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(57) A flow heater 1 (e.g. for a hot drinks dispenser) has consecutive liquid flow channels 4,5 on different sides of an
electric heating element 2; a thermostat 38 sensing temperature of both the heating element 2 and the channels 4,5
to prevent overheating damage when boiled dry; and a final boiling chamber (14, fig 4) in body 20 also heated by
element 2 with a heat sink (36, fig 4) in the chamber 14 to prevent damage to the element 2. The element 2 and
channels 4,5 can be aluminium brazed together, with heat sink 36 bonded to the element 2, water inlet 10 and
outlet 22. Heater 1 can be arranged horizontally in a J-shape, with a weir (23, fig 4) in chamber 14 to cover element
2 with water. The weir 23 can have a narrow slit (25, fig 4) to drain water following operation from the chamber 14.

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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Flow Heaters

This invention relates to flow heaters for heating liquids, e.g. water.

One form of conventional flow heater comprises a channel having a heating
element on its outside, which allows overheat protection for the heating element to
be provided in close thermal contact with the element, so that the element can be
switched off quickly and effectively in the event of it being energised without water

in the channel to prevent it from overheating.

However, such high power flow heaters are prone to limescale build up in the
relatively narrow channel, which can both restrict the flow of water and insulate the
heating element. As will be appreciated this insulation of the heating element and
restriction of the water flow causes the heating element to operate at an
increasingly higher temperature during normal use which will eventually lead to the
overheat protection operating to disconnect the heater even when water is flowing
through the channel. This is known in the art as "Dry Boil Interference" (DBI).
When such a situation is reached it is not possible to operate the flow heater as the
overheat protection will switch off the element before the required volume of water
has been heated. Furthermore, it is not possible to design around this situation,
e.g. by increasing the temperature at which the overheat protection operates, as
this would raise the threshold temperature to a dangerously high value, i.e. one at
which genuine overheat (e.g. with little or no water in the flow heater) is not
detected quickly enough resulting in permanent damage to the appliance and a /or
a risk of fire. Such heaters may therefore require regular de-scaling, especially in

hard water areas.

It is an object of the invention to provide a flow heater with an improved overheat

protection arrangement.

When viewed from a first aspect the present invention provides a flow heater
comprising a heating element, a channel heated by said heating element for
heating liquid flowing therethrough, and temperature sensing means in thermal

communication with both the heating element and the channel so as to be sensitive
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to the temperature of the liquid in the channel and the temperature of the heating

element.

By providing temperature sensing means in thermal communication with both the
heating element and the liquid channel, there is a reduced tendency for DBl as a
result of the build up of scale in the channel since when there is liquid in the
channel this will act to limit the temperature experienced by the temperature
sensing means. However this does not affect the level of overheat protection since
when there is no liquid in the channel, the element will rise in temperature rapidly
which will still be detected by the temperature sensing means. The temperature
sensing means effectively experiences an average of the temperatures of the
element and liquid respectively (although not necessarily with equal contributions).
This means that compared to conventional designs, a greater amount of scale can

be allowed to build up in the channel before DBI occurs.

This contrasts to conventional liquid heating systems in which the boil dry sensor is
located in thermal contact solely with the heating element, and so is not sensitive to
the temperature of the liquid in the channel. As explained above this gives DBI

because when limescale insulates the heating element from the liquid, the element

runs hotter for the same liquid temperature.

Furthermore, in the arrangement of the present invention, the absence of liquid in
the channel is still detected quickly as in this situation the heating element and
liquid channel will quickly heat up above the threshold temperature of the
temperature sensing means. Thus the invention provides a balance between
achieving a large number of cycles before DBI occurs while still achieving a quick
switch-off time in a genuine overheat condition, e.g. if the appliance is turned on
without any liguid in it, know in the art as "Dry Switch-On" (DSO), or if some other

fault arises.

Typically the temperature sensing means will be arranged to remove or reduce
power to the heating element when the temperature sensing means detects a
predetermined temperature condition, so that the heating element does not keep

overheating and damages itself or other components of the flow heater. The
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predetermined temperature condition could simply be a threshold temperature or,

for example, it could be a particular rate of change of temperature.

There are many ways in which the temperature sensing means could be arranged
in thermal communication with both the heating element and the liquid flow channel.
In a set of embodiments the temperature sensing means is mounted directly onto
the heating element and the channel. Alternatively the temperature sensing means
could be mounted on a bezel or a diffuser, e.g. made from aluminium, which in turn
is mounted directly onto the heating element and the channel. Providing an
intermediate component between the heating element and channel, and the
temperature sensing means, helps to deliver a more even temperature distribution
to the temperature sensing means. It could also be envisaged that a diffuser or a
bezel could be used to mount only part of the temperature sensing means, e.g. that
which is in contact with the heating element, with the remaining part of the
temperature sensing means mounted directly onto the channel (or vice versa), in
order to tune the response of the temperature sensing means to the temperature of

the heating element and the liquid in the channel.

In a set of embodiments the heating element and the channel comprise a contact
area bridging the heating element and the channel, and with which the temperature
sensing means is in thermal communication. Providing such a contact area helps
to increase the area over which the temperature sensing means is in thermal
communication, enabling a more accurate measurement of the temperature to be
made. In these embodiments the contact area could provide a mounting location
for the temperature sensing means directly, or the bezel or diffuser as discussed
above. The contact area could comprise a recess in or a flattened surface area on

the heating element and the channel.

The temperature sensing means could comprise one of a number of different
components or devices, which could be thermo-mechanical or electrical, for
example a bimetallic disc thermostat, e.g. a half-inch disc, a bimetallic actuator, or a
thermistor. As a thermistor is generally able to detect a continuous range of
temperatures, this could be used in the set of embodiments in which the
predetermined temperature condition comprises a rate of change of temperature.

Additionally, a thermistor could be used to provide an indicator for when the liquid
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flow channel needs descaling. This indicator would have a different predetermined
temperature condition to the temperature sensing means, e.g. a lower temperature

threshold after a certain period of operation.

In a set of embodiments the heating element is mounted to or in contact with a wall
of the channel. This allows effective heat transfer between the heating element and
the liquid in the channel. In a set of embodiments the channel and/or the heating
element comprises a flat or complementary shaped portion on the respective walls
to allow mounting or contact. The heating element could take the form of a so-
called thick film printed element. Such elements are conventionally planar, but can
also be produced with non-planar substrates. However, in a preferred set of
embodiments the heating element comprises a sheathed resistance heating
element, e.g. brazed to the channel. The flow heater could additionally comprise an
intermediate metallic heat diffuser plate between the sheathed resistance heating
element and the channel, e.g. as is commonly found in so-called underfloor heaters
for domestic kettles. Typically the power of the heating element is greater than 2
kW, e.g. 3 kW. This allows the liquid to be heated quickly in a relatively small flow

heater, e.g. one having a short channel.

In some embodiments the channel and the heating element could be substantially
straight, which is simple to manufacture. In another set of embodiments the
channel and the heating element could comprise at least a portion which is curved.
This allows the flow heater to fit into a smaller space and therefore provide a more

compact appliance.

In one set of embodiments the flow heater comprises a single heating element and
a single channel, however other embodiments are envisaged. For example, the
flow heater could comprise two or more heating elements arranged on different
sides of the channel. Providing at least two heating elements on different, e.g.
opposite, sides of the channel increases the overall heating power of the flow
heater allowing liquid to be heated faster. This could allow the channel length to be

shortened, enabling a smaller flow heater to be provided.

In another set of embodiments the channel comprises a first portion in fluid

communication with a second portion, each portion arranged to be heated by said
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heating element for heating liquid flowing therethrough, wherein the first and
second portions are arranged on different sides of the heating element. This is
considered to be novel and inventive in its own right and therefore when viewed
from a further aspect the invention provides a flow heater comprising a heating
element and a first channel in fluid communication with a second channel, each
channel arranged to be heated by said heating element for heating liquid flowing
therethrough, wherein the first and second channels are arranged on different sides

of the heating element.

Providing channels on different, e.g. opposite, sides of the heating element reduces
the mass of the flow heater as the total length of heating element needed is
approximately halved, and correspondingly the relative surface area of the heating
element which is used for heating is approximately doubled, resulting in a far more
efficient flow heater. Reducing the mass of the flow heater has a number of
benefits including reducing the thermal mass of the system, reducing the cost of the
flow heater as a smaller element is needed, reducing the start up time of the flow
heater as the thermal mass is smaller, and/or reducing the operating temperature of
the flow heater. Alternatively, a much smaller heating element can be provided, but
run at the same operating temperature, and therefore a more compact appliance

can be provided.

There is a further advantage, when coupled with the first aspect of the present
invention, in that the liquid in the first channel or portion of channel is generally
cooler than the liquid in the second channel or portion of channel, and therefore first
channel or portion of channel scales up more slowly. After repeated operation of
the flow heater the first channel or portion of channel remains relatively free of
limescale and therefore its operating temperature over many cycles of operation
remains relatively constant, whereas the second channel or portion of channel
could have a large build up of limescale resulting in its operating temperature
increasing with each cycle of operation owing to the increasing insulation of the
heating element from the liquid. However, by arranging the temperature sensing
means to be sensitive to the temperature of the liquid in the channel as well as the
heating element, the consistently cooler temperature of the liquid in the first channel

or portion of channel provides good protection against DBI.
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The channels on different sides of the heating element could be provided as a
continuous loop or spiral, e.g. with the first channel or portion being an extension of
the second channel or portion. In one set of embodiments the first channel or
portion is fluidly connected to the second channel or portion - either by an integral
loop or via a connecting member, e.g. a plastic loop clamped to the channels. The
channels could be provided on adjacent sides of the heating element, e.g. a
triangular or square element could be provided with channels on two or more sides
of the heating element. However, in a preferred set of embodiments the first and
second channels or portions of channel are arranged on opposite sides of the
heating element. In all of these embodiments, the heating element and/or the
channels could comprise flat or complementary shaped portions on their respective

walls to allow mounting or contact of the channels to the heating element.

In the set of embodiments in which first and second channels or portions of channel
are provided, the temperature sensing means could be arranged in thermal
communication with just one of the channels and the heating element, i.e. not in
thermal communication with the other channel. This embodiment could be more
suitable if, for example, the wall of the heating element and/or the channel was at a
particular angle which did not allow for the temperature sensing means to be
located on both the channels and the heating element. As has been explained
above, in a set of embodiments the temperature sensing means is preferably
chosen to be in thermal communication with the first channel or portion of channel
(rather than the second channel or portion) and the heating element, as this keeps
a relatively constant operating temperature over many cycles of operation.
However, in another set of embodiments the temperature sensing means is in
thermal communication with each of the heating element and the first and second
channels or portions of channel, the temperature sensing means being sensitive to
the temperature of the liguid in both channels or portions of channel and the
temperature of the heating element. Providing the temperature sensing means in
thermal communication with both the channels and the heating element gives
greater cooling from the liquid in the two channels. As in the embodiments
discussed above for a single channel, the same features concerning the mounting
or placement of the temperature sensing means on the flow heater apply, e.g. both
the channels and the heating element could comprise a contact area on which to

mount the temperature sensing means.
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Likewise, in the set of embodiments in which multiple sections of heating elements
are provided, the temperature sensing means could be arranged in thermal

communication with one or more of the heating elements and the channel.

In one set of embodiments the channel is arranged to heat liquid flowing
therethrough to a first temperature and the flow heater further comprises a final
heating region, e.g. a heating chamber, for heating said liquid therein to a second
temperature higher than said first temperature and having means for permitting the
exit of steam therefrom separately from heated liquid. Providing a heating region
which allows steam to exit separately from the heated liquid allows the liquid to be
heated to a subsequent higher second temperature which is greater than is
possible with a conventional flow heater. Preferably the second temperature is
boiling. It is not possible to effectively use a conventional flow heater to heat liquid
to boiling because liquid in the boundary layer in a channel will often boil, creating
bubbles of steam leading to hot spots in the channel which can lead to failure of the
element and spitting of the liquid out of the end of the channel. In fact the hotter the
liquid temperature aimed for, the greater these problems are. In practice therefore,
flow heaters have been restricted to applications requiring liquid at temperatures
below boiling such as shower heaters, and hot water dispensers that do not boil
water. In the set of embodiments in which a heating chamber is provided, the
means for permitting the exit of steam therefore separately from heated liquid could
comprise a space above the liquid surface for allowing the escape of steam from

the liquid surface.

In accordance with these embodiments, the final heating region continues to heat
the water from the temperature at which it leaves the channel, to a second higher
temperature, e.g. boiling. A separate heater could be provided for this purpose. In
a set of preferred embodiments however a single heater is provided which extends

into the final heating region.

The Applicant has appreciated that providing a heating chamber to heat the water
to a higher temperature, i.e. boiling, using a single heater which extends into the
heating chamber, can lead to problems when sensing overheating of the heating

element, e.g. owing to the absence of water in the channel and/or the heating
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chamber. This is because the portion of the heating element in the heating
chamber, which is typically exposed, can have significantly less thermal mass in
thermal communication with it than the portion of the heating element associated
with the channel, which can have one or more channels bonded to it. Therefore the
portion of the heating element in the heating chamber heats up significantly faster
than the remaining portion of the heating element. This can lead to premature
failure of the element before the overheat protection acts, e.g. to reduce or remove

power from the heating element.

However, the Applicant has devised a solution to this problem. In a set of
embodiments the region of the heating element which extends into the final heating
region, e.g. a heating chamber, is in thermal communication with a heat sink. This
is considered to be novel and inventive in its own right and therefore when viewed
from a further aspect the invention provides a flow heater comprising a heating
element, a channel heated by a first region of said heating element for heating
liquid flowing therethrough to a first temperature, a heating chamber for heating
said liquid therein to a second temperature higher than said first temperature,
wherein the heating element comprises a second region which extends into the

heating chamber and is in thermal communication with a heat sink.

It will thus be appreciated that a heat sink in thermal communication with the
second region of the heating element provides an additional mass needed to
balance the mass of the channel associated with the first region of the heating
element. The heat sink slows the rate at which the first region of the heating
element heats up, preventing damage occurring to the element before DSO. The
mass of the heat sink does not need to be large, as generally the majority of the
heating element will be associated with the channel, i.e. typically the first region of
the heating element is larger than the second region, and so the overall mass of the
flow heater is still relatively low (typically about 100g) for a high power (e.g. 3 kW)
heating element. This maintains the fast start up time of the flow heater while
protecting the element against overheating and being able to dispense hot, e.g.
boiling, liquid. The heat sink could comprise any suitable additional thermal mass,
but in a set of embodiments the heat sink comprises a block of metal, e.g. an

aluminium slug, bonded to the heating element, e.g. a sheathed heating element.
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There are many possible arrangements for how the heated liquid flows out from the
final heating region in accordance with the invention. One possibility would be a
simple valve or tap for allowing water to drain out of the region. The problem with
such an arrangement is that the outflow through such a valve or tap would have to
be precisely co-ordinated with the inflow (e.g. from a pump). For example, if the
outflow rate is even slightly greater than the inlet flow rate, (or if it commences to
flow out too early) the heater will run dry. If the outflow rate is slightly lower, then
the outflow region will overflow, or, as the water level increases, the effect of boiling
in the chamber will result in water spitting. This will occur because, as the steam
bubbles generated at the surface now must travel through a vertical body of water,
they will entrain droplets of water and carry them at high velocity to the surface.
The pump inflow may start and stop at irregular times, and/or be constantly varying
in response to all the input variables - desired outlet temperature, inlet water
temperature, voltage fluctuations, and the natural oscillations that can occur in any
closed loop control system. The difficulty in controlling the outflow is further
exacerbated by the need, on start-up, to prevent outflow until such time as

sufficient water has entered to fill the system to its intended working level.

In a set of preferred embodiments therefore means are provided to permit
automatic outflow of liquid from the final heating region upon the liquid reaching a
predetermined level. This ensures that a certain amount of liquid is retained and
can therefore ensure that a heater surface is covered sufficiently to prevent it
overheating. Such a function could be achieved electronically or through use of a
float but preferably a weir is provided such that liquid escapes over the weir and out
of the final heating region when the water level in the chamber exceeds a

predetermined height (determined by the height of the weir).

The Applicant has further appreciated that this arrangement allows even a relatively
large heater surface to remain covered with a relatively thin covering of liquid and
so avoid overheating. In one set of embodiments the final heating region comprises
a drainage outlet arranged to drain undispensed liquid out of the final heating
region. This prevents any undispensed liquid from remaining in the final heating
chamber where it would cool and therefore adversely affect the temperature of the
liquid dispensed the next time. Furthermore, providing a drainage outlet allows for

overheating of the element in the event of the element being energised with no
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liquid in the flow heater to be sensed quickly, as there will be no remaining water in
the final heating region that may increase the thermal mass of the system and
therefore potentially increase the time until the element is switched off. In one set
of embodiments the drainage outlet comprises a slit or hole in the weir, e.g.
arranged so that during normal flow rate of the heater the weir causes liquid to fill
up the final heating region until it spills over the top of the weir, but allows the liquid
to drain out of the final heating region once the flow of liquid into the final heating

region ceases.

Certain preferred embodiments of the invention will now be described, by way of

example only, with reference to the accompanying drawings in which:

Figs. 1 and 2 show isometric views from two sides of a flow heater in
accordance with the present invention;

Figs. 3 and 4 show cross-sectional views through the heating chamber of
the flow heater shown in Figs. 1 and 2;

Fig. 5 shows the liquid flow channels and the heating element of the flow
heater shown in Figs. 1 and 2; and

Figs. 6 and 7 show close up views of the temperature sensor of the flow

heater shown in Figs. 1 and 2.

Figs. 1 and 2 show a flow heater 1 in accordance with the invention which can be
used to heat water to boiling, e.g. for use in a hot drinks dispenser. The flow heater
comprises a length of a sheathed immersion-type heating element 2 which,
although not depicted, comprises an aluminium casing and a coiled resistance wire
packed in magnesium oxide insulating powder. Arranged on and brazed to
opposite sides of the heating element 2 are two aluminium water flow channels 4, 5.
At one end of the heating element 2, two adjacent ends of the channels 4, 5 are
connected together by means of a plastic tube 6 which is sealed onto the channels
4, 5 by clamps 8 at each end. This creates a flow path for water through the flow
heater from an inlet 10 to an outlet 12 (see Figs. 3, 4 and 5) into a heating chamber
14. The heating element 2 and the water flow channels 4, 5 conform closely to one
another and are arranged in a J-shape (seen more clearly in Fig. 5), which allows a
compact flow heater to be provided for fitting into a small appliance, e.g. a kitchen

coffee maker.
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The heating chamber 14, shown also in Figs. 3 and 4, comprises a lid 16 with a
steam outlet 18 (omitted in Fig. 3 for clarity), and a main body 20 into which the
heating element 2 extends. The steam outlet 18 allows steam to be vented to
atmosphere away from the user or to be captured and condensed in a suitable trap,
drip tray or the like. The main body 20 of the heating chamber 14 has an overall
elongate rectangular shape in which the portion of the heating element 2 inside it
occupies the lower portion, although water can pass all the way around it. A
sideways extension 21 houses a hot water outlet 22 in its base at the downstream
end of the heating chamber 14. The hot water outlet 22 extends vertically up into
the main body 20 of the heating chamber 14 just above the height, but offset to the
side, of the heating element 2 to form a weir 23. A narrow slit 25 in the weir 23
allows any remaining water in the heating chamber 14 following operation to be

drained away.

A sealing flange 24, held in place by a clamp 26 and screws 28, provides a sealed
entry for the heating element 2 and the upper channel 5 which project into the main
body 20 of the heating chamber 14. The upper channel 5 terminates just inside the
heating chamber 14, while the heating element 2 extends across the heating
chamber 14 to project through the other side of the main body 20 where it is sealed
by a ring seal 30 around its cold tail 32. The cold tail 34 at the other end of the
heating element 2 is arranged to project clear of the channels 4, 5 near to the
plastic connecting tube 6. This permits electrical connection to be made to the cold

tails 32, 34 at both ends of the heating element 2.

The outlet 12 of the upper channel 5 opens into the heating chamber 14 adjacent to
a heat sink 36, e.g. an aluminium slug, which is bonded to the top of the portion of
the heating element 2 in the heating chamber 14 (shown also in Fig. 5). The heat
sink 36 acts as an additional thermal mass for the portion of the heating element 2

which extends into the heating chamber 14.

Turning now to Figs. 6 and 7, it can be seen that a bimetallic disc thermostat 38,
also known as a half-inch disc, is clamped to the side of the water flow channels 4,
5 and the heating element 2 by a bracket 40 and screws 42. As shown in Fig. 5, a

flattened area 43 has been formed on the water flow channels 4, 5 and the heating
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element 2 to increase the contact area for the thermostat 38 on the flow heater.
The thermostat 38 has two terminals 46 that are coupled to switch contacts within
the thermostat 38 (not shown) and which are acted on by a bimetallic disc actuator
(not shown) which is held in good thermal communication with the conducting face
44 of the thermostat 38. In use, the terminals 46 are connected to a control circuit

which can then provide power to or remove power from the heating element 2.

Operation of the flow heater 1 will now be described with reference to the Figures.

When a user wishes to dispense water, he/she turns on the flow heater 1 to activate
a control circuit (not shown). Initially this activates the heating element 2 by
applying electrical power across the cold tails 32, 34 via connections (not shown) to
the control circuit. After a delay of one or two seconds (depending on the
temperature of the water already in the heater) a pump (not shown) is operated to
pump water (from a reservoir or other source) to the upstream end of the lower
water flow channel 4 through the inlet 10, from where it flows through the plastic
connecting tube 6 and into the upper water flow channel 5. In other embodiments
the pump may be started before the heating element 2, or both could be started at

same time.

As the water flows through the channels 4, § it is heated by the element 2 until it
emerges via outlet 12 into the heating chamber 14 at a temperature of
approximately 85°C, where it begins to fill this chamber 14. The weir 23 of the hot
water outlet 22 which projects upwards into the main body 20 of the heating
chamber 14 causes the water level in the heating chamber 14 to rise, thereby
covering the exposed portion of the element 2 which extends into the heating
chamber 14. The exposed part of the heating element 2 continues to heat the
water in the heating chamber 14, during which time localised boiling occurs at the
element surface, giving rise to violent movement of the water and large bubbles of
steam being generated. However, the steam can easily escape the heating

chamber by means of the steam outlet 18 in the lid 16.

When water in the boil pool reaches the level of the top of the weir 23 of the hot
water outlet 22 it can then freely flow down the tube and out of the spout of the

appliance (not shown) into a user's receptacle. It will be seen therefore that the
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weir 23 of the outlet tube 22 which is inside the heating chamber 14 acts to
maintain a minimum water level inside the heating chamber 14. Since this
minimum water level is above the top of the heating element 2, it may be ensured
that during normal operation the element 2 remains covered with water and cannot
therefore overheat. The pumped flow rate and the power of the element 2 are
matched such that by the time the water leaves the heating chamber 14 by spilling
over the top of the hot water outlet 22 it is effectively boiling. This includes an 'over-
allowance' of energy input as compared to the energy that would theoretically be
required to raise the water temperature to 100 °C to ensure a rolling boil and thus
that the water attains a true temperature very close to boiling. When the required
volume of hot water has been dispensed, any remaining water in the heating

chamber 14 drains out of the outlet tube 22 via the slit 25 in the weir 23.

In the event of the reservoir running out of water or the appliance being switched on
without any water in, the temperature of the element 2 will rise very rapidly. This
rapid temperature rise is communicated by means of the conducting face 44 of the
thermostat 38 to the bimetallic actuator inside which causes it to operate thereby
opening its respective switch contact and interrupting the power supply to the
element 2. Thus dangerous overheating and/or damage is prevented. In the event
of the element 2 overheating, the heat sink 36 bonded to the exposed portion of the
heating element 2 in the heating chamber 14 acts as a heat sink so that this portion

of the element 2 does not overheat irreparably.

Through repeated operation of the flow heater 1, especially in areas of hard water,
limescale will gradually build up in the channels 4, 5. As has been explained
previously, this acts to insulate the heating element 2 from the cooling effect of the
water flowing through the channels 4, 5, causing the element 2 to operate at
increasingly higher temperatures, though the effect is far more noticeable in the
upper, hotter, channel 5. However, because the thermostat 38 is in direct contact
with both of the channels 4, 5 and the heating element 2, when water flows through
the channels 4, 5 during normal operation, even if there is a large amount of
limescale present in the channels 4, 5, the average temperature experienced by the
thermostat 38 is low enough not to activate the bimetallic actuator. Therefore the
flow heater 1 can be operated for a large number of cycles before DBI occurs.

Furthermore, the thermostat 38 will quickly sense the lack of water in the channels
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4, 5 if the heating element 2 is energised, because the low mass aluminium
channels 4, 5 will also quickly heat up, thereby reaching the activation temperature
of the bimetallic actuator in the thermostat 38 within a safe time to protect the
heating element 2, and the flow heater 1 in general, from damage. This creates a
good balance between a long period of use before DBl and a quick switch off in the
event of DSO in a high power heater, i.e. one which gives quick start up but is

prone to the build up of limescale.

It will be appreciated by those skilled in the art that many variations and
modifications to the embodiments described above may be made within the scope
of the various aspects of the invention set out herein. For example, in accordance
with the first aspect of the invention, it is not necessary to provide a final heating
chamber; the arrangement of the thermostat shown could be provided for any type

of flow heater.
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Claims

1. A flow heater comprising a heating element, a channel heated by said
heating element for heating liquid flowing therethrough, and temperature sensing
means in thermal communication with both the heating element and the channel so
as to be sensitive to the temperature of the liquid in the channel and the

temperature of the heating element.

2. A flow heater as claimed in claim 1, wherein the temperature sensing means
is arranged to remove or reduce power to the heating element when the

temperature sensing means detects a predetermined temperature condition.

3. A flow heater as claimed in claim 1 or 2, wherein the heating element and
the channel comprise a contact area bridging the heating element and the channel,

and with which the temperature sensing means is in thermal communication.

4. A flow heater as claimed in claim 1, 2 or 3, wherein the temperature sensing

means comprises a bimetallic actuator.

5. A flow heater as claimed in any preceding claim, wherein the heating

element comprises a sheathed resistance heating element.

6. A flow heater as claimed in any preceding claim, wherein the power of the

heating element is greater than 2 kW.

7. A flow heater as claimed in any preceding claim, wherein the channel
comprises a first portion in fluid communication with a second portion, each portion
arranged to be heated by said heating element for heating liquid flowing
therethrough, and wherein the first and second portions are arranged on different

sides of the heating element.

8. A flow heater as claimed in claim 7, wherein the first and second portions of

channel are arranged on opposite sides of the heating element.
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9. A flow heater as claimed in claim 7 or 8, wherein the temperature sensing
means is in thermal communication with each of the heating element and the first
and second portions of channel, the temperature sensing means being sensitive to
the temperature of the liquid in both portions of channel and the temperature of the

heating element.

10. A flow heater as claimed in any preceding claim, wherein the channel is
arranged to heat liquid flowing therethrough to a first temperature and the flow
heater further comprises a final heating region for heating said liquid therein to a
second temperature higher than said first temperature and having means for

permitting the exit of steam therefrom separately from heated liquid.

11. A flow heater as claimed in claim 10, wherein the final heating region is

arranged to heat the liquid therein to boiling.

12. A flow heater as claimed in claim 10 or 11, wherein the heating element

extends into the final heating region.

13. A flow heater as claimed in claim 10, 11 or 12, wherein the region of the
heating element which extends into the final heating region is in thermal

communication with a heat sink.

14. A flow heater as claimed in any of claims 10 to 13, further comprising means
to permit automatic outflow of liquid from the final heating region upon the liquid

reaching a predetermined level.

15. A flow heater as claimed in any of claims 10 to 14, wherein the final heating
region comprises a drainage outlet arranged to drain undispensed liquid out of the

final heating region.

16. A flow heater comprising a heating element and a first channel in fluid
communication with a second channel, each channel arranged to be heated by said
heating element for heating liquid flowing therethrough, wherein the first and

second channels are arranged on different sides of the heating element.
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17. A flow heater as claimed in claim 16, wherein the first and second channels

are arranged on opposite sides of the heating element.

18. A flow heater as claimed in claim 16 or 17, wherein the heating element

comprises a sheathed resistance heating element.

19. A flow heater as claimed in claim 16, 17 or 18, wherein the power of the

heating element is greater than 2 kW.

20. A flow heater as claimed in any of claims 16 to 19, wherein the first and
second channels are arranged to heat liquid flowing therethrough to a first
temperature and the flow heater further comprises a final heating region for heating
said liquid therein to a second temperature higher than said first temperature and
having means for permitting the exit of steam therefrom separately from heated

liquid.

21. A flow heater as claimed in claim 20, wherein the final heating region is

arranged to heat the liquid therein to boiling.

22. A flow heater as claimed in claim 20 or 21, wherein the heating element

extends into the final heating region.

23. A flow heater as claimed in claim 20, 21 or 22, wherein the region of the
heating element which extends into the final heating region is in thermal

communication with a heat sink.

24, A flow heater as claimed in any of claims 20 to 23, further comprising means
to permit automatic outflow of liquid from the final heating region upon the liquid

reaching a predetermined level.

25. A flow heater as claimed in any of claims 20 to 24, wherein the final heating
region comprises a drainage outlet arranged to drain undispensed liquid out of the

final heating region.
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26. A flow heater comprising a heating element, a channel heated by a first
region of said heating element for heating liquid flowing therethrough to a first
temperature, a heating chamber for heating said liquid therein to a second
temperature higher than said first temperature, wherein the heating element
comprises a second region which extends into the heating chamber and is in

thermal communication with a heat sink.

27. A flow heater as claimed in claim 26, wherein the heat sink comprises a

block of metal bonded to the heating element.

28. A flow heater as claimed in claim 26 or 27, wherein the heating chamber
comprises means for permitting the exit of steam therefrom separately from heated

liquid.

29. A flow heater as claimed in claim 26, 27 or 28, wherein the heating chamber

is arranged to heat the liquid therein to boiling.

30. A flow heater as claimed in any of claims 26 to 29, further comprising means
to permit automatic outflow of liquid from the final heating region upon the liquid

reaching a predetermined level.

31.  Aflow heater as claimed in any of claims 26 to 30, wherein the heating
chamber comprises a drainage outlet arranged to drain undispensed liquid out of

the heating chamber.

32. A flow heater as claimed in any of claims 26 to 31, wherein the heating

element comprises a sheathed resistance heating element.

33. A flow heater as claimed in any of claims 26 to 32, wherein the power of the

heating element is greater than 2 kW.
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