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(57)  Agas appliance (1, 2, 3, 4, 5, 6, 7) comprises a
combustion device (10, 26), an ignitor (12), a gas valve
(14, 30), a blower (16, 32), a detecting device (34), and
a control device (20, 36). A control method thereof com-
prises: the control device (20, 36) is operated in a detec-
tion mode in which the control device (20, 36) controls
the ignitor (12) to ignite and controls the gas valve (14,
30) as well as the blower (16, 32) to provide a fixed gas
flow and a fixed air flow to the combustion device (10,
26). After igniting the flames, the control device (20, 36)
determines burning states detected by the detecting de-
vice (34); if matching a first state, the control device (20,
36) controls the gas valve (14, 30) and the blower (16,
32) in correspondence to a first control data of the first
natural gas; if matching the second state, the control de-
vice (20, 36) controls the gas valve (14, 30) and the blow-
er (16, 32) in correspondence to a second control data
of the second natural gas. In this way, the gas appliance
(1,2, 3,4,5, 6, 7) is suitable for natural gas with various
heating values.

A GAS APPLIANCE AND A CONTROL METHOD THEREOF

control device

FIG.1
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Description
BACKGROUND OF THE INVENTION
Technical Field

[0001] The presentinvention generally relates to a gas
appliance, and more particularly to a gas appliance for
natural gas with various heating values and a control
method thereof.

Description of Related Art

[0002] Natural gas used in gas appliances is transmit-
ted from gas suppliers to users through transmission
pipelines. The heating values of natural gas vary depend-
ing on where it is extracted. To avoid the difference in
heating values affecting combustion efficiency and safety
of users’ gas appliances, gas suppliers usually supply
natural gas with the same heating value to users who are
on the same transmission pipeline.

[0003] When the heating value of natural gas pur-
chased by the gas suppliers varies, for example, natural
gas with higher heating value is purchased instead of the
original lower heating value one, once the higher heating
value one is directly injected into the transmission pipe-
line, incomplete gas combustion will occur at the gas ap-
pliance of the user, resulting in too much carbon monox-
ide.

[0004] On the contrary, if the natural gas with a lower
heating value is directly injected into the transmission
pipeline instead of the original higher heating value one,
it will cause poor combustion efficiency of the gas appli-
ance of the user.

BRIEF SUMMARY OF THE INVENTION

[0005] In view of the above, the object of the present
invention is to provide a gas appliance for natural gas
with various heating values and a control method thereof.
[0006] The presentinvention provides a gas appliance
for connecting a gas supply pipe. The gas supply pipe is
for injecting natural gas which is one of a first natural gas
and a second natural gas. A heating value of the first
natural gas and that of the second natural gas are differ-
ent. The gas appliance comprises a combustion device,
an ignitor, a gas valve, a blower, a detecting device, and
a control device. The combustion device is for burning
the natural gas to generate flames. The ignitor is dis-
posed beside the combustion device to ignite the natural
gasoutputby the combustion device. The gas valve com-
municates with the gas supply pipe and the combustion
device, and is controlled to change a gas flow supplied
to the combustion device. The blower is controlled to
change an air flow supplied to the combustion device.
The detecting device is for detecting the burning states
of the flames of the combustion device. The control de-
vice electrically connects the gas valve, the blower, and
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the detecting device. The control device is operated in a
detection mode in which the control device controls the
ignitor to ignite and controls the gas valve as well as the
blower to provide a fixed gas flow and a fixed air flow to
the combustion device. After igniting the flames, the con-
trol device determines whether the burning state detect-
ed by the detecting device matches a first state or a sec-
ond state. If matching the first state, the control device
is operated in a first operation mode and controls the gas
valve and the blower in correspondence to a first control
data of the first natural gas so the combustion device is
suitable for burning the first natural gas. If matching the
second state, the control device is operated in a second
operation mode and controls the gas valve and the blower
in correspondence to a second control data of the second
natural gas so the combustion device is suitable for burn-
ing the second natural gas.

[0007] The presentinvention provides a control meth-
od of the gas appliance, which is executed by the control
device and comprises the following steps:

[0008] The control device is operated in a detection
mode in which the control device controls the ignitor to
ignite and controls the gas valve as well as the blower to
provide a fixed gas flow and a fixed air flow to the com-
bustion device.

[0009] After igniting the flames, the control device de-
termines whether the burning state detected by the de-
tecting device matches a first state or a second state.
[0010] If matching the first state, the control device is
operated in a first operation mode and controls the gas
valve and the blower in correspondence to a first control
data of the first natural gas so the combustion device is
suitable for burning the first natural gas.

[0011] If matching the second state, the control device
is operated in a second operation mode and controls the
gas valve and the blower in correspondence to a second
control data of the second natural gas so the combustion
device is suitable for burning the second natural gas.
[0012] The advantage of the present invention is that
in correspondence to the burning state, the control device
can determine whether the natural gas provided by the
gas supply pipe is the first natural gas or the second
natural gas, and is operated in a corresponding first op-
eration mode or a second operation mode to be suitable
for burning the first natural gas or the second natural gas
with different heating values.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0013] The present invention will be best understood
by referring to the following detailed description of some
illustrative embodiments in conjunction with the accom-
panying drawings, in which

FIG. 1 is a schematic view of a gas appliance of a
first embodiment according to the present invention;
FIG. 2 is a flow chart of a control method of the gas
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appliance of the first embodiment;

FIG. 3 is a schematic view of a gas appliance of a
second embodiment according to the presentinven-
tion;

FIG. 4 is a schematic view of a gas appliance of a
third embodiment according to the presentinvention;
FIG. 5 is a schematic view of a gas appliance of a
fourth embodiment according to the present inven-
tion;

FIG. 6 is a schematic view of a gas appliance of a
fifth embodiment according to the present invention;
FIG. 7 is a schematic view of a gas appliance of a
sixth embodiment according to the present inven-
tion;

FIG. 8 is a schematic view of a gas appliance of a
seventh embodiment according to the presentinven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The following illustrative embodiments and
drawings are provided to illustrate the disclosure of the
present invention, these and other advantages and ef-
fects can be clearly understood by persons skilled in the
art after reading the disclosure of this specification.
[0015] As illustrated in FIG. 1, a gas appliance 1 of a
first embodiment according to the presentinvention is for
connecting a gas supply pipe P. The gas supply pipe P
is for injecting natural gas provided by gas suppliers. The
natural gas is one of a first natural gas and a second
natural gas, and a heating value of the first natural gas
and that of the second natural gas are different. In the
current embodiment, the heating value of the first natural
gas is less than that of the second natural gas. The heat-
ing value of the first natural gas is 8900 Kcal/M3 as an
example, and the heating value of the second natural
gas is 9700 Kcal/M3 as an example, but it is not limited
thereto. The gas appliance 1 comprises a combustion
device 10, an ignitor 12, a gas valve 14, a blower 16, a
detecting device 18, and a control device 20

[0016] Thecombustiondevice 10isforburning the nat-
ural gas to generate flames. The ignitor 12 is disposed
beside the combustion device 10 to generate a spark to
ignite the natural gas output by the combustion device
10 to form flames.

[0017] The gas valve 14 communicates with the gas
supply pipe P and the combustion device 10, and is con-
trolled to change a gas flow supplied to the combustion
device 10. In the current embodiment, the gas valve 14
is provided with a gas regulating valve 142 to regulate
the gas flow supplied to the combustion device 10. The
gas valve 14 is further provided with a passage solenoid
144 to open or block the gas flowing to the combustion
device 10.

[0018] The blower 16 provides combustible air to the
combustion device 10. The blower 16 can be controlled
to change a rotation speed to change the air flow supplied
to the combustion device 10. In the current embodiment,
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an air outlet of the blower 16 is connected to a mixer 22
disposed between the gas valve 14 and the combustion
device 10. Gas output by the gas valve 14 is mixed with
air through the mixer 22 and then is supplied to the com-
bustion device 10.

[0019] The detecting device 18 is for directly or indi-
rectly detecting burning states of the flames of the com-
bustion device 10. To directly detect the burning states
of the flames can be direct contact with the flames, or at
adistance from the flames without contacting the flames.
To indirectly detect the burning states of the flames can
be by detecting the product of gas combustion, or by
detecting the characteristics of the substance heated by
the flames, to get the burning state of the flames accord-
ingly. In the current embodiment, the detecting device 18
includes a thermocouple 182 for contacting the flames,
detecting the flames generated by the combustion device
10, and outputting a corresponding detection voltage
which corresponds to the burning state of the flames of
the combustion device 10.

[0020] The control device 20 electrically connects the
gas valve 14, the blower 16, and the detecting device 18.
The control device 20 is for controlling the operation of
the gas valve 14 and the blower 16 to change the gas
flow and the air flow supplied to the combustion device
10, and to receive the burning states detected by the
detecting device 18. The control device 20 has a memory
202 storing a first control data and a second control data.
The first control data corresponds to the first natural gas
and controls the gas valve 14 and the rotation speed of
the blower 16 to reach a preferred ratio of the air flow to
the first natural gas flow, in which the first control data
provides corresponding air flow at different gas flow
rates. The second control data corresponds to the sec-
ond natural and controls the gas valve 14 and the rotation
speed of the blower 16 to reach a preferred ratio of the
air flow to the second natural gas flow, in which the sec-
ond control data provides corresponding air flow at dif-
ferent gas flow rates. The memory 202 further stores an
initial control data which controls the gas valve 14 to sup-
ply a fixed gas flow and controls the blower 16 to run at
a fixed speed and provide a fixed air flow. In the current
embodiment, the initial control data corresponds to the
first natural gas flow to provide a preferred ratio of the air
flow to the first natural gas flow, butit is not limited thereto.
Under the circumstances, if the gas supplied by the gas
supply pipe P is the first natural gas, the combustion de-
vice 10 has better combustion efficiency and a burning
state of the flames at this time can be predefined as a
first state. If the gas supplied by the gas supply pipe P is
the second natural gas, the combustion device 10 has
poor combustion efficiency and a burning state of the
flames at this time can be predefined as a second state.
In the current embodiment, when the burning state of the
flames is the first state, the combustion efficiency is better
and the detection voltage output by the thermocouple
182 is greater than a predetermined voltage. On the con-
trary, when the detection voltage output by the thermo-
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couple 182 is less than the predetermined voltage, the
burning state of the flames is the second state.

[0021] In one embodiment, the initial control data cor-
responds to the ratio of the air flow to the second natural
gas flow. If the gas supplied by the gas supply pipe P is
the first natural gas, the combustion device 10 has poor
combustion efficiency and a burning state of the flames
at this time can be predefined as a first state. If the gas
supplied by the gas supply pipe P is the second natural
gas, the combustion device 10 has better combustion
efficiency and a burning state of the flames at this time
can be predefined as a second state.

[0022] The control device 20 can be operated in a de-
tection mode, a first operation mode, or a second oper-
ation mode. Wherein, the detection mode is to determine
whether the supplied gas is the first natural gas or the
second natural gas. The first operation mode is for con-
trolling the gas valve 14 and the blower 16 in correspond-
ence to the first control data of the first natural gas. The
second operation mode is for controlling the gas valve
14 and the blower 16 in correspondence to the second
control data of the second natural gas.

[0023] In the current embodiment, the control device
20 is further connected to an operation interface 24 in a
wired or wireless manner. The operation interface 24 is
for a user to operate to output a detection signal or a start
signal to the control device 20, in which the detection
signal commands the control device 20 to execute the
detection mode while the start signal commands the con-
trol device 20 to be operated in the first operation mode
or the second operation mode which are determined by
the detection mode. The operation interface 24 includes
atleast one switch to output a detection signal and a start
signal. For example, long press the switch for a few sec-
onds to form the detection signal and short press the
switch to form a start signal. In practice, there can be two
switches including a detection switch and a start switch,
in which the detection switch is for a user to operate to
output the detection signal to the control device 20 while
the start switch is for the user to operate to output the
start signal to the control device 20. In one embodiment,
the source of the detection signal can be provided by an
external electronic device via a communication network.
[0024] The control device 20 executes a control meth-
od illustrated in FIG. 2, the control method comprising
the following steps:

[0025] When the gas appliance 1 is on standby, the
control device 20 is operated in the detection mode when
receiving the detection signal. In the detection mode, the
control device 20 controls the ignitor 12 to ignite and con-
trols the gas valve 14 and the blower 16 to provide a fixed
gas flow and a fixed air flow to the combustion device
10. In the current embodiment, the operation interface
24 is operated by a user to output the detection signal to
the control device 20. In the detection mode, the control
device 20 activates the ignitor 12 to ignite and controls
the gas valve 14 and the blower 16 in correspondence
to the initial control data to provide the fixed gas flow and
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the fixed air flow to the combustion device 10. In this way,
the gas can burn steadily and generate a stable burning
state which will not change due to changes in the gas
flow or the air flow.

[0026] After igniting the flames, the detecting device
18 detects the burning states of the flames of the com-
bustion device 10. The control device 20 determines the
burning state detected by the detecting device matches
the first state or the second state. In the current embod-
iment, the control device 20 determines whether the de-
tection voltage output by the thermocouple 182 is greater
than the predetermined voltage, and then determines
whether the first state or the second state is matched.
[0027] If the detection voltage is greater than the pre-
determined voltage, itis determined that the burning state
of the flames matches the first state, which represents
that the gas supplied by the gas supply pipe P is the first
natural gas. The control device 20 is then switched to be
operated in the first operation mode, in which the control
device 20 controls the gas valve 14 and the blower 16
according to the first control data in correspondence to
the first natural gas so that the combustion device 10 is
suitable for burning the first natural gas. In other words,
the ratio of the air flow to the first natural gas flow is better
in the first operation mode so that the combustion device
10 has better combustion efficiency. The first operation
mode is configured by the control device 20 to be a preset
operation mode, and subsequently the control device 20
runs in the first operation mode. After the control device
20 controls the gas valve 14 to block gas and controls
the blower 16 to stop running, the gas appliance is on
standby. When receiving the start signal, the control de-
vice 20 is operated in the preset operation mode (thatis,
the first operation mode), in which the control device 20
controls the ignitor 12 to ignite, and controls the gas valve
14 and the blower 16 in correspondence to the first control
data.

[0028] If detection voltage is less than the predeter-
mined voltage, it is determined that the burning state of
the flames matches the second state, which represents
that the gas supplied by the gas supply pipe P is the
second natural gas. The control device 20 is then
switched to be operated in the second operation mode,
in which the control device 20 controls the gas valve 14
and the blower 16 according to the second control data
in correspondence to the second natural gas so that the
combustion device 10 is suitable for burning the second
natural gas. In other words, the ratio of the air flow to the
second natural gas flow is better in the second operation
mode so that the combustion device 10 has better com-
bustion efficiency. The second operation mode is config-
ured by the control device 20 to be a preset operation
mode, and subsequently the control device 20 runs in
the second operation mode. After the control device 20
controls the gas valve 14 to block gas and controls the
blower 16 to stop running, the gas appliance 1is on stand-
by. When receiving the start signal, the control device 20
is operated in the preset operation mode (that is, the sec-
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ond operation mode), in which the control device 20 con-
trols the ignitor 12 to ignite, and controls the gas valve
14 and the blower 16 in correspondence to the second
control data.

[0029] In one embodiment, when the control device 20
in the detection mode determines that the burning state
detected by the detecting device 18 does not matches
the first state and the second state, the control device 20
controls the gas valve 14 to block gas and controls the
blower 16 to stop running. For example, if the detection
voltage of the thermocouple 182 is greater than the pre-
determined voltage, it represents the first state; if the de-
tection voltage is less than the predetermined voltage
and greater than another one predetermined voltage, it
represents the second state; if the detection voltage is
less than the another one predetermined voltage, it rep-
resents a third state (does not match the first state and
the second state.) The third state means poor combus-
tion efficiency, in which the control device 20 controls the
gas valve 14 to block gas and controls the blower 16 to
stop running to avoid danger.

[0030] With the above-mentioned control method, the
control device 20 can determine whether the gas sup-
plied by the gas supply pipe P is the first natural gas or
the second natural gas in correspondence to the burning
state of the flames detected by the detection mode, and
the preset operation mode can be configured to be the
corresponding first operation mode or the second oper-
ation mode. Then, after the gas appliance 1 is on standby
or turned off and on again, the control device 20 controls
the gas valve 14 and the blower 16 in the preset operation
mode to be suitable for burning the first natural gas or
the second natural gas.

[0031] After that, the user operates the operation in-
terface 24 to output the detection signal to the control
device 20, and the control device 20 can be operated in
the detection mode again so that the preset operation
mode is configured to be the suitable first operation mode
or the second operation mode.

[0032] To prevent the natural gas supplied by the gas
supply pipe P from being changed during the use of the
gas appliance 1, in the current embodiment, after the
control device 20 is operated in the first operation mode
or the second operation mode, it will be operated in the
detection mode to determine whether the gas supplied
by the gas supply pipe P is the first natural gas or the
second natural gas.

[0033] After the control device 20 is operated in the
first operation mode, the control device 20 will be oper-
ated in the detection mode at predetermined intervals,
and the predetermined interval may be, for example, 20
to 30 minutes. In the detection mode, the control device
20 controls the gas valve 14 and the blower 16 to provide
a fixed gas flow and a fixed air flow to the combustion
device 10. The control device 20 determines whether the
burning state detected by the detection device 18 match-
es the first state or the second state. If matching the first
state, it represents that the natural gas is still the first
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natural gas and the control device 20 is operated in the
first operation mode. If matching the second state, it rep-
resents that the natural gas has turned to be the second
natural gas. The control device 20 is then switched to be
operated in the second operation mode which is then
configured to be the preset operation mode.

[0034] After the control device 20 is operated in the
second operation mode, the control device 20 will be op-
erated in the detection mode at the predetermined inter-
vals. The control device 20 controls the gas valve 14 and
the blower 16 to provide a fixed gas flow and a fixed air
flow to the combustion device 10, and determines wheth-
er the burning state detected by the detection device 18
matches the first state or the second state. If matching
the second state, it represents that the natural gas is still
the second natural gas and the control device 20 is op-
erated in the second operation mode. If matching the first
state, it represents that the natural gas has turned to be
the first natural gas. The control device 20 is switched to
be operated in the first operation mode which is then
configured to be the preset operation mode.

[0035] A gas appliance 2 of a second preferred em-
bodiment according to the present invention is shown in
FIG. 3, wherein the gas appliance 2 includes a structure
which is similar to the gas appliance 1 of the first embod-
iment, except that the combustion device 26 is disposed
ina combustion chamber 28 and includes a pilotfire burn-
er 262 and a main fire burner 264.

[0036] The gas valve 30 communicating the pilot fire
burner 262 and the main fire burner 264 has a pilot fire
solenoid valve 302, a main fire solenoid valve 304, and
a gas regulating valve 306 inside. The pilot fire solenoid
valve 302 and the main fire solenoid valve 304 are re-
spectively to open or block the gas flowing to the pilot
fire burner 262 and the main fire burner 264, and the gas
regulating valve 306 is to regulate the gas flowing to the
main fire burner 264.

[0037] An air outlet of a blower 32 is communicated to
the combustion chamber 28 to provide combustible air
to the combustion chamber 28.

[0038] A detecting device 34 includes a flame sensing
electrode 342 for detecting an impedance of the flames
which is generated by the combustion device 26. In the
current embodiment, the flame sensing electrode 342 is
disposed at the combustion chamber 28 beside the pilot
fire burner 262. The flame sensing electrode 342 electri-
cally connects a control device 36. Since flames are con-
ductive, the higher the combustion efficiency, the more
contact area between flames and the flame sensing elec-
trode 342, and the lower impedance detected by the
flame sensing electrode 342. Therefore, the impedance
of the flames detected by the flame sensing electrode
342 is in correspondence to the burning state of the
flames of the combustion device 26.

[0039] Accordingly, the control device 36 can be ap-
plied to the control method of the first embodiment. The
difference isthat when theignitor 12 is controlled to ignite,
the control device 36 controls the pilot fire solenoid valve
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302 to open to ignite the pilot fire. After the flame sensing
electrode 342 detects flames of the pilot fire, the control
device 36 controls the main fire solenoid valve 304 to
open and controls the gas regulating valve 306 to regu-
late the gas flowing to the main fire burner 264. As long
as the pilot fire solenoid valve 302 is controlled to keep
open, the gas flow rate supplied to the pilot fire burner
262 can be fixed. Since the air flow supplied by the blower
32 is provided to the pilot fire burner 262 and the main
fire burner 264, the burning states of the flames of the
combustion device 26 can be obtained by detecting the
flames generated by the pilot fire burner 262. In one em-
bodiment, a flame sensing electrode can also be dis-
posed beside the main fire burner 264 so to detect the
burning states of the flames generated by the main fire
burner 264.

[0040] Inthe detection mode, the control device 36 de-
termines whether the burning state is the first state or the
second state in correspondence to the impedance of the
flames detected by the flame sensing electrode 342.
When the detected impedance of the flames is less than
a predetermined impedance, the control device 36 de-
termines that the first state is matched, which represents
that the natural gas is the first natural gas. When the
detected impedance of the flames is greater than a pre-
determinedimpedance, the control device 36 determines
that the second state is matched, which represents that
the natural gas is the second natural gas.

[0041] In this way, the control device 36 can be
switched to be operated in the first operation mode or
the second operation mode in correspondence to the
flames state detected by the detection mode.

[0042] A gas appliance 3 of a third preferred embodi-
ment according to the present invention is shown in FIG.
4, wherein the gas appliance 3 includes a structure which
is similar to the gas appliance 2 of the second embodi-
ment, except that the detection device 34 includes a
flame height detection module 38. The flame height de-
tection module 38 is for detecting a height of the flames
generated by the combustion device 26, and the detected
height of the flames corresponds to the burning state of
the flames of the combustion device 26. The flame sens-
ing electrode 342 is for detecting whether the flames of
the pilot fire is present or not.

[0043] Inthe current embodiment, the flame height de-
tection module 38 includes two flame sensing electrodes
382 electrically connecting the control device 36. The two
flame sensing electrodes 382 are disposed above the
main fire burner 264 at different heights respectively to
detect the height of the flames generated by the main
fire burner 264.

[0044] The height of the flames when the flames is in
contact with the flame sensing electrode 382 at a higher
position is defined as a predetermined height.

[0045] In the detection mode, when the height of the
flames detected by the flame height detection module 38
is greater than the predetermined height, the control de-
vice 36 determines that the first state is matched, which
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represents that the natural gas is the first natural gas.
When the height of the flames detected by the flame
height detection module 38 is less than the predeter-
mined height, which means the flames is only in contact
with the flame sensing electrode 382 at a lower position,
the control device 36 determines that the second state
is matched, which represents that the natural gas is the
second natural gas.

[0046] In this way, the control device 36 can be
switched to be operated in the first operation mode or
the second operation mode in correspondence to the
flames state detected by the detection mode.

[0047] The gas appliance 4 of a fourth preferred em-
bodiment according to the present invention is shown in
FIG. 5, wherein the gas appliance 4 includes a structure
which is similar to the gas appliance 2 of the second
embodiment, except that the detection device 34 in-
cludes an infrared detector 40 for detecting intensity of
infrared ray generated by the combustion device 26, and
the detected intensity of the infrared ray corresponds to
the burning state of the flames of the combustion device
26. The flame sensing electrode 342 is for detecting
whether the flames of the pilot fire is present or not.
[0048] When the detected intensity of the infrared ray
is greater than a predetermined intensity, the control de-
vice 36 determines that the first state is matched, which
represents that the natural gas is the first natural gas.
When the detected intensity of the infrared ray is less
than the predetermined intensity, the control device 36
determines that the second state is matched, which rep-
resents that the natural gas is the second natural gas.
[0049] In this way, the control device 36 can be
switched to be operated in the first operation mode or
the second operation mode in correspondence to the
flame state detected by the detection mode.

[0050] The gas appliance 5 of a fifth preferred embod-
iment according to the presentinvention is shown in FIG.
6, which is an example of a water heater. The gas appli-
ance 5 includes a structure which is similar to the gas
appliance 2 of the second embodiment, except that the
gas appliance 5 comprises a water pipe 42 including an
inlet pipe section 422, a heating pipe section 424, and
an outlet pipe section 426 connected in sequence. The
heating pipe section 424 is disposed above the combus-
tion device 26. The flames generated by the combustion
device 26 heats the heating pipe section 424. The de-
tection device 34 includes an inlet water temperature de-
tector 44, an outlet temperature detector 46, and a water
flow detector 48 electrically connecting to the control de-
vice 36. The inlet water temperature detector 44 and the
water flow detector 48 are disposed at the inlet pipe sec-
tion 422 while the outlet temperature detector 46 is dis-
posed at the outlet pipe section 426. The inlet water tem-
perature detector 44, the outlet temperature detector 46,
and the water flow detector 48 respectively detectaninlet
water temperature, an out water temperature, and a wa-
ter flow.

[0051] Anexhaustpassage 50 disposed above the wa-



11 EP 4 116 624 A1 12

ter pipe 42 communicates with the combustion device
26. The gas generated by the combustion device 26 burn-
ing the natural gas exhausts through the exhaust pas-
sage 50.

[0052] In the current embodiment, the control device
36 is operated in the detection mode when the operation
interface 24 outputs the detection signal and the water
flow detector 48 detects the water flowing. In the detec-
tion mode, the control device 36 determines whether the
burning state is the first state or the second state in cor-
respondence to the impedance of the flames detected
by the flame sensing electrode 342. When the detected
impedance of the flames is less than a predetermined
impedance, the control device 36 determines that the
first state is matched, which represents that the natural
gasisthefirst natural gas. When the detected impedance
of the flames is greater than the predetermined imped-
ance, the control device 36 determines that the second
state is matched, which represents that the natural gas
is the second natural gas.

[0053] In this way, the control device 36 can be
switched to be operated in the first operation mode or
the second operation mode in correspondence to the
flame state detected by the detection mode.

[0054] When operated in the first operation mode or
the second operation mode, the control device 36 con-
trols the gas valve 30 and the blower 32 in correspond-
ence to the inlet water temperature, the outlet water tem-
perature, the water flow, and a set temperature.

[0055] The gas appliance 6 of a sixth preferred em-
bodiment according to the present invention is shown in
FIG. 7, wherein the gas appliance 6 includes a structure
which is similar to the gas appliance 5 of the fifth embod-
iment, except that the flame sensing electrode 342 is for
detecting whether the flames of the pilot fire is present
or not. The outlet water temperature detector 46 of the
detecting device 34 detects an outlet water temperature
of the outlet pipe section 426, in which the outlet water
temperature corresponds to the burning state of the
flames of the combustion device 26. In the detection
mode, since there is a fixed gas flow and a fixed air flow,
the combustion efficiency is good when the outlet water
temperature is greater than a predetermined tempera-
ture, and the control device 36 determines that the first
state is matched, which represents that the natural gas
is the first natural gas. The combustion efficiency is poor
when the outlet water temperature is less than the pre-
determined temperature, and the control device 36 de-
termines that the second state is matched, which repre-
sents that the natural gas is the second natural gas.
[0056] Alternatively, rather than determining the burn-
ing states of the flames by the outlet water temperature,
in a detection mode, the control device 36 calculates the
combustion efficiency in correspondence to the inlet wa-
ter temperature, the outlet water temperature, and the
water flow. When the combustion efficiency is greater
than a predetermined efficiency, it is determined that the
first state is matched, and when the combustion efficien-
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cyislessthan apredetermined efficiency, itis determined
that the second state is matched.

[0057] The gas appliance 7 of a seventh preferred em-
bodiment according to the present invention is shown in
FIG. 8, wherein the gas appliance 7 includes a structure
which is similar to the gas appliance 5 of the fifth embod-
iment, except that the flame sensing electrode 342 is for
detecting whether the flames of the pilot fire is present
or not. The detecting device 34 includes a gas detector
52, in which the gas detected by the gas detector 52 is
carbon monoxide, butitis not limited thereto, it can detect
carbon dioxide. The gas detector 52 is disposed in the
exhaust passage 50 and detects a concentration of pass-
ing gas, in which the concentration of the detected pass-
ing gas corresponds to the burning state of the flames of
the combustion device 26.

[0058] In the detection mode, when the concentration
of the detected passing gas is less than a predetermined
concentration, the combustion efficiency is good and the
control device 36 determines that the first state is
matched, which represents that the natural gas is the first
natural gas. When the concentration of the detected
passing gas is less than the predetermined concentra-
tion, the combustion efficiency is poor and the control
device 36 determines that the second state is matched,
which represents that the natural gas is the second nat-
ural gas.

[0059] As mentioned above, the gas appliance of the
presentinvention can determine that the natural gas sup-
plied by the gas supply pipe P is the first natural gas or
the second natural gas in correspondence to the flame
states, and the gas appliance can be configured to the
corresponding first operation mode or the second oper-
ation mode to be suitable for burning the first natural gas
or second natural gas with various heating values.
[0060] It must be pointed out that the embodiments
described above are only some embodiments of the
presentinvention. All equivalent structures which employ
the concepts disclosed in this specification and the ap-
pended claims should fall within the scope of the present
invention.

Claims

1. Agas appliance (1, 2, 3, 4, 5, 6, 7) for connecting a
gas supply pipe (P), wherein the gas supply pipe (P)
is for injecting natural gas, the natural gas is one of
a first natural gas and a second natural gas, and a
heating value of the first natural gas and that of the
second natural gas are different, comprising:

acombustion device (10, 26) for burning the nat-
ural gas to generate flames;

an ignitor (12) disposed beside the combustion
device (10, 26) to ignite the natural gas output
by the combustion device (10, 26);

agas valve (14, 30) communicating with the gas
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supply pipe (P) and the combustion device (10,
26), and controlled to change a gas flow supplied
to the combustion device (10, 26);

ablower (16, 32) controlled to change an air flow
supplied to the combustion device (10, 26);

a detecting device (34) for detecting burning
states of the flames of the combustion device
(10, 26);

a control device (20, 36) electrically connecting
the gas valve (14, 30), the blower (16, 32), and
the detecting device (34), wherein the control
device (20, 36) is operated in a detection mode
in which the control device (20, 36) controls the
ignitor (12) to ignite and controls the gas valve
(14, 30) as well as the blower (16, 32) to provide
a fixed gas flow and a fixed air flow to the com-
bustion device (10, 26); after igniting the flames,
the control device (20, 36) determines whether
the burning state detected by the detecting de-
vice (34) matches a first state or a second state;
if matching the first state, the control device (20,
36) is operated in a first operation mode and
controls the gas valve (14, 30) and the blower
(16, 32) in correspondence to a first control data
of the first natural gas so the combustion device
(10, 26) is suitable for burning the first natural
gas; if matching the second state, the control
device (20, 36) is operated in a second operation
mode and controls the gas valve (14, 30) and
the blower (16, 32) in correspondence to a sec-
ond control data of the second natural gas so
the combustion device (10, 26) is suitable for
burning the second natural gas.

The gas appliance (1, 2, 3, 4, 5, 6, 7) of claim 1,
wherein when the control device (20, 36) determines
that the burning state detected by the detecting de-
vice (34) does not match the first state and the sec-
ond state, the control device (20, 36) controls the
gas valve (14, 30) to block gas and controls the blow-
er (16, 32) to stop running.

The gas appliance (1, 2, 3, 4, 5, 6, 7) of claim 1,
wherein after the control device (20, 36) is operated
in the first operation mode, the control device (20,
36) controls the gas valve (14, 30) and the blower
(16, 32) at predetermined intervals to provide a fixed
gas flow and afixed air flow to the combustion device
(10, 26), and the control device (20, 36) determines
whether the burning state detected by the detecting
device (34) matches the first state or the second
state; if matching the first state, the control device
(20, 36) is operated in the first operation mode; if
matching the second state, the control device (20,
36) is operated in the second operation mode.

The gas appliance (1, 2, 3, 4, 5, 6, 7) of claim 1,
wherein after the control device (20, 36) is operated
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inthe second operation mode, the control device (20,
36) controls the gas valve (14, 30) and the blower
(16, 32) at predetermined intervals to provide a fixed
gas flow and afixed air flow to the combustion device
(10, 26), and the control device (20, 36) determines
whether the burning state detected by the detecting
device (34) matches the first state or the second
state; if matching the second state, the control device
(20, 36) is operated in the second operation mode;
if matching the first state, the control device (20, 36)
is operated in the first operation mode.

The gas appliance (1, 2, 3, 4, 5, 6, 7) of claim 1,
wherein when the control device (20, 36) determines
that the burning state detected by the detecting de-
vice (34) matches the first state, the first operation
mode is further configured to be a preset operation
mode; after the control device (20, 36) controls the
gas valve (14, 30) to block gas and controls the blow-
er (16, 32) to stop running, the control device (20,
36) receives a start signal and then is operated in
the preset operation mode to control the ignitor (12)
to ignite and control the gas valve (14, 30) and the
blower (16, 32) in correspondence to the first control
data.

The gas appliance (1, 2, 3, 4, 5, 6, 7) of claim 1,
wherein when the control device (20, 36) determines
that the burning state detected by the detecting de-
vice (34) matches the second state, the second op-
eration mode is further configured to be a preset op-
eration mode; after the control device (20, 36) con-
trols the gas valve (14, 30) to block gas and controls
the blower (16, 32) to stop running, the control device
(20, 36) receives a start signal and then is operated
in the preset operation mode to control the ignitor
(12) to ignite and control the gas valve (14, 30) and
the blower (16, 32) in correspondence to the second
control data.

The gas appliance (1, 2, 3, 4, 5, 6, 7) of claim 1,
wherein when the control device (20, 36) receives a
detection signal, the control device (20, 36) is oper-
ated in the detection mode.

The gas appliance (7) of claim 1, comprising an ex-
haust passage (50) communicating the combustion
device (26), wherein the detecting device (34) has a
gas detector (52) which is disposed in the exhaust
passage (50) and detects a concentration of passing
gas, the concentration of the detected passing gas
corresponds to the burning state of the flames of the
combustion device (26); when the concentration of
the detected passing gas is less than a predeter-
mined concentration, the control device (36) deter-
mines that the first state is matched; when the con-
centration of the detected passing gas s greater than
the predetermined concentration, the control device
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(36) determines that the second state is matched.

The gas appliance (7) of claim 8, wherein the passing
gas detected by the gas detector (52) is carbon mon-
oxide.

The gas appliance (2) of claim 1, wherein the detect-
ing device (34) includes a flame sensing electrode
(342)for detecting animpedance of the flames which
is generated by the combustion device (26) and cor-
responds to the burning state of the flames of the
combustion device (26); when the impedance of the
detected flames is less than a predetermined imped-
ance, the control device (36) determines that the first
state is matched; when the impedance of the detect-
ed flames is greater than the predetermined imped-
ance, the control device (36) determines that the sec-
ond state is matched.

The gas appliance (1) of claim 1, wherein the detect-
ing device includes a thermocouple (182) for detect-
ing the flames generated by the combustion device
(10) and outputting a detection voltage which corre-
sponds to the burning state of the flames of the com-
bustion device (10); when the detection voltage is
greaterthan a predetermined voltage, the control de-
vice (20) determines that the first state is matched;
when the detection voltage is less than the prede-
termined voltage, the control device (20) determines
that the second state is matched.

The gas appliance (3) of claim 1, wherein the detect-
ing device includes a flame height detection module
(38) for detecting a height of the flames generated
by the combustion device (26), and the detected
height of the flames corresponds to the burning state
of the flames of the combustion device (26); when
the height of the flames detected by the flame height
detection module (38) is greater than a predeter-
mined height, the control device (36) determines that
the first state is matched; when the height of the
flames detected by the flame height detection mod-
ule (38) is less than the predetermined height, the
control device (36) determines that the second state
is matched.

The gas appliance (6) of claim 1, comprising a water
pipe (42) including an inlet pipe section (422), a heat-
ing pipe section (424), and an outlet pipe section
(426) connected in sequence, wherein the flames
generated by the combustion device (26) heats the
heating pipe section (424); the detecting device (34)
includes an outlet water temperature detector (46)
for detecting an outlet water temperature of the outlet
pipe section (426), and the detected outlet water
temperature corresponds to the burning state of the
flames of the combustion device (26); when the out-
let water temperature is higher than a predetermined
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14.

15.

temperature, the control device (36) determines that
the first state is matched; when the outlet water tem-
perature is lower than the predetermined tempera-
ture, the control device (36) determines that the sec-
ond state is matched.

The gas appliance (5) of claim 1, comprising a water
pipe (42) including aninlet pipe section (422), a heat-
ing pipe section (424), and an outlet pipe section
(426) connected in sequence, wherein the flames
generated by the combustion device heats the heat-
ing pipe section (424); the detecting device (34) in-
cludes an inlet water temperature detector (44), an
outlet water temperature detector (46), and a water
flow detector (48) which respectively detect an inlet
water temperature, an outlet water temperature, and
a water flow; the control device (36) calculates com-
bustion efficiency in correspondence to the inlet wa-
ter temperature, the outlet water temperature, and
the water flow; when the combustion efficiency is
greater than a predetermined efficiency, the control
device (36) determines that the first state is matched;
when the combustion efficiency is less than the pre-
determined efficiency, the control device (36) deter-
mines that the second state is matched.

The gas appliance (4) of claim 1, wherein the detect-
ing device includes an infrared detector (40) for de-
tectingintensity of infrared ray generated by the com-
bustion device (26), and the detected intensity of the
infrared ray corresponds to the burning state of the
flames of the combustion device (26); when the de-
tected intensity of the infrared ray is greater than a
predetermined intensity, the control device (36) de-
termines that the first state is matched; when the
detected intensity of the infrared ray is less than the
predetermined intensity, the control device (36) de-
termines that the second state is matched.
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