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Heat exchanger, in particular for a condensation boiler

The present invention relates to a heat exchanger, in particular for a condensation boiler.

More specifically, the invention relates to a heat exchanger of the type comprising a helical

flow conduit for a liauid. made with a nine of extruded thermallv conductive material in

particular aluminium or an alloy thereof, provided with a pair of facing and essentially mu¬

tually parallel fins, which extend longitudinally from a portion of the outer surface thereof,

said pipe being helically wound about a longitudinal axis such as to form a sequence of ad-

jacent turns separated by interspaces through which, during use, hot gases, in particular

combustion fumes, flow; said fins extending helically, towards the outside with respect to

the axis of said helical conduit.

An exchanger of this type is described for example in European patent EP 1,750,070 Bl.

These heat exchangers are typically used in boilers, in particular of the wall type, in com¬

bination with an internal burner which burns a mixture of air and combustible gas. The hot

gases (fumes) generated by the combustion flow over the helical conduit of the heat ex¬

changer and pass through the interspaces between its turns, releasing heat to the liquid

(typically water) which circulates inside it.

In order to be able to ensure a high energy efficiency during operation, the turns of the

helical conduit of the exchanger must be relatively close to each other.

In condensation boilers, a first portion of an exchanger of the aforementioned type, which

extends around the burner, performs the heat exchange between the hot gases generated by

combustion and the liquid flowing inside the exchanger, while a second portion performs

an additional recovery of heat from the aforementioned combusted gases and also allows

recovery of the latent condensation heat of the water vapour generated during combustion.

A problem which affects heat exchangers of the type defined above, in particular in con¬

densation boilers, consists of corrosion phenomena.



The presence, in the fumes, of water vapour, sulphur and NOx results in the formation of

sulphuric acid and nitric acid, which are very corrosive and cause the formation of oxides

on the surfaces of the exchanger.

This problem is particularly important in the case of exchangers where the helical conduit

is made of aluminium or alloys thereof, since aluminium oxides are relatively "volumi¬

nous" and their formation may result rapidly in blocking up of the interstices between the

turns of the aforementioned exchangers.

One object of the present invention is to provide an improved heat exchanger, which is

able to counteract the effects of corrosion, owing to an improved structure, in particular of

the associated helical conduit, so as to ensure flow conditions of the combustion fumes

able in particular to reduce the formation of corrosion oxides in the restricted interspaces

defined between the turns of the metal pipe which form said helical conduit.

This and other objects are achieved according to the invention with a heat exchanger of the

type initially defined, characterized in that the aforementioned facing fins have respective

pluralities of through-openings which in each turn of the helical conduit interconnect the

region comprised between them and the interspaces defined with respect to the adjacent

turns, defining flow paths through said fins, outside said helical conduit, for the hot gases

which during use pass through said interspaces.

In a currently preferred embodiment in each of at least some consecutive turns of the heli¬

cal conduit the aforementioned fins have, viewed in cross-section, a proximal portion

which extends from the pipe away from the longitudinal axis of the helical conduit, and a

distal portion which extends longitudinally, on the opposite side to the facing fin of the

same turn, said distal portion being substantially in contact with the corresponding distal

portion of the facing fin of the adjacent turn.

Said fins may have, for example, an essentially L-shaped cross-section.

The through-openings of the aforementioned fins may be holes formed through their wall



thickness and preferably aligned with each other parallel to the axis of the helical conduit.

Alternatively, said through-openings may be indentations which extend from the distal

edges of said fins towards the axis of the helical conduit.

Further characteristic features and advantages of the invention will become clear from the

following description provided purely by way of a non-limiting example, with reference to

the accompanying drawings in which:

Figure 1 is an axially sectioned schematic and partial illustration of a heat ex-

changer according to the prior art for a gas boiler;

Figure 2 is a partial, axially sectioned view of a heat exchanger according to the

present invention;

Figure 3 is a partial, perspective, cross-sectional view of the boiler exchanger ac¬

cording to Figure 2;

Figure 4 is a partial, axially sectioned view of another heat exchanger according to

the present invention;

Figure 5 is a partial, perspective, cross-sectional view of the heat exchanger accord¬

ing to Figure 4;

Figures 6 to 8 are partial, perspective, cross-sectional views of other embodiments

of heat exchangers according to the present invention; and

Figure 9 is a cross-sectional view which shows a cross-section through two con¬

secutive turns of the pipe forming the helical conduit of a heat exchanger according to the

invention.

In Figure 1 the reference number 1 denotes overall a heat exchanger according to the prior

art for a gas boiler, in particular a condensation boiler, of the wall mounted type, in which

the vapour contained in the combustion fumes is condensed.

Such a heat exchanger 1 comprises an outer casing 2 which houses internally a burner 3

and, around the latter, a heat exchange unit denoted overall by 4.

The burner 3 receives an air/gas mixture via a supply line 5.



The heat exchanger 1 also has a passage 6 for discharging the exhaust combustion gases,

and inlet and outlet unions 7 for the water flow which operationally passes through the heat

exchange unit 4.

The heat exchange unit 4 has a substantially cylindrical general configuration and extends

along a substantially horizontal longitudinal axis A-A.

This unit 4 comprises a helical flow conduit 8 for a liquid (water), made with a pipe of

thermally conductive material, in particular aluminium or an alloy thereof.

The pipe 9 is wound helically around the axis A-A so as to form a plurality of successive

adjacent turns 10, separated by interspaces or interstices 11 intended to be passed through,

during use, by the hot gases or combustion fumes developed by means of the burner 3.

The pipe 9 is provided with inner fins 1 and outer fins 13.

The inner fins 12 in the embodiment shown are three in number and are essentially parallel

and facing each other.

The outer fins 3 are instead two in number and are also essentially parallel and facing

each other.

The fins 12 and 13 are formed integrally with the pipe 9, during the pipe extrusion process.

The pipe 9, which is extruded as a straight pipe, is then wound so as to form a cylindrical

helix with the fins 12 directed inwards and the fins 13 directed outwards.

Conveniently the cross-section of the pipe 9 has an elongated form, which is at least ap¬

proximately oval or elliptical, and the fins 12 and 13 extend from the opposite ends of the

tube section and are essentially parallel or have a slight angle of inclination relative to the

greater axis of said section.



Winding of the pipe 9 in order to form the helical conduit 8 is preferably performed in such

a way that, as can be seen in Figure 1, the larger sides of the cross-sections of the pipe 9

are substantially perpendicular to the axis A-A or form a relatively small acute angle with

respect to a plane perpendicular to the axis A-A.

In the example of embodiment shown the lareer side walls of the oioe section bu e out

and project transversely outwards, with respect to the outer fins 13 and the inner end fins

12. Consequently, two adjacent turns 10 of the helical conduit 8 define, between them, an

interstice or interspace 11 which has an intermediate portion of reduced width (the width

being understood as parallel to the axis A-A) and two end portions of relatively larger

width.

In particular, the facing outer fins 13 of two adjacent turns 10 define, between them, a

space 14 which communicates with the annular region 15 comprised between the helical

conduit 8 the outer casing 2a.

A further space 16, likewise communicating with the region 15, is defined between the

outer fins 13 of each turn.

17 denotes overall a separation element which is "screwed" into the helical conduit 8. This

separation element 17 divides up the inner region of the helical conduit 8 into a first por¬

tion 18, inside which the burner 3 extends, and a second portion 19.

The separation element 17 prevents, during operation, the hot combustion gases produced

by means of the burner 3 from being able to pass directly from the .region 18 to the region

19.

In fact, the hot combustion gases generated in the region 18 inside the helical conduit 8

spread through the interstices of the turns 10 of this conduit which are situated opposite

said region 18 and reach, via the interstices 11 defined between said turns, the outer annu¬

lar region 1 . The fumes then spread in the region 1 , in the longitudinal direction, to¬

wards the turns 10 of the conduit 8 which are situated opposite the region 19. These fumes



then cross, from the outside towards the inside, the interspaces 11 defined between the

turns 10 situated opposite the region 19 and enter the latter.

Along the two flow paths of the hot combustion gases through the interspaces defined be-

tween the turns of the helical conduit 8, firstly from the inside towards the outside (from

the region 18 to the region 5) and then from the outside towards the inside (from the re¬

gion 15 to the region 19) heat transfer occurs from these gases to the liquid (water) flowing

inside the helical conduit 8.

Along the flow path from the outer region 15 to the inner region 19 there is also a substan¬

tially recovery of the latent condensation heat of the water vapour contained in these

fumes, and this helps improve substantially the energy efficiency of the boiler during op¬

eration.

In the heat exchanger according to the prior art described above with reference to Figure 1

the formation of oxides, in particular aluminium oxides, on the outer surfaces of the larger

side walls of the pipe 9, in the narrower central portions of the interspaces 11, may result in

blocking up of these interspaces over a relatively short period of time, with a substantial

negative effect on operation of the boiler 1 or at least a substantial deterioration in its effi-

ciency.

These drawbacks may be eliminated, or at least drastically limited, with the solutions ac¬

cording to the present invention which will now be described with reference to Figures 2 to

8·

In these figures, parts and elements which are substantially the same or correspond to parts

and elements already described have been assigned again the same reference numbers used

previously.

As will appear more clearly from below, the various solutions according to the present in¬

vention envisage that the facing outer fins 13 of the pipe 9 which forms the helical conduit

8 have respective pluralities of through-openings which, in at least some consecutive turns



10, interconnect the region 16 comprised therebetween and the interspaces 14 defined with

respect to the outer fins 13 of the adjacent turns, defining at least approximately longitudi¬

nal flow paths through these outer fins 13, outside the helical conduit 8, for the hot gases

which pass through these interspaces during use.

In the embodiment illustrated in Figures 2 and 3, the outer fins 13 of the pipe 9 have,

viewed in cross-section transverse to this pipe 9, an essentially L-shaped form, with a

proximal portion 13a which extends from the pipe away from the axis A-A, and a distal

portion 13b which extends substantially in the longitudinal direction, on the opposite side

to the distal portion 13b of the facing fin 13 of the same turn 10.

The facing distal portions 13b of two adjacent turns 10 are substantially in contact with

each other and therefore act as elements for spacing, or relative positioning, of the turns 10

of the pipe 9.

. .

In the embodiment shown in Figures 2 and 3, through-holes 20, preferably aligned with

each other parallel to the axis A-A of the helical conduit 8, are formed through the wall

thickness of the proximal portions 13a of the outer fins 13.

These through-holes 20 may be formed before or after winding of the pipe 9 so as to form

the helical conduit 8.

The presence of the through-holes 20 ensures on the one hand that the fumes which pass

through the helical conduit 8 from the inner region 18 to the outer region 15 are not chan-

nelled directly towards the outer region 15 via the spaces 14.

Conveniently the outer wall 2a which surrounds the helical conduit 8 extends in the imme¬

diate vicinity of (for example at about 1 mm from) the distal portions 13b of the outer fins

13.

Owing to these characteristics, the fumes which pass through from the inner region 18 to

the outer region 15 "linger" and create a turbulent flow inside the spaces or chambers 14



and 6 defined between the outer fins 13 and spread (from right to left, when viewing for

example Figure 2) through the openings 20, in the direction of the turns 10 of the pipe 9

surrounding the inner region 19.

As a result, overall, a more intense heat exchange between the combustion gases and the

helical conduit 8 takes place, this allowing an increase, compared to the solutions of the

prior art, in the spacing between the turns 10 of the helical conduit 8, which in turn allows

a reduction in the probability and extent of formation of oxides on the closest outer sur¬

faces of the turns of this conduit.

In the embodiment shown in Figures 4 and 5 the outer fins 13 of the pipe 9 have a configu¬

ration similar to that of the corresponding fins described above with reference to Figures 2

and 3, but have respective indentations 2 1 which extend through their distal portions 13b

and, preferably, partly also through their proximal portions 13a.

The indentations 2 1 of the outer fins 13 are conveniently aligned, at least approximately,

with each other, parallel to the axis A-A of the helical conduit 8.

The function of the indentations 2 1 is similar to that described above in connection with

the through-holes 20 of the embodiment according to Figures 2 and 3.

Conveniently, also in the embodiment according to Figures 4 and 5, the wall 2a which sur¬

rounds the heat exchanger 4 extends at distance close to the distal portions 13b of the outer

fins 13 of the helical conduit 8.

Advantageously, a tubular sheath 30 (Figure 4) of heat-resistant material (for example elas-

tomeric material) may be fitted over the distal portions 13b of the fins 13. This sheath 30

extends at least around the turns 10 of the conduit 8 surrounding the inner region 18.

The presence of the sheath 30 forces the hot gases which flow through the helical conduit 8

from the inside towards the outside to continue their path crossing the spaces or chambers

14 and 16 defined between the outer fins 13, in the direction of the turns of the pipe 9 sur-



rounding the region 19.

Such a sheath may be employed also in the embodiment shown in Figures 2 and 3.

Figure 6 shows an alternative embodiment in which the outer fins 13 of the pipe 9 extend

in a direction approximately transverse with respect to the axis A-A and do no have the

distal portions 13b described above. At least some consecutive turns 0 of the helical con¬

duit 8 have, formed in them, through-holes 20 similar to those of the fins of the embodi¬

ment according to Figures 2 and 3.

In the solution according to Figure 6 also a sheath may be arranged closely around the dis¬

tal ends of the outer fins 13 of the pipe 9, at least opposite the inner region 18.

In the embodiment shown in Figure 7 the outer fins 13 of the pipe 9 are essentially straight

and also extend in a manner approximately transverse to the axis A-A of the helical con

duit 8. In at least some consecutive turns 10 of this conduit the fins 13 have respective in¬

dentations 21, similar to the indentations 2 of the embodiment according to Figures 4 and

5.

In the embodiments shown in Figures 4, 5 and 7 the indentations 2 1 have an identical con¬

figuration.

Conveniently, as shown in Figure 8, alternatively these indentations 2 1 may have through-

flow dimensions increasing in the direction of flow followed by the hot gases outside the

helical conduit 8, and therefore increasing from right to left when viewing Figure 8.

Similarly, although not shown in the drawings, the through-holes 20 of the embodiments

according to Figures 2, 3 and 6 may also have diameters increasing in the direction of flow

of the hot gases outside the helical conduit 8.

The indentations 2 1 of the embodiments according to Figures 4, 5 and 6 may be formed

before the pipe 9 is helically wound, but more conveniently they are formed after this op-



eration.

Figure 9 shows a variation of embodiment in which the interspaces 11 between the turns

10 of the helical conduit 8 have, in a plane passing through the longitudinal axis A-A, a

cross-section tapered away from said axis. This tapering is achieved owing to the cross-

sectional form of the pipe 8, which has two, substantially planar, larger walls 9a and 9b,

one of which is inclined at an angle a , equal for example to about 1.5° - 4° and preferably

equal to 2°, with respect to the other wall. Consequently, an interspace 11 which converges

towards the region 15 situated outside the helical conduit 8 is defined between the wall 9a

of one turn and the adjacent wall 9b of the immediately consecutive turn. These inter¬

spaces 11 have, along the axis A-A of the exchanger, a minimum width dm equal for ex¬

ample to about 1.50 mm and a maximum width equal to about 2.70 mm.

Owing to the aforementioned tapering of the interspaces 11 it is possible to optimize the

heat exchange and keep the turns 10 spaced further apart than in the heat exchangers ac¬

cording to the prior art, limiting the risk of said interspaces becoming blocked up owing to

the oxides formed as a result of the surface corrosion of the pipe 9.

Tapering of the interspaces 1 described above may be conveniently performed in all the

variations of embodiment described above.

In the embodiment according to Figure 9 the inner fins 13 of the pipe 9 have a smaller ex¬

tension (projection): this allows greater cooling of the fumes and consequently their rapid

condensation outside of the interspaces 11 which are critical because of the risk of becom-

ing blocked.

Obviously, without altering the principle of the invention, the embodiments and the con¬

structional details may be greatly varied with respect to that described and illustrated

purely by way of a nott-limiting example, without thereby departing from the scope of the

invention as defined in the accompanying claims.



CLAIMS

1. Heat exchanger (1), in particular for a condensation boiler (1), comprising a helical

flow conduit (8) for a liquid, made with a pipe (9) of extruded thermally conductive mate-

rial, in particular aluminium or an alloy thereof, provided with a pair of facing and essen¬

tially mutually parallel fins (13), which extend from a portion of the outer surface thereof,

said pipe (9) being helically wound about a longitudinal axis (A-A) such as to form a se¬

quence of adjacent turns (10) separated by interspaces ( 11) through which, during use, hot

gases, in particular combustion fumes, flow; said fins (13) extending helically, towards the

outside with respect to the axis (A-A) of said helical conduit (8);

the heat exchanger (1) being characterized in that said facing fins (13) have respec¬

tive pluralities of through-openings (20, 21) which in at least some consecutive turns (10)

of the helical conduit (8) interconnect the region (16) comprised between them and the in¬

terspaces ( 11, 14) defined with respect to the adjacent turns (10), defining flow paths

through said fins (13), outside said helical conduit (8), for the hot gases which during use

pass through said interspaces ( 1 , 14).

2. Heat exchanger according to Claim 1, wherein in each of at least some consecutive

turns (10) of the helical conduit (8) said fins (13) have, viewed in cross-section transverse

to the axis of the pipe (9):

a proximal portion (13a) which extends from the pipe (9) away from the longitudi¬

nal axis (A-A) of said helical conduit (8), and

a distal portion which extends longitudinally on the opposite side to the facing fin

(13) of the same turn (10), said distal portion (13b) being substantially in contact with the

corresponding distal portion (13b) of the facing fin (13) of the adjacent turn (10).

3 . Heat exchanger according to Claim 2, wherein in at least some consecutive turns

(10) said fins (13) have a cross-section which is essentially L-shaped.

4. Heat exchanger according to any one of the preceding claims, wherein said

through-openings are holes (20) formed through the wall thickness of said fins (13) and

preferably aligned with each other parallel to the axis (A-A) of the helical conduit (8).



5. Heat exchanger according to one of Claims 1 to 3, wherein said through-openings

are indentations (21) which extend from the distal edges of said fins (13) towards the axis

(A-A) of the helical conduit (8).

6. Heat exchanger according to any one of the preceding claims, wherein said

through-openings (20, 21) have through-flow sections increasing along the aforementioned

flow paths of the hot gases defined outside said helical conduit (8).

7. Heat exchanger according to any one of the preceding claims, wherein around the

fins of at least some consecutive turns (10) of the helical conduit (8) a sheath (30) of heat-

resistant material is provided.

8. Heat exchanger according to any one of the preceding claims, wherein said pipe (9)

has, viewed in cross-section, two larger, substantially planar, facing walls (9a, 9b), one

(9a) of which is inclined at a predetermined angle (a) with respect to the other one, such

that adjacent turns (10) of the helical conduit (8) define, between them, interspaces ( 11),

the width of which, in a direction parallel to said axis (A-A), tapers away from said axis

(A-A).

9 . Heat exchanger according to Claim 8, wherein said angle (a) is equal to about 1.5°

- 4°, and is preferably equal to about 2°.

10. Boiler, in particular a condensation boiler, comprising a heat exchanger (4) accord¬

ing to one or more of the preceding claims.
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