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Description

Technical Field

[0001] The present invention relates to a pulverized
coal-fired boiler and a pulverized coal burning method.

Background Art

[0002] A pulverized coal-fired boiler is requested for a
reduction in nitrogen oxide (NOx) concentration and to
respond to this request, the double burning method is
applied. This is a method for burning fuel in the state of
insufficient air and then supplying air for complete com-
bustion from an after air port.
[0003] For the after air port, to improve the air mixture
and burning condition, several structures are proposed.
As one of them, an after air port composed of main after
air ports and sub-after air ports in which the sub-after air
ports are arranged between the main after air ports is
known (for example, refer to Patent Documents 1 and 2).
[0004] Further, an art for arranging two-stage after air
ports on the upstream side and down stream side and
controlling the air flow rate and jet direction is disclosed
(for example, refer to Patent Documents 3 and 4).
[0005]

Patent Document 1: Japanese Patent Laid-open No.
Hei 5 (1993)-18510 (Abstract)
Patent Document 2: Japanese Patent Laid-open No.
2002-243112 (Abstract)
Patent Document 3: Japanese Patent Laid-open No.
Hei 1 (1989)-150707
Patent Document 4: Japanese Patent Laid-open No.
Hei 9 (1997)-126415

[0006] A pulverized coal-fixed boiler having the fea-
tures specified in the preamble of claim 1 is known from
US 5 343 820.

Disclosure of the Invention

Problems to be Solved by the Invention

[0007] In Patent Documents 1 and 2, reduction in NOx
and reduction in unburned components are described.
[0008] Particularly, in Japanese Patent Laid-open No.
Hei 9(1997)-126415, the arrangement of the main after
air ports and sub-after air ports for supplying after air to
the pulverized coal-fired boiler is devised and the struc-
ture that the sub-after air ports are arranged on the up-
stream side of the main after air ports and at the just
intermediate position between the neighboring main after
air ports is disclosed.
[0009] In the arrangement structure of the after air port
of the pulverized coal-fired boiler, unburned components
in the furnace are mixed with sub-after air supplied from
the sub-after air ports and carbon monoxide (CO) can be

reduced in the oxidation region.
[0010] However, in the pulverized coal-fired boiler hav-
ing the aforementioned structure, in correspondence with
combustion of the unburned components in the furnace,
the combustion temperature rises, so that a problem aris-
es that the concentration of generated NOx increases
suddenly.
[0011] An object of the present invention is to provide
a pulverized coal-fired boiler for supplying efficiently air
to the central part of a furnace and the neighborhood of
the furnace wall, thereby promoting mixture with com-
bustion gas, and reducing both NOx and CO.

Means for Solving the Problems

[0012] The present invention is characterized in that
the main after air ports are structured so as to jet air
having a large momentum for enabling arrival at the cen-
tral part of the furnace, and the sub-after air ports are
structured so as to jet air having a small momentum to
the neighborhood of the wall face of the furnace, and the
sectional center of each of the sub-after air ports is within
the range from 1 to 5 times of the caliber of the main after
air ports from the sectional center of each of the main
after air ports.
[0013] Further, the present invention is characterized
in that a plurality of main after air ports for supplying a
large amount of air and a plurality of sub-after air ports
for supplying a small amount of air are installed on the
opposite wall faces of the furnace on the upstream side,
and the sub-after air ports are arranged within the range
from 1 to 5 times of the caliber of the main after air ports,
and the momentum of air jetted from the main after air
ports is made larger than the momentum of air jetted from
the sub-after air ports.

Effects of the Invention

[0014] According to the present invention, a pulverized
coal-fired boiler for supplying efficiently air to the central
part of the furnace and the neighborhood of the furnace
wall, thereby promoting mixture with combustion gas,
and reducing both NOx and CO can be provided.

Brief Description of Drawings

[0015]

Fig. 1 is a schematic constitution of a pulverized coal-
fired boiler and a supply system of air and pulverized
coal thereof relating to a first embodiment of the
present invention.
Fig. 2 is a cross sectional view of the line A-A shown
in Fig. 1.
Fig. 3 is a cross sectional view of the line B-B shown
in Fig. 2.
Fig. 4 is a cross sectional view showing an embod-
iment of the main after air ports in the first embodi-
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ment.
Fig. 5 is a cross sectional view of another embodi-
ment of the after air ports, which is equivalent to the
line A-A shown in Fig. 1.
Fig. 6 is a cross sectional view of the line C-C shown
in Fig. 5.
Fig. 7 is a cross sectional view of still another em-
bodiment of the after air ports, which is equivalent
to the line A-A shown in Fig. 1.
Fig. 8 is a cross sectional view showing an embod-
iment of the sub-after air ports in the first embodi-
ment.
Fig. 9 is a cross sectional view showing another em-
bodiment of the main after air ports in the first em-
bodiment.
Fig. 10 is a cross sectional view showing still another
embodiment of the main after air port in the first em-
bodiment.
Fig. 11 is a cross sectional view showing other em-
bodiment of the main after air ports in the first em-
bodiment.
Fig. 12 is a block diagram showing a control example
of the after air flow rate which is executed by the
controller.
Fig. 13 is a drawing showing an arrangement of the
burners and after air ports in the first embodiment.
Fig. 14 is a drawing showing the relation between
the ratio of the flow rate of the main after air ports to
the total flow rate of after air and the CO concentra-
tion at the exit of the furnace in the first embodiment.
Fig. 15 is a drawing showing the position of the sub-
after air ports and jet direction in the first embodi-
ment.
Fig. 16 is a drawing showing the air port structure of
the main after air port in the first embodiment.
Fig. 17 is a drawing showing another arrangement
of the burners and after air ports in the first embod-
iment.
Fig. 18 is a schematic constitution of a pulverized
coal boiler and a supply system of air and pulverized
coal thereof relating to a second embodiment of the
present invention.
Fig. 19 is a schematic view of the boiler viewed from
the front wall side of the furnace relating to the sec-
ond embodiment of the present invention.
Fig. 20 is a drawing showing the gas mixture condi-
tion viewed from the front wall side of the furnace
relating to the second embodiment of the present
invention.
Fig. 21 is a drawing of the gas mixture condition of
the pulverized coal-fired boiler relating to the second
embodiment of the present invention.
Fig. 22 is a cross sectional view of the line A-A shown
in Fig. 19.
Fig. 23 is a cross sectional view of the line B-B shown
in Fig. 19.
Fig. 24 is a cross sectional view showing another
embodiment of the sub-after air ports in the second

embodiment.
Fig. 25 is a schematic view of the boiler viewed from
the front wall side of the furnace relating to a third
embodiment of the present invention.
Fig. 26 is a drawing showing the gas mixture condi-
tion viewed from the front wall side of the furnace
relating to the third embodiment of the present in-
vention.
Fig. 27 is a schematic view of the boiler viewed from
the front wall side of the furnace relating to the first
embodiment of the present invention.
Fig. 28 is a drawing showing the gas mixture condi-
tion viewed from the front wall side of the furnace
relating to the first embodiment of the present inven-
tion.
Fig. 29 is a schematic view of the boiler viewed from
the front wall side of the furnace relating to the sec-
ond embodiment of the present invention.
Fig. 30 is a schematic constitution of a pulverized
coal boiler and a supply system of air and pulverized
coal thereof relating to the third embodiment of the
present invention.
Fig. 31 is a block diagram showing a control example
of the secondary and tertiary air flow rate for the burn-
ers which is executed by the controller.
Fig. 32 is another block diagram showing a control
example of the after air flow rate which is executed
by the controller.
Fig. 33 is a block diagram showing a control example
of the main after air flow rate which is executed by
the controller.

Legend

[0016]

1: Outer cylinder of window box, 2: Vena contracta
member, 3: Vena contracta, 4: Jet port, 5: Opening
of window box, 7: Member for specifying minimum
flow path area of vena contracta, 9: Support material
of member for specifying minimum flow path area of
vena contracta, 11; Slide ring, 13: Outer wall of win-
dow box, 23: Intra-furnace combustion space, 24:
Damper, 26: Primary nozzle, 27: Secondary nozzle,
28: Tertiary nozzle, 37: Main after air port, 38: Sub-
after air port, 39: Partition plate, 40: Main after air
flow rate adjustment mechanism, 41: Sub-after air
flow rate adjustment mechanism, 42: Air flow rate
distribution adjustment mechanism, 43: Air flow rate
distribution adjustment mechanism, 44: Air flow rate
adjustment distribution mechanism, 45: Front wall of
furnace, 46: Back wall of furnace, 48: Side wall of
furnace, 49: Furnace ceiling, 50: Nozzle, 51: Gas
after combustion, 52: Burner, 53: Flame of insuffi-
cient air, 54: Window box for burner, 55: After air,
57: Air for combustion, 59: Coaling amount detector,
60: Flow rate detector, 61: Controller, 63: After air
flow rate, 100: Furnace
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Best Mode for Carrying Out the Invention

[0017] The main after air ports having a vena contracta
type structure for permitting jetted air to flow in the direc-
tion of the central axis of the after air port are very effective
in simultaneously reducing NOx and CO. The sub-after
air ports having a straight flow type structure for permit-
ting jetted air to flow in parallel with the central axis of
the after air port are effective in mixing combustion gas
on the wall side, which cannot be mixed with air by the
main after air ports, with air and reducing CO. Air jetted
from the straight flow type sub-after air ports, since the
flow speed from the furnace wall to the furnace center is
attenuated quickly, air hardly reaches the central part of
the furnace. Therefore, thermal NOx is not generated in
the high temperature region at the center of the furnace,
and mixture of gas on the wall side is promoted, and CO
can be reduced. If the sub-after air ports are formed in
the vena contracta type structure, the flow speed is hardly
attenuated and thermal NOx is easily generated to permit
air to reach the central part of the furnace.
[0018] Further, it is desirable to install a damper for
controlling the air flow rate on the main after air ports or
both the main after air ports and sub-after air ports. When
a damper is installed, the air flow rate can be adjusted
finely, so that the air supply is little varied and air can be
mixed efficiently.
[0019] Further, it is desirable to install a partition plate
in the window box and divide the air flow path of the main
after air ports and the air flow path of the sub-after air
ports. By doing this, the air flow rate can be adjusted for
each main after air port and sub-after air port.
[0020] According to the present invention, it is desira-
ble to install a controller for controlling the after air flow
rate, decide the pulverized coal amount to be supplied
to the burner of the front wall of the furnace and the burner
of the back wall, and calculate the ratio of coal supply
amount between the front wall and the back wall, on the
basis of it, calculate the after air flow rate of the front wall
and back wall, and decide the distribution of the air flow
rate supplied to the main after air ports and sub-after air
ports. Further, when there is a suspension burner on the
front wall of the furnace or the back wall thereof, it is
desirable to set the air flow rate to be supplied to the after
air port having the suspension burner lower than the air
flow rate to be supplied to the other after air port. By
controlling the after air flow rate like this according to the
operation condition of the burner, NOx and CO can be
reduced effectively.
[0021] According to the present invention, the main af-
ter air ports are structured so as to jet air having a large
momentum capable of reaching the central part of the
furnace, and the sub-after air ports are structured so as
to jet air having a small momentum to the neighborhood
of the wall face of the furnace, and it is desirable to install
the sub-after air ports so that the distance from the sec-
tional center of the sub-after air ports to the sectional
center of the main after air ports is set within range of 1

to 5 times of the caliber of the main after air ports.
[0022] When the sub-after air ports are arranged on
the upstream side of the main after air ports, by supplying
sub-after air from the sub-after air ports, combustion gas
from the upstream side of the furnace is stagnated, that
is, the rising flow speed of combustion gas in the neigh-
borhood of the furnace wall is weakened. Therefore, main
after air supplied from the main after air ports can be
supplied to the center of the furnace without the flow
thereof being disturbed by combustion gas in the neigh-
borhood of the furnace wall.
[0023] Further, when the sub-after air ports are ar-
ranged on the downstream side of the main after air ports,
combustion gas from the upstream side of the furnace is
mixed with a jet of the main after air ports, though a part
thereof slips through the main after air ports. The slipped
unburned gas is stagnated on the downstream side of
the main after air ports because the rising flow speed of
unburned gas is weakened. Therefore, if sub-after air is
supplied from the sub-after air ports in the stagnant re-
gion, mixture of combustion gas with air can be promoted
in the neighborhood of the furnace wall.
[0024] Inversely, if the sub-after air ports are installed
on the upstream side of the main after air ports so that
the central position of the section of the sub-after air ports
becomes a length 5 times or more of the caliber of the
main after air ports, the stagnant effect by sub-after air
and combustion gas cannot be obtained sufficiently. Fur-
ther, if the sub-after air ports are installed on the down-
stream side of the main after air ports so that the central
position of the section of the sub-after air ports becomes
a length 5 times or more of the caliber of the main after
air ports, sub-after air cannot be supplied to the stagnant
region of main after air and combustion gas, so that the
mixture is not promoted. Further, if the sub-after air ports
are installed so that the central position of the section of
the sub-after air ports becomes a length 1 times or less
of the caliber of the main after air ports, sub-after air is
rolled in main after air, so that the aforementioned effect
cannot be obtained.
[0025] According to the present invention, it is desira-
ble that the momentum of main after air supplied from
the main after air ports is set within the range from 3 to
20 times of the momentum of sub-after air supplied from
the sub-after air ports. If the momentum of main after air
is smaller than 3 times of the momentum of sub-after air,
the momentum of sub-after air is increased, so that air
cannot be mixed efficiently with the unburned compo-
nents in the neighborhood of the furnace wall. Further,
the momentum of main after air is decreased, so that air
cannot reach the central part of the furnace. On the other
hand, if the momentum of main after air becomes larger
than 20 times of the momentum of sub-after air, the mo-
mentum of sub-after air, particularly the flow rate is ex-
cessively low, so that air necessary for combustion of the
unburned components in the neighborhood of the fur-
nace wall cannot be supplied.
[0026] Further, according to the present invention, it is
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desirable that the main after air ports have a vena con-
tracta that the outside diameter of the flow path is con-
tracted toward the air jet port and the jetted air flows in
the direction of the central axis of the main after air ports.
By doing this, the momentum of main after air is in-
creased, and a jet reaches the central part of the furnace,
and the mixture is promoted, so that it is very effective in
simultaneous reduction in NOx and CO.
[0027] Further, it is desirable that the sub-after air ports
have a structure of enlarging toward the air jet port for
jetting sub-after air into the furnace, are formed in a multi-
tube structure on the concentric axis, jet a straight flow
from the flow path at the center, and supply a rotational
flow from the outer periphery thereof. If air jetted from
the sub-after air ports flows in the parallel direction with
the central axis of the after air port or a rotational flow is
generated, combustion gas on the wall side which cannot
be mixed with air by the main after air ports is mixed with
air and it is effective in reducing CO. Air jetted from the
sub-after air ports of the straight flow type or rotational
type, since the flow speed from the furnace wall to the
furnace center is attenuated quickly, hardly reaches the
central part of the furnace. Therefore, without thermal
NOx being generated in the high temperature region at
the center of the furnace, the mixture of gas on the wall
side is promoted and CO can be reduced.
[0028] Further, according to the present invention, if
the main after air ports are structured so that jetted air
flows in the direction of the central axis of the main after
air ports and the sub-after air ports are structured so as
to jet a straight flow in the parallel direction with the central
axis of the sub-after air ports and jet a rotational flow from
the outer periphery thereof, it is particularly effective in
reduction in NOx and CO. By doing this, the momentum
of main after air toward the enter of the furnace is in-
creased, and not only air can be efficiently supplied to
the furnace center but also sub-after air can be effectively
mixed by rotation with the unburned components in the
neighborhood of the wall.
[0029] Further, according to the present invention, it is
desirable that the main after air ports and sub-after air
ports are installed on the wall face of the furnace and are
respectively arranged in the common window box to
which after air is supplied from the outside. By doing this,
the flow rate of after air can be controlled by one valve
from the low flow rate (low load) to the high flow rate (high
load). Particularly, the main after air ports have a struc-
ture having a vena contracta, and the sub-after air ports
have a structure capable of supplying a rotational flow,
and both have a high pressure loss, so that the air flow
rate can be controlled easily. Furthermore, if the window
box is shared, the structure is simplified and can be man-
ufactured easily and when newly adding main or sub-
after air ports, they can be installed easily.
[0030] Further, it is possible to pair up one main after
air port and one sub-after air port, connect at least one
set to the same window box, and install a plurality of
window boxes on the wall face of the furnace side by side

in one direction. By doing this, without changing the ratio
of momentum between main after air and sub-after air,
the flow rate of after air jetted at the central part of the
furnace and the side wall of the furnace can be adjusted,
so that the part having much combustion gas can be
mixed efficiently with air.
[0031] Further, according to the present invention, as-
suming the distance between the downmost burner and
the main after air ports as X and the distance between
the main after air ports and the bottom of the heat ex-
changer arranged in the furnace on the downstream side
of the main after air ports as Y, it is desirable to arrange
the main after air ports within the range of X/(X+Y) from
0.3 to 0.6. If the installation position of the main after air
ports is X/(X+Y) < 0.3, the reduction region is reduced,
so that the NOx generation amount is increased. Further,
if it is X/(X+Y) > 0.6, the stay time after input of main and
sub-after air is reduced, and the mixture is insufficient,
so that the unburned components are increased.
[0032] Further, according to the present invention, it is
desirable to arrange so that the caliber of the main after
air ports on the side wall side of the furnace is smaller
than that on the central side thereof. In the neighborhood
of the central part of the furnace, the rising speed of un-
burned gas flowing from the upstream side of the furnace
becomes particularly high. Therefore, if the caliber of the
main after air ports on the side wall side is made smaller,
the momentum of air supplied to the central part of the
furnace becomes larger than that on the side wall side,
so that the mixture with the unburned components re-
maining on the central part of the furnace is prompted.
[0033] Further, according to the present invention, the
main after air ports and sub-after air ports are respectively
arranged in the common window box which is installed
on the wall face of the furnace and is supplied with after
air from the outside and the after air supply duct for sup-
plying after air is equipped with an air flow rate adjustment
mechanism. And, it is desirable to arrange the air flow
rate adjustment mechanism in the secondary and tertiary
air supply ducts for supplying secondary and tertiary air
for combustion to the burners so as to independently sup-
ply air to the burners. By doing this, under the condition
that the ratio of air to be supplied to the after air port and
air to be supplied to the burners is kept constant, the
secondary and tertiary air flow rates of the burners can
be adjusted finely and air can be supplied efficiently ac-
cording to the burning condition of the burners. There-
fore, NOx generated in the burner section can be always
kept at its minimum and the main after air jetting condition
can be kept so that the overall performance of NOx and
CO is optimized.
[0034] Further, it is possible to pair up one main after
air port and one sub-after air port, connect at least one
set to the same window box, install a plurality of window
boxes on the wall face of the furnace side by side in one
direction, install the air flow rate adjustment mechanism
on the after air supply duct for supplying after air, and
arrange the air flow rate adjustment mechanism on the
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secondary and tertiary air supply ducts for supplying sec-
ondary and tertiary air for combustion to the burners so
as to independently supply air to the burners. By doing
this, the secondary and tertiary air flow rates of the burn-
ers can be adjusted finely, and furthermore, without
changing the ratio of the momentum of main after air and
sub-after air, the flow rates of after air jetted at the central
part of the furnace and on the side wall of the furnace
can be adjusted, so that in accordance with the burning
condition of the burners, air can be supplied particularly
efficiently.
[0035] Further, according to the present invention, it is
desirable to install a pulverized coal flowmeter for meas-
uring the pulverized coal amount of fuel conveyed to the
plurality of burners in the flow path for conveying pulver-
ized coal to the burners and a controller, on the basis of
the pulverized coal amount measured by the pulverized
coal flowmeter, for adjusting the secondary and tertiary
air amounts for combustion to be supplied to the burners.
If the pulverized coal flowmeter is installed, air can be
supplied in accordance with the deviation of the pulver-
ized coal supply amount. Furthermore, the controller is
installed and the secondary and tertiary air flow rates of
the burners are controlled according to the pulverized
coal supply amount, thus NOx and CO can be reduced
effectively.
[0036] Further, it is also possible to install a pulverized
coal flowmeter for measuring the pulverized coal amount
of fuel conveyed to the plurality of burners in the flow
path for conveying pulverized coal to the burners and a
controller, on the basis of the pulverized coal amount
measured by the pulverized coal flowmeter, for adjusting
the after air amounts to be supplied to the main and sub-
after air ports. If the pulverized coal flowmeter is installed,
air can be supplied in accordance with the deviation of
the pulverized coal supply amount. Furthermore, the con-
troller is installed and the after air flow rates are controlled
according to the pulverized coal supply amount, thus
NOx and CO can be reduced effectively.
[0037] According to the present invention, it is desira-
ble to install a plurality of oxygen concentration detectors
for detecting the oxygen concentration in the combustion
space of the furnace and a controller for individually ad-
justing the air flow rates of a plurality of main after air
ports and sub-after air ports on the basis of signals from
the oxygen concentration detectors and control the air
flow rate of the main after air ports and the air flow rate
of the sub-after air ports on the basis of signals from the
plurality of oxygen concentration detectors. When the ox-
ygen concentration at the central part of the furnace is
low, main after air is increased, so that the sub-after air
amount is decreased, and when the oxygen concentra-
tion on the side wall of the furnace is low, the main after
air amount is decreased so that sub-after air is increased.
By doing this, with the burning condition of the burners
kept constant, the air flow rate can be controlled, so that
NOx generated at the burner section can be kept at its
minimum.

[0038] Hereinafter, the embodiments of the present in-
vention will be explained with reference to the accompa-
nying drawings, though the present invention is not lim-
ited to the structure indicated below.

Embodiment 1

[0039] Fig. 1 is a schematic block diagram of the pul-
verized coal-fired boiler relating to a first embodiment of
the present invention. The wall face of a furnace 100 is
surrounded by an upper furnace ceiling 49, a lower hop-
per 47, a side furnace front wall 45, a furnace back wall
46, and a furnace side wall 48 (shown in Fig. 2) and on
the respective wall faces, water tubes not drawn are ar-
ranged. By the water tubes, a part of the heat of com-
bustion generated in a furnace combustion space 23 is
absorbed. Combustion gas generated in the furnace
combustion space 23 flows from underneath to above
and is discharged as gas 51 after combustion. The gas
51 after combustion passes through a back heat transfer
section not drawn and here, the heat included in the gas
is collected furthermore.
[0040] On the lower part of the furnace, burners 52 are
installed and flames 53 of insufficient air are formed here.
A plurality of burners are generally installed on the front
wall and back wall of the furnace so as to be opposite to
each other. Coal is crushed to pieces of about 150 mm
or less by a crusher not drawn and then is conveyed by
air and primary air for the burners and pulverized coal 58
are jetted into the furnace from the burners 52. Secondary
and tertiary air 56 for the burners is also jetted simulta-
neously from the burners 52 via window boxes (second-
ary and tertiary air supply ducts for the burners) 54 for
the burners.
[0041] Above the burners, main after air ports 37 are
installed. Sub-after air ports 38 (shown in Fig. 2) are in-
stalled at the same height as that of the main after air
ports 37. A plurality of main and sub-after air ports are
installed respectively on the front wall and back wall of
the furnace. The structure of the main after air ports 37
is a vena contracta type structure that the air flow is di-
rected in the direction of the central axis of the main after
air ports in the neighborhood of the jet port. The detailed
structure will be described later. The greater part of the
unburned components such as CO generated from the
flames 53 of insufficient air formed by the burner section
is mixed with main after air, thereby is burned completely
(oxidation). However, when the unburned components
and main after air are mixed, NOx (mainly thermal NOx)
is also generated. The generation amount of NOx is re-
lated to the flow speed of main after air (the maximum
flow speed of the vena contracta) and the adjustment of
the flow speed of main after air is important. Furthermore,
if the jetting condition of main after air is set so as to lower
NOx, the oxidation becomes insufficient, and CO is apt
to be generated easily, so that in consideration of the
performance balance of NOx and CO, the jetting condi-
tion of main after air must be set.
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[0042] Air for combustion 57 is distributed to secondary
and tertiary air 56 for the burners and after air 55 by an
air flow rate distribution adjustment mechanism 42. The
after air 55 is distributed to air flowing to the after air port
on the front wall side and air flowing to the after air port
on the back wall side by an air flow rate distribution ad-
justment mechanism 43. The air flow rates of the after
air port on the front wall side and the after air port on the
back wall side are controlled to the after air flow rate set
value which is set by a controller 61 according to the
position of the suspension burner. To the controller 61,
a mill coaling amount 62 detected by a coaling amount
detector 59 and an after air flow rate 63 detected by an
after air flow rate detector 60 are input. The controller 61,
when the suspension burner is positioned on the front
wall side of the furnace, sets the after air flow rate set
value on the front wall of the furnace to a low value on
the basis of the mill coaling amount 62 and can adjust
the after air flow rate 63.
[0043] On the upper part of the back wall 46 of the
furnace, a nozzle 50 is often set. By the influence of the
nozzle 50, the flow of combustion gas around the main
after air ports 37 is unsymmetrical. The distribution of
after air flowing on the front wall side and back wall side
is adjusted, thus even in the unsymmetrical flow region,
NOx and CO can be reduced.
[0044] The after air 55, furthermore, by a main after air
flow rate adjustment mechanism 40 and a sub-after air
flow rate adjustment mechanism 41, adjusts the air
amounts supplied from the main and sub-after air. By
doing this, the main after air jet flow speed (the maximum
flow speed of the vena contracta) and the sub-after air
jet flow speed can be adjusted. When the main after air
jet flow speed is excessively high, the sub-after air
amount is increased and when the jet flow speed is ex-
cessively low, it is decreased. The sub-after air is jetted
from between the main after air ports, so that there exists
excessive fuel in the furnace, and the mixture of gas of
insufficient air with air is promoted, and CO can be re-
duced efficiently. On the other hand, the flow rate of the
sub-after air is low, so that the influence on generation
of NOx (thermal NOx) is little. Further, the main after air
amount can be adjusted by use of sub-after air, so that
the secondary and tertiary air flow rates supplied to the
burners can be always kept constant. This means that
the burning condition of the flames 53 of insufficient air
formed by the burner section can be operated always
under the optimum condition for minimizing the genera-
tion amount of NOx here.
[0045] As a result, NOx generated in the burner section
can be always kept at its minimum and the main after air
jetting condition can be kept so that the overall perform-
ance of NOx and CO is optimized.
[0046] Further, the secondary and tertiary air 56 sup-
plied to the burners, similarly to the after air 55, is distrib-
uted to air flowed to the burner on the front wall side and
air flowed to the burner on the back wall side by an air
flow rate distribution adjustment mechanism 44.

[0047] Fig. 2 shows an example of the arrangement of
the main and sub-after air ports and is a cross sectional
view of the line A-A shown in Fig. 1. Fig. 3 is a drawing
of the section B-B shown in Fig. 2 viewed from the com-
bustion space side. A plurality of main after air ports 37
are generally arranged perpendicularly to the flow of
combustion gas and the main after air ports of the same
number are arranged on the side of the front wall 45 of
the furnace and the side of the back wall 46 thereof. The
sub-after air ports 38 are arranged in the same window
box as that of the main after air ports 37. The simplest
arranging method of the sub-after air ports 38 is to alter-
nately arrange them between the main after air ports 37.
The flow paths of main after air and sub-after air are di-
vided by a partition plate 39 and the air amounts flowing
into the respective flow paths are adjusted by the main
after air adjustment mechanism 40 and the sub-after air
adjustment mechanism 41.
[0048] Fig. 4 shows an example of the detailed struc-
ture of the main after air port in the first embodiment. The
basic structure of the nozzle is a cylindrical shape having
a central axis 8 of a jet as a symmetrical axis. The nozzle
is surrounded by an outer cylinder 1 of the window box
and air for combustion flows in from an opening 5 of the
window box. Air flows along arrows 6 and is jetted into
the intra-furnace combustion space 23 from a jet port 4.
The jetted air is mixed with combustible gas in the intra-
furnace combustion space 23 and permits the combus-
tible gas to burn. Around the jet port 4, water tubes 14
are installed. On the side of the jet port 4 of the after air
port, a vena contracta member 2 is installed. The vena
contracta member 2 has a structure that the caliber grad-
ually becomes small toward the side of the jet port 4. By
the vena contracta member 2, to the flows 6 of air, the
speed component toward the central axis of the nozzle
is given and a vena contracta 3 is formed. In the neigh-
borhood of the entrance of the vena contracta 3, a mem-
ber 7 for specifying the minimum flow path area of the
vena contracta is installed. The air flow speed in the vena
contracta is specified by the area of the part the opening
area of which is minimum in the vena contracta. In the
constitution shown in Fig. 4, at the end of the member 7
for specifying the minimum flow path area of the vena
contracta, the flow speed of the vena contracta is maxi-
mized. The member 7 for specifying the minimum flow
path area of the vena contracta shown in Fig. 4 is struc-
tured so that the outside diameter thereof is reduced
gradually toward the jet port 4. The reason is to reduce
the disturbance of the flow in the vena contracta 3. By
reducing the disturbance, NOx can be prevented from
sudden increase. However, by use of another structure,
the object of the present invention can be accomplished.
The member 7 for specifying the minimum flow path area
of the vena contracta is fixed to a support material 9 of
the member for specifying the minimum flow path area
of the vena contracta. The support material 9 of the mem-
ber for specifying the minimum flow path area of the vena
contracta is fixed to the outer cylinder 1 of the window
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box via a guide 12.
[0049] Inside the member 7 for specifying the minimum
flow path area of the vena contracta, an overheat pre-
vention member 10 is installed. The reason is to prevent
the support material 9 of the member for specifying the
minimum flow path area of the vena contracta from burn-
ing due to radiation heat from a flame formed in the inter-
furnace combustion space 23. When the flame radiation
heat formed in the inter-furnace combustion space 23 is
low or when the support material 9 can be cooled by
another method, the overheat prevention member is not
always necessary.

Embodiment 2

[0050] In this embodiment, the case that the arrange-
ment of the after air ports is changed will be explained.
Fig. 5 shows a modified example of the arrangement of
the sub-after air ports 38 and it is equivalent to the sec-
tional view A-A shown in Fig. 1. Fig. 6 is a drawing of the
section C-C shown in Fig. 5 which is viewed from the
combustion space side.
[0051] The window box connected to the after air ports
in the same row is divided into two parts and air is supplied
from the same window box respectively to the main after
air ports 37 and sub-after air ports 38. If the window box
is divided like this and air is supplied, the air flow rates
of main after air and sub-after air can be adjusted finely,
so that the supply is little varied and air can be mixed
efficiently.

Embodiment 3

[0052] In this embodiment, a modification example of
the air adjustment mechanism of the after air ports will
be explained. Fig. 7 shows a modified example of the air
adjustment mechanism of main and sub-after air and it
is equivalent to the sectional view A-A shown in Fig. 1.
Fig. 8 shows an example of the detailed structure of the
sub-after air ports.
[0053] The flow paths of the main after air and sub-
after air are the same and the air flow rates supplied to
the main after air ports 37 and sub-after air ports 38 are
adjusted by opening or closing the damper 24. If the
damper 24 is installed like this, the air flow rate can be
adjusted finely, so that the supply is little varied and air
can be mixed efficiently. The damper 24 may be installed
only on the main after air ports 37, though it is preferable
to install it both on the main after air ports 37 and sub-
after air ports 38.

Embodiment 4

[0054] In this embodiment, a modified example of the
structure of the main after air ports will be explained by
referring to Fig. 9. The differences from Fig. 4 are that
the structure includes an inner cylinder 15 for moving the
member 7 for specifying the minimum flow path area of

the vena contracta and a slide ring 11 for adjusting air
entering from the opening 5 of the window box.
[0055] The member 7 for specifying the minimum flow
path area of the vena contracta is fixed to the support
material 9 of the member for specifying the minimum flow
path area of the vena contracta. The support material 9
of the member for specifying the minimum flow path area
of the vena contracta is fixed to the slide ring 11. The
slide ring 11 is attached to the inner cylinder 15. However,
the slide ring 11 and outer cylinder are not fixed and the
slide ring 11 can move toward the outer wall 13 of the
window box shown in Fig. 1 or toward the jet port 4. If
the slide ring 11 moves, the support material 9 of the
member for specifying the minimum flow path area of the
vena contracta and the member 7 for specifying the min-
imum flow path area of the vena contracta move simul-
taneously. If the member 7 for specifying the minimum
flow path area of the vena contracta moves, the area of
the minimum flow path 22 of the vena contracta is
changed. At this time, in the shape of the contraction flow
section 3, the outside diameter is kept unchanged and
the inside diameter is changed, thus the cross sectional
area of the flow path (the section perpendicular to the
central axis of the nozzle) of the vena contracta 3 is
changed.
[0056] If a guide roller 17 is attached to either of the
slide ring 11 and the inner cylinder 15, the slide ring 11
can be moved smoothly. To the slide ring 11, a slide ring
moving bar fixing mechanism 16, a slide ring moving bar
18, and a handle 19 are attached, thus from the outside
of the outer wall 13 of the window box (the left side in
Fig. 9), the member 7 for specifying the minimum flow
path area of the vena contracta can be moved. If the slide
ring 11 is attached to the outer cylinder 1 of the window
box and the area of the opening 5 of the window box is
changed, the total amount of air entering the main after
air ports can be changed. When the change of the total
air amount is not necessary or it can be changed by an-
other method, the slide ring 11 may not be attached to
the outer cylinder 1 of the window box.
[0057] If a guide 12 is attached to the slide ring 11,
when the slide ring 11 is moved, the core of the member
for specifying the minimum flow path area of the vena
contracta is hardly shifted. Further, the slide ring 11 and
the support material 9 of the member for specifying the
minimum flow path area of the vena contracta can be
fixed strongly. Further, the flow 6 of air can be adjusted
easily.

Embodiment 5

[0058] In this embodiment, another modified example
of the main after air ports will be explained by referring
to Fig. 10. In Fig. 10, the differences from Fig. 4 are that
the support material 9 of the member for specifying the
minimum flow path area of the vena contracta, the flow
path for air cooling to cool a vena contracta member 2,
and the damper 24 for adjusting air flowing from the open-
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ing 5 of the window box are installed.
[0059] In the support material 9 of the member for spec-
ifying the minimum flow path area of the vena contracta,
a cooling air hole 20 is formed. A part of air introduced
from the opening 5 of the window box becomes a flow
25 of cooling air and is discharged from the cooling air
hole 20. In the process thereof, it collides with the support
material 9 of the member for specifying the minimum flow
path area of the vena contracta and can cool the member.
Further, a part of air discharged from the cooling air hole
20 collides with the member 7 for specifying the minimum
flow path area of the vena contracta and can cool the
member.
[0060] Furthermore, in the neighborhood of the vena
contracta 3, a cooling air guide plate 21 is installed. Cool-
ing air flows between the cooling air guide plate 21 and
the vena contracta member 2 and the vena contracta
member 2 can be cooled. Further, the cooling air flows
on the outermost periphery side of the jet port 4, so that
it can be used to remove coal ash adhered to the periph-
ery of the jet port 4. Furthermore, when the amount of
coal ash adhered to the periphery of the jet port 4 is in-
creased, it is desirable to increase temporarily the air
amount flowing between the vena contracta member 2
and the cooling air guide plate 21 and remove easily ad-
hered ash. Further, the angle of the vena contracta mem-
ber 2 may be changed in the middle of the vena contracta.
[0061] If the damper 24 is attached to the outer cylinder
1 of the window box and the area of the opening 5 of the
window box is changed, the total amount of air flowing
into the main after air ports can be changed.

Embodiment 6

[0062] In this embodiment, still another modified ex-
ample of the structure of the main after air ports will be
explained by referring to Fig. 11. In Fig. 11, at the center
of the air ports, a primary nozzle 26, a secondary nozzle
27 outside the primary nozzle 26, and a tertiary nozzle
28 outside the secondary nozzle 27 are installed. Tertiary
air 35 jetted from the tertiary nozzle joins secondary air
34 at the exit of the secondary nozzle 27 and flows into
the combustion space 23. Here, the jet direction of the
secondary nozzle 27 is parallel with the jet central axis
8 of the air ports. Furthermore, to the secondary air 34,
the rotational force is given by a secondary air resistor
32. The tertiary nozzle is installed in the inward direction
from the shaft and it is a preferred structure to form a
vena contracta. When the flow rates of the secondary air
34 and tertiary air 35 are changed, the directions of the
secondary air and tertiary air after joint can be adjusted.
For example, assuming the flow rate of the tertiary air 35
as zero, the inward angles of the secondary air and ter-
tiary air after joint are zero. Further, assuming the flow
rate of the secondary air 34 as zero, air is jetted in the
direction of the tertiary nozzle. By adjustment of the jet
direction, there exists excessive fuel in the furnace, and
gas of insufficient air and air are mixed preferably, and

unburned components can be reduced. Furthermore, de-
pending on the strength of rotation of the secondary air,
the mixing state can be adjusted. For adjustment of the
flow rate, a primary damper 29, a secondary damper 30,
and a tertiary damper 31 are installed.
[0063] Pulverized coal includes ash in fuel. In this case,
when a vena contracta is formed at the exit of the after
air port, ash fused in combustion gas at high temperature
may be adhered to the neighborhood of the water tube
14 at the exit of the air port. When the ash adhesion grows
and forms a clinker, there are possibilities that it disturbs
the flow and falls and causes damage to the water tube.
In such a case, it is preferable to reduce the flow rate of
the tertiary air while the clinker is small, increase the flow
rate of the secondary air, lower the temperature of the
clinker, thereby generate heat stress, and separate the
clinker.

Embodiment 7

[0064] In this embodiment, the air flow rate control
method of the after air ports will be explained by referring
to Figs. 1 and 12. The mill coaling amount 62 supplied
from the mill is measured by the coaling amount detector
59 and its signal is input to the controller 61. Further, the
after air flow rate 63 is measured by the after air flow rate
detector 60 and its signal is input to the controller 61. The
controller 61 always decides the coaling amounts 62 of
the front wall and back wall, and calculates the coaling
amount ratio between the front wall and the back wall,
thus the after air flow rates of the front wall and back wall
are calculated. By a signal from the controller 61, an after
air flow rate adjustment mechanism opening angle in-
struction 64 is sent to the main after air flow rate adjust-
ment mechanism 40 and sub-after air flow rate adjust-
ment mechanism 41 and the after air flow rate jetted to
the intra-furnace combustion space 23 is controlled.
When the suspension burner is positioned on the front
wall side of the furnace, the controller 61, on the basis
of the mill coaling amount 62, sets the after air flow rate
set value on the front wall of the furnace low and can
adjust the after air flow rate 63. Inversely, when the sus-
pension burner is positioned on the back wall side of the
furnace, the controller 61, on the basis of the mill coaling
amount 62, sets the after air flow rate set value on the
back wall of the furnace low and can adjust the after air
flow rate 63. By use of this control method, the after air
flow rate can be controlled according to the operating
condition of the burners, so that NOx and CO can be
reduced effectively.

Embodiment 8

[0065] This embodiment of the present invention will
be explained by referring to Fig. 13. Fig. 13 shows the
arrangement of the ports on the front wall 45 of the fur-
nace. On the lower part of the boiler, burners 52 in a
plurality of rows and columns are arranged and on the
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downstream side thereof, the after air ports 37 and 38
are arranged. In each same row as that of the burners
52, the main after air port 37 is arranged and the sub-
after air ports 38 are arranged on both sides thereof.
Namely, between the two neighboring main after air ports
37, two sub-after air ports 38 are arranged. The interval
between the main after air port 37 and the sub-after air
port 38 is 1/4 to 1/3 of the distance between the main
after air ports (that is, between the burners). Further, in
Fig. 13, the concerned interval is 1/3 of the distance be-
tween the main after air ports (that is, between the burn-
ers).
[0066] And, from the main after air port 37 arranged in
each same row as that of the burners 52, a large amount
of highspeed air is jetted, thus unburned gas is prevented
from slipping through the central part of the furnace, and
from the sub-after air ports 38 arranged on both sides of
the main after air port 37, a smaller amount of air than
that of the main after air port 37 flows, thus unburned gas
is prevented from slipping through the neighborhood of
the front wall 45 and back wall 46 (refer to Fig. 1) of the
furnace. Two kinds of main and sub-after air ports are
used like this, and a plurality of sub-after air ports for
supplying a smaller amount of air than the supply air
amount of the main after air port are arranged between
the main after air ports, thus unburned gas is prevented
from slipping through the central part of the furnace, and
the slipping through the front wall and back wall of the
furnace can be suppressed. Therefore, the mixture in the
furnace can be promoted and the rapid mixture can be
suppressed, so that the CO concentration and NOx con-
centration at the exit of the furnace can be reduced.
[0067] Further, it is desirable to set the air flow rate
jetted from the main after air ports 37 to 70 to 90% of the
total air amount (that is, the sum of the air amounts jetted
from the main after air ports and sub-after air ports) from
the after air ports. The reason is that when the air flow
rate of the main after air ports 37 becomes 60% or less,
even if air is jetted at high speed, the penetration force
cannot be maintained, and slipping of unburned gas
through the central part of the furnace is caused.
[0068] Further, when a plurality of sub-after air ports
38 are arranged between the main after air ports 37, it is
desirable that the jet port of each of the sub-after air ports
38 is arranged so that the jet direction from the sub-after
air ports 38 does not cross the jet of the main after air
port 37 adjoining the sub-after air ports 38 and is inclined
0 to 15° to the jet direction of the main after air port 37.
The jet from the sub-after air ports 38 has a lower flow
rate than that of the main after air ports 37, so that it has
smaller penetration force than that of the main after air
ports 37 and is apt to flow along the wall face of the fur-
nace 100. Therefore, the slipping between the sub-after
air ports 38 is caused easily, so that the jet is arranged
so as not to cross the jet from the neighboring main after
air ports 37 (that is, between the neighboring sub-after
air ports 38, both jets are arranged so as to cross each
other), thus the slipping between the sub-after air ports

38 is prevented.
[0069] And, the main after air ports 37 are desirably a
multi-tube structure on the concentric axis. The ports jet
a straight flow from the circular tube at the central part
and jet a rotational flow from the outer periphery. The
flow rate ratio of the direct flow to the rotational flow is
changed, thus the main flow penetration force from the
after air ports can be adjusted.
[0070] Here, the operation and effects of this embod-
iment will be explained. Among the boilers for burning
fossil solid fuel such as coal, in a system that a combustor
(burner) is installed on the front wall of the boiler furnace
and back wall of the furnace and flames are permitted to
collide with each other and burn at the center of the fur-
nace, the reduction in NOx depends mostly on the per-
formance of the combustor (burner). Namely, by sepa-
rating the fuel conveying flow of the combustor (burner)
and combustion air flow thereof, a high-temperature re-
ducing flame with a reduction region formed between the
combustion regions is formed in the burner flame and
the NOx forming amount by the burner section is sup-
pressed. However, when the fuel conveying flow of the
combustor (burner) and combustion air flow thereof are
separated, a high-temperature reducing flame is formed
in the burner section, so that a nonuniform gas flow is
generated in the furnace, and a distribution of unburned
fuel components (unburned gas) is formed in the sec-
tional direction of the furnace, and CO is generated eas-
ily. Therefore, a double combustion air input method from
the after air ports according to the sectional distribution
of such nonuniform unburned gas is important.
[0071] Further, the flames collide with each other at
the center of the furnace, so that combustion gas is gen-
erated at the central part of the furnace and a distribution
of unburned gas is generated in the neighborhood of the
front wall and back wall of the furnace. Therefore, be-
tween the burners and in the neighborhood of the front
wall and back wall of the furnace, the high CO concen-
tration and high NOx concentration are apt to generate.
[0072] From the aforementioned, promotion of mixture
of the jet from the after air ports and the intra-furnace
combustion gas is necessary. However, if the jetting
speed of the jet of the after air ports is just increased and
the concerned jet and gas are mixed quickly, in the post
flow (on the downstream side) of the after air ports, the
unburned gas is burned quickly and a local high-temper-
ature portion is formed, so that a problem arises that ther-
mal NOx is generated. Inversely, if the jetting speed of
the after air ports is just made low, the jet does not reach
the central part of the furnace and a problem arises that
unburned gas slips through. Therefore, it is a problem
how to prevent generation of thermal NOx and promote
mixture by preventing slipping through the central part of
the furnace.
[0073] Here, Fig. 14 shows the CO concentration
change at the exit of the furnace when the flow rate ratio
of the main after air ports 37 to the total air amount used
for the after air ports is changed. Assuming the flow rate
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ratio of the main after air ports 37 as 60%, the CO con-
centration at the exit of the furnace is increased suddenly.
The reason is that the air jet from the main after air ports
37 loses the penetration force and slipping through the
central part of the furnace is generated. Therefore, it is
desirable to increase the flow rate ratio of the main after
air ports 37 to 70% or more.
[0074] Further, if the ratio of the flow rate from the sub-
after air ports 38 to the total air amount used for the after
air ports is high, the rate of the air port jet in the neigh-
borhood of the front wall 45 and back wall 46 of the fur-
nace becomes high. On the other hand, if the jet rate
from the sub-after air ports 38 is low, slipping of unburned
gas is generated in the neighborhood of the wall face of
the furnace between the sub-after air ports 38. Therefore,
when the ratio of the flow rate from the sub-after air ports
38 is low, the jet port of the sub-after air ports 38 is ar-
ranged so that the jet direction from the sub-after air ports
38 does not cross the jet of the main after air port 37
adjoining the sub-after air ports 38 and is inclined 0 to
15° to the jet direction of the main after air port 37, thus
slipping between the sub-after air ports can be prevented.
[0075] Fig. 16 shows an example of the air jet direction
from the sub-after air port 38. When one sub-after air port
38 is arranged between the main after air ports 37 (equiv-
alent to Fig. 16(1)), the sub-after air port 38 is arranged
at the center between the main after air ports 37 and the
air jet direction from the sub-after air port 38 is the same
direction as that of the jet of the main after air ports 37.
When a plurality of sub-after air ports 38 are arranged
between the main after air ports 37 (equivalent to Fig.
16(2)), the sub-after air ports 38 are arranged at even
intervals between the main after air ports 37 and jet air
toward the central position between the main after air
ports 37 at the central part of the furnace.
[0076] Fig. 17 shows an example of the air port struc-
ture of the main after air ports 37. The main after air ports
37 have a multi-circular tube structure on the concentric
axis. The ports jet a straight flow from the circular tube
at the central part and jet a rotational flow from the outer
periphery. If the main after air ports 37 are formed as a
composite port composed of a multi-tube for jetting a
straight flow and a rotational flow, adjustment of the pen-
etration force (prevention of slipping of unburned gas
through the furnace center) and promotion of mixture of
unburned gas between the main after air ports 37 and
the sub-after air ports 38 (effect of the rotational flow)
can be expected.
[0077] As mentioned above, in this embodiment, the
main after air ports 37 and the sub-after air ports 38 are
installed at even intervals at a distance of 1/4 to 1/3 of
the distance between the main after air ports (that is,
between the burners). However, if the prevention of slip-
ping of unburned gas in the neighborhood of the front
wall 45 and back wall 46 of the furnace is possible, the
present invention is not limited to the above numerical
value and they may not be installed at even intervals.

Embodiment 9

[0078] This second embodiment of the present inven-
tion will be explained by referring to Fig. 19. Fig. 19 shows
the port arrangement of the front wall 45 of the furnace
of the boiler when the sub-after air ports 38 are arranged
on the downstream side of the main after air ports 37.
[0079] The periphery of the air jet from the after air
ports forms a high-temperature region due to mixture with
unburned gas. Therefore, instead of generating a local
high-temperature region by a single after air port jet, by
dividing the jet and realizing slow combustion, the local
high-temperature region around the jet can be made
smaller and thermal NOx can be suppressed effectively.
In this embodiment, the sub-after air ports 38 are ar-
ranged on the downstream side of the main after air ports
37, thus the rapid mixture of the jet from the main after
air ports 37 with unburned gas is suppressed and slow
combustion is realized, thereby a further effect of sup-
pression of thermal NOx is obtained. Fig. 19 shows an
example that the sub-after air ports 38 are set at the po-
sition on the upstream side away by 1/3 of the distance
between the main after air ports 37, though the numerical
value is not limited to the aforementioned.
[0080] Further, when the sub-after air ports 38 are ar-
ranged on the downstream side of the main after air ports
37, the sub-after air ports 38 play a role in suppression
of slipping of unburned gas in the neighborhood of the
front wall 45 and back wall 46 of the furnace and CO can
be suppressed.

Embodiment 10

[0081] Fig. 18 is a schematic block diagram of the pul-
verized coal-fired boiler relating to the second present
invention. The wall face of the furnace is surrounded by
the upper furnace ceiling 49, lower hopper 47, side fur-
nace front wall 45, furnace back wall 46, nozzle 50, and
furnace side wall 48 (shown in Fig. 20) and on the re-
spective wall faces, water tubes not drawn are arranged.
By the water tubes, a part of the heat of combustion gen-
erated in the furnace combustion space 23 is absorbed.
The combustion heat is collected mainly by a heat ex-
changer 94 installed on the downstream side of the fur-
nace. The heat exchanger 94 is fixed by the furnace ceil-
ing 49 and has a structure of thermally extending toward
the upstream side of the furnace. Combustion gas gen-
erated in the furnace combustion space 23 flows from
underneath to above and is discharged. The gas after
combustion passes through a back heat transfer section
not drawn and here, the heat included in the gas is col-
lected furthermore.
[0082] On the downstream side of the burners, the
main after air ports 37 are installed. A plurality of main
after air ports are generally installed respectively on the
front wall and back wall of the furnace. The structure of
the main after air ports 37 is a vena contracta type struc-
ture that the air flow is directed in the direction of the
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central axis of the main after air ports in the neighborhood
of the jet port. The detailed structure will be described
later. The greater part of the unburned components such
as CO generated from the flames of insufficient air formed
by the burner section is mixed with main after air, thereby
is burned completely (oxidation). However, when the un-
burned components and main after air are mixed, NOx
(mainly thermal NOx) is also generated. The generation
amount of NOx is related to the momentum of main after
air (the maximum flow speed of the vena contracta) and
the adjustment of the momentum of main after air is im-
portant. Furthermore, if the jetting condition of main after
air is set so as to lower NOx, the oxidation becomes in-
sufficient, and CO is apt to be generated easily, so that
in consideration of the performance balance of NOx and
CO, the jetting condition of main after air must be set.
[0083] On the downstream side of the main after air
ports 37, the sub-after air ports 38 are installed. A plurality
of sub-after air ports 38 are generally installed respec-
tively on the front wall and back wall of the furnace. The
structure of the sub-after air ports 38 is a structure capa-
ble of supplying a rotation flow. The detailed structure
will be described later. The greater part of the unburned
components such as CO generated from the flames of
insufficient air is mixed with main after air, thereby is
burned completely, though a part thereof slips between
the main after air ports 37. To prevent generation of NOx
and effectively mix the unburned components with air,
the adjustment of the momentum of the sub-after air is
important.
[0084] The sub-after air ports 38 are desirably ar-
ranged so that the distance between the central position
of the section of the sub-after air ports 38 and the central
position of the section of the main after air ports 37 be-
comes equal to 1 to 5 times of the caliber of the main
after air ports 37. If the center of the section of the sub-
after air ports 38 is positioned on the downstream side
by a length of 5 or more times of the caliber of the main
after air ports 37, sub-after air 71 cannot be supplied to
unburned components 70 stagnant in the neighborhood
of the main after air ports 37, so that the CO concentration
in the neighborhood of the furnace wall is increased. In-
versely, if the center of the section of the sub-after air
ports 38 is positioned on the upstream side by a length
of 5 or more times of the caliber of the main after air ports
37, the flow of main after air 72 supplied from the main
after air ports 37 is disturbed by unburned gas in the
neighborhood of the furnace wall, so that air cannot be
supplied to the enter of the furnace. Furthermore, the
sub-after air 71 is jetted under the condition of high gas
temperature, so that the NOx concentration is increased.
Further, unless the sub-after air ports 38 are installed at
a distance 1 or more times of the caliber of the main after
air ports 37, the sub-after air is rolled in the jet from the
main after air ports, so that the effect of the sub-after air
ports cannot be obtained.
[0085] Air for combustion is distributed to the second-
ary and tertiary air 56 for the burners and after air 55 by

the air flow rate distribution adjustment mechanism 42.
The secondary and tertiary air 56 supplied to the burners
is distributed to air flowed to the burner on the front wall
side and air flowed to the burner on the back wall side
by the air flow rate distribution adjustment mechanism
44. The secondary and tertiary air 56 for the burners flow-
ing through the burners on the front wall side and the
burners on the back wall side, according to a pulverized
coal flow rate 74 measured by a pulverized coal flowm-
eter 73, is controlled to the secondary and tertiary air flow
rate set values for the burners which are set by the con-
troller 61. To the controller 61, the pulverized coal flow
rate 74 measured by the pulverized coal flowmeter 73
and secondary and tertiary air flow rates 76 for the burn-
ers detected by a secondary and tertiary air flow rate
detector 75 for the burners are input (Fig. 19). The con-
troller 61, when there is a deviation in the pulverized coal
mount supplied from one mill, increases the secondary
and tertiary air flow rates 76 for the burners of the burners
52 to which much pulverized coal is supplied on the basis
of the pulverized coal flow rate 74 and decreases the
secondary and tertiary air flow rates 76 for the burners
of the burners 52 to which little pulverized coal is supplied,
thereby can independently adjust the air flow rate of each
burner.
[0086] The after air 55 is distributed to air flowing to
the after air ports on the front wall side and air flowing to
the after air ports on the back wall side by an after air
flow rate adjustment mechanism 77. Air of the after air
ports on the front wall side and air of the after air ports
on the back wall side are distributed furthermore to air
flowing to the main and sub-after air ports by the main
after air flow rate adjustment mechanism and sub-after
air flow rate adjustment mechanism. By doing this, the
momentum of the main after air and the momentum of
the sub-after air can be adjusted. The detailed air flow
rate adjustment mechanism will be described later. When
the momentum of the main after air is large excessively,
the sub-after air amount is increased and when it is small
excessively, the sub-after air amount is decreased. The
sub-after air is jetted on the downstream side of the main
after air ports 37, and air is supplied to the unburned
components slipped between the main after air ports 37,
so that CO can be reduced efficiently. On the other hand,
the sub-after air has a small momentum and jetted air is
mixed with unburned components at the low-temperature
section on the downstream side, so that the generation
of NOx (thermal NOx) is influenced little. Further, the
main after air amount can be adjusted using the sub-after
air, so that the secondary and tertiary air flow rates 76
supplied to the burners 52 can be always kept constant.
This means that the burning condition of the flames of
insufficient air formed by the burner section can be op-
erated always under the optimum condition for minimiz-
ing the generation amount of NOx here. As a result, NOx
generated in the burner section can be always kept at its
minimum and the main after air jetting condition can be
kept so that the overall performance of NOx and CO is
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optimized.
[0087] Fig. 19 is a schematic view of the boiler viewed
from the front wall side of the furnace. The main after air
ports 37 and sub-after air ports 38 are arranged in the
same window box 1. If the window box 1 is shared, air
supplied to the window box 1 can be adjusted by one
valve, so that the control can be executed easily. One of
the arrangement methods of the sub-after air ports 38 is
that they are arranged on the downstream side of the
main after air ports 37. The burners 52 are connected
independently to the secondary and tertiary air supply
ducts for the burners 54 and can individually control the
air flow rate. On the flow path of the secondary and tertiary
air supply ducts for the burners 54, a secondary and ter-
tiary air flow rate adjustment mechanism 78 for the burn-
ers is installed and the amount of air flowing in the burners
52 is adjusted. Further, on the flow path for conveying
pulverized coal, the pulverized coal flowmeter 73 is in-
stalled and is controlled to the secondary and tertiary air
flow rate set values for the burners which are set by the
controller 61 according to the pulverized coal flow rates
74 measured by the pulverized coal flowmeter 73.
[0088] The effects of the arrangement of the sub-after
air ports on mixture of air with unburned components will
be explained by referring to Figs. 20 and 21. Fig. 20
shows the gas mixture condition in the neighborhood of
the front wall of the boiler viewed from the front wall side
of the furnace and Fig. 21 shows the gas mixture condi-
tion of the pulverized coal-fired boiler relating to the
present invention. The unburned components 70 gener-
ated by the burners 52 are mixed and oxidized with air
supplied from the main after air ports 37 on the down-
stream side, though a part of the unburned components
70 slips between the main after air ports 37 (Fig. 20). The
sub-after air ports 38 are installed within the range from
1 to 5 times of the caliber of the main after air ports 37,
thus air supplied from the sub-after air ports 38 can supply
air to the neighborhood of the furnace wall where the
unburned components 70 slipped between the main after
air ports 37 are stagnant. Further, the sub-after air 71
has a small momentum, so that it is not mixed immedi-
ately with the unburned components 70 but is mixed in
a low temperature region 79 on the downstream side of
the furnace (Fig. 20, Fig. 21). By doing this, the genera-
tion of thermal NOx and the generation of CO can be
suppressed simultaneously.
[0089] It is desirable to set the momentum of the main
after air 72 to 3 to 20 times of the momentum of the sub-
after air 71. For example, assuming the flow rate ratio of
the main after air 72 to the sub-after air 71 as 3:1, the jet
flow speed of the main after air 72 as 30 m/s, and the jet
flow speed of the sub-after air 71 as 15 m/s, the momen-
tum ratio becomes 10 times. In this case, the main after
air 72 is supplied efficiently to the central part of the fur-
nace and is mixed rapidly with the unburned components
70, so that CO can be reduced efficiently. Further, the
sub-after air 71 is supplied efficiently to the neighborhood
of the furnace wall, and in the low-temperature region 79

on the downstream side of the furnace, the unburned
components 70 and the sub-after air 71 are mixed slowly,
so that the generation of thermal NOx can be suppressed.
[0090] Fig. 22 shows the constitution of the main after
air ports and the mixture condition of gas jetted from the
main after air ports and it is a cross sectional view of the
line A-A’ shown in Fig. 18. A plurality of main after air
ports 37 are generally arranged perpendicularly to the
flow of combustion gas and the main after air ports of the
same number are arranged respectively on the side of
the front wall 45 of the furnace and on the side of the
back wall 46 of the furnace. Although not drawn, on the
downstream side, the sub-after air ports 38 are arranged
in the same window box 1 as that of the main after air
ports 37. With respect to air supplied to the main after air
ports 37, the air amount is adjusted by the after air flow
rate adjustment mechanism 77 and furthermore, the air
amount flowing in each flow path is adjusted by the main
after air flow rate adjustment mechanism 40.
[0091] The main after air ports 37 are arranged so that
the caliber on the side wall side of the furnace is smaller
than that on the central side thereof. If the caliber of the
main after air 72 on the side wall side is made smaller
and the momentum is increased, the jet can reach the
central part of the furnace, so that air can be supplied
efficiently to the unburned components 70 slipping
through the neighborhood of the central part of the fur-
nace.
[0092] Fig. 23 shows the constitution of the sub-after
air ports and the mixture condition of gas jetted from the
sub-after air ports and it is a cross sectional view of the
line B-B’ shown in Fig. 18. A plurality of sub-after air ports
38 are generally arranged perpendicularly to the flow of
combustion gas and the sub-after air ports of the same
number are arranged respectively on the side of the front
wall 45 of the furnace and on the side of the back wall
46 of the furnace. Although not drawn, on the upstream
side, the main after air ports 37 are arranged in the same
window box 1 as that of the sub-after air ports 38. With
respect to air supplied to the sub-after air ports 38, the
air amount is adjusted by the after air flow rate adjustment
mechanism 77 and furthermore, the air amount flowing
in each flow path is adjusted by the sub-after air flow rate
adjustment mechanism 41. The sub-after air 71 makes
the momentum smaller and supplies air to the unburned
components 70 slipping between the main after air ports
37. By doing this, the sub-after air 71 is not mixed with
the unburned components 70 in the region at a high gas
temperature but is mixed in the downstream region at a
low temperature.
[0093] Fig. 24 shows an example of the air port struc-
ture of the sub-after air ports. The sub-after air ports 38
have a multi-circular tube structure on the concentric ax-
is. The ports are structured so as to jet a straight flow
from a circular tube 85 at the central part and jet a rota-
tional flow from an outer periphery 86 by a resistor 87.
The flow rate of the sub-after air 71 can be adjusted by
the sub-after air flow rate adjustment mechanism 41. If
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the sub-after air ports 38 are formed as a composite port
composed of a multi-tube for jetting a straight flow and a
rotational flow, adjustment of the penetration force (pre-
vention of slipping of unburned gas through the furnace
center) and promotion of mixture of unburned gas be-
tween the main after air ports 37 (effect of the rotational
flow) can be expected.

Embodiment 11

[0094] In this embodiment, the case that the arrange-
ment of the sub-after air ports is changed will be ex-
plained by referring to Figs. 25 and 26. Fig. 25 shows a
modified example of the arrangement of the sub-after air
ports 38 and is a schematic view of the boiler viewed
from the front wall side of the furnace. Fig. 26 is a sche-
matic view of the boiler viewed from the front wall side
of the furnace and is a drawing showing the gas mixture
condition in the neighborhood of the front wall. The main
after air ports 37 and sub-after air ports 38 are arranged
in the same window box 1. The sub-after air ports 38 are
arranged on the upstream side of the main after air ports
37. If the sub-after air ports 38 are arranged like this, by
the sub-after air 71 supplied from the sub-after air ports
38, the combustion gas flow from the upstream side of
the furnace is stagnated. Therefore, the flow of the main
after air 72 supplied from the main after air ports 37 is
not disturbed by combustion gas in the neighborhood of
the furnace wall and can be supplied to the center of the
furnace. On the other hand, the sub-after air 71 has a
small momentum and can supply air to the stagnant re-
gion of combustion gas generated in the neighborhood
of the furnace wall, so that the mixture with the unburned
components 70 is promoted. By doing this, air can be
mixed efficiently with the unburned components 70 re-
maining between the main after air ports 37.

Embodiment 12

[0095] In this embodiment, the case that the arrange-
ment of the sub-after air ports is changed will be ex-
plained by referring to Figs. 27 and 28. Fig. 27 shows a
modified example of the arrangement of the sub-after air
ports 38 and is a schematic view of the boiler viewed
from the front wall side of the furnace. Fig. 28 is a sche-
matic view of the boiler viewed from the front wall side
of the furnace and is a drawing showing the gas mixture
condition in the neighborhood of the front wall. The main
after air ports 37 and sub-after air ports 38 are arranged
in the same window box 1. The sub-after air ports 38 are
arranged alternately between the main after air ports 37.
If the sub-after air ports 38 are arranged like this, the sub-
after air 71 is jetted from between the main after air ports
37, so that it can be mixed directly with the unburned
components 70 slipping between the main after air ports
37, thus CO can be reduced efficiently. Here, if the mo-
mentum of the sub-after air 71 is increased, it is mixed
quickly with the unburned components 70 and the tem-

perature rises, so that thermal NOx is generated. There-
fore, the sub-after air 71 must be jetted in particular con-
sideration of the momentum. If the momentum of the sub-
after air 71 is made smaller, even if the sub-after air ports
38 are arranged between the main after air ports 37, by
suppressing generation of thermal NOx, it can be mixed
efficiently with the unburned components 70 remaining
between the main after air ports 37.

Embodiment 13

[0096] In this embodiment, the constitution in which
the air flow rate control method of the after air ports is
changed will be explained by referring to Fig. 29. Fig. 29
shows a modified example of the arrangement of the win-
dow box 1 and is a schematic view of the boiler viewed
from the front wall side of the furnace. At least a set of
main after air port 37 and a sub-after air port 38 is ar-
ranged in the same window box 1. By doing this, without
changing the ratio of the momentum between the main
after air 72 and the sub-after air 71, the after air flow rates
jetted at the central part of the furnace and the side wall
of the furnace can be adjusted. One of the arrangement
methods of the sub-after air ports 38 is that they are ar-
ranged on the downstream side of the main after air ports
37. The window box 1 is connected to the after air supply
duct and can control individually the air flow rate. On the
flow path of the after air supply duct, the after air flow
rate adjustment mechanism 77 is installed and the
amount of air flowing in the main after air ports 37 and
sub-after air ports 38 is adjusted. To the burners 52, the
secondary and tertiary air supply ducts for the burners
54 are connected independently and the air flow rate can
be controlled individually. On the flow path of the sec-
ondary and tertiary air supply ducts for the burners 54,
the secondary and tertiary air flow rate adjustment mech-
anism for the burners 78 is installed and the amount of
air flowing in the burners 52 is adjusted. Further, on the
flow path for conveying pulverized coal, the pulverized
coal flowmeter 73 is installed and according to the pul-
verized coal flow rate 74 measured by the pulverized coal
flowmeter 73, the flow rate is controlled to the after air
flow rate set value which is set by the controller 61.

Embodiment 14

[0097] In this embodiment, the air flow rate control
method of the after air ports will be explained.
[0098] The concerned control method will be explained
by referring to Figs. 19 and 31. The pulverized coal flow
rate 74 supplied from the mill is measured by the pulver-
ized coal flowmeter 73 and a signal is input to the con-
troller 61. Further, the secondary and tertiary air flow
rates for the burners 76 are measured by the secondary
and tertiary air flow rate detector for the burners 75 and
a signal is input to the controller 61. The controller 61
judges always the pulverized coal flow rate 74 supplied
to the burners and the secondary and tertiary air flow
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rates for the burners 76 are calculated. By a signal from
the controller 61, a secondary and tertiary air flow rate
adjustment mechanism opening angle instruction 80 is
sent to the secondary and tertiary air flow rate adjustment
mechanism 78 and the secondary and tertiary air flow
rates for the burners 76 jetted to the intra-furnace com-
bustion space 23 is controlled. When there is a place of
a large supply amount of pulverized coal on the front wall
side of the furnace, it is possible to increase the second-
ary and tertiary air flow rates for the burners 76 on the
front wall of the furnace and decrease the secondary and
tertiary air flow rates for the burners 76 on the back wall
thereof. Further, when there is a place of a large supply
amount of pulverized coal on the side wall of the furnace,
it is possible to increase the secondary and tertiary air
flow rates for the burners 76 on the side wall of the furnace
and decrease the secondary and tertiary air flow rates
for the burners 76 at the central part of the furnace. By
use of this control method, according to the pulverized
coal flow rate supplied to each burner, the secondary and
tertiary air flow rates for the burners 76 can be controlled
and air can be supplied to the unburned components 70
generated on the upstream side of the furnace, so that
CO can be reduced effectively.
[0099] Next, the concerned control method will be ex-
plained by referring to Figs. 29 and 31. The pulverized
coal flow rate 74 supplied from the mill is measured by
the pulverized coal flowmeter 73 and a signal is input to
the controller 61. Further, the after air flow rate 63 is
measured by the after air flow rate detector 60 and a
signal is input to the controller 61. The controller 61 judg-
es always the pulverized coal flow rate 74 supplied to the
burners and the after air flow rate 63 are calculated. By
a signal from the controller 61, the after air flow rate ad-
justment mechanism opening angle instruction 64 is sent
to the after air flow rate adjustment mechanism 77 and
the after air flow rate 63 jetted to the intra-furnace com-
bustion space 23 is controlled. When there is a place of
a large supply amount of pulverized coal on the front wall
side of the furnace, it is possible to increase the after air
flow rate 63 on the front wall of the furnace and decrease
the after air flow rate 63 on the back wall side thereof.
Further, when there is a place of a large supply amount
of pulverized coal on the side wall of the furnace, it is
possible to increase the after air flow rate 63 on the side
wall of the furnace and decrease the after air flow rate
63 at the central part of the furnace. By use of this control
method, according to the pulverized coal flow rate sup-
plied to each burner, the after air flow rate 63 can be
controlled and by keeping the combustion condition un-
der which the generation amount of NOx by the burners
is minimized, air can be supplied to the unburned com-
ponents 70 generated on the upstream side of the fur-
nace, so that NOx and CO can be reduced effectively.
[0100] Further, the concerned control method will be
explained by referring to Figs. 30 and 33. An oxygen con-
centration measured value of combustion gas 81 is
measured by an oxygen concentration detector 82 in-

stalled on the downstream side of the back heat transfer
section and a signal is input to the controller 61. Further,
a main after air flow rate 89 is measured by a main after
air flow rate detector 90 and a signal is input to the con-
troller 61. The controller 61 always judges the air amount
of the after air ports installed on the upstream side of the
place of a low oxygen concentration and calculates the
air amounts of the main after air ports 37 and sub-after
air ports 38, thus the main after air flow rate 89 is decided.
By a signal from the controller 61, a main after air flow
rate adjustment mechanism opening angle instruction 91
is sent to the main after air flow rate adjustment mecha-
nism 40 and the after air flow rate jetted to the intra-fur-
nace combustion space 23 is controlled. When there is
a place of a low oxygen concentration at the center of
the furnace, it is possible to increase the after air flow
rate of the main after air ports 37 and adjust the sub-after
air flow rate. Inversely, when there is a place of a low
oxygen concentration in the neighborhood of the wall of
the furnace, it is possible to decrease the air flow rate of
the main after air ports 37 and adjust the sub-after air
flow rate. By use of this control method, according to the
oxygen concentration at the exit, the main after air flow
rate and sub-after air flow rate can be controlled and air
can be supplied efficiently to unburned gas, so that NOx
and CO can be reduced effectively.

Claims

1. A pulverized coal-fired boiler, comprising:

a furnace (100),
a plurality of burners (52) arranged on an up-
stream side of a wall face (45, 46) of the furnace
(100) for supplying and burning pulverized coal
of fuel and air in the furnace, and
a plurality of after air ports (37, 38) for supplying
air and being arranged on a downstream side
of the wall face (45, 46) of the furnace (100) in-
stalled above an installation position of the burn-
ers (52), said after air ports (37, 38) including
main after air ports (37) for supplying a large
amount of air and sub-after air ports (38) for sup-
plying a small amount of air,

characterized in that:

the main after air ports (37) have a structure
which, in use, is capable of jetting air having a
large momentum for enabling arrival at a central
part of the furnace (100),
the sub-after air ports (38) have a structure
which, in use, is capable of jetting air having a
small momentum to a neighborhood of the wall
face (45, 46) of the furnace (100), and
a sectional center of each of the sub-after air
ports (38) is within a range from 1 to 5 times of
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a caliber of the main after air ports (37) from a
sectional center of each of the main after air
ports (37).

2. The boiler of claim 1, wherein
the sub-after air ports (38) are arranged at a position
of the wall face (45, 46) of the furnace (100) on a
downstream/upstream side of the main after air ports
(37) and right above/below the main after air ports
(37), and
the sub-after air ports (38) have a structure capable
of supplying a rotational flow of air.

3. The boiler of claim 1 or 2, adapted to set the momen-
tum of main after air supplied from the main after air
ports (37) so as to be within a range from 3 to 20
times of the momentum of sub-after air supplied from
the sub-after air ports (38).

4. The boiler of any preceding claim, wherein
the main after air ports (37) have a vena contracta
(3) composed of an outside diameter of a flow path
contracting toward an air jet port (4) for jetting main
after air into the furnace (100) and are structured so
as to permit the jetted air to flow in a direction of a
central axis (8) of the main after air ports (37), and/or
the sub-after air ports (38) have a structure of en-
larging toward the air jet port (4) for jetting sub-after
air into the furnace (100), are formed in a multi-tube
structure on a concentric axis, and are structured so
as to jet a straight flow from a flow path at a center
and to supply a rotational flow from an outer periph-
ery thereof, and/or
the main after air ports (37) are structured so as to
permit the jetted air to flow in a direction of a central
axis (8) of the main after air ports (37), and the sub-
after air ports (38) are structured so as to jet a straight
flow in a parallel direction with a central axis of the
sub-after air ports (38) and to jet a rotational flow
from an outer periphery thereof.

5. The boiler of any preceding claim, wherein a mech-
anism (40, 41) for controlling an air flow rate is in-
stalled in both the main after air ports (37) and the
sub-after air ports (38).

6. The boiler of any preceding claim, wherein
the main after air ports (37) and the sub-after air ports
(38) are arranged respectively in a common window
box (1) installed on the wall face (45, 46) of the fur-
nace (100) for externally receiving after air, or
a set of one of the main after air ports (37) and one
of the sub-after air ports (38) is made, and at least
one set thereof is connected to the same window
box (1), and a plurality of the window boxes (1) are
installed side by side on the wall face (45, 46) of the
furnace (100) in one direction.

7. The boiler of any preceding claim, wherein a distance
between a downmost burner (52) and the main after
air ports (37) is X, and a distance between the main
after air ports (37) and a bottom of a heat exchanger
(94) arranged in the furnace (100) on a downstream
side of the main after air ports (37) is Y, wherein the
main after air port (37) is arranged on the wall face
(45, 46) of the furnace (100) so as to be within a
range of X/(X+Y) from 0.5 to 0.8.

8. The boiler of claim 1, wherein a caliber of the main
after air ports (37) on a side wall side of the furnace
(100) is smaller than that on a central side thereof.

9. The boiler of claim 1, wherein the main after air ports
(37) and the sub-after air ports (38) are respectively
arranged in a common window box (1) installed on
the wall face (45, 46) of the furnace (100) and sup-
plied externally with after air.

10. The boiler of claim 6 or 9, wherein an air flow rate
adjustment mechanism (40, 41) is installed on an
after air supply duct for supplying after air, and the
air flow rate adjustment mechanism (40, 41) is ar-
ranged in secondary and tertiary air supply ducts (27,
28) for supplying secondary and tertiary air for com-
bustion to the burners (52) so as to independently
supply air to the burners (52).

11. The boiler of claim 10, wherein
a pulverized coal flowmeter (59) for measuring a pul-
verized coal amount of fuel conveyed to a plurality
of burners (52) is installed in a flow path (58) for
conveying pulverized coal to the burners (52), and
a controller (61) for adjusting after air amounts to be
supplied to the main and sub-after air ports (37, 38)
or secondary and tertiary air amounts for combustion
to be supplied to the burners (52) on the basis of the
pulverized coal amount measured by the pulverized
coal flowmeter (59) is installed.

12. The boiler of claim 1, further comprising:

a plurality of oxygen concentration detectors
(82) for detecting an oxygen concentration in a
combustion space (23) of the furnace (100) and
a controller (61) for individually adjusting air flow
rates of a plurality of main after air ports (37) and
sub-after air ports (38) on the basis of signals
detected from the oxygen concentration detec-
tors (82),
wherein on the basis of signals detected from
the plurality of oxygen concentration detectors
(82), when the oxygen concentration at a central
part of the furnace (100) is identified to be low,
the air amount of the sub-after air ports (38) is
decreased, and when the oxygen concentration
in the neighborhood of the furnace wall (45, 46,
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48) is identified to be low, the air amount of the
sub-after air ports (38) is increased.

13. A pulverized coal burning method comprising the
steps of:

burning pulverized coal and air in a state of in-
sufficient air on an upstream side in a furnace
(100),
supplying air to generated combustion gas on a
downstream side in the furnace (100) so as to
be burned completely,
wherein
a plurality of main after air ports (37) for supply-
ing a large amount of air and a plurality of sub-
after air ports (38) for supplying a small amount
of air are installed respectively on opposite wall
faces (45, 46) of the furnace (100) on the up-
stream side, characterized in that the sub-after
air ports (38) are arranged so as to be within a
range from 1 to 5 times of a caliber of the main
after air ports (37), and
the momentum of air jetted from the main after
air ports (37) is made larger than the momentum
of air jetted from the sub-after air ports (38).

14. The method of claim 13, wherein the main after air
ports (37) jet main after air so as to permit the air to
flow in a direction of a central axis of the main after
air ports (37), and the sub-after air ports (38) jet a
straight flow in a parallel direction with a central axis
(8) of the sub-after air ports (38) and jet sub-after air
so as to permit a rotational flow on an outer periphery
thereof.

15. The method of claim 13 or 14, further comprising the
step of intermittently increasing an air amount jetted
from the main after air ports (37) or the sub-after air
ports (38) so as to remove adhered ash around the
after air ports (37, 38).

Patentansprüche

1. Kohlenstaubbefeuerter Heizkessel mit
einem Ofen (100),
mehreren Brennern (52), die an einer stromaufwär-
tigen Seite einer Wandfläche (45, 46) des Ofens
(100) angeordnet sind, um Kohlenstaub als Treib-
stoff und Luft in den Ofen zuzuführen und zu ver-
brennen, und
mehreren Nachluftöffnungen (37, 38) zum Zuführen
von Luft, die auf einer stromabwärtigen Seite der
Wandfläche (45, 46) des Ofens (100) angebracht
und oberhalb einer Montageposition der Brenner
(52) montiert sind, wobei die Nachluftöffnungen (37,
38) Haupt-Nachluftöffnungen (37) zum Zuführen ei-
ner großen Luftmenge und Neben-Nachluftöffnun-

gen (38) zum Zuführen einer kleinen Luftmenge auf-
weisen,
dadurch gekennzeichnet, dass
die Haupt-Nachluftöffnungen (37) eine Struktur auf-
weisen, die in Gebrauch dazu ausgelegt ist, Luft mit
einem großen Impuls auszustoßen, um die Ankunft
an einem Mittelabschnitt des Ofens (100) zu ermög-
lichen,
die Neben-Nachluftöffnungen (38) eine Struktur auf-
weisen, die in Gebrauch dazu ausgelegt ist, Luft mit
einem kleinen Impuls zu einem Nachbarbereich der
Wandfläche (45, 46) des Ofens (100) auszustoßen,
und
eine Querschnittsmitte von jeder der Neben-Nach-
luftöffnungen (38) innerhalb eines Bereichs von dem
1- bis 5-fachen eines Durchmessers der Haupt-
Nachluftöffnungen (37) von einer Querschnittsmitte
von jeder der Haupt-Nachluftöffnungen (37) liegt.

2. Heizkessel nach Anspruch 1, wobei
die Neben-Nachluftöffnungen (38) an einer Position
der Wandfläche (45, 46) des Ofens (100) auf einer
stromabwärtigen/stromaufwärtigen Seite der Haupt-
Nachluftöffnungen (37) und genau über/unter den
Haupt-Nachluftöffnungen (37) angeordnet sind, und
die Neben-Nachluftöffnungen (38) eine Struktur auf-
weisen, die dazu ausgelegt ist, einen Drehluftstrom
zuzuführen.

3. Heizkessel nach Anspruch 1 oder 2, der dazu aus-
gelegt ist, den Impuls der von den Haupt-Nachluft-
öffnungen (37) zugeführten Haupt-Nachluft so ein-
zustellen, dass er innerhalb eines Bereichs vom 3-
bis 20-fachen des Impulses der von den Neben-
Nachluftöffnungen (38) zugeführten Neben-Nachluft
liegt.

4. Heizkessel nach einem der vorstehenden Ansprü-
che, wobei
die Haupt-Nachluftöffnungen (37) eine engste Stelle
(3) haben, die aus einem Außendurchmesser eines
Strömungspfads aufgebaut ist, der sich zu einer Luft-
strömungsöffnung (4) verengt, um Haupt-Nachluft in
den Ofen (100) auszustoßen, und die so strukturiert
sind, dass sie der ausgestoßenen Luft erlauben, in
einer Richtung einer Mittelachse (8) der Haupt-
Nachluftöffnungen (37) zu strömen, und/oder
die Neben-Nachluftöffnungen (38) eine Struktur auf-
weisen, die sich zur Luftausstoßöffnung (4) vergrö-
ßert, um Neben-Nachluft in den Ofen (100) auszu-
stoßen, und die in einer Mehrrohrstruktur auf einer
konzentrischen Achse gebildet und so strukturiert
sind, dass sie einen geraden Strom aus einem Strö-
mungspfad an einem Zentrum ausstoßen und einen
Drehstrom aus einem äußeren Umfang davon zu-
führen, und/oder
die Haupt-Nachluftöffnungen (37) so strukturiert
sind, dass sie der ausgestoßenen Luft erlauben, in
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einer Richtung einer Mittelachse (8) der Haupt-
Nachluftöffnungen (37) zu strömen, und die Neben-
Nachluftöffnungen (38) so strukturiert sind, dass sie
einen geraden Strom in einer mit einer Mittelachse
der Neben-Nachluftöffnungen (38) parallelen Rich-
tung ausstoßen und einen Drehstrom aus einem äu-
ßeren Umfang davon ausstoßen.

5. Heizkessel nach einem der vorstehenden Ansprü-
che, wobei ein Mechanismus (40, 41) zum Steuern
einer Luftströmungsrate sowohl in den Haupt-Nach-
luftöffnungen (37) als auch in den Neben-Nachluft-
öffnungen (38) montiert ist.

6. Heizkessel nach einem der vorstehenden Ansprü-
che, wobei
die Haupt-Nachluftöffnungen (37) und die Neben-
Nachluftöffnungen (38) jeweils in einer gemeinsa-
men Fensterbox (1) angeordnet sind, die auf der
Wandfläche (45, 46) des Ofens (100) zum externen
Empfang von Nachluft montiert ist, oder
eine Gruppe aus einer der Haupt-Nachluftöffnungen
(37) und einer der Neben-Nachluftöffnungen (38)
gebildet ist und wenigstens eine Gruppe davon mit
der gleichen Fensterbox (1) verbunden ist, und meh-
rere Fensterboxen (1) Seite an Seite an der Wand-
fläche (45, 46) des Ofens (100) in einer Richtung
montiert sind.

7. Heizkessel nach einem der vorstehenden Ansprü-
che, wobei ein Abstand zwischen einem untersten
Brenner (52) und den Haupt-Nachluftöffnungen (37)
X beträgt, und ein Abstand zwischen den Haupt-
Nachluftöffnungen (37) und einem Boden eines
Wärmetauschers (94), der in dem Ofen (100) auf
einer stromabwärtigen Seite der Haupt-Nachluftöff-
nungen (37) angeordnet ist, Y beträgt, wobei die
Haupt-Nachluftöffnung (37) auf der Wandfläche (45,
46) des Ofens (100) so angeordnet ist, dass sie in-
nerhalb eines Bereichs von 0,5 bis 0,8 für X/(X+Y)
liegt.

8. Heizkessel nach Anspruch 1, wobei ein Durchmes-
ser der Haupt-Nachluftöffnungen (37) auf einer Sei-
tenwandseite des Ofens (100) kleiner ist als auf einer
Mittelseite davon.

9. Heizkessel nach Anspruch 1, wobei die Haupt-Nach-
luftöffnungen (37) und die Neben-Nachluftöffnungen
(38) jeweils in einer gemeinsamen Fensterbox (1)
angeordnet sind, die auf der Wandseite (45, 46) des
Ofens (100) montiert ist, und extern mit Nachluft ver-
sorgt wird.

10. Heizkessel nach Anspruch 6 oder 9, wobei ein Luft-
strömungsraten-Anpassmechanismus (40, 41) an
einer Nachluft-Zuführleitung zum Zuführen von
Nachluft montiert ist, und der Luftströmungsraten-

Anpassmechanismus (40, 41) in sekundären und
tertiären Luftzuführleitungen (27, 28) zum Zuführen
von Sekundär- und Tertiärluft zur Verbrennung zu
den Brennern (52) angeordnet ist, um unabhängig
Luft zu den Brennern (52) zuzuführen.

11. Heizkessel nach Anspruch 10, wobei
ein Kohlenstaub-Strömungsmesser (59) zum Mes-
sen einer Kohlenstaubmenge als zu mehreren Bren-
nern (52) befördertem Kraftstoff in einem Strö-
mungspfad (58) zum Befördern von Kohlenstaub zu
den Brennern (52) montiert ist, und
eine Steuereinheit (61) montiert ist, um zu den
Haupt- und Neben-Nachluftöff nungen (37, 38) zu-
zuführende Nachluftmengen oder Sekundär- und
Tertiär-Luftmengen, die zur Verbrennung zu den
Brennern (52) zuzuführen sind, auf Basis der durch
den Kohlenstaub-Strömungsmesser (59) gemesse-
nen Kohlenstaubmenge anzupassen.

12. Heizkessel nach Anspruch 1, ferner mit
mehreren Sauerstoffkonzentrationsdetektoren (82)
zum Erfassen einer Sauerstoffkonzentration in ei-
nem Verbrennungsraum des Ofens (100) und
einer Steuereinheit (61) zur individuellen Anpassung
von Luftströmungsraten von mehreren Haupt-Nach-
luftöffnungen (37) und Neben-Nachluftöffnungen
(38) auf Basis der von den Sauerstoffkonzentrati-
onsdetektoren (82) erfassten Signale,
wobei auf Basis der von den Sauerstoffkonzentrati-
onsdetektoren (82) erfassten Signale bei Feststel-
lung einer niedrigen Sauerstoffkonzentration an ei-
nem Mittelabschnitt des Ofens (100) die Luftmenge
der Neben-Nachluftöffnungen (38) verringert wird,
und bei Feststellung einer niedrigen Sauerstoffkon-
zentration in der Nähe der Ofenwand (45, 46, 48)
die Luftmenge der Neben-Nachluftöffnungen (38)
erhöht wird.

13. Kohlenstaub-Verbrennungsverfahren, wobei in den
Verfahrensschritten:

Kohlenstaub und Luft in einem Zustand von Luft-
untersättigung an einer stromaufwärtigen Seite
in einem Ofen (100) verbrannt werden,
Luft zu einem erzeugten Verbrennungsgas auf
einer stromabwärtigen Seite in dem Ofen (100)
zugeführt wird, um es vollständig zu verbren-
nen,
wobei
mehrere Haupt-Nachluftöffnungen (37) zum Zu-
führen einer großen Luftmenge und mehrere
Neben-Nachluftöffnungen (38) zum Zuführen
einer kleinen Luftmenge jeweils auf entgegen-
gesetzten Wandflächen (45, 46) des Ofens
(100) auf der stromaufwärtigen Seite montiert
sind,
dadurch gekennzeichnet, dass
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die Neben-Nachluftöffnungen (38) so angeord-
net sind, dass sie innerhalb eines Bereichs vom
1- bis 5-fachen eines Durchmessers der Haupt-
Nachluftöffnungen (37) liegen, und
der Impuls von aus den Haupt-Nachluftöffnun-
gen (37) ausgestoßener Luft größer eingestellt
ist als der Impuls von aus den Neben-Nachluft-
öffnungen (38) ausgestoßener Luft.

14. Verfahren nach Anspruch 13, wobei die Haupt-
Nachluftöffnungen (37) Haupt-Nachluft ausstoßen,
um der Luft zu erlauben, in einer Richtung einer Mit-
telachse der Haupt-Nachluftöffnungen (37) zu strö-
men, und die Neben-Nachluftöffnungen (38) einen
geraden Strom in einer mit einer Mittelachse (8) der
Neben-Nachluftöffnungen (38) parallelen Richtung
ausstoßen und Neben-Nachluft so ausstoßen, dass
ein Drehstrom auf einem äußeren Umfang davon
möglich ist.

15. Verfahren nach Anspruch 13 oder 14, in dem ferner
eine aus den Haupt-Nachluftöffnungen (37) oder
den Neben-Nachluftöffnungen (38) ausgestoßene
Luftmenge intermittierend erhöht wird, um um die
Nachluftöffnungen (37, 38) anhaftende Asche zu
entfernen.

Revendications

1. Chaudière à charbon pulvérisé, comportant :

un four (100),
une pluralité de brûleurs (52) agencés sur un
côté amont d’une face de paroi (45, 46) du four
(100) pour fournir et brûler du charbon pulvérisé
d’un combustible et de l’air dans le four, et
une pluralité d’orifices d’air de post-combustion
(37, 38) pour fournir de l’air et étant agencés sur
un côté aval de la face de paroi (45, 46) du four
(100) installés au-dessus d’une position d’ins-
tallation des brûleurs (52), lesdits orifices d’air
de post-combustion (37, 38) incluant des orifi-
ces d’air de post-combustion principal (37) pour
fournir une grande quantité d’air et des orifices
d’air de post-combustion auxiliaire (38) pour
fournir une petite quantité d’air,

caractérisée en ce que :

les orifices d’air de post-combustion principal
(37) ont une structure qui, en utilisation, est apte
à former un jet d’air ayant une grande quantité
de mouvement pour permettre l’arrivée sur une
partie centrale du four (100),
les orifices d’air de post-combustion auxiliaire
(38) ont une structure qui, en utilisation, est apte
à former un jet d’air ayant une petite quantité de

mouvement au voisinage de la face de paroi (45,
46) du four (100), et
un centre de section de chacun des orifices d’air
de post-combustion auxiliaire (38) est dans une
plage de 1 à 5 fois un calibre des orifices d’air
de post-combustion principal (37) par rapport à
un centre de section de chacun des orifices d’air
de post-combustion principal (37).

2. Chaudière selon la revendication 1, dans laquelle
les orifices d’air de post-combustion auxiliaire (38)
sont agencés à une position de la face de paroi (45,
46) du four (100) sur un côté amont/aval des orifices
d’air de post-combustion principal (37) et juste au-
dessus/au-dessous des orifices d’air de post-com-
bustion principal (37), et
les orifices d’air de post-combustion auxiliaire (38)
ont une structure apte à fournir un écoulement d’air
tourbillonnant.

3. Chaudière selon la revendication 1 ou 2, adaptée
pour régler la quantité de mouvement de l’air de post-
combustion principal délivré à partir des orifices d’air
de post-combustion principal (37) pour qu’elle soit
dans une plage de 3 à 20 fois la quantité de mouve-
ment de l’air de post-combustion auxiliaire délivré à
partir des orifices d’air de post-combustion auxiliaire
(38).

4. Chaudière selon l’une quelconque des revendica-
tions précédentes, dans laquelle
les orifices d’air de post-combustion principal (37)
ont une section contractée (3) composée d’un dia-
mètre extérieur d’un trajet d’écoulement se contrac-
tant vers un orifice de jet d’air (4) pour former un jet
d’air de post-combustion principal dans le four (100)
et sont structurés de manière à permettre au jet d’air
de s’écouler dans une direction d’un axe central (8)
des orifices d’air de post-combustion principal (37),
et/ou
les orifices d’air de post-combustion auxiliaire (38)
ont une structure s’élargissant vers l’orifice de jet
d’air (4) pour former un jet d’air de post-combustion
auxiliaire dans le four (100), sont formés dans une
structure multitubulaire sur un axe concentrique, et
sont structurés de manière à former un jet à écou-
lement rectiligne à partir d’un trajet d’écoulement sur
un centre et pour former un jet à écoulement tour-
billonnant à partir d’une périphérie extérieure de
ceux-ci, et/ou
les orifices d’air de post-combustion principal (37)
sont structurés de manière à permettre au jet d’air
de s’écouler dans une direction d’un axe central (8)
des orifices d’air de post-combustion principal (37),
et les orifices d’air de post-combustion auxiliaire (38)
sont structurés de manière à former un jet à écou-
lement rectiligne dans une direction parallèle à un
axe central des orifices d’air de post-combustion
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auxiliaire (38) et à former un jet à écoulement tour-
billonnant à partir d’une périphérie extérieure de
ceux-ci.

5. Chaudière selon l’une quelconque des revendica-
tions précédentes, dans laquelle un mécanisme (40,
41) pour réguler un débit d’air est installé à la fois
dans les orifices d’air de post-combustion principal
(37) et les orifices d’air de post-combustion auxiliaire
(38).

6. Chaudière selon l’une quelconque des revendica-
tions précédentes, dans laquelle
les orifices d’air de post-combustion principal (37) et
les orifices d’air de post-combustion principal (38)
sont agencés respectivement dans une boîte à fe-
nêtre commune (1) installée sur la face de paroi (45,
46) du four (100) pour recevoir extérieurement de
l’air de post-combustion, ou
un ensemble de l’un des orifices d’air de post-com-
bustion principal (37) et de l’un des orifices d’air de
post-combustion auxiliaire (38) est créé, et au moins
un ensemble de ceux-ci est relié à la même boîte à
fenêtre (1), et une pluralité des boîtes à fenêtre (1)
sont installées côte à côte sur la face de paroi (45,
46) du four (100) dans une seule direction.

7. Chaudière selon l’une quelconque des revendica-
tions précédentes, dans laquelle une distance entre
un brûleur le plus en bas (52) et les orifices d’air de
post-combustion principal (37) est X, et une distance
entre les orifices d’air de post-combustion principal
(37) et un bas d’un échangeur de chaleur (94) agen-
cé dans le four (100) sur un côté aval des orifices
d’air de post-combustion principal (37) est Y, dans
laquelle l’orifice d’air de post-combustion principal
(37) est agencé sur la face de paroi (45, 46) du four
(100) de manière à être dans une plage de X/(X+Y)
de 0,5 à 0,8.

8. Chaudière selon la revendication 1, dans laquelle un
calibre des orifices d’air de post-combustion princi-
pal (37) sur un côté de paroi latéral du four (100) est
plus petit que celui sur un côté central de celui-ci.

9. Chaudière selon la revendication 1, dans laquelle
les orifices d’air de post-combustion principal (37) et
les orifices d’air de post-combustion auxiliaire (38)
sont respectivement agencés dans une boite à fe-
nêtre commune (1) installée sur la face de paroi (45,
46) du four (100) et alimentés extérieurement en air
de post-combustion.

10. Chaudière selon la revendication 6 ou 9, dans la-
quelle un mécanisme de réglage de débit d’air (40,
41) est installé sur une conduite d’alimentation en
air de post-combustion pour fournir de l’air de post-
combustion, et le mécanisme de réglage de débit

d’air (40, 41) est agencé dans des conduites d’ali-
mentation en air secondaire et tertiaire (27, 28) pour
fournir aux brûleurs (52) de l’air secondaire et ter-
tiaire de combustion de manière à fournir indépen-
damment de l’air aux brûleurs (52).

11. Chaudière selon la revendication 10, dans laquelle
un débitmètre de charbon pulvérisé (59) pour mesu-
rer une quantité de charbon pulvérisé d’un combus-
tible transporté jusqu’à une pluralité de brûleurs (52)
est installé dans un trajet d’écoulement (58) pour
transporter du charbon pulvérisé jusqu’aux brûleurs
(52), et
un régulateur (61) pour réguler des quantités d’air
de post-combustion devant être fournies aux orifices
d’air de post-combustion principal et auxiliaire (37,
38) ou des quantités d’air secondaire et tertiaire de
combustion devant être fournies aux brûleurs (52)
sur la base de la quantité de charbon pulvérisé me-
surée par le débitmètre de charbon pulvérisé (59)
est installé.

12. Chaudière selon la revendication 1, comportant en
outre :

une pluralité de détecteurs de concentration
d’oxygène (42) pour détecter une concentration
d’oxygène dans un espace de combustion (23)
du four (100) et
un régulateur (61) pour réguler individuellement
des débits d’air d’une pluralité d’orifices d’air de
post-combustion principal (37) et d’orifices d’air
de post-combustion auxiliaire (38) sur la base
de signaux détectés à partir des détecteurs de
concentration d’oxygène (82),
dans laquelle, sur la base de signaux détectés
à partir de la pluralité de détecteurs de concen-
tration d’oxygène (82), lorsque la concentration
d’oxygène sur une partie centrale du four (100)
est identifiée comme étant faible, la quantité
d’air des orifices d’air de post-combustion auxi-
liaire (38) est réduite, et lorsque la concentration
d’oxygène au voisinage de la paroi de four (45,
46, 48) est identifiée comme étant faible, la
quantité d’air des orifices d’air de post-combus-
tion auxiliaire (38) est augmentée.

13. Procédé de combustion de charbon pulvérisé com-
portant les étapes consistant à :

brûler du charbon pulvérisé et de l’air dans un
état d’air insuffisant sur un côté amont dans un
four (100),
fournir de l’air à du gaz de combustion généré
sur un côté aval dans le four (100) de manière
à être entièrement brûlé,
dans lequel
une pluralité d’orifices d’air de post-combustion
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principal (37) destinés à fournir une grande
quantité d’air et une pluralité d’orifices d’air de
post-combustion auxiliaire (38) destinés à four-
nir une petite quantité d’air sont respectivement
installés sur les faces de paroi opposées (45,
46) sur le four (100) sur le côté amont, carac-
térisé en ce que les orifices d’air de post-com-
bustion auxiliaire (38) sont agencés de manière
à être dans une plage de 1 à 5 fois un calibre
des orifices d’air de post-combustion principal
(37), et
la quantité de mouvement du jet d’air provenant
des orifices d’air de post-combustion principal
(37) est amenée à être supérieure à la quantité
de mouvement du jet d’air provenant des orifices
d’air de post-combustion auxiliaire (38).

14. Procédé selon la revendication 13, dans lequel les
orifices d’air de post-combustion principal (38) for-
ment un jet d’air de post-combustion principal de ma-
nière à permettre à l’air de s’écouler dans une direc-
tion d’un axe central des orifices d’air de post-com-
bustion principal (37), et les orifices d’air de post-
combustion auxiliaire (38) forment un jet à écoule-
ment rectiligne dans une direction parallèle à un axe
central (8) des orifices d’air de post-combustion auxi-
liaire (38) et forment un jet d’air de post-combustion
auxiliaire de manière à permettre un écoulement
tourbillonnant sur une périphérie extérieure de ceux-
ci.

15. Procédé selon la revendication 13 ou 14, comportant
en outre l’étape consistant à augmenter par intermit-
tence une quantité de jet d’air provenant des orifices
d’air de post-combustion principal (37) ou des orifi-
ces d’air de post-combustion auxiliaire (38) de ma-
nière à retirer de la cendre collée autour des orifices
d’air de post-combustion (37, 38).
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