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BOILER

TECHENICAL FIELD

The present invention relates to a boiler, in
particular a wall-mounted gas heating boiler having an
aspirating burner, a primary heat exchanger, a secondary
condensation heat exchanger, and a fan interposed between
the(two heat exchangers.

BACKGROUND ART

In heating boilers, particularly wall-mounted gas
types, so-called condensation boilers are known which
comprise a combustion chamber associated with an air/gas
premix burner, a fan for conducting the air-gas mixture
to the burner, and a heat exchanger which, besides
transferring heat £from the fumes to a heating fluid
(water), comprises a condensing section for recovering
latent condensation heat from the fumes.

From European Patent Application EP-A-0945688, a
boiler 1is also known comprising two separate heat
exchangers arranged in series along the fume path: a

primary heat exchanger for transferring heat from the

fumes to the heating £fluid, and a secondary heat
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exchanger in which the vapour in the fumes is condensed.

While providing for a fairly high degree of
efficiency, the above known boilers still leave room for
further improvement in terms of both efficiency and,
above all, design complexity. In fact, the heat
exchangers currently used in the applications referred to
are fairly complex and bulky, which therefore also
applies to the relative boilers.

Moreover, the high level of efficiency of currently
available condensation boilers is achieved using air/gas
premix burners, as opposed to straightforward aspirating
atmospheric burners which are simpler, cheaper, and
quieter.

DISCL.OSURE OF INVENTTION

It is an object of the present invention to provide
a boiler, in particular a condensation boiler, which
provides for a high level of efficiency, is compact, and
at the same time cheap and easy to produce.

The present invention therefore relates to a boiler
as defined in the accompanying Claim 1.

The specific design of the secondary heat exchanger,
which has an extremely compact structure combined with a
high degree of thermal efficiency, makes for an extremely
compact boiler as a whole, while at the same time
ensuring a high degree of overall efficiency. The overall
efficiency of the boiler according to the invention, in
fact, is not only far superior to that of conventional

non-condensing Dboilers, but also, with the same
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combustion, i.e. burner feed, system, to that of known
condensation boilers. More specifically, the boiler
according to the invention provides for a high degree of
efficiency even using an aspirating air/gas regulating
atmospheric burner, and for substantially the same
efficiency as known condensation boilers featuring more
complex, high-cost premix burners with a high noise
level.

In other words, wusing an aspirating atmospheric
burner, the boiler according to the invention provides
for efficiency comparable to that of condensation boilers
featuring premix burners, while also maintaining low CO
and Nox pollutant emission levels. Which results (high
efficiency and low pollutant emissions) are obtained,
unlike known condensation boilers, using an aspirating
atmospheric burner as opposed to a premix burner.

Avoiding the use of premix burners, while still
achieving high efficiency 1levels, also provides for
reducing acoustic emissions (typically high in premix
boilers), as well as the overall cost of the boiler.

According to a further aspect of the invention,
there is provided a boiler as claimed in the accompanying
Claim 12.

Boilers featuring flow sensors combined with safety
and/or regulating systems are known, for example, from
Patent Application FRA-A-2687212, in which gas supply to
the burner of the boiler is cut off when a flow sensor

detects zero flow in the fume exhaust conduit. The sensor
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comprises a differential pressure switch connected to two
pressure outlets located in the fume exhaust conduit,
downstream from the fume circulating fan. Known systems
of this type have the drawback of failing to ensure
adequate stability of the pressure signals supplied to
the pressure switch, particularly in the event of a
malfunction, and mainly on account of the location of the
pressure outlets.

Nor is the problem solved entirely satisfactorily by
the solution illustrated in Patent Application EP-A-
1130319, in which the pressure outlets are located
generically, as opposed to in precise positions, inside
the fan casing, so that the signals picked up are
strongly affected by recirculating currents, turbulence,
etc.

Conversely, by selecting specific pressure outlet
locations, in accordance with the invention, operation of
the sensor is unaffected by internal turbulence or
recirculating currents which may lead to erroneous
signals, and a high degree of stability of the pressure
signals supplied to the sensor is achieved, so that
operation of the sensor is more precise and reliable.
Moreover, location of the pressure outlets in accordance
with the invention greatly reduces load losses in the
flow generated by the fan, on which the pressure outlets
have a negligible effect.

BRIEF DESCRIPTION OF THE DRAWINGS

A non-limiting embodiment of the present invention
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will be described by way of example with reference to the
accompanying drawings, in which:

Figures 1 and 2 show, respectively, a simplified
schematic view and an overall view in perspective, with
parts removed for clarity, of a boiler in accordance with
the invention;

Figure 3 shows an exploded view of a condensation
heat exchanger used in the Figure 1 and 2 boiler;

Figures 4 and 5 show, respectively, an overall view
and an exploded view of a first detail of the Figure 3
heat exchanger;

Figures 6 and 7 show, respectively, an overall view
and an exploded view of a second detail of the Figure 3
heat exchanger;

Figure 8 shows a partly exploded view in perspective
of a fan forming part of the Figure 1 and 2 boiler;

Figures 9 and 10 show, respectively, a front view
and side view of the Figure 8 fan;

Figure 11 shows a section along line XI-XI in Figure
10;

Figure 12 shows a section of a venturi tube forming
part of the Figure 8 fan.

BEST MODE FOR CARRYING OUT THE INVENTION

With reference to Figures 1 and 2, a boiler 1, in
particular a wall-mounted condensation heating boiler,
comprises an airtight casing 2, in which are housed a
combustion chamber 3 associated with a gas burner 4; a

primary heat exchanger 5 for transferring heat from the
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fumes in combustion chamber 3 to a heating fluid
circulating in a known circuit 6 (shown only partly in
Figure 1 for the sake of simplicity); a fume circulating
fan 7; and a secondary condensation heat exchanger 8 for
recovering latent condensation heat £from the fumes.
Primary heat exchanger 5, fan 7, and secondary heat
exchanger 8 are arranged in series with combustion
chamber 3 along a fume path.

Combustion chamber 3 1is defined by a housing 9
closed airtight with respect to casing 2, and housing
burner 4 and primary heat exchanger 5. Housing 9
comprises a substantially rectangular-based prismatic
body having a gable-roof-shaped top wall 12 with two
sloping (or generically oppositely inclined) sides 13, 14
joined by a ridge 15.

Fan 7 and secondary heat exchanger 8 are located
side by side on top of combustion chamber 3, and more
specifically on respective sides 13 and 14; and fan 7 is
located along the fume path between primary heat
exchanger 5 and secondary heat exchanger 8.

Burner 4 1is a known aspirating atmospheric type
connected by a feed conduit 16 to a gas mains; a known
control unit 17 controls a known valve 18 inserted along
feed conduit 16 to regulate the air/gas ratio supplied to
burner 4; and combustion air is drawn from outside casing
2 along an intake conduit 19.

Primary heat exchanger 5 is housed inside housing 9

defining combustion chamber 3, and comprises a conduit 22
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connected to circuit 6 and along which the heating fluid
circulates. Conduit 22 is finned externally, and is
flowed over by the fumes produced in combustion chamber 3
and circulated by fan 7.

With reference also to Figure 3, secondary heat
exchanger 8 comprises a substantially round-section pipe
23 wound to form a spiral conduit 24 extending along an
axis A and in which the heating fluid circulates; and an
enclosure 25 having a substantially cylindrical inner
chamber 26 in which pipe 23 is housed, and in which the
fumes flow over the outside of pipe 23.

Pipe 23, which is preferably made of aluminium, has
a number of adjacent turns 27 contacting one another
along axis A and defining a substantially cylindrical,
radially inner gap 28. Pipe 23 has external finning 29
comprising a number of substantially annular £fins 30
projecting radially from an outer lateral surface of pipe
23 and substantially crosswise to pipe 23.

Enclosure 25 is substantially cylindrical, extends
along axis A, and comprises two convex shells 31, 32,
e.g. defined by respective one-piece pressure cast
aluminium bodies, joined in fluidtight manner to define
chamber 26.

More specifically, shells 31, 32 are joined, e.g. by
screws (not shown), along respective edges 33, 34 lying
in a mid-plane M of enclosure 25 and having grooves 35
for the insertionbof seals 36.

An end wall 37 of enclosure 25 has an access opening
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38 closed by a removable cover 39 having a sealing ring
40 and fixed to enclosure 25, for example, by screws (not
shown) .

A longitudinal end 41 of enclosure 25 comprises two
openings 42, 43 defining a fume inlet and a heating fluid
outlet respectively; a longitudinal end 44 of enclosure
25, opposite end 41, comprises two openings 45, 46
defining a fume outlet and a heating £fluid inlet;
openings 42, 46 (defining the fume and heating f£fluid
inlets) are located substantially diametrically opposite
each other, and substantially extend from opposite sides
of enclosure 25; and openings 43, 45 (defining the
heating fluid and fume outlets) are located diametrically
opposite each other, and extend from opposite sides,
substantially perpendicular to plan M.

Openings 42, 43, 45, 46 are formed through enclosure
25, and are defined by respective collars 42c, 43c, 45c,
46c extending substantially radially outside enclosure
25. More specifically, openings 43, 46 are formed in
shell 31, opening 45 is formed in shell 32, and opening
42 is defined by two facing portions formed in shells 31,
32. Opening 45 (fume outlet) has a seal 45g housed inside
collar 45c, and is connected to an exhaust conduit 47.

Shell 31, positioned beneath shell 32 and facing
side 14 of housing 9, has a further opening 49 defined by
a radially outer collar 49c connected, with the
interposition of a seal 49g, to a drain pipe 50 (Figure

1) for draining off the condensate formed inside
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enclosure 25. Enclosure 25 houses a known level sensor 51
which, in the event of condensate drainage failure (so
that condensate accumulates above a given level inside
enclosure 25), opens a known electric safety circuit (not
shown) to cut off gas supply to burner 4.

A substantially cylindrical deflecting member 53,
closed at the ends, is housed inside the gap 28 defined
by turns 27, to cause the fumes inside chamber 26 to flow
over finning 29. Fins 30 are positioned substantially
contacting an inner lateral surface of chamber 26 and an
outer lateral surface of deflecting member 53; and
deflecting member 53 is inserted and removed through
access opening 38, after first removing cover 39.

Pipe 23 terminates, at respective opposite ends 54,
55, with two end portions 56, 57 having no £fins and
inserted respectively inside openings 46 and 43.

As shown in detail in Figures 4 to 7, secondary heat
exchanger 8 comprises two connecting assemblies 58, 59
located at ends 54, 55 of pipe 23 and comprising
respective first and second sealing means for connecting
ends 54, 55 of pipe 23 in fluidtight manner to heating
fluid circuit 6 and enclosure 25 respectively. More
specifically, connecting assembly 58 at opening 46
(defining the heating fluid inlet) comprises a tubular
fitting 64 made, for example, of aluminium, and having,
at respective axially opposite ends, two inner seats 65,
66 in which to respectively insert end portion 56 of pipe

23 and a sleeve 67 for connection to circuit 6.
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Seat 65 has a circumferential groove 68 housing a
radially inner sealing ring 69, which cooperates radially
on the inside with end portion 56 force-fitted inside
seat 65. Fitting 64 also comprises, on its outer lateral
surface, a groove 70 housing a radially outer sealing
ring 71, which cooperates radially on the outside and in
fluidtight manner with an inner lateral surface of collar
46c defining opening 46. Fitting 64 is fixed to enclosure
25, and more specifically to collar 46c, in any known
manner.

Similarly, connecting assembly 59 at opening 43
(defining the heating £fluid Qutlet) comprises a tubular
fitting 74 made, for example, of zinc-plated steel, and
having, at respective axially opposite ends, two inner
seats 75, 76 in which to respectively insert end portion
57 of pipe 23, and a sleeve (not shown) for connection to
circuit 6.

Seat 75 has a circumferential groove 78 housing a
radially inner sealing ring 79, which cooperates radially
on the inside with end portion 57 force-fitted inside
seat 75.

Connecting assembly 59 comprises a sealing ring 81
fitted to end portion 57 and housed inside a seat 82
formed inside collar 43c and having an annular shoulder
83. End portion 57 is fitted through collar 43c and
force-fitted inside seat 75; and sealing ring 81 is
gripped axially against shoulder 83 by a lock ring 84, in

turn fitted and locked onto the outside of end portion
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57.

The connecting assemblies ensure that neither the
fumes nor the heating fluid, and not even the acid
condensate from the fumes, escape from the enclosure. The
specific design and structure of the connecting
assemblies also safeguard against electrolytic corrosion
phenomena, with no need to weld the end portions of the
pipe.

With reference also to Figures 8 to 12, fan 7
comprises a volute 101 defined by a metal casing 102
having a curved lateral wall 103 between a substantially
flat bottom wall 104 (facing side 13 of combustion
chamber 3) and a substantially flat top wall 105 parallel
to each other; and a substantially straight delivery
portion 106 positioned tangentially with respect to
volute 101, and having a substantially straight, radially
outer side 107 connected continuously to lateral wall 103
of volute 101.

Volute 101 houses a known impeller 108, not shown in
detail for the sake of simplicity, driven by a known
electric motor 109 fitted to top wall 105, outside volute
101.

Fan 7 is a centrifugal type having a substantially
axial suction direction D1, and a delivery direction D2
substantially tangential with respect to impeller 108.
Volute 101 has a suction hole 111 formed through the
centre of bottom wall 104 and connected to combustion

chamber 3 through an opening in side 13; and a delivery
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hole 112 located at the end of delivery portion 106 and
connected to secondary heat exchanger 8.

Fan 7 is associated with a flow (or pressure) sensor
113 connected to control unit 17 to regulate gas supply
to burner 4 as a function of the values detected by
sensor 113. More specifically, sensor 113 comprises a
differential pressure switch 114; and pressure outlets
115, 116 located inside volute 101, downstream £from
impeller 108. Pressure switch 114 is known, e.g. of the
type comprising two chambers separated by an elastically
deformable membrane and connected to respective pressure
outlets.

Pressure outlets 115, 116 are dynamic and static
respectively.

Dynamic pressure outlet 115 comprises a venturi tube
117 extending tangentially inside volute 101, in a
substantially laminar region of the flow generated by
impeller 108 inside volute 101. In other words, venturi
tube 117 extends along an axis substantially parallel to
the flow direction.

More specifically, venturi tube 117 is housed inside
delivery portion 106, with its axis substantially
parallel to delivery portion 106, and is adjacent and
substantially parallel to substantially straight side 107
of delivery portion 106.

Venturi tube 117 has an inwardly tapering inlet 118;
a substantially constant-section neck 119; and a flared

portion 120. A tube 121 is connected to neck 119, is
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fitted through side 107, and is connected by a conduit
122 to a first input 123 of pressure switch 114.

Static pressure outlet 116 is located in a turbulent
region of the flow generated by impeller 108 in wvolute
101, wupstream from dynamic pressure outlet 115, and
comprises a tubular, e.g. straight, substantially
cylindrical, probe 124 fitted through lateral wall 103 of
volute 101. ©Probe 124 extends inside +volute 101
substantially crosswise to the flow direction, and
terminates inside volute 101 with an open end 125
substantially parallel to the flow direction of the
stream flowing over it, and located close to the centre
of the flow section at that point. The end 126 of probe
124 opposite end 125 and located outside volute 101 is
connected by a conduit 127 to a second input 128 of
pressure switch 114.

Tube 121 and probe 124 are fixed to side 107 and
lateral wall 103 respectively in known manner, e.g. by
threaded fastening members 129, 130.

Boiler 1 operates in substantially the same way as
known condensation boilers.

The gas from the mains and the air intake along
intake conduit 19 are burned inside combustion chamber 3
in the ratio determined by control unit 17 and also on
the basis of the values detected by sensor 113; and the
combustion fumes flow over conduit 22 of primary heat
exchanger 5 to transfer heat to the heating fluid.

The fumes and combustion air are circulated by fan
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7, which maintains combustion chamber 3 at lower than
external atmospheric pressure.

The fumes are then fed to secondary heat exchanger
8, where they transfer heat to the heating fluid, and
acid condensate is formed and drained off along drain
pipe 50. In the event of drainage failure, the condensate
not drained off remains inside enclosure 25 and does not
come into contact with any other component part of boiler
1. The fumes are then exhausted along exhaust conduit 47.

The heating fluid from an input branch 6a of circuit
6 is heated in secondary heat exchange 8 before being fed
to primary heat exchanger 5, from which ip flows into an
output branch 6b of circuit 6.

Operation of boiler 1 is regulated on the basis of
flow values detected by sensor 113, which operates in
known manner. Briefly; the pressure signals picked up by
means of pressure outlets 115, 116 inside volute 101 of
fan 7 generate a differential pressure signal p which is
converted by pressure switch 114 into a direct voltage. A
microprocessor in control unit 17 assigns each p value a
given gas supply quantity to burner 4, thus achieving
constant efficiency values over the whole power range of
boiler 1.

In the event of a malfunction, or even flow being
cut off inside volute 101 (e.g. due to clogging of
exhaust conduit 47), pressure switch 114 detects a zero
flow value and turns boiler 1 on. The specific locations

of pressure outlets 115, 116 inside volute 101 provide
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for a high degree of stability of the pressure signals
supplied to pressure switch 114.

Obviously, what is stated above applies equally to
both heating-only boilers, i.e. simply producing hot
water for a heating system (possibly combined with an
external boiler), and combination boilers, i.e. producing
heat for a heating system as well as hot water for
domestic use.

Clearly, changes may be made to the boiler as
described and illustrated herein without, however,

departing from the scope of the present invention.



10

15

20

25

WO 2004/042289 PCT/1T2003/000722

16

CLAIMS

1) A boiler (1) comprising a combustion chamber (3)
associated with a burner (4); a primary heat exchanger
(5) for transferring heat from the fumes produced in the
combustion chamber (3) to a heating fluid; a fan (7) for
circulating said fumes; and a secondary condensation heat
exchanger (8) for recovering latent condensation heat
from said fumes; the boiler being characterized in that
said secondary heat exchanger (8) comprises a pipe (23)
wound to form a spiral conduit (24) extending along an
axis (A) and in which said heating fluid circulates; and
an enclosure (25) having a substantially cylindrical
chamber (26) housing the pipe (23) and in which said
fumes flow over the outside of said pipe (23).

2) A boiler as claimed in Claim 1, characterized in
that said pipe (23) has external finning (29).

3) A boiler as claimed in Claim 2, characterized in
that the gap (28) defined by the turns (27) of the wound
said pipe (23) houses a deflecting member (53) by which
the fumes flowing inside said chamber (26) are directed
over the finning (29) of the pipe (23).

4) A boiler as claimed in Claim 3, characterized in
that said finning (29) comprises a number  of
substantially annular fins (30) projecting radially from
an outer lateral surface of the pipe (23) and
substantially crosswise to the pipe (23).

5) A boiler as claimed in Claim 4, characterized in
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that said fins (30) substantially contact an inner
lateral surface of said chamber (26) and an outer lateral
surface of said deflecting member (53).

6) A Dboiler és claimed in one of the foregoing
Claims, characterized in that said fan (7) is located
along a path of said fumes between the primary heat
exchanger (5) and the secondary heat exchanger (8).

7) A boiler as claimed in one of the foregoing
Claims, characterized in that said fan (7) and said
secondary heat exchanger (8) are located side by side on
top of the combustion chamber (3).

8) A boiler as claimed in Claim 7, characterized in
that the combustion chamber (3) has a gable-roof-shaped
top wall (12) having two sloping sides (13, 14); the fan
(7) and the secondary heat exchanger (8) being located on
top of respective sides (13, 14).

9) A boiler as claimed in one of the foregoing
Claims, characterized in that said enclosure (25) is
defined by two shells (31, 32) joined in fluidtight
manner to define said chamber (26).

10) A boiler as claimed in one of the foregoing
Claims, characterized by comprising two connecting
assemblies (58, 59) located at respective ends (54, 55)
of said pipe (23) and comprising respective first (69,
79) and second (71, 81) sealing means for connecting said
ends (54, 55) in fluidtight manner to a heating £luid
circuit (6) and the enclosure (25) respectively.

11) A boiler as claimed in Claim 10, characterized



10

15

20

25

WO 2004/042289 PCT/1T2003/000722

18

in that each of said connecting assemblies (58, 59)
comprises a fitting (64, 74) connected to a respective
end (54, 55) of the pipe (23); a first seal (69, 79)
cooperating radially on the outside and in fluidtight
manner with a respective portion of the enclosure (25);
and a second seal (71, 81l) cooperating radially on the
inside and in fluidtight manner with a respective end
portion (56, 57) of the pipe (23).

12) A boiler (1) comprising a combustion chamber (3)
associated with a gas burner (4); at least one heat
exchanger (5, 8) for transferring heat from the fumes
produced in the combustion chamber (3) to a heating fluid
circulating in a circuit (6); a fan (7) for circulating
the fumes, and comprising a wvolute (101) housing an
impeller (108); and a flow or pressure sensor (113),
which comprises pressure outlets (115, 116) located
inside the wvolute (101), downstream from the impeller
(108), and is connected to a control unit (17) for
controlling the burner (4); the boiler being
characterized in that a first pressure outlet (115) is
located in a substantially laminar region of the flow
generated by the impeller (108) inside the volute (101).

13) A fan (7), in particular a fan for circulating
fumes generated in a combustion chamber (3) of a boiler
(1), comprising a volute (101) housing an impeller (108)
and having pressure outlets (115, 116) located inside the
volute (101), downstream from the impeller (108), for

connection to a flow or pressure sensor (113); the fan
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being characterized in that a first pressure outlet (115)
is located in a substantially laminar region of the flow
generated by the impeller (108) inside the volute (101).

14) A fan as claimed in Claim 13, characterized in
that said first pressure outlet (115) comprises a venturi
tube (117) extending along an axis substantially parallel
to the direction of said flow.

15) A fan as claimed in Claim 14, characterized in
that said venturi tube (117) extends tangentially inside
the volute (101).

16) A fan as claimed in Claim 14 or 15,
characterized in that said wventuri tube (117) is located
close to a lateral wall (103) of the volute (101).

17) A fan as claimed in one of Claims 14 to 16,
characterized by comprising a substantially straight
delivery portion (106) located tangentially with respect
to the volute (101); said venturi tube (117) being housed
inside said delivery portion (106) and extending along an
axis substantially parallel to said delivery portion
(106) .

18) A fan as claimed in Claim 17, characterized in
that said wventuri tube (117) is housed inside said
delivery portion (106) adjacent and substantially
parallel to a side (107) of said delivery portion (106).

19) A fan as claimed in one of Claims 13 to 18,
characterized in that a second pressure outlet (116) is
located in a turbulent region of said flow.

20) A fan as claimed in Claim 19, characterized in
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that said second pressure outlet (116) comprises a
tubular probe (124) fitted through a lateral wall (103)
of the volute (101) and extending inside the volute (101)

in a direction substantially crosswise to said flow.
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