
5 Method for controlling the firing rate of combustion     installations
The invention relates to a method for control-     ling the firing rate of
combustion installations, in     particular refuse combustion
installations, in which 10  the combustible material is deposited at the
beginning     of a fire grate, is subjected to a stoking and forward
motion on this fire grate and the resulting slag is     removed at the end
of the fire grate.             In the combustion of refuse, the object is
to 15  achieve  a uniform release  of heat  from the  fuel  in     addition
to achieving a low emission of pollutants in     the exhaust gas. Because
the quantity of heat intro-     duced to the fire grate per volume unit of
refuse or     waste is subject to large fluctuations, it is neces- 20
sary, on the one hand, to vary the quantity of refuse     supplied as a
function of the currently available     calorific value and, on the other
hand, to vary the     stoking and stirring of the fuel, as well as the
supply     of combustion air in order to permit the most uniform 25
possible release of heat.             In the case of combustion
installations with     grate  firing systems  in which there  is no
automatic     control of the grate stoking speed as a function of the
firebed height which has been determined, this leads to 30  the technical
firing disadvantage of changeable firebed     heights.   Changeable
firebed   heights   have   the     disadvantage of changeable permeability
to combustion     air of the firebed. Such changeable permeability to
combustion air of the firebed lead to changeable excess 35  air  ratios
and  therefore  to  changeable  combustion     processes, the result of
which is a lack of stable 



combustion and therefore unstable 02 values in the     exhaust gas, varying
CO and NO[err] emissions, varying fly     ash quantities and varying
burn-out of the slag.                                     -2-
From EP 0 661 500 B1, it is known art to deter-     mine the distribution
of the burning material on a fire     grate by means of radar and, for
example, to use this     signal for the control of the stoking speed.
Although 5 this method is advantageous, it requires the use of
expensive measuring equipment. Furthermore, it is not     possible to draw
conclusions about the permeability to     air of the firebed from the
firebed height which has     been determined. 10         The object of the
invention is to provide, with     simple means, a method by which the
firing rate can be     matched relatively exactly to the steam output
require-     ments while satisfying essential technical firing
requirements with respect to the exhaust gas composi- 15  tion and, more
particularly, with respect to CO, hydro-     carbons, oxides of nitrogen
and other pollutant materi-     als.             In a method of the type
explained at the begin-     ning, this object is achieved in that the
stoking and 20  forward motion of the combustible material is at least
influenced as a function of the permeability to combus-     tion air of
fire grate and firebed. This is the minimum     requirement which must be
satisfied in order to deal     substantially with the problems of varying
firebed 25  heights. By varying the stoking motion of a grate, it     is
possible to adjust the burning material distribution     in such a way that
the permeability to air of the fire     grate and firebed remains constant,
by which means a     stable excess air ratio and therefore substantially 30
constant combustion with stable 02 figures is achieved     in the exhaust
gas. By this means, furthermore, con-     stant pollutant gas emissions at
a low level are 



achieved. With constant permeability to combustion air     through the
firebed, the gas velocities through the 35  firebed remain substantially
constant and,  therefore,     this also achieves a low and constant
quantity of fly     ash removed from the firebed. Because the combustion
process can be kept to a uniformly and favourable level     by means of the
measure in accordance with the                                      -3-
invention, this provides good slag burn-out even during     the combustion
of difficult refuse materials with large     variations in calorific value.
In order to make these advantageous effects 5 reliably possible even in the
case of strongly fluctu-     ating calorific values of the fuel introduced,
it is     advantageous in a further development of the invention     for
the quantity of combustible material deposited, and     in a further
supplement to this measure the quantity of 10  slag removed,  to be
influenced as a function of the     permeability to combustion air of fire
grate and fire-     bed.             Influencing  the   quantity   of
combustible     material deposited as a function of the permeability to 15
combustion  air of the  fire grate  and firebed  takes     place in a way
which is superimposed on the regulation     of the deposition of
combustible material of the previ-     ously conventional type, as a
function of the steam     mass flow, for example, and therefore represents
a cor- 20  rective measure when it is found that the control of     the
stoking speed alone does not lead to optimum     results.             In
order to exclude any negative influence on     the burning material
distribution due to control of the 25  stoking speed, it is advantageous
for the quantity of     slag removed to be influenced as a function of the
permeability to combustion air of the fire grate and     firebed because in
this case, the removal of slag can 



be matched to the flow of burning material on the fire 30  grate.
Using the measures in accordance with the     invention, it is possible to
achieve a firing rate     stability with fluctuations of less than 5% even
in the     case of the combustion of refuse with short-term 35  calorific
value fluctuations of more than 50%.             Considered over the total
length of the fire     grate, the permeability to combustion air changes in
accordance with the advance of combustion because the     freshly deposited
fuel has a permeability to air which                                    -4-
is different from that of the fuel which is already     burning or is
almost completely burnt. In accordance     with the present invention, it
is recommended that the     permeability to combustion air of the firebed
should be 5 determined in the region where combustion on the fire     grate
is beginning. This applies to the first part of     the main combustion
zone. This part should preferably     be employed for determining the
permeability to combus-     tion air because the influence of the firebed
height 10  and the permeability  to  air of the  firebed  on the
desired release of heat is most clearly present at this     point. For this
reason, this region is advantageous for     the determination of the
control parameter. It is here     that the largest changes have to be made
in order to 15  achieve a uniform release of heat despite the varying
fuel  characteristics.   In  principle,   however,   the     proposed
control technology can be employed in any     region of a combustion grate
in which combustion     reactions take place to a worthwhile extent. 20
The fundamental concept of the invention, which     leads to the
determination of the control parameter,     consists to a first
approximation in the control signal     corresponding to the permeability
to combustion air     being determined by recording the free air outlet
area 



25  of the total combustion air resistance body, composed     of grate
surface structure and firebed, in accordance     with the equation
PLB                               V      where 30  R is the control signal,
PLB is the primary airflow through the firebed under     the operating
conditions and     V is the flow velocity in the combustion air resistance
body, composed of the grate surface structure and the 35 firebed, and which
is calculated from the equation   [err]
-5-      where g is the gravitational acceleration,     YL is the specific
weight of the air under the operating     conditions and     Ap is the
static pressure difference between the 5 undergrate zone and the furnace
space.            This way of calculating the control parameter     is
fundamentally sufficient for achieving the objective     set at the
beginning. Deviations can, however, occur     from the actual
relationships, these deviations being 10 based on the fact that the
combustion air resistance     body composed of grate surface structure and
firebed     opposes the combustion airflow with greater or less
aerodynamic or friction resistance as a function of the     velocity of the
combustion air flowing through. The air 15 flows, in fact, through very
narrow gaps between the     individual grate bars of the combustion grate,
on the     one hand, and through the bulk consisting of waste     materials
and refuse, on the other. The latter do not     offer any defined flow
paths and their permeability to 



20 air depends not only on the height of the firebed but     also on the
composition of the burning material, i.e.     on the refuse quality. Flow
relationships then occur     which can no longer be exactly represented by
mathe-     matical equations so that the fundamentals of the cal- 25
culation do not always agree with the actual relation-     ships.
On the basis of these difficulties, a way of     determining the control
signal in accordance with the     present invention is proposed which,
although it is 30 associated with increased complication, does permit
more precise matching of the control parameters deter-     mined to the
actual relationships and which, in     accordance with the invention, is
the result of the     control signal corresponding to the permeability to
35 combustion air being determined by recording the free     air outlet
area of the total combustion air resistance     body, composed of grate
surface structure and firebed,     and by recording an experimentally
determined flow                                    -6-     *coefficient
which depends on the flow velocity of the    combustion air, in accordance
with the equation                             RK = F  [err] 5 in which
Rk is the corrected control signal     F is the free air outlet area and
a is the flow coefficient     and the free air outlet area is calculated
from the 10 equation                            R = PLB      where     V is
the flow velocity through the combustion air     resistance body, composed
of the grate surface struc- 



15 ture and the firebed,     and which is calculated from the equation
[err]       where 20 g is the gravitational acceleration,     [err]L is the
specific weight of the air under the operating     conditions and     Ap is
the static pressure difference between the     undergrate zone and the
furnace space. 25         The experimentally determined flow coefficient
is therefore a correction parameter which takes account     of the
aerodynamic losses due to friction and vortex     formation in the airflow
through the grate surface     structure, i.e. through the fire grate
constructed of 30 individual grate bars and the firebed which consists of
an irregular aggregation of combustible and inert waste     materials of
different orders of magnitude.             The invention is explained in
more detail below     in association with the representation in a drawing
of 35 an embodiment example of a combustion installation and
-7-      using operational results in association with this com-
bustion installation.            In the drawing:   5  Fig. 1  shows a
longitudinal section through a diagram-            matically represented
combustion installation;     Fig. 2  shows  a  control  scheme  for  the
combustion             installation; and     Fig. 3  shows the
representation of the way in which 



10          the stoking speed of the grate depends on the
control signal determined over a certain time             segment.
The combustion installation represented in 15  Fig. 1 comprises a fire
grate 1, a charging device 2, a     furnace space 3 with connected gas flue
4, to which are     connected further gas flues and the units downstream of
the combustion installation, in particular steam gen-     eration and
exhaust gas cleaning installations which 20  are not represented or
explained in any more detail     here.             The fire grate 1
comprises individual grate     steps 5 which are in turn formed from
individual,     adjacently located grate bars. Every second grate step 25
of the  fire grate  is  configured  as  a reciprocating     grate and is
connected to a drive, designated overall     by 6, which permits adjustment
of the stoking speed.     Undergrate chambers 7.1 to 7.5, which are
subdivided in     both the longitudinal and transverse directions, are 30
provided underneath the fire grate and these chambers     have primary air
separately admitted via individual     lines 8.1 to 8.5. At the end of the
fire grate, the     burnt-out slag is removed by means of a slag removal
appliance, a slag roller 9 in the embodiment example 35  shown,  into a
slag drop shaft 10 from where the slag     falls into a slag removal unit
(not shown).             The charging device 2 comprises a charging fun-
nel 11, a charging chute 12, a charging table 13 and     one or more
charging pistons 14, which are allocated
-8-      adjacent to one another, are possibly controllable
independently of one another and push the refuse     sliding down into the
charging chute 12 over a charging     edge 15 of the charging table 13 into
the furnace space 



5 3 and onto the fire grate 1.            The fuel 16 loaded onto the fire
grate 1 is     predried by the air coming from the undergrate zone 7.1
and is heated and ignited by the radiation present in     the furnace space
3. The main combustion zone is in the 10 region of the undergrate zones 7.2
and 7.3 while the     slag formed burns out in the region of the undergrate
zones 7.4 and 7.5 and then enters the slag drop shaft     10. .
In order to determine the desired control 15 parameter which, to a first
approximation, corresponds     to the free air outlet area through the
grate surface     structure and the firebed, an airflow measurement
device 18 is provided in the air supply line 8.2 and a     temperature
sensor 17 and a pressure sensor 19 are pro- 20 vided in the undergrate
chamber 7.2 while a further     pressure sensor 20 is arranged within the
furnace space     3 so that the static pressure difference between the
undergrate zone and the furnace space can be measured.
Indicated in diagrammatic form in Fig. 1 are 25 various setting devices,
which are used to control the     various factors of influence or
appliances in order to     permit control of the firing rate. The setting
device     for influencing the stoking speed is indicated by 21,     that
for influencing the rotational speed of the slag 30 roller is indicated by
22, that for influencing the     switch-on and switch-off frequency or the
speed of the     charging piston by 23 and that for the primary airflow
by 24. The latter is capable of supplying the required     primary airflow
to each individual undergrate chamber. 35         The  method  according
to  the  invention  is     explained below with additional reference to
Fig. 2 and     3.            A previously conventional control unit RE
(which is capable of controlling the firing rate of a
-9-      combustion installation, for example as a function of 



the steam mass flow in terms of the fuel charge and the     primary air
supply, to mention only some control     parameters) is configured in such
a way that the  5 required values and the actual values determined (which
are necessary for carrying out the method according to     the invention)
can be relayed in the form of control     parameters to the individual
setting devices. For this     purpose, a central computer unit ZR is
provided which 10  is connected to the temperature sensor 17, the airflow
measurement device 18 and the two pressure sensors 19     and 20 and which
processes the values measured by these     sensors and devices.
In order to permit the individual control 15  parameters to be output
through the control unit RE,     the control signal influencing the control
unit must be     calculated by the central computer ZR on the basis of
the measured values. The central computer ZR therefore     determines the
actual magnitude of the free air outlet 20  area which is then compared
with the required value for     this free air outlet area in the control
unit RE and     the signal for influencing the individual setting
devices 21 to 24 is then derived from this.             The density of the
primary air PL is calculated 25  in known manner on the basis of the
measured primary     air temperature in the undergrate chamber 7.2 and the
pressure measured there. This value, in association     with the pressure
difference between the undergrate     zone and the furnace space measured
by means of the two 30  sensors 19 and 20 is used, by means of the equation
[err]       to calculate the velocity of the primary air when flow-     ing
through the combustion air resistance body composed 35  of  grate  surface
structure  and  firebed.  The  value     obtained in this way is used, in
association with the     airflow value determined by means of the airflow
meas-      



- 10 -      urement device 18, which airflow is converted to the
current operating conditions in terms of temperature     and pressure, in
order to calculate the free air outlet     area defined in accordance with
the equation 5 [err]       The value obtained in this way is the actual
value of     the free air outlet area and is made available, as the
control signal F or R, to the control unit RE where 10  this value is
compared with the required value for the     free air outlet area F. This
provides the setting     parameters for the individual setting devices 21
to 24.     The value necessary for the regulation of the stoking     speed
SG of the fire grate on the basis of the control 15  signal R is then
compared with the required value range     for the stoking speed in order
to ensure that correc-     tions or setting steps can only take place
within plau-     sible and permissible ranges.            In this type of
calculation and regulation, 20  certain  deviations  can  still  appear.
These  arise     because the air has to flow through a 'combustion air
resistance body", consisting of grate surface structure     and firebed,
which not only has very narrow but also     extremely irregular
cross-sections for the passage of 25  the primary air.  In this process,
frictional  losses     appear which have to be taken into account in the
form     of a flow coefficient [err] in order to achieve accurate
regulation. Because the flow conditions in such a     firebed cannot be
calculated,  this flow coefficient [err] 30  has  to  be  determined
experimentally.  In  order  to     determine this flow coefficient, the
flow is first     measured, at different airflows and different initial
pressures in the undergrate zone, through an uncharged     fire grate and
then through a fire grate charged with 35  burning material. The
differences found in the pressure     losses or in the respective static
pressure difference     between the undergrate zone and the furnace space
are a     measure for the formation of the flow coefficient, 



which assumes the value 0 when flow through the fire     grate and the
burning material is no longer possible     and becomes greater (up to a
maximum of a = 1) as it     becomes easier for the air to flow unhindered
through 5  the  fire  grate  surface  structure  and  the  burning
material. In practice, the flow coefficients found are     of an order of
magnitude between 0.6 and 0.95.  This     experimentally determined flow
coefficient a is input     to the central computer ZR so that the control
signal F 10  or R calculated in the manner described further above     can
be  corrected  in  accordance  with  this  flow     coefficient a, so that
the central computer then     outputs a corrected control signal RK to the
control     unit.     These    control    processes    are    shown 15
diagrammatically in Fig. 2, from which it may be seen     that the central
computer ZR is connected to the     various measurement sensors 17 to 20
and an input     facility for the flow coefficient a while the control
unit RE can receive required value inputs for the 20  stoking speed SG and
the free air outlet area F so     that, from these, it can output the
respective control     pulses to the setting devices 21 to 24, which are
connected to the control unit.            Fig. 3 shows the result of the
control process 25  in accordance with the invention. In this, the free air
outlet area F, as the control signal, and in addition     the number of
strokes per hour are plotted on the     ordinate and the measured time is
plotted on the     abscissa. The constant required value for the air out-
30  let area is represented by Frequired. The curve F shows     the current
actual values of the control signal RK cor-     rected by the flow
coefficient a. It may be seen that     only relatively small fluctuations
take place relative     to the specified required value and this permits
the 35  conclusion that this combustion is taking place almost 



uniformly. The stoking speed of the grate is repre-     sented by SG as the
number of stroke motions of the     grate drive 6 per hour. It may be seen
that when the     free air outlet area falls, for example as far as the
- 12 -      point F1, the stoking speed is correspondingly raised     to
the point SG1. A reduced free air outlet area means     that the
permeability to air of the firebed has been     reduced either due to an
increased firebed height or 5 due to more compact burning material because
of moist,     inert constituents. By increasing the stoking speed,     this
state of affairs can be obviated or can be influ-     enced to the extent
that the free air outlet area again     approaches the required value, as
is the case at the 10  point F2. It may be seen here that the stoking speed
remains constant in the corresponding segment SG2. If     the free air
outlet area falls again at the point F3,     the stoking speed increases
correspondingly in the     region SG3 and then remains substantially
constant in 15  the region SG4 because practically no deviations from
the required value are found in the region F4.            The control
interventions in accordance with     the present invention do not only
apply to the stoking     speed of the grate, although this is the main
factor of 20  influence. So that the combustion process can be made
uniform to the greatest extent possible by controlling     the stoking
speed, it is also necessary to influence     the quantity of burning
material deposited on the fire     grate and the quantity of slag removed
as a function of 25  the already explained control signal R or RK. This
takes     place by the control unit RE not only influencing the     stoking
speed by means of the setting device 21 but     also influencing the
quantity of fuel deposited on the     fire grate 1 by means of the setting
device 23 and the 30  removal quantity via the removal roller 9 by means of
the setting device 22. It is also possible to influence 



the primary airflow by means of the setting device 24,     this influence
being primarily exerted by the usual     firing rate control system. 35
The  control  method  in  accordance  with  the     invention can be used
as an independent control method     at least with respect to the grate
speed but it can     also be used as a correction only for the control of
the stoking speed when the latter is controlled on the
- 13 -  basis of other parameters by means of the usual firing rate control
unit.              1. A method for controlling the firing rate of
combustion   installations, in particular refuse combustion installations,
comprising the steps of:     depositing combustible material at the
beginning of a fire        grate;     subjecting the combustible material
on said fire grate to a        stoking and forward motion: and     removing
resulting slag at an end of the fire grate,     the stoking and forward
motion of the combustible mate-       rial being at least influenced as a
function of a perme-       ability to combustion air of fire grate and
firebed.     a control sianal corresponding to the permeability to
combustion air is determined by recording a free air       outlet area of a
total combustion air resistance body,       composed of grate surface
structure and firebed, in       accordance with an equation             PLB



[err]        where R is the control siinal. PLB is a primary airflow
througth the firebed under operating conditions and V       is a flow
velocity in the combustion air resistance body,       composed of the grate
surface structure and the firebed.       and which is calculated from an
equation     [err]        where g is the gravitational acceleration. [err]L
is a specific       weight of the air under the operating conditions and
[err]p.       is a static pressure difference between an unclergrate
zone and a furnace space.     2. A method according, to claim 1. wherein
the quantity of  combustible material deposited is influenced as a function
of  the permeability to combustion air of fire grate and firebed.    3. A
method according to claim 1. wherein the quantity of  slag, removed is
influenced as a function of the permeability  to combustion air of fire
grate and firebed.               4. A method according to claim 1. wherein
the perme-     ability to combustion air of the firebed is determined in a
region where combustion is beginning on the fire gate.       5. A method
for controlling the firing rate of combustion     installations, in
particular refuse combustion installations     comprising the steps. of:
depositing combustible material at the beginning of a fire          grate:
subjecting the combustible material on said fire grate.to a
stoking and forward motion; and       removing resulting slag at the end of
the fire grate.       the stoking and forward motion of the combustible
mate-         rial being at least influenced as a function of the
permeability to combustion air of fire grate and firebed, 



a control si-nal corresponding to a permeability to com-         bustion
air being determined by recording a free air         outlet area of a total
combustion air resistance body,         composed of grate surface structure
and firebed. and an         experimentally determined flow  coefficient
which         depends on a flow velocity of the combustion air. in
accordance with an equation       in which Rk is a correct control signal,
F is a fire air outlet    area, a is a flow coefficient and the free air
outlet area is    calculated from an equation   [err]       where V is a
flow  velocity through a combustion air         resistance body, composed
of the grate surface struc-         ture and the firebed, and which is
calculated from an         equation                  [err]       where g is
the gravitational acceleration. [err]L is a specific         weight of the
air under the operating conditions and [err]p         is a static pressure
difference between an undergrate         zone and a furnace space.    


