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(54) Title: COOLING SYSTEM FOR DRY EXTRACTION OF HEAVY BOTTOM ASH FOR FURNACES DURING THE
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(57) Abstract: The present invention relates to a cooling system for dry extraction of heavy bottom ash output from furnaces for
solid fuel during storing step at hopper, characterized by suitable air intakes (2), placed on the sidewalls of the hopper (1) at the hopper
bottom, through which a controlled amount of cooling air passes sucked up in the combustion chamber (12) by the depression value
therein, capable to achieve an uniform and balanced distribution system for such air during storing step at hopper (1) which optimizes
the cooling of the falling ash, leaving the total amount of the air entering the furnace unchanged. The distribution header of the intakes
&) (2)is connected to the extractor environment (6) by the lid (7) through a suitable conduit (3) provided with automated valve (8) being
open during the storing step allowing the cooling air through to pass said intakes (2) placed on the sidewalls of the hopper (1). A
more efficient cooling may be obtained by any addition of water input by nozzles (14) suitably placed within the hopper (1). The
water amount may be adjusted such that the ash cooling improvement function is actuated without humidifying it.
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“Cooling system for dry extraction of heavy bottom ash for furnaces during the storing step

at the hopper”

In the dry ash extraction systems (see European Patent EP 0 471 055 B1) the cooling of
the ash on the extractor conveyor and on the subsequent conveyors is achieved by the
thermal exchange by forced convection with air returning inside the system sucked up by the
depression value being at the furnace bottom. The cooling air returns through suitable intakes
placed on the sidewalls of the extractor and the subsequent conveyors and runs over the ash
counter-flow passing through the line of the transport machines till it reaches the combustion
chamber. The operating mode of the known extraction system provides the power to close the
valves at the furnace bottom and store the ash within the hopper. This operation allows an
optimum flexibility of the system permitting to carry out the maintenance operations. During
the storing step at the hopper, the ash begins to settle on the bottom valves and first, when
the ash height is not high yet, the cooling air can pass into the hopper cooling both the ash just
settled, passing through the material bed, and the free falling ash, crossing it in counter-flow.
While the ash height increases above the bottom valves, the air incurs higher and higher drag
on entering the hopper, the air amount is smaller and smaller tiil it fully humbles itself. In this
case, no outer intervention allows for the cooling of the ash being stored and as the
outstanding hopper capability, the ash amount at high temperature discharging onto the
extractor during the opening of the bottom valves is such that it cannot be cooled by the
system counter-flow air and this causes forward wearing problems and malfunctions due to
local deformations particularly on the milling members downstream of the extractor.

Even when the storing duration is short, the air distribution in the hopper is not

constant because of the not uniform ash storing profile in the hopper either for front
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combustion furnaces or for tangential combustion furnaces, thus there can be not
very cooled zones because of the air difficulty in crossing the formed ash bed.

Further, in case of dry extractors that have slopes higher than natural declivity
angle of the material conveyed there may be ash storing at the curve section. In this
case the section between the conveyor belt and lid is occupied by the material,
obstructing the passage and constraining the cooling air to pass the zone below the
belt. Thin ash, which is stored under the conveyor belt so causing malfunctions in the
thin ash recovery system, is dragged together with the air.

It is an object of the present invention to overcome, or at least ameliorate,
one or more of the deficiencies of the prior art mentioned above, or to provide the
consumer with a useful or commercial choice.

Other objects and advantages of the present invention will become apparent
from the following description, taken in connection with the accompanying drawings,
wherein, by way of illustration and example, a preferred embodiment of the present
invention is disclosed.

According to a first broad aspect of the present invention, there is provided a
cooling system for cooling heavy ash formed in a fossil fuel furnace, during a storing
step at a hopper located at a bottom of the furnace, the cooling system comprising:

~ air intakes placed on sidewalls of the hopper, and

— a conduit connected to a covering of an extractor located below the hopper,
by which air intakes a controlled air amount enters sucked up by a depression
in the combustion chamber through the conduit.

According to a second broad aspect of the present invention, there is
provided a cooling system for heavy ash formed in furnaces for fossil fuel, during the
storing step at the hopper, characterized by a suitable number of cooling air intakes
placed on the sidewalls of the storing hopper on the upper part at the ash maximum
height. Such side intakes may be connected to each other by only one pipe
connected to the extractor and dimensioned such that a uniform distribution of the

cooling air over the hopper walls can be obtained. On the pipe connecting the
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hopper to the extractor a valve is mounted which is opened when the cooling of the
ash is to be assured also during the storing step.

At the storing step, with the bottom valve closed, the cooling air entering the
system through admissions on the extractor sidewalls cross this path alternative in
respect of the path the air keeps during operation in normal mode.

If needed, the cooling effect from the entering air is enhanced by addition of
water through nozzles placed either on the hopper sidewalls or in the hopper air
intakes. The position of the air intakes and nozzles is such that free entry of air is
assured even in case of ash stored up to the maximum height expected. The resulting
steam returns the furnace sucked up by the depression being therein and helps for a
further cooling crossing the counter-flow falling ash. The water amount to be sent to
the nozzles is finely adjusted based on ash temperature and flow rate values shown

by suitable sensors, such that it helps suitably the
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cooling without humidifying it.

The innovative features, objects and advantages of the present invention will become
clear from the following description and the annexed drawings regarding forms of not limiting
embodiments in which various figures show:

Fig. 1 is side view of the ash extractor provided with air intakes on the sidewall of the
storing hopper connected by means of valve to the extractor environment.

Fig. 2 is a top view of the intakes at the storing hopper and of the connection to the
extractor environment.

Fig. 3 is a cross-sectional view of the extractor at the storing hopper pointing out the
presence of the cooling water supply nozzles.

Fig. 5 is a cross-sectional view of the extractor at the storing hopper pointing out the
presence of the cooling water supply nozzles placed into the side entries.

About that it would be desirable to specify that like referral numbers in different
figures indicate equal or similar elements.

The ash cooling system, subject-matter of the present invention, allows, during the ash
storing step at the hopper (1), for cooling ash while falling through the relief of the furnace
(12) by means of a system with side entries (2). Since the air distributing chute (3) is connected
directly to the extractor (6), the air entry from the environment occurs through the same side
intakes (4) used during the normal operation step. Thus, the air amount used for the cooling is
always the same during either continuous operation or storing step.

The extra air intakes (2) are placed on the sidewall of the hopper (1) at height being
over the maximum height of the ash storable onto the bottom valves (5), such that
obstructions and malfunctions of the intakes (2} due to the great ash height can be avoided.
Such air intakes (2) are supplied for each side of the hopper (1) by a single chute (3) connected

to the lid (7) of the extractor (6) by means of either manual or automatic valve (8). Thus, when
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the storing step at the hopper (1) starts with the bottom valves (5) closed, by opening the
valve (8) the cooling air is sucked up from outside through the side entries (4) due to the
combustion chamber depression.

Opening of the valve (8) is operated simply by closing of the bottom valves (5). After
closing the bottom valves (5) the air sucked from outside through the side intakes (4) enters
the extractor (6), and not being able to enter the furnace since the bottom valves (5) are
closed, is constrained to go toward the chute (3). The bottom vaives (5) are not airtight, as a
result a certain amount of the air will keep passing through the bottom, till the stored ash layer
onto the valves (5) closes fully the passage.

The use of the ash cooling system during the storing step is useful also in plant
configurations that provide an extractor slope greater than natural declivity angle of the
conveyed material. In such a case, during the extraction step at curve, some ash stores may
occur in connection with landslides of the material on the leaning stretch.

When this occurs, the passage area (9) included between the conveyor belt (13) and
the lid (7) is fully obstructed and then the cooling air is constrained to pass over the lower
conveying part. Since the cooling air is full of thin ash, this settles on the bottom of the
recovery system (11), thus obstructing it. If alternatively the valve (8} is opened the air can by-
pass the upper part avoiding obstruction of the recovery system (11).

This mode of air inflow into the furnace has outstanding advantages relative to the
cooling of the stored ash due to a more uniform air distribution over the whole passage
surface of the falling ash, with no need to increase the amount of air entering the furnace.

A further configuration of the cooling system at the hopper provides use of cooling
water (14) through nozzles suitably placed inside the hopper which helps in cooling the ash
stored on the bottom valves (5), running over it after having been finely dosed in order to cool

but not to humidify the ash. The water amount supplied to the nozzles is, indeed, adjusted
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based on the temperature and flow rate values of the stored ash, measured by
suitable sensors (not shown) placed inside the hopper. The steam output during
the water cooling is sucked up by the depression at the furnace and is mixed with the
combustion smoke and thus adds further cooling of the ash falling from the
combustion chamber. Such a further expedient results as an important contribution
for the ash cooling process since it takes advantage of the water latent heat of
vaporization which subtracts heat from the ash stored at the hopper, but leaving dry
the ash recovered from the hopper bottom by the known extraction system.

It will be appreciated by those skilled in the art that variations and
modifications to the invention described herein will be apparent without departing
from the spirit and scope thereof. The variations and modifications as would be
apparent to persons skilled in the art are deemed to fall within the broad scope and
ambit of the invention as herein set forth.

Throughout the specification and claims, unless the context requires
otherwise, the word “comprise” or variations such as “comprises” or “comprising”,
will be understood to imply the inclusion of a stated integer or group of integers but
not the exclusion of any other integer or group of integers.

Through the specification and claims, unless the context requires otherwise,
the term “substantially” or “about” will be understood to not be limited to the value
for the range qualified by the terms.

It will be clearly understood that, if a prior art publication is referred to herein,
that reference does not constitute an admission that the publication forms part of

the common general knowledge in the art in Australia or in any other country.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1 A cooling system for cooling heavy ash formed in a fossil fuel furnace, during a
storing step at a hopper located at a bottom of the furnace, the cooling system
comprising:

— air intakes placed on sidewalls of the hopper, and

— a conduit connected to a covering of an extractor located below the hopper,

by which air intakes a controlled air amount enters sucked up by a depression
in the combustion chamber through the conduit.

2. The cooling system according to claim 1, characterized in that the stored ash
cooling is enhanced by supplying water into the hopper.
3. The cooling system according to claim 2, characterized by the fact that the
cooling water is supplied through suitable nozzles placed either on the sidewalls of
the hopper or in the air intakes into the hopper.
4. The cooling system according to claim 3, characterized by the fact that it
comprises sensors installed inside the hopper to measure the rate flow and
temperature values of the stored ash, the water amount supplied to the nozzles
being finely dosed based on such measurements, and the steam output by the
cooling process having been taken away along with the combustion smoke.
5. A cooling system for cooling heavy ash formed in a furnace, during a storing
step at a hopper located at a bottom of the furnace, the cooling system being

substantially as hereinbefore described with reference to the drawings.




WO 2007/134874

1/56

4

@

[

@l

PCT/EP2007/004646

Figure 1



WO 2007/134874

2/5

PCT/EP2007/004646

Figure 2
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Figure 3
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Figure 4
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Figure 5
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