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& (57) Abstract: The present invention relates to a hot tap water system, comprising: - a storage tank for storing tap water heated by
means of the heating device, - a water transporting system comprising conduits for transporting water between the storage tank and
a hea ting device, and at least one pump for pumping the water through the conduits, - the heating device for heating the tap water is
provided with a heat exchanger in the heating device, wherein: - the tap water is heated in the heat exchanger in the heating device

directly by the combustion gases.
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SYSTEM AND METHOD FOR HEATING TAP WATER

The invention relates to a system and method for
heating tap water. There are numerous hot tap water sys-
tems available on the market.

The invention relates more specifically to a me-
thod and system for a hot tap water system for buildings
with a variable hot water requirement, such as a residen-
tial building for a large group of people such as a multi-
family building or é residential home for the elderly or a
nursing home. In suéh buildings it is recommended that a
number of people can use hot water independently of each
other, wherein the different people are not inconvenienced
by the hot water usage of others. It is therefore impor-
tant that either a very large hot water generating capaci-
ty is available or a system with a buffer by means of for
instance a storage tank. These systems are however of com-
plex structure and therefore costly and inefficient in
terms of energy consumption.

In order to obviate these drawbacks the present
invention provides a hot tap water system, comprising:

- a storage tank for storing tap water heated by
means of the heating device,

- a water transporting system comprising conduits
for transporting water between the storage tank and a hea-
ting device, and at least one pump for pumping the water
through the conduits,

- the heating device for heating the tap water is
provided with a heat exchanger in the heating device, whe-
rein:

- the tap water is heated in the heat exchanger in
the heating device directly by the combustion gases.

Such a system has the advantage that water of a
very low relative temperature can be fed to the heat ex-
changer in the heating device. The energy efficiency of

the heating device is hereby very high because there is a

relatively great temperature difference (AT). The conden-
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sation heat of the combustion gases is also utilized here
to heat the water.

In known systems water from a closed water circuit
flows through the heat exchanger in the heating device.
This water in the closed water circuit flows through a se-
cond heat exchanger, whereby the tap water is heated. The
lowest temperature of the water in the closed system is
hereby always above the lowest temperature of the tap wa-
ter.

A system according to the invention also suffers
less heat loss because no use is made of a second heat ex-
changer. A known system with a second heat exchanger
further requires at least one extra pump, thus increasing
cost.

According to a first preferred embodimemt, the
system comprises a direct connection between the water
mains and the heat exchanger in the heating device. Water
with the lowest possible temperature is hereby fed to the
system. The heat exchanger is spiral-shaped, whereby the
temperature difference (AT) of the water for heating in
the heat exchanger can be maximal.

The system preferably comprises a direct cold wa-
ter connection between the storage tank and the heat ex-
changer in the heating device. If hot water fxom the
storage tank is used, the storage tank will be replenished
with cold water from the underside. In orxrder to heat this
cold water as efficiently as possible, it is fed directly
in this embodiment to the heat exchanger in the heating
device.

The coupling of the cold water connection can pre-
ferably be coupled to substantially the underside of the
storage tank. This is advantageous since the water in the
storage tank will be coldest at the bottom. This is the
case, among other reasons, because fresh cold maims water

is fed to the underside of the storage tank.
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In a further preferred embodiment, the system com-
prises a direct hot water connection between the heat ex-
changer in the heating device and the storage tank. Im ad-
dition to the above described advantages, this has the ad-
vantage that the water which has the highest possible tem-
perature after being heated as efficiently as possible is
fed directly to the storage tank. Cold water drained from
the storage tank on the wunderside is fed back to the
storage tank on the top side after being directly heated
in the heating device.

The hot water connection can preferably be coupled
for this purpose to the upper half of the storage tank. In
addition, the hot water connection is preferably situated
substantially up to a quarter way along the height of the
storage tank. The hot water is hereby fed to the storage
tank in the region where the hot water is present im the
storage tank.

The system preferably further comprises a hot wa-
ter feed system in the direction of the draw-off points
with a return conduit to the storage tank. This provides
the hot water users with a high degree of comfort since
the hot water is also supplied in the direction of the
draw-off points even if it is not being used, so that when
water is drawn off it will be immediately hot. The return
conduit is arranged substantially close to the centxre of
the storage tank. The return water, which cools partially
while it flows through the feed system and the return con-
duit, is hereby fed back into a part of the storage tank
where the water temperature is likewise lower, or the wa-
ter is located in the storage tank closer to the draw-off
point for optional reheating by means of the heating devi-
ce.

In a further embodiment, the system comprises tem-
perature sensors and/or one or more water flow sensors for
measuring the water temperature at least at one position
in the system, and an electronic control system for con-

trolling the pump and the heating device on the basis of
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signals from the sensors. It hexeby becomes possible to
carry the water through the heat exchanger at a speed such
that the final temperature is optimal relative to the
starting temperature.

The amount of combustion energy produced in the
heating device can likewise be vaxied. This has the advan-
tage that, if a small difference in the temperature of the
water has to be made up, or if a small quantity of water
has to be heated, the heating dewvice can burn for a rela-
tively long time at a relatively low power, thereby incre-
asing the efficiency of the heating device. A heating de-
vice also functions more efficiemtly when there are small
variations in power. In one embodiment the heating device
is fired for as long as possible at maximum power in order
to hold the temperature in the storage tank as close as
possible to a preset temperature. Only when there is a
small difference from this temperature, for instance 1-5
degrees, is the heating device modulated downward. A high
comfort level of the system can ke achieved with this me-
thod at a relatively low heating device power, and there-
fore a more advantageously embodied heating device. The
comfort level is defined here in that there is a high re-
serve capacity of hot water becauise the storage tank con-
tains as much hot water as possible.

In further embodiments thereof, the system compri-
ses control means for controllirmng the rotation speed of
the pump. The pump is preferably further manufactured from
or preferably comprises an oxidat ion-free material such as
bronze or stainless steel. This makes it possible to apply
relatively oxygen-rich water. Fxresh tap water or £fresh
mains water is generally relatdvely oxygen-rich, which
would cause relatively rapid ageing of a standard iron
pump .

The heat exchanger is pre ferably manufactured from
or comprises an oxidation-free metal such as stainless
steel. It is also the case with this component of the sys-

tem that a heat exchanger which is sensitive to oxygen-
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rich water would age or need replacement relatively quick-
ly in a system according to the present invention, since
the mains water is fed directly to the heat exchanger.
This heat exchanger is preferably embodied in SS 316. This
provides the advantages for instance that it is not sus-
ceptible to corrosion on the inside by oxygen-rich tap wa-
ter or corrosion on the outside due to corrosion by con-
densation from the combustion gases.

The heat exchanger takes a spiral-shaped form,
whereby it can absorb relatively high temperature diffe-
rences. The heat exchanger can herein make resilient move-
ments during heating and cooling (of parts) thereof.

The storage tank preferably comprises an oxidati-
on-free material, such as stainless steel, in the inner
wall.

A further aspect of the present invention relates
to a method for heating water in a hot tap water system,
comprising a heating device with a heat exchanger which is
situated in the heating device and which is directly hea-
ted, comprising steps for:

- feeding relatively cold water to the heat ex-
changer,

- heating the water in the heat exchanger by means
of combustion gases inside the heating device, and

- storing the heated water in a storage tank. This
method provides the advantages such as making use of con-
densation energy from the combustion gases and advantages
as specified in the foregoing.

In one embodiment the method comprises steps for
heating water on the basis of sensor signals, wherein wa-
ter from the underside of the storage tank is supplied to
the heat exchanger. The coldest water is hereby fed to the
heat exchanger for optimum use of the energy of the com-
bustion gases. All the water in the storage tank will
eventually be replaced from above by hot water until there

are no longer any cold zones present in the tank.
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The method preferably comprises steps for holding
the water in the storage tank substantially within a first
temperature range for a period such as a day, wherein the
water is brought substantially to a second temperature for
a short sub-period during the period. Infection by for in-
stance legionella bacteria is hereby prevented or suppres-
sed. The prevention of cold zones according to this method
in this system prevents ineradicable sources of infection
being created in the system (at the bottom of the storage
tank) .

Further advantages, features and details of the
present invention will be described on the basis of speci-
fic embodiments and with reference to the annexed figures,
in which:

- Fig. 1 shows a schematic view of a preferred em-
bodiment according to the present invention;

- Fig. 2 shows a flow diagram of a further prefer-
red embodiment according to the present invention.

Fig. 1 shows a first embodiment according to the
present invention. The hot tap water system 1 comprises a
heating device 2 and a storage tank 3, also referred to as
boiler. The system is provided with fresh mains water via
mains water feed conduit 16. The fresh mains water is sup-
plied on the underside of the boiler at feed point 18.
This draw-off point 18 also serves for the supply of cold
water from the boiler to heating device 2 by means of con-
duit 16. The water is always fed in practice to the boiler
and then fed through to the heating device. It is however
equally possible for mains water to be supplied directly
to heating device 2.

Heating device 2 comprises a gas feed G which sup-
plies gas to the heating device by means of a closing val-
ve 14 and a filter 13.

The heating device is arranged in a housing 8 and
further comprises a circulation pump 6 and control elec-

tronics 4 in this housing. Control electronics 4 control
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the pump 6 in respect of switching on and off and the ro-
tation speed to be used. The control electronics further
control gas block 15 comprising a fan. This gas block com-
prising a fan determines the amount of fuel, air and oxy-
gen supplied to the burner of the heating device.

The heating device further comprises a spiral-
shaped, stainless steel heat exchanger 5 to which the wa-
ter for heating is directly fed. Pump 6 serves in this ca-
se to transport the water from boiler 3 to heat exchanger
5 and back again to boiler 3 by means of conduit 19 and
inlet 27. Heating device 2 is further provided with air
feed 9 and flue gas discharge or combustion gas discharge
10. For control of the gas block with the fan and the
pump, the electronics make use of data from temperature
sensors 21,23,24 or 25, which can all be connected to the
electronics in similar manner to sensor 24 by means of
connection 19. Control electronics 4 control the heating
device in modulating manner, the temperature of the water
in the boiler, the heating device pump and the rotation
speed thereof, the operating times of the installation and
a legionella prevention control (this is described in de-
tail hereinbelow). The control is preferably regulated
such that the boiler temperature remains as close as pos-
sible to a predetermined temperature irrespective of the
draw-off or take-off flow rate. This is achieved in that:
the heating device continues to burn as long as possible
at maximum load at water temperatures which vary more than
2K from the predetermined temperature (AT); the burner is
preferably modulated downward in the case of a lower AT so
that the heating device continues to burn for a longer ti-
me at lower power, and will hereby not begin to switch on
and off frequently, and/or the pump rotation speed is pre-
ferably controlled such that the water temperature £from
the heating device to the boiler remains between a minimum
of 55 and a maximum of 75 degrees Celsius, subject to the

entry temperature.
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The control electronics are further provided with
a legionella infection prevention program which functions
by a periodic daily increase in the boiler temperature up
to or above 65 degrees so as to eliminate a possible le-
gionella infection, whereby it is not necessary to operate
continuously at a high temperature within the system. An
advantage hereof is that limescale deposits are prevented.
Limescale deposition normally occurs at higher tempera-
tures. A short daily increase in the temperature also pre-
vents seals in the conduits drying out due to the long-
term effect of high temperatures, whereby the lifespan of
the installation and conduits is greatly increased.

On the basis of information from temperature sen-
sor 21,22,23,24,25, or on the basis of predetermined pro-
gram data, the electronics determine in step 40 whether
heating of the water is necessary because of a legionella
instruction. If this is the case, the water is heated in
step 47 to the preset legionella destruction temperature.
If it is determined in step 40 that there is no legionella
instruction, it is determined in step 41 whether there is
a boiler instruction. If this is the case (y), there is
determined in step 44 whether there is still a legionella
instruction here. If this is not the case, the boiler wa-
ter is (re)heated to the preset normal temperature. If the
answer is no in step 41, there is determined whether an
additional pumping operation is necessary in step 42. If
this is not necessary, the procedure begins again at step
40. If the additional pumping operation is important, the-
re is determined in step 43 whether there is now a boiler
instruction. If this is so, the method continues in the
above mentioned step 44. If it is determined in step 43
that there is no boiler instruction, it continues in step
45, 1in which a check is once again made as to whether a
boiler instruction is necessary. Should this be the case,
the procedure continues in step 46. If it is determined in
step 45 that there is no legionella instruction, an addi-

tional pumping operation follows in step 48.
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In the heating device the best result is obtained
if the difference in temperature between the supplied wa-
ter and the drained water is as great as possible. To this
end the water from the boiler is fed from the coldest
point to the heating device. This is the underside of the
boiler at draw-off point 18. As already stated, the heated
water is fed to feed point 27 which is sitwuated about a
quarter way along the boiler from the top. It is important
that the supplied water is fed at a relatively high point
into the boiler. The hot water for the draw- off points 29
is drained from the boiler at connecting point 26. Take-
off point 26 is preferably located one sixtth of the way
along the boiler from the top, but in any <ase close to
the top of the boiler well above the middle of the boiler,
whereby the still relatively hot water will not mix with
the cold water at the bottom of the boiler. When a recir-
culation system is applied, water is circul ated continu-
ously from the boiler in the direction of the draw-off
points and back again to the boiler via conduit 11. This
takes place with driving of pump 36. Closing valves 35 and
non-return valve 34 are situated in the conduits. The sup-
plied water is fed to the boiler substantially halfway al-
ong the boiler by means of a connecting point 28.

For the purpose of cleaning the system a hatch 20
is provided close to the underside of the boiler. Possgible
limescale occurring in the heat exchanger wi 1l be dislod-
ged by the resilient movement of the heat exchanger (due
to the large AT) and be carried by the watex flow to the
tank. The limescale will in this way collect at the bottom
of the boiler, since there is a low water speed here.

An overflow wvalve 37, an adjustable non-return
valve 38 and a venting means 39 are arranged in the feed
conduit 16 to the main tap 31.

In order to optimize the use of the heating de-
vice, the control electronics 4 can on the one hand vary
the throughfeed speed of pump 6 and on the other regulate

the amount of fuel and the amount of air supplied by means
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of the fan of gas block 15. The heating device can hereby
burn at low power for a longer period of time, which also
produces a more efficient result than a heating device
burning at high power which burns for a short period or
which begins to switch on and off frequently. This is par-
ticularly important when the boiler must reheat water re-
gularly through a small temperature difference due to the
use of the recirculation system. In such a situation an
optimum heat transfer is realized in heat exchanger 5 by
regulating the combustion rate and pump 6. A further large
gain in efficiency of a device according to this embodi-
ment is that relatively cold water can be fed from the un-
derside of the boiler or the water mains directly to the
heating device, whereby very high heat utilization in heat
exchanger 5 is realized from the combustion energy re-
leased by the combustion gases.

The invention is described on the basis of a pre-
ferred embodiment. The rights sought are however defined

by the appended claims.
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CLAIMS

1. Hot tap water system, comprising:

- a storage tank for storing tap water heated by
means of the heating device,

- a water transporting system comprising conduits
for transporting water between the storage tank and a hea-
ting device, and at least one pump for pumping the water
through the conduits,

- the heating device for heating the tap water is
provided with a heat exchanger in the heating device, whe-
rein:

- the tap water is heated in the heat exchanger in
the heating device directly by the combustion gases.

2. System as claimed in claim 1, comprising a di-
rect connection between the water mains and the heat ex-

changer in the heating device.

3. System as claimed in claim 1 or 2, comprising
a direct cold water connection between the storage

tank and the heat exchanger in the heating device.

4. System as claimed in claim 3, wherein the cou-
pling of the cold water connection can be coupled to sub-
stantially the underside of the storage tank.

5. System as claimed in one or more of the forego-
ing claims, comprising a direct hot water connection bet-
ween the heat exchanger in the heating device and the

storage tank.

6. System as claimed in claim 5, the hot water
connection can be coupled in the upper half of the storage
tank.
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7. System as claimed in claim 5 or 6, wherein the
hot water connection is substantially a quarter way along
the height of the storage tank as seen from the top of the

storage tank.

8. System as claimed in one or more of the forego-
ing claims, comprising a hot water feed system in the di-
rection of the draw-off points with a return conduit to

the storage tank.

9. System as claimed in claim 8, wherein the re-
turn conduit is arranged substantially close to the centre

of the storage tank.

10. System as claimed in one or more of the fo-
regoing claims, comprising temperature sensors and/or wa-
ter flow sensors for measuring the water temperature at
least at one position in the system, and an electronic
control system for controlling the pump and the heating

device on the basis of signals from the sensor.

11. System as claimed in one or more of the fo-
regoing claims, comprising control means for controlling

the rotation speed of the pump.

12. System as claimed in one or more of the fo-
regoing claims, wherein the pump comprises an oxidation-

free material such as stainless steel or bronze.

13. System as claimed in one or more of the fo-
regoing claims, wherein the heat exchanger comprises an

oxidation-free metal such as stainless steel.

14. System as claimed in one or more of the fore-

going claims, wherein the storage tank comprises an inner
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wall with an oxidation-free material such as stainless
steel.

15. Method for heating water in a hot water tap
system, comprising a heating device with a heat exchanger
which is situated in the heating device and which is di-
rectly heated, comprising steps for:

- feeding relatively cold water to the heat ex-
changer,

- heating the water in the heat exchanger by means
of combustion gases inside the heating device, and

- storing the heated water in a storage tank.

16. Method as claimed in claim 15, comprising
steps for heating water on the basis of sensor signals,
wherein water from the underside of the storage tank is
supplied to the heat exchanger.

17. Method as claimed in claim 15 or 16, wherein
the water in the storage tank is held substantially within
a first temperature range for a period such as a day, and
wherein the water is brought substantially to a second

temperature for a short sub-period during the period.

18. Method as claimed in one or more of the claims
15-17, comprising steps for controlling the water speed
through the heat exchanger, so that the water is heated to
a predetermined temperature.

19. Method as claimed in one or more of the claims
15-18, comprising steps for adjusting down the power of
the heating device relative to the maximum power so that

the firing time of the heating device is lengthened.
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20. Method as claimed in one or more of the claims

15-18 performed using a system according to one or more of
the claims 1-14.
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