Office de la Proprieté Canadian CA 2454186 C 2009/02/17

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 454 186
Findustrie Canada Industry Canada 12 BREVET CANADIEN
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 2003/12/23 (51) ClLInt./Int.Cl. F23C 9/06 (2006.01),

BO1B 1/00(2006.01), F23C 6/04 (2006.01),

(41) Mise a la disp. pub./Open to Public Insp.: 2004/06/26 F23C 7/00(2006.01). F23D 1/00(2006.01)
(45) Date de délivrance/lssue Date: 2009/02/17 F23L 7/00(2006.01), F23L 9/04(2006.01)
(30) Priorité/Priority: 2002/12/26 (JP2002-377095) (72) Inventeurs/Inventors:

OKAZAKI, HIROFUMI, JP;

TANIGUCHI, MASAYUKI, JP;
YAMAMOTO, KENJI, JP;
KIYAMA, KENJI, JP

(73) Proprietaires/Owners:
HITACHI, LTD., JP;
BABCOCK-HITACHI KABUSHIKI KAISHA, JP

(74) Agent. KIRBY EADES GALE BAKER

(54) Titre : CHAUDIERE A COMBUSTIBLE SOLIDE ET METHODE D'EXPLOITATION D'APPAREIL DE COMBUSTION
54) Title: SOLID FUEL BOILER AND METHOD OF OPERATING COMBUSTION APPARATUS

8

NN

L
D
®; 23~
4 14
\;{___J
15 : -
- 12 13 .
16 10

(57) Abréegée/Abstract:
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ABSTRACT OF THE DISCLOSURE

There 1s disclosed a solid fuel boiler

including: a furnace 1ncluding a plurality of solid

fuel burners and a furnace wall to perform horizontal

F

firing; a duct through which a part of combustion

exhaust gas recirculates to a furnace from a downstream

side of the furnace; heat exchanger tubes disposed on a

furnace wall and in a heat recovery area of the
furnace; and recirculation gas ports via which the

recilrculation gas 1s supplied to a reducing flame

portion of the burners in the furnace without combining

the gas with a flame in the wvicinity of an outlet of

the burner, so that molten ash 1s prevented from firmly
sticking to the furnace wall and thermal NOx, fuel NOXx,

and unburned carbon.
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SOLID FUEL BOILER AND METHOD OF OPERATING COMBUSTION APPARATUS

BACKGROUND OF THE INVENTION
Field of the Invention

The present i1nvention relates to a solid fuel
boiler and a method of operating a combustion

5 apparatus.

Description of the Related Art

For a solid fuel boiler, there have been
demands for combustion at a high efficiency and for
reduction of NOx and CO from environmental problems.

10 To meet these demands, methods have been used such as
combustion at a low air ratio, a two-stage combustion
method, an exhaust gas re-circulation, and the use of a
low NOx burner.

In the two-stage combustion method,

15 combustion air 1s supplied from the burner and air
inlet ports (hereinafter referred to as after air
ports) disposed on the downstream side of the burner.
An air amount in the burner is reduced, and thus, a
reducing region in which oxygen is insufficient is

20 formed in a furnace so as to reduce NOx. Furthermore,
alr 1s supplied from the after air ports so as to
reduce unburned carbon.

In a method of recirculating exhaust gas, a

part of the exhaust gas exhausted from the furnace is
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introduced 1nto the furnace via exhaust gas ports

disposed in the furnace on an upstream side of a burner

stage or on a downstream side of the after air ports.

Since the exhaust gas 1s recilirculated into the furnace,
a flow volume of gas flowing through the furnace is
increased, and a heat absorption ratio is adjusted in a
heat exchanger (water pipe) disposed on a furnace wall,
and a heat exchanger disposed in a heat recovery area
connected to an outlet of the furnace. Accordingly,
steam 1s stably produced at a higher temperature and
pressure, and 1t 1s possible to operate the boiler with
high efficiency.

In JP-A-2000-46304, a technique is disclosed

P

1n which a part of combustion exhaust gas is

recirculated to the furnace in order to reduce a

thermal NOx concentration.

F

In this related art, a supply port of the

combustion exhaust gas, having an annular section, is
disposed 1n a wilnd box so as to surround a burner
throat, a secondary ailr supply port and a tertiary air
supply port. When such an annular supply port is
disposed, an 1nitial flame (having a temperature of

about 1000°C) in the vicinity of the throat of the

purner 1s mixed with the exhaust gas, and the flame
sometimes becomes unstable. As a result of the
instability of the combustion of the initial flame,
fuel NOx cannot be decreased sufficiently. Especially,

when air spouted via the air nozzle of the burner is
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swirled, the initial flame in the vicinity of the
burner throat 1s remarkably mixed with recirculation
gas.

Moreover, as disclosed in JP-A-3-95302, there

1$ also a method of supplyling the recirculation gas in

the vicinity of a bottom of the furnace. However,

g—

there 1s a possibility that the flame is blown off, and

stable combustion cannot be performed.

As described above, the decrease of the flame

temperature 1s a problem 1n a portion of the furnace

having a high thermal load. When a maximum temperature

ﬁ

of the flame 1s suppressed, 1t 1s possible to suppress

ash stick troubles caused by melting or softening of
ash on a wall surface, and generation of nitrogen oxide
(thermal NOx). When stable combustion can be performed

in the portion of the furnace having the low thermal

load (corresponding to the initial flame whose
temperature is about 1000°C), fuel NOx and unburned

carpon can be reduced.

BRIEEF SUMMARY OF THE INVENTION

An object of the present invention 1is to
provide a solid fuel boiller and a combustion method

thereof i1in which thermal NOx, fuel NOx, unburned

carbon, and molten ash sticking to a furnace wall can

be reduced without i1mpairing flame stability.
According to the present invention, in a

solid fuel boiler of a system for recirculating a part
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of combustion exhaust gas to a furnace, recirculation

gas 1is supplied into the furnace 1n a manner to prevent

the gas from being mixed with a burner initial flame

and to mix the gas with a reducing flame just after the
initial flame. Accordingly, the temperature of a high
temperature region (about 1500°C or more) in which NOX
1s produced 1s lowered so as to reduce thermal NOx.

In the boiler according to the present

invention, as shown 1in Fig. 2, the recirculation gas
spouted from a recirculation gas port 1is supplied in a
manner to be separated from the initial flame in the

vicinity of a burner throat, and 1is supplied in a

manner to be well mixed with a reducing flame at a high
temperature (about 1500°C or more).

According to the present invention, there is

e

provided a boller 1including: a furnace including a

plurality of burners to perform horizontal firing; a

duct through which a part of combustion exhaust gas

pr—

recirculates to a furnace from a downstream side of the

furnace; and heat exchanger tubes disposed on a furnace

wall and 1n a heat recovery area of the furnace.

Further, gas supply ports are disposed in the furnace

on a pburner mounting surface or a non-mounting surface,
via which the combustion exhaust gas is supplied into
the furnace.

For an operation of the boiler, in a usual

case, the operation at a low air ratio i1s performed

with high efficiency. Furthermore, in recent vyears, a
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two—-stage combustion method has frequently been used 1in

order to reduce NOx. In the two-stage combustion,

excess fuel combustion 1s performed near a burner

setting area (hereinafter referred to as a burner zone)
1n the furnace. A flame has the highest temperature in
the vicinity of an air ratio of 1.0 (especially, about
0.95, 1n which air 1s slightly insufficient), and
therefore the flame temperature in the burner zone 1is

1ncreased. Further, the furnace has been reqguested to

be reduced 1n size 1n order to save cost, and a thermal
load per a furnace section has tended to be high in
recent years.

A plurallty of burners are arranged to make a
plurality of columns (column) and a plurality of stages
(row) . The recirculation gas ports are disposed above
the burners of an upper stage. Other recirculation gas
ports are dilisposed especially near the burners of
middle column, and the recirculation gas is entirely

supplied to a high-temperature zone in a center part of

the furnace.

ﬂ

There are malnly two reaction mechanisms of

nitrogen oxide (hereinafter referred to as NOx) in the
furnace: NOx produced from nitrogen in fuel
(hereinafter referred to as fuel NOx); and NOx produced
from nitrogen in the air at high temperature in the

flame (herelnafter referred to as thermal NOx).

Therefore, NOx is rapidly increased when the

thermal load 1n the furnace is i1ncreased. 2And when the
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thermal load on the furnace wall 1ncreases, the
temperature of ash sticking onto a water pilpe disposed

on the wall rises, and the ash 1s sometimes molten.

The molten ash 1s apt to firmly stick to the water pipe

and thicken.

Therefore, 1t 1s considered that when the
thermal load increases, parts of the molten ash
sometlmes coagulate with each other and make troubles
in the boiler operation, for example, to prevent the

ash from being discharged. These troubles are easily

caused, especlally when a melting or softening

temperature of the ash 1s low compared to the furnace
temperature.
When a gas recirculatlion method is applied

and recirculation gas 1s supplied from the bottom of

"lame temperature 1s decreased by the

| -

the furnace, the
thermal capacity of the recirculation gas.

And the residence time at the burner zone is
decreased since the flow rate in the furnace is
increased. So, the flame temperature at the burner

zone 1s decreased, and the ash trouble i1s reduced.

However, 1t 1s considered that when the

reclirculation gas 1s mixed via the bottom of the

furnace, the recirculation gas is considered to flow

only through a specific portion depending on a flowing

situation in the furnace. In the case that the

reclrculation gas is supplied from the bottom of the

furnace and using opposite firing system, when the
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recirculation gas flows along the front or back wall
(burner setting wall), there 1is a possibility that the

—

igniticon of the fuel are forced delay. In such a case,

the unburned carbon and CO are sometimes increased.

And blow-off or flameout rarely occurred.

Further, when the recirculation gas flows
along the side wall, the recirculation gas does not
flow through a center portion having the highest
temperature zone 1in the furnace. So, it 1is considered

*

that the effect of recirculation gas method is not

obtained. Especially, in the burner or burners

disposed 1n the lowermost stage among the burners,

since the temperature of the peripheral wall of the

furnace 1s low, when the flame temperature is lowered
by the recirculation of the exhaust gas, the combustion
easlly becomes unstable.

According to the present invention, there is
provided a solid fuel boiler including: a furnace

including a furnace wall provided with a plurality of

solid fuel burners so as to perform horizontal firing;
a duct through which a part of combustion exhaust gas

recirculates to a furnace from a downstream side of the

furnace; heat exchanger tubes disposed on the furnace

p—

wall and 1n a heat recovery area of the furnace; and

recirculation gas ports which supply the recirculation

gas 1nto a reducing flame portion of the furnace
wlthout combining the gas with the flame in the

vicinity of an outlet of the burners.



5

10

15

20

23

CA 02454186 2003-12-23

.._,8_

In one aspect according to the present

invention, the recirculation gas port may be disposed

in the furnace on a burner mounting surface. The

P

center of the recirculation gas port may be disposed in

a position as high as or higher than the center of the

throat of the burner.
In another aspect, the recirculation gas port

may be disposed on the burner mounting surface of the

furnace outside a wind box of the boiler. In further

aspect, a sectional center of the recirculation gas

port may be apart from an outer periphery of the throat

of the burner by one or more times a diameter
(hydraulic diameter) of the throat.
Moreover, the sectional center of the

recirculation gas port 1s preferably disposed apart

from the outer periphery of the throat of the burner by
1.1 to four times, especially 1.3 to 1.7 times the
diameter of the burner. In the present invention, when

the diameter of the burner throat or the recirculation

gas port 1s referred to, hydraullc diameter i1s meant.
The distance between the burners 1s determined by the
design of the heat load, and is usually less than eight
times the diameter of the burner throat. Therefore,
when the recirculation gas port is disposed apart from

ﬁ

ecach of the burners by an equal distance, the

recirculation gas port is apart from the outer
periphery of the burner throat by a distance less than

four times the diameter of the burner throat.
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The sectional shape of the recirculation gas

port 1s preferably substantially circular for the

F

convenience of the manufacturing of the recirculation

gas port and 1in order to avoid unnecessary mixture with

the initial flame of the burner. If the recirculation
gas port has an elliptical section shape, the
recirculation gas 1s easlily mixed with the 1nitial
flame of the burner as compared with the recirculation
gas port having the circular shape.

The recirculation gas ports can be disposed
1n the furnace on a surface different from the burner
mounting surface. In thils case, the setting conditions
different from those in the case where the
reclrculation gas ports are disposed on the burner
mounting surface are taken into consideration. That

1s, the recirculation gas port 1s disposed 1n such a

manner that the sectional center of the recirculation
gas port 1s disposed substantially as high as or
slightly above the sectional center of the burner
throat.

When the recirculation gas ports are disposed
on the same plane as the burner mounting surface of the

ﬁ

furnace, a central axis of the gas port may have right

angles, or may be inclined, for example, by 15 or 10

degrees with respect to the furnace surface. It 1is
1mportant to design that the recirculation gas should
not be mixed with the initial flame of the burner.

When the recirculation gas ports are disposed on the



10

15

20

20

CA 02454186 2003-12-23

- 10 -

same furnace surface as the burner mounting surface, 1if

the 1nclination of the gas port 1s large, the burner
throat 1s too close to the recirculation gas port, and
the initial flame i1s mixed with the recirculation gas.
Therefore, such arrangement has to be avoided.

However, when the recirculation gas ports are disposed
on a furnace wall portion other than the burner
mounting surface, the above-described setting

conditions can be moderate.

Needless to say, the recirculation gas port

can also be disposed on the burner mounting surface of

the furnace and the surface different from the mounting

surface. In this case, the recirculation gas port

disposed 1n each surface 1s designed in consideration
of the above-described conditions.
The recirculation gas port 1s preferably

rf!b

disposed 1n the vicinity of the burner close to the

| S———

furnace center among the burners. Even when the port

1s disposed 1in the vicinity of the burner which is not

close to the furnace center, an effect of recirculation

gas supply 1s small. Similarly, the recirculation gas

proin

ports may be disposed in the vicinity of the upper

burner stage or right above the uppermost burner stage
among the burners.

As the gas supplied from the recirculation
gas port, 1t 1s preferably to use a mixed fluid of the

combustion exhaust gas and air. At this time, an

oxygen concentration contained in the gas supplied from

e s oS AT il AT e A ST AINENS = e S 3 a0 R N A i Gl BN o A
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the recirculation gas port 1s preferably 3 to 15%.
This oxygen rich mixture gas 1s supplied so that the
flame temperature 1s lowered, and the unburned carbon
1s reduced by the promotion of the combustion.

In the combustion method of the boiler
according to the present i1nvention, a flow volume of
the gas spouted from the recirculation gas port 1is
changed 1in accordance with an operation load of the
boiler (fuel supply amount), and the spouted amount 1s
controlled/increased, when the operation load exceeds

the set condition.
Moreover, measurement means for measuring at

least one of a radiation intensity of the flame, a

furnace wall temperature, and a heat exchanger tube

temperature 1s disposed on the furnace wall. When at

—

least one of signal 1ntensities indicating the

radiation intensity, furnace wall temperature, and heat
exchanger tube temperature by the measurement means
exceeds the set condition, the flow volume of the gas
spouted from the gas supply port 1s increased.

The set conditions of the operation load or

the signal intensity are determined on the basis of a

melting or softening point of the ash of the solid fuel
combusted in the furnace.

When the supply port of the gas contailning
the combustion exhaust gas 1s disposed on the burner
mounting surface, the recirculation gas can effectively

be fed into the porticn including the highest thermal

T S . a P G Wy 1 WO U 7~ T - CH WO Uy T - = s e ey PTG PIL iR SRR A B AL Y e e ms v . .
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load in the furnace. Therefore, the flame temperature
can be lowered in the portion in which the thermal load
is high. With the decrease of the flame temperature
the temperature of the ash on the furnace wall will be

lower and the slagging trouble of the ash by

melting/softening can be prevented. With the decrease
of the flame temperature, 1t 1s possible to reduce

thermal NOx generation.

In another aspect according to the present
invention, the invention can be applied to the boiler
including the furnace 1n which a plurality of after air
ports for two-stage combustion are disposed after a
plurality of burners. Further, 1t can be applied to
another boiler including a duct through which a part of

the combustion exhaust gas recirculates into the

furnace from the downstream side of the furnace, and

heat exchanger tubes disposed on the furnace wall and

in the heat recovery area of the furnace. Here, the
gas supply port or recirculation gas port for supplying
the gas contaiding the combustion exhaust gas or
recirculation gas into the furnace may also be disposed
1n the furnace on the burner mounting surface.

When the recirculation gas 1s mixed into the

—

furnace, the flow of the gas in the furnace and the

mixture of the fuel and air are promoted. The flow
volume of the gas spouted via the recirculation gas
port 1s changed 1n accordance with the operation load

(fuel supply amount) of the boiler, and the spouted

P T LT T S TR G Cpa. TLTX 1L 8 o¥ T CHP DA LSNPS PLES PUR o vt e erigpipt, S SO TR AR KRR T - W Al weTeny - sy
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amount may also be 1increased, when the operation load
exceeds the set conditions.

The amount of the recirculation gas 1is
usually about 20 volume% of the air amount supplied to
the furnace, and the gas flow rate at the recirculation
gas port is preferably set to 30 to 50 m/second.

Thermal NOxX 1s remarkably generated with the
high operation load. Therefore, the flow volume of the
recirculation gas may also be increased only with the

high operation load.
With a low operation load, the flow volume of
the recirculation gas 1s reduced so as to reduce the

power of a fan, and general efficiency (net thermal

efficiency) of the combustion apparatus can be
enhanced.

It 1s to be noted that the set conditions of
the furnace wall signal intensity may also be
determined on the basis of the melting or softening
point of the ash of the solid fuel combusted in the

fturnace.

The boiler according to the present invention

1s especially effective for the boiler in which solid
fuels such as pulverized coal, bicomass, and waste

materials are used as fuel.

i

Other objects, features and advantages of the
invention will become apparent from the following
description of the embodiments ©f the 1nvention taken

in conjunction wlith the accompanying drawlings.

B e e Y TR A I T (e e L. i o cenn %5 AN e S WAL SN UHEATR AN AL Y L e v
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

FIG. 1 is a schematic diagram of a pulverized
coal boiler according to a first embodiment of the

present invention;

FIG. 2 1s an explanatory view showling a

relation between a burner flame and a recirculation gas

injection in the present 1nvention;

FIG. 3 1s a front view showing one example of
a method of disposing recirculation gas ports according
to the present 1nvention;

FIG. 4 is a perspective view of the boiler

according to the example in FIG. 3;

FIG. 5 1is a front view showling another
example of a method of disposing recirculation gas
ports according to the present 1nvention;

FIG. 6 1s a perspective view 0f the boller
according to the example 1n FIG. 5; and

FIG. 7 1s a schematic diagram of the
pulverized coal boiler according to a second embodiment

of the present 1invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be
described 1n detail.

(First Embodiment)

A first embodiment according to the present

invention will hereinafter be described with reference

to FIGS. 1 and 2. FIG. 1 1s a schematic diagram of a
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pulverized coal boiler according to the first

embodiment of the present invention. In FIG. 1, fuel

passes through a fuel supply apparatus 1 and a mill 2,

and 1s supplied to burners 5 via a fuel supply tube 11.

Air for combustion from a blower 4 is branched to
burners 5 and after ailr ports 6 and supplied into the

furnace 3. At this time, the air is adjusted in

predetermined flow volumes by a damper (not shown).
The combustion air supplied from the burners 5 into the
furnace 3 1s mixed with the fuel in the vicinity of the
burners 5 (1in a burner zone 20) and used for lean air
combustion (reducing combustion).

Furthermore, the air flows upwards in the

furnace 3, unburned carbon and carbon monoxide are

burned 1n a region 21 in which the combustion air from

the after air ports 6 1s mixed, and the combustion

exhaust gas 1s exhausted to a heat recovery area 7 via

-~

an upper part of the furnace 3. A heat exchanger tube

group 8 1s disposed over from the upper part of the

furnace 3 to the heat recovery area 7.

FIG. 1 shows opposite combustion in which the

burners 5 are disposed on front/rear furnace walls.
However, similar effects are obtained in one surface
combustion 1in which the burners are disposed on one
wall or i1in corner firing in which the burners are

disposed on the peripheral wall and corners to generate

a swirl flow in the furnace 3.

Recirculation gas ports 9 for recirculating

o e AT AR, Soem i thamlest g A ST ot aI= e - - - - Tt tafBAAAIRA R I T MR Y T N e e e ean, o d ok LA ol N M A R R 5 S PAMYEE e e bl ket aEneand aate e s
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exhaust gas are disposed between the burners 5 of the

furnace 3. A part of the exhaust gas 1s branched in

the heat recovery area 7, flows back through a gas

reclrculation blower or fan 10 and piping 12, and 1s

supplied into the recirculation gas ports 9.

FIG. 2 1s a schematic diagram showing
combustion principle of the boller according to the

present invention. In FIG. 2, fuel 28 blown into the

furnace via a fuel nozzle 36 of the burner is mixed

with air 29, 1gnited in an ignition region (initial

flame) 32, and flows upwards in the furnace in an
oxlidation region 33 which surrounds a reduction region
34 .

Nozzles are preferably arranged in a wind box

(alr box 37). The air 31 1s supplied to the flame 21

via the after air port 6, and the fuel 1s completely
pburned.

When a gas recirculation system 1s applied as
shown 1in FIGS. 1 and 2, and the recirculation gas 30 1is
mixed 1n the burner zone 20, flame temperature drops
due to thermal capacity of the exhaust gas. Further,
since a combustion gas flow rate in the furnace

increases, a residence time of the fuel in the burner

zone shortens. Therefore, the flame temperature drops,

and troubles by the stick of ash onto the furnace wall

are not easily caused.
However, 1t 1s considered that when the

reclrculation gas 1s mixed from the furnace bottom as
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in the related art, the recirculation gas flows only
through specific portions depending on a flow situation
in the furnace. Further, 1n accordance with an example

=

of the furnace 1including the burners disposed on

opposite walls, when the recirculation gas flows along

a burner mounting surface, 1t 1s possible to prevent

from forming the flame 1n the burners mounted at the
lower part of the furnace. This causes a possibility
of unburned carbon and CO increase, the flame blowoff,
or flameout. Especially in the burners disposed 1n a
bottom stage, since the temperature of the surrounding
furnace wall is low, the combustion is easily apt to be
unstable.

Moreover, when the recirculation gas flows
along the side wall, the recirculation gas does not
flow through a furnace middle portion having a highest
thermal load. Thus, 1t 1is possible to obtain no effect
of the recirculation gas mixture. Since the
temperature of the surrounding furnace wall i1s low, 1n
the burners, especlally 1n the burners disposed 1n a
bottom stage, when the flame temperature 1s lowered by

the recirculation gas, the combustion 1s easily apt to

be unstable.

On the other hand, 1n the embodiment

according to the present invention shown in FIG. 1,
since the recirculation gas ports are disposed 1n the

burner mounting surface, the recirculation gas can be

effectively fed i1nto the portion having the highest
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thermal load in the furnace. Therefore, the flame
temperature can be lowered i1n the high thermal load
portion. The temperature of ash on the furnace wall 1s
lowered by the drop of the flame temperature, and ash
stick troubles by the ash melting/softening can be
inhibited from beling caused.

Moreover, since the flame temperature 1is

lowered, oxidation reaction into nitrogen oxide (NOx)

from nitrogen 1n the alr which becomes active at the

high temperature can be inhibited. Therefore, NOx can

be reduced 1n the furnace 3 outlet.
In the first embodiment shown in FIG. 1, the
present invention 1s applied to the furnace 1n a two-

stage combustion method in which the combustion air 1is

supplied from the burners and the after air ports
downstream thereof. Further, when the present
invention 1s applied to a furnace 1n a single-stage
combustion method for charging all the combustion air
through the burners, the effect is the same.
Moreover, as shown in FIG. 1, as the

recirculation gas 1s branched, the recirculation gas

ports 9 are disposed on the burner mounting surface,
and spouting ports 19 thereof may also be disposed 1n

the furnace bottom. When branch amounts of the

reclrculation gas are adjusted by control valves 13,
14, thermal absorption in the furnace lower part can be

adjusted. A relation between the burners and the

recirculation gas ports 1s shown in FIGS. 3 to 6.

a 2 ey tta e ARl a2 o Bhindenas b odoad At bdmiann vt acai. 24l S 1AMl LT
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FFIG. 3 shows a partilial view of the furnace 3

shown 1n FIG. 1 as seen from a front surface. FIG. 4
1s a perspective view of the boiler including the
furnace of FIG. 3, and shows a relation among the

burners, after air ports, and recirculation gas ports.

In FIG. 3, the respective circles show the

reclirculation gas ports and throat 39 portions in the

nozzles of the burners. In thilis case, the supply ports
of gas 1ncluding the recirculation gas are arranged 1in
a direction perpendicular to the burner columns
(vertical columns in the drawing).

The fuel spouted from the burners spreads
upwards by buoyancy. Therefore, when the recirculation
gas ports are disposed above the burners, the

recirculation gas easily reaches a high-temperature

portion of the flame. Therefore, 1t 1s effective for
the decrease of the flame temperature. In FIG. 4, the
same reference numerals as those of FIG. 1 denote the
same elements.

It 1s not a prerequisite to dispose the
recirculation gas ports perpendicularly to the burner
columns.

A distance between the recilrculation gas port
and the burner closest to the recirculation gas port
among the burners 1s preferably set to a distance of
1.1 times or more, especlally 1.3 times or more with
respect to an outer diameter of the most constricted

portion (throat portion) of the burner nozzle.
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Moreover, the most constricted portion of the
recirculation gas port preferably has an outer diameter
of 0.75 time or less with respect to the outer diameter

o

of the most constricted portion (throat portion) of the

burner nozzle.
When a distance between the recirculation gas

port and the burner has the above~described relation,

jet flows (initial flames) from the recirculation gas
ports and the burners do not interfere with one another
immediately after spouting, and thus, the spouting
directions therecof are prevented from flow vibration.

When the gas supply ports 9 are disposed 1in a

horizontal direction ¢f the burners as shown in FIG. D5,
the recirculation gas ports are disposed on right and
left sides of or above the burners 5 1n the uppermost

stage.

FIG. ©6 158 a perspective view of a boiller

including the furnace of FIG. 5. In FIG. 6, the same
reference numerals as those of FIGS. 1, 4 denote the
same elements. Since portions 1n the vicinity of a
furnace central axis or in the vicinity of the
uppermost-stage burners 5 recelve a radiant heat from
the flame formed by the ambient burners, the thermal

load 1s especially apt to i1ncrease. To solve the

problem, when the recirculation gas ports are disposed
mainly 1n these portions, the maximum temperature of

the flame 1s effectively lowered.

When the recirculation gas 1s supplied into
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the burner zone middle part having the high thermal

——r—

load in the furnace, a maximum temperature of the flame

can be lowered. By the decrease of the flame
temperature, the temperature of the ash on the furnace
wall is lowered, and the ash stick troubles by the

softening/melting are inhibited from being caused.

Also, with the decrease of the flame temperature, the
oxidation reaction into nitrogen oxide (NOx) from
oxygen 1in the air which becomes active at the high
temperature (1500°C or more) 1s inhibited, and thermal
NOx 1s reduced.

In the embodiments shown in FIGS. 3 and 5,
the distances from the burners disposed on a front wall
25 and a rear wall 26 in the furnace to the
recirculation gas ports 9 are set to be one time or
more than the diameter (hydraulic diameter) of the most
constricted portion (throat portion) of the burner
nozzle.

FIGS. 5 and 6 also show the boiler i1n the
opposite combustion. Further, even in the one-surface
combustion i1n which the burners are disposed on one

wall, when the recirculation gas ports are disposed on

the wall surface other than the burner mounting
surface, the similar effect 1is obtalned. Especially 1in
the one-surface combustion, when the recirculation gas

ports are disposed 1n the wall opposite to the burner

mounting surface, the stick of the ash can effectively

be suppressed.



10

15

20

25

CA 02454186 2003-12-23

_.22_

As shown in FIG. 1, when piping 15 for
introducing air into the piping 12 for recirculating
the combustion exhaust gas to the furnace and a damper
16 are disposed, the gas spouted from the recirculation
gas ports is a mixed fluid of the recirculation gas and

alr.

When a large amount of recirculation gas 1s
supplied in order to well mix the fluid 1in the furnace,
a region having an oxygen concentration of about 8% or

less may be formed. In this region, the combustion

reaction is interrupted by a rapid decrease of the
oxygen concentration, and fuel particles are rapidly
cooled. Even when the oxygen concentration increases
agaln, the combustion reactlion does not easlly advance,
and there is a possibility that the unburned carbon and
carbon monoxide are 1ncreased.

When the concentration of oxygen 1s set to be

higher than that of the recirculation gas, the region

having an oxvagen concentration of 8% or less can be
d

prevented from being formed. Therefore, together with

the decrease of the flame temperature, 1t 1s possible

to continue the combustion reaction. It 1s not a

prereqguisite to raise the oxygen concentration of the

recirculation gas.

A measuring unit 22 for measuring at least

one of a radiant intensity of the flame, furnace wall
temperature, and heat exchanger tube temperature 1s

disposed on the furnace wall. A signal from the
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measuring unit 22 1s connected to a boiler controller

23. It 1s possible to adjust a fuel or air flow volume

by the boiler controller 23. In the present
embodiment, the boiller controller 23 can send a signal
to a control valve 24 for a recirculation gas flow

volume.
When the signal of the measuring unit 22

exceeds a set condition of at least one of the radiant

intensity of the flame, furnace wall temperature, and
heat exchanger tube temperature, the flow volume of the
gas spouted from the recirculation gas port 1s
increased, and a maximum temperature of the flame 1is
lowered. The ash stick trouble on the furnace wall can
be prevented by the drop of the flame temperature. The
reaction (thermal NOx reaction) in which NOx 1is

generated from nitrogen 1n the air, 1s inhibited, and

the NOx concentration exhausted from the furnace can be
inhibited. This control system 1s also disposed 1in the
example shown i1in FIG. 4.

The measuring unit 22 1s disposed on the

furnace wall as shown 1n FIG. 1, and may also be
disposed 1n the lower or upper part of the furnace.
For example, a non—-contact type measuring unit such as
a radiation 1intensity meter may also be disposed. The
signal of an NOxX concentration meter disposed in the
heat recovery area may also be used. The thermal NOx
reaction 1s activated in the high-temperature portion

of the flame.
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When this reaction 1s used to measure the
behavior of the NOx concentration, 1t 1s possible to
judge whether or not the high-temperature portion 1is
formed in the furnace. When the NOx concentration 1s
high, the flow volume of the gas supplied from the

recirculation gas ports 1s 1ncreased, the maximum

temperature of the flame 1s lowered, and NOx can be
prevented from 1ncreasing by the thermal NOx reaction.
The ash stick trouble onto the furnace wall surface can
be prevented by the drop of the flame temperature.
According to the above-described embodiment
of the present 1nvention, when the supply ports of the
gas containing the recirculation gas are disposed on

the burner mounting surface, the recirculation gas can

effectively be supplied into the portion having the
highest thermal load in the furnace. Therefore, the
flame temperature can be lowered in the portion having

the high thermal locad. By the decrease of the flame

temperature, the temperature of the ash on the furnace

wall can be lowered, and the generation of the ash
stick trouble by the melting/softening can be
inhibited.

Moreover, when the flame temperature 1s
lowered, the oxidation reaction of nitrogen in the air,

activated at the high temperature, 1nto nitrogen oxide

(NOx) can be inhibited. Therefore, the generation of

NOx 1n the furnace outlet can be inhibited.
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(Second Embodiment)
FIG. 7 shows an example 1n which the

reclrculation gas ports are disposed on the furnace

wall different from the mounting surface of the burners
according to the present invention. In FIG. 7, the
same reference numerals as those of FIGS. 1, 4, 6
denote the same elements.

In an opposite combustion boiler in which the
burners 5 are disposed on the front wall 26 and rear

wall 26 of the furnace 3, the fuel spouted from the

burners ccllides at the furnace center, and a flow
toward side walls 27 may be generated. At this time,
fuel particles containing the ash are apt to collide
with the side walls, and therefore the ash easily
sticks to the side wall middle part especially having
the high thermal load.

In the embodiment shown in FIG. 7, the

recirculation gas ports 9 are disposed in the vicinity

of the middle of the side wall 27. Thus, the flow
toward the side walls 27 from the furnace middle 1is
moderated by the jet flow of the exhaust gas from the
supply ports 9. Since the ash does not easily collide
wlth the side walls, the ash stick onto the side walls

can pbe inhibited.

In this embodiment, the positions of the
reclrculation gas ports 9 do not correspond to the
relation with the burner columns or stages as in the

above-described embodiment, and the ports may be
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disposed in any position as long as the recirculation
gas 1s mixed with the high-temperature reducing flame

as shown i1n FIG. 2.

It should be further understood by those

skilled in the art that although the foregoing
description has been made on embodiments of the
invention, the invention 1s not limited thereto and
various changes and modifications may be made without
departing from the spirit of the invention and the
scope of the appended claims.

According to the present invention, the
strong stick of the molten ash onto the furnace wall
can be prevented, and thermal NOx, fuel NOx, and

unburned carbon can be reduced.
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CLAIMS:

1. A solid fuel boiler comprising:

a plurality of solid fuel burners each including a

fuel nozzle for spouting fuel and carrying gas therefor

and an air nozzle for spouting air;

a furnace 1including a furnace wall to perform

horizontal firing;
a duct through which a part of combusticon exhaust

gas recirculates to said furnace from a downstream

F

portion thereof;

heat exchanger tubes disposed on said furnace wall

and in a heat recovery area of said furnace; and

a recirculation gas port via which the recirculation

gas 1s supplied to a combustion region with a fuel rich
part i1n the furnace;
wherein said recirculation gas port is disposed

gre——

between one of the burners that 1s positioned on an

uppermost-stream side and an after air port, and 1s apart

-

from an outer periphery of a throat portion of the air

nozzle in the one burner by 1.1 or more times a dlameter

P
p—

of the throat portion.

2. The solid fuel boililer according to claim 1, whereiln

sald recirculation gas port 1is disposed in sald furnace

on a burner mounting surface.

3. The solid fuel boiler according to claim 2, whereln
sald recirculation gas port 1s disposed in the furnace on
salid burner mounting surface outside a wind box of the

boiler.
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4., The solid fuel boiler according to claim 2, wherein

a sectional center of said recirculation gas port is

F

apart from that of a fuel nozzle of the closest burner by

1.1 to four times a throat diameter of the burner.

5. The solid fuel boiler acceording to claim 1, wherein
a sectional shape of said recirculation gas port is

substantially circular.

0. A solid fuel boller comprising:

a plurality of solid fuel burners each including a
fuel nozzle for spouting fuel and carrying gas therefor
and an alr nozzle for spouting air;

a furnace 1ncluding said burners and at least one
furnace wall to perform horizontal firing;

a duct through which a part of combustion exhaust
gas reclrculates to said furnace from a downstream

portion thereof;

heat exchanger tubes disposed on said furnace wall
and 1n a heat recovery area of the furnace; and

a plurality of recirculation gas ports which are

disposed 1n a burner mounting surface of the furnace to

=

supply the recirculation gas into the furnace and of each

of which a sectional center i1s apart from an outer

periphery of a throat of said air nozzle in the burner by

1.1 or more times a diameter of said throat.

7. The solid fuel boiler according to claim 6, wherein

reclrculation gas ports which are disposed in said

furnace on a surface different from the burner mounting
surface to supply the recirculation gas into the furnace
and whose sectilional centers are positioned as high as or

F

higher than centers of throats of the burners.
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8 . The solid fuel boiler according to claim 7, wherein

go— y—

a part of a plurality of the recirculation gas ports are

disposed on said burner mounting surface and the other

F

are dilsposed on a surface different from the burner

mounting surface in said furnace.

9. The solid fuel boiler according to claim 8, wherein
the recirculation gas ports disposed in the burner
mounting surface are disposed outside a wind box of the
boiler, a sectional center of each of the recirculation
gas ports 1s apart from an outer periphery of a throat of
the burner by 1.1 or more times a diameter of the throat,
and a sectional center of each of the recirculation gas
ports disposed on said surface different from the burner
mounting surface 1s positioned as high as or higher than

the center of the throat of the burner.

10. The solid fuel boiler according to claim 6, wherein
sald burners are arranged so as to constitute a plurality
of columns and stages, and the recirculation gas ports

are disposed above the burners at an uppermost stage.

11. The solid fuel boiler according to claim 1, wherein
a distance between the recirculation gas port and the
burner closest to the recirculation gas port among the
burners 1s 1.1 or more times an outer diameter of a
throat portion of a burner nozzle, and an outer diameter
of a throat portion of the recirculation gas port is not
more than 0.75 times that of the burner nozzle throat

portion.
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12. The solid fuel boiler according to claim 6, wherein

P P

a plurality of after air nozzles are disposed for

spouting remaining combustion air on a downstream side of

said solid fuel burner to perform two-stage combustion;
recirculation gas ports are disposed between the

burners positioned on an uppermost-stream side among the

solid fuel burners and the after air nozzle to supply the

recirculation gas into the furnace; and

an interval between said recirculation gas port and

the burner or the after air nozzle 1s 1.1 or more times a

diameter of the burner nozzle.

13. A method of operating the solid fuel boiler

according to claim 1 or 6, the method comprising the

steps of:

supplying gas including recirculation gas at a rate

~urnace from each of the

1.4

of 30 to 50 m/second into the

recirculation gas ports in order to mix the gas including

the recirculation gas with a reducing flame at 1500°C or

more, while preventing the gas from being mixed with an

initial flame in the vicinity of the throat.

14. The method according to claim 13, wherein the gas 1s

a mixed fluid of the recirculation gas and alr.

15. The method according to claim 13, further comprising

the step of:

controlling a flow volume of the gas spouted from

cach of the recirculation gas ports 1n accordance with an

operation load of the furnace.
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16. The method according to claim 13, further comprising

P
p—

the steps of:

P

measuring at least one of a radiation 1ntensity of

the flame, a furnace wall temperature, and a heat

exchanger tube temperature by a sensor disposed on the

P

wall of the furnace to control a flow volume of the gas

spouted from each of the recirculation gas ports based on

a measurement signal.
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FIG.2
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FIG.3
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FIG.5
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