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(54)
embodiment of said method

(57) A method of monitoring the combustion of a gas
boiler, which includes:

« determination of an interval within which the concentra-
tion of the various products of combustion present in the
combustion gases can vary;

» measurement of the CO value in the combustion gases
and simultaneous measurement of CO,, O, or both;

« regulation of the ratio of the air/gas mixture supplied to

ppm CO

Ideal operating area
for combustion process

Method for monitoring and regulating the combustion of a gas boiler, and boiler for the

the burner, on the basis of the data detected,

wherein the data detected relating to the concentration
of products of combustion in the combustion gases are
compared with the data contained in a table stored in the
boiler control system which states the maximum and min-
imum values allowed for each product of combustion, so
that combustion is optimised.
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Description

[0001] Thisinventionrelates to a method of monitoring
and regulating the combustion of a gas boiler, which in-
volves determining an interval within which the concen-
tration of the various products of combustion present in
the combustion gases of a specific boiler can vary, said
concentration corresponding to a situation of optimum
efficiency in measuring the quantity of CO in the com-
bustion gases and simultaneously measuring the quan-
tity of O,, and regulating the ratio of the air/gas mixture
supplied to the burner on the basis of the values detected
so as to maximise its efficiency, the concentration of said
products of combustion being maintained within a pre-
determined interval in said condition.

[0002] Basically, afeedback-driven dynamic control of
the combustion conditions is introduced so that the
air/gas ratio can be adjusted to ensure continuous reg-
ulation of the boiler in the event of variation of the envi-
ronmental conditions, and variations in the boiler char-
acteristics over time.

[0003] The invention also relates to a gas boiler char-
acterised in that it includes means designed to measure
the quantity of CO and at least one other product of com-
bustion such as CO, or O, in the combustion gases, and
means designed to vary the ratio of the air/gas mixture
supplied to the burner on the basis of the values detected,
so as to maintain them within a pre-determined interval.
[0004] The efficient operation of a boiler depends
mainly on the characteristics of the air-fuel mixture sup-
plied to the burner, which affects not only the efficiency
of the boiler but also the quantity of products of combus-
tion present in the exhaust gases, and consequently the
healthiness of the environment.

[0005] Until a few years ago, boilers were regulated
by initial adjustment of the air/gas ratio, without any sub-
sequent monitoring of the combustion characteristics.
[0006] Products of combustion, especially CO, CO,
and O,, are formed in exhaust gases as a result of com-
bustion. The quantity of said products varies according
to the combustion characteristics, which in turn depend
on the characteristics of the mixture, the boiler, and the
environment in which it operates.

[0007] The problem that arises for one skilled in the
art is therefore to maximise the efficiency of a boiler and
consequently ensure low emission of said products of
combustion.

[0008] However, the percentage of products of com-
bustion present in the exhaust gases is not directly pro-
portional to the flow rate or the air/gas ratio, but with the
variation of the flow rate it varies according to curves that
differ considerably from one component to another, de-
pending on the environmental conditions in which the
boiler operates, the characteristics of the boilerand soon.
[0009] It is therefore impossible to identify a priori an
optimum regulation which can be maintained in all oper-
ating conditions and throughout the life cycle of a boiler,
and the initial regulation of the air/gas ratio is insufficient
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to ensure optimum combustion over time.

[0010] If an excessively rich mixture (excess of gas) is
conveyed to the burner, in addition to the lower efficiency
of the boiler uncombusted products will be formed, es-
pecially carbon monoxide, which is very harmful, where-
as combustion with a lean mixture (excess of air) leads
to reduced efficiency due to the significant loss of heat
in the fumes, together with a considerable increase in
the production of carbon monoxide and a reduction in
CO.,.

[0011] Itistherefore obviously important for the correct
air/gas ratio to be maintained in the combustion mixture
under all conditions and throughout the life cycle of the
boiler. However, this problem is difficult to solve, because
the air/gas ratio required to provide optimum operation
varies with the flow rate of the fuel mixture and with time,
as wear on the boiler causes the various hydraulic, me-
chanical and electronic components involved in combus-
tion, such as the burner, fan, heat exchanger, etc. to de-
teriorate, and this causes a deterioration in boiler per-
formance and different operating conditions, which leads
to an increase in emissions of products of combustion.
[0012] According to the state of the art, boilers are
known in which a sensor measures the quantity of a prod-
uct of combustion, in particular carbon dioxide, present
in the exhaust gases, and this parameter is used to reg-
ulate the air/gas mixture.

[0013] However, this system does not allow all param-
eters to be monitored in order to provide optimum boiler
regulation which takes account not only of efficiency but
also of the presence of toxic products in the combustion
gases, so that the safety of the installation can also be
monitored.

[0014] Said problem is now solved by the present in-
vention, which provides a boiler management method
and a boiler for the embodiment of said method wherein,
for a specific type of boiler, the quantity of products of
combustion present in the exhaust gases is determined
experimentally on the basis of the air/gas ratio, a graph
is constructed, and the pattern of the curves is used to
determine a range of air/gas ratio values wherein said
products of combustion are present to a lesser extent
and the efficiency of the boiler is acceptable; said value
range is taken as comparison parameter; the percentage
of said products of combustion present in the boiler ex-
haust gases is then determined continuously, and
checked to ensure that this quantity falls within the ex-
perimentally determined value range, the proportion of
the air/gas mixture being adjusted when said values fall
outside said interval.

[0015] Basically, the ratio of the air/gas mixture is con-
tinually adjusted on the basis of the actual state of com-
bustion, to obtain a dynamic feedback-driven control of
combustion which allows the performance of a boiler to
be maintained unchanged over time in terms of efficien-
cy, consumption and emissions, thus ensuring greater
safety and maintaining correct operation and satisfactory
efficiency of the boiler, unchanged over time.
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[0016] This invention will now be described in detail,
by way of example but not of limitation, by reference to
the annexed figures wherein:

« figure 1 schematically illustrates a boiler according
to the invention;

« figure 2 is a graph showing the quantity of products
of combustion present in the combustion gases as
a function of the air/gas ratio;

« figures 3 and 4 are block diagrams illustrating the
management of a boiler with the method according
to the invention.

[0017] As shown in figure 1, no. 1 indicates a boiler
burner associated with a heat exchanger 2. The burner
is supplied with gas through a pipe 3 fitted with a valve
4 with modulator, while the air in combustion chamber 5
is supplied by a fan 6 with modulator.

[0018] An electronic control unit of known type 7 con-
trols the modulator of fan 6 and the modulator of valve 4.
[0019] Exhaust gas outlet pipe 8 is fitted with a pair of
sensors 9 and 10.

[0020] The first sensor measures the quantity of car-
bon monoxide in the exhaust fumes, while the second
measures the quantity of O,, CO, or both.

[0021] The data detected by sensors 9 and 10 is sent
to control unit 7.
[0022] A table is stored in control unit 7 in which the

different fuel mixture flow rate values are associated with
the minimum and maximum values of the products of
combustion which may be present in the exhaust gases
during optimum operation of the boiler.

[0023] Said minimum and maximum value range can
be determined experimentally for each type of boiler.
[0024] In particular, the conditions of greatest efficien-
cy will be determined by laboratory tests, during which
the emissions are also measured.

[0025] See the graph in figure 2, for example.

[0026] Here, curve A represents the function A = 20.95
/(20.95-k), where kis the percentage of O, in the exhaust
gases, and m represents the efficiency.

[0027] The aim is to strike a compromise between the
conditions of greatest efficiency and the conditions of
lowest CO emissions.

[0028] The optimum regulation of the boiler will there-
fore correspond to the area of lowest CO emissions, with
a certain tolerance.

[0029] These tolerances are defined by the values of
CO, and O,.
[0030] The efficiency of the boiler will increase with a

higher CO, value (corresponding to a lower quantity of
0,), but so will the CO emissions. The increase in CO
will be considered acceptable up to a maximum level
allowed by the local legislation or directives (GAD).
[0031] A reduction in the CO, level (corresponding to
a greater quantity of O,) will lead to lower efficiency.
[0032] Onceagain, the CO emissions willincrease due
to the excess of air in the mixture.
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[0033] By means of the CO and CO, (and/or O,) sen-
sors, the boiler control systems can measure and modify
the efficiency of the boiler on the basis of the emissions
measured in the exhaust gas flow.

[0034] An electronic control unit of known type (in
which the predefined CO, O, and CO, parameters are
stored) will maintain combustion under the ideal condi-
tions, regardless of external disturbing factors such as
variations in gas quality, wind, boiler installation altitude,
air temperature, or flow resistance in the gas flow.
[0035] Dependingonrequirements, the electronic con-
trol unit will supply and regulate the speed of the air suc-
tion fan and the modulation of the gas regulation valve,
according to the level of the emissions measured by the
CO and CO, (and/or O,) sensors.

[0036] When said interval has been determined, the
maximum and minimum values for each product of com-
bustion will be stored in control unit 7.

[0037] During the operation of the boiler, the values
measured by sensors 9 and 10 will be input into the con-
trol unit, which compares them with the stored values.
[0038] Ifthe quantity of products of combustion detect-
ed differs from those for which combustion is considered
ideal, the control unit will activate the modulator of valve
4 to vary the quantity of gas in the mixture, or alternatively
will regulate the motor of fan 6 until sensors 9 and 10
detect values which are correct or do not differ greatly
form the optimum values.

[0039] If the values detected differ excessively from
the stored value, an alarm system with a boiler shutdown
device may be activated.

[0040] In the event of a variation in the characteristics
ofthe gas (e.g. the heat value), the boiler will self-regulate
on that basis to ensure that combustion is always ideal.
[0041] The boiler management method is illustrated
schematically in the graphs in figures 3 and 4.

[0042] The boiler management electronics perform a
first-level regulation on the basis of the required heating
power, by controlling the current supplied to the gas valve
modulator and/or the rotation speed of the air fan as well
as the water output temperature, as schematically illus-
trated in figure 3.

[0043] Simultaneously, the control logic constantly
analyses combustion, to regulate the air/gas ratio so as
to maintain the emissions within the pre-determined
range, as schematically illustrated in the diagram in figure
4.

[0044] Depending on the values detected by sensors
9 and 10, the control logic will operate, preferably by var-
ying the quantity of air first, so as not to destabilise the
system in terms of heating performance, and adjusting
the gas flow rate if the air flow rate is close to the allowed
limit.

[0045] Basically, the method according totheinvention
provides feedback-driven control of the safety regulation
of a boiler based on continual analysis of the actual state
of combustion, thus providing considerable advantages
(i) in terms of regulation, because the determination of
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the quantity of air and gas to be sent to the burner not
only depends on the heating performance requirement,
but is also determined on the basis of the actual state of
combustion, and (i) in terms of reliability, because in ad-
dition to the traditional tests, the emissions are checked
directly and constantly.

[0046] This improves efficiency, optimises consump-
tion over time, reduces emissions of products of com-
bustion during the life of the boiler and is thus more en-
vironment-friendly, and allows system autodiagnosis.

Claims

1. Method of monitoring the combustion of a gas boiler,
which said method is characterised in that it in-
cludes:

* determination of an interval within which the
concentration of the various products of com-
bustion present in the combustion gases can
vary;

» measurement of the CO value in the combus-
tion gases and simultaneous measurement of
CO,, O, or both;

« regulation of the ratio of the air/gas mixture
supplied to the burner, on the basis of the data
detected.

2. Method as claimed in claim 1, wherein the data de-
tected relating to the concentration of products of
combustion in the combustion gases are compared
with the data contained in a table stored in the boiler
control system which states the maximum and min-
imum values allowed for each product of combus-
tion, so that combustion is optimised.

3. Method as claimed in claim 2, wherein CO and CO,
are measured simultaneously.

4. Method as claimed in claim 2, wherein CO and O,
are measured simultaneously.

5. Method as claimed in claim 1, wherein:

» the quantity of products of combustion present
in the exhaust gases is determined on the basis
of the air/gas ratio;

* a range of air/gas ratio values is determined
wherein the quantity of CO is minimal and the
efficiency of the boiler is acceptable, said inter-
val being defined on the basis of O, and/or CO,
values considered acceptable;

« said value interval is used as comparison pa-
rameter,

« the percentage of said products of combustion
present in the boiler exhaust gases is then de-
termined continuously, and checked to ensure
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that this quantity falls within the determined val-
ue range, the proportion of the air/gas mixture
being adjusted when said values fall outside said
interval.

6. Boiler with combustion control systems for the em-
bodiment of the method claimed in any of claims 1
to 4, characterised in that it includes:

» means designed to measure the CO concen-
tration present in the combustion gases;

* means designed to measure the concentration
of CO,, O, or both in the combustion gases;

» means designed to vary the ratio of the air/gas
mixture supplied to the burner according to the
values detected.

7. Boiler as claimed in claim 6, characterised in that
it includes a control unit designed to control a gas
supply valve with modulator and/or an air supply fan
with modulator on the basis of the concentration of
products of combustion in the combustion gases.
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