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(57) La presente mmvention porte sur un bruleur a charbon
pulverise comprenant un ventur: 4 pour concentrer le jet
d'un meélange 62 de charbon pulvérise€ et d'air primaire
vers l'axe central d'un pulvérisateur 2; une tige ayant un
cone 10, monte coaxialement a I'axe central, grossissant
oraducllement de l'amont vers l'aval et obligeant le
melange a le heurter et a se diffuser, une colonne 11
sctendant a partir du céne 10 parallclement a l'axe
central du pulvérisateur 2, et un cone 12 s'¢tendant a
partir de la colonne 11 et rétrecissant graduellement de
I'amont vers l'aval; et un distributeur 14 ayant un céne 15
qu retrécit graduellement de facon coaxiale a l'axe
central 3 du cote aval de la tige 9 et un cylindre 17
s‘etendant a partir du cone 15 de facon coaxiale et
parallele a 'axe central du pulvénisateur 2, et divisant
coaxialement le trace du jet.
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(57) The present mvention 1s directed to a pulverized
coal burner comprising a venturi 4 for contracting flow
of a mixture 62 of pulverized coal and primary air
toward a central axis of a fuel nozzle 2; a spindle having
a cone 10, provided coaxially with the central axis,
oradually expanding from an upstream side to a
downstream side and causing the mixture to impinge
thereon and diffuse, a column 11, extending from the
cone 10 and being parallel to the central axis of the fuel
nozzle 2, and a cone 12, extending from the column 11
and gradually narrowing from an upstream side to a
downstream side; and a distributor 14, having a cone 15
oradually narrowing coaxially with the central axis 3 on
the downstream side of the spindle 9 and cylinder 17
extending from the cone 15 and being coaxial and
parallel with the central axis of the fuel nozzle 2, and
coaxially dividing the flow path.
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ABSTRACT

The present invention is directed to a pulverized
coal burner comprising a venturi 4 for contracting flow
of a mixture 62 of pulverized coal and primary air
toward a central axis of a fuel nozzle 2; a spindle
having a cone 10, provided coaxially with the central
axls, gradually expanding from an upstream side to a
downstream side and causing the mixture to i1mpinge
thereon and diffuse, a column 11, extending from the
cone 10 and being parallel to the central axis of the
fuel nozzle 2, and a cone 12, extending from the column
11 and gradually narrowing from an upstream side to a
downstream side; and a distributor 14, having a cone 15
gradually narrowing coaxially with the central axis 3 on
the downstream side of the spindle 9 and cyiinder 17
extending from the cone 15 and being coaxial and
parallel with the central axis of the fuel nozzle 2, and
coaxially dividing the flow path.

SELECTED FIGURE

FIGURE 1.
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PULVERIZED COAL BURNER

The present invention relates to a pulverized coal
burner which transfers pneumatically and burns
pulverized coal and, more particularly, to a pulverized
coal burner which raises the flame stability in a low
load operation and suppresses the occurrence of nitrogen
oxides.

Pulverized coal burning is required to suppress the
occurrence of nitrogen oxides (hereunder, referred to as
NOx) to a small amount. Most NOxXx generated during
burning of pulverized coal are NOx generated by the
oxidation of nitrogen contained in the coal. In order
to reduce the amount of NOx generated in burning,
various constructions of pulverized coal burners have
been proposed.

As a pulverized coal burner which decreases the
amount of NOx generated 1n burning, there is a
pulverized coal burner in which a reducing zone and an
oxidlzing zone are formed, that is, a so-called flame-
inside-two-stage-burning burner. Nitrogen in the coal
1s released into a gas phase as cyanide hydrogen (HCN)
and ammonia (NH;) during thermal decomposition of
pulverized coal at the initial time of combustion.

Those nitrogen compounds are oxidized to become NOx
while they have an effect of reducing NOx in a low
oxygen-concentration region. The inside flame of a two
stage burning process effectively reduces NOx with NOx
precursors such as NH,, HCN. In the burning, a reducing
zone 1s expanded by fuel-excess burning with air
shortage around the pulverized coal burner in the flame
and an oxidizing zone is formed by high oxygen
concentration burning at a downstream side of the flame.

In order to ralse the effect of the flame inside
two stage burning, it is necessary to stably form a
flame of pulverized coal supplied from a fuel nozzle,

therefore, attempts have been made to change the supply
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conditions of pulverized coal and carrier air. A
pulverized coal burner inside which a member is arranged
to adjust the particle concentration is disclosed in JP
A 63-21406, JP A 3-41571, JP A 3-110308 or JP A 4-24404,
for example.

However, in the flame-inside-denitration-type
pulverized coal burner applied to a pulverized coal
burning boiler, it is important to promote a reducing
reaction in a reducing flame zone in order to reduce the
concentration of emitted NOx. In order to achieve this,
it is important to achieve fuel-excess burning and raise
the ability of thermal decomposition of pulverized coal
ln the reducing flame zone by not only improving the
construction for supplying combustion air but improving
the construction for supplying pulverized coal.

In order to raise the operability of the pulverized
coal burning boiler, load is changed in a short time.

In view of this point, it is important to expand the
lower limit of operation of the pulverized coal burner
to a low load.

However, in the pulverized coal burner, it is
1impossible to reduce a flow rate of pulverized coal
particles flowing in a pulverized coal transfer pipe to
a certain speed or less, therefore, there are limits to
reductions of flow rate of air supplied in the
pulverized coal transfer pipe. When the flow rate of
pulverized coal particles is too small, there are fears
that the pulverized coal particles will sink in the
transfer pipe, the transfer pipe will become clogged,
and flames in the furnace will flow back into the
transfer pipe.

For this reason, when the flow rate of pulverized
coal and the flow rate of air are decreased in order to
expand the lower limit of an operation of the pulverized

coal burner to a low load, it is necessary to keep the

flow rate of pulverized coal feed (or carrier) air at a
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certain level and decrease the feed rate of pulverized

coal, after the load is lowered to a predetermined load

level.

When the feed rate of pulverized coal only 1is
decreased, the concentration of pulverized coal
contained in the pulverized coal feed air becomes lower.
For this reason, pulVerized coal flame 1s formed away
from the outlet of the fuel nozzle. This means that the
pulverized coal burns after the pulverized coal and
combustion gas are mixed with each other. As a result,
it 1s difficult to form a reducing zone of NOx inside
the flame.

A first object of the invention is to solve the
above-mentioned problems and to provide a pulverized
coal burner i1n which the flame stability in a low load
operation 1s raised to improve the burning efficiency of
pulverized coal, and the ability of thermal
decomposition of pulverized coal in a reducing flame
zone 1s ralsed to enlarge the reducing flame zone and
suppress the occurrence of NOx.

A second object of the invention is to provide a
pulverized coal burner in which the amount of a
stabilizing fuel such as fuel o0il used is small by
expanding a burner load range in which burning can be
effected with fuel of only pulverized coal.

In order to achieve the above objects, the present
invention is made as follows.

In a pulverized coal burner having a fuel nozzle

for feeding a mixture of pulverized coal and air and an

alr nozzle, arranged coaxially with and outside the fuel
nozzle, for supplying combustion air in a state of
swirling flow, the above-mentioned fuel nozzle comprises
a constricted throat for contracting a flow of the
mixture toward a central axis of the fuel nozzle, an

impinged diffuser having an expanding portion, provided

on a central axis of and on the downstream side of the
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constricted throat, expanding gradually from an upstream
side to a downstream side and causing the mixture to impinge
thereon and diffuse thereby, and a flow path divider having
a narrowing cylinder portion, provided coaxially with the
fuel nozzle directly on the downstream side of the impinged
diffuser and gradually narrowing from an upstream side to a
downstream side, and dividing the flow path.

The burner in which the fuel nozzle has a constricted
throat, an impinged diffuser having an expanding portion,
and a flow path divider having a narrowing cylinder portion
and dividing coaxially the flow path, has the constricted
throat reducing a flow path area on the upstream side of the
fuel nozzle, so that pulverized coal i1in the vicinity of the
wall surface of the fuel nozzle impinges on a flow inlet of
the constricted throat and the concentration of the
pulverized coal is raised thereby. The impinged diffuser
having an expanding portion arranged on the downstream side
of the constricted throat causes the pulverized coal of a
central portion of the fuel nozzle to 1mpinge thereon to
raise the concentration and causes the pulverized coal
particles concentrated by the constricting portion to
impinge thereon. That is, fuel on outer and inner sides 1n
the fuel nozzle impinges on an outer surface of the
expanding portion of the impinged diffuser, with the
concentration being raised. Thereby, a flow direction of
particles 1s shifted to the outer side 1n the fuel nozzle
and the pulverized coal concentration also is raised there.

The pulverized coal particles, which 1s changed in
the flow direction by the expanding portion of the
impinged diffuser and made higher in concentration,
maintains temporarily their flow direction by theilr
inertia, whereby pulverized coal of relatively large

particles are collected to an opening edge portion of
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the fuel nozzle. The flow divider on the downstream
side of the impinged diffuser divides coaxially the flow
path of the fuel nozzle, rectifies pulverized coal flows
in the outer flow path and inner flow path. That is, by
arranging the flow path divider, flows of carrier air in
the outer and inner flow paths become equal to each
other, and a radial gradient of speed is decreased.

Further, since the fuel concentration on the outer
side divided by the flow path divider becomes high, it
1s possible to maintain a stable flame even at a time of
low load operation in which the fuel concentration 1is
low and even with low-volatile coal. The ability of
thermal decomposition of pulverized coal in the reducing
flame zone, particularly, flame stability at a time of
low load operation is raised and occurrence of NOx is
suppressed.

Further, 1in a pulverized coal burner which has a
fuel nozzle for feeding a mixture of pulverized coal and
alr and an ailr nozzle, arranged on both sides of the
fuel nozzle, for supplying combustion air, the above-
mentioned fuel nozzle comprises a constricted throat for
contracting a flow of the mixture toward a central axis
of said fuel nozzle, an impinged diffuser having an
expanding portion, provided on a central axis of and on
the downstream side of the constricted throat, expanding
gradually from an upstream side to a downstream side and

causing the mixture to impinge thereon and diffuse

thereby, and a flow path divider having a narrowing
cylinder portion, provided coaxially with the fuel
nozzle on the downstream side of the impinged diffuser
and gradually narrowing from an upstream side to a
downstream side, and dividing coaxially the flow path.
In the pulverized coal burner having the air
nozzle, arranged on both sides of the fuel nozzle, for
supplying combustion air, a burner in which the fuel

nozzle has the constricted throat, the impinged diffuser
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having an expanding portion, and the flow path divider
having the narrowing cylinder portion and dividing
coaxlially the flow path has the same operation as the
above-mentioned pulverized coal burner provided with the
alr nozzle on both sides of the fuel nozzle. Further,
in any of the above-mentioned pulverized coal burners,
the 1mpinged diffuser has a parallel portion, being
parallel to the central axis of the fuel nozzle and
provided on the central axis of the fuel nozzle so as to
extend from the expansion portion, and a narrowing
portion, narrowing from an upstream side to a downstream
side, and provided on the central axis of the fuel
nozzle so as to extend from the parallel portion. The
burner, in which the impinged diffuser has the parallel
portion which extends from the expanding portion and is
parallel to the central axis, and the narrowing portion
which extends from the parallel portion and gradually
narrows along the central axis, changes the mixture flow
direction to a direction along the central axis of the
fuel nozzle by the parallel portion in addition to the
operation of any of the above-mentioned burners, whereby
relatively fine particles flow in the vicinity of the
outer surface of the parallel portion and the
concentration of particles becomes lean. The narrowing
portion operates so that the mixture flows along the
outer surface of the narrowing portion, and since the
relatively fine particles flowing in the vicinity of the
parallel portion follow the gas flowing on the outer
surface of the narrowing portion, a concentration
gradient 1n the radial direction of the fuel nozzle is
further increased (pulverized coal of relatively fine
particles is fed to the furnace from a central portion
1n the outlet of the fuel nozzle and pulverized coal of
relatively large particles is fed from an outer side in
the outlet of the fuel burner).
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Further, 1n the above-mentioned burner, the apex
angle of the expansion portion of the impinged diffuser
is 1n a range from 15° to 40°. In a case where the apex
angle of the expanding portion of the impinged diffuser
1s 1n a range from 15° to 40°, in addition to the
operation of the above-mentioned pulverized coal
burners, classification of particles by the impinged
diffuser 1s most effectively carried out. When the apex
angle of the expanding portion is 15° or less, change in
the flow direction at the expanding portion is small, so
that speed component 1in the diameter direction of the
fuel nozzle becomes small and the classification of the
particles becomes very weak. On the other hand, when
the apex angle of the expanding portion becomes 40° or
more, the surface of the expanding portion becomes
likely to be worn by the impingement of particles, and
pressure loss of the fuel nozzle increases.

Further, in any of the above-mentioned pulverized
coal burners, an apex angle of the narrowing portion of
the impinged diffuser is in a range from 5° to 20°. 1In
the case where the apex angle of the narrowing portion
of the impinged diffuser is in a range from 5° to 20°9,
1n addition to operation of any of the above-mentioned
pulverized coal burners with the above-mentioned
narrowlng portion, the flow is not separated at the
outer surface of the narrowing portion and the
classification of particles is maintained. When the
apex angle of the narrowing portion becomes 5° or less,
the i1mpinged diffuser becomes too large to be
accommodated within the fuel nozzle. When the apex
angle of the narrowing portion becomes 20° or more, the
flow 1s separated at the outer surface of the narrowing
portion, so that the classification of particles is
significantly lowered.

Further, 1n any of the above-mentioned pulverized

coal burners, the above-mentioned flow path divider has
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a parallel cylinder portion which is provided coaxially
with the central axis of the fuel burner to be parallel
to the central axis and extends from the narrowing
portion. In the case where the flow path divider has
the parallel cylinder portion extending from the
narrowing portion and being parallel to the central
axls, 1n addition to the operation of any of the above-
mentioned pulverized coal burners, feeding speed
directions 1in the outer side and in the inner side of
the parallel cylinder portion can be the same as each
other because both fuel flows in the inner and outer
sides of the parallel cylinder portion flow along the
parallel flow portion, so that even after being jetted
into a furnace, mixing of fuel jet flow in a radial
directlion can be suppressed. Thereby, since a larger
amount of fuel of small diameter particles can be
supplied to the NOx reducing zone, NOx-reducing reaction
can be promoted and the concentration of NOx emitted
from the pulverized coal burner can be lowered.
Further, since a projection area of the parallel
cylinder portion toward the furnace is one corresponding
to the thickness of the plate and can be made very
small, radiation from the furnace becomes small and
burning damage of the pulverized coal burner at time of
o1l burning, and at idle time can be prevented.
Further, since the amount of air needed for cooling can
be made small, the amount of excess air is reduced and
the thermal efficiency of the furnace can be raised.

In any of the above-mentioned pulverized coal
burners, an angle between the outer surface of the
above-mentioned narrowing portion and the central axis
of the fuel burner is in a range 2° to 10°. 1In a case
where the angle between the outer surface of the
narrowing portion and the central axis of the fuel
burner 1s in a range 2° to 10°, in addition to the

operation of any of the above-mentioned pulverized coal
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purners, when the angle between the outer surface of the
narrowlng portion and the central axis of the fuel
burner 1s 10° or more, flow of the mixture is separated
from the outer surface of the narrowing cylinder portion
and cannot flatten a flow distribution on the downstream
side. When the angle between the outer surface of the
narrowlng portion and the central axis of the fuel
burner 1s less than 2°, the narrowing cylinder portion
1s elongated, so that it cannot be accommodated within
the fuel nozzle and the flattening operation of the flow
distribution on the downstream side becomes extremely
small. Therefore, the angle is desired to be in a range
2° to 10°.

Further, in a pulverized coal burner having an air
nozzle supplying combustion air, arranged on both sides
of a fuel nozzle for supplying a mixture of pulverized
coal and air, the fuel nozzle comprises a constricted
throat for contracting a flow of the mixture so as to
cause the flow to approach from one side wall to the
other side wall, an impinged diffuser approaching the
flow from an upstream side to a downstream side and the
one side wall to the other side wall on the downstream
side of the constricted throat, and causing the mixture
to 1mpinge and to diffuse, and a flow path divider
dividing the flow path on the downstream side of the
impinged diffuser.

The burner, which has the constricted throat for
contracting a flow of the mixture so as to cause the
flow to approach from one side wall to the other side

wall, the impinged diffuser gradually approaching the
flow from one side wall to the other side wall, and

causilng the mixture to impinge on to diffuse, and the

flow path divider dividing the flow path, has the same
operation as the previously mentioned pulverized coal

burner provided with the air nozzles supplying

combustion air on both sides of the fuel nozzle, and can
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form a stable flame i1n the vicinity of the pulverized
coal burner, so that thermal decomposition of pulverized
coal 1s promoted and the concentration of NOx 1is
reduced.

In any of the above-mentioned pulverized coal
burners, the fuel nozzle has, at its tip portion, a
deflection plate for deflecting a flow of combustion air
for the air nozzle toward ah outslide and impingement
plates for causing the mixture to impinge thereon. In
the burner, provided with the deflection plate and the
impingement plates at the tip portion of the fuel
nozzle, 1n addition to operation of any of the above-
mentioned pulverized coal burners, the deflection plate
deflects flow of combustion air from the tip portion of
the burner outside. Further, the impingement plates
cause eddiles or vortexes at the tip portion of the fuel
nozzle, enlarge a reverse flow zone of the mixture
formed on the downstream side of the fuel nozzle tip, an
lgniting position of pulverized coal approaches the
pulverized coal burner, and the combustion efficiency of
pulverized coal increases. Additionally, the
temperature becomes high at a position close to the
pulverized coal burner, and consumption of oxygen
increases, so that the reducing flame zone becomes large
and occurrence of NOx is suppressed.

In the drawings:

Fig. 1 is a sectional view of a pulverized coal
burner of a first embodiment according to the present
invention:;

Fig. 2 1s a view viewed from arrow I:;

Fig. 3 1s a sectional view, omitted in part, of a
second embodiment similar to Fig. 1;

Fi1g. 4 is a sectional view of a third embodiment
similar to Fig. 1;

Filg. 5 1s a sectional view taken along a line II-II

of Fig. 4;
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Fig. 6 1s a sectional view taken along a line III-
III of Fig. 4;

Fig. 7 1s a sectional view of a fourth embodiment
similar to Fig. 1;

Fig. 8 is a sectional view taken along a line IV-IV
of Fig. 7; and

Fig. 9 is a sectional view taken along a line V-V
of Fig. 7.

Embodiments of the invention are explained
hereunder 1n detail, referring to the drawings. 1In
Filgs. 1 to 9, the same reference numbers are given to
the same construction and operational parts.

Fig. 1 1s a sectional view of a first embodiment of
the pulverized coal burner according to the present
invention. Fig. 2 is a view viewed from arrow I of
Fig. 1.

The pulverized coal burner 1 of the first
embodiment is a burner suitable for a pulverized coal
burning boiler which burns pulverized coal and generates
steam, and the burner has a fuel nozzle 2, provided at a
position of a central axis, for feeding a mixture 62 of
pulverized coal and primary air. Further, a secondary
air nozzle 27 and a third air nozzle 33 for supplying,
as combustion air in a state of swirling flow, secondary
air 63 and third air 64, respectively, are provided
outside and coaxially with the fuel nozzle 2. The two
alr nozzles 27, 33 are flow paths for supplying the
combustion ailr supplied in a wind-box 42 into a
furnace 43.

Here, the fuel nozzle 2 is a tubular flow path, the
outer wall of which is a primary throat 23, and has an
o1l gun 22, for feeding a stabilizing fuel, mounted on a
central axis 3 of the fuel nozzle 2, to preheat water
pipes 41 mounted on the inner wall of the furnace 43.

Further, the fuel nozzle 2 has a venturi 4 which is a
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constricted throat contracting a flow of the mixture 62
from an upstream side toward the side of the central
axlis 3 of the fuel nozzle 2, a spindle 9 which is an
impinged diffuser provided coaxially with the central
axls of the fuel nozzle on the downstream side of the
venturil 4, gradually expanding from an upstream side to
a downstream side and causing the mixture 62 to impinge
thereon and diffuse, and a distributor 14, which is a
flow path divider dividing coaxially the flow path,
provided coaxially with the central axis of the fuel
nozzle on the downstream side of the spindle 9, and
having a cone 15 which is a narrowing cylinder portion
gradually narrowing from the upstream side to the
downstream side.

Further, the fuel nozzle 2 has a stabilizer 19 at a
tip thereof. The stabilizer 19 has a deflection plate
20 deflecting a flow of secondary air 63 of the
secondary air nozzle, and impingement plates 21 for
causing the mixture 62 to impinge thereon. As shown in
Fig. 2, a plurality of the impingement plates 21 are
mounted in a circumferential direction.

The venturi 4 1s for raising the concentration of
pulverized coal transferred from a pulverized coal
supply apparatus not shown in Fig. 1 and supplying the
pulverized coal, and the area of the minimum flow path
cross-section thereof is 30 to 70% of the flow path
cross-sectional area of the fuel nozzle 2, whereby a
drift of particles by a bent pipe portion, etc. at the
upstream side of the fuel nozzle 2 can be suppressed.

The spindle 9 has a cone 10 which is an expanding

portion, a column 11 which is a parallel portion
extending from the cone 10 to be coaxial and parallel
with the central axis 3 of the fuel nozzle 2, and a

cone 12 which i1s a narrowing portion extending from the
column 11, provided coaxially with the central axis 3 of

the fuel nozzle and gradually narrowing from the
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upstream side to the downstream side. The apex angle of
the cone 10 1s 15°-40° and the apex angle of the cone 12
which i1s the narrowing portion is 5°-20°.

Further, the distributor 14 has a cylinder 17 which
1s a parallel cylinder portion extending from the cone
15 to be coaxial with and parallel to the central axis 3
of the fuel nozzle. The angle between the outer
surface of the cone 15 and the central axis 3 of the
fuel nozzle 1s 2°-10°.

The secondary air nozzle 27 has an annular flow
path, the inner wall of which is the primary throat 23
and the outer wall 1s a secondary throat 28. The
annular flow path 1s provided with secondary air
swirling vanes 31 and a damper 36 on the flow path from
the furnace 43 to the upstream side. The secondary air
swirling vanes 31 supply secondary air 63 while swirling
it. The secondary air swirling vanes 31 are axial flow
type swirling flow generators, and have a plurality of
vanes arranged 1in the flow path in a peripheral
direction and a supporting bar integrating the vanes.
The 1ntensity of the swirling flow passing through the
secondary alr swirling vanes 31 is adjusted by changing
the angle of the vanes by a drive apparatus not shown.

The damper 36, which adjusts the flow rate of
secondary alir 63 and has a cylindrical shape, is mounted
at the position covering an opening communicating the
secondary throat 28 and the wind-box 42, and moved in a
direction parallel with the central axis of the burner
by an adjustor not shown in Fig. 1 to change the area of
the above-mentioned opening. By this operation, a
distribution ratio of secondary air 63 and third air 64

1s adjusted.

The third air nozzle 33 has an annular flow path,
the i1nner wall of which is a third throat 34 and the

outer wall of which i1s a burner throat 38. Third air 64
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from the wind-box 42 is swirled and supplied into the
furnace 43 through third air swirling vanes 35.

The secondary throat 28 and third throat 34 are
separated 1n a radial direction, and the partitioning
portion has a diameter-expanded portion 29 that a
furnace side end face of the secondary throat 28 is
axlially extended while being expanded in a radial
direction, and a partition wall 30 which is a
perpendicular annular wall face facing the furnace 43.

The pulverized coal burner 1 of the first
embodiment having the above-mentioned construction, that
18, the burner 1 in which the fuel nozzle 2 has the
venturl 4, the spindle 9 with the cone 10, and the
distributor 14 having the cone 15 and dividing coaxially
the flow path, operates as follows. The pulverized coal
flowing in the vicinity of the wall of the fuel nozzle 2
impinges on the wall surface of the venturi 4 on the
inflow side, whereby the concentration thereof is
ralsed. The spindle 9 arranged downstream of the
venturli 4 causes the pulverized cocal raised in
concentration to impinge on the outer surface of the
cone 10, thereby to direct the flow direction to the
inner wall surface of the fuel nozzle 2. Thereby, in
the parallel portion of the spindle 9, the pulverized
coal of high concentration can flow in the vicinity of
the inner wall of the fuel nozzle 2.

Further, in the burner in which the spindle 9 has
the column 11 extending from the cone 10 and being
parallel to the central axis 3, and the cone 12
gradually narrowing on the central axis 3, the flow
directlion of the mixture 62 is changed to a direction
along the central axis of the fuel nozzle 2 by the
column 11, and relatively fine particles flow in the
vicinity of the outer surface of the column 11 and the
concentration is lowered there. The cone 12 operates

CLhe mixture 62 so as to flow along the outer surface of
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the cone 12, and relatively fine particles flowing in
the vicinity of the column 11 follow the gas flowing on
the outer surface of the cone 12, and a concentration
gradlient i1n the radial direction of the fuel nozzle 2 is
further increased.

Further, in the burner in which the apex angle of
the cone 10 of the spindle 9 is 15°-40°, classification
of particles 1s effectively performed by the spindle 9.
When the apex angle of the cone 9 is 15° or less, since
a change of the flow direction at the cone 10 is small,
a speed component in the radial direction of the fuel
nozzle 2 becomes small, and classification of particles
at the column 11 becomes extremely weak. On the other
hand} when the apex angle of the cone 10 is made 40° or
more, the outer surface of the cone 10 is easily worn
away by 1mpingement of the particles and pressure loss
of the fuel nozzle 2 increases.

Further, when the apex angle of the cone 12 of the
spindle 1s 5° or less, the spindle becomes larger so

that i1t cannot be accommodated within the fuel nozzle 2.

When the apex angle of the cone 12 becomes 20° or more,
since the flow is separated at the outer surface of the

cone 12, the classification of particles 1is

significantly lowered. Further, the apex angle of the
cone 12 on the downstream side is desired to be smaller
than the apex angle of the cone 10 on the upstream side.
The pulverized coal particles, the flow direction of
which is changed by the spindle 9 and having a high
concentration, maintain temporarily their flow direction
by their inertia, whereby pulverized coal particles of
relatively large diameter are collected to an opening
edge portion of the fuel nozzle 2. The opening edge
portion 1s an outer side portion in the outlet of the
fuel nozzle, including stabilizer plates 19.

Further, the flow path of the fuel nozzle 2 is
coaxlally divided by providing the distributor 14 on the
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downstream side of the spindle 9, flows of pulverized
coal 1n the outer flow path and the inner flow path are
rectified. That is, by arranging the distributor 14,
carrier alr in the outer side and the inner side are
made equal to each other and a speed gradient in the
radial direction 1s decreased.

Further, since the concentration of pulverized coal
in the outer side of the distributor 14, divided by the
distributor 14 becomes high, flame can be stably
malintained even with low-volatile coal, and even at a
time of low load operation in which low concentration
pulverized coal 1s used, the ability of thermal
decomposition of pulverized coal in the reducing flame
zone, particularly, the stability of flame at a low load
1s raised, and occurrence of NOx is suppressed.

Further, the burner, in which the distributor 14
has the cylinder 17 extending from the cone 15 and being
parallel to the central axis, can jet fuel inside and
outside the cylinder 17 in the same direction as each
other, so that even after feeding into the furnace,
mixing of fuel jet flows in the radial direction can be
suppressed. Thereby, a larger amount of fuel of small
diameter particles can be supplied in the NOx reducing
zone, NOx reduction can be promoted, and the
concentration of NOx discharged from the pulverized coal
burner 1s decreased. '

A projection area of the cylinder 17 to the
direction of the furnace is only an area corresponding
to the thickness of a plate, and can be made very small,
so that radiation from the furnace becomes small and
burning damage of the pulverized coal burner at a time
of o1l burning and at an idling time can be prevented.
Further, since the amount of air necessary for cooling
can be made small, it is possible to decrease excess air

and raise the thermal efficiency'of the furnace.
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Further, when an angle between the outer surface of
the cone 15 and the central axis 3 of the fuel nozzle
exceeds 10°, the flow of the mixture 62 is separated
from the outer surface of the cone 15 and it is
impossible to flatten a flow speed distribution on the
downstream side. When the angle between the outer
surface of the cone 15 and the central axis 3 of the
fuel nozzle i1s less than 2°, the length of the cone 15
becomes long, so that it cannot be accommodated within
the fuel nozzle and the speed distribution cannot be
flattened on the downstream side. Therefore, the angle
between the outer surface of the cone 15 and the central
axls 3 of the fuel nozzle is desirable to be in the
range of 2° to 10°.

In the burner, in which the stabilizer 19 having
the deflection plate 20 and the impingement plates 21
are provided at the tip portion of the fuel nozzle 2,
the deflection plate 20 deflects the flow of secondary
alr from the tip 7 of the fuel nozzle to the outside.
The i1mpingement plates 21 generate eddies or vortexes in
the vicinity of the tip 7 of the fuel nozzle. As shown
in Fig.2, in the first embodiment, since the deflection
plate 20 for deflecting the flow of secondary air from
the tip 7 of the fuel nozzle to the outside and the
1impingement plates 21 which are bar to the flow are
provided at the tip portion of the fuel nozzle 2, a
reverse flow zone formed, at a downstream side between
the fuel nozzle 2 and the secondary nozzle 27, that is,
right downstream of the stabilizer 19 is made large.
Therefore, an ignition position of pulverized coal
approaches the opening portion of the pulverized coal
burner 1, and the combustion efficiency of pulverized
coal 1s raised. Since the temperature becomes high at a
position close to the pulverized coal burner 1, and
consumption of oxygen progresses, the reduction flame

zone becomes large and occurrence of NOx is suppressed.
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Further, i1n the present invention, by providing the
dlameter-enlarged portion 29 expanding gradually the
flow path of the secondary air nozzle 27 from the tip
portion of the fuel nozzle 2, axial flow speed of
secondary alr 63 1s retarded, and swirling speed can be
maintained. At this time, the size of the reverse flow
zone formed downstream of the stabilizer 19 of the fuel
nozzle 2 1s determined according to the swirling
intensity of secondary air 63. Therefore, even under
the condition that flow rate of combustion air is small,
the scale of a reverse flow zone formed right downstream
of the stabilizer 19 becomes equal to that under the
condition that flow rate of the combustion air is large,
by increasing a flow rate of secondary air 63 occupied
in the combustion air or increasing swirling speed
component by changing the angle of the secondary air
swirling vanes 31. Thereby, even under the condition of
a small flow rate of combustion air, pulverized coal can
be ignited by the stabilizer 19. This method 1is
excellent in that a stable flame can be attained with
low pressure loss, compared with a method of operating
the swirling intensity of third air 64, the flow rate of
which i1s larger than the secondary air 64.

The pulverized coal burner 1 of the present
embodiment has the following excellent points by
providing the distributor 14 having the cone 15,
compared with a guide cylinder disclosed, for example,
in JP A 3-110308.

That 1s, first, since only an upstream side end of
the distributor 14 is close to the inner wall surface of
the fuel nozzle 2, and the other portion is separated
away from the inner wall surface of the fuel nozzle 2,
the pressure loss of the flow path on the inner side of
the distributor 14 can be made small. In a case where
the upstream side of the distributor 14 has the same

radius, flow rate of carrier air including pulverized



10

15

20

25

30

35

CA 02205778 1997-05-22

19

coal of high concentration flowing in the outer pipe
passage of the distributor 14 becomes large, and a ratio
of pulverized coal distributed in a high concentration
side increases. Therefore, it is possible to widen a
region of a high pulverized coal concentration at the
opening edge portion of the fuel nozzle 2. Since the
thickness of a fuel jet flow of high concentration in
the radial direction increases, it is possible to
malntain the fuel jet flow of high concentration even
inside the furnace, reducing atmosphere within the flame
can be effectively generated and pulverized coal can be
burnt with low NOx emission.

On the other hand, under the condition of the same
pressure loss, the upstream side end of the distributor
14 can be approached to the wall surface of the fuel
nozzle 2. Since the concentration of pulverized coal is
higher as i1t is closer to the wall surface of the fuel
nozzle 2, the concentration of pulverized coal on the
outer side divided out by the distributor 14 becomes
high, a stable flame can be maintained even at a time of
a low load operation in which low concentration fuel 1is
used, and at a time of burning of low-volatile coal.

Second, since the downstream side end éf the
distributor 14 is parallel to the central axis of the
fuel nozzle 2, and jetting speed in the outer side and
the i1nner side of the distributor can be in the same
direction, even after being jetted into the furnace,
mixing of fuel jet flows in the radial direction can be
suppressed. Thereby, since a larger amount of fuel of
small diameter particles can be supplied to the NOx
reducing zone, NOx reducing reaction is promoted, and
the concentration of NOx emitted from the burner
decreases.

Third, a projection area, of the distributor 14 to
the direction of the furnace, in the vicinity of the end

surface of the downstream side is only an area
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corresponding to the thickness of the plate, and can be
made very small. When the above-mentioned projection
area 1s small, radiation from the furnace becomes small.
In a case where 01l 1is burnt by the pulverized coal
burner and even in a case where pulverized coal is not
fed, since the radiation received by the burner is
small, the pulverized coal burner becomes difficult to
suffer burning damage. Further, since the amount of air
necessary for cooling can be made small, it is possible
to decrease excess air and raise the thermal efficiency
of the boiler.

Fig. 3 is a sectional view, a part of which is
omitted, of a second embodiment similar to Fig. 1. 1In a
pulverized coal burner 1 of the second embodiment shown
in this figure, the portions modified in comparison with
the burner of Fig. 1 are shown, and the other portions
are omitted. In the pulverized coal burner 1 of the
second embodiment, a distributor 14 which is a flow path
divider 1s made of only a cone 15 which is a narrowing
cylinder portion, and by this, flow speed distribution
on the downstream side of the spindle 9 is flattened.
The angle of the cone 15 is desired to be in a range of
2° to 10° . As mentioned above, in the range of the
angle, separation of a mixture flow from the outer side
surface of the cone 15 is suppressed.

The pulverized coal burner of the second embodiment
has an object to flatten the flow speed distribution on
the downstream side of the cone 15. In order to achieve
the object, it is necessary to flow air along the inner
peripheral surface and the outer peripheral surface of
the cone 15. Therefore, it is particularly important
that air flows along the outer peripheral surface, and
separation of air at the outer peripheral surface of the

cone 15 should be suppressed. Once air flow is

separated, particles cannot diffuse into the separated

flow and the particles are carried to the tip of the
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fuel nozzle as they are. Conditions of separation of
alr at the outer peripheral surface were measured in
detail, as a result, it is found clear that the angle of
the cone 1s desired to be in a range of 2° to 10°. 1In
the case of the angle being 2° or less, air flowing onto
the 1nner peripheral surface of the cone 15 becomes
small, the speed distribution has a higher speed at the
outer peripheral surface of the nozzle. Further, when
the angle becomes 10° or larger, air flow is separated
at the outer peripheral surface of the cone 15 on the
downstream side. Construction and operation of the
other portions are the same as the burner of Fig.1l, so
that thelr explanations are omitted.

The fuel nozzle 2 of the pulverized coal burner of

the present embodiment as mentioned above can raise the
concentration of fuel at the opening edge portion of the
nozzle to about twice the concentration under the
transfer conditions. Further, the flow speed
distribution can be flattened within +/-5% of an average
flow speed. Thereby, pulverized coal is easily ignited,
so that denitration reaction in the flame is promoted
and the concentration of NOx can be decreased. In the
case where bituminous coal of fuel ratio 2.3 is burnt
and 1t 1s compared under the condition of unburnt
substance 5% in ash at the furnace outlet, the
concentration of NOx is reduced by 20% compared with
conventional substances. Further, since the fuel
concentration at the opening edge portion of the fuel
nozzle 2 becomes high, flame can be stably formed even
under the condition of lean fuel concentration.
Thereby, hitherto, by coal-only burning, a stable flame
was maintained only until a burner load of 40%, but, in
this embodiment the stable flame can be maintained until
a burner load of 20% and stabilizing fuel such as oil

can be decreased.
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The pulverized coal burner 1 of the invention is
most desirable to be a burner constructed of a fuel
nozzle 1, a secondary air nozzle 27 and a third air
nozzle 33, however, provision of one auxiliary air
nozzle can be sufficient instead of providing separately
the secondary air nozzle 27 and the third air nozzle 33.

Further, a stabilizing function of this burner is
based on the fact that a negative pressure portion is
formed which 1s lower in atmospheric pressure in the
vicinity of the outlet end of the fuel nozzle than its
surroundings, circulation flows of pulverized coal and
alr occur there, and ignitability becomes good. In
order to further promote the phenomenon, pulverized
coal, the concentration of which is made higher than at
the outlet of a pulverizer, is supplied into the
negative pressure portion of the nozzle outlet portion.

Further, in the pulverized coal burner 1 of the
present invention, in order to independently change the
concentration distribution and the flow speed
distribution, at the outlet of the fuel nozzle 2, an
upstream side portion of the flow path divider 14 is
preferred to be the cone 15 which is the narrowing
cylinder the diameter of which changes to be smaller
toward the downstream side. When the flow path divider
1s provided so that the small diameter portion thereof
1s positioned on the upstream side, it is difficult to
independently change the concentration distribution and
the flow speed concentration at the outlet of the fuel

nozzle 2. Further, it is apt to receive radiation from

the furnace and problems such as thermal deformation and
burning damage occur.

Fig. 4 1s a sectional view, of a third embodiment,
similar to Fig. 1. Fig. 5 is a sectional view taken
along a line II-II of Fig. 4, and Fig. 6 is a sectional

view taken along a line III-III of Fig. 4.
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The pulverized coal burner 1 of the first or second
embodiment has a circular cross-section. The present
lnvention can be applied to a rectangular burner in
which the flow path has a rectangular cross-section.

The pulverized coal burner 1 of the third embodiment has
air nozzles 55 for supplying combustion air on both
sides of a fuel nozzle 2 for feeding mixture 62 of
pulverized coal and air.

Further, the fuel nozzle 2 is provided with a
constricted throat 45 contracting flow of mixture 62
toward the central axis 3 of the fuel nozzle, an
1mpinged diffuser having an expansion portion 47
provided on the central axis 3 of the fuel burner on the
downstream side of the constricted throat 45, gradually
expanding the upstream side to the downstream side and
causing the mixture 62 to impinge thereon to diffuse, a
parallel portion 48 and a narrowing portion 49, and a
flow path divider 50, provided coaxially with the
central axis 3 of the fuel nozzle on the downstream side
of the impinged diffuser 46, and dividing coaxially the
tlow path, the flow path divider having a narrowing
cylinder portion 51 narrowing gradually from the
upstream side to the downstream side and a parallel
cylinder portion 52 extending from the narrowing
cylinder portion 51.

The fuel nozzle 2 and the air nozzles 55 each have
a rectangular shape, and the air nozzles 55 are provided
on upper and lower sides of the fuel nozzle 2 so as to
be adjacent thereto. In the case of this burner, since
the flow path is rectangular, the constricted throat 45,
the impinged diffuser 46, the flow path divider 50, etc.
arranged 1nside the fuel nozzle 2 are also rectangular
1n cross-section. When those sectional shapes are
provided with the shape of the flow path section, the
highest performance is exhibited, however, even in a

case where the fuel nozzle itself is rectangular in
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cross-section, and sectional shapes of the constricted
throat 45, the 1mpinged diffuser 46, the flow path
divider 50, etc. are circular, virtually the same
performance 1s exhibited.

In the pulverized coal burner 1 of the third
embodiment, the fuel burner 2 is provided with the
constricted throat 45, the impinged diffuser 46 and the
flow path divider 50, whereby the pulverized coal burner
provided with the air nozzles on both sides of the fuel
nozzle, has a similar operation to the previously
mentioned pulverized coal burner.

Fig. 7 is a sectional view, of a fourth embodiment,
similar to Fig. 1, Fig. 8 is a sectional view taken
along a line IV-IV of Fig. 7, and Fig. 9 is a sectional
view taken along a line V-V of Fig. 7.

The pulverized coal burner 1 of the fourth
embodiment has air nozzles 55 supplying combustion air
on both sides of a fuel nozzle 2 jetting mixture 62 of
pulverized coal and air. The fuel nozzle 2 is provided
with a constricted throat 58 contracting flow of mixture
62 from one side wall surface to the other side wall
surface, an impinged diffuser 59 gradually approaching
the mixture from the other wall surface to the one wall
surface, and from the upstream side to the downstream
side, on the downstream side of the constricted throat
58 and causing the mixture 62 to impinge to diffuse, and
a flow path divider 60 dividing the flow path on the
downstream side of the impinged diffuser 59.

In the case of the pulverized coal burner of the
fourth embodiment, the constricted throat 58 of the fuel
nozzle 2, the impinged diffuser 59, the flow path
divider 60 extend uniformly toward the inner part.

The burner, in which the fuel nozzle 2 has the
constricted throat 58 contracting flow of mixture 62
from one side wall surface to the other side wall

surface, the impinged diffuser 59 gradually approaching
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the mixture from the other wall surface 57 to the one
wall surface 56 and causing the mixture 62 to impinge to
diffuse, and the flow path divider 60 dividing the flow
path, has an operation similar to the pulverized coal
burner of the previous third embodiment (Fig.3), forms a
stable flame in the vicinity of the pulverized coal
burner, promotes thermal decomposition of pulverized
coal and reduces the concentration of NOx.

According to the pulverized coal burner of the
present invention, the stability of the flame at a time
of low load operation 1s raised, the combustion
efficiency of pulverized coal 1s 1improved, and the
reducing flame zone 1s enlarged to suppress occurrence
of NOx.

Further, the amount of stabilizing fuel used 1is
reduced by enlarging a load range of the burner in which

combustion 1is possible with only pulverized coal.
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CLAIMS:

1. A pulverized coal fuel nozzle for feeding a mixture of
pulverized coal and air and an air nozzle, arranged
coaxially with and outside said fuel nozzle, for supplying
combustion air in a state of swirling flow, characterized 1in
that said fuel nozzle comprises:

a constricted throat for contracting a flow of said
mixture toward a central axis of said fuel nozzle,

an impinged diffuser having an expanding portion,
provided on a central axis of and on the downstream side of
salid constricted throat, expanding gradually from an
upstream side to a downstream side and causing saild mixture
to impinge thereon and diffuse thereby, and

a flow path divider having a narrowing cylinder
portion, provided coaxially with said fuel nozzle directly
on the downstream side of sailid impinged diffuser and
gradually narrowing from an upstream side to a downstream

side, and dividing the flow path.

2. A pulverized coal burner having a fuel nozzle for
feeding mixture of pulverized coal and air and an air
nozzle, arranged on both sides of said fuel nozzle, for
supplying combustion air, characterized in that said fuel
nozzle comprises:

a constricted throat for contracting a flow of said
mixture toward a central axis of said fuel nozzle,

an impinged diffuser having an expanding portion,
provided on a central axis of and on the downstream side of
sald constricted throat, expanding gradually from an
upstream side to a downstream side and causing said mixture
to impinge thereon and diffuse thereby, and

a flow path divider having a narrowing cylinder
portion, provided coaxially with said fuel nozzle directly
on the downstream side of said impinged diffuser and

gradually
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narrowing from an upstream side to a downstream side,

and dividing the flow path.

3. A pulverized coal burner according to claim 1 or 2,
characterized in that said impinged diffuser comprises a
parallel portion, being parallel to the central axis of
said fuel nozzle and provided on the central axis of
sald fuel nozzle so as to extend from sald expanding
portion, and a narrowing portion narrowling from an
upstream side to a downstream side, sald narrowing
portion being provided on the central axis of said fuel

nozzle so as to extend from said parallel portion.

4 . A pulverized coal burner according to claim 3,
characterized i1n that an apex angle of said expanding
portion of said impinged diffuser i1s i1in a range from 15°
to 40°.

5. A pulverized coal burner according to claim 3,
characterized in that an apex angle of said narrowing
portion of said impinged diffuser is in a range from 5°
to 20°.

6. A pulverized coal burner according to claim 1,
characterized in that said flow path divider comprises a
parallel portion parallel to the central axis of said
fuel nozzle, said parallel portion being provided
coaxlially with the central axis of said fuel burner to
be parallel to said central axis and extend from said

narrowing portion.

7. A pulverized coal burner according to claim 1,
characterized in that an angle between an outer surface

of said narrowing portion and the central axis of said

fuel burner i1s in a range 2° to 10°.
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8. A pulverized coal burner according to claim 2,
characterized in that at a tip portion of said fuel nozzle,
there 1s provided a deflection plate for deflecting a flow of
combustion air for said ailr nozzle radially outward and an
impingement plate for causing said mixture to impinge

thereon.

9. A pulverized coal fuel nozzle according to claim 1,
characterized in that at a tip portion of said fuel nozzle,
there 1s provided a deflection plate for deflecting a flow of
combustion air for said alr nozzle radially outward and an
impingement plate for causing said mixture to impinge

thereon.
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