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(54) Fluid heating apparatus

(57) A fluid heating apparatus is described compris-
ing a body (1) provided with at least one heat generator
(3) and heat exchanger means (4) adapted to allow the
passage of said fluid within the body and to engage said
at least one heat generator for heating the fluid, said heat
generator producing combustion fumes. The apparatus

comprises further means (110) provided with at least one
first wall (113) substantially in contact with said combus-
tion fumes and a second wall (114) in contact with said
heat exchanger means; the further means (110) com-
prise at least one thermoelectric generator (20) supplied
by the temperature difference between the first and the
second wall. (Fig. 7)
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Description

[0001] The present invention relates to a fluid heating
apparatus, in particular a boiler.
[0002] Boilers for the production of hot water are
known in the prior art. Said boilers comprise a heat gen-
erator, e.g. a gas burner or an element crossed by elec-
trical current, fitted within a body for heating the cold wa-
ter with which the boiler is fed. In the case of boilers with
burner, the body comprises a serpentine tube arranged
about the burner; the water coming from an external wa-
ter network flows in the tube.
[0003] In view of the described prior art, it is the object
of the present invention to provide a fluid heating appa-
ratus which is different from those known.
[0004] In accordance with the present invention, said
object is reached by a fluid heating apparatus comprising
a body provided with at least one heat generator and
heat exchanger means adapted to allow the passage of
said fluid within the body and to engage said at least one
heat generator for heating the fluid, said heat generator
producing combustion fumes, characterized in that it
comprises further means provided with at least one first
wall substantially in contact with said combustion fumes
and a second wall in contact with said heat exchanger
means, said further means comprising at least one ther-
moelectric generator supplied by the temperature differ-
ence between said first and second wall,
[0005] The features and the advantages of the present
invention will be apparent from the following detailed de-
scription of practical embodiments thereof, shown by way
of non-limitative examples in the accompanying draw-
ings, in which:

figure 1 shows a fluid heating apparatus, in particular
a boiler, in accordance with a first embodiment of
the present invention;
figure 2 is a vertical section taken along line II-II af
the boiler in figure 1;
figure 3 shows part of the boiler in figure 1;
figure 4 is a vertical section of the boiler part in figure
3;
figure 5 is an exploded view of the part in figure 3;
figure 6 is a block diagram of the boiler in figure 1;
figure 7 shows a vertical section of a fluid heating
apparatus, in particular a boiler, in accordance with
a second embodiment of the present invention;
figures 8 and 9 show operating mode time diagrams
of the heating apparatus in figure 7.

[0006] Figures 1 and 2 show a fluid heating apparatus,
in particular a boiler, in accordance with a first embodi-
ment of the present invention. The apparatus comprises
a body 1 provided with at least one heat generator 3, e.g.
a burner, and heat exchanger means 4 adapted to allow
the passage of said fluid within the body and to exchange
heat with the heat generator 3 for heating the fluid, e.g.
water. The apparatus comprises further means 11,

shown in more detail in figures 3-5, provided with a first
wall 13 substantially in contact with said heat generator
and a second wall 14 in contact with said heat exchanger
means 4; the further means 11 comprise at least one
thermoelectric generator 20 supplied by the temperature
difference between the first 13 and the second 14 wall.
[0007] The apparatus preferably comprises other
means 30 electrically supplied by said at least one ther-
moelectric generator 20.
[0008] The body 1 is preferably of the cylindrical type
and comprises a hollow part 2 in which the burner 3 is
accommodated and heat exchanger means 4, preferably
a tube bundle which envelops the burner 3; the tube bun-
dle 4 is arranged on the cylindrical wall of the boiler body
1 at a given distance from the burner 3. An insulation 5
covers the tube bundle 4 and a plate 6 covers the insu-
lation 5.
[0009] A wall 22 closes the hollow part 2 on one end
10 of the boiler body 1; said end comprises the further
means 11 comprising at least one thermoelectric gener-
ator 20 for the production of electricity, as shown in great-
er detail in figures 3-5. The further means 11 are in con-
tact with the wall 22 of the hollow part 2 and are a remov-
able structure from the end 10 of the body 1; the means
11 are indeed provided with a central hole 80 for coupling
to the end 10 of the body 1, by means of screw or other,
for separation therefrom. The wall 22 is adjacent to an-
other wall 23 which separates it from the insulation 5.
[0010] The further means 11 may comprise one or
more thermoelectric generators 20, e.g. Peltier cells,
used as energy recovery means converting the thermal
head generated by the heat generator 3 and the heat
exchanger means, i.e. the tube bundle 4, into electricity
capable of being either accumulated or used to supply
electronic systems of any type.
[0011] The further means 11 have an appropriate ge-
ometry and size (e.g. a disc) capable of being able to be
incorporated in the boiler. Preferably, the heat generator
3 has a cylindrical development, the tube bundle 4 is
coaxial with the burner 3, preferably a tube bundle wound
as a cylindrical spiral about the burner 3, and capable of
either cooling or maintaining the wall 22 on which the
means 11 are in contact at a temperature considerably
lower than that of the burner. The wall 22 is in either direct
or indirect contact with the tube bundle 4 thus constituting
the low-temperature surface where the heat generator 3
constitutes the high-temperature source. The wall 22 is
placed in contact with the wall 14 of the means 11 while
the opposite wall 13 is placed at a close distance (a few
centimeters) from the burner 3, substantially in contact
with the burner 3. The wall 13 may be insulated from the
burner or not (by means of a layer of appropriately di-
mensioned insulation 15) according to the resistance of
the element in direct contact with the heat generated in
that point by the burner.
[0012] Such a configuration generates a thermal head
between the two walls 13 and 14 of the means 11 which
may be exploited by the thermoelectric generators 20 for
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the production of electricity. The thermoelectric genera-
tors 20 themselves have two opposite, separate metal
walls which are placed in contact with the walls 13 and
14 of the means 11. When the two walls of the thermo-
electric generator 20 are subject to a considerable tem-
perature difference (and such a difference is maintained
over time) an electrical potential difference is generated
as a consequence on the surfaces themselves, the in-
tensity of which depends on the thermal gradient. Such
an electrical potential difference (voltage) is either used
to supply the means 30 or is accumulated in a battery 40.
[0013] The means 11 preferably comprise four ther-
moelectric generators 20; the electrical power extracted
therefrom must be appropriately managed by the means
30 to obtain, for example, the voltage and current needed
to operate the devices connected thereto. If such energy
is higher than needed or in excess with respect to the
instantaneous consumption, batteries 40 are used as ac-
cumulation means.
[0014] The means 30 comprise an electrical signal
management and conditioning unit 31 capable of appro-
priately exploiting the action of the thermoelectric gener-
ators as source of energy.
[0015] The unit 31 must manage possible monitoring
41, display 42 and alarm 43 devices of the boiler. The
monitoring devices 41 are sensors which may be one or
more for monitoring the characteristic magnitudes of the
boiler, such as temperature, pressure, vibration, concen-
tration of harmful substances in the environment (e.g.
carbon monoxide) and other characteristics of the fumes
generated by the burner (e.g. humidity or pH), The alarm
devices 42 are activated when the temperature exceeds
a predetermined temperature Tp, when the humidity ex-
ceeds a predetermined humidity Up and when the con-
centration of harmful substances exceeds a predeter-
mined concentration Cp, respectively.
[0016] Use of a step-up converter 25 may be included,
adapted to increase the voltage coming from thermoe-
lectric generators 20 (which may vary from approximately
20-30 mV to 300-400 mV) to the reference voltage of the
standard electronics available in commerce (typically
2.35V, 3.3V, 4.1V and 5V) for supplying the various de-
vices of the means 30.
[0017] The unit 31 autonomously manages the possi-
ble surplus of energy addressing it to the battery 40 and
loading it. The unit 31 preferably comprises a microcon-
troller 32 and a memory 33 but may comprise only ana-
logue type devices.
[0018] The microcontroller 32 is programmed with a
firmware, installed in memory 33, for managing the de-
vices 41-43, a data acquisition device 44, the charge ac-
cumulator 40 and a wireless interface 45, as shown in
figure 6. The firmware preferably works by either simul-
taneously or sequentially activating the various devices
supplied by the thermoelectric generators 20, i.e. the de-
vices 40-45; thus energy consumption peaks are not gen-
erated. For example, devices 41-43 are activated in sub-
sequent instances T1, T2 and T3, the data acquisition

unit 44 of the various sensors is activated at an instant
of time T4 subsequent to the instances of time T1-T3,
the visual or acoustic alarm devices 47 are activated in
a subsequent instant of time T5 and the wireless interface
45 is activated in a subsequent instant of time T8. The
firmware determines, in given conditions, the accumula-
tion of the surplus of energy in the accumulator 40. The
energy stored herein may be used, for example, to guar-
antee remote communication of the system state by
means of wireless transmission, preferably of GSM type,
also in adverse conditions.
[0019] The various devices 40-45 may send signals
on their state to the processor 32 by exploiting the ana-
logue or digital inputs thereof. The microcontroller is pro-
grammed with a software appropriately compiled for
managing the communication with the output devices 42,
43 according to the state of the sensors 41. The commu-
nication with the devices occurs by means of the ana-
logue or digital outputs of the microcontroller and allows,
for example, to turn on the indicating LEDs, to activate a
display or a buzzer which emits an acoustic signal. Fur-
thermore, the warning or monitoring signal may not be
displayed or emitted only locally but may be transmitted
to a more or less remote receiving station by means of
wireless communication of GSM.
[0020] All analogue electronics are used in absence
of a microprocessor. Such a configuration may be of con-
siderable interest if one does not want to use a micro-
processor (to reduce product and development costs or
current consumption) and low-cost, low-current-con-
sumption integrated circuits are available to develop a
level comparator adapted for the purposes above (i.e.
one or a set of integrated circuits capable of evaluating
the signal level output from one or more sensors and
comparing it with a reference threshold for the purpose
of activating or deactivating the alarm signal).
[0021] The energy of the thermoelectric generators 20
may be intended for a generic external user (an electrical
or electronic device). The heating apparatus according
to the invention preferably comprises an electrical termi-
nal 70 connectable to said external device to the appa-
ratus so that the external device is electrically supplied
by the thermoelectric generators 20. The electricity in-
tended for the external device is preferably managed by
the unit 31.
[0022] Figure 7 shows a fluid heating apparatus, in par-
ticular a boiler, in accordance with a second embodiment
of the invention. The apparatus again comprises a body
1 provided within at least one heat generator 3, e.g. a
burner, and heat exchangers 4 adapted to allow the pas-
sage of said fluid within the body and to exchange heat
with the heat generator 3 for heating the fluid, e.g. water.
The apparatus comprises further means 110 with at least
one element 111 provided with a first wall 113 substan-
tially in contact with the exhaust gases or fumes 200 gen-
erated by the heat generator and let out of the boiler by
means of an opening 160 and a second wall 114 in con-
tact with said heat exchangers 4; the element 111 com-
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prises at least one thermoelectric generator 20 supplied
by the temperature difference between the first 113 and
the second 114 wall. Preferably, the further means 110
comprise at least one other element 112 with a wall 115
substantially in contact with said heat exchangers 4 and
a second wall 116 in contact with the heat generator 3;
the element 112 comprises at least one thermoelectric
generator 20 supplied by the temperature difference be-
tween wall 115 and wall 116.
[0023] The elements 111 and 112 are interposed and
supplied by an element 150 fixed to the structure of the
boiler 1. The fumes 200 generated by the heat generator
3 are of the high-temperature type and cross the heat
exchanger becoming low-temperature fumes; an ele-
ment 180 provided with fins is arranged in the upper part
of the boiler 1, over the element 111 and in contact there-
with so as to intercept the fumes 200 before they escape
from the boiler through the opening 160.
[0024] The apparatus preferably comprises other
means 30 electrically supplied by said at least one ther-
moelectric generator 20.
[0025] The body 1 is preferably of the cylindrical type
and comprises a hollow part 2 in which the burner 3 is
accommodated and heat exchanger means 4, preferably
a tube bundle which envelops the burner 3; the tube bun-
dle 4 is arranged on the cylindrical wall of the boiler body
1 at a given distance from the burner 3. A plate 6 covers
the boiler 1.
[0026] The elements 111, 150 and 112 are arranged
to close the hollow part 2 of an end 10 of the boiler body
1; said end comprises the further means 110 comprising
at least one thermoelectric generator 20 for the produc-
tion of electricity. The further means 110 are a removable
structure 10 of the body 1; the means 110, i.e. the ele-
ments 111 and 112, are indeed provided with a central
hole 80 for coupling with the element 150 of the body 1,
by means of screw or other, or for separation therefrom.
[0027] The further means 110 may comprise one or
more thermoelectric generators 20, e.g. Peltier cells,
used as energy recovery means converting the thermal
head generated by the heat generator 3 and by the heat
exchanging means, i.e. the tube bundle 4, and between
the heat exchanger means and the fumes 200 into elec-
tricity capable of being either accumulated or used to
supply electronic systems of any nature.
[0028] The further means 110, as the means 11 of the
first embodiment of the invention, have an appropriate
geometry and size (e.g. a disc) capable of being incor-
porated in the boiler. Preferably, the heat generator 3
has a cylindrical development, the tube bundle 4 is co-
axial with the burner 3, preferably a tube bundle wound
as a cylindrical spiral about the burner 3, and capable of
either cooling or maintaining the element 150 in contract
with the means 110, i.e. the walls 114 and 115, at a tem-
perature considerably lower than that of the burner. The
element 150 is in either direct or indirect contact with the
tube bundle 4, thus constituting the low-temperature sur-
face where the heat generator 3 constitutes the high-

temperature source and the fumes 200 constitutes the
low-temperature source. The element 150 is placed in
contact with the walls 114 and 115 of the means 110, the
wall 116 is placed at a close distance (a few centimeters)
from the burner 3, substantially in contact with the burner
3 and the wall 113 is placed in contact with the element
180 and is adapted to intercept the fumes 200. The wall
116 may be insulated from the burner or not (by means
of a layer of appropriately dimensioned insulation 15) ac-
cording to the resistance of the element in direct contact
with the heat generated in that point by the burner.
[0029] Such a configuration generates a thermal head
between the two walls 113 and 114 of the element 111
and between the walls 115 and 116 of the element 112
of the means 110 which may be exploited by the thermo-
electric generators 20 for the production of electricity.
The thermoelectric generators 20 themselves have two
opposite, separate metal walls which are placed in con-
tact with the walls 113, 114 and 115, 116 of the means
110. When the two walls of the thermoelectric generator
20 are subject to a considerable temperature difference
(and such a difference is maintained over time) an elec-
trical potential difference is generated as a consequence
on the surfaces themselves, the intensity of which de-
pends on the thermal gradient. Such an electrical poten-
tial difference (voltage) is either used to supply the means
30 or is accumulated in a battery 40.
[0030] The elements 111 and 112 each preferably
comprise four thermoelectric generators 20; the electrical
power extracted therefrom must be appropriately man-
aged by the means 30 to obtain, for example, the voltage
and current needed to operate the devices connected
thereto. If such energy is higher than needed or in excess
with respect to the instantaneous consumption, batteries
40 are used as accumulation means.
[0031] As already described for the first embodiment
of the invention, the means 30 comprise an electrical
signal management and conditioning unit 31 capable of
appropriately exploiting the action of the thermoelectric
generators as source of energy.
[0032] The unit 31 must manage possible monitoring
41, display 42 and alarm 43 devices of the boiler. The
monitoring devices 41 are sensors which may be one or
more for monitoring the characteristic magnitudes of the
boiler, such as temperature, pressure, vibration, concen-
tration of harmful substances in the environment (e.g.
carbon monoxide) and other characteristics of the fumes
generated by the burner (e.g. humidity or pH). The alarm
devices 42 are activated when the temperature exceeds
a predetermined temperature Tp, when the humidity ex-
ceeds a predetermined humidity Up and when the con-
centration of harmful substances exceeds a predeter-
mined concentration Cp, respectively.
[0033] The use of a step-up converter 25 may be in-
cluded adapted to increase the voltage coming from the
thermoelectric generators 20 (which may vary from ap-
proximately 20-30 mV to 300-400 mV) to the reference
voltage of the standard electronics available in com-
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merce (typically 2.35V, 3.3V, 4.1V and 5V) for supplying
the various devices in the means 30, as shown in figure 6.
[0034] The unit 31 autonomously manages the possi-
ble surplus of energy addressing it to the battery 40 and
loading it, The unit 31 preferably comprises a microcon-
troller 32 and a memory 33 but may comprise only ana-
logue type devices.
[0035] The microcontroller 32 is programmed with a
firmware, installed in memory 33, to manage the devices
41-43, a data acquisition device 44, the charge accumu-
lator 40 and a wireless interface 45. The firmware pref-
erably works by either simultaneously or sequentially ac-
tivating the various devices supplied by the thermoelec-
tric generators 20, i.e, the devices 40-45; energy con-
sumption peaks are not generated in this manner. For
example, devices 41-43 are activated in subsequent in-
stances T1, T2 and T3, the data acquisition unit 44 of the
various sensors is activated in an instant of time T4 sub-
sequent to the instances of time T1-T3, the visual or
acoustic alarm devices 47 are activated in a subsequent
instant of time T5 and the wireless interface 45 is acti-
vated in a subsequent instant of time T8. The firmware
determines, in given conditions, the accumulation of the
surplus of energy in the accumulator 40. The energy
stored herein may be used, for example, to guarantee
remote communication of the system state by means of
wireless transmission, preferably of GSM type, also in
adverse conditions.
[0036] The various devices 40-45 may send signals
on their state to the processor 32 by exploiting the ana-
logue or digital inputs thereof. The microcontroller is pro-
grammed with a software appropriately compiled for
managing the communication with the output devices 42,
43 according to the state of the sensors 41. The commu-
nication with the devices occurs by means of the ana-
logue or digital outputs of the microcontroller and allows,
for example, to turn on the indicating LEDs, to activate a
display or a buzzer which emits an acoustic signal. Fur-
thermore, the warning or monitoring signal may not be
displayed or emitted only locally but may be transmitted
to a more or less remote receiving station by means of
wireless communication of GSM,
[0037] All analogue electronics are used in absence
of a microprocessor. Such a configuration may be of con-
siderable interest if one does not want to use a micro-
processor (to reduce product and development costs or
current consumption) and low-cost, low-current-con-
sumption integrated circuits are available to develop a
level comparator adapted for the purposes above (i.e.
one or a set of integrated circuits capable of evaluating
the signal level output from one or more sensors and
comparing it with a reference threshold for the purpose
of activating or deactivating the alarm signal).
[0038] The energy of the thermoelectric generators 20
may be intended for a generic external use (an electrical
or electronic device). The heating apparatus according
to the invention preferably comprises an electrical termi-
nal 70 connectable to said external device of the appa-

ratus so that the external device is electrically supplied
by the thermoelectric generators 20. The electrical ener-
gy intended to the external device is preferably managed
by the unit 31.
[0039] The walls 113 and 114 of the element 111 may
constitute both the high-temperature wall and the low-
temperature wall for the at least one thermoelectric gen-
erator 20 inserted in the element 111. Indeed, as visible
in the diagrams in figures 8 and 9, when the boiler 1 is
cold-started, the fluid in the heat exchanger 4 is cooler
than the fumes 200, and consequently the wall 114 is at
low temperature while the wall 113 is at high temperature;
the energy produced by the thermoelectric generators
20 inside the element 111 is proportional to the area un-
der the curves in figures 8-9.
[0040] At steady condition instead the fluid in the heat
exchanger 4 is hotter than the fumes 200, thus the wall
114 is at high temperature while the wall 113 is at low
temperature.
[0041] The diagram in figure 8 shows the voltage E
generated by the thermoelectric generators of the boiler
1 according to the time if at steady condition there is an
intermittent use of the boiler, e.g. the boiler is associated
to a radiator which dissipates heat in approximately con-
stant manner.
[0042] The diagram in figure 9 shows the voltage E
generated by the thermoelectric generators of the boiler
1 according to the time if at steady condition there is an
intermittent use of the boiler with punctual boiler loads,
e.g. the boiler is associated to a radiator which dissipates
heat in approximately constant manner and to episodic
high dissipation loads related to high instantaneous heat
consumption (sanitary hot water).

Claims

1. A fluid heating apparatus comprising a body (1) pro-
vided with at least one heat generator (3) and heat
exchanger means (4) adapted to allow the passage
of said fluid within the body and to engage said heat
generator for heating the fluid, said heat generator
producing combustion fumes, characterized in that
it comprises further means (110) provided with at
least one first wall (113) substantially in contact with
said combustion fumes and a second wall (114) in
contact with said heat exchanger means, said further
means (110) comprising at least one thermoelectric
generator (20) supplied by the temperature differ-
ence between said first and second wall.

2. An apparatus according to claim 1, characterized
in that it comprises further means (30) electrically
supplied by said at least one thermoelectric gener-
ator (20), said other means comprising at least one
sensor (41) adapted to detect data on a character-
istic magnitude of the apparatus.
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3. An apparatus according to claim 1, characterized
in that said other means (30) comprise a battery
(40) for accumulating the unused electricity.

4. An apparatus according to claim 2, characterized
in that said other means (30) comprise at least one
device (44) adapted to acquire the data detected by
said at least one sensor (40) and at least one alarm
device (42) activated when said at least one data
detected by the sensor exceeds a given threshold
(Tp, Up, Cp).

5. An apparatus according to claim 3, characterized
in that said other means (30) comprise an interface
(45) for sending detected data to an external unit of
the apparatus.

6. An apparatus according to one of the claims from 2
to 5, characterized in that said other means (30)
comprise a unit (31) for the management of the elec-
tricity produced by the at least one thermoelectric
generator (20), said unit (31) being adapted to dis-
tribute electricity to said at least one sensor (41), to
said detected data acquisition device (44), to said
alarm device (42) and to a battery (46) for accumu-
lating the unused energy.

7. An apparatus according to claim 6, characterized
in that said management unit (31) comprises a mi-
croprocessor (51) and a memory (52) in which an
application software is installed and executed.

8. An apparatus according to claim 1, characterized
in that it comprises a finned element (180) structured
to intercept the combustion fumes (200) generated
by the heat generator (3), said finned element being
in contact with said first wall (113) and said boiler (1)
being structured so that said combustion fumes
(200) cross said heat exchanger (4) before being
intercepted by said finned element.

9. An apparatus according to claim 1, characterized
in that said further means (110) comprise a first el-
ement (111) with a first wall (113) in contact with the
combustion fumes (200) and a second wall (114) in
contact with said heat exchanger (4) and a second
element (112) with a first wall (116) in contact with
the heat generator (3) and a second wall (115) in
contact with said heat exchanger (4), said first and
second element each comprising at least one ther-
moelectric generator (20) supplied by the tempera-
ture difference between the first (113, 116) and the
second (114, 115) wall of the respective first (111)
and second (112) element.

10. An apparatus according to claim 1 or 9, character-
ized in that said apparatus is a boiler, said body (1)
is of cylindrical type and comprises a hollow part (2),

in which said heat generator (3) is accommodated,
said heat exchanger means (4) being adapted to en-
velop said heat generator (3), said body (1) compris-
ing an end closing element (150) of an end (10) of
said hollow part (2) in contact with the heat exchang-
er means (4), the second wall (114, 115) of said fur-
ther means (110) being in contact with said closing
element (150) of an end (10) of said hollow part (2).

11. An apparatus according to claim 1, characterized
in that said further means (110) are removable.

12. An apparatus according to claim 9, characterized
in that said further means (110) comprise an insu-
lating material wall (15) adjacent to the first wall (116)
of the second element (112) of the further means
(110) and interposed between the heat generator (3)
and second first wall of the second element (112).

13. An apparatus according to claim 1, characterized
in that is comprises at least one electrical terminal
(70) connectable to an external device of the appa-
ratus so that said external device is electrically sup-
plied by said at least one thermoelectric generator
(20).

14. An apparatus according to claim 1, characterized
in that during a starting condition of said heating
apparatus, said first wall (113) of said further means
(110) is at a higher temperature than said second
wall (114) and during a steady condition of said heat-
ing apparatus said first wall (113) of said further
means (110) is at a lower temperature than said sec-
ond wall (114).

15. An operating method of a fluid heating apparatus as
disclosed in claim 1, characterized by comprising
a startling step wherein said first wall (113) of said
further means (110) is at a higher temperature than
said second wall (114) and a steady step wherein
said first wall (113) of said further means (110) is at
a lower temperature than said second wall (114).
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