounted in
the vessel (2) for imparting a substantially zig-zag
flowpath to the hot fluid flowing outside the tubes
(10).

Heat exchanger according to claim 1, wherein the
spacer means (15) for holding the tubes (10) at a
preset distance from one another comprises
respective wires structurally independent of said
tubes (10).

Heat exchanger according to claim 10, wherein
said wires have a substantially star-shaped config-
uration and include a plurality of arms (16) radially
extending along a direction substantially perpendic-
ular to the winding direction of said spiral-shaped
portions (11) of the tubes (10).

Heat exchanger according to claims 1 and 9,
wherein the spacer means (15) for holding the
tubes (10) at a preset distance from one another
further comprises a plurality of ribs (28,29) formed
on opposite sides of the annular baffles (27).

Heat exchanger according to claim 1, wherein the
outer vessel (2) includes a plurality of supporting
ribs (30,31) for the spiral-shaped portions (11) of
the tubes (10), said ribs (30,31) extending from
respective inner walls of opposite closure covers
(4,5) of the vessel (2).

A water heating apparatus for household applica-
tions, comprising a heat exchanger according to
anyone of the preceding claims.

A method of manufacturing a heat exchanger for
water heating apparatuses, characterized in that it
comprises the following steps:

- rectifying a first end portion (12) of a tube (10)
having a predetermined length;

- bending said first end portion (12) along a
direction substantially perpendicular to the
remaining portion of the tube (10);

- winding into a spiral a central portion (11) of the
tube (10) adjacent to said first end portion (12);

- bending a second end portion (13) of said tube
(10), first along a substantially radial direction
and then along a direction substantially per-
pendicular to a plane of development () of said
spiral-shaped portion (11);

- stacking a plurality of said tubes (10) inside an
outer vessel (2) with the interposition of spacer
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means (15), so as to arrange the spiral-shaped
portions (11) in parallel adjacent planes;

- closing said vessel (2) with a first cover (5) pro-
vided with openings (14) for receiving the free
ends of said portions (12,13) of the tubes (10);

- closing said vessel (2) with a second cover (4)
provided with inlet and outlet openings (6,7) for
a first fluid adapted to flow outside the tubes
(10);

- connecting the opposite free ends (12,13) of
said tubes (10) with respective distribution and
collection manifolds (18,19) of a second fluid
adapted to flow inside the tubes (10).

Method according to claim 15, characterized in that
it further comprises the step of bending said first
end portion (12) of the tube (10) along a direction
substantially radial with respect to said plane of
development (r) before winding into a spiral the
central portion (11) of the tube (10).

Method according to claim 15, characterized in that
the outer vessel (2) is closed by said first cover (5)
before carrying out the step of stacking the tubes
(10) therein.

Method according to claim 15, characterized in that
it further comprises the step of providing within said
manifolds (18,19) at least one partition plate
(25,26) for connecting said tubes (10) together in
series/parallel.

Method according to claim 15, characterized in that
it further comprises the step of providing within the
vessel (2) annular baffles (27) for imparting a sub-
stantially zig-zag flowpath to the fluid flowing out-
side the tubes (10).

Method according to claim 15, wherein the mani-
folds (18,19) for distributing and collecting the fluid
flowing inside the tubes (10) are fixed to said tubes
(10) by expanding.
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