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(57) Abstract: A storage heater includes a core comprising a heat storage means such as heat storage bricks, insulating means around
the heat storage means and heating elements for heating the heat storage means. The core is mounted in a casing including a front
panel. An additional radiant heating element is mounted on the inner surface of the front panel and provides supplementary radiant
heat when the heat output from the core is insufficient. The control means for the additional radiant heating element is responsive to
the core temperature by measuring the temperature of the front panel which is, in turn, heated by the core when the core is hot.
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Storage Heaters

The present invention relates to storage heaters and in particular to storage heaters in

which the stored heat can be supplemented by an additional source of radiant heat.

Storage heaters are well known and generally comprise a core consisting of a heat
storage medium (“bricks”) in an insulated casing. Heating elements are disposed in
the midst of the bricks to heat the bricks. Generally the storage heaters are
controlled so that the heating elements are switched on during a time when the
supply of electricity is cheaper (the “off-peak” time), which is usually overnight.
From some electricity suppliers, one or more off-peak periods may be defined during ‘
the day, so that, for example the day includes two or more relatively shorter peak
periods with off-peak periods in between. The present invention is described in
relation to the more usual singe overnight off-peak period, but is equally applicable
to other arrangements of peak and off-peak periods. During the off-peak period the
bricks are heated by the heating elements, typically to a temperature of about 650°C
so that heat is stored in the bricks. The insulation ensﬁres that the rate off heat loss
from the bricks is reduced to a desired level. During the day, when electricity is
more expensive, the heating elements are turned off and heat from the heat storage
bricks is radiated into the room to heat the room. The amount of insulation affects
the rate of heat loss from the core into the room. This method of heating is
advantageous in that it is relatively simple and inexpensive to install, clean in use

and relatively cheap to run. However, there are a number of disadvantages.

Because heat is stored in the bricks during the off-peak (overnight) period, the core
reaches its highest temperature in the early morning, normally at about 7.00am.
Consequently, the heat output from the storage heater is greatest at this time. This is
not ideal since most people are more active in the early morning (preparing to go out
to work or school etc) and so less heat is required. After reaching ifs maximum
temperature in the morning, heat is lost from the core during the day. The heat

output decays approximately exponentially so that by the evening — before the core is |

recharged with heat — the heat output can be quite low. The evening is, of course, the
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time when the greatest heat output is oftén required. To compensate for this effect,
the heat storage capacity of the storage heater can be increased by increasing the size
of the core (adding more bricks and heating elements). However, storage heaters are
inherently quite large and heavy, and increasing their size further is therefore

disadvantageous.

To compensate for the lower, heat output in the evening, conventional storage heaters
have a core which has a heat capacity in excess of the predicted heat losses from the
room on a cold day, so that in theory the heat output from the storage heater can
more than compensate for those heat losses. Thus, for a conventional storage heater,
the ratio of the heat storage capacity of the core to the anticipated maximum heat loss

from the room may be 1.4:1 or more.

Furthermore, many storage heaters include a flap at the top of the core controlled by
a bimetallic strip so that the flap opens as the room temperature and/or core
temperature reduces. Extra heat amounting to about 10% of the total heat output, is
thus extracted from the core by convection of air-over or through the core. Forced
convection may be used but the necessary fans and control mechanisms add
significant cost. Whereas during the day the majority of the heat dutput from the
storage heater is radiant heat, the flap causes the most significant heat output in the
evening to be by convection. Many people, especially elderly people, find that
radiant heat is essential in order to achieve desired comfort levels and so the room is
still perceived as being too cold, despite the convection via the ﬂapi The use ofa
flap has further disadvantages in that the insulation around the heat storage bricks is
compromised by the flap and in that, because the core is still relatively hot, air
passing from the core can cause the top of the heater to become hot. In order to
avoid unnecessarily high temperatures at the top of the heater, careful control of the

opening of the flap is desirable.

Another perceived disadvantage of storage heaters is their lack of controllability.
The heat input to the storage heater core is fixed in any given off-peak period.

Generally the storage heater has a user operated heat input control which determines
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how much heat is taken up into the core during the off-peak period. This may take
the form of a core temperature sensing thermostat which causes the core heating
elements to be switched off when the core reaches a given temperature. Thus, more
heat can be input to the core during the winter months when heat losses from the
room are greater. The input can alternatively or additionally be controlled
automatically by means of a room temperature sensing thermostat which allows the
core to heat until a predetermined room temperature is reached. This may operate in
coﬁjunction with the core temperature sensing thermostat so that a minimum core
temperature is achieved before the room temperature sensing thermostat can switch
off the core heating elements. However, if the amount of heat which is input to the
core is incorrect, this cannot be corrected during the subsequent ;‘peak” period.

Thus, in the height of summer or the depth of winter the heat input requirements are
reasonably predictable and problems are not likely to arise. In the autumn or spring
it is possible, for example, to have a relatively warm night (off-peak period) followed
by a relatively cold day (peak period). In this case, during the off-peak period, the
room temperature sensing thermostat and/or the core temperature sensing thermostat
will have limited the heat input to the core so that the amount of stored heat will then
be insufficient to compensate for the heat losses of the room during the following
day (peak period). Therefore, the room is insufficiently heated. Conversely, a cold

night followed by a warm day will lead to overheating of the room.

A user-operated output control may also be provided which determines the setting of
the bimetallic strip which controls the flap and hence determines the temperature at

which the flap will open.

The present invention seeks fo overcome the above disadvantages by providing a

storage heater which can be smaller and lighter than conventional storage heaters,
which by virtue of a heat source in addition to the core, is more controllable than

conventional storage heaters, and which avoids the need for supplementary

convection heating.
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The storage heater of the present invention seeks to overcome these disadvantages by
providing a core of reduced size (and hence reduced weight) relative to conventional
storage heaters and, in addition, a radiant heating element of relatively low power.

In the heater of the present invention, the heat storage capacity of the core can be
reduced to an amount which is only slightly greater or, in some cases, less than the
nominal amount needed to compensate for total heat losses from the room on a cold
day, With the balance of the heat required being supplied by the radiant heating

element.

According to a first aspect of the present invention there is provided

a storage heater comprising:

a casing, having a front panel,

a core mounted within the casing and including heat storage means and at
least one heating Aelen‘lent, and

at least one radiant heating element mounted within the casing and operative

to provide radiant heat through the front ﬁanel of the casing.

In one preferred embodimeﬁt the radiant heating element has an output of not more
than about 600W, preferably not more than about 400W. In order to achieve these
outputs, the nomir;éxl power of the radiant heater may be greater than 600W or 400W

respectively.

In a particularly advantageous arrangement of the storage heater according to the
invention, the radiant heating element is mounted directly on the inner surface of the
front panel. Préferably the radiant heating element covers substantially the whole

area of said inner surface of the front panel.

In another preferred embodiment, the radiant heating element comprises an
electrically conductive wire affixed in a meandering path to the inner surface of the

front panel.
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In an alternative embodiment the radiant heating element may comprise a plastic

sheet material carrying an etched metallic layer.

Preferably 60% and 80% of the total heat output is provided by the core, and more
preferably at least 70% to 75% of the total heat output is provided by the core.

In one particularly preferred arrangement, the storage heater comprises a control
means including a thermostat operative to switch the radiant heating element on

when the temperature of the front panel is below pre-set value.

In another preferred arrangement, the storage heater comprises a control means
including a room-temperature sensing thermostat operative to switch the radiant

heating element off when the room temperature is above a pre-set value.

Preferably the control means further comprises a core temperature sensing thermostat
operative to switch the core heating element off when the core reaches a

predetermined temperature.

In another particularly preferred arrangement there is no physical connection
between the electrical circuit for the heating elements of the core and the electrical

circuit for the radiant heating element.

Preferably the core is substantially surrounded by heat insulating material and does

not include a thermostatically controlled flap.

Preferably a heat reflecting material is mounted adjacent the inner surface of the

radiant heating element whereby radiant heat is directed through the front panel.

According to a second aspect of the invention, there is provided a method of
controlling the storage heater of the first aspect of the invention including the step of

providing sensing means for sensing the temperature of the front panel and switching
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the at least one radiant heating element on when the temperature of the front panel is

below a predetermined value.

Preferably the method of this aspect of the invention further includes the step of :
providing sensing means for sensing the temperature of the room and switching the
at least one radiant heating element off when the room temperature exceeds a

predetermined value.

Preferably also the method further includes the step of:
providing sensing means for sensing the temperature of the core and switching the

core heating elements off when the core temperature exceeds a predetermined value.

The provision of the additional radiant heating element in the storage heater of the
present invention has a number of advantages. Because there is a reduced
requirement, or even no longer a requirement, to over-compensate for the maximum
predicted heat loss from the room, the number and/or size of the heat storage bricks
can be reduced, so that the overall size and weight of the storage heater can be
significantly reduced. The depth of the storage heater (i.e. the dimension
perpendicular to the wall against which the storage heater is mounted) can be made
comparable with that of, for example, radiators for a gas-powered wet central heating .-

system.

Also, the overall heat output from the storage heater is made much more constant.
The heat insulation around the core is not compromised by the inclusion of a
thermostatically operated flap for convected heat and so the rate of decay in the
radiant heat output from the core is not as great. The reduction in heat storage
capacity of the core is compensated for by the additional radiant heating element,
which provides greater perceived comfort than convected heat obtained via a flap in -

communication with the core.
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The size of the core can be reduced such that the ratio of the core heat storage
capacity to the anticipated maximum heat loss from the room can be reduced to 1.2:1

to 0.8:1 or lower, preferably about 1:1.

Because the output of the additional radiant heating element is relatively low — for
example, 600W or less, preferably 400W or less, in particular 200W-300W — any
additional running cost arising from the use of the additional radiant heating element
during the peak period ié small, taking into consideration also that less energy is

consumed in heating the smaller core.

Control o‘f the additional radiant heating element is achieved by a thermostatic
control device which switches the radiant heating element on and off in accordance '
with the temperature of the front panel, so that (when heat is required) the front panel
is maintained at an essentially constant temperature (subject to the tolerances of the
thermostat). The temperature of the front paﬁel is determined to a large extent by the
temperature of the core. Thus, when the core is.cold, or insufficiently hot, the core
does not effectively heat the front panel. The thermostat sensing the temperature of
the front panel will therefore act to switch the additional radiant heating element on.
Depending on the particular type of thermostat sensing the front panel temperature,
the additional radiant heating element may remain on until the front panel reaches
the set point of the thermostat, when the additional radiant heating element is
switched off. Thus, the thermostat will switch the additional radiant heating element
on and off in accordance with its set points to maintain the front panel ata generally
constant temperature. Alternatively, where a room temperature sensing thermostat is
provided, this may over-ride the front panel temperature thermostat, so that if the
room is, or becomes, sufficiently warm, in accordance with the setting of the room
temperature sensing thermostat, the additional radiant heating element will not be

switched on, or will be switched off, as appropriate.

Conversely, when the core is hot, or sufficiently hot, the heat from the core heats the
front panel so that the tempei'ature of the front panel is, in normal circumstances,

above the set point of the front panel temperature sensing thermostat and the
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additional radiant heating element is therefore not needed and is switched off.
Alternatively, in this situation, the additional radiant heating element may be
switched off by a room temperature sensing thermostat. If the weather is particularly
cold, it is possible in an extreme case that, even though the core is hot, the front
panel temperature may still be below the set point of the front panel temperature
sensing thermostat, so the additional radiant heating element will be switched on to
supplement the heating of the room by the core. It is more likely that in such very
cold weather, the core will initially be charged with heat to an extent sufficient to
heat the front panel to a temperature above the set point of the thermostat so that the
additional radiant heating element is turned off. However, the heat loss from the
core may be more rapid than;in warmer weather, with the result that the thermostat
will turn the additional radiar_lt heating element onata relatively earlier point in the
day. The thermostat will switch the additional radiant heating element off when the
desired temperature of the front panel is reached, (or as appropriate, when the room
temperature sensing thermostat senses that the desired room temperature has been
reached), and as above, will ensure that the front panel is maintained at a generally

constant temperature.

Thus, in a typical 24 hour cycle, the storage heater of the invention will take in heat
during the off-peak period (normally overnig};t) to heat the heat storage bricks of the
core and will dissipate that heat by radiation during the day. Dissipation of heat from -
the core causes heating of the front panel so that, for the majority of the day, the
front panel is above a predetermined temperature. During the later part of the day,
the rate of heat loss from the core declines so that the front panei is heated to a lesser
extent and therefore becomes gradually cooler. The front panel cools until the
predetermined temperature is reéched at which point the additional radiant heating
element is switched on to supplement the heat output from the core. In this way a

broadly constant heat output from the storage heater of the invention is achieved.

For a better understanding of the invention, reference will be made (by way of

example only) to the following drawmgs, in which:
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Figure 1 is a graph showing how typical heat outputs from storage heaters vary with
time; I

Figure 2 is a schematic plan yiew of the inner face of a storage heater front panel
according to the invention, showing the additional radiant heating element; and
Figures 3 and 4 are typical circuit diagrams for storage heaters according to the

invention.

Referring now to Figure 1, curve A relates to a basic prior art storage heater without
a flap for additional heating by convection; curve B relates to a prior art storage
heater with a thermostatically controlled flap for additional convection heating from
air passing through or over the core and curve C relates to a storage heater in

accordance with the invention.

Curve A shows that, for the basic conventional storage heater, the heat output rises

from virtually zero at about midnight (0 hours) to a maximum at about 7.00am.

~ After about 7.00am the heat output reduces, with the rate of decay in the heat output

being approximately exponential. In the early and late evening, the heat output from

the heater is low.

Curve B shows that, for the storage heater with a flap for supplementing the radiated

core output with convected heat, the overall heat output from approximately

- midnight to 7.00am follows a broadly similar pattern to curve A, with the peak heat

output at about 7.00am. The heat output then begins to decay, again following a
broadly exponential pattern similar to curve A until the late afternoon or early
evening (about 3.00pm onwards). At this time, the flap is opened (as usually
determined by the controlling bi-metallic strip which operates in accordance with the
core temperature) and the radiant heat output from the core is supplemented by
convected heat. The total heat output continues to decline, although the rate of
'c‘lecline is lower than for curve A. In the mid to late evening, the total heat output is,

nevertheless, low.
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Curve C, which illustrates the heat output from a storage heater according to the
invention shows again a similarly increasing heat output until a peak 6u’rput is
reached at about 7.00am. Hdwever, because the size (and therefore heat capacity) of
the core is reduced as compared with conventional storage heaters, the 7.00am peak
radiant heat output from the core is signiﬁcantly lower than for conventional storage
heaters. This reduction in the 7.00am peak heat output is desirable since, as
explained above, the conventional maximum heat dutput at this time of day is

generally greater than is required.

After the 7.00am peak heat output, the radiant heat output by the core again declines
following a generally exponential path until the late afterndon or early evening. At
this time, the radiant heat output from the core is reduced to the extent that the
temperature of the front panel falls below the set point of the fronf panel temperature
sensing thermostat. The additional radiant heating element is therefore switched on
and the total heat output from the heater rises and is maintained at a substantially
constant and relatively high value until the late evening. The switching on and off of
the additional radiant heating element may also be controlled by a time-switch, so

that the radiant heating element is switched off at a desired time in the late evening

" and may not be switched on again until the morning (or other desired time). As can

be seen in curve C, the additional radiant heating element is switched off at about
midnight, at which point the jotal heat output declines rapidly. Of course, the time
switch may provide for a plurality of “on” and “off” periods for the additional radiant

heating element, in accordance with a user’s wishes.

Figure 2 shows schematically the additional radiant heating element (1) of the
storage heater of the invention, mounted on the inner surface (2) of the front panel of
the storage heater. As can be seen, the additional radiant heating element comprises
an electrically conducting heating wire (3) attached (in a suitably electrically
insulated manner) directly to the inner surface (2) of the front panel, so that the
element causes heat to be radiated through the front panel. A heat reflecting material
(4) may be disposed over the additional radiant heating element (1), on the inner

side, so that the amount of heat radiated towards the front panel is maximised. The

10
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wire (3) forming radiant heating element (1) follows a regular meandering path
across the inner surface (2) of the front panel, so that substantially the whole area of
the front panel is heated by the element (1). As one alternative, the additional radiant
heating element may comprise a sheet or film of metalised plastic material from
which the metal layer has been etched away in a desired pattern to leave an
electrically conductive heatiﬁg circuit. Such devices are known in other arts. Other
suitable types of radiant heating element which may be provided on the inner surface
of the front panel will be known to those skilled in the art and are within the scope of
the present invention. A particularly advantageous characteristic of the storage
heater of the present invention is that the additional radiant heating element is not
visible to the user and no user-operated controls which control directly the additional
radiant heating element are required (although such could be provided). Thus, the
user may experience the benefits of the additional radiant heating element (improved
comfort, simplicity of operation) with being aware of its existence and, especially in
the case of elderly people, without having to worry about seemingly complex inter-

relationships of the control settings.

Referring now to Figure 3, there is shown a first circuit diagram for a s;torage heater
according to the invention. The storage heater includes a plurality of core heating
elements 10a — 10d. Elements 10c and 10d are shown in dotted lines to indicate that
the number of heating elements may vary depending on the desired heat output of the
storage heater. The heat output of a conventional storage heater is usually expressed
in terms of the power input in kilowatt hours (kWh), for a 7 hour core heating period.
Thus, for a conventional nominal 24 kWh heater, the rating of the heating element(s)
is 3.4 kW x 7 hours = 23.8 kWh. Typically, storage heaters on the market are rated
at 6 kWh, 12kWh, 18 kWh or 24 kWh. In the heater of the invention, the rating of
the core heating elements may be reduced so that the combined output from the core
and the additional radiant heating element achieves the nominal output of a
comparable conventional storage heater. Thus, a heater according to the invention
with all four heating elements 10a — 10d may have a nominal rating of 24 kWh, but
the rating of the individual heating elements 10a-10d will be less than in a

conventional heater. The heéting elements 10a — 10d are connected in parallel with

11
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one another and in series with a control means 12. The control means includes a
thermal safety cut-out 14 to protect the core from becoming dangerously hot in the
unlikely event of a fault and a so-called “limit stat” 16 which is a thermostat acting to
switch on the heating elements 10a — 10d when the core is below a predetermined

minimum temperature.

A further thermostatic control 18 is provided which responds to the core temperature
and to the room temperature. Controls of this type are known in the art. The core
temperature sensing part of the thermostatic control 18 acts to switch the heating
elements 10a — 10d off when the core temperature is also above a pre-set value. The
room temperature sensing part of the thermostatic control 18 acts to switch the
heating elements 10a — 10d off when the room température exceeds a predetermined
(and user-variable) value. The set-point of the core temperature sensing part will
normally be somewhat higher than that of the room temperature sensing part in the
sense that the core temperature sensing thermostat will ensure that a minimum core
temperature is achieved (in accordance with the set point of the core temperature
sensing thermostat) before the heating elements can be turned off by the room
temperature sensing thermostat. Thus, thermostatic control 18 acts to control the

amount of heat stored in the core during the off-peak period.

The storage heater further includes the additional radiant heating element 1
comprising heating wire 3. The element 1 is in series with a control means 20
including a thermal link 22 which acts as a safety cut-out to prevent over-heating of
the element 1. The control means 20 further comprises a limit stat 24 which is a
thermostat acting to switch on the additional radiant heating element 1 when the
temperature of the front panel of the storage heater falls below a pre-set value. In
addition, the control means 20 comprises a room temperature sensing thermostat 26
which acts to turn off the additional radiant heating element 1 when the room
temperature is above a predetermined (user-variable) valve. The circuit for the core
heating elements 10a —10d and the circuit for the additional radiant heating element 1

are connected to the mains electricity supply at points 30 and 32 respectively. A

12
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time clock (not shown) may be provided to control the possible periods of operation

of the core heating elements 10a — 10d and the additional radiant heating element 1.

It is apparent from Figure 3 that the circuit for the core heating elements 10a — 10d is
entirely independent from the circuit for the additional radiant heating element 1,
there being no physical connection between them. However, it is an important
feature of the invention that the additional radiant heating element 1 is controlled to a
large extent in dependence on the state of heating of the core. This is achieved
because the core acts to heat the front panel when the core itself is hot and the
temperature of the front panel determines the state of operation (on or off) of the
additional radiant heating element. Therefore, without any need to significantly
modify the circuit for conventional core heating elements, the additional radiant
heating element is controlled to provide radiant heat only when the heat from the

core is insufficient to heat the room.

The circuit shown in Figure 4 operates in a generally similar manner to that shown in
Figure 3 and like parts have like reference numbers.. In Figure 4, the thermostatic
control 18 and the room temperatﬁre sensing thermostat 26 are absent and are
replaced by a room temperature controller 40 which may be electromechanical or
electronic, but is preferably e;lectronic. Thus the controller 40 acts to switch off the
core heating elements 10a — 10d and the additional radiant heating element 1 when
respective predetermined room temperatures are reached. The controller 40 includes
a facility for the user to vary these predetermined temperatures, in accordance with a
desired room temperature which is to be maintained. Preferably, the control 40
provides only a single variable control for the user which then adjust the

predetermined cut off temperatures for the core heating elements 10a — 10d and the

additional radiant heating element 1 in ratio, or according to a pre-programmed

algorithm.

In another possible variation (not illustrated) a core temperature sensing thermostat is
provided together with a further thermostat in series with the core temperature

sensing thermostat. The further thermostat senses room temperature but is also

13
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influenced by the core temperature. The arrangement is such that if the core
temperature is low, the set point of the thermostat is increased and as the core
temperature rises the influence of the core on this further thermostat is reduced until
the thermostat reacts almost exclusively to the room temperature. Thus, if the rooin
temperature is relatively high but the core temperature is relatively low, the control

device does not prevent the core from accepting at least a minimum charge of heat.

14
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Claims

A storage heater comprising:

a casing, having a front panel,

a core mounted within the casing and including heat storage means and at
least one heating element, and

at least one radiant heating element mounted within the casing and operative

to provide radiant heat through the front surface of the casing.

A storage heater as claimed in claim 1 wherein the radiant heating element
has an output of not more than about 600W, preferably not more than about
400W.

A storage heater as claimed in claim 1 or 2 wherein the radiant heating

element is mounted directly on the inner surface of the front ‘panel.

A storage heater as claimed in claim 1, 2 or 3 wherein the radiant heating
element covers substantially the whole area of said inner surface of the front

panel.

A storage heater as claimed in any of claims 1 to 4 wherein the radiant
heating element comprises an electrically conductive wire affixed in a

meandering path to the inner surface of the front panel.

A storage heater as claimed in any of claims 1 to 4 wherein the radiant

heating element comprises a plastic sheet material carrying an etched metallic

layer.

A storage heater as claimed in any preceding claim wherein 60% to 80% of

the total heat output is provided by the core.

15
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8.

10.

11.

12.

13.

14.

15.

A storage heater as claimed in claim 7 wherein 70% to 75% of the total heat

output is provided by the core.

A storage heater as claimed in any preceding claim further comprising a
control means including a thermostat operative to switch the radiant heating

element on when the temperature of the front panel is below a pre-set value.

A storage heater as claimed in any preceding claim further comprising a
control means including a room-temperature sensing thermostat operative to
switch the radiant heating element off when the room temperature is above a

pre-set value.

A storage heater as claimed in claim 10 or 11 wherein the control means
further comprises a core temperature sensing thermostat operative to switch
the core heating element off when the core reaches a predetermined

temperature.

A storage heater as claimed in any preceding claim wherein there is no
physical connection between the electrical circuit for the heating elements of

the core and the electrical circuit for the radiant heating element.

A storage heater as claimed in any preceding claim wherein the core is
substantially surrounded by heat insulating material and does not include a

thermostatically controlled flap.
A storage heater as claimed in any preceding claim wherein a heat reflecting
material is mounted adjacent the inner surface of the radiant heating element

whereby radiant heat is directed through the front panel.

A storage heater substantially as hereinbefore described with reference to any

of Figures 2 to 4.

16
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16.

5
17.

10
18.

15

A method of bontrolling the storage heater of claim 1 including the step of:
providing sensing means for sensing the temperature of the front panel and
switching the at least one radiant heating element on when the temperature of

the front panel is below a predetermined value.

A method as claimed in claim 16 further including the step of :
providing sensing means for sensing the temperature of the room and
switching the at least one radiant heating element off when the room

temperature exceeds a predetermined value.

A method as claimed in claim 16 or 17 further including the step of:
providing sensing means for sensing the temperature of the core and
switching the core héating elements off when the core temperature exceeds a

predetermined value.
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