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(54) Method and apparatus for the control of flammable fluid heating apparatus

(57)  This invention provides a sensor for the deple-
tion of oxygen in a room in which a flammable fluid heat-
er is housed. The heater is provided with a pilot burner
which is sensitive to oxygen levels and a temperature
sensor (2) which senses the output from the pilot burner.
The output from the temperature sensor (2) itself can be
used as an indicator of oxygen depletion within the room
and compared against a stored value to close off the
fuel supply to the heater should the temperature sensor
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Description
BACKGROUND
(i) FIELD OF THE INVENTION

This invention relates to a method and apparatus
for the control of flammable fluid fuelled heaters and, in
particular, although not necessarily solely, a natural gas
fuelled heater.

Examples of traditional heaters to which this tech-
nology may be applied can be seen in US patent appli-
cation no. 08/361/761, US patent application no.
08/200414 and W093/19327.

Heaters of this type are often required to provide
some form of sensor to sense the levels of carbon diox-
ide within the room in which the heater is housed and
close the unit down should these levels exceed a per-
mitted level. Such units are often provided in the form
of a pilot burner which may or may not be used as part
of the ignition system for the main burner in the heater.

The current pilot burners which include an oxygen
depletion system to detect the depletion of oxygen in the
atmosphere operate through the relationship between
the energy produced from these burners and the carbon
dioxide levels present in the atmosphere. As the carbon
dioxide level increases, the energy produced falls until
there is insufficient energy measured by a thermocouple
or thermopile adjacent the pilot burner to hold a main
gas valve open which is interconnected with the ther-
mocouple or thermopile. Therefore, as the degree of
carbon dioxide in the atmosphere increases, the flame
characteristic from the pilot burner changes and will re-
duce the energy supplied to the thermocouple or ther-
mopile and consequently shut off the main burner by
closing the main gas valve.

Oxygen depletion pilot burners of this type require
a great deal of precision in their fitment and adjustment.
The temperature of the flame of the pilot burner may also
be dependent upon the temperature of the pilot burner
and, consequently, its proximity to the main burner as
well as the physical orientation of the pilot burner and/
or the manufacturing tolerances of the pilot burner as-
sembly. With this pilot burning acting directly on a ther-
mocouple driven valve, variations in such valve types
lead to a variation in the output from the thermocouple
which will determine valve closure. Further, the actual
oxygen depletion of the room in which the heater is
housed may be represented in varying manners in the
output from the thermocouple sensor according to the
placement of the pilot burner and associated sensor. As
a result, such systems are highly dependent on the ac-
tual appliance to which it is fitted and it is often neces-
sary to use specialised manufacturers of such systems
to tune the oxygen depletion burners to suit particular
appliances.

In addition to this costly manufacturing step, the cur-
rent oxygen depletion systems also only measure the
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presence of carbon dioxide as a contaminant to control
the main gas circuit. There is no independent assess-
ment of the carbon monoxide level with carbon monox-
ide being the far more hazardous contaminant. Indeed,
the oxygen depletion systems rely on an assumed rela-
tionship between the carbon dioxide levels and the car-
bon monoxide levels to keep the carbon monoxide lev-
els in check. Such a relationship may be valid for par-
ticular appliances when new and change as the appli-
ance suffers wear and tear. For example, a gas heater
of this type with a break in the casing of the main burner
or some other similar failure will greatly increase the car-
bon monoxide levels out of proportion of the traditional
carbon monoxide relationship.

Some users of such appliances have had to resort
to the purchase of separate carbon monoxide sensors
to warn against this hazard which are themselves rela-
tively heavy on power consumption. Additionally, such
sensors are in no way tied with the heating appliance
and, therefore, are likely to be left in operation even
when the heater is not.

A further problem with current pilot burners is the
gas consumption by the pilot burners when the heater
is not in operation. This has lead to some territories 1o
ban standing pilots or to provide such pilots with an in-
ferior rating for energy consumption compared with
equivalent heaters run by electronic ignition. Electronic
ignition for such heaters is a relatively expensive solu-
tion compared with the cost of pilot burners.

OBJECT OF THE INVENTION

It is an object of the present invention to provide a
method and apparatus for the control of flammable fluid
fuelled heaters which will overcome some of the disad-
vantages of the prior art and/or at least provide the pub-
lic with a useful choice.

SUMMARY OF THE INVENTION

Accordingly, in a first aspect, the invention consists
in apparatus for the control of flammable fluid fuelled
heaters comprising:

a primary fuel burner,

a pilot fuel burner,;

a temperature sensor adjacent said pilot burner
such that the output of said sensor will vary upon
changes in the output of said pilot burner; and
control means to control the fuel supply to the pri-
mary fuel burner upon the output of the temperature
sensor falling below a predetermined level.

Accordingly, in a second aspect, the invention con-
sists in a method for the control of flammable fluid fuelled

heaters comprising:

supplying fuel to a primary burner for heating; pro-
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viding a pilot burner;

sensing the output of the pilot burner; and

control the fuel supply to the primary burner to deny
fuelto said primary burner once the output from said
sensor drops below a predetermined level.

Accordingly, in athird aspect, the invention consists
in a flammable fluid fuelled heater comprising:

a primary fuel burner for the burning of the flamma-
ble fluid;

a carbon monoxide sensor provided on said heater
to turn said heater off should the carbon monoxide
level exceed a predetermined level; and

control means to initiate said carbon monoxide sen-
sor only when said heater is in operation.

Accordingly, in a fourth aspect, the invention con-
sists in a flammable fluid fuelled heater comprising:

a primary fuel burner to burn said flammable fluid;
a pilot burnerto ignite said primary fuel burner; and,
control means to switch said pilot burner off should
the unit not be in operation.

Further aspects of this invention may become ap-
parent to those skilled in the art to which the invention

relates.

BRIEF DESCRIPTION OF THE DRAWINGS

The description will now be provided with reference
to the following drawings in which:

shows a schematic view of a control means
which may be provided in accordance with
a preferred embodiment of the invention.

Figure 1

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring to Figure 1, the invention relates to a
method and apparatus for the control of flammable fluid
fuelled heaters such as natural gas heaters.

In preferred forms, the invention may be provided
in flueless heaters or heaters in which at least a portion
of the exhaust is directed into the room in which the heat-
er is housed.

It can be seen from the drawing in Figure 1 that the
invention includes a thermocouple sensor 2 or other
suitable form of temperature sensor which is placed ad-
jacent a pilot burner (not shown). This thermocouple
sensor receives energy from the pilot burner and the
output from the sensor will be sensitive to the output
from the pilot burner which itself is sensitive to the levels
of carbon monoxide in the atmosphere. Therefore, the
use of a thermocouple sensor 2 such as that shown in
acontrol circuit can allow the thermocouple voltage from
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the sensor to be compared with a factory set value for
that type of unit which should accurately reflect the ox-
ygen depletion of the atmosphere. This control circuit
can then close the main gas valve to the burner assem-
bly when the oxygen level and resultant thermocouple
voltage falls below this settable value.

As shown in the drawing in Figure 1, the control cir-
cuit will be supplied with a power supply which, in this
preferred embodiment, may comprise a 9-14 volt AC
supply or an alternative 6 volt DC supply. The alternative
supplies allow the unit to run off mains power through a
suitable transformer or, alternatively, battery powered
when necessary.

The power supply 3 shown in Figure 1 receives the
input current through inputs 4 or 5 and supplies a pri-
mary supply 6 to a supply sensor 7. This optional supply
sensor 7 allows the control circuit to determine when the
power supply voltage has dropped to a level at which
the control circuitry is no longer reliable. The supply sen-
sor may be connected to an interrupter 8 to shut the unit
off and close the main valve (not shown) to ensure no
further emission of gas.

Provided the supply sensor indicates that there is
sufficient voltage from the primary supply, the remainder
of the circuitry may come into operation. The thermo-
couple sensor 2 may itself have a built in delay control-
led by some form of timing circuit to ensure that the ther-
mocouple does not control the gas flow through the unit
until the thermocouple has had sufficient time to reach
an operating temperature. Although the particular value
for this delay may be any suitable time limit, a delay in
the region of 60 seconds may be sufficient. This start up
procedure not only allows the thermocouple sensor and
its associated voltage to account for the warming of the
sensor itself but also for the voltage drop associated with
the sensor and associated circuitry switching from an
unloaded to a loaded condition leading to a temporary
voltage drop. Such a delay allows the thermocouple
sensor to reach a threshold voltage beyond which any
falling off in that voltage below the threshold will close
off the main supply to the primary burner. If the thermo-
couple sensor fails to reach the threshold value for volt-
age despite the delay, again the main gas valve will be
turned off.

In addition to the thermocouple sensor for sensing
of oxygen depletion and carbon dioxide levels, the heat-
ing apparatus may also include circuitry for the monitor-
ing of carbon monoxide. This may comprise a carbon
monoxide sensor 9 included in the circuitry and control-
led by a timing circuit 10. An important aspect of this
carbon monoxide sensor is that it is only in operation
when the appliance itself is switched on. This may be
through the use of a controlled supply 11 controlled by
actual operation of the appliance and ensures that the
carbon monoxide sensor does not draw power other
than when needed. This reduces the normally high pow-
er requirements of such carbon monoxide sensors. In a
preferred form of the invention, dual carbon monoxide
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sensors are used. These allow each of the sensors to
independently measure the carbon monoxide level and
check it against a suitable safety level such as 50ppm.
Should either of the sensors or both exceed this 50ppm
level, the unit may be shut down through triggering the
interrupter 8. In addition, the use of dual carbon monox-
ide sensors may allow the unit to be shut down should
there be a difference between the carbon monoxide
sensors of greater than, for example, 20ppm. This acts
as a check on the carbon monoxide sensors accuracy.
However, a single sensor may be used.

Typical carbon monoxide sensors rely on heaters
12 which are preferably controlled by a heater control
13. The heaters operate intermittently for a set period
and heat the sensor immediately after which the resist-
ances of the sensors are sampled and the carbon mon-
oxide value can be determined. To regulate the timing
of the circuit, the timing circuit 10 sets, in this preferred
example, a period of 4 minutes between the heaters go-
ing into operation. The timing circuit controls the heaters
and switches these on for a period of 1 minute after
which the samplingand carbon monoxide values are de-
termined. Typical carbon monoxide sensors may be
heated by heaters drawing, for example, 30ma for the
1 minute period.

In addition to this heating of the sensors for the ac-
tual measuring of carbon monoxide values, this pre-
ferred embodiment also provides battery voltage to the
carbon monoxide sensor heaters 12 for a period of 1
minute at repeat intervals of 64 minutes. This acts as a
cleaning step to clean the sensors once every 64 min-
utes. Of course, the times mentioned in this preferred
embodiment could be changed to any other suitable
time period. To ensure the carbon monoxide sensors are
cleaned upon initial start up of the unit, a cleaning cycle
in which the battery voltage is supplied to the carbon
monoxide sensor heaters is triggered immediately upon
start up of the appliance. This start up of the appliance
may be triggered by an suitable means including use of
the thermocouple sensor. This heat cleaning cycle may
occur during the first four minute cycle after starting the
appliance.

To ensure that the carbon monoxide values and the
associated heating of those sensors is not triggered dur-
ing the cleaning cycle, this preferred form of the inven-
tion tests for the heater cleaning voltage prior to initiating
the normal heating cycle which forms part of the sensing
step.

In addition to the regular automated sensing cycles,
a manual operation of the sensors may be included if
desired.

It can be seen from Figure 1 that an appliance tem-
perature sensor 14 is included other than the thermo-
couple sensor 2. This appliance temperature sensor
may be included and the output sampled at regular in-
tervals of, for example, every 64 minutes. If the temper-
ature sensor indicates a temperature of, for example,
less than a threshold of 40°C, this would indicate that
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the appliance is not in use and the appliance may be
turned off. This preferably includes the switching off of
the pilot burner (not shown) which operates adjacent the
thermocouple sensor. This overcomes problems of
standing pilot burners and their energy consumption by
switching the pilot burner off once the appliance senses
that it is no longer in operation. Furthermore, this sensor
may be field selectable so that it may be changed for
different operating conditions.

It should be noted that this sensing of the appliance
temperature is preferably only performed at relatively
large intervals such as the 64 minutes previously men-
tioned. This allows the unit if thermostatically controlled
to shut down when dictated by the thermostat and leave
the pilot burner in operation for re-ignition of the gas flow
once the thermostat suggests the heater is again re-
quired. The relatively large periods between sampling
of this appliance temperature sensor 14 and the rela-
tively low threshold value of 40°C should ensure that the
pilot burner is extinguished only when the unit is genu-
inely not in operation rather than between heating peri-
ods dictated by the thermostat.

Referring to Figure 1, it can also be seen that the
circuit may control an alarm circuit 15. This alarm circuit
may control the operation of an audible alarm such as
abuzzer or a visual alarm such as warning lights or both
to ensure that a suitable alarm is signalled upon any of
the failures mentioned previously. This may be particu-
larly important in the case of the carbon monoxide sen-
sor due to the toxicity of carbon monoxide and the as-
sociated health risks.

To determine suitable cut off values for the output
of the thermocouple sensor, units containing the pilot
burnerthe thermocouple sensor may be placed in acon-
trolled environment and the carbon dioxide or oxygen
depletion levels monitored during operation of the appli-
ance. The output from the thermocouple sensor can be
mapped against these separately measured values and
a suitable threshold voltage selected to correspond with
a particular carbon dioxide or oxygen depletion level.

To avoid jittering and other very minor variations in
the voltage output from the thermocouple sensor, a 1mv
hyterisis may be included to account for these.

Thus it can be seen that the invention provides a
control circuit which allows for monitoring of the carbon
monoxide or oxygen depletion levels and allows for an
easy method of determining the threshold voltages at
which the unit should be shut down through a simple
experiment in the factory. Once suitable levels have
been determined, the correct relative position of the
thermocouple sensor with the pilot burner should always
provide equivalent results. This allows the manufacturer
of the heater to control the thermocouple output at which
the gas valve is shut off independent of the position or
type of the gas valve. No longer is the position of the
pilot burner or threshold value for the thermocouple de-
termined by the valve characteristics.

Furthermore, the thermocouple sensor or other fea-
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tures of the appliance may be used to control the oper-
ation of a carbon monoxide sensor provided as a sepa-
rate unit. This carbon monoxide sensor allows for sep-
arate sensing and control of the unit as a result of carbon
monoxide levels and saves the carbon monoxide sensor
drawing power through the use of the heaters associat-
ed with such sensing when the appliance is not in oper-
ation.

A further appliance temperature sensor may be
used to control all the above circuitry and ensure that
the appliance is not drawing power and the pilot burner
is not in operation when the appliance itself is switched
off.

Additional features such as remote operation of the
heater, automatic shut off after a selectable period of
time and similar functions may be included in the control
system. The use of mains voltage components may re-
quire the enclosure of the control system to decrease
exposure of any gas to sparks. Such an outer housing
would require construction to withstand heater temper-
atures. Plus fittings may be provided to external sensors
and components.

Comparing apparatus in accordance with this in-
vention with conventional heaters, the manufacturer is
no longer faced with a valve and thermocouple unit
which has predetermined characteristics for the thresh-
old voltage from the thermocouple which will force clo-
sure of the valve. In such prior apparatus, the output
voltage from the thermocouple which provides for valve
closure may be, for example, 3mV. This known quantity
in mind, it was then necessary for the manufacturer to
place the pilot burner, thermocouple and valve in an ap-
propriate position such that the threshold for oxygen lev-
els within the room in which the heater is housed occurs
at the same threshold value output from the thermocou-
ple. In providing the present apparatus, the position of
the pilot burner and thermocouple on the appliance
need only be determined within the factory. Once a con-
trol test has been provided to determine the output from
the thermocouple in that particular position related to the
pilot burner and their comparative positions on the ap-
pliance which corresponds to the correct oxygen deple-
tion level, whatever value that output is for the thermo-
couple may be set into the control circuitry to be the
threshold value for that particular type of appliance.
Subsequent substantially identical appliances with iden-
tical pilot burners, thermocouples and comparative po-
sitions of each should allow the accuracy to be main-
tained. Therefore, if the pilot burner and thermocouple
are positioned well away from the main burner and near
the front edge of the appliance and it is determined that
a 9mV voltage from the thermocouple occurs at the low-
est desirable oxygen levels, this may be set into the con-
trol means as the threshold value for all subsequent ap-
pliances manufactured to the same standards.

Where in the foregoing description reference has
been made to specific components or integers of the in-
vention having known equivalents then such equiva-
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lents are herein incorporated as if individually set forth.

Although this invention has been described by way
of example and with reference to possible embodiments
thereof it is to be understood that modifications or im-
provements may be made thereto without departing
fromthe scope of the invention as defined in the append-
ed claims.

Claims

1. Apparatus for the control of flammable fluid
fuelled heaters comprising:

a primary fuel burner,

a pilot fuel burner,

atemperature sensor adjacent said pilot burner
such that the output of said sensor will vary up-
on changes in the output of said pilot burner;
and

control means to control the fuel supply to the
primary fuel burner upon the output of the tem-
perature sensor falling below a predetermined
level.

2. Apparatus for the control of flammable fluid
fuelled heaters as claimed in claim 1 wherein said
predetermined level is settable.

3. Apparatus for the control of flammable fluid
fuelled heaters as claimed in claim 1 or claim 2
wherein said control means includes storage
means to store a value representative of said pre-
determined level; processing means to compare an
output from said temperature sensor with said
stored value and output means to output a signal
controlling closure of a valve controlling the fuel
supplied to the primary fuel burner.

4. Apparatus for the control of flammable fluid
fuelled heaters as claimed in any one of the preced-
ing claims wherein said control means includes a
timing circuit to place a delay between ignition of
the heater and the commencement of the control of
the fuel supply to the primary fuel burner as a result
of the temperature sensor output.

5. Apparatus for the control of flammable fluid
fuelled heaters as claimed in any one of the preced-
ing claims wherein a second temperature sensor is
provided to compare the temperature of the appli-
ance with a predetermined value and control means
to extinguish said pilot burner when the appliance
temperature is below said predetermined value in-
dicating the heater is not in operation.

6. A method for the control of flammable fluid fuelled
heaters comprising:
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supplying fuel to a primary burner for heating;
providing a pilot burner;

sensing the output of the pilot burner; and
controlling the fuel supply to the primary burner
to deny fuel to said primary burner once the out-
put from said sensor drops below a predeter-
mined level.

7. Amethod for the control of flammable fluid fuelled
heaters as claimed in claim 6 wherein said prede-
termined level is a settable level.

8. Amethod for the control of flammable fluid fuelled
heaters as claimed in claim 6 or claim 7 wherein
said step of controlling the fuel supply to the primary
burner comprises comparing the sensed output of
the pilot burner with a temperature sensor and com-
paring the output from the temperature sensor with
a stored value and, upon the output of the pilot burn-
er dropping below the stored value for the temper-
ature sensor, outputting the signal to control a valve
in the fuel supplied to the primary burner.

9. Amethod for the control of flammable fluid fuelled
heaters as claimed in any one of claims 6-8 wherein
said method further includes a step of delaying a
comparison of the temperature sensor output with
a predetermined level to a predetermined delay af-
ter ignition of the apparatus.

8. A flammable fluid fuelled heater comprising:

a primary fuel burner for the burning of the flam-
mable fluid;

a carbon monoxide sensor provided on said
heater to turn said heater off should the carbon
monoxide level exceed a predetermined level;
and control means to initiate said carbon mon-
oxide sensor only when said heater is in oper-
ation.

9. A flammable fluid fuelled heater as claimed in
claim 8 wherein said control means comprises a
controlled power supply to said sensor.

10. A flammable fluid fuelled heater comprising:

a primary fuel burnerto burn said flammabile flu-
id;
a pilot burner to ignite said primary fuel burner;
and

control means to switch said pilot burner off

should the unit not be in operation.

11. A flammable fluid fuelled heater as claimed in
claim 10 wherein said control means comprises a
temperature sensor to determine if the primary
burner has not been in operation and the unit has
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cooled to a predetermined level.
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