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(54) LIQUID FUEL AIR HEATER

(57) A liquid fuel air heater (10) comprises a housing
(14) defining a motor housing portion (22) and a grip por-
tion (30) extending from the motor housing portion (22).
An electric motor (24) is positioned in the motor housing
portion (22). A combustion chamber (18) is at least par-
tially positioned within the motor housing portion (22). A

fan (26) is driven by the motor (24) when activated for
generating an axial airflow through the combustion cham-
ber (18). A battery pack (32) containing a plurality of bat-
tery cells connected to each other in a series or parallel
arrangement is removably coupled to the grip portion (30)
of the housing (14) for supplying power to the motor (24).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to air heaters, and
more particularly to liquid fuel air heaters.

BACKGROUND OF THE INVENTION

[0002] Air heaters may use liquid fuel for combustion
to create a heated airflow for discharge into the environ-
ment. The liquid fuel may be provided from a liquid fuel
container on board the air heater.

SUMMARY OF THE INVENTION

[0003] The present invention provides, in one aspect,
a liquid fuel air heater comprising a housing defining a
motor housing portion and a grip portion extending from
the motor housing portion, an electric motor positioned
in the motor housing portion, a combustion chamber at
least partially positioned within the motor housing portion,
a fan driven by the motor when activated for generating
an axial airflow through the combustion chamber and a
battery pack containing a plurality of battery cells con-
nected to each other in a series or parallel arrangement,
the battery pack being removably coupled to the grip por-
tion of the housing for supplying power to the motor.
[0004] The liquid fuel air heater may further comprise
a liquid fuel container for providing liquid fuel to the com-
bustion chamber.
[0005] The liquid fuel air heater may further comprise
a heating blanket in thermal contact with and at least
partially surrounding the liquid fuel container. The heating
blanket, when activated, may increase a temperature of
the liquid fuel container.
[0006] The present invention provides, in another as-
pect, a liquid fuel air heater comprising a housing defining
a motor housing portion, an electric motor positioned in
the motor housing portion, a combustion chamber at least
partially positioned within the motor housing portion, a
fan driven by the motor when activated for generating an
axial airflow through the combustion chamber, a liquid
fuel container at least partially positioned in the housing
for providing liquid fuel to the combustion chamber, and
a heating blanket in thermal contact with and at least
partially surrounding the liquid fuel container. The heating
blanket, when activated, increases the temperature of
the liquid fuel container.
[0007] The housing may define a grip portion extending
from the motor housing portion.
[0008] The liquid fuel air heater may further comprise
a battery pack containing a plurality of battery cells con-
nected to each other in a series or parallel arrangement.
The battery pack may be removably coupled to the grip
portion of the housing for supplying power to the motor.
[0009] The heating blanket may be activated when the
temperature of the liquid fuel container falls below a

threshold temperature.
[0010] The liquid fuel air heater may further comprise
a control valve to alternatively permit or prevent the flow
of liquid fuel from the liquid fuel container to the combus-
tion chamber;
[0011] The control valve may be a solenoid actuated
valve.
[0012] The liquid fuel air heater may further comprise
an ignitor configured to ignite liquid fuel in the combustion
chamber.
[0013] The liquid fuel air heater may further comprise
an actuator moveable between a first position in which
the motor is off and the control valve is closed and a
second position. The actuator may be biased to the first
position. When the actuator is in the second position for
a first predetermined period of time, the control valve may
be opened, the ignitor may create sparks to ignite liquid
fuel in the combustion chamber, and the motor may be
activated.
[0014] After the control valve is opened, if a tempera-
ture of the combustion chamber is below a threshold tem-
perature for a second predetermined period of time, the
control valve may be closed.
[0015] After the control valve is opened, if a tempera-
ture of the combustion chamber is greater than or equal
to a threshold temperature for a second predetermined
period of time, the control valve may be kept open.
[0016] The liquid fuel air heater may further comprise
a thermocouple configured to produce a voltage that is
proportional to the temperature of the combustion cham-
ber and provided as an input to a controller. After the
control valve is opened if the temperature of the combus-
tion chamber is greater than or equal to the threshold
temperature for the predetermined period of time, the
controller may keep the control valve open in response
to receiving the input.
[0017] The present invention provides, in yet another
aspect, a method of operating a liquid fuel air heater com-
prising moving an actuator from a first position to a sec-
ond position a first instance, initiating a first timer in re-
sponse to the actuator reaching the second position, fol-
lowing expiration of the first timer, detecting whether the
actuator is in the first position or the second position,
following detection of the actuator in the second position,
opening a control valve to direct liquid fuel from an on-
board liquid fuel container into (or toward) a combustion
chamber, directing an electrical current to an ignitor in
the combustion chamber to ignite the fuel in the combus-
tion chamber, and activating a motor to drive a fan for
generating an axial airflow through the combustion cham-
ber, which is heated by the combusting fuel and dis-
charged from the combustion chamber.
[0018] The method may further comprise:

initiating a second timer;
following expiration of the second timer, detecting
whether a temperature of combustion chamber is
less than a threshold temperature;
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following detection of the combustion chamber tem-
perature being less than the threshold temperature,
closing the control valve; and
deactivating the motor;

[0019] The method may further comprise:

initiating a second timer;
following expiration of the second timer, detecting
whether a temperature of combustion chamber is
greater than or equal to a threshold temperature;
following detection of the combustion chamber tem-
perature being greater than or equal to the threshold
temperature, maintaining the control valve in an
open state; and
maintaining activation of the motor.

[0020] The method may further comprise:

following maintaining the control valve in an open
state and maintaining activation of the motor, detect-
ing whether the temperature of combustion chamber
is greater than or equal to the threshold temperature;
following detection of the combustion chamber tem-
perature being less than the threshold temperature,
closing the control valve and initiating a third timer;
and
following expiration of the third timer, deactivating
the motor.

[0021] The method may further comprise:

following maintaining the control valve in an open
state and maintaining activation of the motor, detect-
ing whether the temperature of combustion chamber
is greater than or equal to the threshold temperature;
following detection of the combustion chamber tem-
perature being greater than or equal to the threshold
temperature, maintaining the control valve in an
open state; and
maintaining activation of the motor.

[0022] The method may further comprise:

following activation of the motor, releasing the actu-
ator and allowing the actuator to move from the sec-
ond position to the first position;
following release of the actuator, maintaining the
control valve in an open state; and maintaining acti-
vation of the motor.

[0023] The method may further comprise:

moving the actuator from the first position to the sec-
ond position a second instance;
detecting that the actuator is in the second position;
following detection of the actuator in the second po-
sition, closing the control valve; and

deactivating the motor.

[0024] Where appropriate, any of the optional features
discussed above in relation to one aspect of the invention,
may be applied to another aspect of the invention.
[0025] Other features and aspects of the invention will
become apparent by consideration of the following de-
tailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

FIG. 1 is a perspective view of a liquid fuel air heater.

FIG. 2 is a plan view of the liquid fuel air heater of
FIG. 1 with portions removed.

FIG. 3 is a schematic of the liquid fuel air heater of
FIG. 1.

FIG. 4 is a flowchart illustrating a method of operating
the liquid fuel air heater of FIG. 1.

[0027] Before any embodiments of the invention are
explained in detail, it is to be understood that the invention
is not limited in its application to the details of construction
and the arrangement of components set forth in the fol-
lowing description or illustrated in the following drawings.
The invention is capable of other embodiments and of
being practiced or of being carried out in various ways.
Also, it is to be understood that the phraseology and ter-
minology used herein is for the purpose of description
and should not be regarded as limiting.

DETAILED DESCRIPTION

[0028] FIGS. 1-3 illustrate an air heater10 according
to an embodiment of the invention. The air heater 10
includes a housing 14, a liquid fuel container 16, a com-
bustion chamber 18, and a heat outlet 20 for directing a
heated airflow towards a target. The housing 14 defines
a motor housing portion 22, which houses the combus-
tion chamber 18 and a motor 24 to drive a fan 26 that is
arranged on an opposite side of the combustion chamber
18 as the heat outlet 20, and a grip portion 30 extending
from the motor housing portion 22 that is graspable by
an operator while the air heater 10 is in use. In the illus-
trated embodiment, the liquid fuel container 16 contains
a reservoir of liquid butane, but in other embodiments,
the liquid fuel container may contain other combustible
liquids.
[0029] A battery pack 32 is removably coupled to the
grip portion 30 to provide power to the motor 24 and the
other components of the air heater 10 requiring electrical
power. In the illustrated embodiment, the battery pack
32 is an 18 V battery pack but may alternatively include
any of a number of different nominal voltages (e.g., 12
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V, 24 V, etc.), and may be configured having any of a
number of different chemistries (e.g., lithium-ion, nickel-
cadmium, etc.). The battery pack 32 contains a plurality
of battery cells connected to each other in a series or
parallel arrangement.
[0030] In the illustrated embodiment, the grip portion
30 is a pistol-grip handle but in other embodiments the
grip portion 30 can have other shapes and orientations.
The air heater 10 includes an actuator, such as a trigger
34, located in the grip portion 30 and biased to a first,
extended, position by a torsion spring 38 (FIG. 2). When
the trigger 34 is depressed to a second, depressed, po-
sition against the biasing force of the torsion spring 38,
the trigger 34 is configured to actuate a switch 40, which
provides an input to a controller governing operation of
the air heater 10. In the illustrated embodiment of the air
heater 10 as shown in FIG. 3, the controller is configured
as a microcontroller unit ("MCU") 42 provided on a printed
circuit board assembly 44. The air heater 10 also includes
an LED 46 to provide indications to the operator, via dif-
ferent lighted colors or blinking patterns, coinciding with
different stages of operation, as explained in further detail
below.
[0031] With reference to FIG. 2, the liquid fuel container
16 has a release valve 48, which is in fluid communication
with an inlet of a metering valve 54 via a conduit 50. The
metering valve 54 is adjustable using an adjustment knob
58 (FIG. 1) to control the flow rate of liquid fuel exiting
the metering valve 54. In the illustrated embodiment, the
metering valve 54 is a needle valve but in other embod-
iments, other valve types may be used. As such, by ad-
justing the flow rate of liquid fuel that is ultimately deliv-
ered to the combustion chamber 18, the temperature of
the heated airflow discharged from the outlet 20 can be
adjusted.
[0032] With continued reference to FIG. 2, the air heat-
er 10 also includes a control valve 62 having an inlet in
fluid communication with an outlet of the metering valve
54 via a conduit 60. An outlet of the control valve 62 is
in fluid communication with the combustion chamber 18
via a conduit 64. In the illustrated embodiment of the air
heater 10, the control valve 62 is a solenoid-actuated
valve 62 that is electrically connected with the MCU 42.
The MCU 42, in turn, is capable of switching the valve
62 between an open state in which the flow of liquid fuel
from the liquid fuel container 16 to the combustion cham-
ber 18 is permitted, and a closed state, in which the liquid
fuel is prevented from being discharged into the combus-
tion chamber 18. The valve 62 is biased into the closed
state, such that without an electrical input from the MCU
42, the valve 62 will remain closed and liquid fuel from
the container 16 is prevented from being discharged into
the combustion chamber 18.
[0033] With reference to FIG. 3, the air heater 10 in-
cludes an ignitor 66 located at least partially within the
combustion chamber 18 and that is electrically connected
with the MCU 42. The combustion chamber 18 includes
an orifice 68 in which the liquid fuel from the conduit 64

enters to be ignited by the igniter 66. A thermocouple 70
is located proximate or within the combustion chamber
18 and is also electrically connected with the MCU 42
via an amplifier 74.
[0034] As shown in FIG. 3, a temperature sensor 78 is
arranged proximate the liquid fuel container 16 to monitor
the temperature of the liquid fuel container 16. A heating
blanket 82 is wrapped around and is in thermal contact
with the liquid fuel container 16 (see also FIG. 2). The
heating blanket 82 is also electrically connected with the
MCU 42. As discussed in further detail below, when the
heating blanket 82 is activated by the MCU 42, it increas-
es the temperature of the liquid fuel container 16, and
therefore the pressure of the compressed gas inside the
container 16 expelling the liquid fuel therefrom.
[0035] FIG. 4 is a flowchart illustrating a method of op-
erating the air heater 10. In operation, as shown at step
86, prior to the user depressing the trigger 34 and actu-
ating the switch 40, the control valve 62 is initially in its
closed state blocking the flow of liquid fuel from the con-
tainer 16 to the combustion chamber 18. At step 86, the
motor 24 is also deactivated, such that the fan 26 is not
running, and no current is flowing to the ignitor 66. How-
ever, as long as the motor 24 is being powered by the
battery 32, the LED 46 indicates to the operator that the
air heater 10 is "ready for use." At step 90, upon a first
instance of an operator depressing the trigger 34 against
the bias of the torsion spring 38, the switch 40 is closed,
thereby providing an electrical signal (i.e., a voltage input)
to the MCU 42. Upon detecting this trigger actuation sig-
nal, the MCU 42 initiates a first timer, which will run for
a first predetermined period of time, as shown at step 94.
In response to the trigger actuation signal, the LED 46
indicates to the operator that the air heater 10 is "warming
up."
[0036] Then, at step 98, the MCU checks to determine
whether the trigger 34 is still depressed and switch 40 is
still closed upon expiration of the first timer. If the trigger
34 is not still depressed, the control valve 62 remains
closed, the motor 24 remains deactivated, and no current
flows to ignitor 66. If however, the trigger 34 is still de-
pressed, the MCU 42 energizes the control valve 62 to
direct liquid fuel into the combustion chamber 18 and (for
a limited time) directs an electrical current to the ignitor
66, creating repeated sparks to ignite the discharged liq-
uid fuel at the orifice 68 in the combustion chamber 18,
as shown at step 102. This ensures that a brief accidental
or inadvertent depression of the trigger 34 will not initiate
operation of the air heater 10.
[0037] In some embodiments, the liquid fuel is preheat-
ed prior to combustion at the orifice 68. Specifically, prior
to entering the orifice 68, the liquid fuel is heated by the
flame in the combustion chamber 18 to a threshold tem-
perature at which the liquid fuel is vaporized into a gas-
eous fuel state. The gaseous fuel then enters the orifice
68 for combustion by the ignitor 66. Thus, in these em-
bodiments, liquid fuel is prevented from entering the or-
ifice 68. Rather the fuel only enters the orifice 68 in a
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gaseous state.
[0038] Concurrently with or shortly after the MCU 42
directs an electrical current through the ignitor 66, the
MCU 42 also activates the motor 24 to rotate the fan 26
as shown at step 102. The fan 26 generates an axial
airflow through the combustion chamber 18, which is
heated by the combusting liquid fuel. The heated airflow
is then discharged from the heat outlet 20. In response
to the opening of control valve 62, the current to ignitor
66, and activation of motor 24 to drive fan 26, the LED
46 indicates to the operator that the air heater 10 is "on",
thus signaling to the operator that the trigger 34 may be
released. Then, as shown at step 106, the operator may
release trigger 34 while the control valve 62 remains open
and motor 24 continues to drive fan 26. Thus, an operator
may release the trigger 34 while liquid fuel continues to
flow to the combustion chamber 18 to continue the heat-
ing operation, rather than needing to continually hold the
trigger 34 depressed.
[0039] With continued reference to FIG. 4, during op-
eration of the air heater 10, the thermocouple 70 produc-
es a voltage that is proportional to the temperature in the
combustion chamber 18 using the thermoelectric or
"Seebeck" effect. The amplifier 74 amplifies the voltage
output by the thermocouple 70, and the amplified voltage
is provided to the MCU 42 as a voltage input proportional
to the temperature in the combustion chamber 18. Be-
cause the thermocouple 70 is at an ambient temperature
prior to operation of the air heater 10, after expiration of
the first timer, the MCU 42 initiates a second timer, as
shown at step 110. The second timer will run for a second
predetermined period of time while the control valve 62
will remain energized (and therefore in its open state)
and the motor 24 will remain activated to rotate the fan
26, regardless of the temperature detected by the ther-
mocouple 70, and regardless of whether the trigger 34
remains held in its depressed position or is released. As
shown at step 114, the thermocouple continues to pro-
duce voltage proportional to the temperature in the com-
bustion chamber 18, thereby "detecting" the temperature
of the combustion chamber 18.
[0040] As shown at step 118, upon expiration of the
second timer, the MCU determines whether the temper-
ature in the combustion chamber 18 is greater than or
equal to a threshold temperature as detected by the ther-
mocouple 70. If the temperature in the combustion cham-
ber 18 is greater than or equal to the threshold temper-
ature the MCU 42 will maintain the control valve 62 in its
open state and continue to drive the motor 24 and fan
26, as shown at step 122.
[0041] If the temperature in the combustion chamber
18 has not, upon expiration of the second timer, reached
the threshold temperature, the MCU 42 will de-energize
the control valve 62 (thereby switching it from the open
state to the closed state) and deactivate the motor 24,
as shown at step 126. Thus, if the ignitor 66 fails to ignite
the liquid fuel after the trigger 34 is depressed for the first
time, the control valve 62 will close and discontinue the

flow of liquid fuel to the combustion chamber 18. In re-
sponse to the temperature not reaching the threshold
temperature upon expiration of the second timer, the LED
46 indicates to the operator that ignition failed, thus sig-
naling to the operator that the process for starting the air
heater 10 must be re-initiated at step 90.
[0042] If the control valve 62 is kept open and the motor
24 remains activated at step 122, the temperature of the
combustion chamber 18 continues to be detected at step
130 via the thermocouple 70 and amplifier 74 as de-
scribed above. As shown at step 134, the MCU 42 con-
tinuously determines whether the temperature of the
combustion chamber 18 detected at step 130 is greater
than or equal to the threshold temperature. If the tem-
perature in the combustion chamber 18 is greater than
or equal to the threshold temperature, the process run
by the MCU 42 simply returns to step 130 and continues
cycling between steps 130 and 134 for as long as the
temperature of the combustion chamber 18 is equal to
or above the threshold temperature. If, however, the tem-
perature in the combustion chamber 18 ever drops below
the threshold temperature as determined at step 134 af-
ter a period of continuous operation of the air heater 10
(coinciding with a flame-out), the MCU 42 will de-ener-
gize the control valve 62 (thereby switching it from the
open state to the closed state) and initiate a third timer
while the motor 24 continues to drive the fan 26, as shown
at step 138. In response to a flame out, the LED 46 indi-
cates to the operator that a flame out has occurred.
[0043] While the third timer is running, the motor 24
continues to drive the fan 26 during a "cool down" period,
during which the LED indicates to the operator that the
air heater 10 is going through a "cool down." Upon expi-
ration of third timer the motor 24 is deactivated and thus
the fan 26 stops running, as shown at step 142. In some
embodiments, the third timer is 30 seconds but in other
embodiments, the third timer is longer or shorter than 30
seconds.
[0044] Alternatively, as shown at step 146, the operator
may simply depress the trigger 34 a second instance to
actuate the switch 40 again, prompting the MCU 42 to
close the control valve 62 and initiate the third timer while
the motor 24 continues to drive the fan 26 for the "cool
down" process, as shown at step 138.
[0045] During operation, as the liquid fuel in the liquid
fuel container 16 is used up, the tank gets colder and the
pressure in the liquid fuel container 16 drops, affecting
(i.e., reducing) the flow rate of the liquid fuel discharged
into the combustion chamber 18. Thus, during operation
of the air heater 10, the temperature sensor 78 continu-
ously monitors the temperature of the liquid fuel container
16 (FIG. 3). If the temperature of the liquid fuel container
16 drops below a threshold temperature, the temperature
sensor 78 provides an electrical signal (e.g., a voltage
input) to the MCU 42, which in turn activates the heating
blanket 82 to raise and/or maintain the liquid fuel con-
tainer 16 at a predetermined temperature, such as 35
degrees Celsius. Thus, the heating blanket 82 prevents
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the temperature of the liquid fuel container 16 from falling
so low that the pressure in the liquid fuel container 16 is
insufficient to provide a constant flow rate of liquid fuel
from the container 16.
[0046] Various features of the invention are set forth
in the following claims.

Claims

1. A liquid fuel air heater comprising:

a housing defining a motor housing portion and
a grip portion extending from the motor housing
portion;
an electric motor positioned in the motor housing
portion;
a combustion chamber at least partially posi-
tioned within the motor housing portion;
a fan driven by the motor when activated for gen-
erating an axial airflow through the combustion
chamber; and
a battery pack containing a plurality of battery
cells connected to each other in a series or par-
allel arrangement, the battery pack being re-
movably coupled to the grip portion of the hous-
ing for supplying power to the motor.

2. The liquid fuel air heater of claim 1, further compris-
ing a liquid fuel container for providing liquid fuel to
the combustion chamber.

3. The liquid fuel air heater of claim 2, further compris-
ing a heating blanket in thermal contact with and at
least partially surrounding the liquid fuel container,
wherein the heating blanket, when activated, in-
creases a temperature of the liquid fuel container.

4. A liquid fuel air heater comprising:

a housing defining a motor housing portion;
an electric motor positioned in the motor housing
portion;
a combustion chamber at least partially posi-
tioned within the motor housing portion;
a fan driven by the motor when activated for gen-
erating an axial airflow through the combustion
chamber;
a liquid fuel container at least partially positioned
in the housing for providing liquid fuel to the com-
bustion chamber; and
a heating blanket in thermal contact with and at
least partially surrounding the liquid fuel contain-
er,
wherein the heating blanket, when activated, in-
creases the temperature of the liquid fuel con-
tainer.

5. The liquid fuel air heater of claim 4, wherein the hous-
ing defines a grip portion extending from the motor
housing portion;
and, optionally, further comprising a battery pack
containing a plurality of battery cells connected to
each other in a series or parallel arrangement,
wherein the battery pack is removably coupled to the
grip portion of the housing for supplying power to the
motor.

6. The liquid fuel air heater of any one of claim 3 to 5,
wherein the heating blanket is activated when the
temperature of the liquid fuel container falls below a
threshold temperature.

7. The liquid fuel air heater of any one of claims 2 to 6,
further comprising a control valve to alternatively per-
mit or prevent the flow of liquid fuel from the liquid
fuel container to the combustion chamber;
and, optionally, wherein the control valve is a sole-
noid actuated valve.

8. The liquid fuel air heater of claim 7, further compris-
ing an ignitor configured to ignite liquid fuel in the
combustion chamber;
and, optionally, further comprising an actuator move-
able between a first position in which the motor is off
and the control valve is closed and a second position,
wherein the actuator biased to the first position, and
wherein when the actuator is in the second position
for a first predetermined period of time, the control
valve is opened, the ignitor creates sparks to ignite
liquid fuel in the combustion chamber, and the motor
is activated.

9. The liquid fuel air heater of claims 7 or 8,
wherein after the control valve is opened, if a tem-
perature of the combustion chamber is below a
threshold temperature for a second predetermined
period of time, the control valve is closed; or
wherein after the control valve is opened, if a tem-
perature of the combustion chamber is greater than
or equal to a threshold temperature for a second pre-
determined period of time, the control valve is kept
open.

10. The liquid fuel air heater of any one of claims 7 to 9,
further comprising a thermocouple configured to pro-
duce a voltage that is proportional to the temperature
of the combustion chamber and provided as an input
to a controller, wherein after the control valve is
opened if the temperature of the combustion cham-
ber is greater than or equal to the threshold temper-
ature for the predetermined period of time, the con-
troller keeps the control valve open in response to
receiving the input.

11. A method of operating a liquid fuel air heater, the
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method comprising:

moving an actuator from a first position to a sec-
ond position a first instance;
initiating a first timer in response to the actuator
reaching the second position;
following expiration of the first timer, detecting
whether the actuator is in the first position or the
second position;
following detection of the actuator in the second
position, opening a control valve to direct liquid
fuel from an onboard liquid fuel container toward
a combustion chamber;
directing an electrical current to an ignitor in the
combustion chamber to ignite the fuel in the
combustion chamber; and
activating a motor to drive a fan for generating
an axial airflow through the combustion cham-
ber, which is heated by the combusting fuel and
discharged from the combustion chamber.

12. The method of claim 11, further comprising:

initiating a second timer;
following expiration of the second timer, detect-
ing whether a temperature of combustion cham-
ber is less than a threshold temperature;
following detection of the combustion chamber
temperature being less than the threshold tem-
perature, closing the control valve; and
deactivating the motor;
or
initiating a second timer;
following expiration of the second timer, detect-
ing whether a temperature of combustion cham-
ber is greater than or equal to a threshold tem-
perature;
following detection of the combustion chamber
temperature being greater than or equal to the
threshold temperature, maintaining the control
valve in an open state; and
maintaining activation of the motor.

13. The method of claim 12, further comprising:

following maintaining the control valve in an
open state and maintaining activation of the mo-
tor, detecting whether the temperature of com-
bustion chamber is greater than or equal to the
threshold temperature;
following detection of the combustion chamber
temperature being less than the threshold tem-
perature, closing the control valve and initiating
a third timer; and
following expiration of the third timer, deactivat-
ing the motor;
or
following maintaining the control valve in an

open state and maintaining activation of the mo-
tor, detecting whether the temperature of com-
bustion chamber is greater than or equal to the
threshold temperature;
following detection of the combustion chamber
temperature being greater than or equal to the
threshold temperature, maintaining the control
valve in an open state; and
maintaining activation of the motor.

14. The method of claim 11, further comprising:

following activation of the motor, releasing the
actuator and allowing the actuator to move from
the second position to the first position;
following release of the actuator, maintaining the
control valve in an open state; and
maintaining activation of the motor.

15. The method of claim 14, further comprising:

moving the actuator from the first position to the
second position a second instance;
detecting that the actuator is in the second po-
sition;
following detection of the actuator in the second
position, closing the control valve; and
deactivating the motor.
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