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FIG. 1a

(57) Abstract: A device for radiance heating of rooms (A) comprising a burner (2) with a combustion chamber (5), a chimney (4)
in fluid connection with said chamber (5) for ejecting the combustion products of said burner (2), heating means (3) in operative
connection with said combustion chamber (5) and configured to produce a heat carrier fluid comprising at least one gaseous
phase, wherein said heating means (3) comprise a circuit (9) with an outer heat-conducting radiating surface (12) designed for di-
rect contact with the room (A) for radiant heating thereof. The combustion chamber (5) has an outlet (8) for said combustion prod-
ucts directly connected to said radiant circuit (9), and said chimney (4) comprises a heat recuperator (16) for at least partial recov -
ery of sensible heat and latent heat from the combustion products of said burner (2), said recuperator (16) comprising a secondary
circuit (17) for a recuperator fluid to flow therethrough, which can be associated with a heating circuit (9; 21) susceptible of at
least partially returning the recovered heat to the room (A).
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HIGH EFFICIENCY DEVICE FOR HEATING ENVIROMENTS AND
HEATING SYSTEM COMPRISING SUCH DEVICE

Field of the invention

The present invention generally finds application in the field of heating
devices and systems, and particularly relates to a room heating device, as

well as a heating system comprising such device.

Background art

Room heating, for both industrial and civil uses, is known to be obtained

using various technologies.

A typical heating system comprises a burner adapted to burn an air-fuel
mixture, generally methane gas, to produce high temperature combustion

products.

The latter may be used to heat a working fluid, such as water, which is
designed to circulate in a radiant circuit at least partially located in the room
to be heat to transfer part of the heat thereto.

For instance, EP0228569 discloses a heating system in which combustion
products exc'hange heat with a heating system in which water is forcibly
circulated to be conveyed, in heated form to a radiator located in the room to
be heated.

Once combustion products have released part of their heat to the liquid, they

are exhausted through an exhaust chimney.

A similar system is also disclosed in US 4079778, in which combustion
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products from a furnace are forced to circulate in an exhaust conduit about
which a circuit, with liquid circulating therein, is coiled. The liquid so heated is
conveyed to a radiator located in the room to be heated.

Nevertheless, these solutions have the apparent drawback of not allowing
optimal exploitation of heat of combustion products, due to the heat
exchange with the liquid and inevitable heat losses along the path followed

by the liquid from the heat exchange zone to the radiant element.

WO02/44627 discloses a heating system comprising, as is known, a boiler -

designed to contain water to be heated by gas combustion.

Combustion products are conveyed to a radiant circuit that extends through a
room to release part of the residual heat thereto, thereby providing radiant

heating and to be later exhausted through an exhaust chimney.

Nevertheless, radiant heating produced by flue gases is secondary and
irrelevant, because most of the heat of the combustion products is released
to the liquid in the boiler, whereby combustion products reach the radiant

circuit in relatively cold form.

Furthermore, one or more heat exchangers are also placed in the radiant
circuit, for reclaiming a further part of heat from flue gases to release it to a

liquid designed to be conveyed to another room to be heated.

Nevertheless, this additional heat exchange step is also affected by serious
inefficiencies, because a considerable part of the heat released to the liquid
is lost in its flow toward the room to be heated.

Furthermore, the carrier fluid downstream from these heat exchangers is at

an excessively low temperature, which is not sufficient to maintain adequate
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radiant efficiency, and considerably lowers performance.

A further drawback of the above systems is that none of them affords
sufficient reclamation of heat associated with combustion products, which
flow out of the chimney at a much higher temperature than ambient

temperature.

Finally, the European Patent EP-B1-0647819 discloses a heating system
which essentially includes a burner, a radiant circuit and a chimney for

exhaustion of the combustion products of the burner.

The burner is adapted to burn an air-fuel mixture to introduce the combustion
products into the radiant circuit. The latter is placed in the room to be heated
and generally has one or more tubular conduits having a heat-conducting
peripheral surface, which is designed to be in direct contact with the room to

be heated, to transfer the heat of the products thereto by radiation.
This device has been found to be particularly efficient, and to exhibit a high
thermal efficiency, but is still susceptible of improvements concerning energy

efficiency itself.

Disclosure of the invention

The object of the present invention is to at least partially overcome the above
drawbacks, by providing a highly energy-efficient radiant heating device.

Another object of the invention is to provide a system that effectively returns
the heat reclaimed from the flue gases of a radiant heating device.

These and other objects, as better explained hereafter, are fulfilled by a
radiant heating device as defined in claim 1.

3
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The provision of a radiant circuit having a conduit with an outer heat-
conducting peripheral surface in direct contact with the room to be heated
and through which a fluid having a high-temperature gaseous phase is
conveyed, will provide highly efficient room heating.

Furthermore, the provision of the heat recuperator affords reclamation of both
the sensible heat from the flue gases and the latent heat from evaporation of
the combustion products of the burner, which considerably increases the

energy efficiency of the device.

The output of the cooling circuit may be adapted to be in fluid connection with
a heating circuit of a second heating device that can be located in the room

to heat it in cooperation with the radiant circuit.

As used herein, the term “cooling circuit” or derivatives thereof is intended to
designate a fluid path in which fluid circulates in the liquid and/or gaseous

states, for acquiring heat by exchange with another fluid.

As used herein, the term “recuperator fluid” or derivatives thereof is intended
to designate a fluid in the gaseous and/or liquid states, circulating in a cooling

circuit and designed to acquire heat by exchange with another fluid.

As used herein, the term “heating circuit” or derivatives thereof is intended to
designate a fluid path in which fluid circulates in the liquid and/or gaseous

states, for releasing heat by exchange with another fluid.

As used herein, the term “heating fluid” or derivatives thereof is intended to
designate a fluid in the gaseous and/or liquid states, circulating in a heating
circuit and designed to release heat by exchange with another fluid.
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As used herein, the term “radiant circuit’ or derivatives thereof is intended to
designate a fluid path in which a heat carrier fluid circulates to heat, mainly

by radiation, the room in which the circuit is integrated.
In a further aspect, the invention relates to a room heating system as defined
in claim 12. The first heating device may have one or more of the

characteristics as defined in claims 1 to 11.

Thus, the sensible heat and/or the latent evaporation heat reclaimed from the

combustion products of the burner may be effectively returned to the room.

Advantageous embodiments of the invention are defined in accordance with

the dependent claims.

Brief description of the drawings

Further characteristics and advantages of the invention will become more
apparent upon reading of the detailed description of a few preferred, non
exclusive embodiments of a device and a system of the invention, which are
described as non limiting examples with the help with the accompanying
drawings in which:

FIG. 1a is a schematic view o a first embodiment of the device 1;

FIG. 1b is a schematic view of a second embodiment of the device 1;

FIG. 1c is a schematic view of a third embodiment of the device 1;

FIG. 2 is a schematic sectional view of a burner 2 of the device of Fig.
1a;

FIG. 3 is a schematic sectional view of an exemplary embodiment of
the chimney 4 of the device 1, in which the fluid path of flue gases is shown
by empty arrows, whereas the fluid flow path of the cooling fluid is shown by
solid arrows;

FIG. 4a is a schematic view of a first embodiment of the system 31,

5
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which integrates the embodiment of the device 1 of FIG. 1a;
FIG. 4b is a schematic view of a second embodiment of the system
31, which integrates the embodiment of the device 1 of FIG. 1a.

Detailed description of a preferred embodiment

Referring to the above figures, the device of the invention, generally
designated by numeral 1, is particularly useful for radiant heating of rooms A,
preferably medium-to-large, preferably closed rooms, as shown in Figures 4a

and 4b by broken lines.

Three different exemplary configurations for the device of the invention are

shown in Figs. 1a, b, c.

Basically, the device 1 comprises a burner 2, that can burn an air/fuel
mixture, heating means 3 and a chimney 4 for exhaustion of the combustion

products of the burner 2.

For example, the fuel may be a fluid selected, by way of example, from the

group comprising methane, butane, propane, gasoil or the like.

As shown in the scheme of Fig. 2, the burner 2 basically comprises a
combustion chamber 5 having an inlet 6 for the fluid or fuel mixture, mixture
burning means 7 for obtaining combustion products having at least one

gaseous phase.

The combustion products have a predetermined combustion temperature,

whose value depends on the particular fluid being burnt.

The combustion chamber 5 also has an outlet 8 for the combustion products

that are still substantially at the combustion temperature. The heating means

6
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3 comprise in turn a radiant circuit 9 that may be basically composed, as is
known, of at least one closed-loop conduit or pipe 10, with a forward branch
10' and a backward branch 10". The conduit 10 can be placed in the room A,

preferably in the higher part thereof,where it can be heated by radiant heat.

Furthermore, the heating means 3 are operably connected with the outlet 8 of
the combustion chamber 5 and are configured to produce a heating fluid
having at least one gaseous phase, which is designed to be carried into the

conduit 10 and circulate therein.

For this purpose, the latter has an inlet 11 for the heating fluid and an outer
heat-conducting peripheral surface 12 designed to be in direct contact with
the room A to be heated, so that the heat of the heating fluid may be directly
transferred thereto by radiant heating. ’

In order to further improve heat efficiency, the conduit 10 may be held in an
insulated housing frame, not shown, e.g. made of galvanized steel,
coextending with the conduit 10 and having an open-sided cross section, so
that the only exposed portion is the longitudinal portion of the outer peripheral

surface 12 designed to face downwards toward the room to be heated A.

In a first embodiment, as shown in FIG. 1a, the burner 2 is directly connected
with the radiant circuit 9, so that high temperature flue gases of the former
are directly introduced into the latter and act as a carrier fluid for radiant

heating of the room A.

In this case, the device 1 may include a fan or a similar means 13, which is
adapted to circulate the flue gases in the closed-loop conduit 10 that forms
the radiant circuit 9. For minimized space requirement, both the burner 2 and
the fan 13 may be contained in a box-like body 14.
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In a further embodiment, as shown in Fig. 1b, the burner 2 may operably
interact with a steam generator 15. The latter may be in fluid connection with
the radiant conduit 10, so that the generated steam may be introduced
therein, and act as a carrier fluid for radiant heating of the room A. Both the
burner 2 and the steam generator 15 may be contained in the box-like body
14.

The chimney 4 may comprise a heat recuperator 16, e.g. a capacitor, more
clearly shown in Fig. 3, which has a secondary cooling circuit 17 adapted to
exchange heat with the flue gases flowing out of the burner 2 to at least

partially draw both sensible heat and latent evaporation heat therefrom.

For this purpose, the secondary circuit 17 may include an inlet 18 for a
recuperator fluid, which may preferably be a liquid. Advantageously, the

latter may be selected from water and/or glycol.

In a preferred, non limiting embodiment of the device 1, as shown in FIG. 1c,
the burner 2 may operably interact with a steam generator 15, which may be
in fluid connection with the radiant circuit 9 so that the generated steam may

be introduced therein.

The radiant circuit 9 may in turn be in fluid connection with the inlet 18 of the
secondary circuit 17, for the fluid circulating therein to both act as a carrier
fluid in the radiant circuit 9 for radiant heating of the room A and as a cooling
fluid in the circuit 17.

Thus, the latter will be preheated in the chimney 4 before accessing the
steam generator 15, thereby increasing the energy efficiency of the device 1.

On the other hand, as shown for instance in FIGS. 4a and 4b, the cooling

circuit 17 may have an outlet 18 that may be connected to the inlet 20 of the
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heating circuit 21 of a second heating device 22, also designed to be placed

in the room A, for heating thereof in combination with the radiant circuit 9.

The cooling circuit 17, that may be of any type, may operably interact with the
heating circuit of the chimney 4, also of any type, so that the fluids circulating
therein, i.e. the recuperator or cooling fluid and the heating fluid respectively,

exchange heat with each other.

As a result, the flue gases from the burner 2 will flow over the secondary
circuit 17 that contains the recuperator fluid, as shown in Fig. 3. Thus, the

heat drawn from flue gases may be effectively returned to the room A.

Preferably, the chimney 4 may include a heat exchange chamber 23 that
may define a heating circuit of the chimney 4, with an inlet in fluid connection
with the burner 2 for collecting combustion products, and an outlet 25 in fluid
connection with the outside, to disperse the flue gases outside once they

have been cooled, thereby minimizing thermal pollution thereof.

Still as shown in Fig. 3, the secondary circuit 17 may consist of a pipe 26,
advantageously located in the chamber 23, so that the flue gases of the
burner 2 flowing in the chamber 23 can flow over the outer surface 27 of the
pipe 26.

Furthermore, in order to maximize the heat exchange surface, the pipe 26
may be a coil having a generally elliptical plan shape, with a maximum
dimension D4 smaller than the diameter D, of the chamber 23.

This particular configuration of the pipe 26 allows flue gases to be directed
between the turns thereof, thereby increasing the heat exchange surface and
hence the energy efficiency of the device 1.
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Also, a plurality of baffles 28 may be provided, appropriately arranged to
increase the flue gas turbulence, thereby further improving heat exchange

and hence energy efficiency of the device 1.

Also, the chamber 23 may conveniently comprise an insulation jacket 29 at

its periphery.

Advantageously, the pipe 26 that forms the secondary circuit 17 may be of
modular type, i.e. comprising a plurality of pipe branches of known surface
area, for instance and without limitation the two branches 26', 26" in fluid

connection with each other.

This configuration imparts a higher versatility to the heat recuperator 16,
which may be conveniently sized, according to the required exchange

surface, by assembling multiple prefabricated modules.

A condensation drain 30 may be conveniently provided on the bottom of the
chamber 23.

In a further variant, not shown, that may be particularly implemented with
devices as shown in Figs. 1b, ¢, vacuum means may be provided for creating
a negative pressure in the radiant conduit 10, thereby facilitating the

formation of steam at low temperatures.

The device 1 may be part of a room A heating system 31 as shown in FIGS.
4a and 4b. While these figures show embodiments of the system 31 that
include the device 1 as shown in FIG. 1a, it shall be understood that the
system 31 may include the device 1 as shown in FIG. 1b or 1c, or possibly a
combination of two or more of these, without departure from the scope as set
forth in the annexed claims.

10
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In short, the system 31 may generally comprise a first heating device,
consisting of the device 1, and a second heating device 22. The two heating
devices 1 and 22 may have heating means 3, 3’, both located in the room A,
for combined heating thereof.

The heating circuit 21 of the second heating device 22 may have the inlet 20
in fluid connection with the outlet 19 of the secondary circuit 17 of the heat
recuperator 16, so that the heat extracted from the flue gases of the burner 2

may be returned to the room A.

Advantageously, the outlet 37 of the heating circuit 21 of the second heating
device 22 may be in fluid connection with the inlet 18 of the secondary circuit
17 of the heat recuperator 16, with suitable cooling fluid pumping means 32

interposed therebetween.

Advantageously, these pumping means 32 may include either a pump or the
like if the cooling fluid is a liquid, or a compressor or the like of the cooling
fluid is a gas.

Valve means 33, e.g. a ball valve, may be suitably provided to regulate the

flow of cooling fluid in the circuits 17 and 21.

The second heating device 22 may be of any type, provided its heating circuit
21 is in fluid connection with the secondary circuit 17 of the heat recuperator
16 so that the cooling fluid circulating therein is also the heating fluid that
circulates in the first.

The second heating device 22 may heat the room A by convection heating

and/or radiant heating.

In a preferred, non-limiting embodiment, as shown in FIG. 4a, the second

11
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heating device 22 may include a box-like body 34, with the heating Circuit 21
contained therein, and means for forced convection of outside air on said

heating circuit 21 and introduction of the air so heated into the room A.

For instance, there may be a fan, not shown and known per se, for drawing
air from outside, causing it to flow over the heating circuit 21 and introducing

it into the room A once it has been heated.

The fan may draw air both directly from the room A to be heated and outside
it, for pre-heating fresh air, thereby further increasing the efficiency of heat

exchange in the second heating device 22.

For this purpose, the box-like body 34 may have one or more apertures for
putting the heating circuit 21 in fluid communication with the outside and/or

with the room A, which are not shown and also known per se.

Particularly, in this embodiment, the second heating device 22 may be a fan
heater or a similar device.

In another embodiment, as shown in Fig. 4b, the second heating device 22
may comprise a main body 35 with a plurality of radiant tubes 36, which are

located in the room for radiant heating thereof.

In this embodiment, the heating circuit 21 is composed of the radiant tubes
36 of the main body 35. As a result, the heating fluid also acts as a heat
carrier fluid, and heats the room A directly, with no further intermediate heat
exchange.

Therefore, the fluid that circulates in the closed loop for fluid connection
between the inlet 18 and the outlet 19 of the cooling circuit 17, the inlet 20

and the outlet 37 of the heating circuit 21 will first act as a cooling fluid in the

12
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secondary circuit 17 of the heat recuperator 16 and then also both as a
heating fluid and as a heat carrier in the heating circuit 21, to entirely return
the extracted heat to the room.

Particularly, in this embodiment, the second heating device 22 may be one or

more water and/or steam radiant panels.

The above disclosure clearly shows that the device and system of the
invention achieve the intended objects. Particularly, by mounting the heat
recuperator 16 to the chimney 4, both sensible and latent heat may be
reclaimed from the flue gases of the burner 2, which will increase the energy

efficiency of the device 1.

Fluid connection between the secondary circuit 17 and the heating circuit 21
also allows the reclaimed heat to be effectively returned to the room A.
Therefore, a single evolving fluid circulates in both circuits, and acts as a

cooling fluid in the circuit 17 and as a heating fluid in the circuit 21.

The device and system of the invention are susceptible to a number of
changes or variants, within the inventive concept disclosed in the appended
claims. All the details thereof may be replaced by other techhically equivalent
parts, and the materials may vary depending on different needs, without

departure from the scope of the invention.

While the device and system have been described with particular reference
to the accompanying figures, the numerals referred to in the disclosure and
claims are only used for the sake of a better intelligibility of the invention and

shall not be intended to limit the claimed scope in any manner.
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CLAIMS

1. A device for radiance heating of rooms (A), comprising:

- a burner (2) with a combustion chamber (5);

- a chimney (4) in fluid connection with said chamber (5) for the
expulsion of the combustion products of said burner (2);

- heating means (3) operably connected with said combustion
chamber (5) and designed to produce a heating carrier fluid comprising at
least one gaseous phase;

wherein said heating means (3) comprise a circuit (9) with an outer
heat-conducting radiating surface (12) designed for direct contact with the
room (A) for radiance heating thereof.

characterized in that said combustion chamber (5) has an outlet (8) for
said combustion products directly connected to said radiant circuit (9), and
that said chimney (4) comprises a heat recuperator (16) for at least partial
recovery of sensible heat and latent heat from the combustion products of
said burner (2), said recuperator (16) comprising a secondary circuit (17) for
a recuperator fluid to flow therethrough, which can be associated with a
heating circuit (9; 21) adapted for at least partially returning the recovered
heat to the room (A).

2. A device as claimed in claim 1, characterized in that said chimney (4)
comprises a heat exchange chamber (23) with an inlet (24) in fluid
connection with said burner (2) for collecting the combustion products thereof
and an outlet (25) in fluid connection with the outside, said secondary circuit
(17) comprising a pipe (26) located in said heat exchange chamber (23) for
the flue gases of the burner (2) to lick over the outer surface (27) thereof.

3. A device as claimed in claim 2, characterized in that said pipe (26) is a
coil having a generally elliptical plan shape, with a maximum dimension (D1)
smaller than the diameter (D-) of said heat exchange chamber (23).

14
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4. A device as claimed in claim 2 or 3, characterized in that said heat
exchange chamber (23) comprises a plurality of baffles (28) for increasing
flue gas turbulence.

5. A device as claimed in one or more of claims 2 to 4, characterized in
that said pipe (26) is of modular type, with a plurality of prefabricated piping

branches (26’, 26”) in fluid connection with each other.

6. A device as claimed in one or more of claims 2 to 5, wherein said heat

exchange chamber (23) comprises an insulation jacket (29).

7. A device as claimed in one or more of claims 2 to 6, wherein said heat
exchange chamber (23) comprisesd an opening (30) for condensation

drainage.

8. A device as claimed in one or more of the preceding claims, wherein
said burner (2) is directly connected to a radiant conduit (10) to introduce
therein said combustion products substantially at said combustion
temperature.

9. A device as claimed in one or more of claims 1 to 7, comprising a steam
generating device (15) in fluid connection with said outlet (8) of said
combustion chamber (5) of said burner (2) and with said inlet (11) of said

radiant conduit (10) to introduce the generated steam therein.

10. A device as claimed in the preceding claim, wherein said radiant
conduit (10) is in fluid connection with the inlet (18) of said secondary circuit
(17).

11. A device as claimed in one or more of the preceding claims, wherein

15
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said recuperator fluid is a liquid, preferably selected from water and/or glycol.

12. A system for heating of rooms (A), comprising:

- at least one first radiant device (1) as claimed in one or more of
the preceding claims, and having a radiant circuit (9) with at least one radiant
conduit (10) having an outer heat-conducting radiating surface (12) designed
for direct contact with the room (A) for radiant heating thereof;

- at least one second heating device (22) also located in the room
(A) for heating it in combination with said first device (1), said at least one
second heating device (22) comprising a heating circuit (21);

wherein said heat recuperator (16) has the outlet (19) in fluid
connection with the inlet (20) of the heating circuit (21) of said at least one

second heating device (22).

13. System as claimed in the preceding claim, wherein the outlet (37) of
said heating circuit (21) of said at least one second heating device (22) is in
fluid connection with the inlet (18) of said cooling circuit (17) of said heat
recuperator (16), with cooling fluid pumping means (23) possibly interposed

therebetween.

14. System as claimed in claim 12 or 13, wherein said at least one second
heating device (22) includes a box-like body (34), with the heating circuit (21)
contained therein, and means for forced convection of outside air on said

heating circuit (21) and introduction of the air so heated into the room (A).

15. System as claimed in claim 12 or 13, wherein said at least one second
heating device (22) comprises a main body (35) with a plurality of radiant
tubes (36) placed in the room (A) for radiance heating thereof, said heating
circuit (22) being constituted by said radiant tubes (22).

16
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