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(57) Abrege(suite)/Abstract(continued):

for adding tap water to the storage devices, as well as a tap water output for removing water from the storage devices. The tap
water structure Is equipped with heating elements that will warm the tap water stored in the storage devices. The storage devices
also Include a heat exchanger supply and a heat exchanger return, as well as an additional heat exchanger return; these can all be
connected to an external heat exchanger unit. The tap water device includes regulators to return the tap water to the storage
devices elther via the heat exchanger return and/or via the additional heat exchanger return.
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ABSTRACT

The invention involves a tap water structure for storing and heating tap water. The tap water
structure contains storage devices, such as a tap water storage tank, for storing a certain amount
of tap water. The storage devices are equipped with a tap water input for adding tap water to the
storage devices, as well as a tap water output for removing water from the storage devices. The
tap water structure 1s equipped with heating elements that will warm the tap water stored in the
storage devices. The storage devices also include a heat exchanger supply and a heat exchanger
return, as well as an additional heat exchanger return; these can all be connected to an external
heat exchanger unit. The tap water device includes regulators to return the tap water to the

storage devices either via the heat exchanger return and/or via the additional heat exchanger

retumn.
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TAP WATER DEVICE FOR STORING AND HEATING TAP WATER

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Netherlands Patent Application No. 2009126, filed

July 5, 2012, the contents of which are incorporated by reference herein.
BACKGROUND
[0002] The invention involves a tap water device for storing and heating tap water.

[0003] Tap water heating devices are known. A typical device consists of a tap water storage
unit that stores the tap water. These devices are usually equipped with a coil-shaped heating
element that uses flue gases to increase the temperature of the tap water. The heating elements
ensure that at least part of the tap water in the tap water storage device remains at a relatively
high temperature. When there is a need for hot water (for example to take a shower), 1t will use
this relatively warm water. The tap water storage device contains a temperature profile of the
stored tap water. The lower part of the storage device contains tap water at a relatively low
temperature. Therefore the device features a temperature profile with relatively warm water at

the top and relatively cold water at the bottom.

[0004] In a typical configuration, the tap water device is connected to a heat exchanger,
which is connected to a Central Heating installation. This allows the energy in the storage tank to

be used for heating areas, in particular for the use of low temperature heating.

[0005] In most typical devices, the heat exchanger uses warm water that has been heated by
the heating elements. This heated water has a relatively high temperature of for example 60
degrees C/140 degrees F. The heating elements use relatively high-quality energy, which 1s
especially intended to meet the need for hot water. As the water is relatively warm, the return
water from the heat exchanger is also relatively warm. This relatively warm return water 1s

stored in the lower part of the storage device, heating the relatively cold water. A disadvantage of
this system is that the buffer of warm tap water is consumed by the heat exchanger. Another
disadvantage that is typically found in these standard devices 1s that it takes a relatively long time

to notice this reduction of the warm water buffer, which can lead to a situation i1n which these
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devices are unable to provide the requested amount of warm tap water. The heating elements are

often unable to supply enough warm tap water.

[0006} The result is a lack of warm tap water, which has a serious impact on the comfort of

the user.
SUMMARY

[0007]  The purpose of the invention is to solve, or at least reduce, one of the disadvantages
of these standard devices. To this end, the invention provides a water heating device as described
in the introduction and further detailed in the main section. The tap water device according to the
invention includes storage mechanisms, such as a tap water tank, for storing a certain quantity of
tap water. For this purpose, the storage devices are equipped with a tap water intake for adding
water to the storage devices. The tap water intake may be attached to a tap water supply. The
storage devices are also equipped with a tap water outlet to remove the water from the storage
devices when there is a need for warm tap water, for example to shower, take a bath, run a hot
faucet, etc. To heat the tap water, the tap water device is equipped with heating elements that will

warm the tap water that is stored in the storage devices.

[0008] The storage devices also include a heat exchanger supply and a heat exchanger return.
Both can be connected to a heat exchanger unit to allow the water to flow from the storage
device to the heat exchanger unit or to allow the water from the heat exchanger unit to flow back

to the storage device. This allows the heated tap water to be used in a central heating system.

[0009] In this invention, the storage devices may be equipped with an additional heat
exchanger return. This additional heat exchanger return may also be connected to the heat
exchanger unit to allow the water from the storage devices to return from the heat exchanger unit
to the storage devices. This structure allows the heat exchanger return to return the tap water to
the relatively cold part, and the additional heat exchanger to return tap water to the relatively
warm part. The heat exchanger return and the additional heat exchanger return should be
positioned at a certain distance from each other inside the storage devices. In the user mode, the
heat exchanger return and the additional heat exchanger return are positioned at ditferent heights

from each other. The tap water device includes regulators to determine whether the tap water
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should be returned to the storage devices via the heat exchanger return and/or via the additional
heat exchanger return. The regulators may include for example a valve, such as a three-way
valve. The valve unit functions as a distribution valve. A professional will probably understand
that this invention is not limited to the use of a three-way valve, but that any other unit, which 1s
structured to split the return water flows, would be included in the extent ot the requested patents

for this invention.

[0010] Depending on the temperature of the tap water, the heat exchanger return and the
additional heat exchanger return may return the tap water either via the heat exchanger return or
via the additional heat exchanger return, and also allow for a specific split of this return (for
example, 25%-75%, 50%-50%, etc.). This means that the warm water that will be used for
Central heating purposes will be removed from the storage devices, piped through the heat
exchanger and the return water, split between relatively high and relatively low, will be returned
to the storage devices. For example, if the return water is relatively warm, one can return this
relatively warm water to the warmer part of the tank, or if the return water is relatively cold,
return it to the colder part of the tank, in order to maintain a certain temperature in the storage

devices.

[0011] In a preferred model, the heat exchanger supply 1s located between the heat exchanger
return and the additional heat exchanger return. This makes it possible to carefully control the
temperature of the water that flows from the storage devices through the heat exchanger supply.
The ratio between the quantity of relatively hot tap water that is returned and the quantity of
relatively cold tap water that is returned determines to a large extent how much water flows from
the upper part and how much flows from the lower part to the heat exchanger supply. If all the
water returns via the higher part, then the principal of mass conservation will ensure that this
water will also flow from the higher part to the heat exchanger supply. There will be no water
flow from the lower part. In that case the temperature of the tap water 1n the heat exchanger
supply will be relatively high. The opposite is also true; when all the water returns to the
relatively cold, lower part, the water from this part will flow back to the heat exchanger supply,
making the tap water in the heat exchanger supply relatively cold. It is probably clear to a
professional that with a 1:1 ratio between the heat exchanger return and the additional heat

exchanger return, the tap water will also flow at ratio of 1:1 ratio from the storage devices to the
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heat exchanger /output. The return ratio will thus determine the mixing ratio in the heat
exchanger supply, which means that the tap water temperature at the heat exchanger supply can
be carefully regulated. To increase the amount of warm water that will flow to the heat
exchanger supply, more return water has to flow to the relatively warmer part, and to increase the
amount of cold water that will flow to the heat exchanger supply, more return water has to flow

to the relatively colder part.

[0012] The mixing occurs inside the tank at the division between these two water flows.
Because the mixing takes place inside the tank, there 1s no need to draw more warm water than
required from the storage tank, reducing the loss of warm water. This makes it possible to
maintain the total energy content of the tank above a certain minimum level. There will be a
sharp division between high temperature water (top of the storage tank) and low temperature
water (bottom of the storage tank). This temperature stratification inside the storage device will

contribute to a higher yield and increase the tap water performance of the heat exchanger.

[0013] An additional advantage 1s that the capacity of warm tap water may be further
increased by using a pump unit and a distribution unit. This will make it possible to heat the

entire top part of the storage tank or the entire storage tank.

[0014] The structure as described above has many benefits in comparison to the existing
systems. Some of these benefits will be described to illustrate the case. The energy level of the
storage devices, such as the tank, will remain much more stable during the use of the heat

exchanger unit, for example for low temperature heating for central heating. In case of high
temperature heating, one has the option of not letting the warm water return to the lower part of

the storage tank, thus preserving the cold water in the lower part of the storage tank.

[0015] In a preferred embodiment, the heat exchanger unit is located in the tap water unit;
the water input of the heat exchanger unit is connected to the heat exchanger supply of the

storage devices, and the output side is connected to the heat exchanger return and the additional

heat exchanger return.

[0016] In certain models, the tap water device will also include additional heating elements.

These should ideally be located in a lower position. In one model, the heating elements have
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been designed to heat the tap water with a gas-powered burner. In another model, the heating

elements have been designed to heat the tap water with solar power.

[0017] According to an aspect of the invention, there is a provision for a method that will use
the tap water device according to the invention, and which features the option of returning the
tap water to the storage devices via the heat exchanger return and/or via the additional heat

exchanger.

[0018] In another model, one can control the temperature 1n the heat exchanger by choosing
to return the tap water through the heat exchanger return and/or the additional heat exchanger

return. The benefits of these modes of operation have already been described above.

[0019] The invention will be further explained with a description of the preferred tap water

structure according to the invention, with a reference to the following figures.
BRIEF DESCRIPTION OF THE DRAWINGS

(0020} Fig. 1 illustrates a configuration of a tap water heating device.

[0021] Fig. 2 illustrates an additional configuration of a tap water heating device.
[0022]  Fig. 3 illustrates an additional configuration of a tap water heating device.
[0023] Fig. 4 illustrates an additional configuration of a tap water heating device.
[0024]} Fig. 5 illustrates an additional configuration of a tap water heating device.

[0025] Fig. 6 illustrates a schematic overview of the temperature course.
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DETAILED DESCRIPTION

[0026] Before any embodiments of the invention are explained in detail, it 1s to be
understood that the invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the following
drawings. The invention is capable of other embodiments and of being practiced or of being

carried out 1n various ways.

[0027]  Fig. 1 shows a tap water heating device 1, according to the first configuration. Tap
water heating device 1 includes storage devices 3, in the form a storage tank 3. The storage tank

either stores or will store water.

[0028] To this end, storage devices 3 are equipped with an inlet S located at the bottom, to let
in tap water, At the top is an outlet 7 for the stored tap water. The tap water structure 1 is
equipped with heating elements 11 to heat the tap water stored in the storage devices. In this
configuration, the heating elements 11 include a heating coil, through with a hot medium will
tlow, preferably from the top 12 of the coil, to the bottom 13 of the coil. The hot medium may be
a fluid, such as hot flue gases. By letting the fluid flow from top to bottom, the tap water in the
upper part of the storage devices 3 will be relatively warm, and relatively cold in the lower part.
It also allows for a relatively good division between the warm water and cold water in the

storage devices; a temperature profile will be present in storage tank 3.

[0029] As can be seen 1n Fig. 1, the tap water structure 1 also contains a heat exchanger
supply 21, which 1s connected to the storage devices 3. This heat exchanger supply 21 leads to a
heat exchanger unit 31, where the heat from the tap water can be transferred to another medium
(via inlet tube 32 and outlet tube 33). The heat exchanger unit 31 leads downstream to a heat
exchanger return 22. With the heat exchanger supply and the heat exchanger return, one can

transfer the tap water from the storage devices 3 to the heat exchanger unit 31, and then return it

again to the storage devices 3.

[0030] Fig. 1 also shows that the return portion of the heat exchanger unit 31 consists of a
return pipe 24 with a pump unit 27. Near the distribution unit 25, the return pipe is split into a
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heat exchanger return 22 and an additional heat exchanger return 23. Distribution unit 25, with
an adjustable three-way valve, allows one to regulate whether the tap water that flows from heat
exchanger unit 31 to the storage devices 3 will flow via the heat exchanger return 22 or via the

additional heat exchanger return 23.

[0031] Fig. 1 further shows that the heat exchanger return 22 and additional heat exchanger
return 23 flow into storage tank 3 at a certain distance from each other. As a result, the heat
exchanger return 22 flows into the lower portion of the storage tank 3, and the additional heat
exchanger return 23 flows into the higher portion of the storage tank 3. As the relatively high
portion of storage tank 3 typically contains warmer water, and the relatively lower portion of
storage tank 3 typically contains colder water, one can use regulators, such as the distribution
unit 235, to determine 1f the return water that flows back from heat exchanger unit 31 flows back
to the upper part of the tank (if the return water is relatively warm) or to the lower part of the
tank (1f the return water is relatively cold), or to split the return flow between the upper and
lower parts of the tank. Settings could be based on the temperature of the heat exchange outlet,

for example.

[0032] Fig. 6 shows the temperature progression in the storage devices 3, such as in the
storage tank 3, with the use of the additional heat exchanger return 22 and the additional heat
exchanger return 23, according to the invention. In the mitial situation (normal use of tap water
device with heating elements; heat exchanger unit is switched off), indicated with the letter I,
there 1s a temperature progression in the storage devices 3. The temperature at the tap water
output 7 is relatively high, and it is relatively low at the tap water input 5. There 1s a gradual
temperature progression between these two. In the standard tap water heating devices that
operate with a heat exchanger unit, the warm water will be returned to the cold part of the tap
water tank. This will generate a global temperature profile as indicated by the letter P. One can
see that only the small upper part of the tank has achieved the right temperature, but the much

larger quantity of tap water below is at a relatively much lower temperature.

[0033] By using a tap water structure according to this invention, and especially when
dividing the water between the upper and lower part, the result will be a temperature profile as

indicated by the letter U. By splitting the return water between the lower and upper part of the
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storage tank, one creates a strict separation between the hot and cold water in storage tank 3,
around the position the of heat exchanger supply 21. This separation will increase the efficiency

of the tap water structure.

[0034] It is an additional benefit that, as shown 1n Fig. 1, the heat exchanger supply 21 is
located between heat exchanger return 22 and the additional heat exchanger return 23. This
position enables a relatively accurate regulation of the tap water temperature in the heat
exchanger supply 21. When the pump 27 is turned on and the tap water is fully returned to the
lower part of the storage tank 3 via the heat exchanger return 22, pressure will build up in the
lower part of the tank 3. At the location of the heat exchanger supply 21 there will be an under
pressure, which will suck in the tap water from the lower part of storage tank 3. There will none
or very little water sucked in from the top part. This means that if the water 1s completely
returned to the lower part of the tank, the water in the heat exchanger supply 21 will also be
(almost) fully drawn from the relatively colder lower part of storage tank 3. And the reverse 1s
also true; if the tap water 1s fully returned to the upper part of the storage tank, the water that 1s
sucked into the heat exchanger supply 21 will also come entirely from the relatively warmer
upper part of the storage tank. However, it 1s also possible to simultaneously return some water
to the upper part and some water to the lower part. The regulators are set to return at least part of
the tap water via the heat exchanger return, and at the same time return part of the tap water via
the additional heat exchanger return. The ratio between the return to the heat exchanger return 22
and the additional heat exchanger return 23 will also determine the ratio in which the tap water 1s
drawn (to heat exchanger return 21) from the relatively warm upper part of the tank and from the
relatively cold lower part of the tank. The result 1s that with the appropriate ratio of warm and
cold water, complemented with a suitable regulation mechanism based on the temperature of the
tap water in the heat exchange outlet 21, it will be possible to regulate the incoming temperature
at the heat exchanger unit 31. This will allow one to carefully regulate this temperature to the

desired temperature of the medium that exits the heat exchanger unit 31 via pipe 33.

[0035] Fig. 2 shows an alternative configuration of the tap water device shown in Fig. 1. The
corresponding components have been indicated with the same reference number. The tap water
device 1 shown in Fig. 2 differs from the structure shown in Fig. 1, as the heating elements 11a,

b include a first heating element 11a and a second heating element 11b. First Heating element
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11a 1s positioned near the upper part of storage tank 3, while the second heating element 11b is
placed near the lower part of storage tank 3. The intent is to preserve a temperature stratification
of the tap water in storage tank 3. Thus the first heating element 11a is designed to heat the water
in the upper part to a relatively high temperature. The first heating element 11a could be a coil
connected to a gas-fueled burner. Flue gases may be fed through the coil to keep the water
temperature relatively high. In the preferred configuration, the second heating element 11b is
part of solar powered heating system, in which the fluid (for example water) that flows through

coil 11b 1s heated with solar energy, for example through the use of a solar panel.

[0036] Fig. 3 shows an alternative configuration of the tap water structure shown in Fig. 1;
the corresponding components are indicated with the same reference number. The configuration
shown here includes a heat return pipe 22 that is attached to an additional storage tank 103. This
additional storage tank 103 is connected to storage tank 3 via a coupling pipe 26. In this
configuration, the tap water storage tanks 3 and 103 include a first tank 3 and a second tank 103.
The first tank 3 is hydraulically connected to the second tank 103, via pipe 26. The advantage is
that the desired temperature stratification in the storage tanks can be achieved while the storage
devices remain at the equal levels. Storage tank 3 can be made relatively warm, while storage
tank 103 can be made relatively cold. The insertion of coupling pipe 26 prevents the transfer of
heat between the relatively warmer and the relatively colder layers, because the heat exchanging
surface has been reduced. The input of tap water 5 has been moved to the second storage tank
103, as the incoming water is relatively cold. The outlet for warm tap water 7 is still positioned

on the first storage tank 3.

[0037] Pipe 26 becomes almost an extension of return pipe 22. Return pipe 22 flows via
storage tank 103 and duct 26 into storage tank 3. Pipe 22’ serves as the return pipe for storage
tank 3. Inside storage tank 3, where heat exchanger supply 21 is positioned, the heat exchanger
supply 21 has been placed between the heat exchanger return 22 and the additional heat
exchanger return 23. According to this invention it is very important that the heat exchanger 21
is placed in such a manner 1n relation to heat exchanger return 22 and additional heat exchanger
return 23 that by regulating (with the use of regulators 25) the return flow of tap water through
one of the heat exchanger returns 22, one can regulate the tap water temperature of the heat

exchanger supply 21.
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[0038] Fig. 4 shows a further a{daptation of the configuration shown in Fig 2, where the
return duct 22 1s equipped with an additional heat exchanger unit 131. This heat exchanger unit

131 can be used to either add energy to the water, or to derive energy from the water.

[0039]  Fig. 5 shows an alternative configuration of the structure shown in Fig. 2, where the
heating elements 11a are not placed inside storage tank 3, but in the additional return pipe 23.
Heating elements 11a are configured as heat exchanger unit 231, with input pipe 232 and output
pipe 233. These heating elements also make it possible to increase the temperature near the top

part of storage tank 3.

[0040] It will be clear to a professional that the invention above has been described
according to several preferred configurations. However, the invention is not limited to these
configurations. Within the framework of the invention there are many more equivalent
modifications possible, which may also fall under the extent of the requested patents as described

in the claims attached.

10
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CLAIMS

What is claimed 1is:

1. A water heating and storing assembly, comprising:

a storage tank for storing an amount of water,

a water inlet for adding water to the storage tank;

a water outlet for removing water from the storage tank;

a heating element disposed within the storage tank for heating the water stored in the
storage tank;

a supply receiving water from the storage tank;

a first return coupled to the storage tank at a first position of the storage tank;

a second return coupled to the storage tank at a second position of the storage tank
different from the first position; and

a regulator in fluid communication with the supply, the first return, and the second return,
the regulator receiving water from the supply and controllably distributing the water to the first

return and the second return.

2. The water heating and storing assembly of claim 1, wherein the first position and the

second position are spaced a vertical distance apart.

3. The water heating and storing assembly of claim 2, wherein the supply connection is
coupled to the storage tank at a third position vertically disposed between the first position and

the second position.

4, The water heating and storing assembly of claim 1, wherein the regulator includes a

three-way valve.

J. The water heating and storing assembly of claim 1, wherein the regulator controllably

varies a ratio of fluid flow between the first return and the second return.

11
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6. The water heating and storing assembly of claim 1, further comprising a heat exchanger

downstream of the supply and in fluid communication with the regulator.

7. The water heating and storing assembly of claim 6, wherein the heat exchanger is

upstream of the regulator.

8. The water heating and storing assembly of claim 6, wherein the heat exchanger 1s

disposed between the regulator and at least one of the first return and the second return.

9. The water heating and storing assembly of claim 1, further comprising a pump upstream

of the regulator.

10.  The water heating and storing assembly of claim 1, wherein the heating element includes

a coil receiving flue gas from a gas-fired burner.

11.  The water heating and storing assembly of claim 1, wherein the heating element includes
a first heating element heated by hot flue gas and a second heating element heated by solar

energy.

12.  The water heating and storing assembly of claim 1, wherein the first return 1s coupled to
an upper portion of the storage tank and the second return is coupled to a lower portion of the

storage tank, wherein the water in the storage tank undergoes thermal stratification between the

upper portion and the lower portion.

12



CA 02820293 2013-07-03

Attorney Docket No. 010121-8624 US00

13. A method of storing and heating water, comprising:

providing a storage tank for storing an amount of water,

adding water to the storage tank via a water inlet;

removing water from the storage tank via a water outlet;

heating the water within the storage tank with a heating element disposed within the tank;

supplying water from the storage tank to a regulator;

returning water from the regulator to the storage tank at a first return and a second return;
and

controllably distributing the water from the supply to the first return connection and the

second return connection with the regulator.

14.  The method of claim 13, further comprising:
connecting the first return to the storage tank at a first position; and
connecting the second return to the storage tank a second position different from the first

position, the first position and second position being spaced a vertical distance apart.

15.  The method of claim 13, further comprising thermally stratifying the water within the
storage tank.

16.  The method of claim 13, wherein the controllably distributing the water includes varying

a ratio of fluid flow between the first return and the second return.

17.  The method of claim 13, wherein the controllably distributing the water includes

actuating a three-way valve.

18.  The method of claim 13, further comprising supplying hot flue gas to a heating element
disposed within the storage tank.

19.  The method of claim 13, further comprising supplying solar energy to a heating element

disposed within the storage tank.

13
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20.  The method of claim 13, further comprising pumping water supply to at least one of the

first return and the second return with a pump.

14
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