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(57) Abstract: A hot water in-
stallation is described comprising
a storage vessel (1) for holding
a thermally stratified store of hot
water; and a water heating circuit
externally of the storage vessel (1).
The vessel (1) has, at the bottom
(7), a connection for a cold feed
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(10) for water entering the storage
vessel (1) and a feed (7) to the
external heating circuit, and, at the
top, a connection for feeding hot
water from the external heating
circuit into the vessel (1) and for
delivering hot water as required on
demand. The hot water installation
is particularly useful as a domestic
hot water installation. The
installation allows existing hot
water cylinders to be converted to
be suitable for condensing boilers
to provide an improved conversion
of fuel to energy and heat-up rate
for domestic hot water.
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HOT WATER INSTALLATIONS

This invention relates to hot water installations for the supply of hot water to
baths, showers, wash hand basins and the like for example in hotels, hospitals
offices, private dwellings and industry. Preferred embodiments of the invention
are particularly useful in domestic hot water installations.

Preferred embodiments of the invention address the problem of how to prevent
the development of Legionella bacteria. The present invention relates to a
method of heating water and controlling the heating of water, and the method of
controlling water circulation within a hot water installation, storage draw-off and
recirculation of water that has been drawn off and is subsequently returned for
reheating.

The invention further addresses the problem of how to control and time the
storage of energy in the form of domestic hot water and, through the use of a
stratified store, how to improve the operation of Combined Heat and Power
plants. Energy may be supplied as heat, for example by solar power, although
any energy source where the quality or quantity or cost of production changes
with time may be used.

A hot water installation according to the invention comprises a storage vessel for
holding a thermally stratified store of hot water, an inlet at the bottom of the
storage vessel to receive a supply of water, an outlet at the top of the vessel to
deliver hot water as required on demand, and a water heating circuit externally of
the storage vessel, the water heating circuit extending from a first connection at
the base through at least one heat exchanger to be heated to or above the final
temperature required for the hot water.

In preferred embodiments, a water heating circuit includes a pump to circulate
water around a heating circuit from the store inlet to the store outlet. The circuit
further includes a temperature sensor in the store inlet and a control unit to
control the pump such that when the sensed temperature reaches a
predetermined value the pump is stopped, and when the sensed temperature
falls to the cold water supply temperature the pump is started.
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In preferred embodiments, the heating circuit may include at least one heat
exchanger for providing heat from a heat source to the water to raise the water to

a temperature between the supply temperature and the predetermined value.

In a preferred embodiment, a by-pass is provided around the pump. The function
of the bypass is to keep fixed speed pumps on their curve and to provide
minimum flow through the pump when the volume of water pumped through the
heat exchanger is to be varied. This allows the output from the heat exchanger

to be varied

A sensing element or thermostat may be provided in the bypass such that liquid
whose temperature is to be controlled is allowed to flow over the length of the

thermostat which improves the rate of response of the thermostat.

The thermostat may be positioned in relation to the heat exchanger and the pump
so that, even under pump failure, the thermostat will sense the temperature of the
water leaving the heat exchanger. This may be achieved by using a plate heat
exchanger having tappings on both sides of it, the heat exchanger being installed
horizontally rather than vertically. By providing a bypass from the top or upper
tapping to the lower tapping, a convection circuit for the hot fluid may be provided

to cause liquid to flow over the sensor with or without pump assistance.

Piping fittings, made of e.g. brass and/or copper, attached to the heat exchanger
also permit conduction of heat to the sensor.

This arrangement provides functions that are not normally provided for by plate
heat exchangers. In known systems, sensors are mounted outside the heat
exchangers due to the practical problems of inserting temperature sensors into
heat exchangers having only four connections. In a preferred embodiment, the
use of a heat exchanger having eight connections allows for gases to be readily
vented from the heat exchanger.

The pump may be of the positive displacement type, for example a piston and
cylinder pump with a smoothing accumulator, or of the rotary type.
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Where the primary heat source for a heat exchanger of the heating circuit
requires the return primary temperature to be below a predetermined value (for
example, for a condensing boiler of a combined heat and power unit), the primary
circuit of the heat exchanger of the present invention advantageously may
include at least one valve, preferably of the fully modulating type, for controlling
the primary flow, and if needed, for stopping the flow through the primary of the
heat exchanger. In this way, by controlling the primary flow, the primary return
temperature can be varied.

In order to avoid “dead space” within the store which could harbour bacteria such
as the Legionella bacteria, an inlet diffusor may be provided at the bottom of the
store. The diffuser feeds the incoming cold water into the store and diffuses it,
thus reducing its velocity, reducing mixing of the contents of the store and
promoting stratification. Where the inlet is the conventional cold water inlet part
of a pre-existing hot water cylinder, the diffusor may be of flexible construction,
expandable after insertion through the inlet part and weighted so as to lie on the
bottom of the cylinder. The tube can be a sleeve, incoming water pressure
inflating the sleeve as it enters the vessel.

In addition, in order to ensure that the store becomes filled with hot water, an
outlet diffuser is fitted to draw out cold water from the bottom of the cylinder
through the pump and external heat exchanger.

Where the diffuser does not rely on incoming water pressure to inflate a sleeve to
provide a path for the water, the inlet diffuser and outlet diffuser can be formed as

a single unit.

The circuit can perform in different modes to make hot water quickly available at
a plurality of locations.

In a first mode, the return water from the circuit may feed into the suction side of
the pump to mix with the secondary heated water. In this mode, the pump
performs a dual function: it acts to pump water into the store, and also to
recirculatg water within the system. The balancing of flows around the circuit is
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achieved by adjustment of regulating valves. In this way, the temperature of the
water exiting the heat exchanger is increased to heat the return water, such that
the mixture of the two achieves the required temperature.

in the second mode, the return water from the hot water circuit may be fed back
into the hottest part of the heating circuit before returning to the store. By locating
the thermostat in the mixed flow from the two circuits i.e. the pumped return
circulation circuit from the taps and the domestic hot water heating circuit, the
water in the heating circuit may be heated to a higher temperature than that

required in the store.

The invention in its various aspects is defined in the independent claim below, to
which reference should now be made. Advantageous features are set forth in the

appendant claims.

A preferred embodiment of the invention is described in more detail below and
takes the form of a hot water installation is described comprising a storage vessel
for holding a thermally stratified store of hot water; and a water heating circuit
externally of the storage vessel. The vessel has, at the bottom, a connection for
a cold feed for water entering the storage vessel and a feed to the external
heating circuit, and, at the top, a connection for feeding hot water from the
external heating circuit into the vessel and for delivering hot water as required on
demand. The hot water installation is particularly useful as a domestic hot water
installation. The installation allows existing hot water cylinders to be converted to
be suitable for condensing boilers to provide an improved conversion of fuel to

energy and heat-up rate for domestic hot water.

Embodiments of the invention will now be described in more detail by way of
example with reference to the drawings in which:

FIGURES 1, 2, 3, 4, 5, 6, 7 and 9 show seven versions of domestic hot
water installations;

FIGURES 4A, 4B, 4C and 4D are diagrammatic sections through stores
having convex and concave bases;
FIGURE 4E is a diagrammatic section through the top of the store;FIGURE 8 is a
diagrammatic vertical section through the intermediate heat exchanger of Fig.7;
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FIGURE 10 shows a detail of Figure 9;

FIGURES 11 and 12 show alternative arrangements of the embodiment of
Figure 1; ,
FIGURE 13 shows in detail the operation of the embodiment of Figure 1;
FIGURE 14 shows an alternative arrangement of Figure 3;
FIGURE 15 shows a detail of Figure 14; and
FIGURES 16to 18 show diagrammatic sections of part of a domestic hot

water installation.

The systems shown in Figs.1 to 7 are designed to recover (re-heat) a hot water
store using multiple (2 or more) heat sources. Water to be heated is passed
through each heat source in series, thereby allowing the relative amount of
energy drawn from each heat source used to be controlled.

Whilst the heat exchangers are shown in the figures in the vertical plane (which is
the plane required for units having four connections to allow them to vent), the
heat exchangers for the present invention may be installed in any plane.

By arranging the heat sources so that the heat source that operates most
efficiently at lower temperatures is used first to heat up the coldest water, with the
heat source that operates most efficiently at highest temperatures being used last
to heat the water to its final temperature, maximum overall system efficiency is

increased.

The water can be heated by a single heat exchanger e.g. a solar unit, or a

combination of heat exchangers in series.

The system of the present invention utilizes the stratification of water when
heated to increase the efficiency of heat transfer and to minimise and prevent the
development of Legionella by keeping the water within the system at
temperatures where Legionella do not propagate. Water is heated externally of
the hot water store which, due to stratification, has hot water in it at the top that is
at a temperature where Legionella bacteria are killed over time and colder water
at the bottom at a temperature where bacteria can not develop within the period
required to fill the vesse! with cold water before it is heated (which typically would
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the bottom of the unit which has already been heated by the external heat
exchanger to a temperature (typically more than‘50°C) that kills bacteria.

The three heat sources to be typically considered are:

1. Primary system: typically remote boiler systems, or Combined Heat and
Power plants (CHP), that will operate more efficiently with lower primary
return temperatures i.e. more fuel converted to heat by extracting heat
from products of combustion.

2. Electric Heater: used as high temperature source as conversion efficiency
of electrical energy to heat is unaffected by temperature in the range of

temperatures being considered.
3. Electric heater used as back up and standby as alternative heat source.

3a. Electric heater to provide choices for managing and utilising the output
from a CHP Plant producing both electricity and heat where situations may
arise when it is advantageous to provide an electrical load for the CHP plant.
“The mechanism for this loading-is the remote controlling of the time to heat
the stratified store either with the heat from the CHP or 6ther heat source or
electricity. This is achieved by measuring the capacity available in the store
and the demand pattern for the hot water by monitoring the store either by
measuring the level of hot water in the store or measuring flows into and out
of the store and conditions when the store is either full of hot water or full of
cold water. The purpose of this is to provide a means of providing a local
thermal energy store in buildings in the form of domestic hot water as an
alternative to known methods where tanks are used to store primary heating
water at the CHP power plant or in the primary heat supply system.

A further heat source could be a solar panel or other renewable energy source
which typically provide heat at low temperature.



WO 2006/111755

10

15

20

25

30

35

PCT/GB2006/001445

Figure 1 shows a heat source used {0 heat stored water. The pump 2 circulates
cold water either from the base 7 of the store within the storage vessel 1, or from
the lowest point in the store, through to the first heat exchanger 5 where it is
heated by the heat source 9. The heat exchanger 5 allows heat to be transferred
from the heat source 9 to the store water without mixing of the separate circuits.
Typically, the heat source 9 is at a relatively low temperature.

Having passed through the first heat exchanger 5, the store water passes to a
second heat exchanger 3 where it is further heated by the primary heat source 8.

Finally, the store water passes through an electric heat source 4 and is heated to
the final target temperature before returning to the top of the store 1 along a path
6. If the heat exchangers earlier in the circuit path are able to raise the water
temperature to the desired final temperature, at least the ‘electrical heat source

can be omitted from the circuit.

In the system shown in Figure 2, there are only two heat sources; the primary

heat exchanger 3 and the electric heat source 4.

The amount of heat input from the primary heat source 8 to the store water can
be controlled by altering the flow rate or the temperature of the heat source 8
supplied to the primary heat exchanger 3.

Likewise, the amount of heat input from the heat source 9 to the store water can
be controlled by altering the flow rate or temperature of the heat source 9
supplied to the heat exchanger 5.

The amount of heat input from the electric source 4 can be set by controlling the

power supplied to the electric heating element.

As shown in Figure 3, the heating circuit can be connected to a store 1 using cold
feed 10 and hot draw-off 11 tappings. Other tappings, such as dedicated
tappings, may also be used. In this way, the circuit is adaptable to be used with
stores using less efficient methods for heating water such as those incompatible

with a condensing operation of boilers or combined heat and power installations
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because they can not provide the low primary return water temperatures provided
by embodiments of the present invention.

As shown in Figure 4, a diffuser tube 12 or similar baffle system may be used to
combine the cold feed 10 and the feed 7 to the heating circuit into a single
tapping or pipe within a pipe construction 15. In this way, it is ensured that water
is only drawn from the lowest point in the store. Although all figures show the
store having a flat bottom, it should be noted that the system of the present
invention could be used with stores having convex or concave bottoms. Diffusers .
for use with stores of these types may be inserted through the tapping in existing
standard vessels. Figures 4A and 4B show sections through stores having
respectively concave and convex bases, and further shows how the water is
injected into and removed from the base of the store.

Figures 4C and 4D show yet further alternative sections through stores 1, haVing
respectively convex and concave bases, and pipe constructions 15. The pipe
constructions or connections 15 are for cold water entering the store 1 and for
feeding the cold water to the external heating circuit. The connections 15 allow
cold water to flow in two directions within the pipe construction 15. A temperature
sensor 33 is shown in Figure 4D, which can detect the temperature of the water
at the bottom of the store 1. The temperature sensor 33 is located at the bottom
of the store 1 and projects from the end of the pipe construction 15. A cable 34
electrically connected to the sensor 33 extends within the pipe construction 15
and exits the pipe construction 15 through a gland in a through hole 35 in the wall
of the pipe construction 15 outside the store 15. The cable 15 can be electrically

connected to a suitable device for extracting temperature information as required.

A similar arrangement of pipe constuctions 15 can be found at the top of the store
1 as shown in Figure 4E. This pipe construction 15 is for feeding hot water from
the external heating circuit into the vesel and for delivering hot water on demand.

It allows hot water to flow in two directions.

A baffle 13 may also be fitted into the draw-off point at the top of the store, along
with an optional safety relief valve 14. The baffles 12,13 help prevent turbulence
within the store 1 thus further assisting in maintaining stratification. An alternative
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baffle arrangement would be to provide a spiral tube, fed in through an aperture
in the top of the vessel, or a disk constructed from a material that will spring into a
disk shape when inserted through the aperture, distribution holes being provided
in the flexible material covering the device such as PTFE.

The heating rates of the heat sources can be adjusted by altering the flow rate of
the store water 1 through the heat sources 3,4,5. This circulation flow rate can
be pre-set and fixed, or alterngtively may be varied during operation to achieve
different rates of heating and recovery (for example, to ensure water is available
under conditions of draw-off from the taps, heated water being drawn from the
store and also directly from the heating circuit). This is particularly advantageous
as the arrangement perniits improved use of the volume of the store 1, and
supplements any draw-off with water from the heating circuit. In this way, if for
example the temperature of water drawn from a tap falls below a pre-determined
level, the supply from the cylinder can be cut off and water can be supplied
directly from the heating circuit instead.

The heating input from each of the heat exchangers is separately and
independently varied or optimised in terms of economy and counter-flow heat
exchange efficiency through the internal control of the flow in their primary circuits
and the secondary outlet temperature from the heat exchanger.

The circulation flow rate may be set by using of a variable speed pump at a
particular rate, by controlling the electricity supply to a fixed speed pump, or by
using water valves external to the pump (optionally in conjunction with a by-pass

circuit).

The location of the pump 2 within the circuit is not specific. Figure 1 shows how
the pump 2 may be fitted into the circuit near the base 7 of the store.
Alternatively, Figure 5 shows how the pump 2 may be fitted adjacent to the
electric heat source 4 in conjunction with a return loop 14. The return loop 14
feeds hot water from pump 2 back into the outlet from the primary heat
exchanger 3. Balancing valves 12 may be used fo adjust and set flow rates

around the circuit.
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Figure 6 shows how a three-port thermostatic valve 15 can be used {o conirol the
flow rates through a by-pass 16 and the connection 6. The valve 15 re-circulates
water through the by-pass 16 until it senses rising temperature, at which time it
allows water to pass onto the connection 6. The valve 15 operates to cause the
store water to achieve a set point temperature, typically 60 ~ 65°C. The by-pass
16 may inject water into the valve 15 directly from the outlet of the heat
exchanger 3, as shown in Figure 7. In this way, the thermo valve 15 will sense
primary heat input to the heat exchanger 3 without store circulation through the
store flow and return 7,6.

To obtain a similar effect, the primary heat exchanger 3 can be split into two
sections 3,17 as shown in Figure 7. The by-pass/primary heat exchanger 17 is
used to allow the heat input from the primary heat source 8 to be detected by the
thermostatic valve 15, and thereby allow the flow of store water through the

primary heat exchanger 3 to start.

The use of external electric heating in combination with a heat exchanger in
combination with a heat exchanger from a boiler allows for much of the energy
needed to provide domestic hot water to be produced from heating systems
where the flow temperature of the heating water is reduced when the heating
demand is lower in order to control room temperatures in buildings. Under these
circumstances the heating water (say at 45°C) is at an insufficient temperature to
provide domestic hot water (usually required at about 60°C) The system is also
capable of raising the wintertime cold water temperature from around 10°C to
20°C up to 60°C or where the temperature is lower the remaining heating coming

from the electric heater.

By measuring the amount of cold and hot water in the store held in the storage
vessel either by temperature sensors detecting the stratified interface between
hot and cold water or by measurement of flows of hot and cold water in and out of
the store, information can be obtained on hot water usage patterns to optimise
the overall efficiency and cost of heating the water, and of using a unit comprising
a combined heat and power plant to allow the time to be chosen when the store
is reheated to coincide with times when it is optimal to run the CHP unit to
generate electricity and to utilise the waste heat produced. ‘

10



WO 2006/111755

10

15

20

25

30

35

PCT/GB2006/001445

The invention allows existing hot water cylinders to be converted to be suitable
for condensing boilers and, by selection of appropriate heat exchanger
parameters, to provide an improved heat-up rate for domestic hot water.

In one variation of the system, the arrangement supplies hot water from the
heating circuit for the store directly to the taps if water coming from the top of the
store drops to a low temperature or mixes with the water from the store to

achieve a set temperature.
Most existing stores have the heat exchangers 3, 5 or 4 within the store.
Such an arrangement results in mixing in the store.

The temperature of the returning water from the heat exchanger has to be above
the temperature required in the store e.g. for a required water temperature of
60°C within the store, the primary return temperature of the heat exchanger will
be 65°C.

According to the present invention, the temperature of the returning primary water
from the heat exchanger only has to be above the incoming cold water
temperature e.g. 10°C to 25°C. The flow of this primary water is controlled by two

way valves part of a variable flow primary circuit.
Condensing operation requires a return of 50°C or lower.

In the installation shown in Figures 9 and 10, water temperature detected at the
inlet 7 by thermostat TS1 is used to control the pump 2. The pump 2 has a
restricted bypass 21 controlled by a restriction 22 and runs when heating of the

secondary water is required.

A further thermostat TS2 in the secondary path of the heat exchanger 3 controls
a fully modulating valve 23 that controls the flow of primary heat source 8 to a
value sufficiently low to ensure that the temperature of the primary return is below
a predetermined value e.g. 30°C. ’

11
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By positioning the second thermostat in the secondary of the heat exchanger 3
and maintaining the flow therethrough by the pump 2, an immediate response to
a change in demand is obtained.

A hot water delivery circuit 30 may lead from the output port 6 to a series of taps
and include a pump 31 (which returns unused hot water at its slightly reduced
temperature, e.g. 50°C to the output of the electric heater 4 where it mixes with
the water heated by the heating circuit. To obtain the required store temperature
of e.g. 60°C the output temperature of the heating circuit would then need to be at
a higher temperature than the unused hot water.

A further embodiment of the system is shown in Figures 11 and 12. They are
similar to the embodiment of Figure 1, and the same reference numerals are
used to identify the same features. A non-return vaive 100 is provided in the
external water heating circuit so that the flow of water in the external water
heating circuit is in one direction only, that is the direction that the pump 2
circulates the water. The flows of water in the storage vessel change direction
when charging with heat and discharging.

In the embodiment of Figure 11, a non-return valve is provided at the connection
into the storage vessel 1 at the bottom of the vessel. In the embodiment of
Figure 12, a non-return valve is provided at the connection into the storage
vessel 1 at the top of the vessel. However, the non-return valve 100 can be
positioned anywhere along the path 6 of the external water heating circuit.

The purpose of the non return valve 100 is to prevent unusual conditions that can -
occur when thé temperature of the external heat exchange circuit (though
insulated) drops when water has not been circulating and heated for a long
period. Water can not circulate for a long period for various reasons. For
example, overnight when there is no hot water demand, when the water in the
circuit cools because the primary circuits and heat exchange circuits are off when
the storage vessel 1 is full of domestic hot water or wheh the heat exchange
circuits are not heating because the heating of the store 1 is timed to heat it at
least cost when cost of heat from a primary source is minimised.

12
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When there is a substantial temperature difference between the water in the
storage vessel 1 and the water in the external heating circuit, the high density of
the cool water in the external heating circuit causes it to fall towards the bottom of
the store 1 with less dense hot water from the store entering the external heating
circuit and raising its temperature and then being cooled.

This cooling of the water in the heating circuit can start reverse circulation of the
water in the circuit (that is in the opposite direction to the direction the pump 2
circulates water) and this reverse circulation is sufficient to counteract the

stratification of the water in the storage vessel 1.

A benefit of providing a non-return valve 100 at the connection into the storage
vessel 1 at the bottom of the vessel is that the water passing through the valve
will mainly be cool or cold, hence the valve 100 is less likely to develop deposits
of solids on the valve from lime scale or other minerals in the water, which can
cause the valve to block-up and fail.

The non-return valve 100 may be activated to only allow flow in one direction if
the temperature of the circulating water in the external heating circuit drops below
a particular temperature, if reverse flow is sensed or a combination of these. The
non-return valve may not be permanently activated. Suitable electronic sensors
may be provided in the external heating circuit to switch an electrically activated
non-return valve on and off accordingly or the valve is self acting 6n detecting

reverse flow.

This type of non-return valve may also be provided in the other embodiments of
the system described herein.

Figure 13 shows the flow of water in the external heating circuit of the
embodiment of Figure 1. That is the flow of water through the arrangement of
heat exchangers 3 and 5 connected in series in the external circuit or secondary
circuit heating the fluid in the store 1.

The flow in the heat exchangers 3 and 5 is a counter flow. That is, the water
flowing in the hot water circuit path flows in the opposite direction to the fluid in

13
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the separate circuits or primary circuits of the heat exchangers 3 and 5, which
heats the water in the hot water circuit path.

The temperature of the water in the hot water circuit path entering a heat
exchanger 3 or § is colder than the water exiting the heat exchanger. Hence, the
temperature T, of the secondary water entering the first heat exchanger 5 is
lower than the temperature T, of the water exiting the first heat exchanger 5 and
entering the second heat exchanger 3. The temperature T, is lower than the
temperature T; of the water exiting the second heat exchanger 3 and entering the
heat source 4. The temperature T, is lower than the temperature T, of the water
exiting the heat source 4.

The fluid in the separate circuits or primary circuits of the heat exchangers 3 and
5 enters at a higher temperature than it exits. Hence, the temperature Tg of the
fluid in the separate circuit or primary circuit entering the first heat exchanger 5 is
greater than the temperature T, of the fluid exiting this heat exchanger 5. The
temperature Tp of the fiuid in the separate circuit or primary circuit entering the
second heat exchanger 3 is greater than the temperature T of the fluid exiting
this heat exchanger 3.

By using counter flow in the heat exchangers 3 and 5 the maximum amount of
heat can be beneficially extracted from any specific primary source.

Where a primary heat source such as solar energy has a variable quality in terms
of temperature of heat supply and quantity, the external heat exchanger
arrangement with this counter flow arrangement results in more effective use of
solar energy. This is the case whether the solar energy comes directly from a
solar panel or from a panel linked to a primary store for heat associated with the
solar panel.

Figures 14 and 15 show a variation of the embodiment of Figure 3.

In this embodiment, a valve 90 is located in between the cold feed 10 and the
pipe passing through the wall at the bottom of the store 1.

As mentioned above, this pipe 7 can carry water that flows in two directions.
Water can be driven into the store 1 and through the store from cold feed 10 to
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outlet 11. Alternatively, the water can be drawn from the store 1 by pump 2. The
connection 11 at the top of the store performs a similar two directional flow
function.

The valve 90 controls the amount of water entering the store 1 or the amount of
water being drawn from the store under different operating conditions. The valve
can be modulated between fully open, through partially open, to fully closed.

When valve 90 is closed, all incoming water through the cold feed 10 is
prevented from entering the store 1. Instead, the water passes directly through
the external heating circuit.

Furthermore, when the valve 90 is closed it prevents the reverse circulation in the
external heating circuit described above. That s, it acts as a non-return valve.

The conditions to signal the valve 90 to close and to perform this function are that
there is no flow of water coming out of the outlet at the top of the store 1 and the
pump 2 is not pumping (it is off) as the store 1 is full of hot water. The flow of
water coming out of the outlet of the store 1 is detected by temperature sensor
TS 90, which is located in the outlet of the store 1. The temperature sensor is
electrically connected to the valve 90 via control unit 94.

When the store 1 is full of cold water the valve 90 can be closed so that hot water
continues to be delivered to the outlet 11, but the hot water is supplied only from
the heat exchange circuit. Alternatively, valve 90 can modulate the respective
flows to provide mixed condition water to the outlet area fed by water from the
store 1 and from the heating circuit.

Under other conditions, the valve 90 is open or partially open.

When valve 90 is open, water passes into the store 1 or is drawn out of the store
1 and passes through the external heating circuit to supply hot water as

described above.

The effect of the valve 90 when modulating between open and closed is to vary
the relative flows of water being drawn off from the external heating circuit and
the store 1.
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When water is drawn off from tappings 11 two sourcés of hot water are used, the
water in store 1 and the water from the external heating circuit. Hence, the
temperature of the water supplied to the tappings 11 is affected by the relative
amounts of water from the store 1 and water from the heating circuit.

The level of mixing from these two sources at the top of the store 1 at the
interface between the water in the store 1 and the inlet for water from connection
6 to the store 1 and the outlet from the store 1 is sensed with temperature sensor
TS 90. This sensed temperature can be used to modulate the valve 90 and
hence the flow rate through the heat exchange circuit. Thus, the relative
amounts of water and temperature of the water from the store 1 and water from
the heating circuit that are supplied to the taps 11 are controlled.

That is to say, the temperature sensor TS90 controls the valve 90 in outlet 11 so
that some of the cold water entering through pipe 10 is drawn around the pumped
heating circuit and some is drawn through the store 1 when there is a demand

from outlet 11 for hot water.

A flow switch FS90 is installed in outlet 11 to detect a flow demand for hot water
from store 1. The flow switch FS90 is electrically connected to the valve 90 and
the pump 12, by control unit 92. If the pump 12 had been switched off as the -
store 1 was full of hot water, the flow switch senses when there is a demand for
water from taps 11 and causes the pump to switch on. It also causes valve 90 to
open or modulate. The valve 90 and the pump 12 are controlled by the
temperature sensor TS90 and the flow sensor FS90.

The temperature sensor TS90 and the flow sensor FS90 are flexible sensors that
locate themselves in the vessel by gravity or by using arrangements such that
they spring into position. Alternatively, the sensors may be located within the
disk (described in relation to Figure 4) or bag, which springs into shape when
inserted into the store 1. The disk or bag is used for electrical insulation. The
sensors themselves are fixed or woven into the bag or disk.

Alternatively, the pipe or entry point to the store 1 carries the sensors.

For all these arrangements, the sensor leads are led out through glands.
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The location of the valve 90 of Figures 14 and 15 means that the lifetime of the
valve 90 is longer than the lifetime of the valve 12 of Figure 3. This is because
the valve 90 is being mounted on a pipe carrying mainly cold water to be heated
and there is less build up of limescale and other deposits than the hot water that
passes through valve 12 of Figure 3.Furthermore, there is always a means for

water expansion from vessel one and a route for air to vent from the vessel.

Figure 16 illustrates in more detail a preferable arrangement that is similar to the
connections at the top and bottom of the store 1 illustrated in Figure 3, Figures 4,
Figures 4A to 4E and Figure 9. In the connection illustrated in Figure 16 the fluid
flows in different directions in the connection under different conditions.
Information about this flow is obtained from temperature sensors installed in the
pipe or in the store 1 identified as S.

Temperature sensors can be provided in the form of surface mounted sensors or
sensors in pockets. Preferably, sensors S are installed within the paths of the
water flow with the signalling leads brought out through gland arrangements.

Typically, the sensors S are thermistors.

Preferably, multiple sensors are installed at each location. So that if a sensor
fails there is another sensor in the same location to provide the information.
Multiple sensors also provide a means for error checking of sensors to check that
signals are valid.

Some typical locations of sensors S are identified in Figure 16. The sensors S
are suspended from the top of the store 1 and they are connected to different
lengths of electrical cable. The sensors are weighted so that they position
themselves by gravity. The sensors detect the water temperature at different
levels in the store 1. '

The sensors can be suspended off the centre line of the outlet 11 by being
supported from the diffuser 12 described above and illustrated in Figure 4.

Figure 16 also illustrates the typical concave shape of the top of a store 1, which
is a common feature of both horizontal and vertical stores. Figures 16, 17 and 18
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illustrate different pipes for cold water entering and leaving the store 1 and three
types of arrangement of the bottom of vertical stores 1.

The bottom of the store of Figure 16 is concave. The pipe enters on one side of
the store, towards the bottom. A temperature sensor S lies on the bottom of the
pipe and its electrical connection extends through the pipe.

The bottom of the store of Figure 17 is convex. The cold water pipe enters on
one side of the store, towards the bottom. A temperature sensor S lies on the
bottom of the pipe and its electrical connection extends through the pipe.

The bottom of the store of Figure 18 is concave. The cold water pipe enters
through the base of the store 1 in the centre of the very bottom of the store 1. An
electrical connection for a temperature sensor S extends from the top of the store
so that the temperature sensor lies in the opening of the pipe.

These devices for sensing and connection allow existing vessels that are

internally heated to be easily adapted to use an external heating circuit.

This device provides the benefits of water storage with a continuous supply of hot
water even when hot water in the store is exhausted. The volume and rate of
flow of the water depends on the heat input available from the heat sources and
heat exchangers and the respective flow rates through the store and through the
heat sources and heat exchangers in series which can be varied and controlled
by pump 2.
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CLAIMS

A hot water installation comprising:

a storage vessel for holding a thermally stratified store of hot water; and
a water heating circuit externally of the storage vessel;

the vessel having, at the bottom, a connection for a cold feed for water
entering the storage vessel and a feed to the external heating circuit, and,
at the top, a connection for feeding hot water from the external heating

circuit into the vessel and for delivering hot water as required on demand.

A hot water installation according to claim 1, wherein the external heating
circuit comprises multiple heat sources and a path for water to be heated
to pass through each heat source in series.

A hot water installation according to claim 2, wherein the heat source that
operates most efficiently at lower temperatures is used first to heat up the
coldest water, with the heat source that operates most efficiently at
highest temperatures being used last to heat the water to its final

temperature.

A hot water installation according to claim 3, wherein the heat source that

serves to heat the water to its final temperature is an electric heat source.

A hot water installation according to claim 3 or 4, wherein the heat source

that serves to heat the water first is a solar panel.

A hot water installation according to any of claims 2 to 5, wherein a heat
source is a condensing boiler, remote boiler system, or combined heat

and power plant.
A hot water installation according to any preceding claim, wherein the

water heating circuit includes a pump to circulate water around the

heating circuit.
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A hot water installation according to claim 7, further comprising a control
unit to control the pump such that when a sensed temperature in the
water heating circuit reaches a predetermined value the pump is stopped.

A hot water installation according to claim 7 or 8, wherein when the

sensed temperature falls to a predetermined value the pump is started.

A hot water installation according to claim 9, wherein when the sensed
temperature falls to the cold water supply temperature the pump is
started.

A hot water installation according to any of claims 7 to 10, wherein a
bypass is provided around the pump.

A hot water installation according to claim 11, wherein a sensing element
or thermostat is provided in the bypass.

A hot water installation according to claim 12, wherein the sensing
element or thermostat is provided in the bypass such that liquid whose
temperature is to be controlled is allowed to flow over the length of the
sensing element or thermostat.

~ A hot water installation according to claim 13, wherein the sensing

element or thermostat is positioned in relation to the heat source or
sources and the pump so that, even under pump failure, the sensing
element or thermostat will sense the temperature of the water leaving the

heat source or sources.

A hot water installation according to any preceding claim, wherein the
water heating circuit includes a temperature sensor in a vessel

connection.

A hot water installation according to any preceding claim, comprising a
heat exchanger, which allows heat to be transferred from a heat source to
the heating circuit.
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17. A hot water installation according to claim 16, wherein the heat exchanger
is a plate heat éxchanger having tappings on both sides.

5 18. A hot water installation according to claim 17, wherein the plate heat

exchanger is installed horizontaily.

19. A hot water installation according to claim 18, wherein a bypass is
provided from the upper tapping to the lower tapping.

10

20. A hot water installation according to claim 19, wherein the bypass
provides a convection circuit.

21. A hot water installation according to any of claims 17 to 20, wherein the

15 plate heat exchanger has eight connections.

22. A hot water installation according to any preceding claim, wherein an inlet
diffuser is provided at the bottom of the vessel, the diffuser feeds the
incoming cold water into the vessel and diffuses it.

20

23. A hot water installation according to claim 22, wherein the diffuser is of
flexible construction, expandable after insertion through the inlet part of

the vessel.

25 24. A hot water installation according to claim 23, wherein the diffuser is a

sleeve.

25. A hot water installation according to claim 24, wherein incoming water
pressure inflates the sleeve as the water enters the vessel.
30
26. A hot water installation according to any of claims 22 to 25, wherein the
diffuser is weighted so as to lie on the bottom of the vessel.
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27. A hot water installation according to any preceding claim, the hot water
installation further comprising temperature sensors for detecting the stratified
interface between hot and cold water in the vessel.

28. A hot water installation according to any preceding claim, the hot water
installation further comprising means for measuring flows of hot and cold water in
and out of the vessel.

29. A hot water installation according to any preceding claim, wherein water
from the vessel is heated by the water heating circuit to a final target temperature
before returning the water to the top of the vessel.

30. A hot water installation according to any preceding claim, further
comprising a non-return valve in the water heating circuit which prevents water
flow out from the top of the storage vessel and through the water heating circuit.

31. Aot water installation according to claim 30, wherein the non-return
valve is located in the connection for the cold feed for water entering the storage
vessel and the feed to the external heating circuit.

32 A hot water installation according to any preceding claim further
comprising a modulating valve which varies the water flow rate in the water
heating circuit and the vessel, as well as the temperature of the hot water

delivered as required on demand. -

33. A domestic hot water installation comprising the hot water installation of
any preceding claim.

34.  Ahot water installation or domestic hot water installation as substantially

hereinbefore described with reference to and as illustrated by the accompanying
drawings.
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