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(54) MULTI-FUEL STOVE

(57)  Multi-fuel stove (1) comprising a combustion
chamber (2) configured to receive one or more fuels and
an oxidiser; a flue gas suction duct (3) connected to the
combustion chamber (2) and in fluid communication with
the combustion chamber (2); sensors (4) connected to
the combustion chamber (2) and/or to the flue gas suction
duct (3), said sensors (4) being configured to generate
operating data (10) representative of at least one of ox-
ygen concentration, temperature or pressure inside the
flue gas suction duct (3), temperature or mass of fuels
inside the combustion chamber (2); a control unit (5) com-
prising: an acquisition module (50) placed in signal com-
munication with the sensors (4) to receive operating data
(10) and configured to receive adjustment data repre-
sentative of a stoichiometric ratio; a processing module
(51) in signal communication with the acquisition module
(50) and configured to generate a control signal (12)
based on the operating data (10) and the adjustment da-
ta; an actuation module (52) in signal communication with
the processing module (51) to receive said control signal
(12) and configured to adjust, according to the control .
signal (12), the amount of fuel and oxidiser received by F|g 1
the combustion chamber (2).
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Description
Technical field

[0001] The present invention relates to a multi-fuel
stove, in particular one which can be used with both solid
and gaseous fuels, such as pellets and hydrogen gas.

Background

[0002] It is known in the state of the art to use stoves
that comprise a combustion chamber configured to re-
ceive a solid fuel and an oxidiser. In the known art, com-
bustion takes place inside such chamber.

[0003] The stove comprises a flue gas collection duct
connected to the combustion chamber to eject flue gas
produced by combustion.

[0004] The stove of the known type also comprises a
control unit configured to adjust the supply of solid fuel
to the combustion chamber and the flue gas extraction
rate from the same chamber. The prior art control unit
has an intermittent operation set by a specialised tech-
nician based on the type of fuel used in the stove. In
particular, the fuel enters the combustion chamber inter-
mittently according to the control unit setting. The fuels
used in known stoves include pellets, wood, nutshells
and similar biomasses.

[0005] This implies that the operating parameters of
the stove of the known type are predefined and cannot
be changed by a user. In fact, whenever changing the
type of fuel used for combustion is required, it is neces-
sary for a specialised technician to set up again the stove
control unit of the known type.

Problem of the prior art

[0006] The stove of the known type is little versatile,
as itis pre-set to use a single type of fuel. Indeed, a user
cannot decide for himself to use a different type of fuel,
which is for instance cheaper at a given time.

[0007] Inaddition, since the fuel supply to the combus-
tion chamber takes place in a predefined intermittent pat-
tern, it is common to have incomplete combustion and
consequently inadequate use of the same fuel.

Summary of the invention

[0008] Within this context, the technical task underly-
ing the present invention is to provide a multi-fuel stove
which overcomes the drawbacks of the prior art.

[0009] In particular, it is the purpose of the present in-
vention to propose a multi-fuel stove thatis more efficient,
versatile and with a lower environmental impact.

[0010] Thedefined technicaltask and the specified ob-
jects are substantially achieved by a multi-fuel stove com-
prising the technical characteristics set forth in one or
more of the appended claims.
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Advantages of the invention

[0011] Thepresentinventionsolves the technical prob-
lem. As a matter of fact, it is possible to create a multi-
fuel stove that makes it possible to reduce the pollutants
produced during use.

[0012] It is also possible to create a multi-fuel stove
that can independently control the operating parameters
depending on the fuel used.

[0013] It is also possible to create a multi-fuel stove
that makes effective use of different types of fuel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Further characteristics and advantages of the
present invention will become more apparent from the
indicative and thus non-limiting description of a preferred,
but not exclusive, embodiment of a multi-fuel stove,
shown in the accompanying drawings, wherein:

- Figure 1is a partial section perspective side view of
a multi-fuel stove in accordance with the presentin-
vention;

- Figure 2 is a partial section perspective side view of
the stove of Figure 1;

- Figure 3 is a perspective section view of one first
embodiment of a detail of the stove of Figure 1;

- Figure 4 is a perspective section view of a second
embodiment of a detail of the stove of Figure 1;

- Figure 5is a perspective view of a detail of the stove
of Figure 1;

- Figure 6 is a perspective view of a detail of the detail
of Figure 5;

- Figure 7 is a block diagram representing the opera-
tion of the stove of Figure 1.

DETAILED DESCRIPTION

[0015] With particular reference to the appended fig-
ures, number 1 denotes a multi-fuel stove object of the
present invention.

[0016] The multi-fuel stove 1 comprises a combustion
chamber 2 configured to receive one or more fuels and
an oxidiser, and a flue gas suction duct 3 connected to
such combustion chamber 2.

[0017] In particular, the combustion chamber 2 has a
plurality of openings (not indicated in the enclosed fig-
ures) and is configured to receive the fuels and the oxi-
diser and eject the flue gas produced by combustion
through these openings.

[0018] The flue gas suction duct 3 is in fluid communi-
cation with the combustion chamber 2 and is preferably
connected to an opening of the same chamber.

[0019] The multi-fuel stove 1 also comprises sensors
4 connected to the combustion chamber 2 and/or the flue
gas suction duct 3. The sensors 4 are configured to gen-
erate operating data 10 representative of at least one of
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oxygen concentration, temperature or pressure within
the flue gas suction duct 3, temperature or mass of fuels
within the combustion chamber 2.

[0020] The multi-fuel stove comprises a control unit 5
comprising at least an acquisition module 50, a process-
ing module 51 and an actuation module 52.

[0021] The acquisition module 50 is placed in signal
communication with the sensors 4 to receive operating
data 10 and is configured to receive adjustment data rep-
resentative of a stoichiometric ratio. The adjustment data
may be representative of the heat output of the stove.
[0022] The processing module 51 is in signal commu-
nication with the acquisition module 50 and is configured
to generate a control signal 12 based on the operating
data 10 and the adjustment data.

[0023] The actuation module 52 is placed in signal
communication with the processing module 51 to receive
the control signal 12 and is configured to adjust, accord-
ing to the same control signal 12, the amount of fuel and
oxidiser received by the combustion chamber 2.

[0024] It should be noted that the adjustment of the
amounts of fuel and oxidiser is carried out according to
the control signal 12 which is updated automatically and
constantly when the stove 1 is in use.

[0025] Advantageously, adjusting the amount of fuel
and oxidiser received by the combustion chamber 2 al-
lows complete combustion of the fuel. It is therefore pos-
sible to create a multi-fuel stove 1 that is more efficient,
versatile with an automatic control of combustion param-
eters.

[0026] Preferably, the actuation module 52 is config-
ured to interrupt the operation of the stove 1 according
to the control signal 12. In particular, the actuation module
52 can interrupt the combustion inside the combustion
chamber 2 if necessary. This is advantageous, as it
makes it possible to create a safe multi-fuel stove.
[0027] Still preferably, the control unit 5 comprises a
storage module configured to store at least one of the
operating data 10, the adjustment data and the control
signal 12. The storage module is placed in signal com-
munication with the acquisition module 50 and the
processing module 51. In particular, the adjustment data
are stored on the storage module during the manufac-
turing phase of the multi-fuel stove 1.

[0028] In one embodiment, the sensors 4 comprise a
lambda probe 40 connected to the flue gas suction duct
3 and configured to generate concentration data repre-
sentative of the oxygen concentration in the flue gas suc-
tion duct 3. In particular, operating data 10 comprise con-
centration data. It is possible to continuously and auto-
matically determine, by means of the concentration data,
whether combustion within the combustion chamber oc-
curs at the correct stoichiometric ratio.

[0029] In particular, the lambda probe 40 makes it pos-
sible to determine whether the supply of fuel and oxidiser
to the combustion chamber 2 is correct. This is advanta-
geous as it allows to adjust the amount and loading rate
of fuel and oxidiser into the chamber 2 in such a way that
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the ratio between the two is kept constant and equal at
a predefined value.

[0030] In particular, if the oxygen concentration in the
flue gas suction duct 3 exceeds a predefined concentra-
tion value, the control unit 5 will, according to the control
signal 12, increase the fuel supply to the combustion
chamber 2 or reduce the oxidiser amount. If the oxygen
concentration is lower than the predefined concentration
value, the control unit 5 will either increase the oxidiser
supply to the combustion chamber 2 or decrease the fuel
supply according to the control signal 12. The adjustment
data may be representative of the predefined oxygen
concentration value.

[0031] According to an aspect, the stove 1 comprises
a fuel loading system 6 connected to the combustion
chamber 2, preferably, to an opening of the combustion
chamber 2.

[0032] This fuel loading system 6 comprises move-
ment means 60 in signal communication with the actua-
tion module 52. These movement means 60 are config-
ured to send one or more fuels to the combustion cham-
ber 2. In particular, the movement means 60 are config-
ured to activate according to the control signal 12. It is
possible to adjust the loading rate of fuel to the combus-
tion chamber 2 according to the control signal 12. Indeed,
the control signal 12 may be representative of the oper-
ating time of the movement means 60 and/or fuel loading
rate.

[0033] In an embodiment, the fuel loading system 6
has an inlet 6a suitable for receiving one or more fuels
and an outlet 6b connected to the combustion chamber
2. In particular, the outlet 6b of the fuel loading system 6
is connected to the combustion chamber 2 at an opening
thereof.

[0034] Preferably, the movement means 60 comprise
one or more elements 61 connected to each other and
configured to move, according to the control signal 12,
one or more fuels from the input 6a to the output 6b by
rotating each around its own axis.

[0035] The connection between the elements 61 is
configured to ensure flame safety. In detail, the connec-
tion between the elements 61 is configured to interrupt
the fluid communication between the input 6a and the
output 6b of the loading system 6. The combustion cham-
ber 2 cannot receive fuel without an activation of the
movement means 60. The elements 61 are configured
to isolate the combustion chamber 2 from fuels located
outside thereof.

[0036] Still preferably, the movement means 60 com-
prise at least one motor 62 connected to the elements
61 and configured to impose a rotational motion on each
of such elements 61. The motor 62 is placed in signal
communication with the actuation module 52 and is con-
figured to activate and determine the rotation of the ele-
ments 61 according to the control signal 12. In particular,
the rotation speed of the elements 61 is controlled by the
motor 62 according to the control signal 12. The rotation
speed of the elements 61 determines the fuel loading
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rate into the combustion chamber 2.

[0037] Referringin particularto Figure 6, each element
61 preferably has a side profile and seats 61a that are
spaced apart from each other along such side profile.
The seats 61a are configured to contain fuel. Advanta-
geously, the seats 61a are shaped to contain a known
amount of fuel. The seats 61a are configured to receive
and send a fuel as a result of a rotation of the element
61. This is advantageous as it is possible to determine
the amount of fuel sent to the combustion chamber 2
according to the rotations of the elements 61.

[0038] It should be noted that the element 61 may be
an auger or a pair of rotating drums.

[0039] In the embodiment, the flue gas suction duct 3
comprises suction means 30 in signal communication
with the actuation module 52. The suction means 30 are
configured to convey a gas from the combustion chamber
2 into the flue gas suction duct 3 according to the control
signal 12. In particular, the control signal 12 is represent-
ative of the operating time of the suction means 30. In
other words, the suction means 30 are configured to con-
vey the flue gas produced by combustion from the com-
bustion chamber 2 into the flue gas suction duct 3.
[0040] In addition, the multi-fuel stove 1 comprises an
oxidiser loading duct (not indicated in the enclosed fig-
ures) connected to and in fluid communication with the
combustion chamber 2. In particular, the oxidiser loading
duct comprises a valve 70 placed in signal communica-
tion with the actuation module 52. Preferably, the valve
70 is of the type known as a throttle valve. The valve 70
is configured to adjust the oxidiser flow through the same
duct towards the combustion chamber 2 according to the
control signal 12. In particular, the valve 70 adjusts the
supply of oxidiser to the combustion chamber 2.

[0041] In detall, if the oxygen concentration in the flue
gas suction duct 3 exceeds the predefined value, the
valve 70 will reduce the oxidiser flow inside the oxidiser
loading duct, vice versa, the flow will be increased.
[0042] In an embodiment, the stove 1 comprises a hy-
drogen generator 8 connected to the combustion cham-
ber 2. The hydrogen generator 8 is placed in signal com-
munication with the actuation module 52 and is config-
ured to generate hydrogen gas and supply hydrogen gas
as fuel for the combustion chamber 2 according to the
control signal 12.

[0043] This is advantageous, as it makes it possible to
make a stove that can use both solid and gaseous fuels.
In fact, the hydrogen gas produced by the generator 8
can be used for enriching the solid fuel in the combustion
chamber 2. In particular, the control signal 12 may be
representative of the amount and/or rate of production
of the hydrogen gas supplied as fuel to the combustion
chamber 2.

[0044] It should be noted that the use of hydrogen gas
as fuel reduces the polluting emissions produced by the
stove and allows to easily adjust the power output.
[0045] According to an aspect, the combustion cham-
ber 2 comprises a brazier 9 connected to the hydrogen
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generator 8. The brazier 9 comprises a plane 90 having
an upper surface 90a and an opposite lower surface 90b.
In particular, the brazier 9 is configured to receive one or
more fuels. In detail, the brazier 9 is configured to receive
one or more solid fuels at the upper surface 90a.
[0046] Preferably, the brazier 9 comprises a circular
body 91 connected to the plane 90. The plane 90 and
the circular body 91 define a combustion zone. In use,
combustioninside the combustion chamber 2 takes place
at the brazier 9, in particular, at the combustion zone.
[0047] Inafirstembodiment, the brazier9is configured
to receive hydrogen gas at the upper surface 90a. In par-
ticular, the circular body 91 is connected to the plane 90
and the hydrogen generator 8. The circular body 91 has
a plurality of holes 92. In detail, the holes 92 are located
near the upper surface 90a of the plane. The brazier 9
is configured to receive hydrogen gas through the holes
92.

[0048] In a second embodiment, the brazier 9 is con-
figured toreceive hydrogen gas at the lower surface 90b.
In particular, the brazier 9 comprises a pierced ring 93
located near the lower surface 90b and connected to the
hydrogen generator 8. The brazier 9 is configured to re-
ceive hydrogen gas by means of the pierced ring 93.

Claims
1. Multi-fuel stove (1) comprising:

- a combustion chamber (2) configured to re-
ceive one or more fuels and an oxidiser;
- a flue gas suction duct (3) connected to the
combustion chamber (2) and in fluid communi-
cation with the combustion chamber (2);

characterised in that it comprises:

- sensors (4) connected to the combustion
chamber (2) and/or to the flue gas suction duct
(3), said sensors (4) being configured to gener-
ate operating data (10) representative of atleast
one of oxygen concentration, temperature or
pressure inside the flue gas suction duct (3),
temperature or mass of fuels inside the combus-
tion chamber (2);

- a control unit (5) comprising:

- an acquisition module (50) placed in signal
communication with the sensors (4) to re-
ceive operating data (10) and configured to
receive adjustment data representative of a
stoichiometric ratio;

- a processing module (51) in signal com-
munication with the acquisition module (50)
and configured to generate a control signal
(12) based on the operating data (10) and
adjustment data;
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- an actuation module (52) in signal com-
munication with the processing module (51)
to receive said control signal (12) and con-
figured to adjust, according to said control
signal (12), the amount of fuel and oxidiser
received by the combustion chamber (2).

Multi-fuel stove (1) according to the preceding claim,
wherein said sensors (4) comprise a lambda probe
(40) connected to the flue gas suction duct (3) and
configured to generate concentration data repre-
sentative of the oxygen concentration in the flue gas
suction duct (3), said operating data (10) comprising
concentration data.

Multi-fuel stove (1) according to any one of the pre-
ceding claims, comprising a fuel loading system (6)
connected to the combustion chamber (2) and com-
prising movement means (60) configured to send
one or more fuels to the combustion chamber (2),
said actuation module (52) being placed in signal
communication with the movement means (60), said
movement means (60) being configured to activate
according to the control signal (12).

Multi-fuel stove (1) according to any one of the pre-
ceding claims, wherein the flue gas suction duct (3)
comprises suction means (30) in signal communica-
tion with the actuation module (52), said suction
means (30) being configured to convey a gas from
the combustion chamber (2) into the flue gas suction
duct (3) according to the control signal (12).

Multi-fuel stove (1) according to any one of the pre-
ceding claims, comprising an oxidiser loading duct
connected to and in fluid communication with the
combustion chamber (2), said oxidiser loading duct
comprising a valve (70) in signal communication with
the actuation module (52), said valve (70) being con-
figured to regulate the oxidiser flow through the ox-
idiser loading duct to the combustion chamber (2)
according to the control signal (12).

Multi-fuel stove (1) according to any one of the pre-
ceding claims, comprising a hydrogen generator (8)
connected to the combustion chamber (2), said hy-
drogen generator (8) being placed in signal commu-
nication with the actuation module (52) and being
configured to generate hydrogen gas and supply the
hydrogen gas as fuel for the combustion chamber
(2) according to the control signal (12).

Multi-fuel stove (1) according to the preceding claim,
wherein the combustion chamber (2) comprises a
brazier (9) connected to the hydrogen generator (8),
said brazier (9) comprising a plane (90) having an
upper surface (90a) and an opposite lower surface
(90b) and being configured to receive one or more
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fuels.

Multi-fuel stove (1) according to the preceding claim,
wherein the brazier (9) is configured to receive said
hydrogen gas at said upper surface (90a).

Multi-fuel stove (1) according to claim 8, wherein the
brazier (9) is configured to receive said hydrogen
gas at said lower surface (90b).
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