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Description

OBJECT OF THE INVENTION

[0001] The invention refers, as stated in the title to a
combustion system for pulverized solid fuel (for example
coal or biomass) boilers and a method, associated with
this system, to optimise the process with a view to reduc-
ing contaminating gas emissions, such as nitrogen ox-
ides, as well as optimising the boiler’s performance and
operation.

FIELD OF APPLICATION

[0002] The field of application for this invention is in-
dustrial boilers.

BACKGROUND OF THE INVENTION

[0003] The vast majority of developments over the last
few years to optimise industrial boilers (for example in
electrical generation units) have focussed on reducing
contaminating gas emissions. These gases include ni-
trogen oxides (NOx), generated during fossil fuel com-
bustion such as coal, fuel oil or natural gas in industrial
boilers. NOx gases mainly comprise NO and NO2 and
are among the gas pollutants most harmful to our health
and the environment.
[0004] Nitrogen oxides are precursors of photochem-
ical smog and acid rain, phenomena with direct effects
on the health of animals, vegetation and human beings.
[0005] The technologies applied to reduce NOx emis-
sions in this type of installation can be mainly classified
into two groups: modifications and adjustments to the
combustion process or primary measures and post-com-
bustion abatement or secondary measures.
[0006] Within the primary measures group, one of the
strategies applied is based on stratification of air and fuel
supplies to the boiler. In this respect, the lines of actions
in existing units include adjusting the operation parame-
ters of the thermal power unit and implementing modifi-
cations in the boilers such as installing low NOx burners,
OFA registers (Over Fire Air), UFA (Under Fire Air), etc.
[0007] Stratification targets combustion in two or more
stages, where the first or initial stage is rich in fuel and
the second or subsequent stages are low in fuel. This
refers to reducing the oxygen available in the areas crit-
ical for NOx formation and reducing the quantity of fuel
that is burnt at the maximum flame temperature. Using
this method it acts on the thermal NO (weakened by rich
mixtures) and on the NO in the fuel (turning it into N2 in
the part originating from the combustion of volatiles).
[0008] One method of carrying out the concept of strat-
ified combustion in stages is given in detail in patent US
6,790,031. This patent is to be applied to tangential boil-
ers where the fuel is injected into the boiler through sev-
eral sets of burners (normally associated with the same
mill) arranged at successive heights. Regarding the usual

uniform distribution of fuel by level, the aforementioned
patent establishes the stratification of the fuel contribu-
tion as an invention, so that it is higher at the lower burner
level and reduces gradually through the upper levels
reaching a minimum at the highest level. Using this con-
figuration produces a reducing zone (with oxygen deficit)
in the lower area of the combustion chamber and an ox-
idising zone in the top area, which translates into a sig-
nificant reduction of NOx emissions.
[0009] The field of action for the purpose defined in the
aforementioned document is restricted exclusively to the
boiler for a thermo-electric power unit. In this way, it does
not allude to the physical resources or the method to
achieve stratification of fuel that is advocated as key
when reducing NOx emissions.
[0010] Document JP 59145406 defines a pulverized
coal boiler with low NOx generation equipped with a large
number of burners grouped together into several levels
or stages. The burners are divided into two groups, de-
pending on the air/fuel ratio that they are fed: main burn-
ers and denitrification burners. The boiler has several
levels of main burners and several levels of denitrification
burners, the latter having an air/fuel ratio within the range
0.2-0.8. According to the inventors, the hydrocarbon rad-
icals generated by the substoichiometric conditions in
the denitrification burners cause an overall reduction in
NOx emissions.
[0011] The coal pneumatic transport system is de-
signed so as to guarantee supplying those levels of den-
itrification burners considered as key for the of overall
NOx reduction process, even in the event of a mill stop-
ping.
[0012] It is thereby established that these key burners
are connected to two different mills, so that if one of these
mills fails the burners will be fed by the other mill. This
presents limitations regarding the degree of maintenance
for the fuel supply patterns established as optimum as,
although each burner has a parallel system of fuel ducts
associated to two mills, only one of them transports coal
when the system is in operation. In fact, providing service
to a determined level of denitrification burners occurs at
the cost of interrupting or drastically reducing the supply
of coal to a level of main burners or another level of den-
itrification burners not considered as key.
[0013] In some cases the purpose of the technological
development is focussed on resolving a problem asso-
ciated with operating the plant rather than optimising the
combustion process itself. Such is the case of the inven-
tion appearing in patent GB 582,593. This document
looks at a solution to the problem of instability derived
from the imbalance caused by lack of availability for a
mill and the consequent lack of service for the burners
fed by it. The invention focuses on a very specific con-
figuration of the fuel transport system which defines sev-
eral groups of burners, each of these groups fed by a
system of ducts, and a larger number of mills. The con-
nection between the mills and the duct systems is made
so that each group of burners can be fed by more than
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one mill, so that, as long as the number of active mills is
equal to the number of duct systems, supply to all burners
is assured.
[0014] Selecting the mill to supply each duct system is
done via specially designed and protected on/off valves
that connect the group of burners involved with one mill
or another.
[0015] Furthermore, document DE 833099 G1 disclos-
es the preamble of claim 1.
[0016] The invention itself does not advocate any type
of adjustment to the fuel supply to each group of burners.
In its design, it is established as being merely operative
that, independently of the mill that might be out of service,
the design conditions are maintained regarding carbon
injection.

DESCRIPTION OF THE INVENTION

[0017] This invention refers firstly to an combustion
system for pulverized solid fuel boilers according to claim
1 with a view to reducing contaminating gas emissions,
such as nitrogen oxides and/or improving the perform-
ance and operation of the industrial boilers, as the exist-
ing boilers in electrical generation units.
[0018] This system comprises a plurality of burners dis-
tributed into several groups arranged at different levels
or in zones, with each group made up of several burners,
a group of solid fuel mills (at least one more than the
number of mills required to generate the maximum load
of the boiler) and means of transporting the solid fuel that
communicate the mills with the burners.
[0019] The main specific feature introduced by the in-
vention consists of being able to establish patterns for
differential solid fuel supplies between each group of
burners, associated with meeting a determined operating
target (reducing NOx, improving performance, reducing
unburnt carbon, etc.) so that these patterns are not mod-
ified by unavailability of one of the mills.
[0020] To do this, the equipment conveying the fuel to
the boiler is organised to include the following elements:

- Groups of burners called main burners located in
different zones or levels, through which the pulver-
ized solid fuel is injected into the boiler preferentially.

- Solid fuel mills, known as the main mills, each con-
nected to the main burners belonging to a group.
These mills will operate whenever required by the
load demand.

- A solid fuel mill, known as the substitution mill that
will only operate if one of the main mills stops. This
mill would be connected to the burners for each of
the main burner groups and, optionally, to an auxil-
iary burner group. In this way, each group of main
burners would be connected to its corresponding
main mill and, in parallel, all of them are connected
to the substitution mill. The whole supply for the sub-

stitution mill would be diverted, through the connec-
tions and the sets of relevant dampers, to the main
burner group whose mill had stopped.

- A group of pulverized solid fuel distributors (the same
number as burners making up each group). Each
distributor connects the substitution mill to a burner
in each of the main burner groups to which it diverts
the two-phase air-solid fuel current, in the event of
a stoppage in its associated main mill.

- A solid fuel mill, known as the support mill, also con-
nected to each of the main burner groups and op-
tionally, to an additional group or level of auxiliary
burners. This mill would always be in service, gen-
erating a flow of solid fuel which would be added to
the main burner groups. Therefore, each main burn-
er group would transport the solid fuel produced by
its associated main mill plus a percentage of the dis-
tribution from the solid fuel flow produced by the sup-
port mill.

- A group of pulverized solid fuel flow splitters (the
same number as burners making up each group).
Each splitter connects the support mill to a burner
from each of the main burner groups and generates
adjustable flows of the two-phase air-solid fuel mix-
ture to be added to the streams transported through
their connected burners. The streams leaving the
splitters are split up by flow deflectors, arranged ac-
cording to the required distribution.

[0021] As a further feature, this considers the possibil-
ity of incorporating connections between the input sec-
tions of the distributors and the flow splitters. These con-
nections will be enabled when there is a stoppage in the
support mill. In this way, the substitution mill will perform
the functions of the support mill, should the latter fail.
[0022] The organisation above gives great flexibility to
the unit’s operation as, in addition to guaranteeing the
supply of solid fuel to certain groups of burners in the
event of a mill stopping, it also makes it possible to es-
tablish extreme strategies to stratify the fuel fed to the
boiler, by allowing certain burners to be supplied with
solid fuel from two different mills.
[0023] It should be highlighted that the means available
to establish fuel stratification strategies in conventional
boilers are normally reduced to adjusting mill production.
In this respect, their normally narrow operating margins
regarding their nominal capacity impose an insurmount-
able limit on the potential benefits that greater stratifica-
tion can offer. In addition, and no less important, this way
of operating, far from the optimum point of design for the
mills, has a negative influence on its operation that can
lead to mechanical problems (wear, vibration, rejection
of solid fuel, etc.) and worsening the granulometry of the
solid fuel produced.
[0024] This invention, therefore, allows to assure and
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adjust the fuel supply to certain groups of main burners,
permitting supply patterns to be established that can lead
to great stratification between different groups of burners,
without the need to operate the mills outside their normal
design point and independently of the mill that might be
taken out of service for maintenance or another purpose.
[0025] This invention also focuses on an operation
method according to claim 10 that, by using the elements
described, can stratify the fuel through the following proc-
ess:

- Selecting a differential injection pattern among the
different groups of main burners.

- Selecting the mills that will supply the main burners.
Depending on the load requested from the boiler,
this selection will be made from among the main mills
and the substitution mill if a main mill stops.

- Adjusting the deflectors of the splitters that distribute
the production of the support mill between the groups
of main burners, to establish differential streams be-
tween them.

DESCRIPTION OF THE FIGURES

[0026] To complement the description, and in order to
make it easier to understand the characteristics of the
invention, a series of diagrams is attached for illustrative
purposes whilst not limiting further aspects:

Figure 1 shows a view of the invention applied to a
tangential boiler equipped with 24 burners, arranged
on 6 levels of 4 burners each located in the corners.
It represents the burners and transport ducts asso-
ciated with one of the corners and the arrangement
of the other three is understood to be the same.

Figure 2 represents a typical pattern for supplying
solid fuel (typically coal) in conventional boilers, with
a view to stratifying fuel into levels to reduce NOx
emissions.

Figure 3 shows a fuel stratification pattern, quantita-
tively more emphatic than in the case of figure 2,
obtained by applying this invention to get a greater
reduction of NOx.

Figure 4 shows a pattern obtained by applying this
invention to reduce the NOx as a compromise to con-
trolling the level of unburnt carbon in fly ash.

PREFERRED EMBODIMENT OF THE INVENTION

[0027] The description below gives a possible version
of the aforementioned invention. Its application is exten-
sive both in the case of producing a new boiler and the
case of adapting an existing plant.
[0028] In this case, let’s consider the tangential boiler
(1) represented in figure 1, equipped with 24 burners

grouped into 6 levels or heights in groups of burners (2A,
2B, 2C, 2D, 2E, 2F) each including 4 burners per level
located in the corners of the boiler (1), where the groups
of burners for the four lower levels comprise the main
burner groups (2F, 2E, 2D, 2C) and the groups of burners
on the top two levels comprise the auxiliary burner groups
(2A, 2B). The solid fuel (typically coal) supplied to the
boiler (1) comes from 6 mills (3A, 3B, 3C, 3D, 3E, 3F),
from where a two-phase air/solid fuel mixture is distrib-
uted to the burners (2A, 2B, 2C, 2D, 2E, 2F) through a
network of pneumatic transport ducts. The full boiler load
can be obtained with contribution from only 5 of the mills
in operation, working at their nominal setting. For sim-
plicity’s sake, figure 1 represents the transport ducts to
the burners of the groups (2A, 2B, 2C, 2D, 2E, 2F) located
in one of the corners of the boiler (1), as the distribution
is exactly the same for the other three corners.
[0029] Among the mills (3A, 3B, 3C, 3D, 3E, 3F), we
can firstly distinguish main mills (3F, 3E, 3D and 3C), that
respectively supply the main burner groups (2F, 2E, 2D,
2C). From each of the main mills (3F, 3E, 3D and 3C) 4
ducts transport fuel to the main burners on their corre-
sponding level.
[0030] From the aforementioned mills we should also
distinguish a substitution mill (3B), from which 4 transport
ducts also run, one for each corner. These ducts rise to
the level of the first group of auxiliary burners (2B) where
they split by means of the first three-way connections (4)
(one per corner) into 2 groups of alternate lines; some
towards the first group of auxiliary burners (2B) and oth-
ers towards the distributors (5) (there are 4 distributors,
one per corner) dropping down with outputs on the 4 low-
er levels. The first three-way connections (4) have 2 guil-
lotine valves (6, 7) connected to their outputs to guaran-
tee that one of the lines is completely closed when the
opposite one is activated. They also have a first deflector
(8) to minimise pressure drop caused by the change in
direction. The distributors (5) divert the flow of solid fuel
from the substitution mill (3B) towards one of the main
burner groups (2F, 2E, 2D, 2B, 2C), if their corresponding
main mill is out of service. The group of main burners
(2F, 2E, 2D, 2B, 2C) supplied by the substitution mill (3B)
is selected by means of guillotine valves (9, 10, 11, 12)
and flow deflectors (13, 14, 15) associated with each out-
put of the distributors (5).
[0031] On the other hand, the outputs for the distribu-
tors (5) join up with the ducts from the main mills (3F, 3E,
3D and 3C) by means of junctions (16, 17, 18, 19) located
downstream of the guillotine valves (9, 10, 11, 12).
[0032] This also considers incorporating a support mill
(3A), from which 4 transport ducts lead, one for each
corner, that rise to the level where there is a second group
of auxiliary burners (2A) where they split by means of the
second three-way connections (20) (one per corner) into
2 groups of alternate lines; some towards the second
group of auxiliary burners (2A) and others towards flow
splitters (21) (there are 4 splitters, one per corner) drop-
ping down with output to the 4 lower levels of burners.
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The second three-way connections (20) have these 2
guillotine valves (22, 23) on their outputs to guarantee
that one of the lines is completely closed when the op-
posite one is activated. They also have a second deflector
(24) to minimise pressure drop caused by the change in
direction. The splitter (21) for each corner divides the flow
of solid fuel from the support mill (3A) into 4 streams of
two-phase air/solid fuel mixture sent towards the burners
of this corner belonging to the main burner groups (2F,
2E, 2D, 2C). Each of these support streams joins each
duct that connects the distributor (5) outputs for this cor-
ner with the burners belonging to the main burner groups
(2F, 2E, 2D, 2C) through junctions (25, 26, 27, 28) located
between the guillotine valves (9, 10, 11, 12) and the junc-
tions (16, 17, 18, 19) with the ducts from the main mills
(3F, 3E, 3D, 3C).
[0033] The distribution of the support two-phase mix-
ture between the main burner groups (2F, 2E, 2D, 2C)
is regulated by means of flow deflectors (29, 30, 31, 32)
equipped with mechanisms for their intermediate posi-
tioning depending on the required distribution in terms of
flows and granulometry of the solid fuel.
[0034] At each corner, the distributor (5) and the splitter
(21) are connected through a joining duct (33) fitted with
a guillotine valve (34) and a third set of flow deflectors
(35, 36). This connection allows the substitution mill (3B)
to take on the support mill work (3A) when this is out of
service.
[0035] The configuration described for the system to
transport fuel to the boiler (1) allows operation method-
ologies to be applied that are not feasible or maintainable
in conventional combustion units, where each level of
burners is supplied exclusively by a single mill.
[0036] As an example of these methodologies, we can
highlight the strategy of fuel stratification to reduce NOx
emissions. For a conventional tangential boiler, normally
capable of generating the full load with 5 mills in opera-
tion, a significant reduction in NOx has been observed
when one of the top 2 levels is stopped and the lower
mills are forced to produce a supply pattern distinguished
by higher contribution from the lower burner which de-
creases towards the higher burners, as shown in figure
2. This figure, given as a percentage, represents the
quantity of solid fuel provided by each level of burners
and how much is produced by each mill, taking nominal
production of 100% as a reference for each of them.
[0037] This operating method is limited by the mills’
maximum production capacity and, in any case, condi-
tioned by their availability. In this respect, a stoppage in
the lower level mill would oblige the top mill to start up to
generate the maximum load of the boiler, which would
be associated with greater generation of NOx.
[0038] The system described in this document allows
us to establish more emphatic patterns of stratification
from the point of view of reducing NOx, as represented
in figure 3. This figure shows the production of each mill
as a percentage, the distribution of the support mill pro-
duction (3A) between each level of main burner groups

(2F, 2E, 2D, 2C) and the total flow managed by each
level of burner group. It also represents the position of
the guillotine valves and deflectors that permit the pattern
to work. As we can see, the 4 levels of main burner groups
(2F, 2E, 2D, 2C) would be supplied through their respec-
tive mills (3F, 3E, 3D, 3C) operating at their nominal load.
The substitution mill (3B) would remain stopped whilst
the support mill (3A) would be in nominal operation pro-
viding its production to the 4 lower levels, divided, based
on the position of the deflectors (29, 30, 31, 32), into
fractions of 30% for the two lower levels and 20% for the
third and fourth.
[0039] Regarding the basic situation above, in the
event that one of the main mills stops, for example the
main mill (3E) that supplies the second level of groups
of burners (2E), the substitution mill (3B) would be put
into action, the guillotine valves (11) would be opened
for the burners of group (2E) corresponding to the second
level and the flow deflectors (15) of the distributors (5)
would be activated so that the substitution mill (3B) supply
is diverted to this burner group (2E). In parallel, distribu-
tion to the other main burner groups would be maintained
(including for the second level) concerning the production
of the support mill (3A).
[0040] In the same way, regarding the basic situation,
in the case of the support mill (3A) stopping, the substi-
tution mill (3B) would be put into action, the guillotine
valves (34) would be opened on the joining ducts (33)
that communicate the distributors (5) and the splitters
(21) and the second deflectors (35, 36) would be activat-
ed to divert the streams from the substitution mill (3B) to
the splitters (21) as this mill takes on the function of the
support mill (3A).
[0041] The previous pattern of providing solid fuel is
very practical in cases where co-combustion is consid-
ered using coal with another solid fuel (for example, bi-
omass) In this case, the alternative fuel (for example bi-
omass) can be pulverized in the support mill (3A) and
from here, by virtue of the system of transport defined, it
can be supplied to the main burner groups (2F, 2E, 2D,
2C) along with the respective streams of pulverized coal
from the other mills.
[0042] Furthermore, the configuration proposed for the
transport system provides great flexibility regarding other
possible strategies for fuel distribution by level. One ex-
ample of this is operating the boiler at full load, with 6
mills in operation, thereby making use of all the milling
mass in the unit, with the consequent improvement in the
overall granulometry of the pulverized fuel.
[0043] Using the same symbols as figure 3, figure 4
shows the configuration that can establish an operation
pattern of the defined strategy. In this case, production
from the substitution mill (3B) is diverted to the fifth level
in which we find the first group of auxiliary burners (2B)
opening the guillotine valves (6), closing the guillotine
valves (7) and activating the deflector (8) for the first 3-
way connections (4). The only level of burners without a
supply would in this case be the level corresponding to
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the second group of auxiliary burners (2A), whilst the
main groups of burners (2F, 2E, 2D, 2C) would be sup-
plied by their corresponding mills, operating slightly un-
der their nominal load, and additionally each one of them
using a percentage of the production from the support
mill (3A), that would also operate below its nominal load.
This injection pattern gives better control of the unburnt
carbon in fly ash compromising with a significant reduc-
tion in NOx.

Claims

1. Combustion system for pulverized solid fuel boilers
(1) comprising:

groups of main burners (2F, 2E, 2D, 2C) located
on different levels or areas, through which pul-
verized solid fuel is injected into the boiler (1),
main mills (3F, 3E, 3D, 3C) for solid fuel, where
each of them is connected to each of the main
burner groups (2F, 2E, 2D, 2C) to which they
send a flow of solid fuel, comprising :

a substitution mill (3B) intended to operate
only on the main burner group (2F, 2E, 2D,
2C) whose associated main mill (3F, 3E, 3D,
3C) has stopped, characterized in that it
additionally comprises:

a group of distributors (5), whose
number of elements coincides with the
number of burners in each group, each
of which connects the substitution mill
(3B) in parallel with a burner from each
group of main burners (2F, 2E, 2D, 2C),
with flow deflectors (35, 13, 14, 15) and
valves (9, 10, 11, 12) in between that,
depending on their position, direct the
flow from the substitution mill (3B) to
the main burners group (2F, 2E, 2D,
2C) whose main mill (3F, 3E, 3D, 3C)
has stopped
a support mill (3A) that operates con-
stantly and directs an additional flow of
solid fuel to the main burner group or
groups (2F, 2E, 2D, 2C) selected, sup-
plementing the flow of solid fuel provid-
ed by the main mills (3F, 3E, 3D, 3C),
a group of flow splitters (21), whose
number of elements coincides with the
number of burners in each group, each
of which connects the support mill (3A)
in parallel with a burner from each
group of main burners (2F, 2E, 2D, 2C),
with flow deflectors (36, 29, 30, 31, 32)
in between that, depending on their po-
sition, direct the flow from the support

mill (3A) to the burners they are con-
nected to, depending on the distribution
required, and joining ducts (33) be-
tween the distributors (5) and the flow
splitters (21) that incorporate a valve
(34) that permits communication to be
established between the distributors
(5) and the flow splitters (21) so that the
substitution mill (3B) can carry out the
functions of the support mill (3A).

2. Combustion system for pulverized solid fuel boilers
of claim 1 characterized in that the valves (9, 10,
11, 12, 34) are guillotine type valves.

3. Combustion system for pulverized solid fuel boilers
of claim 1 characterized in that it additionally in-
cludes a first group of auxiliary burners (2B), located
a level above the main burner groups (2F, 2E, 2D,
2E), that are connected to the substitution mill (3B)
and the distributors (5).

4. Combustion system for pulverized solid fuel boilers
of claim 3 characterized in that it includes a first
group of 3-way connections (4), whose number of
elements coincides with the number of burners mak-
ing up each group, that establish the connection be-
tween the first group of auxiliary burners (2B), the
substitution mill (3B) and the distributors (5).

5. Combustion system for pulverized solid fuel boilers
of claim 4 characterized in that the first group of 3-
way connections (4) incorporates a first two-position
deflector (8) that minimises pressure drop due to the
direction change.

6. Combustion system for pulverized solid fuel boilers
of claims 1 or 3 characterized in that it additionally
includes a second group of auxiliary burners (2A),
located a level above the main burner groups (2F,
2E, 2D, 2E), that are connected to the support mill
(3A) and the flow splitters (21).

7. Combustion system for pulverized solid fuel boilers
of claim 6, characterized in that it includes a second
group of 3-way connections (20), whose number of
elements coincides with the number of burners in
each group, that establish the connection between
the second group of auxiliary burners (2A), the sup-
port mill (3A) and the flow splitters (21).

8. Combustion system for pulverized solid fuel boilers
of claim 7, characterized in that the second group
of 3-way connections (20) incorporates a second
two-position deflector (24) that minimises pressure
drop due the direction change.

9. Pulverized solid fuel boiler that incorporates the sys-

9 10 
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tem described in any of claims 1 to 8.

10. Method to optimise combustion of pulverized solid
fuel boilers that uses the system described in any of
claims 1 to 8, characterized in that it includes the
stages of:

selecting a differential injection pattern among
the different groups of main burners (2F, 2E, 2D,
2E),
selecting the main mills (3F, 3E, 3D, 3C) that
will supply the main burner groups (2F, 2E, 2D,
2E) depending on the load requested from the
boiler (1),
adjusting the flow deflectors (36, 29, 30, 31, 32)
of the flow splitters (21) that distribute the flow
from the support mill (3A) among the main burn-
er groups (2F, 2E, 2D, 2E) located at different
levels, to establish differential provisions be-
tween different levels.

11. Method for optimising combustion of pulverized solid
fuel boilers of claim 10, characterized in that it in-
cludes the stage of activating the substitution mill
(3B) if a main mill stops (3F, 3E, 3D, 3C, 3B) and
adjusting the deflectors (35, 13, 14, 15) to direct the
flow towards the specific group among the main
burner groups (2F, 2E, 2D, 2E) whose main corre-
sponding mill (3F, 3E, 3D, 3C) has stopped.

Patentansprüche

1. Verbrennungssystem für Kessel für pulverisierten
Festbrennstoff (1), das Folgendes umfasst:

Gruppen von Hauptbrennern (2F, 2E, 2D, 2C),
die sich auf unterschiedlichen Ebenen oder Be-
reichen befinden, mittels der Festbrennstoff in
den Kessel (1) gespritzt wird,
Hauptmahlwerke (3F, 3E, 3D, 3C) für Fest-
brennstoff, wobei jedes der Mahlwerke mit je-
dem der Hauptbrennergruppen (2F, 2E, 2D, 2C)
verbunden ist, an die sie einen Festbrenn-
stoffstrom senden, Folgendes umfassend:

ein Ersatzmahlwerk (3B), das dazu be-
stimmt ist, nur mit der Hauptbrennergruppe
(2F, 2E, 2D, 2C) zu arbeiten, deren verbun-
denes Hauptmahlwerk (3F, 3E, 3D, 3C) ge-
stoppt hat, dadurch gekennzeichnet,
dass dieses außerdem Folgendes umfasst:

eine Gruppe Verteiler (5), deren Anzahl
Elemente mit der Anzahl der Brenner
in jeder Gruppe übereinstimmt, von de-
nen jeder Einzelne das Ersatzmahl-
werk (3B) parallel mit einem Brenner

jeder Gruppe Hauptbrenner (2F, 2E,
2D, 2C) verbindet, mit Strömungsleit-
blechen (35, 13, 14, 15) und Ventilen
(9, 10, 11, 12) zwischen denselben, die
abhängig von deren Position den Strom
vom Ersatzmahlwerk (3B) zur Haupt-
brennergruppe (2F, 2E, 2D, 2C) leiten,
dessen Hauptmahlwerk (3F, 3E, 3D,
3C) gestoppt hat,
ein Hilfsmahlwerk (3A) das kontinuier-
lich arbeitet und einen zusätzlichen
Festbrennstoffstrom an die ausgewähl-
te Hauptbrennergruppe oder -gruppen
(2F, 2E, 2D, 2C) leitet, um den seitens
der Hautmahlwerke (3F, 3E, 3D, 3C)
bereitgestellten Festbrennstoffstrom
zu ergänzen,
eine Gruppe Strömungsteiler (21), de-
ren Anzahl Elemente mit der Anzahl der
Brenner in jeder Gruppe überein-
stimmt, von denen jeder Einzelne das
Hilfsmahlwerk (3A) parallel mit einem
Brenner jeder Gruppe Hauptbrenner
(2F, 2E, 2D, 2C) verbindet, mit Strö-
mungsleitblechen (36, 29, 30, 31, 32)
zwischen denselben, die abhängig von
deren Position den Strom vom Hilfs-
mahlwerk (3A) in Abhängigkeit von der
erforderlichen Verteilung zu den Bren-
nern leiten, mit denen sie verbunden
sind, und
Verbindungskanäle (33) zwischen den
Verteilern (5) und den Strömungstei-
lern (21), die ein Ventil (34) einschlie-
ßen, das die Einrichtung einer Kommu-
nikation zwischen den Verteilern (5)
und den Strömungsteilern (21) erlaubt,
damit das Ersatzmahlwerk (3B) die
Funktionen des Hilfsmahlwerks (3A)
ausführen kann.

2. Verbrennungssystem für Kessel für pulverisierten
Festbrennstoff nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Ventile (9, 10, 11, 12, 34) guillo-
tineartige Ventile sind.

3. Verbrennungssystem für Kessel für pulverisierten
Festbrennstoff nach Anspruch 1, dadurch gekenn-
zeichnet, dass dieses zusätzlich eine erste Gruppe
Hilfsbrenner (2B) einschließt, die auf einer Ebene
über den Hauptbrennergruppen (2F, 2E, 2D, 2E) an-
geordnet ist, die mit dem Ersatzmahlwerk (3B) und
den Verteilern (5) verbunden sind.

4. Verbrennungssystem für Kessel für pulverisierten
Festbrennstoff nach Anspruch 3, dadurch gekenn-
zeichnet, dass dieses eine erste Gruppe von 3-We-
ge-Verbindungen (4) einschließt, deren Anzahl Ele-
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mente mit der Anzahl der Brenner jeder Gruppe
übereinstimmt, welche die Verbindung zwischen der
ersten Gruppe Hilfsbrenner (2B), dem Ersatzmahl-
werk (3B) und den Verteilern (5) herstellen.

5. Verbrennungssystem für Kessel für pulverisierten
Festbrennstoff nach Anspruch 4, dadurch gekenn-
zeichnet, dass die erste Gruppe von 3-Wege-Ver-
bindungen (4) ein erstes Strömungsleitblech (8) mit
zwei Positionen umfasst, das einen Druckabfall auf-
grund eines Richtungswechsels minimiert.

6. Verbrennungssystem für Kessel für pulverisierten
Festbrennstoff nach Anspruch 1 oder 3, dadurch
gekennzeichnet, dass dieses zusätzlich eine zwei-
te Gruppe Hilfsbrenner (2A) einschließt, die auf einer
Ebene über den Hauptbrennergruppen (2F, 2E, 2D,
2E) angeordnet ist, die mit dem Hilfsmahlwerk (3A)
und den Strömungsteilern (21) verbunden sind.

7. Verbrennungssystem für Kessel für pulverisierten
Festbrennstoff nach Anspruch 6, dadurch gekenn-
zeichnet, dass dieses eine zweite Gruppe von 3-
Wege-Verbindungen (20) einschließt, deren Anzahl
Elemente mit der Anzahl der Brenner jeder Gruppe
übereinstimmt, welche die Verbindung zwischen der
zweiten Gruppe Hilfsbrenner (2A), dem Hilfsmahl-
werk (3A) und den Strömungsteilern (21) herstellen.

8. Verbrennungssystem für Kessel für pulverisierten
Festbrennstoff nach Anspruch 7, dadurch gekenn-
zeichnet, dass die zweite Gruppe von 3-Wege-Ver-
bindungen (20) ein zweites Strömungsleitblech (24)
mit zwei Positionen umfasst, das einen Druckabfall
aufgrund eines Richtungswechsels minimiert.

9. Kesser für pulverisierten Festbrennstoff, der das in
einem der Ansprüche 1 bis 8 beschriebene System
einschließt.

10. Methode zur Optimierung der Verbrennung von Kes-
seln für pulverisierten Festbrennstoff, welche das in
einem der Ansprüche 1 bis 8 beschriebene System
einsetzt, dadurch gekennzeichnet, dass diese die
folgenden Phasen einschließt:

die Auswahl eines unterschiedlichen Einspritz-
musters unter den verschiedenen Gruppen von
Hauptbrennern (2F, 2E, 2D, 2E),
die Auswahl der Hauptmahlwerke (3F, 3E, 3D,
3C), welche die Hauptbrennergruppen (2F, 2E,
2D, 2E) abhängig von der vom Kessel (1) ange-
forderten Last versorgen,
die Einstellung der Strömungsleitbleche (36, 29,
30, 31, 32) der Strömungsteiler (21), die den
Strom vom Hilfsmahlwerk (3A) unter den auf un-
terschiedlichen Ebenen angeordneten Haupt-
brennergruppen (2F, 2E, 2D, 2E) verteilen, um

unterschiedliche Versorgungen zwischen den
verschiedenen Ebenen einzurichten.

11. Methode zur Optimierung der Verbrennung von Kes-
seln für pulverisierten Festbrennstoff nach Anspruch
10, dadurch gekennzeichnet, dass diese die Pha-
se der Aktivierung des Ersatzmahlwerks (3B) ein-
schließt, falls ein Hauptmahlwerk (3F, 3E, 3D, 3C,
3B) stoppt, und die Leitbleche (35, 13, 14, 15) an-
passt, um den Strom in Richtung der spezifischen
Gruppe innerhalb der Hauptbrennergruppen (2F,
2E, 2D, 2E) zu leiten, deren entsprechendes Haupt-
mahlwerk (3F, 3E, 3D, 3C) gestoppt hat.

Revendications

1. Système de combustion pour chaudières à combus-
tible solide pulvérisé (1) comprenant :

des groupes de brûleurs principaux (2F, 2E, 2D,
2C) situés à différents niveaux ou dans différen-
tes zones, à travers lesquels du combustible so-
lide pulvérisé est injecté dans la chaudière (1),
des broyeurs principaux (3F, 3E, 3D, 3C) pour
combustible solide, où chacun d’eux est relié à
chacun des groupes de brûleurs principaux (2F,
2E, 2D, 2C) auxquels ils envoient un flux de com-
bustible solide, comprenant :

un broyeur de remplacement (3B) destiné
à fonctionner uniquement sur le groupe de
brûleurs principaux (2F, 2E, 2D, 2C) dont le
broyeur principal associé (3F, 3E, 3D, 3C)
s’est arrêté, caractérisé en ce qu’il com-
prend en outre :

un groupe de distributeurs (5), dont le
nombre d’éléments coïncide avec le
nombre de brûleurs dans chaque grou-
pe, dont chacun est relié à la fois au
broyeur de remplacement (3B) et à un
brûleur de chaque groupe de brûleurs
principaux (2F, 2E, 2D, 2C), avec des
déflecteurs de flux (35, 13, 14, 15) et
des vannes (9, 10, 11, 12) entre qui, en
fonction de leur position, dirigent le flux
depuis le broyeur de remplacement
(3B) jusqu’au groupe de brûleurs prin-
cipaux (2F, 2E, 2D, 2C) dont le broyeur
principal (3F, 3E, 3D, 3C) s’est arrêté
un broyeur de renfort (3A) qui fonction-
ne constamment et dirige un flux sup-
plémentaire de combustible solide jus-
qu’au(x) groupe ou groupes de brûleurs
principaux (2F, 2E, 2D, 2C) sélectionné
(s), complétant ainsi le flux de combus-
tible solide fourni par les broyeurs prin-
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cipaux (3F, 3E, 3D, 3C),
un groupe de diviseurs de flux (21),
dont le nombre d’éléments coïncide
avec le nombre de brûleurs dans cha-
que groupe, dont chacun est relié à la
fois au broyeur de renfort (3A) et à un
brûleur de chaque groupe de brûleurs
principaux (2F, 2E, 2D, 2C), avec des
déflecteurs de flux (36, 29, 30, 31, 32)
entre qui, en fonction de leur position,
dirigent le flux depuis le broyeur de ren-
fort (3A) jusqu’aux brûleurs auxquels ils
sont reliés, selon la distribution requise,
et
des conduits d’assemblage (33) entre
les distributeurs (5) et les diviseurs de
flux (21) qui comportent une vanne (34)
qui permet l’établissement d’une com-
munication entre les distributeurs (5) et
les diviseurs de flux (21) pour que le
broyeur de remplacement (3B) puisse
exercer les fonctions du broyeur de ren-
fort (3A).

2. Système de combustion pour chaudières à combus-
tible solide pulvérisé de la revendication 1 caracté-
risé en ce que les vannes (9, 10, 11, 12, 34) sont
du type robinets-vannes à guillotine.

3. Système de combustion pour chaudières à combus-
tible solide pulvérisé de la revendication 1 caracté-
risé en ce qu’il comprend en outre un premier grou-
pe de brûleurs auxiliaires (2B), situé à un niveau au-
dessus des groupes de brûleurs principaux (2F, 2E,
2D, 2E), qui sont reliés au broyeur de remplacement
(3B) et aux distributeurs (5).

4. Système de combustion pour chaudières à combus-
tible solide pulvérisé de la revendication 3 caracté-
risé en ce qu’il comprend un premier groupe de rac-
cordements à trois voies (4), dont le nombre d’élé-
ments coïncide avec le nombre de brûleurs consti-
tuant chaque groupe, qui établissent la connexion
entre le premier groupe de brûleurs auxiliaires (2B),
le broyeur de remplacement (3B) et les distributeurs
(5).

5. Système de combustion pour chaudières à combus-
tible solide pulvérisé de la revendication 4 caracté-
risé en ce que le premier groupe de raccordements
à trois voies (4) comprend un premier déflecteur à
deux positions (8) qui minimise la baisse de pression
due au changement de direction.

6. Système de combustion pour chaudières à combus-
tible solide pulvérisé des revendications 1 ou 3 ca-
ractérisé en ce qu’il comprend en outre un second
groupe de brûleurs auxiliaires (2A), situé à un niveau

au-dessus des groupes de brûleurs principaux (2F,
2E, 2D, 2E), qui sont reliés au broyeur de renfort
(3A) et aux diviseurs de flux (21).

7. Système de combustion pour chaudières à combus-
tible solide pulvérisé de la revendication 6, caracté-
risé en ce qu’il comprend un second groupe de rac-
cordements à trois voies (20), dont le nombre d’élé-
ments coïncide avec le nombre de brûleurs dans
chaque groupe, qui établissent la connexion entre
le second groupe de brûleurs auxiliaires (2A), le
broyeur de renfort (3A) et les diviseurs de flux (21).

8. Système de combustion pour chaudières à combus-
tible solide pulvérisé de la revendication 7, caracté-
risé en ce que le second groupe de raccordements
à trois voies (20) comprend un second déflecteur à
deux positions (24) qui minimise la baisse de pres-
sion due au changement de direction.

9. Chaudière à combustible solide pulvérisé qui com-
prend le système décrit dans n’importe laquelle des
revendications 1 à 8.

10. Procédé pour optimiser la combustion de chaudières
à combustible solide pulvérisé qui utilise le système
décrit dans n’importe laquelle des revendications 1
à 8, caractérisé en ce qu’il comprend les étapes
consistant à :

sélectionner un schéma d’injection différentielle
parmi les différents groupes de brûleurs princi-
paux (2F, 2E, 2D, 2E),
sélectionner les broyeurs principaux (3F, 3E,
3D, 3C) qui alimenteront les groupes de brûleurs
principaux (2F, 2E, 2D, 2E) en fonction de la
charge requise de la chaudière (1),
régler les déflecteurs de flux (36, 29, 30, 31, 32)
des diviseurs de flux (21) qui distribuent le flux
à partir du broyeur de renfort (3A) parmi les grou-
pes de brûleurs principaux (2F, 2E, 2D, 2E) si-
tués à différents niveaux, pour définir des ali-
mentations différentielles entre différents ni-
veaux.

11. Procédé pour optimiser la combustion de chaudières
à combustible solide pulvérisé de la revendication
10, caractérisé en ce qu’il comprend l’étape con-
sistant à activer le broyeur de remplacement (3B) si
un broyeur principal s’arrête (3F, 3E, 3D, 3C, 3B) et
à régler les déflecteurs (35, 13, 14, 15) pour diriger
le flux en direction du groupe spécifique parmi les
groupes de brûleurs principaux (2F, 2E, 2D, 2E) dont
le broyeur principal associé (3F, 3E, 3D, 3C) s’est
arrêté.
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