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(54) Device for heating air during the duty cycle of a heatig boiler

(57) Device for heating air during the duty cycle of a
heating boiler fired in particular by solid fuel or biomass,
composed of a conduit for supplying air to the furnace
and a conduit for outflow the exhaust gas from the heating
boiler into the flue, characterised in that the device has
the closed exhaust gas conduit (2) which over the length
of its connection with the flue (8) is shaped resembling
a cosine curve with advantageously vertical exhaust gas
conduits (4) adhered to the vertical air conduits (11) which

over the length of the air conduit (3) have a shape re-
sembling a sine curve, and on the last vertical conduit
(5), where the end section (7) of the exhaust gas conduit
(2) is guided to the flue (8), there is a pumping fan (6).
The closed exhaust gas conduit (2) in the shape resem-
bling a cosine curve has vertical exhaust gas conduits
(4) which decrease in volume in the flue (8) direction, and
the air conduit (3) in the shape resembling a sine curve
has vertical air conduits (11) which increase in volume
in the boiler (1) direction.
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Description

[0001] The subject of the invention is a device for heat-
ing air during the duty cycle of a heating boiler, especially
central heating water boilers fired by solid fuel or bio-
mass.
[0002] The Polish patent application No. P. 378703 re-
fers to an environment-friendly central heating water boil-
er fired by solid fuels, especially wood and coal, designed
for providing central heating in residential houses and
other objects. The water jacket surrounding the combus-
tion chamber, housed within the boiler’s body, is addi-
tionally heated from the outside by exhaust gas which
escapes through exhaust gas partitions surrounding the
water jacket. The exhaust gas partitions are thermally
insulated by chamotte bricks and mineral wool mattings.
[0003] Another known device mentioned in the Polish
patent application No. P. 380100 refers to the method of
combustion and the combustion boiler which reduces the
emission of nitrogen oxides in the exhaust gas from the
solid fuel boiler with a retort burner by decreasing the
temperature at the flame core. This is achieved using a
stream of recirculated exhaust gas, a mixture of exhaust
gas and air, steam or a mixture of steam and air flowing
to the retort burner or to the combustion chamber directly
over the flame, pumped by a fan through a moving recir-
culation pipe, nozzles installed in the boiler’s ceiling, or
nozzles located around the retort burner, or through the
combined solutions.
[0004] Water boiler for solid fuel, especially for bio-
mass, known from the Polish patent application No. P.
381102, is fitted with a body and a vault housing a water
jacket, under which the combustion chamber is located.
The vault housing the water jacket is connected to the
water chamber of the boiler’s body. Lower arm sections
of the body are fitted with conduits for a portion of overfire
air, whose volume is adjusted by rotary flaps actuated
by the lower electric stepper motor. The upper section of
the recuperation combustion chamber is fitted with an
inlet conduit for additional overfire air, whose volume is
adjusted by a flap actuated by the upper electric stepper
motor. The grate tubes located under the vault with the
water jacket are cooled using water and cleaned by
scrapers between the grate tubes driven by a linear elec-
tromagnetic drive unit. The exhaust gas collector is fitted
with an oxygen probe which controls the stepper motors
to ensure a very low level of toxic substances in the ex-
haust gas. To ensure ease of operation for the user, the
boiler can be fitted with an automatic fuel feeder and a
laser sensor for detecting whether a specific upper fuel
level in the recuperation combustion chamber has been
reached, as well as a second laser sensor for detecting
whether the lower fuel level in the recuperation combus-
tion chamber has been reached and for actuating the
automatic fuel feeder.
[0005] Another known device mentioned in the Polish
patent application No. P. 381355 refers to a central heat-
ing water boiler fitted with a system for supplying primary

and overfire air to the combustion chamber. The system
is composed of pumping nozzles on the boiler’s sides.
The nozzles work with a blow-in fan installed in the air
conduit pumping the air into the area between the water
jacket and the outer jacket. The pumping nozzles are
fixed tubes installed between the walls of the water jacket
and they connect the combustion chamber with the area
between the water jacket and the outer jacket. The
number of the pumping nozzles depends on the boiler’s
size and capacity.
[0006] The Polish patent application No. P. 368210 re-
fers to a heating boiler fitted with a furnace chamber and
a furnace, a blower for supplying compressed air and a
fuel feeder. In the chamber’s upper section, there is a
heat exchanger in the shape of a boiler drum with internal
rings formed by the fitted vertical exhaust pipes. The
pipes located radially around the longitudinal axis of the
heat exchanger and in the water jacket, with at least one
external ring formed by exhaust pipes whose outlets are
connected directly to the boiler’s flue section and inlets
located over the furnace chamber, below the outlets,
forming at least one internal ring of exhaust pipes, whose
inlets are located in the exhaust gas return chamber.
[0007] Item known from the Polish patent application
No. P. 376356 refers to a water boiler fired with hard coal.
The boiler is fitted with a heat exchanger with two retort
furnaces supplied with fuel through the symmetrical and
separate coal supply systems. The air required for the
combustion process is supplied to the furnace through a
symmetrical, double primary air system. The air supplied
over the furnace comes through a symmetrical, double
overfire air system. These systems are actuated by sep-
arated fans. The heat exchanger is connected to the ex-
haust gas fan through a multicyclone.
[0008] Another known device mentioned in the Polish
patent No. 196625 refers to exhaust gas boiler, especially
fitted with a fan assembly, with a drive motor, suction fan
installed on the rotary shaft of the drive motor, located in
the suction conduit, ensuring forced induction of air from
the room or from the outside, and an exhaust fan installed
on the rotary shaft of the drive motor, located in the outlet
conduit to ensure forced removal of exhaust gas outside.
Thus, the air from the room or from the outside is forced
into the intake conduit by the suction fan, and the exhaust
gas is forced into the outlet conduit by the exhaust fan.
The method ensures a constant air flow in the intake,
combustion and outlet conduits.
[0009] Item known from the Polish patent No. 192574
refers to a boiler with a retort furnace with an extended
heating surface. The boiler is an environment-friendly de-
vice. It has a two-level furnace and an extended heating
surface for producing heat from solid fuels. The two-level
retort furnace is fitted with air slots, and the symmetrical
construction of the collector allows the boiler to be sup-
plied with fuel and air from the right side as well as the
left side. The heat exchanger, composed of multiple
parts, forms a single water unit and includes a lower sec-
tion around the furnace, a middle section formed by the
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boiler drum with pipes, an upper section around the ex-
haust gas collector and an external part which forms pas-
sage pockets. The whole boiler is a uniform, welded con-
struction.
[0010] The Polish patent No. 188246 refers to a heat-
ing boiler with gasification, fired by solid fuel, especially
wood. The heating boiler has a fuel and gasification
chamber, with a cross--section in the shape of a pear,
which converges in the middle, in the peak line. In the
peak line area and in the middle, there is a slotted grate
with a length of approx. 1/5-1/3 of the peak line. Over the
grate, there are primary air inlet openings on both sides,
at approx. 0.4-0.6 of the maximum height of the fuel and
gasification chamber. Under the grate, a slotted combus-
tion nozzle is installed. It is roughly equal in length to the
grate and constitutes a connection with the combustion
chamber. The combustion chamber is divided by a slight-
ly inclined horizontal wall into pre-combustion and mixing
chamber and a post--combustion chamber located un-
derneath. The cross-section of both chambers resem-
bles kidneys, widening in the flow direction. The pre-com-
bustion and mixing chamber is supplied with overfire air
supplied by the air supply pipe and air heater. At the outlet
of the pre-combustion and mixing chamber, and at the
inlet of the post-combustion chamber, there is a return
and post-combustion chamber. Between the outlet of the
post-combustion chamber and the exhaust gas lines,
there is another post-combustion chamber, through
which a supply pipe for overfire air is guided to the air
heater.
[0011] The subject of the invention is a device for heat-
ing air during the duty cycle of a heating boiler fired in
particular by solid fuel or biomass, composed of a conduit
for supplying air to the furnace and a conduit for outflow
the exhaust gas from the heating boiler into the flue, char-
acterised in that the device has the closed exhaust gas
conduit which over the length of its connection with the
flue is shaped resembling a cosine curve with advanta-
geously vertical exhaust gas conduits adhered to the ver-
tical air conduits which over the length of the air conduit
have a shape resembling a sine curve, and on the last
vertical conduit, where the end section of the exhaust
gas conduit is guided to the flue, there is a pumping fan.
The closed exhaust gas conduit in the shape resembling
a cosine curve has vertical exhaust gas conduits which
decrease in volume in the flue direction, and the air con-
duit in the shape resembling a sine curve has vertical air
conduits which increase in volume in the boiler direction.
Inside the vertical air conduits there are air guides. The
vertical air conduits, alternatingly in the bent sections,
have lower and upper mesh connections which are ad-
vantageously shaped as cylindrical conduits. The air con-
duit is advantageously guided to the heating boiler’s ash-
pan. The vertical air conduits have condensate drain out-
lets in the lower section.
[0012] The invention uses heat from the boiler’s smoke
conduit, from other gasses forced into the atmosphere
during the combustion process as well as heat forced

into the atmosphere from other devices, which is intend-
ed to be reused. The device as per the invention allows
heat from the exhaust gas to be used for heating air sup-
plied to the boiler’s ash-pan. The recovery of heat from
the exhaust gas begins by being pumped through a sep-
arate air conduit in the direction opposite to the flow of
hot gasses. The air conduit in the heat reversing mech-
anism starts absorbing heat from the outlet conduit of the
exhaust gas into the flue and ends at the boiler’s smoke
conduit. Such a construction of the device and method
of reusing heat from exhaust gas allows hot air to be
supplied to the boiler’s combustion chamber, leading to
better boiler efficiency. Heat is re-introduced into the boil-
er through the ash-pan. It can be alternatively used for
heating another heat exchanger or for heating rooms by
air blow. The high heat recovery rate (90%) ensured by
the device used in a household central heating boiler
room will provide fuel savings of 50-60%. This device
can be used in industrial boiler rooms and for recovering
heat from other devices which release used heat directly
into the atmosphere.
[0013] At this time of combating climatic warming, the
device may achieve a 90% reduction of exhaust gas and
heat emission into the atmosphere by using a heat re-
versing mechanism.
[0014] The device has undergone technical tests. It is
currently used in the boiler room of a single-family house
and meets the requirements for reducing heat emission
into the atmosphere.
[0015] The subject of the invention is presented in the
example drawing showing the connection system of two
shaped conduits: exhaust gas conduit and air conduit.
[0016] The construction example of the invention is
composed of a conduit for supplying air (3) to the furnace
of the heating boiler (1) and a conduit for outflow the
exhaust gas (2) from the heating boiler (1) into the flue
(8). The device has the closed exhaust gas conduit (2)
which over the length of its connection with the flue (8)
is shaped resembling a cosine curve with vertical exhaust
gas conduits (4) adhered to the vertical air conduits (11)
which over the length of the air conduit (3) have a shape
resembling a sine curve, and on the last vertical conduit
(5), where the end section (7) of the exhaust gas conduit
(2) is guided to the flue (8), there is a pumping fan (6).
The closed exhaust gas conduit (2) in the shape resem-
bling a cosine curve has vertical exhaust gas conduits
(4) which decrease in volume in the flue (8) direction, and
the air conduit (3) in the shape resembling a sine curve
has vertical air conduits (11) which increase in volume
in the boiler (1) direction. Inside the vertical air conduits
(11) there are air guides (9). The vertical air conduits
(11), alternatingly in the bent sections, have lower mesh
connection (13) shaped as cylindrical conduits and upper
mesh connection (14) shaped as cylindrical conduits.
The air conduit (3) is guided to the heating boiler’s (1)
ash-pan (12). The vertical air conduits (11) in the lower
section are fitted with drain outlets (10) for condensate
produced as a result of the difference in temperature be-
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tween the air and the exhaust gas.

Claims

1. Device for heating air during the duty cycle of a heat-
ing boiler fired in particular by solid fuel or biomass,
composed of a conduit for supplying air to the furnace
and a conduit for outflow the exhaust gas from the
heating boiler into the flue, characterised in that
the device has the closed exhaust gas conduit (2)
which over the length of its connection with the flue
(8) is shaped resembling a cosine curve with advan-
tageously vertical exhaust gas conduits (4) adhered
to the vertical air conduits (11) which over the length
of the air conduit (3) have a shape resembling a sine
curve, and on the last vertical conduit (5), where the
end section (7) of the exhaust gas conduit (2) is guid-
ed to the flue (8), there is a pumping fan (6).

2. The device, according to the claim 1, characterised
in that the closed exhaust gas conduit (2) in the
shape resembling a cosine curve has vertical ex-
haust gas conduits (4) which decrease in volume in
the flue (8) direction, and the air conduit (3) in the
shape resembling a sine curve has vertical air con-
duits (11) which increase in volume in the boiler (1)
direction.

3. The device, according to the claim 1, characterised
in that inside the vertical air conduits (11) there are
air guides (9).

4. The device, according to the claim 1, characterised
in that the vertical air conduits (11), alternatingly in
the bent sections, have lower mesh connection (13)
and upper mesh connection (14).

5. The device, according to the claim 4, characterised
in that the lower mesh connection (13) and the upper
mesh connection (14) have the shape of cylindrical
conduits.

6. The device, according to the claim 1, characterised
in that the air conduit (3) is advantageously guided
to the heating boiler’s (1) ash-pan (12).

7. The device, according to the claim 1, characterised
in that the vertical air conduits (11) have condensate
drain outlets (10) in the lower section.
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