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(54) Combustion system suitable for a boiler or a heater, particularly a condensing boiler or heater

(57) Combustion system comprising a fan, a pre-mix
device (3) comprising a pre-mix chamber (12) receiving
a fuel and gas mixture, and a burner (10) with a combus-
tion area (19) that can be fed with the mixture. The pre-
mix device (3) comprises separating means (15) which,
when actuated by the fan, change the combustion area
of the burner (10) that is fed with the mixture, said sep-
arating means (15) moving between a minimum power

position in the burner (10), in which the separating means
(15) divide the pre-mix chamber (12) limiting the access
of the mixture to a first part (18) of the combustion area
(19) of the burner (10), and a maximum power position,
in which the separating means (15) are arranged such
that the mixture can access the entire combustion area
(19).
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Description

TECHNICAL FIELD

[0001] The invention relates to a combustion system
suitable for a boiler or a heater, particularly a condensing
boiler or heater.

PRIOR ART

[0002] Combustion systems suitable for water boilers
or heaters comprising a pre-mix combustion device in
which a fuel, preferably a gas fuel, is mixed with air driven
by means of a fan before being fed to the corresponding
burner, are known.
[0003] WO2008/066223A1 describes a combustion
device of a boiler improving boiler modulation. It includes
a fan, a proportion control valve for controlling gas supply,
a plurality of nozzles connected in parallel to one another
and to the valve and supplying gas according to the open-
ing and closing of auxiliary valves, a pre-mix chamber
for mixing the air with the gas before the burner and a
control for controlling the number of rotations of the fan
according to the opening and closing of the proportion
control valve and auxiliary valves which allows supplying
only the amount of air necessary for combustion.
[0004] WO2002/095294A1 describes a combustion
system comprising a pre-mix combustion device receiv-
ing a fuel and air mixture, and a valve that opens or closes
the passage of the mixture to the combustion device de-
pending on the pressure of said fuel mixture. The burner
is fed with the gas mixture, combustion gases being ob-
tained. Said combustion gases are fed with secondary
air in order to reduce the dew point of the obtained com-
bustion gases.
[0005] Finally, EP2660515A2 describes a pre-mix
combustion device the purpose of which is to extend the
range of controllable combustion, including a regulating
device which is arranged in a predetermined position in
the gas mixture supply pipe to regulate the amount of
mixture supplied to the burner. The passage of the gas
mixture is adjusted by means of a valve and a disc suit-
able for opening or closing the passage of gas according
to the operation of the valve, the disc comprising a plu-
rality of holes for the passage of the mixture.

DISCLOSURE OF THE INVENTION

[0006] The object of the invention is to provide a com-
bustion system suitable for a boiler or a heater, particu-
larly a condensing boiler or heater, as defined in the
claims.
[0007] The combustion system of the invention com-
prises a fan, a pre-mix combustion device comprising a
body demarcating a pre-mix chamber and an inlet for the
entry of a fuel and gas mixture into the pre-mix chamber,
and a burner with a combustion area that can be fed with
the fuel and gas mixture from the pre-mix chamber.

[0008] The pre-mix combustion device comprises sep-
arating means which, when actuated by the fan, change
the combustion area of the burner that is fed with the fuel
and gas mixture.
[0009] The separating means can be moved between
a minimum power position of the burner, in which the
separating means divide the pre-mix chamber limiting
the access of the fuel and air mixture to a first part of the
combustion area of the burner, and a maximum power
position of the burner, in which the separating means are
arranged such that the fuel and air mixture can access
the entire combustion area of the burner.
[0010] A combustion system which allows easy regu-
lation with a simple mechanism is obtained. Furthermore,
the obtained combustion system allows working in a low
power range, less than other conventional combustion
systems, without the fan working unstably, and in a high
power range with a pressure drop less than that of con-
ventional systems.
[0011] Furthermore, since the combustion area receiv-
ing the fuel and air mixture can be regulated, greater
control is obtained over the flashback effect that occurs
when the speed of the fuel and gas mixture is not suffi-
cient to compensate for the flame speed; the combustion
system becomes unstable and the generated flame
seeps through the burner towards the pre-mix chamber.
[0012] These and other advantages and features of
the invention will become evident in view of the drawings
and the detailed description of the invention.

DESCRIPTION OF THE DRAWINGS

[0013]

Figure 1 shows a front view of a condensing boiler
with an embodiment of a combustion system accord-
ing to the invention.

Figure 2 shows a sectioned view of an assembly
formed by a pre-mix device and a burner comprised
in the condensing boiler shown in Figure 1, in a min-
imum power position.

Figure 3 shows a sectioned view of the assembly
formed by a pre-mix device comprised in the con-
densing boiler shown in Figure 1, in a maximum pow-
er position.

Figure 4 shows a diagram depicting the pressure
drop of two combustion systems with respect to fan
power.

DETAILED DISCLOSURE OF THE INVENTION

[0014] Figure 1 shows a boiler 1 comprised in an em-
bodiment of a combustion system according to the in-
vention, particularly a condensing boiler for producing
hot water.
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[0015] The combustion system comprises a fan 5, a
pre-mix combustion device 3, comprising a body 11 de-
marcating a pre-mix chamber 12 and an inlet 14 for the
entry of a fuel and gas mixture into the pre-mix chamber
12, and a burner 10 with a combustion area 19 that can
be fed with the fuel and gas mixture from the pre-mix
chamber 12.
[0016] The combustion system further comprises a fu-
el and air mixture supply pipe 4 connected to the fan 5,
through which an air and fuel mixture enters the fan 5,
said mixture being driven towards the pre-mix combus-
tion device 3 by said fan 5. The driven mixture is con-
ducted through an inlet pipe 6 communicated with the
inlet of the pre-mix combustion device 3, thus entering
the pre-mix chamber 12.
[0017] The boiler 1 comprises a body 2 housing the
combustion system. It further comprises an exchanger
(not depicted in the drawings) housed in the body 2, in
which the heat exchange occurs between the generated
combustion gases and a primary hydraulic circuit 7
through which the water to be heated circulates, and a
combustion gas outlet pipe 8 arranged upstream of the
exchanger.
[0018] The burner 10 and the exchanger are known in
the state of the art, so it is not considered necessary to
describe them in detail.
[0019] In addition, the homogenization of the gas and
air mixture entering said pre-mix chamber 12 can be car-
ried out in the pre-mix chamber 12 of the pre-mix com-
bustion device 3. In the embodiment shown in the draw-
ings, the body 11 of the pre-mix combustion device 3 has
a substantially rectangular geometry. The fuel and air
mixture driven by the fan 5 enters the pre-mix chamber
12 substantially from a bottom 11 b of the body 11. The
inlet 14 of the fuel and air mixture is arranged at one end
of the bottom 11 b.
[0020] In addition, the pre-mix combustion device 3
comprises separating means 15 regulating access of the
gas mixture and air entering the burner 10, i.e., they reg-
ulate the combustion area 19 of said burner 10. In this
embodiment, the separating means 15 are mechanical
means that can be actuated by the fan 5, particularly said
separating means 15 can be actuated by the fuel and air
mixture driven by the fan 5. As they are actuated by the
fuel and air mixture, said separating means 15 change
the combustion area 19 of the burner 10 that is fed with
said fuel and gas mixture, said separating means moving
between a minimum power position of the burner 10,
shown in Figure 2, in which the separating means 15
divide the pre-mix chamber 12 into two sub-chambers
12a and 12b limiting the access of the fuel and air mixture
to a first part 18 of the combustion area 19 of the burner
10, and a maximum power position of the burner 10,
shown in Figure 3, in which the separating means 15 are
arranged such that the fuel and air mixture can access
the entire combustion area 19.
[0021] The first part 18 of the combustion area 19 is
arranged on the inlet 14. Said first part 18 is the part of

the combustion area 19 close to the inlet 14. Furthermore,
said first part 18 is arranged facing an ionization sensor
20 of the combustion system, as schematically shown in
Figure 2, said ionization sensor 20 detecting the flame
of the burner 10. The combustion system according to
the invention allows detecting an ionization signal at a
low power while at the same time prevents the flame
generated in the burner 10 at a high power from being
too tall, which is not possible in conventional combustion
systems. When the combustion system of the invention
works at low power, the power density under the ioniza-
tion sensor 20 is sufficient to prevent the ionization signal
detected by the sensor 20 from dropping excessively,
like what occurs in conventional combustion systems.
The combustion system according to the invention has
modulation levels (i.e., maximum/minimum power ratios)
in which it can work without instability which are greater
than the typical values of 5:1.
[0022] In addition, the first part 18 of the combustion
area 19 has an area density sufficient for preventing a
delayed flame from being produced in the burner 10. In
conventional combustion systems, sufficient area densi-
ty is achieved by making the combustion area smaller,
which generates high pressure drops when the combus-
tion system operates at high power.
[0023] Said separating means 15 comprise a shaft 17
supported in the body 11 of the pre-mix combustion de-
vice 3 and a separating element 16 coupled to the shaft
17. The shaft 17 goes through the pre-mix chamber 12
transversely and the separating element 16 is longitudi-
nally fixed on the shaft 17 such that in the minimum power
position, the separating element 16 divides the pre-mix
chamber 12 into two sub-chambers 12a and 12b. In the
embodiment shown in the drawings, the shaft 17 is ar-
ranged a distance from the bottom 11 b of the body pre-
mix 11 which is less than half the total height of the pre-
mix chamber 12.
[0024] The separating element 16 operates as a rocker
arm, being rotatable between the minimum power posi-
tion of the burner 10 shown in Figure 2, in which the
separating element 16 is arranged substantially vertical,
dividing the pre-mix chamber 12 into two sub-chambers
12a and 12b, and the maximum power position of the
burner 10 shown in Figure 3, in which the separating
element 16 does not perform its function of dividing the
pre-mix chamber 12 and regulating the combustion area
of the burner 10. In the embodiment shown in the draw-
ings, the separating element 16 is a fin.
[0025] In the minimum power position of the burner 10,
the fuel and air mixture enter the first sub-chamber 12a
through the inlet 14 of the pre-mix combustion device 3
directly accessing the first part 18 of the combustion area
19 of the burner 10. Virtually the entire mixture enters
the burner 10 through the first part 18 of the combustion
area 19. In one an embodiment of the invention, the first
part 18 has an area X of about 50% of the combustion
area 19, providing power in the burner 10 up to about
50% of the maximum power. In a preferred embodiment,
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said area X is about 30%, providing power in the burner
10 of up to about 30% of the maximum power. In the
maximum power position of the burner 10, the fuel and
air mixture enters the pre-mix chamber 11 through the
inlet 14 of the pre-mix combustion device 3, taking up
the entire volume of the pre-mix chamber 12 since the
mixture itself pushes the separating element 16 such that
it directly accesses the entire combustion area 19 and
not only the first part 18. The flames generated in the
burner 10 at high frequency are thus prevented from be-
ing too tall.
[0026] The fan 5 regulates the position of the separat-
ing element 16 and therefore regulates the combustion
area of the burner 10. When the boiler 1 must work with
minimum power, the control means control the fan 5, as-
suring that said fan 5 operates at a lower frequency such
that the fuel and air mixture driven by said fan 5 does not
cause the rotation of the separating element 16 in the
pre-mix combustion device 3, the separating element 16
being kept substantially vertical, in the minimum power
position shown in Figure 2, and only the first part 18 of
the combustion area 19 is fed with the fuel and gas mix-
ture. In that position, the ionization sensor 20 is capable
of detecting the flame generated in the burner 10. In con-
trast, when the boiler 1 has to work at high power, the
control means act on the fan 5 so that it operates at a
higher frequency such that said fan 5 drives the fuel and
air mixture pushing the separating element 16, moving
it from the minimum power position. In the maximum pow-
er position of the burner 10 shown in Figure 3, the sep-
arating element 16 would have almost no influence on
the fuel and air mixture, and the flame generated in the
burner 10 would tend to be the same in the entire com-
bustion area 19.
[0027] The separating element 15 swivels between the
maximum power position and the minimum power posi-
tion depending on the power at which the fan 5 operates
for the purpose of regulating the power at which the boiler
1 works, such that the combustion area X of the burner
10 that is fed by the fuel and air mixture gradually be-
comes smaller or larger, and a combustion system with
a variable and adjustable pressure drop is therefore ob-
tained.
[0028] Figure 4 shows the performance of two com-
bustion systems comparing pressure drop (depicted in
the x-axis) to fan 5 power (depicted in the y-axis). Curve
I corresponds to the performance of a conventional com-
bustion system, whereas curve II corresponds to the per-
formance of a combustion system according to the in-
vention. In the case of conventional systems, in order to
obtain a performance similar to that of a combustion sys-
tem according to the invention at low fan frequencies,
the burner must be smaller, i.e., it must have a smaller
combustion surface, otherwise the fan would have to
work at lower frequencies than in the case of the com-
bustion system according to the invention, causing the
fan to operate unstably. When the combustion system
operates at maximum power, pressure drops increase

so a higher powered fan would be needed to obtain max-
imum power in the burner. However, in the case of the
combustion system according to the invention, the sep-
arating means 15 prevent curve II from experiencing ex-
ponential growth, as occurs in the case of conventional
combustion systems depicted by curve I, the combustion
area X becoming larger at higher power and pressure
drops therefore being smaller.

Claims

1. Combustion system suitable for a boiler or a heater,
particularly a condensing boiler or heater, compris-
ing a fan (5), a pre-mix combustion device (3) com-
prising a body (11) demarcating a pre-mix chamber
(12) and an inlet (14) for the entry of a fuel and gas
mixture into the pre-mix chamber (12), and a burner
(10) with a combustion area (19) that can be fed with
the fuel and gas mixture from the pre-mix chamber
(12), characterized in that the pre-mix combustion
device (3) comprises separating means (15) which,
when actuated by the fuel and gas mixture driven by
the fan (5), change the combustion area of the burner
(10) that is fed with the fuel and gas mixture, said
separating means (15) moving between a minimum
power position of the burner (10), in which the sep-
arating means (15) divide the pre-mix chamber (12)
limiting the access of the fuel and air mixture to a
first part (18) of the combustion area (19) of the burn-
er (10), and a maximum power position of the burner,
in which the separating means (15) are arranged
such that the fuel and air mixture can access the
entire combustion area (19).

2. Combustion system according to the preceding
claim, comprising an ionization sensor (20), the first
part (18) of the combustion area (19) of the burner
(10) being arranged facing the ionization sensor (20).

3. Combustion system according to any of the preced-
ing claims, wherein the first part (18) of the combus-
tion area (19) is arranged over the inlet (14).

4. Combustion system according to any of the preced-
ing claims, wherein the separating means (15) are
mechanical means.

5. Combustion system according to any of the preced-
ing claims, wherein the separating means (15) com-
prise a shaft (17) supported in the body (11) of the
pre-mix combustion device (3), and a separating el-
ement (16) coupled to the shaft (17).

6. Combustion system according to the preceding
claim, wherein the shaft(17) goes through the body
(11) transversely and the separating element (16) is
longitudinally fixed on the shaft (17) such that in the
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minimum power position, the separating element
(16) divides the pre-mix chamber (12) into two sub-
chambers (12a, 12b).

7. Combustion system according to claim 5 or 6, where-
in the separating element (16) is a fin.

8. Combustion system according to any of the claims,
wherein the inlet (14) of the fuel and air mixture is
arranged at one end of a bottom (11 b) of the body
(11) of the pre-mix combustion device (3).

9. Combustion system according to any of the preced-
ing claims, wherein the first part (18) of the combus-
tion area (19) of the burner (10) has a surface of
about 50% of the combustion area (19).

10. Combustion system according to any of claims 1 to
8, wherein the first part (18) of the combustion area
(19) of the burner (10) has a surface of about 30%
of the combustion area (19).

11. Boiler characterized in that it comprises a combus-
tion system according to any of the preceding claims.

12. Heater characterized in that it comprises a com-
bustion system according to any of claims 1 to 10.
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