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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a refuse incin-
erator provided with a combustion chamber for burning
waste such as urban refuse and an operating method
therefor.

BACKGROUND OF THE INVENTION

[0002] With an increase in waste such as urban
refuse, various types of refuse incinerators for inciner-
ating waste have been put to practical use. In particular,
a stoker type refuse incinerator (hereinafter referred to
as a stoker incinerator) are widely known. FIG. 7 is a
side sectional view of a typical type of stoker incinerator.
[0003] InFIG.7,astokerincinerator 1 includes a hop-
per 2, adrying stoker 3, a burning stoker 4, an after burn-
ing stoker 5, a main combustion chamber 6, and a sec-
ondary combustion chamber 7. In this type of the stoker
incinerator, an intermediate ceiling 8 is installed to pro-
vide a main flue 9 and a bypass flue 10 between the
main combustion chamber 6 and the secondary com-
bustion chamber 7.

[0004] Urbanrefuse 11 chargedintoahopper2is sent
to the drying stoker 3 through a chute, and is dried and
heated by air supplied from the bottom and radiation
heat in the incinerator, thereby being ignited. The urban
refuse 11 having been ignited and started burning is sent
to the burning stoker 4, where the urban refuse 11 is
gasified by combustion air supplied from the bottom,
and some of the gas is burned. Further, unburned gas
is burned completely in the after burning stoker 5. Ash
remaining after burning is taken out to the outside
through a main ash chute 12. Combustion is effected in
the main combustion chamber 6, and flue gas is dis-
charged being separated into the main flue 9 and the
bypass flue 10 by the presence of the intermediate ceil-
ing. The flue gas passing through the main flue 9 scarce-
ly contains unburned gas, and contains about 10% of
oxygen. The flue gas passing through the bypass flue
10 contains about 8% of unburned gas. These flue gas-
es are mixed with each other in the secondary combus-
tion chamber 7, where secondary combustion is at-
tained, and unburned gas is burned completely. The flue
gas coming from the secondary combustion chamber 7
is sent to a waste heat boiler 14 after dust having a large
particle size is removed in a dust chamber 13. After be-
ing heat exchanged, the flue gas passes through a flue
gas treatment apparatus or the like, and is discharged
to the outside.

[0005] In the case where the urban refuse 11 is incin-
erated by using the stoker incinerator 1. it is difficult to
keep the combustion state in the incinerator steady be-
cause the urban refuse 11 consists of many substances
having different properties, so that the temperature dis-
tribution in the main combustion chamber 6 and the con-
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centration distribution of combustion gas are inevitably
nonuniform in terms of time and space. In particular, in
the drying region above the drying stoker 3, a large
amount of water vapor is produced according to the
properties of the urban refuse 11, or ignition is made un-
stable by a temporary decrease in combustible matter
in the urban refuse 11. This sometimes causes a phe-
nomenon called a CO spike. This phenomenon is unfa-
vorable from the viewpoint of pollution prevention be-
cause flames are partially extinguished, so that un-
burned gas containing a large amount of CO flows into
the second combustion chamber 7, and is discharged
to the outside without being burned completely in the
second combustion chamber 7. Also, if the flame tem-
perature in the main combustion chamber 7 increases,
there arises a problem in that dust adheres to the inter-
mediate ceiling 8 and the incinerator walls in a melted
state, and a deposit called a clinker is produced, so that
the combustion gas flow path in the incinerator is nar-
rowed, or a clinker having been made huge drops onto
the bottom of the incinerator, thereby damaging a grate
or the like. Further, if the flame state is unstable, flames
are liable to blow off, resulting in difficulties of high-load
combustion.

[0006] In orderto solve such problems, itis necessary
to first grasp the combustion state in the incinerator and
then provide means for stabilizing flames in the inciner-
ator.

[0007] In the conventional stoker incinerator, there
has generally been used a method in which the furnace
temperature is measured by using a thermocouple with
protector tube to grasp the combustion state in the in-
cinerator or a method in which the properties of com-
bustion gasin the incinerator is investigated by gas sam-
pling in the incinerator, and the data obtained by the
method have been used for combustion control in the
incinerator.

[0008] In the above-described stoker incinerator, it is
necessary to grasp the temperatures at locations in the
high- and low-temperature regions produced by nonu-
niform combustion in the main and secondary combus-
tion chambers to stabilize the combustion in the incin-
erator.

[0009] However, when a contact type measurement
method using a thermocouple is used as a furnace tem-
perature measuring method, there arise problems of de-
creased durability of the thermocouple body or thermo-
couple protector tube, a measurement error caused by
radiation, and the like.

[0010] Further, the measurement of gas temperature
in a central portion of furnace requires a long probe, so
that it is sometimes difficult to measure the temperature.
[0011] Also, a radiation type temperature measuring
method using the spectral characteristics of flames etc.
is a non-contact type measuring method. With this meth-
od, an observation window (for example, an infrared
camera) is generally provided, and measurement can
be made only in the range visible through the observa-



3 EP 1 304 525 A1 4

tion window. Therefore, this method is unsuitable in an
environment in which much dust exists because of dirty
measurement window, scattering, and the like.

[0012] Also, in a method in which the properties of
combustion gas in the incinerator are investigated by
gas sampling in the incinerator, even if gas sampling is
performed continuously at a location at which it is diffi-
cult to keep the combustion state in the incinerator
steady, the variations are large, so that it is difficult to
take proper measures based on the investigation result
obtained by this method.

SUMMARY OF THE INVENTION

[0013] It is an object of the present invention to pro-
vide a refuse incinerator capable of stabilizing the com-
bustion state in the incinerator and an operating method
therefor.

[0014] To achieve the object, firstly, the presentinven-
tion provides a refuse incinerator comprising a combus-
tion chamber for burning waste, a plurality of acoustic
gas temperature measuring devices, estimation means
for estimating the temperature distribution in the com-
bustion chamber, comparison means for comparing the
temperature distribution, and control means for control-
ling the gas temperature distribution. The acoustic gas
temperature measuring devices measure the gas tem-
perature in the combustion chamber. The estimation
means estimates the temperature distribution in the
combustion chamber from the measured gas tempera-
ture. The comparison means compares the estimated
temperature distribution with a preset temperature. The
control means controls the gas temperature distribution
by regulating at least one control element selected from
a group consisting of a plurality of primary air blowing
devices, a plurality of secondary air blowing devices, a
plurality of cooling fluid blowing devices, waste supply
means, and waste feed means based on the compari-
son result.

[0015] The comparison means and the control means
are preferably as follows:

(a) Comparison means for comparing the estimated
temperature distribution with a preset temperature
range and for specifying a temperature deviation
from the preset temperature range and a position
at which the temperature deviation is produced

(b) Control means for controlling the gas tempera-
ture distribution by regulating at least one control
element corresponding to the position at which the
temperature deviation is produced with respect to
at least one control element selected from a group
consisting of a plurality of primary air blowing devic-
es, a plurality of secondary air blowing devices, and
a plurality of cooling fluid blowing devices

[0016] The incinerator may be a stoker incinerator,
and the combustion chamber may comprise a main
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combustion chamber. Alternatively, the combustion
chamber may comprise a main combustion chamber
and a secondary combustion chamber. The incinerator
may be an incinerator having a fluidized bed, and the
combustion chamber may consist of a freeboard above
a fluidized bed.

[0017] The means for estimating the temperature dis-
tribution very preferably comprises means for estimat-
ing the temperature distribution in the three-dimensional
direction in the combustion chamber. The means for es-
timating the temperature distribution may comprise
means for estimating the temperature distribution in the
transverse cross-sectional direction in the combustion
chamber, or may comprise means for estimating the
temperature distribution in the longitudinal cross-sec-
tional direction in the combustion chamber.

[0018] Secondly, the present invention provides a
refuse incinerator comprising a combustion chamber for
burning waste, a plurality of acoustic gas temperature
measuring devices, estimation means for estimating the
temperature distribution in the combustion chamber,
recognition means for recognizing a block number, in-
ference means for inferring the temperature distribution
of each block number, comparison means for comparing
the temperature distribution, and control means for con-
trolling the gas temperature. The acoustic gas temper-
ature measuring devices measure the gas temperature
in the combustion chamber. The gas temperature meas-
uring devices are preferably provided at a plurality of
locations in the lengthwise direction and the height di-
rection on both side walls of the combustion chamber.
The estimation means for estimating the temperature
distribution in the combustion chamber estimates the
temperature distribution in the combustion chamber
from the measured gas temperature. This estimation
means preferably comprises means for estimating the
temperature distribution by the computerized tomogra-
phy method. The recognition means for recognizing a
block number recognizes a space in the combustion
chamber as block numbers consisting of a plurality of
divided blocks. The inference means for inferring the
temperature distribution of each block number infers the
temperature distribution of each block number from the
block number and the estimated temperature distribu-
tion. The comparison means compares the inferred tem-
perature distribution of each block number with a preset
temperature of each block number. The control means
controls the gas temperature distribution of each block
number based on the comparison result.

[0019] The control means for controlling the gas tem-
perature distribution of each block number preferably
comprises control means for controlling the gas temper-
ature distribution by regulating at least one control ele-
ment selected from a group consisting of a plurality of
primary air blowing devices, a plurality of secondary air
blowing devices, a plurality of cooling fluid blowing de-
vices; waste supply means, and waste feed means.
[0020] The control means very preferably comprises
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control means for controlling the gas temperature distri-
bution by regulating at least one control element corre-
sponding to each block number with respect to at least
one control element selected from a group consisting of
a plurality of primary air blowing devices, a plurality of
secondary air blowing devices, and a plurality of cooling
fluid blowing devices.

[0021] Thirdly, the present invention provides an op-
erating method for a refuse incinerator comprising the
steps of measuring the gas temperature, estimating the
temperature distribution, comparing, and controlling the
gas temperature. In the step of measuring the gas tem-
perature, the gas temperature in a combustion chamber
for burning waste is measured by using a plurality of
acoustic gas temperature measuring devices. In the
step of estimating the temperature distribution, the tem-
perature distribution in the combustion chamber is esti-
mated from the measured gas temperature. In the step
of comparing, the estimated temperature distribution is
compared with a preset temperature. In the step of con-
trolling the gas temperature, the gas temperature distri-
bution is controlled by regulating at least one control el-
ement selected from a group consisting of a plurality of
primary air blowing devices, a plurality of secondary air
blowing devices, a plurality of cooling fluid blowing de-
vices, waste supply means, and waste feed means
based on the comparison result.

[0022] The comparing step and the controlling step
are preferably as follows:

(a) The comparing step comprises comparing the
estimated temperature distribution with a preset
temperature range and specifying a temperature
deviation from the preset temperature range and a
position at which the temperature deviation is pro-
duced.

(b) The controlling step comprises controlling the
gas temperature distribution by regulating at least
one control element corresponding to the position
at which the temperature deviation is produced with
respect to at least one control element selected
from a group consisting of a plurality of primary air
blowing devices, a plurality of secondary air blowing
devices, and a plurality of cooling fluid blowing de-
vices.

[0023] The step of estimating the temperature distri-
bution very preferably comprises estimating the temper-
ature distribution in the three-dimensional direction in
the combustion chamber. The estimating step may com-
prise estimating the temperature distribution in the
transverse cross-sectional direction in the combustion
chamber, or may consist of a step of estimating the tem-
perature distribution in the longitudinal cross-sectional
direction in the combustion chamber.

[0024] Fourthly, the presentinvention provides an op-
erating method for a refuse incinerator comprising the
steps of measuring the gas temperature, estimating the
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temperature distribution, recognizing a block number,
inferring the temperature distribution, comparing the
temperature, and controlling the gas temperature distri-
bution. The gas temperature measuring step comprises
measuring the gas temperature in a combustion cham-
ber for burning waste by using a plurality of acoustic gas
temperature measuring devices. The acoustic gas tem-
perature measuring devices are preferably provided at
a plurality of locations in the lengthwise direction and
the height direction on both side walls of the combustion
chamber. The temperature distribution estimating step
comprises estimating the temperature distribution in the
combustion chamber from the measured gas tempera-
ture. In the temperature distribution estimating step, the
temperature distribution is preferably estimated by the
computerized tomography method. The block number
recognizing step comprises recognizing a space in the
combustion chamber as block numbers comprising a
plurality of divided blocks. The temperature distribution
inferring step comprises inferring the temperature dis-
tribution of each block number from the block number
and the estimated temperature distribution. The temper-
ature comparing step comprises comparing the inferred
temperature distribution of each block number with a
preset temperature of each block number. The gas tem-
perature distribution controlling step comprises control-
ling the gas temperature distribution of each block
number based on the comparison result.

[0025] The step of controlling the gas temperature
distribution of each block number preferably comprises
controlling the gas temperature distribution by regulat-
ing at least one control element selected from a group
consisting of a plurality of primary air blowing devices,
a plurality of secondary air blowing devices, a plurality
of cooling fluid blowing devices, waste supply means,
and waste feed means.

[0026] The controlling step very preferably comprises
controlling the gas temperature distribution by regulat-
ing at least one control element corresponding to each
block number with respect to at least one control ele-
ment selected from a group consisting of a plurality of
primary air blowing devices, a plurality of secondary air
blowing devices, and a plurality of cooling fluid blowing
devices.

[0027] Further, it is another object of the present in-
vention to provide a refuse incinerator capable of stead-
ily keeping the concentration of dioxins at the outlet of
a waste heat boiler at a remarkably low value and an
operating method therefor.

[0028] To achieve the object, the present invention
provides a refuse incinerator comprising a combustion
chamber for burning waste, a waste heat boiler connect-
ed to the combustion chamber, a plurality of acoustic
gas temperature measuring devices for measuring the
gas temperature in the waste heat boiler, means for es-
timating the gas temperature distribution in the waste
heat boiler from the measured gas temperature, and
means for controlling the temperature distribution in the
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waste heat boiler based on the comparison result.
[0029] The control means is preferably a control unit
for avoiding stagnation or staying in a temperature
range of 300 to 400°C occurring in the flow of flue gas
passing through the waste heat boiler.

[0030] The means for controlling the gas temperature
distribution of each block number preferably comprises
a control unit for controlling the gas temperature of each
block number by regulating at least one selected from
a group consisting of soot blow hammering, air blowing,
and circulating gas blowing in the waste heat boiler.
[0031] The means for controlling the gas temperature
distribution of each block number may also comprise a
control unit for controlling the gas temperature of each
block number by regulating at least one selected from
a group consisting of a primary air quantity, a secondary
air quantity, a waste feed rate, a waste supply quantity,
and a cooling fluid quantity of the refuse incinerator.
[0032] Further, the present invention provides a
refuse incinerator comprising a combustion chamber for
burning waste, a waste heat boiler connected to the
combustion chamber, a plurality of acoustic gas temper-
ature measuring devices, means for estimating the gas
temperature distribution, means for recognizing a block
number, means for inferring the temperature distribution
of each block number, means for comparing the temper-
ature, and control means for controlling the gas temper-
ature distribution. The acoustic gas temperature meas-
uring devices measure the gas temperature in the waste
heat boiler. The means for estimating the gas tempera-
ture distribution estimates the gas temperature distribu-
tion in the waste heat boiler from the measured gas tem-
perature. The recognizing means recognizes a space in
the waste heat boiler as block numbers comprising a
plurality of blocks. The inference means for inferring the
temperature distribution of each block number infers the
temperature distribution of each block number from the
block number and the estimated temperature distribu-
tion. The comparison means compares the inferred tem-
perature distribution of each block number with a preset
temperature of each block number. The control means
controls the gas temperature distribution of each block
number based on the comparison result.

[0033] Further, the present invention provides an op-
erating method for a refuse incinerator comprising the
steps of measuring the gas temperature, estimating the
gas temperature distribution, comparing the tempera-
ture distribution, and controlling the temperature distri-
bution. In the step of measuring the gas temperature,
the gas temperature in a waste heat boiler connected to
a combustion chamber for burning waste is measured
by using a plurality of acoustic gas temperature meas-
uring devices. In the step of estimating the temperature
distribution, the temperature distribution in the waste
heat boiler is estimated from the measured gas temper-
ature. In the step of comparing the temperature distri-
bution, the estimated temperature distribution is com-
pared with a preset temperature distribution. In the step
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of controlling the temperature distribution, the tempera-
ture distribution in the waste heat boiler is controlled
based on the comparison result.

[0034] The step of controlling the temperature distri-
bution preferably comprises controlling for avoiding
stagnation or staying in a temperature range of 300 to
400°C occurring in the flow of flue gas passing through
the waste heat boiler.

[0035] The step of controlling the temperature distri-
bution preferably comprises controlling the gas temper-
ature of each block number by regulating at least one
selected from a group consisting of soot blow hammer-
ing, air blowing, and circulating gas blowing in the waste
heat boiler.

[0036] The step of controlling the temperature distri-
bution may also comprise controlling the gas tempera-
ture of each block number by regulating at least one se-
lected from a group consisting of a primary air quantity,
a secondary air quantity, a waste feed rate, a waste sup-
ply quantity, and a cooling fluid quantity of the refuse
incinerator.

[0037] Still further, the present invention provides an
operating method for a refuse incinerator comprising a
gas temperature measuring step, a gas temperature
distribution estimating step, a block number recognizing
step, a temperature distribution inferring step for each
block number, a temperature comparing step, and a gas
temperature distribution controlling step.

[0038] In the gas temperature measuring step, the
gas temperature in a waste heat boiler connected to a
combustion chamber for burning waste is measured by
using a plurality of acoustic gas temperature measuring
devices.

[0039] Inthetemperature distribution estimating step,
the gas temperature distribution in the waste heat boiler
is estimated from the measured gas temperature.
[0040] In the recognizing step, a space in the waste
heat boiler is recognized as block numbers comprising
a plurality of blocks.

[0041] In the temperature distribution inferring step,
the temperature distribution of each block number is in-
ferred from the block number and the estimated temper-
ature distribution.

[0042] In the temperature comparing step, the in-
ferred temperature distribution of each block number is
compared with a preset temperature distribution.
[0043] Inthe controlling step, the gas temperature dis-
tribution of each block number is controlled based on
the comparison result.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044]
FIG. 1 is a perspective view of a refuse incinerator
in accordance with a first embodiment;

FIG. 2 is a schematic view showing a control system
for the refuse incinerator of the first embodiment;
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FIG. 3 is a schematic view showing one example of
temperature distribution of blocks in the transverse-
ly sectioned direction (plan direction) for the refuse
incinerator of the first embodiment;

FIG. 4 is a schematic view showing one example of
temperature distribution of blocks in the longitudi-
nally sectioned direction (height direction) corre-
sponding to FIG. 3;

FIG. 5is a perspective view of another refuse incin-
erator in accordance with the first embodiment;
FIG. 6 is a partially broken side view showing one
example of a fluidized bed furnace in accordance
with the first embodiment;

FIG. 7 is a sectional view showing a control method
for combustion temperature in a conventional
refuse incinerator;

FIG. 8 is a schematic perspective view of a waste
heat boiler in accordance with a second embodi-
ment;

FIG. 9 is a schematic view showing a temperature
distribution of divided block number for the waste
heat boiler of the second embodiment;

FIG. 10 is a schematic view showing a control sys-
tem for the waste heat boiler of the second embod-
iment;

FIG. 11 is a schematic side sectional view of a stok-
er type refuse incinerator in accordance with a third
embodiment;

FIG. 12 is a schematic side sectional view of a stok-
er type refuse incinerator in accordance with a
fourth embodiment;

FIG. 13 is a schematic configuration view of a stoker
type refuse incinerator in accordance with the fourth
embodiment;

FIG. 14 is a schematic configuration view of pipes
viewed from the upside in accordance with the
fourth embodiment;

FIG. 15 is a schematic configuration view of pipes
viewed from the upside in accordance with the
fourth embodiment;

FIG. 16 is a schematic side sectional view of a stok-
er type refuse incinerator in accordance with a fifth
embodiment;

FIG. 17 is a view showing a configuration in which
a radiator is disposed in a part of a furnace wall in
the fifth embodiment;

FIG. 18 is a view showing a configuration in which
an electric heater is used as heating means and a
heating control method in the fifth embodiment;
FIG. 19 is a view showing a configuration in which
flue gas is used and a heating control method in the
fifth embodiment;

FIG. 20 is a view showing a configuration in which
an electric heater is incorporated in refractory brick
and a heating control method in the fifth embodi-
ment;

FIG. 21 is a view showing a configuration in which
flue gas is introduced into a space provided in re-
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fractory brick and a heating control method in the
fifth embodiment;

FIG. 22 is a view showing a configuration in which
an air cooling apparatus is provided as cooling
means and a cooling control method in the fifth em-
bodiment; and

FIG. 23 is a view showing means for preventing a
decrease in the efficiency of heating by radiation
caused by the melting and solidification of fly ash in
the surface layer portion of a radiator without the
use of cooling means in the fifth embodiment.

EMBODIMENT FOR CARRYING OUT THE
INVENTION

First embodiment

[0045] According to a first embodiment, there are pro-
vided a combustion chamber, an acoustic gas temper-
ature measuring device, and a control unit. The com-
bustion chamber is preferably provided with a grate and
made up of a main combustion chamber and a second-
ary combustion chamber. The acoustic gas temperature
measuring device measures the temperature distribu-
tion in the combustion chambers by dividing a space in
these combustion chambers, the main combustion
chamber and/or the secondary combustion chamber, in-
to a plurality of blocks and inputting these blocks as
block numbers. The control unit is configured so that the
data of gas temperature distribution obtained by the
measuring device are combined as the data of gas tem-
perature distribution of each block number, the temper-
atures in high- and low-temperature regions of the com-
bustion chambers, the main combustion chamber and/
or the secondary combustion chamber, are compared
with a preset temperature of a reference temperature
region, one or more of manipulated variables of primary
air quantity, secondary air quantity, waste feed rate, and
cooling fluid quantity are combined based on the com-
parison result, and the temperature in the temperature
region of that block number is controlled so as to be the
preset temperature of the reference temperature region.
By this configuration, the actual temperature distribution
formed by the incineration of urban refuse at each por-
tion in the combustion chambers, the main combustion
chamber and/or the secondary combustion chamber,
can be grasped exactly as the gas temperature distribu-
tion of block number. When the temperature in the tem-
perature region of that block number becomes higher or
lower than the preset temperature of the reference tem-
perature region, the temperature region of that block
number is handled as an abnormal state, and regulation
is made by the manipulated variables to make the tem-
perature in the temperature region of that block number
normal.

[0046] Also, in the first embodiment, the combustion
chamber preferably consists of a freeboard above a flu-
idized bed, and the acoustic gas temperature measuring
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device and the control unit are provided in the freeboard.
As in the case of the combustion chamber that is pro-
vided with a grate and made up of the main combustion
chamber and the secondary combustion chamber, reg-
ulation is made by using the manipulated variables to
make the temperature in the temperature region of the
block number in the freeboard.

[0047] FIG. 1 is a perspective view of a refuse incin-
erator in accordance with the first embodiment.

[0048] In FIG. 1, a stoker incinerator 21 includes a
hopper 22, a drying stoker 23, a burning stoker 24, an
after burning stoker 25, a main combustion chamber 26,
and a secondary combustion chamber 27. In this type
of the stoker incinerator, an intermediate ceiling 28 is
installed to provide a main flue 29 and a bypass flue 30
between the main combustion chamber 26 and the sec-
ondary combustion chamber 27.

[0049] In the first embodiment, an acoustic gas tem-
perature measuring device (hereinafter referred to as an
acoustic measuring device) 31 and a control unit 32 are
provided in the main combustion chamber 26. A space
in the main combustion chamber 26 is divided into a plu-
rality of blocks, and the blocks are inputted in the control
unit 32 as block numbers.

[0050] The gas temperature in the main combustion
chamber 26 is measured continuously by using the
acoustic measuring device 31. The data of gas temper-
ature distribution based on the measured temperature
values are combined into gas temperature distribution
data (three-dimensional data) of each block number by
the control unit 32.

[0051] In the control unit 32, for the gas temperature
distribution data of each block number in the main com-
bustion chamber 26, the temperatures in high- and low-
temperature regions are compared with the preset tem-
perature value of the reference temperature region, one
or more of manipulated variables of primary air quantity,
secondary air quantity, waste feed rate, and cooling fluid
quantity due to water spray quantity are combined
based on the comparison result to make regulation, and
the temperature is controlled so that the temperature in
the high-or low-temperature region of block number de-
viated from the preset temperature value of the refer-
ence temperature region is the preset temperature of
the reference temperature region.

[0052] The gas temperature measurement using
acoustic waves is based on the fact that the velocity ¢
of a sound transmitted in a gas is represented as a func-
tion of temperature T as shown below.

c=a-\T

where a is a constant determined by gas composition
etc.

[0053] A temperature sensoris made up of an acous-
tic wave transmitter and an acoustic wave receiver. The
acoustic wave transmitter and the acoustic wave receiv-
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er are installed with a known distance provided there-
between. If an acoustic wave generated from the acous-
tic wave transmitter is received by the acoustic wave re-
ceiver, and the propagation time is measured, the gas
temperature between the acoustic wave transmitter and
the acoustic wave receiver can be measured.

[0054] A plurality of temperature sensors are installed
in a measurement section, the propagation times for a
plurality of paths are measured, and the measurement
results are processed by the computerized tomography
method (CT method), by which the temperature distri-
bution can be determined. In the CT method, the meas-
urement section is divided into several elements, and
simultaneous equations are formed for one path assum-
ing that the temperature in the element is constant. Si-
multaneous equations are formed for a plurality of paths,
and these equations are solved, by which the tempera-
ture of each element can be determined.

[0055] The acoustic measuring device 31 is made up
of temperature sensors 33, a signal processor 34, and
a CT processor 35.

[0056] The temperature sensor 33 is made up of a
speaker 36, a microphone 37, and a horn (not shown).
[0057] A plurality of temperature sensors 33 are in-
stalled on both walls of the main combustion chamber
26 in a checkered form. The reason for installing the
temperature sensors 33 in a checkered form is that the
temperature distribution on a transverse cross section
perpendicular to the flow direction of an urban refuse
group passing through the main combustion chamber
26 and the temperature distribution on a longitudinal
cross section in the flow direction of an urban refuse
group are measured, and by combining these tempera-
ture distributions by the control unit 32, the actual tem-
perature distribution at each location produced by the
incineration of urban refuse is grasped exactly as the
three-dimensional gas temperature distribution using
block number.

[0058] When the temperature in the temperature re-
gion of that block number becomes higher or lower than
the preset temperature value of the reference tempera-
ture region, the temperature region of that block number
is handled as an abnormal state, and temperature con-
trol is carried out to make the temperature in the tem-
perature region of that block number normal.

[0059] The number and installation positions of the
temperature sensors 33 are selected and determined
according to the shapes, sizes, etc. of the main com-
bustion chamber 26 and the secondary combustion
chamber 27 in which the temperature sensors are in-
stalled.

[0060] The temperature measurement values ob-
tained by the temperature sensors 33 are processed by
the signal processor 34, and the temperature distribu-
tions in longitudinal and transverse cross sections of the
space in the main combustion chamber 26 are displayed
by the CT processor 35.

[0061] The temperature distribution data obtained by
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the CT processor 35 are sent to the control unit 32,
where the temperature distribution data for longitudinal
and transverse cross sections are combined into three-
dimensional temperature distribution data to grasp the
temperature distribution as three-dimensional tempera-
ture distribution using block number of each location in
the main combustion chamber 26.

[0062] In the control unit 32, preset temperature val-
ues on the high- and low-temperature region sides (pre-
set temperature value of the reference temperature re-
gion) in the main combustion chamber have been input-
ted in advance, and the measured temperature in the
temperature region of block number is compared with
the preset temperature value of the reference tempera-
ture region. When the measured temperature is higher
than the preset temperature value on the high-temper-
ature region side, or when itis lower than the preset tem-
perature value on the low-temperature region side, the
optimum control pattern is selected from one or more of
manipulated variables of primary air quantity, secondary
air quantity, waste feed rate (including refuse supply
quantity), and cooling fluid quantity for that block
number, and temperature control is carried out to make
the temperature in the high- or low-temperature region
in the main combustion chamber normal by using the
selected control pattern. Therefore, the temperature in
the temperature region of block number in the main
combustion chamber 26 is made normal, with the result
that the combustion gas temperature in the main com-
bustion chamber 26 is stabilized. If the combustion gas
temperature in the main combustion chamber 26 is sta-
bilized, the combustion gas temperature in the second-
ary combustion chamber 27 connected to the main com-
bustion chamber 26 is easily stabilized.

[0063] That is to say, as described above, the com-
bustion of urban refuse is effected in the main combus-
tion chamber 26, and generated flue gas is discharged
being separated into the main flue 29 and the bypass
flue 26 by the presence of the intermediate ceiling 28.
The separated flue gases are mixed with each other in
the secondary combustion chamber 7, and the second-
ary combustion is attained so that unburned gas is
burned completely.

[0064] At this time, generally, the flue gas passing
through the main flue 29 scarcely contain unburned gas,
and the flue gas passing through the bypass flue 26 non-
uniformly contains unburned gas. According to the
present invention, the flue gas passing through the by-
pass flue 26 uniformly contains unburned gas because
the temperature in the temperature region of block
number at each location in the main combustion cham-
ber 26 is made normal so that the combustion gas tem-
perature is stabilized. Therefore, when these flue gases
are mixed with each other in the secondary combustion
chamber 7, unburned gas can be burned completely by
the secondary combustion. The flue gas coming from
the secondary combustion chamber 27 is sent to a
waste heat boiler 44 after dust having a large particle
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size is removed in a dust chamber 43. After being heat
exchanged, the flue gas passes through a flue gas treat-
ment apparatus or the like, and is discharged to the out-
side as a flue gas.

[0065] FIG. 2 is a schematic view showing a control
system for the refuse incinerator of the first embodiment.
FIG. 3 is a schematic view showing one example of tem-
perature distribution of blocks in the transversely sec-
tioned direction (plan direction) for the refuse incinerator
of the first embodiment. FIG. 4 is a schematic view
showing one example of temperature distribution of
blocks in the longitudinally sectioned direction (height
direction) corresponding to FIG. 3. The blocks are
shown with a gap provided therebetween for ease of un-
derstanding.

[0066] InFIG. 2, signals of measured values obtained
by the temperature sensors 33 are sent continuously to
the signal processor 34 because the temperature sen-
sors 33 are installed on both walls of the main combus-
tion chamber 26 in a checkered form as shown in FIG.
1. Inthe signal processor 34, the measured temperature
values obtained by the temperature sensors 33 are
processed, and the temperature distributions in longitu-
dinal and transverse cross sections of the space in the
main combustion chamber 26 are displayed by the CT
processor 35.

[0067] The temperature distribution data displayed by
the CT processor 35 are sent to the control unit 32. The
control unit 32 combines the temperature distribution
data for longitudinal and transverse cross sections to
form three-dimensional temperature distribution in the
temperature region of block number.

[0068] As is apparent from FIGS. 3 and 4, the block
number can be handled as a three-dimensional temper-
ature region by using axis A and axis B in the plane and
height axis C with respect to the plane axes A and B in
coordinates of image.

[0069] Therefore, the block number is specified by de-
termining an origin by using axes ABC. For example, in
FIGS. 3 and 4, the block numbers at which the temper-
ature in the low-temperature region is generated are
grasped as A1B1C1, A2B1C1, A5B1C1, A6B1C1,
A2B2C1, A6B2C1, A1B2C2, and A6B2C2. Also, the
block numbers in which the temperature in the high-tem-
perature region is generated can be grasped in the
same way. A thin patterned block number represents a
low-temperature region, a thick patterned one repre-
sents a high-temperature region, and no-patterned one
represents a normal temperature region.

[0070] In FIG. 2, in order to check whether the tem-
perature of block number in the main combustion cham-
ber 26 is in the high-temperature region (approximately
1000°C or higher) or in the low-temperature region (ap-
proximately 700°C or lower), in the high-temperature re-
gion, 1000°C was taken as the preset temperature value
of the reference temperature region, and in the low-tem-
perature region, 700°C was taken as the preset temper-
ature value of the reference temperature region.
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[0071] The temperature region of each block number
is compared with two preset reference temperature val-
ues in block units. When the temperature region ex-
ceeds the preset temperature value on the high-temper-
ature region side, a control pattern is selected from one
or more of manipulated variables of primary air quantity,
secondary air quantity, waste feed rate on grate, water
spray quantity, and refuse supply quantity for a location
at which that block number is formed, and temperature
control is carried out to make the temperature in the
high-temperature region normal based on the selected
control pattern. The temperature region of each block
number constituting the space in the main combustion
chamber 26 is restored to normal, by which the combus-
tion gas temperature in the main combustion chamber
is resultantly stabilized.

[0072] Although the control pattern is selected from
one or more of manipulated variables of primary air
quantity, secondary air quantity, waste feed rate on
grate, water spray quantity, and refuse supply quantity,
the control pattern is generally determined empirically
or other means for the block number corresponding to
the space location in the main combustion chamber 26.
When the temperature in the temperature region of
block number exceeds the preset temperature value on
the high-temperature region side, a regulating valve for
the manipulated variable corresponding to the selected
control pattern is operated to carry out the temperature
control. When the temperature cannot be restored by
the selected control pattern, the control pattern is
changed successively so that the temperature in the
normal temperature region is reached.

[0073] Next, the control of combustion gas tempera-
ture in the main combustion chamber 26 in the case
where urban refuse 11 is continuously incinerated by the
stoker incinerator 21 will be described in detail with ref-
erence to FIGS. 1 to 4.

[0074] The urban refuse 11 charged into the hopper
22 is sent to the drying stoker 23 through a chute, and
is dried and heated by preheated air (primary air) sup-
plied from the bottom and radiation heat in the inciner-
ator, thereby being ignited. The urban refuse 11 having
been ignited and started burning is sent to the burning
stoker 24, where the urban refuse 11 is gasified by com-
bustion air supplied from the bottom, and some of the
gas is burned. Further, unburned gas is burned com-
pletely in the after burning stoker 25. Ash remaining after
burning is taken out to the outside through a main ash
chute 12.

[0075] Combustionis effected in the main combustion
chamber 26, and flue gas is discharged being separated
into the main flue 29 and the bypass flue 30 by the pres-
ence of the intermediate ceiling 28. These flue gases
are mixed with each other in the secondary combustion
chamber 27, and unburned gas is burned completely by
the secondary combustion. The flue gas coming from
the secondary combustion chamber 27 is sent to the
waste heat boiler 44 after dust having a large particle

10

20

25

30

35

40

45

50

55

size is removed in the dust chamber 43. After being heat
exchanged, the flue gas passes through a flue gas treat-
ment apparatus or the like, and is discharged to the out-
side as a flue gas.

[0076] The main combustion chamber 26 is provided
with the acoustic measuring device 31 for continuously
measuring the gas temperature distribution in the cham-
ber and the control unit 32. The space in the main com-
bustion chamber 26 is divided into a plurality of blocks,
and the blocks are inputted to the control unit 32 as block
numbers. The control unit 32 combines the temperature
distribution data based on the measured temperature
values measured by the acoustic measuring device 31
in the main combustion chamber 26, grasps the com-
bined data as three-dimensional gas temperature distri-
bution data in the temperature region of block number,
and compares the temperature in the temperature re-
gion of block number with the preset temperature value
on the high- or low-temperature region side (reference
temperature region). The preset temperature value on
the high-temperature region side is 1000°C, and the
preset temperature value on the low-temperature region
side is 700°C.

[0077] As shown in FIGS. 3 and 4, at the block num-
bers of A1B1C1, A2B1C1, A5B1C1, A6B1C1, A2B2C1,
A6B2C1, A1B2C2, and A6B2C2, a temperature lower
than the preset temperature value on the low-tempera-
ture region side is generated. The temperatures in the
temperature regions of these block numbers are
grasped immediately by the control unit 32. In order to
make the temperature in the temperature region normal,
from manipulated variables of refuse supply quantity 38,
refuse feed rate 39 on grate, water spray quantity 40,
secondary air quantity 41, and primary air quantity 42,
a control pattern using the primary air quantity 42 and
the water spray quantity 40 is selected. In order to reg-
ulate the manipulated variables of the primary air quan-
tity 42 and the water spray quantity 40, the regulating
valves 42a and 40a are regulated. Reference numerals
38a, 39a, and 41a denote regulating valves correspond-
ing to the manipulated variables of the refuse supply
quantity, the refuse feed rate 39, and the secondary air
quantity 41.

[0078] As the primary air quantity 42, air having been
preheated by a steam air preheater is supplied from the
bottom of the drying stoker 23 to burn the urban refuse
11. Therefore, to make the temperature of a block
number at which the above-described low-temperature
region is generated normal, the regulating valve 42a is
opened to blow a large quantity of primary air from the
bottom of the drying stoker 23. Also, the water spray
quantity supply section 41 cools the combustion gas by
water spray when the combustion gas temperature is
raised by plastics etc. of a high calorific value mixed in
the burning stoker 24 etc. Therefore, in this case, the
regulating valve 40a is closed. After the regulating
valves 42a and 40a are regulated, the temperatures in
the temperature regions of these block numbers are
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measured and checked. When the three-dimensional
temperature distribution at the block numbers of
A1B1C1, A2B1C1, A5B1C1, A6B1C1, A2B2C1,
A6B2C1, A1B2C2, and A6B2C2, at which the low tem-
perature region is generated, has been restored, the op-
eration is continued as the normal state. If not restored,
how things proceed is continuously seen in this state,
or the control pattern is changed to another one to make
the temperature normal.

[0079] The temperature region of block number
above the drying stoker 23 is made a low-temperature
region by water vapor being generated in large quanti-
ties. According to the acoustic measuring device 31,
however, even if water vapor is generated in large quan-
tities, measurement can be made exactly without being
affected by the water vapor. Therefore, the above-de-
scribed measures can be taken quickly. Also, even if a
high-temperature region is generated at a block number,
the temperature of the temperature region of that block
number can be measured by the acoustic measuring de-
vice 31. Therefore, a control pattern suitable for the tem-
perature is selected, and the temperature is restored by
the regulation of a regulating valve, so that the temper-
ature can be made normal.

[0080] When all three-dimensional temperature distri-
butions in the temperature regions of block numbers
constituting the space in the main combustion chamber
26 are controlled so as to be normal, the mixing with flue
gas sent from the main flue 29 in the secondary com-
bustion chamber 27 can be performed smoothly, so that
unburned gas of flue gas can be burned completely in
the secondary combustion chamber 27. Therefore, the
temperature at a flue gas outlet of the secondary com-
bustion chamber 27 is surely controlled so as to be
850°C to 950°C, and thus the flue gas temperature can
be controlled steadily with less variations, so that the
concentrations of CO and NOx can be reduced signifi-
cantly to a specified or lower value.

[0081] The flue gas coming from the secondary com-
bustion chamber 27 is sent to the waste heat boiler 44
after dust having a large particle size is removed in the
dust chamber 43. After being heat exchanged, the flue
gas passes through a flue gas treatment apparatus or
the like, and is discharged to the outside.

[0082] As described above, according to the first em-
bodiment, the temperature control for combustion gas
in the main combustion chamber 26 can be carried out
accurately for each temperature region of block number,
so that the flue gas temperature in the secondary com-
bustion chamber can be controlled steadily. Therefore,
the concentrations of both CO and NOx in the flue gas
passing through the flue gas outlet of the secondary
combustion chamber can be stabilized at a specified or
lower value.

[0083] FIG. 5 is a perspective view of another refuse
incinerator in accordance with the first embodiment. In
FIG. 5, the same reference numerals are applied to the
elements common to those in FIGS. 1 to 4, and some
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explanation is omitted.

[0084] InFIG.5, the stokerincinerator 21 includes the
hopper 22, the drying stoker 23, the burning stoker 24,
the after burning stoker 25, the main combustion cham-
ber 26, and the secondary combustion chamber 27. In
this type of the stoker incinerator, the intermediate ceil-
ing 28 is installed to provide the main flue 29 and the
bypass flue 30 between the main combustion chamber
26 and the secondary combustion chamber 27.

[0085] In the first embodiment, the acoustic measur-
ing device 31 and the control unit 32 are provided in the
secondary combustion chamber 27. A space in the sec-
ondary combustion chamber 27 is divided into a plurality
of blocks, and the blocks are inputted in the control unit
32 as block numbers.

[0086] The gas temperature in the secondary com-
bustion chamber 27 is measured continuously by using
the acoustic measuring device 31. The data of gas tem-
perature distribution based on the measured tempera-
ture values are combined into gas temperature distribu-
tion data (three-dimensional data) of each block number
by the control unit 32.

[0087] In the control unit 32, for the gas temperature
distribution data of each block number in the secondary
combustion chamber 27, the temperatures in high- and
low-temperature regions are compared with the preset
temperature value of the reference temperature region,
one or more of manipulated variables of primary air
quantity, secondary air quantity, waste feed rate, and
cooling fluid quantity due to water spray quantity are
combined based on the comparison result to make reg-
ulation, and the temperature is controlled so that the
temperature in the high- or low-temperature region of
block number deviated from the preset temperature val-
ue of the reference temperature region is the preset tem-
perature of the reference temperature region.

[0088] The acoustic measuring device 31 is made up
of the temperature sensors 33, the signal processor 34,
and the CT processor 35. The temperature sensor 33 is
made up of the speaker 36, the microphone 37, and the
horn (not shown).

[0089] According to the acoustic measuring device
31, signals of measured values obtained by the temper-
ature sensors 33, which are installed on both walls of
the secondary combustion chamber 27 in a checkered
form, are sent continuously to the signal processor 34.
In the signal processor 34, the measured values ob-
tained by the temperature sensors 33 are processed,
and the temperature distributions in longitudinal and
transverse cross sections of the space in the secondary
combustion chamber 27 are displayed by the CT proc-
essor 35.

[0090] The temperature distribution data displayed by
the CT processor 35 are sent to the control unit 32. The
control unit 32 combines the temperature distributions
in longitudinal and transverse cross sections, and
grasps the combined data as three-dimensional temper-
ature distribution data in the temperature region of block
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number.

[0091] In the control unit 32, preset temperature val-
ues on the high- and low-temperature region sides (pre-
set temperature value of the reference temperature re-
gion) in the secondary combustion chamber 27 have
been inputted in advance, and the measured tempera-
ture in the temperature region of block number is com-
pared with a preset temperature value of the reference
temperature region. When the measured temperature
is higher than the preset temperature value on the high-
temperature region side, or whenitis lower than the pre-
set temperature value on the low-temperature region
side, the optimum control pattern is selected from one
or more of manipulated variables of primary air quantity,
secondary air quantity, waste feed rate (including refuse
supply quantity), and cooling fluid quantity for that block
number, and temperature control is carried out to make
the temperature in the high- or low-temperature region
in the main combustion chamber normal by using the
selected control pattern.

[0092] Therefore, the temperature in the temperature
region of block number at each location in the secondary
combustion chamber 27 is made normal, with the result
that the combustion gas temperature in the secondary
combustion chamber 27 can be stabilized, so that the
concentrations of both CO and NOx in the flue gas pass-
ing through the flue gas outlet of the secondary com-
bustion chamber can be stabilized at a specified or lower
value.

[0093] Although the case where the acoustic gas tem-
perature measuring device for measuring gas tempera-
ture distribution is provided in the main combustion
chamber or the secondary combustion chamber of the
stoker incinerator has been described with reference to
FIGS. 1 to 5, even when the acoustic gas temperature
measuring device for measuring gas temperature distri-
bution is provided in both of the main combustion cham-
ber and the secondary combustion chamber, the same
effect can be achieved.

[0094] Also, although the case where the temperature
distribution in the furnace is measured or controlled in
detail has been described in the first embodiment, for
example, if it is necessary only that the average temper-
ature between opposed walls at a specific position in the
furnace be monitored, a pair of temperature sensors
provided with a microphone and a speaker have only to
be disposed, and needless to say, the number and ar-
rangement of the installed temperature sensors can be
set individually according to the furnace shape and the
like.

[0095] Next, a fluidized bed furnace having been
practically used as a refuse incinerator will be described
in detail. FIG. 6 is a partially broken side view showing
one example of a fluidized bed furnace in accordance
with the first embodiment.

[0096] A fluidized bed furnace 45 includes an inciner-
ator 46. Atthe upper part of the incinerator 46 is provided
a freeboard (combustion chamber) 47, and on the side
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face of the freeboard 47 are provided the acoustic meas-
uring device 31 and the control unit 32. A space in the
secondary combustion chamber 27 is divided into a plu-
rality of blocks, and the blocks are inputted in the control
unit 32 as block numbers.

[0097] The gas temperature in the freeboard 47 is
measured continuously by the acoustic measuring de-
vice 31. The data of gas temperature distribution based
on the measured temperature values are combined into
three-dimensional gas temperature distribution data in
the temperature region of each block number by the
control unit 32.

[0098] In the control unit 32, preset temperature val-
ues on the high- and low-temperature region sides in
the freeboard 47 have been inputted in advance, and
the measured temperature in the temperature region of
block number is compared with the preset temperature
value of the reference temperature region. When the
measured temperature is higher than the preset temper-
ature value on the high-temperature region side, or
when it is lower than the preset temperature value on
the low-temperature region side, the optimum control
pattern is selected from one or more of manipulated var-
iables of primary air quantity, secondary air quantity,
waste feed rate (including refuse supply quantity), and
cooling fluid quantity for that block number, and temper-
ature control is carried out to make the temperature in
the high- or low-temperature region in the freeboard 47
normal by using the selected control pattern.

[0099] Therefore, the temperature in the temperature
region of block number at each location in the freeboard
47 is made normal, with the result that the combustion
gas temperature in the freeboard 47 can be stabilized,
so that the concentrations of both CO and NOx in the
flue gas passing through the flue gas outlet of the free-
board 47 can be stabilized at a specified or lower value.
[0100] The acoustic measuring device 31 is made up
of the temperature sensors 33, the signal processor 34,
and the CT processor 35. The temperature sensor 33 is
made up of the speaker, microphone, and horn as de-
scribed above.

[0101] According to the acoustic measuring device
31, signals of measured values obtained by the temper-
ature sensors 33, which are installed on both walls of
the freeboard 47 in a checkered form, are sent continu-
ously to the signal processor 34. In the signal processor
34, the measured values obtained by the temperature
sensors 33 are processed, and the temperature distri-
butions in longitudinal and transverse cross sections of
the space in the secondary combustion chamber 27 are
displayed by the CT processor 35.

[0102] The temperature distribution data displayed by
the CT processor 35 are sent to the control unit 32. The
control unit 32 combines the temperature distributions
in longitudinal and transverse cross sections, and
grasps the combined data as three-dimensional temper-
ature distribution data in the temperature region of block
number.
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[0103] In the control unit 32, preset temperature val-
ues on the high- and low-temperature region sides (pre-
set temperature value of the reference temperature re-
gion) in the secondary combustion chamber 27 have
been inputted in advance, and the measured tempera-
ture in the temperature region of block number is com-
pared with the preset temperature value of the reference
temperature region. When the measured temperature
is higher than the preset temperature value on the high-
temperature region side, or when it is lower than the pre-
set temperature value on the low-temperature region
side, the optimum control pattern is selected from one
or more of manipulated variables of primary air quantity,
secondary air quantity, waste feed rate (including refuse
supply quantity), and cooling fluid quantity for that block
number, and temperature control is carried out to make
the temperature in the high- or low-temperature region
in the main combustion chamber normal by using the
selected control pattern.

[0104] Therefore, the temperature in the temperature
region of block number at each location in the secondary
combustion chamber 27 is made normal, with the result
that the combustion gas temperature in the secondary
combustion chamber 27 can be stabilized, so that the
concentrations of both CO and NOx in the flue gas pass-
ing through the flue gas outlet of the secondary com-
bustion chamber can be stabilized at a specified value
or lower.

[0105] At the lower part of the incinerator 46 of the
fluidized bed furnace 45 is provided an air diffuser 48
having a distribution plate 48a. In the center of the dis-
tribution plate 48a is provided a noncombustible dis-
charge port 49 extending over the whole width of incin-
erator 46. On the lower side of the air diffuser 48, a wind
box 50 for supplying primary air is provided to blow off
primary air to above the air diffuser 48 via the distribution
plate 48a.

[0106] A fluidized bed 51 using a sand circulation sys-
tem is formed on the upper face of the distribution plate
48a. The fluidization of sand is effected by a bubbling
system. Reference numeral 52 denotes a sand suction
nozzle.

[0107] At the start time, the fluidization of bed is ef-
fected while fluid sand is heated to about 500 to 700°C
with kerosene or a gas burner.

[0108] A refuse supply device 54 having a hopper 53
for supplying the urban refuse 11 onto the fluidized bed
51 is provided on the side face of the incinerator 46.
[0109] The fluidized bed 51 is configured so that the
wind box 50 of a divided type is provided to blow off pri-
mary air while the blow quantity of primary air is regu-
lated, by which a vortex flow is generated in the fluidized
bed 51.

[0110] When the urban refuse 11 is charged into the
fluidized bed 51, the temperature of the interior of bed
is naturally kept at 700°C. The charged urban refuse 11
is mixed vigorously with high-temperature sand in the
fluidized bed 51, and is turned into a dry distillation gas
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in a short period of time, being burned. At this time, since
the vortex flow is generated in the fluidized bed 51, the
urban refuse 11 is diffused, and noncombustibles con-
tained in the urban refuse 11 move rapidly to the non-
combustible discharge port 49.

[0111] Flue gas is generated by being turned into dry
distillation gas and partially burned in the fluidized bed
51, and unburned gas and light dust are burned in the
freeboard 47. In the freeboard 47, secondary air is blown
positively through a nozzle 55 so that the flue gas is
mixed with the secondary air and is burned.

[0112] At this time, an intermediate ceiling 55 is in-
stalled in the freeboard 47 to produce two flowing-round
gases for collision mixing, by which complete combus-
tion is attained by the mixing of two flowing-round gases
above the intermediate ceiling 55.

[0113] The temperature of flue gas in the freeboard
47 is generally liable to be nonuniform. In the present
invention, however, the acoustic measuring device 31
and the control unit 32 are provided on the side face of
the freeboard 47 as described above to measure the
temperature in the temperature region of block number
in the freeboard 47 and to compare the measured tem-
perature with the preset temperature value of the refer-
ence temperature region. When the measured temper-
ature is higher than the preset temperature value on the
high-temperature region side, or when it is lower than
the preset temperature value on the low-temperature re-
gion side, the optimum control pattern is selected from
one or more of manipulated variables of primary air
quantity, secondary air quantity, waste feed rate (includ-
ing refuse supply quantity), and cooling fluid quantity for
that block number, and temperature control is carried
out to make the temperature in the high- or low-temper-
ature region in the freeboard 47 normal by using the se-
lected control pattern.

[0114] Therefore, the temperature at a flue gas outlet
ofthe freeboard 47 is surely controlled so as to be 850°C
t0 950°C, and thus the flue gas temperature can be con-
trolled steadily with less variations, so that the concen-
trations of CO and NOx can be reduced significantly to
a specified value or lower.

[0115] The flue gas coming from the freeboard 47 is
sent to the waste heat boiler 44 after dust having a large
particle size is removed in the dust chamber 43. After
being heat exchanged, the flue gas passes through a
flue gas treatment apparatus or the like, and is dis-
charged to the outside.

[0116] Although the stoker incinerator and the fluid-
ized bed furnace have been described in this embodi-
ment, an ash melting furnace or an ash treatment fur-
nace which effects melting or heat treatment of ash of
refuse incineration residue can be used as equipment
connected to the incinerator.

Second embodiment

[0117] According to a waste heat boiler for a refuse
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incinerator in accordance with a second embodiment,
by providing the aforementioned temperature measur-
ing device and control unit, regulation can be made to
avoid stagnation and/or staying in a temperature region
of 300 to 400°C occurring in the flow of flue gas passing
through the waste heat boiler, and the gas temperature
region of each block number can be controlled, so that
the temperature region of 300 to 400°C in which dioxins
are produced easily can be avoided. Therefore, the con-
centration of dioxins at the outlet of the waste heat boiler
can always be kept at a low value.

[0118] In the present invention, for the waste heat
boiler for the incinerator, the concentration of dioxins at
the outlet of the waste heat boiler can always be kept at
a low value. There will be described below, with refer-
ence to the accompanying drawings, a preferred em-
bodiment in which an acoustic gas temperature meas-
uring device is used; the data of gas temperature distri-
bution measured by the measuring device are combined
into three-dimensional gas temperature distribution da-
ta; based on the data, regulation is made to avoid stag-
nation and/or staying in the temperature region of 300
to 400°C occurring in the flow of flue gas passing
through the waste heat boiler; and the control unitis pro-
vided to control the gas temperature region of each
block number. The term "stagnation" means a state in
which flue gas cannot pass through the temperature re-
gion of 300 to 400°C in a short period of time, and the
term "staying" means a state in which flue gas stays in
the temperature region of 300 to 400°C.

[0119] FIG. 8is a partially broken schematic side view
showing an embodiment of the present invention.
[0120] In FIG. 8, a stoker incinerator 101 includes a
hopper 102, a drying stoker 103 , a burning stoker 104,
an after burning stoker 105, a main combustion cham-
ber 106, and a secondary combustion chamber 107. In
this type of the stoker incinerator, an intermediate ceiling
108 is installed to provide a main flue 109 and a bypass
flue 110 between the main combustion chamber 106
and the secondary combustion chamber 107.

[0121] The present invention relates to a waste heat
boiler 111 disposed so as to be connected to the sec-
ondary combustion chamber 107 of the above-de-
scribed stoker incinerator 101. The waste heat boiler 111
includes a second radiation chamber 112 connected to
the secondary combustion chamber (also called a first
radiation chamber) 107, and a cooling chamber 116 in
which an evaporator tube 113a, a superheater 114,
evaporator tubes 113b and 113c, and a fuel economizer
115 are disposed from the upstream side to the down-
stream side. Between the second radiation chamber
112 and the cooling chamber 116 is provided a bypass
117.

[0122] In the present invention, a control unit 118 is
provided to control the gas temperature distribution at
locations through which flue gas passing through the
second radiation chamber 112 and the cooling chamber
116 of the waste heat boiler 111 passes. A space in the

10

15

20

25

30

35

40

45

50

55

13

waste heat boiler is divided into a plurality of three-di-
mensional blocks, and the blocks are inputted in the
control unit 118 as block numbers in advance. In the
case of the space in the waste heat boiler, since the gas
temperature distribution region differs along the path
from the upstream side to the downstream side, a region
number is provided at an appropriate location by collect-
ing the block numbers. A first region number represents
a space at the lower part of the second radiation cham-
ber 112, a second region number represents a space of
a hopper 119 under the boiler, a third region number rep-
resents a space between the evaporator tube 113a, the
superheater 114, and the evaporator tube 113b, a fourth
region number represents a space between the evapo-
rator tube 113b and the evaporator tube 113c, a fifth re-
gion number represents a space between the evapora-
tor tube 113c and the fuel economizer 115, and a sixth
region number represents a space on the downstream
side of the fuel economizer 115. Block numbers are pro-
vided in each region number.

[0123] In the present invention, in order to measure
the temperature region of each block number in the first
to sixth region numbers based on the data of three-di-
mensional gas temperature distribution, an acoustic gas
temperature measuring device (hereinafter referred to
as an acoustic measuring device) 120 is provided to
continuously measure the gas temperature distribution
in each block number in the aforementioned first to sixth
region numbers. The data of gas temperature distribu-
tions in longitudinal and transverse cross sections which
have been measured by the acoustic measuring device
120 are combined into three-dimensional gas tempera-
ture distribution data, and based on the data, the tem-
perature region in the first to sixth region numbers is
compared with the reference temperature region in that
region number. If the difference is outside a predeter-
mined range, one or more of primary air quantity, sec-
ondary air quantity, refuse feed rate on grate, water
spray quantity, refuse supply quantity, soot blow ham-
mering, air blowing, and circulating flue gas blowing are
controlled based on the difference. Reference numeral
134 denotes an air blowing devices provided with regu-
lating valves 134a to 134e, respectively.

[0124] The acoustic measuring device 120, for which
a commercially available device can be used, is made
up of sensors 121, a signal processor 122, and a CT
processor 123.

[0125] The sensor 121 is made up of a speaker, a mi-
crophone, and a horn.

[0126] Although the acoustic type is used for the flue
gas temperature measuring device in this embodiment,
any gas temperature measuring device that can meas-
ure the temperature of flue gas in which dust scatters
can be used in the same way.

[0127] The sensors 121 are installed on both walls de-
fining spaces of the first to sixth region numbers in a
checkered form.

[0128] The reason for the sensors being installed in a
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checkered form is that temperature distribution in trans-
verse cross section perpendicular to the flow direction
of flue gas passing through the first to sixth region num-
bers and temperature distribution in longitudinal cross
section in the flow direction of flue gas are measured,
and they are combined to grasp the temperature distri-
bution of the first to sixth region numbers as a three-
dimensional block. In the case where a decrease in
measurement accuracy is allowed, the sensors may be
arranged at larger intervals or irregularly.

[0129] By grasping the temperature distribution of
spaces in the first to sixth regions as the three-dimen-
sional block, the actual temperature distribution at each
location of flue gas of the first to sixth region numbers
can be grasped exactly as block number. If the temper-
ature region of block number of each region number ex-
ceeds each preset reference temperature value for each
region number, the block number of that region number
is handled as an abnormal state, and control is carried
out to make the temperature region of that block number
normal.

[0130] The number and installation positions of the
sensors 133 are selected and determined according to
the shapes, sizes, etc. of the region number whose tem-
perature is to be measured.

[0131] The measured value obtained by each sensor
122 is processed by the signal processor 122, and the
temperature distributions in longitudinal and transverse
cross sections of the first to sixth region numbers are
displayed by the CT processor 123.

[0132] The temperature distribution data displayed by
the CT processor 123 is sent to the control unit 118.
[0133] The control unit 118 combines the temperature
distribution data, and grasps the combined data as
three-dimensional temperature distribution of block
number of the first to sixth region numbers.

[0134] In the control unit 118, each block number of
the first to sixth region number and a preset value of
reference temperature region for each region number
have been inputted in advance, and the measured tem-
perature of block number of each region number is com-
pared with the preset value of the reference temperature
region of that region number. When the measured tem-
perature is higher than the preset value, the optimum
control pattern is selected from one or more of primary
air quantity, secondary air quantity, refuse feed rate on
grate, cooling fluid quantity, refuse supply quantity, soot
blow hammering, air blowing, and circulating flue gas
blowing, and control is carried out based on the selected
control pattern to make each block number for each re-
gion number normal.

[0135] Therefore, by the delicate control based on the
temperature measurement of each block number, the
temperature region of about 300°C to 400°C in which
dioxins are produced vigorously, of the temperature dis-
tribution in which the temperature of flue gas changes
from 800 to 950°C to a temperature lower than 300°C
in the region ranging from the inlet to the outlet of the
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waste heat boiler, is avoided, or flue gas is caused to
pass through in a shortest possibly period of time.
Thereby, the concentration of dioxins at the outlet of the
waste heat boiler can be kept steadily at a specified val-
ue or lower.

[0136] FIG. 2 is a schematic view showing a state of
block numbers of each region number inputted in the
control unit used in the present invention. Each region
number and the block numbers therein are drawn out
as indicated by thick arrow marks for ease of under-
standing, and ordinates of axes A, B and C of image is
shown. Specifically, the temperature region of three-di-
mensional block number can be controlled by using axis
A and axis B in the plane and height axis C with respect
to the plane axes A and B.

[0137] Therefore, the block number of each region
number is specified by determining an origin by using
axes ABC for each region number because the temper-
ature range of temperature region of each region
number differs. For example, for the fourth, fifth, and
sixth region numbers, the block nhumbers are grasped
as A1B1C1, A2B1C1, A3B1C1, A1B2C1, A2B2C1,
A3B2C1, A1B3C1, A2B3C1, and A3B3C1.

[0138] Each block number of the sixth region number
is a region of temperature lower than 300°C, so that a
temperature of 250°C or lower is set as the preset ref-
erence temperature value. Therefore, in designing, the
preset reference temperature value of each region
number on the upstream side is determined based on
the temperature region of the sixth region number so
that the temperature of the sixth region number is surely
in the above-described range when flue gas is heat ex-
changed smoothly. As one example, the preset refer-
ence temperature value of the fifth region number is set
at 300°C, the preset reference temperature value of the
fourth region number is set at 500°C, the preset refer-
ence temperature value of the third region number is set
at 700°C, and the preset reference temperature values
of the second and first region numbers are set at 900°C.
[0139] Inthe presentinvention, designis made so that
when flue gas with a temperature of 850 to 950°C is fed
into the waste heat boiler, the temperature of flue gas at
the outlet of the waste heat boiler is made lower than
250°C by heat transfer due to water walls of the second
radiation chamber and cooling chamber and heat trans-
fer due to the evaporator tube, superheater, and fuel
economizer in the cooling chamber. Therefore, when
the temperature distribution of region number of each
location is outside the range of preset reference temper-
ature value of each region number, it is judged that ab-
normality has occurred in flue gas in a region number
before that region number, and the temperature control
is carried out to return the temperature distribution to
normal by using the optimum control pattern.

[0140] The control items for temperature control in-
clude primary air quantity, secondary air quantity, refuse
feed rate on grate, cooling fluid quantity, refuse supply
quantity, soot blow hammering, air blowing, and circu-
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lating flue gas blowing. The control pattern is formed by
combining one or more of these items.

[0141] Since the production of dioxins in the waste
heat boileris greatly affected by the operating conditions
of the incinerator in the preceding process, it is neces-
sary to prevent the production of dioxins more strictly
including these operation control items.

[0142] Therefore, as the control pattern, generally, in
the cooling chamber 116, the adhesion and accumula-
tion of dust is restrained by soot blow hammering, which
is the control item in the waste heat boiler, to prevent
the production of dioxins, and also, by combining one
or more of primary air quantity, secondary air quantity,
refuse feed rate on grate, cooling fluid quantity, refuse
supply quantity, air blowing, and circulating flue gas
blowing, the production of dioxins is prevented strictly.
[0143] FIG. 10 is a schematic view showing one ex-
ample of a control system in accordance with the
present invention.

[0144] In FIG. 10, signals of measured values ob-
tained by the sensors 121, which are installed on both
walls of the first to sixth region numbers of the waste
heat boiler 111 in a checkered form, are sent continu-
ously to the signal processor 122. In the signal proces-
sor 122, the measured values obtained by the sensors
121 are processed, and the temperature distributions in
longitudinal and transverse cross sections of a space in
the first to sixth region numbers are displayed by the CT
processor 123, the displayed temperature distributions
being sent to the control unit 118.

[0145] In the control unit 118, each block number and
a preset value of reference temperature region for each
region number have been inputted in advance, the data
of gas temperature distribution in longitudinal and trans-
verse cross sections measured by the acoustic meas-
uring device 120 are combined into three-dimensional
gas temperature distribution data, and the temperature
region in the first to sixth region numbers is compared
with the reference temperature region of that region
number. If the difference is outside a predetermined
range, one or more of primary air quantity, secondary
air quantity, refuse feed rate on grate, water spray quan-
tity, refuse supply quantity, soot blow hammering, air
blowing, and circulating flue gas blowing are controlled
based on the difference.

[0146] When the temperature region of block number
in region number exceeds the reference temperature re-
gion, the control unit 132 immediately grasps the block
number. In order to make the block number normal, a
refuse supply quantity supply section 126, a controller
127 for refuse feed rate on grate, a primary air quantity
supply section 128, a water spray quantity supply sec-
tion 129, a secondary air quantity supply section 130, a
soot blow hammering device 131, and an air blowing
device 134 (capable of being switched to a circulating
flue gas blowing device) are provided as control items,
and regulating valves 126a, 127a, 128a, 129a, 130a,
131a, and 134a to 134e for the control items are provid-
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ed.

[0147] AsshowninFIG. 9, forexample, whenthetem-
perature regions of block numbers of A1B1C1, A2B2C1,
and A3B3C1 of the fourth and fifth region numbers are
grasped as a high temperature exceeding the reference
temperature region of the block number, soot blow ham-
mering and secondary air quantity are determined as
the control pattern. After the control pattern is selected
by the control unit 132, the regulating valve 131a for the
soot blow hammering 131 is regulated accordingly. The
stationary soot blow hammering devices 131 are dis-
posed in the fuel economizer 115 between the sixth re-
gion number and the fifth region number, the evaporator
tube 113c between the fifth region number and the fourth
region number, and the evaporator tube 113b between
the fourth region number and the third region number.
In the evaporator tube 113a, a long extraction type soot
blow hammering device is disposed. In this case, the
stationary soot blow hammering devices 131 disposed
in the fuel economizer 115 and the evaporator tube 113c
are operated, and steam ejected through twenty-seven
nozzle holes is blown to the fuel economizer 115 and
the evaporator tube 113c to remove the adhering dust
etc.

[0148] According to the soot blow hammering, the
heat exchange is returned to normal by the removal of
dust etc. adhering in the fuel economizer 115 and the
evaporator 113c, so that the temperature of flue gas de-
creases uniformly. Also, the temperature of flue gas can
be decreased uniformly by steam or cold air, and flue
gas can be allowed to pass through the temperature re-
gion of about 300°C to 400°C at which dioxins are easily
produced.

[0149] At this time, by regulating the secondary air
supply quantity by using the regulating valve 129a, the
flue gas outlet temperature of the secondary combus-
tion chamber (first radiation chamber) of the incinerator
101 is controlled so as to feed flue gas in the normal
state into the waste heat boiler 111.

[0150] The control pattern is selected and determined
by experience etc. of location of each region number so
that the concentration of dioxins steadily has a specified
or lower value at the outlet of the waste heat boiler by
the comprehensive judgment of flue gas treatment as
the waste heat boiler for incinerator.

[0151] Next, there will be described, with reference to
FIGS. 8 to 10, a method in which the urban refuse 111
is continuously incinerated by the stoker incinerator 101,
and the combustion gas temperature in the waste heat
boiler connected to the incinerator is controlled, by
which the production of dioxins is kept at a low value.
[0152] The urban refuse charged into the hopper 102
is sent to the drying stoker 103 through a chute, and is
dried and heated by primary air supplied from the bottom
and radiation heat in the incinerator, thereby being ig-
nited. The urban refuse having been ignited and started
burning is sent to the burning stoker 104, where the ur-
ban refuse is gasified by primary air supplied from the
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bottom, and some of the gas is burned. Further, un-
burned gas is burned completely in the after burning
stoker 105. Ash remaining after burning is taken out to
the outside through a main ash chute 124.

[0153] Combustionis effected in the main combustion
chamber 106, and flue gas is discharged being separat-
ed into the main flue 109 and the bypass flue 110 by the
presence of the intermediate ceiling 108. These flue
gases are mixed with each other in the secondary com-
bustion chamber 107 (first radiation chamber), and un-
burned gas is burned completely by the secondary com-
bustion. The flue gas coming from the secondary com-
bustion chamber 27 is sent to the waste heat boiler 111.
[0154] In the waste heat boiler 111, the second radi-
ation chamber 112 and the cooling chamber 116 are ar-
ranged in that order from the upstream side. In order to
decrease the flue gas temperature of 850 to 950°C at
the inlet to 250°C or lower at the outlet, heat exchange
is effected with feed water etc. by using the water wall,
the superheater 114, the evaporator tubes 113a, 113b
and 113c, and the fuel economizer 115.

[0155] The waste heat boiler 111 contains the temper-
ature region of about 300°C to 400°C in which dioxins
are produced vigorously. In the reaction for this produc-
tion, it is said that unburned carbon, hydrocarbon (in the
presence of HC, catalytic action of copper and iron in
dust is strong) etc. are synthesized by the relating cat-
alytic reaction in an atmosphere of 300 to 4500°C.
Therefore, to prevent the production of these dioxins,
the following control is carried out.

[0156] In order to measure the temperature region of
each block number in the first to sixth region numbers
based on the data of three-dimensional gas temperature
distribution, the acoustic gas temperature measuring
device (hereinafter referred to as an acoustic measuring
device) 120 is provided to continuously measure the gas
temperature distribution in each block number in the
aforementioned first to sixth region numbers. The data
of gas temperature distributions in longitudinal and
transverse cross sections which have been measured
by the acoustic measuring device 120 are combined into
three-dimensional gas temperature distribution, and
based on the data, the temperature region in the first to
sixth region numbers is compared with the reference
temperature region in that region number. If the differ-
ence is outside a predetermined range, one or more of
primary air quantity, secondary air quantity, refuse feed
rate on grate, water spray quantity, refuse supply quan-
tity, soot blow hammering, air blowing, and circulating
flue gas blowing are controlled based on the difference.
[0157] Although the waste heat boiler for the stoker
incinerator has been described in the embodiment
shown in FIGS. 8 to 10, the present invention can be
applied to a waste heat boiler for an incinerator such as
a fluidized bed furnace.

[0158] As described above, according to the present
invention, since the gas temperature distribution in each
block number in the first to sixth region numbers can be
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measured continuously, the flue gas temperature at the
outlet can be made 250°C or lower, and also the tem-
perature region of about 300°C to 400°C in which diox-
ins are produced vigorously, can be avoided, or flue gas
can be caused to pass through in a shortest possibly
period of time. Thereby, the concentration of the pro-
duced dioxins can be kept steadily at a specified or lower
value.

Third embodiment

[0159] A third embodiment relates to a method for
controlling the temperature of a grate in a refuse incin-
erator having the grate. In this method, control is carried
out so that the surface temperature of a grate group lo-
cated on the upstream side in the waste conveying di-
rection is higher than the surface temperature of a grate
group located on the downstream side.

[0160] By carrying out control so that the surface tem-
perature of the grate group located on the upstream side
in the waste conveying direction is higher than the sur-
face temperature of the grate group located on the
downstream side, even in the case where a large quan-
tity of domestic refuse etc. containing much water is
mixed in, condensation caused by the supercooling of
the grate group located on the upstream side is prevent-
ed, by which corrosion of grate group caused by the con-
densation is prevented. Further, this embodiment has
an effect that unstable combustion and nonuniform
combustion temperature caused by the supercooling of
the grate group located on the upstream side are pre-
vented.

[0161] The above-described method can be attained,
for example, by providing grate heating means or grate
heating means and grate cooling means on the grate
group located on the upstream side in the waste con-
veying direction, and grate cooling means on the grate
group located on the downstream side in the waste con-
veying direction.

[0162] The aforementioned "grate group located on
the upstream side in the waste conveying direction" on
which grate heating means or grate heating means and
grate cooling means are provided means a grate group
located in a region in which drying and burning of waste
are mainly performed. The aforementioned "grate group
located on the downstream side in the waste conveying
direction" on which grate cooling means is provided
means a grate group located in a region in which burning
and after burning of waste are mainly performed. The
positions at which the grate heating means and the grate
cooling means are provided are selected appropriately
according to the size, construction, etc. of the refuse in-
cinerator.

[0163] FIG. 11 is a schematic side sectional view of a
stoker type refuse incinerator in accordance with the
third embodiment. This refuse incinerator is a stoker
type refuse incinerator having a drying stoker 203, a
burning stoker 204, and an after burning stoker 205.
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Waste 202 charged into a hopper 201 is conveyed to
the drying stoker 203 through a chute, and is dried and
heated on the grate by air supplied from the bottom and
radiation heat in the incinerator, thereby being gasified
and ignited. The waste 202 having been ignited and
started burning is sent to the burning stoker 104, where
the waste is gasified by combustion air supplied from
the bottom, and is burned on the grate. Further, un-
burned gas is burned completely on the grate of the after
burning stoker 205. Ash remaining after burning is taken
out to the outside through a main ash chute 206.
[0164] Combustion is effected in a main combustion
chamber 207, and flue gas is divided into two gas flows
by the presence of an intermediate ceiling 208 provided
in the main combustion chamber 207 and is discharged
from the main combustion chamber 207 being separat-
ed into a main flue 209 on the downstream side of fur-
nace and a bypass flue 210 on the upstream side of fur-
nace. The main flue gas discharged through the main
flue 209 and the bypass flue gas discharged through the
bypass flue 210 are mixed with each other and agitated
in a secondary combustion chamber 211 disposed so
as to be connected to the main combustion chamber
207, and unburned gas is burned completely by the sec-
ondary combustion. The flue gas coming from the sec-
ondary combustion chamber 211 is sent to a waste heat
boiler 213 after dust having a large particle size is re-
moved in a dust chamber 212. After being heat ex-
changed, the flue gas passes through a flue gas treat-
ment apparatus or the like, and is discharged to the out-
side.

[0165] This embodiment relates to a method for con-
trolling the temperature of grate in a refuse incinerator
having the above-described configuration. In this meth-
od, control is carried out so that the surface temperature
of a grate group of the drying stoker is higher than the
surface temperature of the grate group of the burning
stoker and the after burning stoker.

[0166] By carrying out control so that the surface tem-
perature of the grate group located on the upstream side
in the waste conveying direction is higher than the sur-
face temperature of the grate group located on the
downstream side, even in the case where a large quan-
tity of domestic refuse etc. containing much water is
mixed in, condensation caused by the supercooling of
the grate group located on the upstream side is prevent-
ed, by which corrosion of grate group caused by the con-
densation is prevented. Further, this embodiment has
an effect that unstable combustion and nonuniform
combustion temperature caused by the supercooling of
the grate group located on the upstream side are pre-
vented.

[0167] The above-described method can be attained
by the following means.

[0168] Specifically, in the stoker type refuse incinera-
tor having the above-described configuration, the drying
stoker is provided with grate heating means or grate
heating means and grate cooling means, and the burn-
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ing stoker and/or the after burning stoker is provided
with grate cooling means.

[0169] In this case, steam is preferably used for heat-
ing in the grate group of the drying stoker. The heating
means can be realized by a configuration such as to
have, for example, as shown in FIG. 11, a steam pas-
sage 220 disposed in the grate group of the drying stok-
er 203, a steam generator 221 for generating steam, a
steam supply pipe 222 for supplying steam from the
steam generator to the steam passage 220 disposed in
the grate group of the drying stoker, a steam flowmeter
223 and a flow regulating valve 224 provided in the
steam supply pipe 222, a thermometer 225 for measur-
ing the temperature in the grate group, and a grate tem-
perature controller 226 for controlling the steam flow
rate and steam temperature based on the temperature
measured by the thermometer 225.

[0170] The thermometer 225 for measuring the sur-
face temperature in the grate group may be installed at
one location at which a typical temperature in the grate
group can be measured, but is preferably installed at a
plurality of locations in the grate group. By controlling
the steam flow rate and steam temperature based on
the temperatures measured by the thermometers in-
stalled at a plurality of locations, the temperature distri-
bution in the grate group can be controlled more pre-
cisely.

[0171] The grate temperature controller 226 receives
a signal (temperature) from the thermometer 225 in-
stalled on the grate group, a signal (flow rate) from the
steam flowmeter 223, a preset temperature signal of
steam generated in the steam generator 221, and the
like, and controls the steam flow rate and steam tem-
perature by regulating the flow regulating valve 224 or
the steam generator 221 so that the steam temperature
has a preset value.

[0172] Needless to say, the steam generator 221 can
be replaced by the waste heat boiler 213 provided so as
to connect with the refuse incinerator.

[0173] Further, the configuration is preferably such
that grate cooling means is provided in the grate group
of the drying stoker. This is because combustion occurs
vigorously on the grate of the drying stoker depending
on the kind of waste, which results in the necessity of
cooling.

[0174] Also, as the grate cooling means provided in
the burning stoker and/or the after burning stoker, the
same means as the grate cooling means for the drying
stoker can be used.

[0175] Hereafter, for convenience in drawing, expla-
nation of the grate cooling means will be given with ref-
erence to the schematic view showing the burning stok-
er 204 of FIG. 11. The grate cooling means for the drying
stoker and the after burning stoker can also be config-
ured in the same way.

[0176] For the grate cooling means, cooling air or
cooling water is preferably used for the cooling of grate
group. The following description will be given with refer-
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ence to the view of the burning stoker 204 of FIG. 11.
[0177] The cooling means can be realized by a con-
figuration such as to have, for example, a cooling air or
cooling water passage 227 disposed in the grate group
of the burning stoker 204, a cooling air or cooling water
supply device 228, a supply pipe 229 for supplying cool-
ing air or cooling water from the cooling air or cooling
water supply device 228 to the cooling air or cooling wa-
ter passage 227 disposed in the grate group of the dry-
ing stoker, a flowmeter 230 and a flow regulating valve
231 provided in the supply pipe 229, a thermometer 232
for measuring the temperature in the grate group, and
the grate temperature controller 226 for controlling the
flow rate and temperature of cooling air or cooling water
based on the temperature measured by the thermome-
ter 232. As the thermometer installed in the drying stok-
er, the thermometer used for the aforementioned heat-
ing means can be used in common. Further, the tem-
perature of each grate group must be controlled consid-
ering the temperatures of other grate groups, so that and
the grate temperature controller 226 used for the grate
heating means and each of the grate cooling means is
preferably controlled by the same device.

[0178] The grate temperature controller 226 receives
a signal (temperature) from the thermometer 232 in-
stalled on the grate group, a signal (flow rate) from the
flowmeter 230, a preset temperature signal of cooling
air or cooling water at the cooling air or cooling water
supply device 228, and the like, and controls the flow
rate and temperature of cooling air or cooling water by
regulating the flow regulating valve 231 or the cooling
air or cooling water supply device 228 so that the tem-
perature has a preset value.

[0179] Also, in the control method for the grate tem-
perature, it is preferable to carry out control so that the
surface temperature in the furnace width direction of the
grate group decreases toward the furnace center.
[0180] Since there is a tendency for the combustion
temperature of waste on the grate group to increase in
the center, by carrying out control so that the tempera-
ture of grate group decreases toward the furnace center,
thermal damage in a central portion of the grate group
can be prevented effectively. Further, a difference in fur-
nace temperature in the furnace width direction on the
grate group decreases, which contributes to the stabili-
zation of combustion.

[0181] The above-described control method in the
case where steam is supplied to the grate group of the
drying stoker to perform heating can be achieved by dis-
posing the steam passage in the grate group so as to
supply steam from the periphery to the center of furnace
in the case where the aforementioned grate heating
means is used. By supplying steam from the periphery
to the center of the furnace, the peripheral portion is
heated earlier by high-temperature steam and steam
with a somewhat decreased temperature heats the cen-
tral portion, so that control can be carried out in such a
manner that the temperature of grate group decreases
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toward the furnace center. The number of steam pas-
sages disposed in the grate group of the drying stoker
is selected appropriately according to the system con-
figuration etc.

[0182] The above-described control method in the
case where cooling air or cooling water is supplied to
the grate group of the drying stoker, burning stoker, and
after burning stoker to perform cooling can be achieved
by disposing the cooling air or cooling water passage in
the grate group so as to supply cooling air or cooling
water from the center to the periphery of the furnace in
the case where the aforementioned grate cooling
means is used. By supplying cooling air or cooling water
from the center to the periphery of the furnace, the cen-
tral portion is cooled earlier by cooling air or cooling wa-
ter and gas with a somewhat increased temperature
cools the peripheral portion, so that control can be car-
ried out in such a manner that the temperature of grate
group decreases toward the furnace center. The
number of cooling air or cooling water passages dis-
posed in each grate group is selected appropriately ac-
cording to which of cooling air and cooling water is used,
or the system configuration etc.

[0183] Also, in the control method for grate tempera-
ture, it is preferable to carry out control so that the sur-
face temperature in the waste conveying direction of the
grate group decreases toward the downstream side.
[0184] Since there is a tendency for the combustion
temperature of waste on the grate group to increase on
the downstream side in the waste conveying direction,
by carrying out control so that the temperature of grate
group decreases toward the downstream side, thermal
damage on the downstream side in the waste conveying
direction can be prevented effectively. Further, a differ-
ence in furnace temperature in the waste conveying di-
rection on the grate group decreases, which contributes
to the stabilization of combustion.

[0185] The above-described control method in the
case where steam is supplied to the grate group of the
drying stoker to perform heating can be achieved by dis-
posing the steam passage in the grate group so as to
supply steam from the upstream side in the waste con-
veying direction of the grate group to the downstream
side in the case where the aforementioned grate heating
means is used. By supplying steam from the upstream
side in the waste conveying direction to the downstream
side, the upstream side is heated earlier by high-tem-
perature steam and steam with a somewhat decreased
temperature heats the downstream side, so that control
can be carried outin such a manner that the temperature
of grate group decreases toward the downstream side.
The number of steam passages disposed in the grate
group of the drying stoker is selected appropriately ac-
cording to the system configuration etc.

[0186] The above-described control method in the
case where cooling air or cooling water is supplied to
the grate group of the drying stoker, burning stoker, and
after burning stoker to perform cooling can be achieved
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by disposing the cooling air or cooling water passage in
the grate group so as to supply cooling air or cooling
water into the grate group from the downstream side in
the waste conveying direction to the upstream side in
the case where the aforementioned grate cooling
means is used. By supplying cooling air or cooling water
into the grate group from the downstream side in the
waste conveying direction to the upstream side, the
downstream side is cooled earlier by cooling air or cool-
ing water and gas with a somewhat increased temper-
ature cools the upstream side, so that control can be
carried out in such a manner that the temperature of
grate group decreases toward the downstream side.
The number of cooling air or cooling water passages dis-
posed in each grate group is selected appropriately ac-
cording to which of cooling air and cooling water is used,
or the system configuration etc.

[0187] Needless to say, the above-described grate
heating means and grate cooling means can be applied
in the same way to a stoker type refuse incinerator using
an integrated type grate group that cannot be divided
definitely into the drying stoker, burning stoker, and after
burning stoker.

Fourth embodiment

[0188] FIG. 12is a schematic side sectional view of a
stoker type refuse incinerator in accordance with a
fourth embodiment. This refuse incinerator is a stoker
type refuse incinerator having a drying stoker 303, a
burning stoker 304, and an after burning stoker 305.
Refuse 302 charged into a hopper 301 is sent to the dry-
ing stoker 303 through a chute, and is dried and heated
on a grate by air supplied from the bottom and radiation
heat in the incinerator, thereby being ignited. The refuse
302 having been ignited and started burning is sent to
the burning stoker 304, where the refuse is gasified by
combustion air supplied from the bottom, and is burned
on a grate. Further, unburned gas is burned completely
on a grate of the after burning stoker 305. Ash remaining
after burning is taken out to the outside through a main
ash chute 306.

[0189] Combustion is effected in a main combustion
chamber 307, and flue gas is divided into two gas flows
by the presence of an intermediate ceiling 308 provided
in the main combustion chamber 307 and is discharged
from the main combustion chamber 307 being separat-
ed into a main flue 309 on the downstream side of fur-
nace and a bypass flue 310 on the upstream side of fur-
nace. The main flue gas discharged through the main
flue 309 and the bypass flue gas discharged through the
bypass flue 310 are mixed with each other and agitated
in a secondary combustion chamber 311 disposed so
as to be connected to the main combustion chamber
307, and unburned gas is burned completely by the sec-
ondary combustion. The flue gas coming from the sec-
ondary combustion chamber 311 is sent to a waste heat
boiler 313 after dust having a large particle size is re-
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moved in a dust chamber 312. After being heat ex-
changed, the flue gas passes through a flue gas treat-
ment apparatus or the like, and is discharged to the out-
side.

[0190] The stoker type refuse incinerator in accord-
ance with this embodiment has means for circulating
some of the main flue gas to the upstream side in the
incinerator in the above-described configuration.
[0191] Since the main flue gas has a relatively high
gas temperature of about 800 to 900°C and contains
about 8 to 15% of oxygen, the circulation of the main
flue gas to the upstream side in the incinerator promotes
the drying of refuse and contributes to the stabilization
of combustion in the combustion start region.

[0192] A pipe 320 for circulating gas shown in FIG. 12
represents one example of embodiment of means for
circulating some of main flue gas to the upstream side
in the incinerator. The pipe 320 has a dust collector 321
and a blower 322, and further has heating means 323
for preventing a decrease in gas temperature in the pipe
320. The provision of the heating means prevents the
adhesion of dust into the pipe and the decrease in fur-
nace temperature caused by a decrease in temperature
of circulating gas.

[0193] As the heating means, for example, a method
in which an electric heater etc. are wound around the
pipe 320 is used. The electric heater is preferably wound
in a portion of pipe on the downstream side of the dust
collector 321, or it can be wound over the entire length
of the pipe 320. The pipe 320 is preferably provided with
a flow regulating valve 324, and the flow rate of circu-
lating gas is preferably changed appropriately according
to the properties of refuse, the refuse charge quantity,
the combustion state in the furnace, and the like.
[0194] Some of gas in the main flue 309 is sucked into
the pipe 320 by the blower 322 through a suction nozzle
325 provided on the furnace wall near the main flue. Af-
ter dust is removed by the dust collector 321, the gas is
introduced again into the furnace through a blow-off
nozzle 326 provided on the furnace wall on the down-
stream side in the furnace. The blow-off nozzle 326 is
preferably disposed, for example, at a position such that
gas can be supplied so that a stagnation region of gas
is formed at a part near a position just over the refuse
layer in the drying stoker 303 or the burning stoker 304.
The position at which the blow-off nozzle 326 is dis-
posed is selected appropriately according to the furnace
shape and the like. Thereby, the stabilization of combus-
tionin the combustion start region can be achieved while
promoting the drying of refuse, and also a decrease in
flue gas quantity due to a decrease in air ratio and an
improved heat recovery efficiency due to flue gas circu-
lation, that is, an increased power generation efficiency
can be achieved.

[0195] FIGS. 13 and 14 show one example of the em-
bodiment in the case where means for circulating some
of the main flue gas to the upstream side in the furnace
consists of a pipe for circulating gas, which is disposed
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in refractory brick forming the inside wall of furnace. FIG.
13 is a schematic configuration view of the pipe viewed
from the side of furnace, and FIG. 14 is a schematic con-
figuration view of the pipe viewed from the upside of fur-
nace. This embodiment represents a case where a pipe
for circulating gas is provided on both sides on the side
walls of the furnace.

[0196] Some of the main flue gas is sucked into a pipe
331 in the refractory brick through a pipe inlet 330 pro-
vided in the main flue, and is introduced into the furnace
again through a pipe outlet 332 provided on the up-
stream side in the furnace. The pipe outlet 332 is pref-
erably disposed, for example, at a position such that gas
can be supplied so that a stagnation region of gas is
formed at a part near a position just over the refuse layer
in the drying stoker 303 or the burning stoker 304. The
position at which the pipe outlet 332 is disposed is se-
lected appropriately according to the furnace shape and
the like. Also, the installation positions and the number
of pipes are not subject to any special restriction, and
are selected appropriately according to the furnace
shape and the like.

[0197] Also, the pipes can be provided within the fur-
nace so as to be in contact with the inside walls of the
furnace. In this case, the pipe is preferably formed of a
refractory such as refractory brick and castable.
[0198] According to the above-described configura-
tion, the circulating gas passes through the pipe sub-
jected to a high-temperature environment. Thereby, a
decrease in circulating gas temperature due to heat loss
in the pipe in which gas is circulated can be prevented.
Therefore, the circulating gas that maintains a high tem-
perature can be utilized, and the drying and burning of
refuse can be promoted further, so that the heat recov-
ery efficiency, that is, the power generation efficiency
can be vastly improved.

[0199] As a method for increasing the gas flow veloc-
ity in the pipe for circulating gas, for example, a method
in which a heat resisting fan 333 with cooler is provided
in the pipe or a method in which a fast burner is provided
near the pipe outlet and its ejection effect is utilized can
be used.

[0200] FIG. 15 shows one example of this embodi-
ment in the case where a device is disposed to generate
a pulsating flow in the pipe for circulating gas, which is
disposed in the refractory brick forming the side wall in
the furnace. This figure is a schematic configuration
view of the pipe viewed from the upside of the furnace.
[0201] As the device for generating the pulsating flow,
for example, a pulse combustion burner 334 can be
used. The pulse combustion burner 334, which has a
tail pipe with a length of about 1 m and is used to gen-
erate the pulsating flow, is disposed so that the opening
thereof communicates with the pipe outlet 332. by which
gas circulation accompanied by pulsating flow can be
accomplished by the ejection effect of the pulse com-
bustion burner.

[0202] By the ejection effect, the flow rate and flow
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velocity of the main flue gas passing through the pipe
are increased, and at the same time, the temperature
distribution in the pipe is kept small. Also, dust can be
prevented from adhering on the inside wall of pipe by
the heat migration effect.

[0203] According to the above-described configura-
tion, by the increase in flow velocity of circulating gas to
the combustion start region, the drying of refuse and the
stabilization of combustion in the furnace can further be
promoted, and a dust trouble in the pipe can be prevent-
ed.

[0204] Also, itis a matter of course that the means for
generating the pulsating flow can be applied to the pipe
320 shown in FIG. 12 in the same way. In this case, the
means can be used, for example, by disposing the open-
ing of the pulse combustion burner so as to communi-
cate with the blow-off nozzle 326.

Fifth embodiment

[0205] FIG. 16 is a schematic side sectional view of a
stoker type refuse incinerator in accordance with a fifth
embodiment. This refuse incinerator is a stoker type
refuse incinerator having a drying stoker 403, a burning
stoker 404, and an after burning stoker 405. The incin-
erator of this type has a hopper 401 into which refuse is
charged, a main combustion chamber 407 for burning
refuse, an intermediate ceiling 410 for discharging com-
bustion gas generated in the main combustion chamber
407 being separated into a main flue 409 and a bypass
flue 410, a secondary combustion chamber 411 for ef-
fecting secondary combustion of combustion gas dis-
charged being separated into the main flue 409 and the
bypass flue 410, a dust chamber 412 for removing dust
having a large particle size from flue gas generated in
the secondary combustion chamber 411, and a waste
heat boiler 413 for making heat exchange. Refuse 402
charged into a hopper 401 is sent to the drying stoker
403 through a chute, and is dried and heated by com-
bustion air supplied from the bottom and radiation heat
in the incinerator, thereby being ignited. The refuse 402
having been ignited and started burning is sent to the
burning stoker 404, where the refuse is gasified by com-
bustion air supplied from the bottom, and is burned. Fur-
ther, unburned gas is burned completely in the after
burning stoker 405. Ash remaining after burning is taken
out to the outside through a main ash chute 406.
[0206] The stoker type refuse incinerator in accord-
ance with the present invention is characterized in that
an externally heated radiator is disposed on a part of
furnace wall in the above-described configuration.
[0207] Aradiator420 should be installed near aregion
in which stagnation of gas flow in the furnace takes
place. Forexample, itis preferably installed between the
main ash chute 406 and the main flue 409 and in two
chambers in the waste heat boiler 413 as shown in FIG.
16. The position, size, shape, etc. of the radiator are se-
lected appropriately according to the incinerator shape
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and the like.

[0208] By installing the radiator in the furnace wall
near a region in which stagnation of gas flow takes
place, radiation heat radiated from the radiator heated
to a high temperature selectively heats fly ash in the
stagnation region. By preventing fly ash itself from hav-
ing a temperature in a temperature region (300 to
400°C) suitable for re-synthesis of dioxins, the synthesis
of dioxins is restrained, and at the same time, unburned
matters in fly ash are heated and burned. The radiation
heat radiated from the radiator heated to a high temper-
ature can heat gas in a wide range, so that fly ash near
the furnace wall in which the radiator is installed can be
heated effectively.

[0209] FIG. 17 shows one example of a configuration
in which the radiator is disposed in a part of the furnace
wall. The furnace wall shown in FIG. 17 is made up of
an iron skin 421, a heat insulator 422, and refractory
brick 423, and the refractory brick 423 forms the inside
wall of the incinerator. The radiator 420 is preferably in-
stalled so as to be embedded in the heat insulator 422
at a position at which the radiator is in contact with the
refractory brick 423. By this configuration, radiation heat
is radiated effectively in the furnace without the radiator
being subjected to burning by flames in the furnace.
[0210] The radiator is not subject to any special re-
striction as long as it has heat resistance. A radiator
formed of a refractory such as castable is preferably
used.

[0211] As the heating means for the radiator, for ex-
ample, an electric heater can be used. FIG. 18 shows
one example of a configuration in which an electric heat-
er is used as the heating means and a heating control
method. In this figure, the same reference numerals are
applied to the elements common to those shown in FIG.
17, and the explanation thereof is omitted.

[0212] FIG. 18 shows a case where the radiator 420
is installed at the position shown in FIG. 17. The radiator
420 shown in FIG. 18 is configured so as to incorporate
an electric heater 431. The incorporated electric heater
431 is connected with a temperature controller 432 for
controlling the temperature of the radiator 420. The tem-
perature controller 432 receives a signal (temperature)
sent from a thermometer 430 installed so as to be ca-
pable of measuring the furnace gas temperature near
the furnace wall in which the radiator 420 is installed.
[0213] The temperature controller 432 carries out
temperature control for the heater so that the tempera-
ture indicated by the thermometer 430 is in a predeter-
mined temperature range.

[0214] As the temperature control method, there may
be used a method in which for example, when the tem-
perature of the thermometer is 400°C or lower, the pow-
er source for the electric heater is turned on, and when
the temperature is 600°C or higher, the electric heater
is turned off, or there may be used a method in which
control is carried out so that the temperature of the ther-
mometer is a predetermined temperature.
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[0215] As the method for incorporating the electric
heater in the radiator, a configuration in which the elec-
tric heater is directly embedded in the radiator may be
adopted, and a configuration in which a pipe etc. are
embedded in the radiator and the heater is disposed in
the pipe etc. should preferably be adopted. By adopting
the configuration in which a pipe etc. are embedded in
the radiator and the heater is disposed in the pipe etc.,
repair work such as replacement of heater at the time
of heater breakage is made easy.

[0216] Also, as another heating means for the radia-
tor, flue gas can also be used. In this case, as the flue
gas, flue gas of LNG, LPG, kerosene, heavy oil, etc. can
be used. FIG. 19 shows one example of a configuration
in which flue gas is used and a heating control method.
In this figure, the same reference numerals are applied
to the elements common to those shown in FIG. 17, and
the explanation thereof is omitted.

[0217] The radiator 420 shown in FIG. 19 has a con-
figuration such that high-temperature flue gas produced
by combustion in an external combustion apparatus can
be introduced into the inside of the furnace. By introduc-
ing flue gas into a space provided in the radiator 420,
the radiator 420 is heated. The flue gas, after heating
the radiator, may be blown into a flue gas treatment ap-
paratus installed in the incinerator or outside the incin-
erator. When the flue gas is blown into the flue gas treat-
ment apparatus, however, it is a matter of course that
means for avoiding the temperature (300 to 400°C) at
which dioxins are easily re-synthesized must be provid-
ed.

[0218] An external combustion apparatus 433 is con-
nected with the temperature controller 432 for control-
ling the temperature of the radiator 420. This tempera-
ture controller 432 receives a signal (temperature) sent
from the thermometer 430 installed so as to be capable
of measuring the furnace gas temperature near the fur-
nace wall in which the radiator 420 is installed.

[0219] The heated air controller 432 carries out con-
trol for the combustion of the external combustion ap-
paratus 433 so that the temperature indicated by the
thermometer 430 is in a predetermined temperature
range.

[0220] As the temperature control method, there may
be used a method in which for example, when the tem-
perature of the thermometer is 400°C or lower, the com-
bustion of the external combustion apparatus 433 is ef-
fected, and when the temperature is 600°C or higher,
the combustion of the external combustion apparatus
433 is stopped, or there may be used a method in which
the combustion is controlled so that the temperature of
the thermometer is a predetermined temperature.
[0221] The method for heating the radiator has only
to be a method capable of heating the radiator to a pre-
determined temperature, and is not limited to the above-
described method.

[0222] In the above-described temperature measure-
ment, particle temperature is preferably monitored be-
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cause most of dioxins are absorbed in a fly ash surface
layer portion. Therefore, the use of a radiation thermom-
eter is most desirably used as the thermometer, but the
control can be carried out by using a thermometer such
as a thermocouple. Also, the number of thermometers
is not limited to one, and a plurality of thermometers can
be installed to carry out control.

[0223] The heater or the flue gas for heating the radi-
ator can be incorporated in the refractory brick forming
the inside wall of furnace or can be allowed to pass
through the refractory brick. In this case, the refractory
brick incorporating the heater or the refractory brick
causing heating air to pass through forms a radiator, so
that a separate radiator need not be provided.

[0224] FIG. 20 shows a configuration in which the
electric heater 431 in FIG. 18 is incorporated in the re-
fractory brick 423, and other configurations are the
same as those shown in FIG. 18. Also, the method for
controlling the temperature and the method for incorpo-
rating the electric heater can be the same as the method
having been described with reference to FIG. 18.
[0225] FIG. 21 shows a configuration in which high-
temperature flue gas produced by the combustion of the
external combustion apparatus in FIG. 19 can be intro-
duced into a space provided in the refractory brick 423,
and other configurations are the same as those shown
in FIG. 19. Also, the temperature control method etc.
can be the same as the method having been described
with reference to FIG. 19.

[0226] By the configuration shown in FIG. 20 or FIG.
21, the refractory brick in the furnace can be used effec-
tively without the necessity for installing a separate ra-
diator.

[0227] Also, in the present invention, it is preferable
that cooling means be provided to prevent overheat of
the radiator.

[0228] As the cooling means, for example, an air cool-
ing apparatus can be used. FIG. 22 shows one example
of a configuration in which the air cooling apparatus is
provided and a cooling control method. FIG. 22 shows
a configuration in which air having been cooled by an
air cooling apparatus 434 can be introduced into the
space provided in the refractory brick 423, and other
configurations are the same as those shown in FIG. 21.
[0229] As the method for controlling the radiator tem-
perature, there may be used a method in which when
the temperature indicated by the thermometer installed
on the inside wall (wall exposed to flue gas in the fur-
nace) of the radiator is 1000°C or higher, the air cooling
apparatus 434 is operated, and the cooled air is intro-
duced into the space provided in the refractory brick 423
to perform cooling, and when the temperature is 800°C
or lower, the air cooling apparatus 434 is stopped, or
there may be used a method in which control is carried
out so that the temperature of the thermometer is a pre-
determined temperature.

[0230] By providing the cooling means, the radiator
can be prevented from overheating. Thereby, a de-
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crease in the efficiency of heating by radiation caused
by the melting and solidification of fly ash in the surface
layer portion of the radiator can be prevented, and fur-
ther fuel expanses or electricity expenses can be saved.
[0231] FIG. 23 shows one example of means for pre-
venting a decrease in the efficiency of heating by radi-
ation caused by the melting and solidification of fly ash
in the surface layer portion of a radiator without the use
of cooling means. In this example, the radiator is dis-
posed in a recess in the furnace wall. Although FIG. 23
shows a case where the electric heater is incorporated
in the refractory brick as shown in FIG. 20, it is a matter
of course that the means shown in FIG. 23 can be ap-
plied to the configurations shown in FIGS. 18, 19 and 21.
[0232] By disposing the radiator in the recess as
shown in FIG. 23, a vortex flow is formed near the sur-
face layer portion of the radiator, so that the flow of flue
gas containing fly ash does not come directly into con-
tact with the radiator. Therefore, the melting and solidi-
fication of fly ash in the surface layer portion of the ra-
diator can be prevented.

[0233] Also, as shown in FIG. 23, by using a radiation
thermometer 435 as the thermometer, the temperature
of fly ash, which is a heated element, in gas flow can be
measured directly, so that the overheat of fly ash and
the melting and solidification of fly ash on the nearby
furnace wall etc. can be prevented effectively. When the
radiation thermometer is used, an observation window
capable of observing the interior of furnace through a
wide angle must be provided on the furnace wall.

Claims
1. Arefuse incinerator comprising:

a combustion chamber for burning waste;

a plurality of acoustic gas temperature measur-
ing devices for measuring gas temperature in
said combustion chamber;

estimation means for estimating the tempera-
ture distribution in the combustion chamber
from the measured gas temperature;
comparison means for comparing the estimat-
ed temperature distribution with a preset tem-
perature range; and

control means for controlling the gas tempera-
ture distribution by regulating at least one con-
trol element selected from a group consisting
of a plurality of primary air blowing devices, a
plurality of secondary air blowing devices, a
plurality of cooling fluid blowing devices, waste
supply means, and waste feed means based
on the comparison result.

2. Therefuseincinerator according to claim 1, wherein
said comparison means comprising compari-
son means for comparing said estimated tempera-
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ture distribution with a preset temperature range
and for specifying a temperature deviation from the
preset temperature range and a position at which
said temperature deviation is produced, and

said control means comprising control means
for controlling the gas temperature distribution by
regulating at least one control element correspond-
ing to the position at which the temperature devia-
tion is produced with respect to at least one control
element selected from a group consisting of a plu-
rality of primary air blowing devices, a plurality of
secondary air blowing devices, and a plurality of
cooling fluid blowing devices.

The refuse incinerator according to claim 1, wherein
said estimation means comprises means for esti-
mating the temperature distribution in the trans-
verse cross-sectional direction in the combustion
chamber.

The refuse incinerator according to claim 1, wherein
said estimation means comprises means for esti-
mating the temperature distribution in the longitudi-
nal cross-sectional direction in the combustion
chamber.

The refuse incinerator according to claim 1, wherein
said estimation means comprises means for esti-
mating the temperature distribution in the three-di-
mensional direction in the combustion chamber.

A refuse incinerator comprising:

a combustion chamber for burning waste;

a plurality of acoustic gas temperature measur-
ing devices for measuring the gas temperature
in said combustion chamber;

estimation means for estimating the tempera-
ture distribution in said combustion chamber
from the measured gas temperature;
recognition means for recognizing a space in
said combustion chamber as block numbers
consisting of a plurality of divided blocks;
inference means for inferring the temperature
distribution of each block number from said
block number and said estimated temperature
distribution;

comparison means for comparing said inferred
temperature distribution of each block number
with a preset temperature of each block
number; and

control means for controlling the gas tempera-
ture distribution of each block number based on
the comparison result.

7. Therefuseincinerator according to claim 6, wherein

said control means comprises control means for
controlling the gas temperature distribution by reg-
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ulating at least one control element selected from a
group consisting of a plurality of primary air blowing
devices, a plurality of secondary air blowing devic-
es, a plurality of cooling fluid blowing devices, waste
supply means, and waste feed means.

The refuse incinerator according to claim 7, wherein
said control means comprises control means for
controlling the gas temperature distribution by reg-
ulating at least one control element corresponding
to each block number with respect to at least one
control element selected from a group consisting of
a plurality of primary air blowing devices, a plurality
of secondary air blowing devices, and a plurality of
cooling fluid blowing devices.

The refuse incinerator according to claim 1 or 6,
wherein said incinerator is a stoker incinerator, and
said combustion chamber comprises a main com-
bustion chamber.

The refuse incinerator according to claim 1 or 6,
wherein said incinerator is a stoker incinerator, and
said combustion chamber comprises a main com-
bustion chamber and a secondary combustion
chamber.

The refuse incinerator according to claim 1 or 6,
wherein said incinerator is an incinerator having a
fluidized bed, and said combustion chamber com-
prises a freeboard above a fluidized bed.

The refuse incinerator according to claim 1 or 6,
wherein said acoustic gas temperature measuring
devices are provided at a plurality of locations in the
lengthwise direction and the height direction on
both side walls of said combustion chamber.

The refuse incinerator according to claim 1 or 6,
wherein said estimation comprises means for esti-
mating the temperature distribution by the compu-
terized tomography method.

An operating method for a refuse incinerator, com-
prising the steps of:

measuring gas temperature in a combustion
chamber for burning waste by using a plurality
of acoustic gas temperature measuring devic-
es;

estimating temperature distribution in said
combustion chamber from the measured gas
temperature;

comparing the estimated temperature distribu-
tion with a preset temperature range; and
controlling the gas temperature distribution by
regulating at least one control element selected
from a group consisting of a plurality of primary
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air blowing devices, a plurality of secondary air
blowing devices, a plurality of cooling fluid
blowing devices, waste supply means, and
waste feed means based on the comparison re-
sult.

The operating method according to claim 14,
wherein

said comparing step comprises comparing
said estimated temperature distribution with a pre-
set temperature range and specifying a tempera-
ture deviation from the preset temperature range
and a position at which said temperature deviation
is produced, and

said controlling step comprises controlling the
gas temperature distribution by regulating at least
one control element corresponding to the position
at which the temperature deviation is produced with
respect to at least one control element selected
from a group consisting of a plurality of primary air
blowing devices, a plurality of secondary air blowing
devices, and a plurality of cooling fluid blowing de-
vices.

The operating method according to claim 14,
wherein said step of estimating the temperature dis-
tribution comprises estimating the temperature dis-
tribution in the transverse cross-sectional direction
in the combustion chamber.

The operating method according to claim 14,
wherein said step of estimating the temperature dis-
tribution comprises estimating the temperature dis-
tribution in the longitudinal cross-sectional direction
in the combustion chamber.

The operating method according to claim 14,
wherein said step of estimating the temperature dis-
tribution comprises estimating the temperature dis-
tribution in the three-dimensional direction in the
combustion chamber.

An operating method for a refuse incinerator, com-
prising the steps of:

measuring the gas temperature in a combus-
tion chamber for burning waste by using a plu-
rality of acoustic gas temperature measuring
devices;

estimating the temperature distribution in said
combustion chamber from the measured gas
temperature;

recognizing a space in said combustion cham-
ber as block numbers consisting of a plurality
of divided blocks;

inferring the temperature distribution of each
block number from said block number and said
estimated temperature distribution;
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comparing said inferred temperature distribu-
tion of each block number with a preset temper-
ature of each block number; and

controlling the gas temperature distribution of
each block number based on the comparison
result.

The operating method according to claim 19,
wherein said step of controlling the gas temperature
distribution of each block number comprises con-
trolling the gas temperature distribution by regulat-
ing at least one control element selected from a
group consisting of a plurality of primary air blowing
devices, a plurality of secondary air blowing devic-
es, a plurality of cooling fluid blowing devices, waste
supply means, and waste feed means.

The operating method according to claim 20,
wherein said controlling step comprises controlling
the gas temperature distribution by regulating at
least one control element corresponding to each
block number with respect to at least one control
element selected from a group consisting of a plu-
rality of primary air blowing devices, a plurality of
secondary air blowing devices, and a plurality of
cooling fluid blowing devices.

The operating method according to claim 14 or 19,
wherein said acoustic gas temperature measuring
devices are provided at a plurality of locations in the
lengthwise direction and the height direction on
both side walls of said combustion chamber.

The operating method according to claim 14 or 19,
wherein said step of estimating the temperature dis-
tribution comprises estimating the temperature dis-
tribution by the computerized tomography method.

A refuse incinerator comprising:

a combustion chamber for burning waste;

a waste heat boiler connected to said combus-
tion chamber;

a plurality of acoustic gas temperature measur-
ing devices for measuring the gas temperature
in said waste heat boiler;

estimation means for estimating the gas tem-
perature distribution in said waste heat boiler
from the measured gas temperature;
comparison means for comparing said estimat-
ed temperature distribution with a preset tem-
perature distribution; and

control means for controlling the temperature
distribution in said waste heat boiler based on
the comparison result.

The refuse incinerator according to claim 24,
wherein said control means is a control unit for
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avoiding stagnation or staying in a temperature
range of 300 to 400°C occurring in the flow of flue
gas passing through said waste heat boiler.

The refuse incinerator according to claim 24,
wherein said control means comprises control
means for controlling the gas temperature distribu-
tion by regulating at least one control element se-
lected from a group consisting of a plurality of pri-
mary air blowing devices, a plurality of secondary
air blowing devices, a plurality of cooling fluid blow-
ing devices, waste supply means, and waste feed
means.

The refuse incinerator according to claim 24,
wherein said control means comprises control
means for controlling the gas temperature distribu-
tion by regulating at least one selected from a group
consisting of a soot blow hammering device, an air
blowing device, and a circulating gas blowing de-
vice in said waste heat boiler.

A refuse incinerator comprising:

a combustion chamber for burning waste;

a waste heat boiler connected to said combus-
tion chamber;

a plurality of acoustic gas temperature measur-
ing devices for measuring the gas temperature
in said waste heat boiler;

estimation means for estimating the gas tem-
perature distribution in said waste heat boiler
from the measured gas temperature;
recognition means for recognizing a space in
said waste heat boiler as block numbers con-
sisting of a plurality of blocks;

inference means for inferring the temperature
distribution of each block number from said
block number and said estimated temperature
distribution;

comparison means for comparing said inferred
temperature distribution of each block number
with a preset temperature of each block
number; and

control means for controlling the gas tempera-
ture distribution of each block number based on
the comparison result.

An operating method for a refuse incinerator, com-
prising the steps of:

measuring gas temperature in a waste heat
boiler connected to a combustion chamber for
burning waste by using a plurality of acoustic
gas temperature measuring devices;
estimating temperature distribution in said
waste heat boiler from the measured gas tem-
perature;
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comparing said estimated temperature distri-
bution with a preset temperature distribution;
and

controlling the gas temperature distribution in
said waste heat boiler based on the comparison
result.

The operating method according to claim 29,
wherein said step of controlling the temperature dis-
tribution comprises controlling to avoid stagnation
or staying in a temperature range of 300 to 400°C
occurring in the flow of flue gas passing through
said waste heat boiler.

The operating method according to claim 29 or 30,
wherein said step of controlling the temperature dis-
tribution comprises controlling the gas temperature
of each block number by regulating at least one se-
lected from a group consisting of soot blow ham-
mering, air blowing, and circulating gas blowing in
said waste heat boiler.

An operating method for a refuse incinerator, com-
prising the steps of:

measuring the gas temperature in a waste heat
boiler connected to a combustion chamber for
burning waste by using a plurality of acoustic
gas temperature measuring devices;
estimating the temperature distribution in said
waste heat boiler from the measured gas tem-
perature;

recognizing a space in said waste heat boiler
as block numbers consisting of a plurality of
blocks;

inferring the temperature distribution of each
block number from said block number and said
estimated temperature distribution;

comparing said inferred temperature distribu-
tion of each block number with a preset temper-
ature of each block number; and

controlling the gas temperature distribution of
each block number based on the comparison
result.
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