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A WATER HEATER AND A METHOD OF OPERATING SAME

'FIELD OF THE INVENTION

[0001]  The present invention relates to a water heater and a method of opefating same. More
particularly, the invention relates to a method of determining an operating water temperature for
a boiling water heater and to a boiling water heater adapted to determine an operating water

temperature. -

[0002]) The invention has been primarily developed in relation to a boiling water heater and
will be described hereinafter with reference to this application. However, it will be appreciated
that the invention is not limited to this particular field of use and is also, for example, suitable

‘for use in a combined water heater and water chiller unit.

BACKGROUND OF THE INVENTION ,
[0003] . Water boils at different temperatures based on atmospheric conditions. The higher
the altitude, the lower the air pressure, and the resultant lower temperatures at which water boils.

In order to achieve maximum performance and maximum customer satisfaction, water heaters

should operate at a temperature very close to water’s boiling point for a given altitude.

[0004]  One known, relatively simple, approach to compensate for changing boiling
temperatures was to ensure that the water in the boiling water tank was kept at a temperature
well below the lowest temperature at which water is expected to boil. However, a disadvantage
of this approach is it often resulted in water being dispensed at around 90°C to 94°C, which was

disappointing to many users.

[0005] A second known, relatively simple, approach was to provide a few discrete
temperature settings. For example, a sea level installation could be set to operate with a water
temperature of 98°C, with the facility to have 95°C and 92° C settings for higher altitudes.
However, disadvantage of this approach is that these adjustments were needed to be carried out

by a skilled service technician.

[0006] A more sophisticated known approach involves an automatic electronic calibration
occurring at the time of installation. The calibration process ensures that the actual boiling
water temperature at the altitude of the installation site is determined. An example of this

:alpproach is disclosed in the Applicant’s International (PCT) Patent Application No.
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PCT/AU2005/000286 (WO 2005/088205), which discloses boiling water for a controlled period

of time and measuring the maximum temperature reached, being the boiling water calibrated
temperature, and subtracting a predetermined amount in order to determine an operating
temperature. This approach relies on the principle that boiling water does not increase in
temperature, even as additional energy is continually applied, until all of the water is boiled
away. This approach is superior to those earlier approaches described above but does have some
disadvantages. Firstly, the calibration process is usually only done on installation and, as a
result, changes in barometric pressure can affect the exact boiling water temperature. That said,
these variations are generally regarded as being relatively minor. However, a more important
disadvantage is due to the fact that the water temperature is generally measured with an
electronic measuring device, such as a thermistor. Some thermistors, over ti.me, have a tendency -
to drift in their readings. For example, a water heater calibrated at 100°C with a nominal
operating temperature set 1.0°C below should operate at 99°C. However, is the thermistor were
- to drift by 1.5°C such that it reads 97.5°C when it was actually measuring 99°C, the water
heater’s controller would continue to apply power to attempt to restore the water temperature
back to what it is processing as 99°C. However, the water heater will then actually try to |
.achieve a water temperature of 100.5°C. As this cannoi be achieved, the water heater will over
boil until such time as any safety devices switch it off. Altematively, if the 1.5°C drift was in
the other direction, the water heater will maintain a temperature of only 97.5°C, which can result

in customer dissatisfaction.

[0007] It is the object of the present invention to substantially overcome, or at least

ameliorate, one or more of the above disadvantages.

SUMMARY OF THE INVENTION
[0008]  Accordingly, in a first aspect; the present invention provides a method of determining
an operating water temperature for a boiling water heater, the method including the following
steps:

(a) adding water to a tank to a predetermined level;

(b) energising a heating means within the tank to heat the water in the tank to an initial
predetermined temperature; |

(c) de-energising the heating means when the initial predetermined temperature is
reached and measuring an initial overshoot temperature differential above the initial

predetermined temperature;
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(d) calqulating a further predetermined temperature being the sum of the initial
predetermined temperature and a predetermined amount of the initial overshoot temperature
differential; | o

(e) waiting until the temperature of the water in the tank has reduced by a
predetermined drop from the initial predetermined temperature;

(f) energising the heating means within the tank to heat the water in the tank to the' |
further predetermined temperature as ca‘lcul‘ated in (d) above; ,

(g) de-energising the heating means when the further predetermined temperature is

reached and measuring a further overshoot temperature differential above the further

predetermined temperature;

(h) re-calculating the further predetermined temperature being the sum of the current
further predetermined temperature and a predetermined amount of the current further overshoot
temperature differential; | | -

(1) waiting until the temperature of the water in the tank has reduced by a predetermined
drop from the further predeterminéd temperature of step (h);

(§) continuing steps (f) to (i) until the further overshoot temperature substantially eqhals |
the predetermined temperature, thereby becoming a boiling calibration temperature; and

(k) substracting an offset temperature from the boiling calibration temperature of step
(h) to thereby determine the operating water temperature.

The initial predetermined temperature is preferably about 90°C.

The predetermined amount is preferably 20% to 40% of the initial overshoot
temperature differential or of the further overshoot temperature differential.

The predetermined drop is preferably about 1 or 2°C degrees.

The offset temperature is preferably about 1 or 2°C.

The method preferably includes continuing steps (d) to (j) until the boiling calibration
temperature stabilises, which can typically take up to about 4 hours.

The method preferably includes performing steps (d) to (j) at regular intervals after step
(k) as a re-confirming calibration. The regular intervals are preferably daily, weekly or moﬁthly.

The heating means is preferably an electrical heating element. '

In a second aspéct, the present invention provides a boiling water heater adapted to
determine an operating water temperaﬁue, the boiling water heater including:

a water tank; ‘ '

temperature measurement means to measure the temperature of the water in the tank;

heating means adapted to heat the water in the tank;
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a controller adapted to receive the temperature of the water in the tank from
temperature measurement means and the control the heating means in accordance with steps (b)
to (k) of the first aspect. |

~ The heating means is preferably an electrical heating element.
The temperature measurement means is preferably a thermistor, or similar electronic

temperature measuring device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] A preferred embodiment of the invention will now be described, by way of an
example only, with reference to the accompanying drawings in which:

Fig. 1 is a schematic view of an embodiment of a water heater;

Fig. 2 is a graph of water temperature and heater state versus time during initial
calibration of the water heater shown in Fig. 1; ‘

Fig. 3 is a graph of water temperature‘versus time during a four hour installation
calibration of the water heater shown in Fig. 1; \

Fig. 4 is a graph of water temperature versus time through a four hour installation
calibration including water draw-off interruptions of the water heater shown in Fig. 1; and’

Fig. 5 is a graph of water temperature versus time over a five hour period with

periodic calibration temperature tracking of the water heater shown in Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0010] - Figure 1 shows an embodiment of an instant boiling water heater 10. The water
heater 10 includes a water tank 12 filled with water W to a predetermined level L. The tank 12
includes a mains or relatively cooler water inlet 12a and a boiling or heated water outlet 12b, the
latter being connected to a tap or other user actuated flow control valve (not shown). An electric
heating element 14 is disposed within the tank 12 towards the bottom of the tank 12. A

temperature sensor, in the form of a thermistor 16, is also disposed in the tank 12.

[0011]  The heating element 14 and the thermistor 16 are connected to a controller 18, such as
a Programmable Logic Controller (PLC) or the like. The controller 18 receives power from a
power outlet 20. A water inlet control valve 22 is also connected to the controller 18. An inlet
22a of the control valve 22 receives mains water via a stopcock 24. An outlet 22b of the control

valve 22 supplies water to an inlet 12a of the tank 12 via a supply line 26.
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[0012] A method of determining an operating water temperature for the water heater 10 will
now be described. The controller 18 undertakes the following method stéps:

(2) opening the valve 22 to add water W to the tank 12 to the predetermined level L;

(b) energising the heating means 14 to heat the water W in the tank 12 to an initial
predetermined temperature of 90°C; |

(c) de-energising the heating means 14 when the initial predetermined temperature of
90°C is reached and measuring an initial overshoot temperature differential of, for example,
90.5°C above the initial predetermined temperature of 90°C;

(d) calculating a further pfedetermined temperature of about 90.2°C, being the sum of
the initial predetermined temperature (90°C) and 40% of the initial overshoot temperature
differential (0.5°C x 0.4 = 0.2°C); | '

(e) waiting until the temperature of the water W in the tank 12 has reduced by a
~ predetermined drop, say 1°C to 2°C, from the initial predetermined temperature of 90°C;

(f) energising the heating means 14 to heat the water W in the tank 12 to the further
predetermined temperature of 90.2°C; '

(® de-energising the heating means 14 when the further predetermined temperature of
90.2°C is reached and measuring a further overshoot temperature differential of, for example,
91°C above the further predetermined temperature of 90.2°C;

(h) re-calculating a further predetermined temperature of 90.5°C, being the sum of the
existing further predetermined temperature (90.2°C) and 40% of the further overshoot
temperature differential (0.8°C x 0.4 = 0.3°C);

(i) waiting until the temperature of the water W in the tank 12 has reduced b}; a
predetermined drop, say 1°C to 2°C, from the further predetermined temperature (90.5°C) of
step (h); |

() continuing steps (f) to (i) until the further overshoot temperature substantially equals
the predetermined temperature at 100°C (at sea level for standard atmospheric conditions), this
temperature (100°C) is now the boiling calibration temperature;

(k) substracting an offset temperature of 2°C from the boiling calibration temperature
(100°C) of step (j) to thereby determine the operating watér temperature of (98°C) for the

current location of the water heater 10 and the current surrounding atmospheric conditions.

[001 3] As shown in Fig. 3, the above calibration process is typically undertaken for two
hours. Sudden barometric pressure changes can influence the outcome of the calibration during

this two hour period. To reduce the effects that such external changes can have on the final
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calibration result and final operating water temperature, two separate overriding adjustments

downwards are introduced in this period, being Points 110 and Points 120 in Fig. 3.

[0014]  The initial calibration period, at installation or when the water heater 10 is powered
up, is éet for a full four hour period. This allows the final maximum set point temperature to be
established well within this period. At the end of the four hour period, the overshoot

- temperature will have stabilised Without any further increment, and the final maximum set point
temperature 130 will be registered in the controller 18 as the calibrated boiling water operating
temperature of the water heater 10 at the installation site. When the calibration process has

finished, the controller 18 reverts to normal operation.

[0015] A user may also determine the offset temperature they would like the water heater 10
to utilise. For example, this may be 1°C or 2°C below the calibrated boiling operating
temperature. The offset temperature, of 98°C, shown as 140 in Fig. 3, becomes the new

temperature at which the water W in the tank 12 is maintained.

| [0016] Fig. 3 shows the calibration temperature trace versus time, without any external
interference. However, it is possible that the dispensing of water W from the water heater 10
occurs during the four hour calibration period. The logic within the controller 18 is able to
accommodate such occurrences. Fig. 4 shows a typical calibration trace with more than 10

~ water draw-off events during the four hour calibration pefiod, with the water heater 10

successfully completing the calibration cycle regardless. The calibrated boiling water

temperature of the water heater 10 can also be reconfirmed at selected intervals through a

maintenance calibration of less than two hours. The intervals between the maintenance

calibrations may be very frequent or less frequent — such as daily or weekly, depending on the

location and fluctuations in barometric pressures expected.

[0017] Fig. 5 shows a typical maintenance calibration where the calibration initiates at the
operating temperature 150 and finishes two hours later at the adjusted operating temperature
160. The maintenance calibration cycle will occur without inconvenience to the user, who can

dispense boiling water as per usual without affecting the result.

[0018] A significant advantage of the water heater 10 and the method of operation described

above, is that small incremental adjustments or drifts within the structure of the thermistor 16,
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caused by natural ageing of internal structural materials, will automatically be compensated for

during the next calibration and the desired temperature within the tank 12 will be maintained.

[0019]  Other advantages of the water heater 10 and above described method include:

the initiation and completion of the calibration is virtually invisible to the user;

the calibfation is at regular intervals which allows the water heater a reconfirmation of
its current status and automatic adjustment to suit;

no steam is expelled from the water heater during the calibration making it safe to occur
at any time at regular intervals; |

no advanced technical training or personnel are required to undénake such a
calibration; and )

the accuracy of the resulting operating boiling point setting is improved against
previous calibration methods. . _ ,

Although the invention has been described with reference to a preferred embodiment, it
will be appreciated by those persons skilled in the art that the invention may be embodied in /

. many other forms.
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CLAIMS
1. A method of determining ah operating water temperature for a boiling water heater, the
method including the following steps:

(a) adding water to a tank to a predetermined level;

(b) energising a heating means within the tank to heat the water in the tank to an initial
predetermined temperature; ’

(c) de-energising the heating means when the initial predetermined temperature is
reached and measuring an initial overshoot temperature differential above the initial
predetermined temperature; '

(d) calculating a further predetermined temperature being the sum of the initial
predetermined temperature and a predétermined amount of the initial overshoot temperature
differential; '

(e) waiting until the temperature of the water in the tank has reduced by a
predetennined drop from the initial predetermined temperature;

() energising the heating means within the tank to heat the water in the tank to the
further predetermined temperature as calculated in (d) above;

(g) de-energising the heating means when the further predetermined terhperature is’
reached and measuring a further overshoot temperature differential above the further
predetermined temperature; _ '

_(h) re-calculating the further predetermined temperature being the sum of the current
further predetermined temperature and a predetermined amount of the current further overshoot
temperature differential;

(i) waiting until the temperature of the water in the tank has reduced by a prédetermined
drop from the further predetermined temperature of step (h); | ’

(i) continuing steps (f) to (i) until the further overshoot temperature substantially cquéls
the predetermined temperature, thereby becoming a boiling calibration temperature; and

(k) substracting an offset temperature from the boiling calibration temperature of step

(h) to thereby determine the operating water temperature.

2. The method as claimed in claim 1, wherein the initial predetermined temperature is
about 90°C.
3. The method as claimed in claim 1 or 2, wherein the predetermined amount is 20% to

40% of the initial overshoot temperature differential or of the further overshoot temperature

differential.
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4, * The method as claimed in claim 1, 2 or 3,wherein the predetermined drop is about 1 or

2°C degrees.

5. The method as claimed in any one of claims 1 to 4, wherein the offset temperature is
about 1 or 2°C.

6. The method as claimed in any one of claims 1 to 5, wherein the method includes

continuing steps (d) to (j) until the boiling calibration temperature stabilises.

7. The method as claimed in any one of claims 1 to 6, wherein the method includes

performing steps (d) to (j) at regular intervals after step (k) as a re-confirming calibration.

8. The method as claimed in claim 7, wherein the regular intervals are daily, weekly or
monthly. ‘ '
9. The method as claimed in any one of claims 1 to 8, wherein the heating means is an

electrical heating element.

10. A boiling water heater adapted to determine an operating water temperature, the boiling
water heater including: '
“ a water tank; ‘
temperature measurement means to measure the temperature of the water in the tank;
heating means adapted to heat the water in the tank;
a controller 'adapt_ed to receive the temperature of the water in the tank from
temperature measurement means and the control the heating means in accordance with steps (b)

to (k) of any of claims 1 to 9.

11. The heater as claimed in claim 10, wherein the heating means is an electrical heating

-element.
12. The heater as claimed in claim 10 or 11, wherein the temperature measurement means

is a thermistor, or similar electronic temperature measuring device.



