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IGNITION SEQUENCE

(57) In an air-gas mixture burning appliance (100)
that comprises a burning unit (120) for burning a com-
bustible air-gas mixture (130, 131), aflame detector (150)
for sensing presence of a flame (122) in the burning unit
(120), an air-gas mixing unit (110) that is arranged up-
stream of the burning unit (120) for mixing of air and gas
to form the combustible air-gas mixture (130, 131), and
a gas supply unit (116) that is arranged upstream of the
air-gas mixing unit (110), the gas supply unit (116) is
adapted to regulating a flow of gas to the air-gas mixing
unit (110) such that the combustible air-gas mixture (130,
131) has a variable equivalence ratio between gas and
air that is based on whether the flame detector (150)
senses the presence of the flame (122) or fails to sense
the presence of a flame (122) in the burning unit (120).
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Description
Background of the Invention

[0001] The presentinvention relates to an air-gas mix-
ture burning appliance that comprises a burning unit for
burning a combustible air-gas mixture, a flame detector
for sensing presence of a flame in the burning unit, an
air-gas mixing unit that is arranged upstream of the burn-
ing unit for mixing of air and gas to form the combustible
air-gas mixture, and a gas supply unit that is arranged
upstream of the air-gas mixing unit. Furthermore, the
present invention relates to a gas supply unit for such an
air-gas mixture burning appliance, as well as to a method
of operating such an air-gas mixture burning appliance.
[0002] From the state of the art, an air-gas mixture
burning appliance with an air-gas mixing unit, a burning
unit, a flame detector, and a gas supply unit is known. In
this air-gas mixture burning appliance, hydrogen may be
used as gas and mixed with air to form a combustible air-
gas mixture.

[0003] More specifically, such an air-gas mixture burn-
ing appliance usually mixes air and gas directly before
the burning unit. During the ignition phase, the combus-
tible air-gas mixture enters the burning unit where it is
ignited at a low heat input to assist with stability and
acoustics upon start up. However, sometimes the com-
bustible air-gas mixture is not ignited immediately, which
can lead to a build-up of the combustible air-gas mixture
after the burning unit. A delayed ignition, which refers to
igniting the built-up combustible air-gas mixture, usually
leads to an explosion that may damage internal compo-
nents of the air-gas mixture burning appliance and en-
danger the surrounding environment.

[0004] Delayed ignition is unproblematic for current
natural gas burning appliances. However, delayed igni-
tion may have severe consequences for appliances that
burn a combustible air-hydrogen mixture. For example,
the explosion caused by a delayed ignition of a combus-
tible air-hydrogen mixture may not only damage internal
components of the appliance, but damaged internal com-
ponents may be ejected from the boiler case of the ap-
pliance. Moreover, the high sound levels that such an
explosion produces, could potentially lead to hearing
damage of people who are in the vicinity of such an ap-
pliance.

[0005] Current appliances include a controller that ac-
tivates a spark electrode and then opens the gas valve
for a pre-set ignition safety time. The gas valve remains
open If ignition and a stable flame is achieved during the
pre-set ignition safety time. Current natural gas burning
appliances light a combustible air-natural gas mixture
that has a fixed concentration.

[0006] In the remainder of this description, the term
"gas" refers as any fuel in gaseous form that when mixed
with air forms a combustible air-gas mixture. Examples
for such a gas include hydrogen, propane, butane, meth-
ane, liquefied petroleum gas, etc.
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[0007] The concentration of the combustible air-gas
mixture, which is sometimes also referred to as the air-
gas ratio or the air to gas ratio, is the mass of air per
mass of gas in the air-gas mixture. A complete combus-
tion takes place when all the gas of the combustible air-
gas mixture is burned. In other words, the exhaust gas
is free of unburned gas. The air-gas ratio of a complete
combustion is referred to as the stoichiometric air-gas
ratio, and the ideal gas-air ratio is called stoichiometric
gas-air ratio.

[0008] The equivalence ratio between gas and air is
defined as the ratio of the actual gas-air ratio to the sto-
ichiometric gas-air ratio. The equivalence ratio between
gas and air is sometimes also referred to as the equiva-
lence gas-air ratio and denoted by the symbol ¢. The
inverse of the equivalence gas-air ratio is sometimes re-
ferred to as the equivalence air-gas ratio, which is also
denoted by the symbol A. Thus, ¢ = 1/A. The equivalence
air-gas ratio is also defined as the ratio of the actual air-
gas ratio to the stoichiometric air-gas ratio.

[0009] Thus, the equivalence gas-air ratio is equal to
the equivalence air-gas ratio and equal to one if the com-
bustion is stoichiometric (i.e., $ = A =1). If the combustion
is lean with excess air, the equivalence gas-air ratio is
smaller than one (i.e., ¢ < 1). and the equivalence air-
gasratio greaterthan one (i.e., A>1). Similarly, if the com-
bustion is rich with incomplete combustion, the equiva-
lence gas-air ratio is greater than one (i.e., ¢ > 1) and the
equivalence air-gas ratio smaller than one (i.e., A<1).
[0010] Current natural gas burning appliances light a
combustible air-natural gas mixture that has a fixed, rich
concentration slightly below that of the stoichiometric air-
gasratio (i.e.,A<1). However, a delayed ignition of a com-
bustible air-hydrogen mixture with an air-hydrogen ratio
slightly below that of the stoichiometric air-hydrogen ratio
would cause serious damage to the air-gas mixture burn-
ing appliance and to people who are in the vicinity of such
an appliance during the occurrence of such a delayed
ignition.

[0011] DocumentKR 100839523 B1 describes a burn-
er for the combustion of hydrogen and oxygen gas. The
connection between the burner and a hydrogen gas stor-
age tank and an oxygen gas storage tank is provided
with flow control valves to control the gas flow rate of
hydrogen gas and oxygen gas such that 0.65 m3 of ox-
ygen gas are mixed with 1 m3 of hydrogen gas for com-
bustion, whereby 77% of the total volume percentage
(%) of oxygen is supplied from the oxygen storage tank,
and the remaining 23% of the total volume percentage
of oxygen is supplied from the combustion air supplied
by external combustion air suction means.

[0012] Document KR 19980062747 U describes a
burner pin structure of a gas boiler that is designed to
improve ignition performance, reduce ignition noise, and
reduce ignition failure due to delayed ignition by allowing
a weak flame to be injected in a diagonal direction.
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Summary of the Invention

[0013] The presentinvention relates to an air-gas mix-
ture burning appliance that comprises a burning unit for
burning a combustible air-gas mixture, a flame detector
for sensing presence of a flame in the burning unit, an
air-gas mixing unit that is arranged upstream of the burn-
ing unit for mixing of air and gas to form the combustible
air-gas mixture, and a gas supply unit that is arranged
upstream of the air-gas mixing unit, wherein the gas sup-
ply unit is adapted to regulating a flow of gas to the air-
gas mixing unit such that the combustible air-gas mixture
has a variable equivalence ratio between gas and air that
is based on whether the flame detector senses the pres-
ence of the flame in the burning unit or fails to sense the
presence of a flame in the burning unit.

[0014] Advantageously, the inventive air-gas mixture
burning appliance may prevent the build-up of a damag-
ing concentration of the combustible air-gas mixture in
the burning unit, thereby eliminating the risks associated
with a delayed ignition of such a damaging amount of the
combustible air-gas mixture. More specifically, adjusting
the equivalence ratio between gas and air to a different
value before and after ignition of the combustible air-gas
mixture may prevent an explosion in the event of a de-
layed ignition, while simultaneously ensuring a clean and
efficient combustion after the ignition of the combustible
air-gas mixture.

[0015] Accordingtoone aspect, the burning unit further
comprises a burner surface, wherein the combustible air-
gas mixture is burned at the burner surface.

[0016] Thus, burning the combustible air-gas mixture
at a burner surface may allow for a more efficient com-
bustion and an improved flame detection.

[0017] According to one aspect, the gas supply unit
further comprises a first gas flow channel with a gas flow
restrictor that restricts flow of gas to the air-gas mixing
unit, and a second gas flow channel that is hydraulically
parallel to the first gas flow channel and comprises a gas
valve that remains closed when the flame detector fails
to sense the presence of the flame and that opens when
the flame detector senses the presence of the flame.
[0018] Accordingly, the gas supply unit may control the
firstand second gas flow channels independently of each
other and vary the equivalence ratio between gas and
air before and after ignition of the combustible air-gas
mixture.

[0019] Preferably, the second gas flow channel further
comprises a solenoid that controls the gas valve.
[0020] Thus, the gas valve may be electrically control-
led, for example based on a feedback signal from the
flame detector.

[0021] Preferably, the gas supply unit further compris-
es an additional gas valve that is arranged upstream of
the first and second gas flow channels.

[0022] Accordingly, the gas supply unit may complete-
ly cut off the flow of gas to the air-gas mixing unit, e.g.,
to turn off the air-gas mixture burning appliance.
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[0023] Preferably, the additional gas valve is a zero
governor gas valve.

[0024] Thus, zero pressure may be maintained at the
outlet of the additional gas valve.

[0025] Preferably, the zero governor gas valve further
comprises a gas regulator that is adapted to maintaining
zero pressure at the outlet of the zero governor gas valve.
[0026] Accordingly, the zero pressure at the outlet of
the zero governor gas valve may be maintained inde-
pendent from the number of gas flow channels that are
opened.

[0027] Preferably, the additional gas valve comprises
at least one of a pressure-controlled valve or an electron-
ically-controlled valve.

[0028] Thus, the additional gas valve may be imple-
mented to be controllable in different ways according to
the needs of the air-gas mixture burning appliance.
[0029] According to one aspect, the gas supply unit
supplies a first flow of gas to the air-gas mixing unit such
that the combustible air-gas mixture has a first equiva-
lence ratio between gas and air when the flame detector
fails to sense the presence of the flame.

[0030] Accordingly, the gas supply unit may regulate
the equivalence ratio between gas and air in the com-
bustible air-gas mixture such that the consequences of
a delayed ignition are reduced.

[0031] Preferably, the first equivalence ratio between
gas and air is smaller than 1.

[0032] Thus, the actual gas-air ratio is lean and below
the stoichiometric gas-air ratio, which may prevent an
explosion in case of a delayed ignition.

[0033] According to one aspect, the gas supply unit
supplies a second flow of gas to the air-gas mixing unit
such that the combustible air-gas mixture has a second
equivalence ratio between gas and air that is different
than the first equivalence ratio between gas and air when
the flame detector senses the presence of the flame.
[0034] Accordingly, the gas supply unit may increase
the equivalence ratio between gas and air after the igni-
tion towards a richer gas-air mixture.

[0035] Preferably, the second equivalence ratio be-
tween gas and air is greater than the first equivalence
ratio between gas and air.

[0036] Thus, the actual gas-air ratio is rich and above
the stoichiometric gas-air ratio after the ignition phase,
thereby providing for more power.

[0037] According to one aspect, the gas valve opens
with a predetermined delay after the flame detector sens-
es the presence of the flame.

[0038] Accordingly, the burning unit may ensure the
establishment of a stable flame during the predetermined
delay.

[0039] Preferably, the predetermined delay is between

0.5 seconds and 6 seconds.

[0040] Thus, the predetermined delay may allow for
the establishment of a stable flame across the entire
burner surface.

[0041] According to one aspect, the air-gas mixture
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burning further comprises a controller that is connected
to the flame detector and adapted to at least control the
gas valve on the basis of a detection signal provided by
the flame detector.

[0042] Thus, feedback regarding the establishment of
a flame may be provided from the flame detector to the
gas valve.

[0043] Preferably, the gas is hydrogen.

[0044] Accordingly, the air-gas mixture burning appli-
ance may burn a combustible air-hydrogen mixture.
[0045] Furthermore, the present invention relates to a
gas supply unit for an air-gas mixture burning appliance
that comprises an air-gas mixing unit for mixing of air and
gas to form a combustible air-gas mixture, a burning unit
for burning the combustible air-gas mixture, and a flame
detector that is adapted for sensing presence of a flame
in the burning unit, wherein the gas supply unitis adapted
to regulating a flow of gas to the air-gas mixing unit such
that the combustible air-gas mixture has a variable equiv-
alenceratio between gas and air that is based on whether
the flame detector senses the presence of the flame in
the burning unit or fails to sense the presence of a flame
in the burning unit.

[0046] Advantageously, a new gas supply may be pro-
vided that prevents the build-up of a damaging concen-
tration of the combustible air-gas mixture in the burning
unit of the air-gas mixture burning appliance, thereby
eliminating the risks associated with a delayed ignition
of such a damaging amount of the combustible air-gas
mixture. More specifically, adjusting the equivalence ra-
tio between gas and air to a different value before and
after ignition of the combustible air-gas mixture may pre-
vent an explosion in the event of a delayed ignition, while
simultaneously ensuring a clean and efficient combus-
tion after the ignition of the combustible air-gas mixture.
[0047] According to one aspect, the gas supply unit
further comprises a first gas flow channel with a gas flow
restrictor that restricts flow of gas to the air-gas mixing
unit, and a second gas flow channel that is hydraulically
parallel to the first gas flow channel and comprises a gas
valve that remains closed when the flame detector fails
to sense the presence of the flame and that opens when
the flame detector senses the presence of the flame.
[0048] Thus, the gas supply unit may control the first
and second gas flow channels independently of each oth-
er and vary the equivalence ratio between gas and air
before and after ignition of the combustible air-gas mix-
ture.

[0049] Moreover, the present invention relates to a
method of operating an air-gas mixture burning appliance
that comprises an air-gas mixing unit, a burning unit that
is arranged downstream of the air-gas mixing unit, a
flame detector, and a gas supply unit that is arranged
upstream of the air-gas mixing unit, the gas supply unit
comprising a first gas flow channel with a gas flow re-
strictor, a second gas flow channel that is hydraulically
parallel to the first gas flow channel and comprises a first
gas valve, and a second gas valve that is arranged up-
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stream of the first and second gas flow channels. The
method comprises closing the first gas valve, opening
the second gas valve, with the gas flow restrictor, restrict-
ing flow of gas through the first gas flow channel to the
air-gas mixing unit, with the air-gas mixing unit, mixing
air with the gas from the first gas flow channel to form a
combustible air-gas mixture, igniting the combustible air-
gas mixture in the burning unit, with the flame detector,
sensing for presence of a flame in the burning unit, and
in response to failing to sense the flame in the burning
unit, maintaining the first gas valve in the closed position.
[0050] Advantageously,theinventive method may pre-
vent the build-up of adamaging concentration of the com-
bustible air-gas mixture in the burning unit of the air-gas
mixture burning appliance, thereby eliminating the risks
associated with a delayed ignition of such a damaging
amount of the combustible air-gas mixture.

[0051] Preferably, the combustible air-gas mixture has
a first equivalence ratio between gas and air.

[0052] Thus, the inventive method may adjust the
equivalence ratio between gas and air to a first value for
as long as no flame is detected in the burning unit.
[0053] Preferably, the first equivalence ratio between
gas and air is smaller than 1.

[0054] Accordingly, the actual gas-air ratio is lean and
below the stoichiometric gas-air ratio, which may prevent
an explosion in case of a delayed ignition.

[0055] According to one aspect, the method may fur-
ther comprise in response to sensing presence of the
flame in the burning unit, opening the first gas valve.
[0056] Thus, the gas-air mixture burning unit may ad-
just the equivalence ratio between gas and air to a dif-
ferent value after ignition of the combustible air-gas mix-
ture, thereby ensuring a clean and efficient combustion
after the ignition of the combustible air-gas mixture.
[0057] Preferably, the method may further comprise
waiting for a predetermined duration between sensing
presence of the flame in the burning unit and opening
the first gas valve.

[0058] Accordingly, the burning unit may ensure the
establishment of a stable flame during the predetermined
delay.

[0059] Preferably, the predetermined duration is be-

tween 0.5 seconds and 6 seconds.

[0060] Thus, the predetermined delay may allow for
the establishment of a stable flame across the entire
burner surface.

[0061] According to one aspect, the method may fur-
ther comprise with the air-gas mixing unit, mixing air with
the gas from the first and second gas flow channels to
form another combustible air-gas mixture.

[0062] Thus, the air-gas mixing unit may vary the
equivalence ratio between gas and air of the combustible
gas-air mixture.

[0063] Preferably, the other combustible air-gas mix-
ture has a second equivalence ratio between gas and air
that is different than the first equivalence ratio.

[0064] Thus, the air-gas mixing unit may set the equiv-
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alence ratio between gas and air of the combustible gas-
air mixture to a different value.

[0065] Preferably, the second equivalence ratio be-
tween gas and air is greater than the first equivalence
ratio.

[0066] Thus, the air-gas mixture burning appliance
may perform a more efficient combustion of the combus-
tible air-gas mixture.

Brief Description of the Drawings

[0067] Exemplary embodiments of the present inven-
tion are described in detail hereinafter with reference to
the attached drawings. In these attached drawings, iden-
tical or identically functioning components and elements
are labelled with identical reference signs and they are
generally only described once in the following descrip-
tion.
Fig. 1  shows a schematic view of an air-gas mixture
burning appliance according to the present in-
vention, during the ignition phase,

Fig. 2 shows a schematic view of the air-gas mixture
burning appliance of Fig. 1, after establishment
of a stable flame,

Fig. 3 shows a schematic view of a gas supply unit
according to the present invention, and

Fig. 4  shows a functional diagram for illustrating op-
eration of the air-gas mixture burning appliance
of Fig. 1 to Fig. 3.

Detailed Description

[0068] Fig. 1showsanexemplary air-gas mixture burn-
ing appliance 100 with an air-gas mixing unit 110, a burn-
ing unit 120, and a flame detector 150. By way of exam-
ple, the air-gas mixture burning appliance 100 may be
used in a boiler or, more generally, in a building heating
system. Preferably, the gas used is hydrogen such that
the air-gas mixture burning appliance 100 forms an air-
hydrogen mixture burning appliance.

[0069] The air-gas mixing unit 110 is preferably adapt-
ed for mixing of air and gas to form a combustible air-gas
mixture 130. Preferentially, the combustible air-gas mix-
ture 130 is a homogenous mixture of the air and the gas.
[0070] By way of example, the air-gas mixing unit 110
includes an air supply unit 112 and a gas supply unit 116.
lllustratively, the air supply unit 112 includes a fan 114
that may be operated with an adaptable fan speed and/or
within predetermined ranges of fan speeds to draw air
into the air-gas mixing unit 110.

[0071] The air supply unit 112 and the gas supply unit
116 may be interconnected via a mixer 118 which forms
a corresponding discrete point of mixing 119. Preferably,
the combustible air-gas mixture 130 is formed at the dis-
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crete point of mixing 119 and guided via the mixer 118
to the burning unit 120.

[0072] lllustratively, the burning unit 120 is provided
with a burner surface 124 that is arranged downstream
of the air-gas mixing unit 110 such that the combustible
air-gas mixture 130 that is formed at the discrete point
of mixing 119 flows towards the burner surface 124. The
combustible air-gas mixture 130 is burned by the burning
unit 120 and, more specifically, at the burner surface 124.
[0073] By way of example, the burner surface 124 is
illustrated with a comparatively small flame 122 which
occurs e.g. during an ignition phase of the air-gas mixture
burning appliance 100. As an example, during such an
ignition phase, the air-gas mixing unit 110 may have a
low firing rate, i.e. a comparatively low rate at which feed
of the combustible air-gas mixture 130 from the air-gas
mixing unit 110 to the burning unit 120 occurs, in terms
of volume, heat units, or weight per unit time. As another
example, during such an ignition phase, the air-gas mix-
ing unit 110 may provide a combustible air-gas mixture
with a first equivalence rate between gas and air. If de-
sired, the combustible air-gas mixture may be alean com-
bustible air-gas mixture with an equivalence ratio be-
tween gas and air that is below the stoichiometric ratio
between gas and air. The comparatively small flame 122
is illustratively stabilised against the burner surface 124
and detected by means of the flame detector 150.
[0074] According toone aspect, the flame detector 150
is provided for sensing presence of a flame 122 in the
burning unit 120. By way of example, the flame detector
150 detects a flame signal 160 in the burning unit 120.
Thus, the flame detector 150 is suitable for determining
whether a flame 122 is present in the burning unit 120,
or not. However, it should be noted that suitable flame
detection techniques that may be used with the flame
detector 150 are well-known to the person skilled in the
art and are, therefore, not described in more detail, for
brevity and conciseness. Forinstance, the flame detector
150 may use any suitable sensing element for sensing
presence of the flame 122 in the burning unit 120.
[0075] lllustratively, the flame detector 150 is connect-
ed to a controller 140. Preferably, the controller 140 is
adapted to control supply of gas to the air-gas mixing unit
110, in particular to control the gas supply unit 116, on
the basis of a detection signal 142 provided by the flame
detector 150. If desired, the controller 140 may control a
gas valve of the gas supply unit 116 on the basis of the
detection signal 142.

[0076] The detection signal 142 may be created and/or
provided by the flame detector 150, or alternatively by
the controller 140, by comparing the detected flame sig-
nal 160 with a predetermined flame detection threshold.
Thus, the controller 140 may create a control signal 182
on the basis of the detection signal 142. If desired, the
gas supply unit 116 may use the detection signal 142
e.g. to regulate the flow of gas to the air-gas mixing unit
110 such that the combustible air-gas mixture 130 has a
variable equivalence ratio between gas and air based on
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the detection signal 142, i.e., based on whether the flame
detector 150 senses the presence of a flame 122 in the
burning unit 120 or fails to sense the presence of a flame
122 in the burning unit 120.

[0077] As an example, the gas supply unit 116 may
supply a first flow of gas to the air-gas mixing unit 120
such that the combustible air-gas mixture 130 has a first
equivalence ratio between gas and air when the flame
detector 150 fails to sense the presence of the flame 122.
If desired, the first equivalence ratio between gas and air
may be smaller than 1. In other words, the combustible
air-gas mixture 130 may be lean.

[0078] As another example, the gas supply unit 116
may supply a second flow of gas to the air-gas mixing
unit 120 such that the combustible air-gas mixture 130
has a second equivalence ratio between gas and air that
is different than the first equivalence ratio between gas
and airwhen the flame detector 150 senses the presence
of the flame 122. If desired, the second equivalence ratio
between gas and air may greater than the first equiva-
lence ratio between gas and air. Thus, the gas supply
unit 116 may regulate the equivalence ratio between gas
and air by providing a richer combustible air-gas mixture
130 when the flame detector 150 senses the presence
of the flame 122.

[0079] In some embodiments, the gas valve 184 may
open with a predetermined delay after the flame detector
150 senses the presence of the flame 122. For example,
the gas valve 184 may open with a predetermined delay
that is between 0.1 seconds and 20 seconds. Preferably,
the predetermined delay is between 0.5 seconds and 6
seconds.

[0080] lllustratively, the control circuit 140 may include
a timer. Upon receipt of the detection signal 142 from the
flame detector 150, the control circuit 140 may trigger
the timer. When the timer has timed the predetermined
delay, the control circuit 140 may send control signal 182
to the gas supply unit 116.

[0081] Fig. 2 shows the air-gas mixture burning appli-
ance 100 of Fig. 1 with the air-gas mixing unit 110, the
burning unit 120, the controller 140, and the flame de-
tector 150. However, in contrast to Fig. 1, the air-gas
mixture burning appliance 100 is shown with a greater
flame 122 after the ignition phase. As an example, the
air-gas mixing unit 110 may be operated at a high firing
rate, i.e. a comparatively high rate at which feed of the
combustible air-gas mixture 131 from the air-gas mixing
unit 110 arrives at the burning unit 120, which may lead
to the greater flame 122. The high firing rate may be
associated with a normal operating range of the burning
unit 120 compared to the low firing rate that is associated
with the ignition phase of the air-gas mixture burning ap-
pliance 100, as described in Fig. 1.

[0082] As another example, after the ignition phase,
the air-gas mixing unit 110 may provide a combustible
air-gas mixture 131 with a second equivalence rate be-
tween gas and air. If desired, after the ignition phase, the
combustible air-gas mixture 131 may be a rich combus-

10

15

20

25

30

35

40

45

50

55

tible air-gas mixture with an equivalence ratio between
gas and air that is above the stoichiometric ratio between
gas and air. The comparatively great flame 122 may emit
toward the flame detector 150 a flame signal 160 having
a higher intensity than the flame signal 160 emitted by
the flame 122 of Fig. 1.

[0083] Fig. 3 shows an illustrative gas supply unit 116.
Gas supply unit 116 may be arranged upstream of an
air-gas mixing unit (e.g., air-gas mixing unit 110 of Fig.
1 and Fig. 2), which is arranged upstream of a burning
unit (e.g., burning unit 120 of Fig. 1 and Fig. 2).

[0084] lllustratively, gas supply unit 116 may be adapt-
ed to regulating the flow of gas to the air-gas mixing unit
such that the combustible air-gas mixture produced by
the air-gas mixing unit has a variable equivalence ratio.
By way of example, the illustrative gas supply unit 116
may regulate the flow of gas depending on whether the
presence of a flame or the absence of a flame is detected
in the associated burning unit.

[0085] As an example, the gas supply unit 116 may
supply a first flow of gas to the air-gas mixing unit such
that the combustible air-gas mixture has a first equiva-
lence ratio between gas and air when the absence of a
flame is detected in the associated burning unit (e.g.,
using flame detector 150 of Fig. 1 and Fig. 2). If desired,
the first equivalence ratio between gas and air may be
smaller than one. In other words, the gas supply unit 116
may supply the first flow of gas to the air-gas mixing unit
such that the air-gas mixing unit produces a lean mixture
of air and gas as long as the absence of a flame is de-
tected in the burning unit.

[0086] As another example, the gas supply unit 116
may supply a second flow of gas to the air-gas mixing
unit such that the combustible air-gas mixture has a sec-
ond equivalence ratio between gas and air when the pres-
ence of a flame is detected in the associated burning unit.
The second equivalence ratio may be different than the
first equivalence ratio between gas and air. If desired,
the second equivalence ratio may be greater than the
first equivalence ratio between gas and air. For example,
the second equivalence ratio between gas and air may
be greater than one. In other words, the gas supply unit
116 may supply the second flow of gas to the air-gas
mixing unit such that the air-gas mixing unit produces a
rich mixture of air and gas as long as the presence of a
flame is detected in the burning unit.

[0087] Ifdesired,thegas supply unit116 may be adapt-
ed to supplying more than two discrete flows of gas to
the air-gas mixing unit. For example, the gas supply unit
116 may be adapted to supplying any amount of gas to
the air-gas mixing unit selected from a continuous range.
The continuous range may be selected such that the var-
iable equivalence ratio between gas and air is between
0.05 and 20. Preferably, the continuous range may be
selected such thatthe variable equivalence ratio between
gas and air is between 0.3 and 5.

[0088] Gas supply unit 116 may have at least two hy-
draulically parallel gas flow channels. For example, gas
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supply unit 116 may have two, three, four, or more hy-
draulically parallel gas flow channels. As shown in Fig.
3, gas supply unit 116 may have two hydraulically parallel
gas flow channels 170, 180.

[0089] Each gas flow channel of the at least two hy-
draulically parallel gas flow channels may be adapted to
supplying a flow of gas to the air-gas mixing unit. The
flow of gas may be regulated in at least one gas flow
channel of the at least two hydraulically parallel gas flow
channels. If desired, the flow of gas may be interrupted
in the at least one gas flow channel of the at least two
hydraulically parallel gas flow channels.

[0090] A controller may control the atleast two hydrau-
lically parallel gas flow channels. Preferably, the control-
ler may control and/or regulate the flow of gas in the at
least two hydraulically parallel gas flow channels.
[0091] lllustratively, the controller may control only a
subset of the at least two hydraulically parallel gas flow
channels. In some embodiments, the controller may con-
trol each gas flow channel of the atleast two hydraulically
parallel gas flow channels independently of the other gas
flow channels. If desired, the controller may control at
least two gas flow channels of the at least two hydrauli-
cally parallel gas flow channels together.

[0092] By way of example, gas flow channel 170 of gas
supply unit 116 may include a gas flow restrictor 172 that
restricts flow of gas through gas flow channel 170 to the
air-gas mixing unit. Gas flow channel 180 may be hy-
draulically parallel to gas flow channel 170.

[0093] lllustratively, gas flow channel 180 may include
a gas flow restrictor 181 that restricts flow of gas through
gas flow channel 180 to the air-gas mixing unit. If desired,
gas flow channel 180 may include a gas valve 184. The
gas valve 184 may be either closed and prevent the flow
of gas through gas flow channel 180 or opened and allow
the flow of gas through gas flow channel 180.

[0094] Gas valve 184 may be activated electrically or
pneumatically. As shown in Fig. 3, a solenoid 186 may
control gas valve 184. Thus, solenoid 186 may open or
close gas valve 184. If desired, solenoid 186 may be
controlled electrically. For example, an electrical control
signal from a controller circuit (e.g., control signal 182
from controller 140 of Fig. 1 and Fig. 2) may control so-
lenoid 186.

[0095] lllustratively, the control signal may be indica-
tive of the presence or absence of a flame in the burning
unit. As an example, consider the scenario in which the
control signal is indicative of the absence of a flame in
the burning unit. In this scenario, the solenoid 186 may
control the gas valve 184 such that the gas valve 184
remains closed. Thus, only gas flow channel 170 may
provide a flow of gas to the air-gas mixing unit such that
the combustible air-gas mixture has a first equivalence
ratio between gas and air when the control signal is in-
dicative of the absence of a flame in the burning unit.
[0096] If desired, the gas flow restrictor 172 may be
selected such that the first equivalence ratio between
gas and air is smaller than one when only the gas flow
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channel 170 provides a flow of gas to the air-gas mixing
unit. Thus, the combustible air-gas mixture may be lean.
In case of a delayed ignition, the concentration of gas in
the air-gas mixture may be low enough to prevent an
explosion which may prevent damage to the air-gas mix-
ture burning appliance.

[0097] As another example, consider the scenario in
which the control signal is indicative of the presence of
a flame in the burning unit. In this scenario, the solenoid
186 may control the gas valve 184 such thatthe gas valve
184 opens. If desired, the control signal may direct the
solenoid 186 to open the gas valve 184 with a predeter-
mined delay. For example, the predetermined delay may
be selected to be between 0.5 and 6 seconds.

[0098] When the gas valve 184 is open, both gas flow
channels 170, 180 may provide a flow of gas to the air-
gas mixing unit such that the combustible air-gas mixture
has a second equivalence ratio between gas and air
when the control signal is indicative of the presence of a
flame in the burning unit.

[0099] If desired, the gas flow restrictors 172, 181 may
be selected such that the second equivalence ratio be-
tween gas and air is greater than the first equivalence
ratio. For example, the second equivalence ratio between
gas and air may be greater than one when both gas flow
channels 170, 180 provide a flow of gas to the air-gas
mixing unit. Thus, the combustible air-gas mixture may
be rich and provide for an improved running efficiency of
the air-gas mixture burning appliance once a stable flame
has been established in the burning unit.

[0100] lllustratively, gas supply unit 116 may include
an additional gas valve 194. The additional gas valve 194
may be arranged upstream of the first and second gas
flow channels 170, 180. The additional gas valve 194
may be adapted to completely shutting off the flow of gas
to the air-gas mixing unit.

[0101] Preferably, the additional gas valve 194 is a ze-
ro governor gas valve 196. If desired, the zero governor
gas valve 196 may include at least one gas regulator
198. The at least one gas regulator 198 may be adapted
to maintaining zero pressure at the outlet of the zero gov-
ernor gas valve 196.

[0102] lllustratively, the additional gas valve 194 may
include at least one of a pressure-controlled valve or an
electronically-controlled valve. As shown in Fig. 3, the
additional gas valve includes two electronically-control-
led valves 198 that are controlled independently by so-
lenoids 197, 199.

[0103] Fig. 4 shows a functional diagram for illustrating
operation of the air-gas mixture burning appliance of Fig.
1 and Fig. 2. As shown in Fig. 1 and Fig. 2, the air-gas
mixture burning appliance 100 may include an air-gas
mixing unit 110, a burning unit 120 that is arranged down-
stream of the air-gas mixing unit 110, a flame detector
150, and a gas supply unit 116 thatis arranged upstream
of the air-gas mixing unit 110. The gas supply unit 116
may include a first gas flow channel 170 with a gas re-
strictor 172, a second gas flow channel 180 that is hy-



13 EP 3 971 475 A2 14

draulically parallel to the first gas flow channel 170 and
comprises a first gas valve 184, and a second gas valve
194 that is arranged upstream of the first and second gas
flow channels 170, 180.

[0104] During operation 210, the air-gas mixture burn-
ing appliance may close the first gas valve. For example,
the air-gas mixture burning appliance 100 of Fig. 1 may
close gas valve 184 during the ignition phase of the air-
gas mixture burning appliance 100.

[0105] During operation 220, the air-gas mixture burn-
ing appliance may open the second gas valve. For ex-
ample, the air-gas mixture burning appliance 100 of Fig.
1 may open the second gas valve 194, thereby enabling
a flow of gas to the first and second gas flow channels
170, 180.

[0106] During operation 230, the air-gas mixture burn-
ing appliance may, with the gas restrictor, restrict flow of
gas through the first gas flow channel to the air-gas mix-
ing unit. For example, the air-gas mixture burning appli-
ance 100 of Fig. 1 may, with the gas restrictor 172, restrict
flow of gas through the first gas flow channel 170 to the
air-gas mixing unit 110.

[0107] During operation 240, the air-gas mixture burn-
ing appliance may, with the air-gas mixing unit, mix air
with the gas from the first gas flow channel to form a
combustible air-gas mixture. For example, the air-gas
mixture burning appliance 100 of Fig. 1 may, with the air-
gas mixing unit 110, mix air with the gas from the first
gas flow channel 170 to form a combustible air-gas mix-
ture 130.

[0108] During operation 250, the air-gas mixture burn-
ing appliance may ignite the combustible air-gas mixture
in the burning unit. For example, the air-gas mixture burn-
ing appliance 100 of Fig. 1 may ignite the combustible
air-gas mixture 130 in the burning unit 120.

[0109] During operation 260, the air-gas mixture burn-
ing appliance may, with the flame detector, sense for
presence of a flame in the burning unit. For example, the
air-gas mixture burning appliance 100 of Fig. 1 may, with
the flame detector 150, sense for presence of a flame
122 in the burning unit 120.

[0110] During operation 270, the air-gas mixture burn-
ing appliance may, in response to failing to sense the
flame in the burning unit, maintain the first gas valve in
the closed position. For example, the air-gas mixture
burning appliance 100 of Fig. 1 may, inresponse to failing
to sense the flame 122 in the burning unit 120, maintain
the first gas valve 184 in the closed position.

[0111] During operation 280, the air-gas mixture burn-
ing appliance may, in response to sensing presence of
the flame in the burning unit, open the first gas valve. For
example, the air-gas mixture burning appliance 100 of
Fig. 1 may, in response to sensing presence of the flame
122 in the burning unit 120, open the first gas valve 184.
[0112] Ifdesired, the air-gas mixture burning appliance
may wait for a predetermined duration between sensing
presence of the flame in the burning unit and opening
the first gas valve.
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[0113] It should be noted that the first and second
equivalence ratios between gas and air that the gas sup-
ply unit 116 supplies to the air-gas mixing unit 110 of the
air-gas mixture burning appliance 100 of Fig. 1 to Fig. 2
during the ignition phase and after the ignition phase, are
only cited by way of example, and not for limiting the
invention accordingly. Instead, varying the equivalence
ratios for other reasons are likewise contemplated, such
as e.g. adjusting the equivalence ratio between gas and
air depending on whether the air-gas mixture burning ap-
pliance 100 of Fig. 1 and Fig. 2 operates at low or high
power.

Claims

1. Anair-gas mixture burning appliance (100), compris-
ing:

a burning unit (120) for burning a combustible
air-gas mixture (130, 131),

a flame detector (150) for sensing presence of
a flame (122) in the burning unit (120),

an air-gas mixing unit (110) that is arranged up-
stream of the burning unit (120) for mixing of air
and gas to form the combustible air-gas mixture
(130, 131), and

a gas supply unit (116) that is arranged up-
stream of the air-gas mixing unit (110), wherein
the gas supply unit(116)is adapted to regulating
aflow of gas to the air-gas mixing unit (110) such
that the combustible air-gas mixture (130, 131)
has a variable equivalence ratio between gas
and air that is based on whether the flame de-
tector (150) senses the presence of the flame
(122) in the burning unit (120) or fails to sense
the presence of a flame (122) in the burning unit
(120).

2. The air-gas mixture burning appliance of claim 1,
wherein the burning unit (120) further comprises:
a burner surface (124), wherein the combustible air-
gas mixture (130, 131) is burned at the burner sur-
face (124).

3. The air-gas mixture burning appliance of claim 1 or
2, wherein the gas supply unit (116) further compris-
es:

a first gas flow channel (170) with a gas flow
restrictor (172) that restricts flow of gas to the
air-gas mixing unit (110), and

a second gas flow channel (180) that is hydrau-
lically parallel to the first gas flow channel (170)
and comprises a gas valve (184) that remains
closed when the flame detector (150) fails to
sense the presence of the flame (122) and that
opens when the flame detector (150) senses the
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presence of the flame (122).

The air-gas mixture burning appliance of claim 3,
wherein the second gas flow channel (180) further
comprises:

a solenoid (186) that controls the gas valve
(184).

The air-gas mixture burning appliance of claims 3 or
4, wherein the gas supply unit (116) further compris-
es:

an additional gas valve (194) that is arranged up-
stream of the first and second gas flow channels
(170, 180).

The air-gas mixture burning appliance of claim 5,
wherein the additional gas valve (194) is a zero gov-
ernor gas valve (196).

The air-gas mixture burning appliance of claim 6,
wherein the zero governor gas valve (196) further
comprises:
a gas regulator (198) that is adapted to maintaining
zero pressure at the outlet of the zero governor gas
valve (196).

The air-gas mixture burning appliance of claim 5,
wherein the additional gas valve (194) comprises at
least one of a pressure-controlled valve or an elec-
tronically-controlled valve.

The air-gas mixture burning appliance of any one of
the preceding claims, wherein the gas supply unit
(116) supplies a first flow of gas to the air-gas mixing
unit (120) such that the combustible air-gas mixture
(130) has a first equivalence ratio between gas and
air when the flame detector (150) fails to sense the
presence of the flame (122).

The air-gas mixture burning appliance of claim 9,
wherein the first equivalence ratio between gas and
air is smaller than 1.

The air-gas mixture burning appliance of claim 9,
wherein the gas supply unit (116) supplies a second
flow of gas to the air-gas mixing unit (120) such that
the combustible air-gas mixture (131) has a second
equivalence ratio between gas and air that is differ-
ent than the first equivalence ratio between gas and
air when the flame detector (150) senses the pres-
ence of the flame (122).

The air-gas mixture burning appliance of claim 11,
wherein the second equivalence ratio between gas
and air is greater than the first equivalence ratio be-
tween gas and air.
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13.

14.

15.

16.

17.

18.

19.

The air-gas mixture burning appliance of any one of
claims 3 to 12, wherein the gas valve (184) opens
with a predetermined delay after the flame detector
(150) senses the presence of the flame (122).

The air-gas mixture burning appliance of claim 13,
wherein the predetermined delay is between 0.5 sec-
onds and 6 seconds.

The air-gas mixture burning appliance of any one of
the preceding claims, further comprising:

a controller (140) that is connected to the flame de-
tector (150) and adapted to at least control the gas
valve (184) on the basis of a detection signal (142)
provided by the flame detector (150).

The air-gas mixture burning appliance of any one of
the preceding claims, wherein the gas is hydrogen.

A gas supply unit (116) for an air-gas mixture burning
appliance (100) that comprises an air-gas mixing unit
(110) for mixing of air and gas to form a combustible
air-gas mixture (130, 131), a burning unit (120) for
burning the combustible air-gas mixture (130, 131),
and a flame detector (150) thatis adapted for sensing
presence of a flame (122) in the burning unit (120),
wherein the gas supply unit (116) is adapted to reg-
ulating a flow of gas to the air-gas mixing unit (110)
such that the combustible air-gas mixture (130, 131)
has a variable equivalence ratio between gas and
air that is based on whether the flame detector (150)
senses the presence of the flame (122) in the burning
unit (120) or fails to sense the presence of a flame
(122) in the burning unit (120).

The gas supply unit of claim 17, further comprising:

a first gas flow channel (170) with a gas flow
restrictor (172) that restricts flow of gas to the
air-gas mixing unit (110), and

a second gas flow channel (180) that is hydrau-
lically parallel to the first gas flow channel (170)
and comprises a gas valve (184) that remains
closed when the flame detector (150) fails to
sense the presence of the flame (122) and that
opens when the flame detector (150) senses the
presence of the flame (122).

A method (200) of operating an air-gas mixture burn-
ing appliance (100) that comprises an air-gas mixing
unit (110), aburning unit (120) that is arranged down-
stream of the air-gas mixing unit (110), a flame de-
tector (150), and a gas supply unit (116) that is ar-
ranged upstream of the air-gas mixing unit (110), the
gas supply unit (116) comprising a first gas flow
channel (170) with a gas flow restrictor (172), a sec-
ond gas flow channel (180) that is hydraulically par-
allelto the first gas flow channel (170) and comprises
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a first gas valve (184), and a second gas valve (194)
thatis arranged upstream of the first and second gas
flow channels (170, 180), the method comprising:

closing (210) the first gas valve (184),

opening (220) the second gas valve (194),
with the gas flow restrictor (172), restricting
(230) flow of gas through the first gas flow chan-
nel (170) to the air-gas mixing unit (110),

with the air-gas mixing unit (110), mixing (240)
air with the gas from the first gas flow channel
(170) to form a combustible air-gas mixture
(130),

igniting (250) the combustible air-gas mixture
(130) in the burning unit (120),

with the flame detector (150), sensing (260) for
presence of a flame (122) in the burning unit
(120), and

in response to failing to sense the flame (122)
in the burning unit (120), maintaining (270) the
first gas valve (184) in the closed position.

The method of claim 19, wherein the combustible
air-gas mixture (130) has a first equivalence ratio
between gas and air.

The method of claim 20, wherein the first equiva-
lence ratio between gas and air is smaller than 1.

The method of claims 20 or 21, further comprising:
in response to sensing presence the flame (122) in
the burning unit (120), opening (280) the first gas
valve (184).

The method of claim 22, further comprising:
waiting for a predetermined duration between sens-
ing presence of the flame (122) in the burning unit
(120) and opening the first gas valve (184).

The method of claim 23, wherein the predetermined
duration is between 0.5 seconds and 6 seconds.

The method of any one of claims 22 to 24, further
comprising:

with the air-gas mixing unit (110), mixing air with the
gas from the firstand second gas flow channels (170,
180) to form another combustible air-gas mixture
(131).

The method of claim 25, wherein the other combus-
tible air-gas mixture (131) has a second equivalence
ratio between gas and air that is different than the
first equivalence ratio.

The method of claim 26, wherein the second equiv-
alence ratio between gas and air is greater than the
first equivalence ratio.
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