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@ Waste incinerator and waste incinerating method using same.

@ A waste incinerator capable of sufficiently mixing
gasified refuse (waste) with an auxiliary combustion
air to thereby reduce the emission of dioxin during
incineration. The interior of an incinerator body (10)
is divided into a primary combustion zone (A1), a
secondary combustion zone (A2), and a ftertiary
combustion zone (A3). A lower restriction (12) is
provided at an interfacial portion between the zones
(A1) and (A2), and an upper restriction 14 is pro-
vided at an interfacial portion between the zones
(A2) and (A3), whereby an inlet portion of the secon-
dary combustion zone (A2) is so configured as fo
upwardly increase in diameter, and an outlet portion
of the secondary combustion zone (A2) is so config-
ured as to upwardly decrease in diameter. A secon-
dary air is upwardly injected in a swirling condition
from secondary air injection holes (20) of the lower
restriction (12), and a tertiary air is downwardly in-
jected from tertiary air injection holes (26) of the
upper restriction (14).

FIG. 1

Rank Xerox (UK) Business Services
(3.10/3.09/3.3.4)
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BACKGROUND OF THE INVENTION

The present invention relates to a waste incin-
erator adapted to be installed in a waste incinerat-
ing plant or the like, and also relates to a waste
incinerating method using the waste incinerator.

In general, an incinerator constitutes one of
important equipments in a waste incinerating plant,
and serves to completely burn and incinerate
refuse supplied and also to suppress the genera-
tion of harmful substances during combustion of
the refuse.

Such an incinerator is generally classified into
a stoker type and a fluidized bed type. An example
of the structure of the fluidized bed type incinerator
in the prior art is shown in Fig. 9.

Referring to Fig. 9, an incinerator body 80 has
a laminated structure consisting of a refractory 81,
an insulator 82, and a shell 83, which are laminated
in this order from the inside of the body 80. Fur-
ther, a sand bed 84 is provided at the bottom in the
body 80. A fluidizing air (primary air for combus-
tion) is infected into the sand bed 84 through
fluidizing grids 86 provided under the sand bed 84,
thus starting fluidization of the sand bed 84. At
starting, the sand bed 84 is heated by a tempera-
ture raising burner 87. When the temperature of the
sand bad 84 reaches about 700° C, refuse is sup-
plied from a refuse feeder 88 into the incinerator,
whereby a part of the refuse is fired and gasified
by the heat of the sand bed 84. The heat gen-
erated by the combustion of the refuse is partially
taken into the sand bed 84 to maintain the tem-
perature of the sand bed 84 at a steady tempera-
ture of about 700°C. The gasified refuse enters a
space (free board) 90 defined above the sand bed
84. In the free board 90, the gasified refuse is
mixed with a secondary air (auxiliary combustion
air) supplied from a secondary combustion air noz-
zle 89, thus performing secondary combustion.
Then, the combustion gas generated in the free
board 90 is ejected from the incinerator at an outlet
temperature of about 900°C. On the other hand,
the remaining incombustible is circulated in the
sand bed 84, and is finally ejected from the inciner-
ator through an incombustible extraction pipe 92,
an incombustible extractor 94, and a vibrating
screen 96. The sand (fluidic medium) separated
from the incombustible by the vibrating screen 96
is returned through a fluidic medium circulator 98
o the sand bed 94 in the incinerator.

Further, reference numeral 99 denotes a fuel
supply hole for supplying an auxiliary fuel into the
sand bed 84.

In recent years, the emission of dioxin from the
waste incinerating plant constitutes a serious social
problem. In regulating the emission of dioxin, it is
known that three Ts, namely, (1) a residence time
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(T) of the gas in the free board 90, (2) a tempera-
ture (T) of the gas in the free board 90, and (3) a
turbulence (T) of the gas in the free board 90, i.e.,
an efficiency of mixing between the gasified refuse
and the air, are important.

In the conventional incinerator, the conditions
on the time and the temperature of the above three
Ts are enough met, but the improvement of the
mixing efficiency is a great subject to be consid-
ered. In order o improve the efficiency of mixing
between the gasified refuse (unburned gas) and the
air, there have been proposed various means such
as (A) means for horizontally blowing a secondary
air into the incinerator to bend a main gas flow, and
(B) means for changing the shape of the incinerator
by constriction or bend to thereby induce the tur-
bulence of the gas. However, none of these means
can provide a satisfactory effect.

As another way rather than the improvement of
the mixing efficiency, combustion control may be
carried out so as to supply an optimum air quantity
for an actual supply quantity of refuse. Although
such a combustion control can reduce the emission
of dioxin, it is difficult to accurately measure the
actual supply quantity of refuse. Further, a com-
bustion condition varies with a quality of refuse.
Accordingly, it is actually difficult to carry out the
accurate combustion control as mentioned above.

SUMMARY OF THE INVENTION
(Object)

It is accordingly an object of the present inven-
tion to provide a waste incinerator which can effec-
tively mix gasified waste such as refuse with an
auxiliary combustion air to thereby reduce the
emission of dioxin.

(Constitution)

According to the present invention, in a waste
incinerator for burning waste supplied into the in-
cinerator to gasify the waste and ejecting the
gasified waste out of the incinerator; a primary
combustion zone for burning the waste to pyrolyze
and gasify it is formed in the incinerator; a secon-
dary combustion zone for further burning gas gen-
erated in the primary combustion zone is formed
above the primary combustion zone in the inciner-
ator; and a recirculation vortex of gas directed
upwardly from an inlet portion of the secondary
combustion zone and turned down before an outlet
portion of the secondary combustion zone is
formed in the secondary combustion zone (claim
1).

Further, according to the present invention, air
supplying means for supplying an auxiliary com-
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bustion air into the incinerator is provided as
means for forming the recirculation vortex, and an
inside shape of the incinerator in the secondary
combustion zone and a supply position and a sup-
ply direction of the auxiliary combustion air from
the air supplying means are set so as to form the
above recirculation vortex (claim 2).

Preferably, the inside shape of the incinerator
in the secondary combustion zone is set so that
the outlet portion of the secondary combustion
zone is upwardly decreased in diameter; the sup-
ply position of the auxiliary combustion air from the
air supplying means is set at the inlet portion and
the outlet portion of the secondary combustion
zone; and the supply direction of the auxiliary com-
bustion air to be supplied at the outlet portion is set
downward (claim 3).

More preferably, the supply direction of the
auxiliary combustion air to be supplied at the inlet
portion of the secondary combustion zone is set so
as to be swirled (claim 4), or the inside shape of
the incinerator in the secondary combustion zone
is set so that the inlet portion of the secondary
combustion zone is upwardly increased in diameter
(claim 5).

More preferably, a tertiary combustion zone for
retaining gas burned in the secondary combustion
zone is formed between the secondary combustion
zone and an outlet of the incinerator (claim 7).

More preferably, a cooling jacket is formed in a
side wall of the incinerator surrounding the secon-
dary combustion zone or the tertiary combustion
zone, and feeding means for feeding a cooling fluid
o the cooling jacket is provided (claim 6 or 8).

In this case, it is more effective to provide
temperature detecting means for detecting a tem-
perature in the incinerator and flow control means
for controlling a flow rate of the cooling fluid fed to
the cooling jacket by the feeding means according
to the temperature detected by the temperature
detecting means (claim 9).

In the above-mentioned incinerator according
to the present invention, it is preferable that steam
or atomized water is mixed with the auxiliary com-
bustion air, thereby obtaining a more excellent ef-
fect to be hereinafter described (claim 10).

(Operation)

In the waste incinerator according to claim 1 or
2, waste is burned to generate gas in the primary
combustion zone, and the gas is then introduced
into the secondary combustion zone, in which the
gas is further burned. Further, a recirculation vortex
of gas directed upwardly from the inlet portion of
the secondary combustion zone and turned down
before the outlet portion of the secondary combus-
tion zone is formed in the secondary combustion
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zone. Accordingly, the gas and the auxiliary com-
bustion air can be sufficiently mixed with each
other by this recirculation vortex.

In the waste incinerator according to claim 3,
the auxiliary combustion air supplied to the inlet
portion of the secondary combustion zone and the
unburned gas generated by the combustion of
waste in the primary combustion zone are intro-
duced into the secondary combustion zone. Then,
the mixture of the gas and the air is raised toward
the outlet portion of the secondary combustion
zone, and is then turned down by the restriction
formed at the outlet portion of the secondary com-
bustion zone. Then, the mixture thus turned down
is forced downwardly by the auxiliary combustion
air supplied downwardly at the outlet portion of the
secondary combustion zone, thus forming the recir-
culation vortex.

In the waste incinerator according to claim 4,
the auxiliary combustion air supplied at the inlet
portion of the secondary combustion zone is
swirled to thereby accelerate the formation of the
recirculation vortex. In the waste incinerator accord-
ing fo claim 5, the gas passage at the inlet portion
of the secondary combustion zone is rapidly in-
creased in diameter, so that the rising gas passing
through the inlet portion is expanded in the radial
direction of the inlet portion to flow into the secon-
dary combustion zone. Further, the auxiliary com-
bustion air is supplied downwardly at the outlet
portion of the secondary combustion zone, thereby
more stably accelerating the formation of the recir-
culation vortex.

In the case where carbon or soot is generated
in the combustion gas, or in the case where an
oxygen quantity or a fuel supply quantity is small,
complete combustion in the incinerator cannot be
expected in spite of good mixing in the secondary
combustion zone if the residence time of the com-
bustion gas in the incinerator is insufficient. In view
of this, the waste incinerator according to claim 7 is
provided with a tertiary combustion zone between
the secondary combustion zone and the outlet of
the incinerator. Accordingly, the combustion gas
generated in the secondary combustion zone is
retained in the tertiary combustion zone until the
gas is ejected from the outlet of the incinerator.
Thus, more complete combustion can be effected.

In the waste incinerator according to claim 6 or
8, the cooling fluid is fed to the cooling jacket
formed in the side wall of the incinerator surround-
ing the secondary combustion zone or the tertiary
combustion zone, thereby preventing an abnormal
increase in temperature in the incinerator and si-
multaneously recovering the heat generated in the
incinerator through the cooling fluid to effectively
utilize thermal energy.
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In the waste incinerator according to claim 9,
the flow rate of the cooling fluid is controlled ac-
cording o an actual temperature in the incinerator,
thereby maintaining a proper temperature in the
incinerator more accurately.

In the incinerating method according fo claim
10, steam or atomized water larger in specific
gravity than the auxiliary combustion air is mixed
with the auxiliary combustion air, thereby increas-
ing the kinetic energy of the water-containing auxil-
iary combustion air by an increase in mass of
water. Accordingly, a force of the auxiliary combus-
tion air penetrating through the flow of the rising
gas to reach the center of the incinerator (which
force will be hereinafter referred to as a penetration
force) can be increased to thereby effect the for-
mation of a stronger recirculation vortex and the
adjustment of a vorticity.

(Effect)

As described above, according to the present
invention, the recirculation vortex is formed in the
secondary combustion zone to improve the effi-
ciency of mixing between the auxiliary combustion
air and the gasified waste. Accordingly, the emis-
sion of dioxin can be greatly suppressed without
complex combustion control.

In particular, in the waste incinerator according
to claim 4, the auxiliary combustion air is injected
in a swirling condition from the inlet portion of the
secondary combustion zone. Accordingly, the recir-
culation vortex con be formed more easily.

In the waste incinerator according to claim 5,
the outlet portion of the secondary combustion
zone is configured so that the gas passage at the
outlet portion is gradually restricted toward the
upper end of the outlet portion. Accordingly, the
auxiliary combustion air supplied downwardly from
the outlet portion of the secondary combustion
zone can be prevented from flowing into the pri-
mary combustion zone owing to the acceleration of
formation of the recirculation vortex by the rapid
expansion of the gas passage at the inlet portion of
the secondary combustion zone and owing fo the
specific shape of the secondary combustion zone.
As a result, the recirculation vortex can be stabi-
lized.

In the waste incinerator according to claim 7,
the gas burned in the secondary combustion zone
is retained in the tertiary combustion zone until the
gas reached the outlet of the incinerator. Accord-
ingly, even in the case where the gas burned in the
secondary combustion zone contains a substance
requiring a long time for combustion, such as car-
bon, or in the case where an oxygen quantity or a
fuel supply quantity is small, sufficient combustion
in the incinerator can be ensured.
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In the waste incinerator according to claim 6 or
8, the cooling fluid is fed to the cooling jacket
formed in the side wall of the incinerator surround-
ing the secondary combustion zone or the tertiary
combustion zone. Accordingly, an excessive in-
crease in temperature in the incinerator can be
prevented to ensure normal combustion. Moreover,
the heat generated in the incinerator can be recov-
ered through the cooling fluid as a medium, there-
by realizing energy saving.

In the waste incinerator according to claim 9,
the flow rate of the cooling fluid is controlled ac-
cording o an actual temperature in the incinerator,
thereby maintaining a proper temperature range in
the incinerator more accurately.

In the incinerating method according fo claim
10, steam or atomized water larger in specific
gravity than the auxiliary combustion air is mixed
with the auxiliary combustion air, thereby increas-
ing the kinetic energy of the air/water mixture by an
increase in mass of water. Accordingly, the pene-
tration force of the auxiliary combustion air (i.e., the
force of the auxiliary combustion air penetrating
through the flow of the rising gas to reach the
center of the incinerator) can be increased to there-
by effect the formation of a stronger recirculation
vortex and the adjustment of a vorticity.

Other objects and features of the invention will
be more fully understood from the following de-
tailed description and appended claims when taken
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an elevational view in section of an
essential part of a waste incinerator in a first
preferred embodiment of the present invention;
Figs. 2(a) and 2(b) are cross sections taken
along the line A-A and the Line B-B in Fig. 1,
respectively;

Fig. 3 is a view illustrating the result of computa-
tion of a CO mixed condition and a gas velocity
vector in a conventional waste incinerator;

Fig. 4 is a view illustrating the result of computa-
tion of a CO mixed condition and a gas velocity
vector in the waste incinerator of the first pre-
ferred embodiment;

Fig. 5 is an elevational view in section of an
essential part of a waste incinerator in a second
preferred embodiment of the present invention;
Fig. 6 is an elevational view in section of an
essential part of a waste incinerator in a third
preferred embodiment of the present invention;
Fig. 7 is an elevational view in section of an
essential part of a waste incinerator in a fourth
preferred embodiment of the present invention;
Figs. 8(a) and 8(b) are horizontal sectional views
similar to Figs. 2(a) and 2(b), respectively, show-
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ing a maodification of the horizontal sectional
shape of the waste incinerator according to the
present invention;

Fig. 9 is an elevational view in section of a
waste incinerator in the prior art;

Fig. 10 is a graph showing a test result on
combustibility in model incinerators of the prior
art type and the present invention type; and

Fig. 11 is an elevational view in section showing
a modification of the internal shape of the waste
incinerator according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A first preferred embodiment of the present
invention will now be described with reference to
Figs. 1 to 4. In the waste incinerator shown in Figs.
1 to 4, the laminated structure of the side wall of an
incinerator body 10 and the construction of the
peripheral equipment are similar to those shown in
Fig. 9, and the explanation thereof will be omitted
herein.

As shown in Fig. 1, the inside of the incinerator
body 10 is divided into a primary combustion zone
(gasification zone) A1, a secondary combustion
zone (main combustion zone) A2, and a fertiary
combustion zone A3, which are arranged in this
order from the lower side. A lower restriction 12
projecting from the inner wall surface of the body
10 is provided at an interfacial portion between the
primary combustion zone A1 and the secondary
combustion zone A2, and an upper restriction 14
projecting from the inner wall surface of the body
10 is provided at an interfacial portion between the
secondary combustion zone A2 and the ftertiary
combustion zone A3. An air supplying device (air
supplying means) 15 is connected to the lower
restriction 12 and the upper restriction 14.

The lower restriction 12 has an inner circum-
ferential surface consisting of a tapering surface 16
upwardly decreasing in diameter, a cylindrical sur-
face 17 constant in diameter, and a tapering sur-
face 18 upwardly increasing in diameter, which are
arranged in this order from the lower side. As
shown in Fig. 2(a), the cylindrical surface 17 is
formed with a plurality of secondary air injection
holes 20 arranged circumferentially at regular inter-
vals so that the air supplied from the air supplying
device 15 may be injected as a secondary air
(auxiliary combustion air) from each secondary air
injection hole 20 into the incinerator. The direction
of injection of the secondary air is so set as to be
inclined upwardly at an appropriate angle (e.g.,
about 30 °) with respect to a horizontal direction in
a vertical section as shown in Fig. 1 and to be
inclined with the same orientation at an appropriate
angle (e.g., about 45°) with respect to a radial
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direction in a horizontal section as shown in Fig. 2-
(a). In other words, the direction is set so that the
secondary air may be supplied upwardly spirally
into the incinerator.

The upper restriction 14 has an inner circum-
ferential surface consisting of a tapering surface 22
upwardly decreasing in diameter and a tapering
surface 24 upwardly increasing in diameter, which
are arranged in this order from the lover side. As
shown in Fig. 2(b), the upper restriction 14 is
formed with a plurality of (e.g., four) tertiary air
injection holes 26 arranged circumferentially at
equal intervals and with a plurality of auxiliary terti-
ary air injection holes 28 between the tertiary air
injection holes 26 so that the air supplied from the
air supplying device 15 may be injected as a
tertiary air (auxiliary combustion air) from these
injection holes 26 and 28 into the incinerator.

The direction of injection of the tertiary air from
the tertiary air injection holes 26 is so set as to be
inclined downwardly at an appropriate angle with
respect to a horizontal direction in a vertical section
as shown in Fig. 1 and to coincide with a radial
direction in a horizontal section as shown in Fig. 2-
(b). Concretely, when a penetration force of the
tertiary air injected from the tertiary air injection
holes 26 is strong (i.e., a force of the tertiary air
penetrating through a rising gas flow in the inciner-
ator to reach the center of the incinerator is
strong), the direction is set at an appropriate angle
ranging from about 0° to about 60° (e.g., about
45 °) with respect to the radial direction in a plane
perpendicular to a center axis of the incinerator.

Further, the direction of injection of the tertiary
air from the auxiliary tertiary air injection holes 28
is so set as to coincide with the horizontal direction
in the vertical section as shown in Fig. 1 and
coincide with the radial direction in the horizontal
section as shown in Fig. 2(b).

Thus, the internal shape of the incinerator in
the secondary combustion zone A2 is set so that
the inlet portion of the zone A2 is upwardly in-
creased in diameter and the outlet portion of the
zone A2 is upwardly decreased in diameter.

In such an incinerator, refuse is supplied onto a
sand bed (not shown) provided in the primary
combustion zone A1, and the refuse is then burned
to be gasified, which is in turn introduced into the
secondary combustion zone A2.

In the secondary combustion zone A2, the sec-
ondary air is upwardly injected in a swirling con-
dition from the secondary air injection holes 20 of
the lower restriction 12 forming the inlet portion of
the zone A2. The secondary air injected is raised
as radially expanding, and is thereafter restricted
toward the center axis by the tapering surface 22
of the upper restriction 14 forming the outlet por-
tion of the zone A2. Further, the tertiary air is
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downwardly injected from the tertiary air injection
holes 26 of the upper restriction 14, thereby for-
ming a recirculation vortex (i.e., a gas flow turning
down at the outlet portion of the zone A2 after
rising) in combination with the secondary air.
Owing to this recirculation vortex, the secondary air
and the tertiary air are effectively mixed with the
combustion gas rising from the primary combustion
zone A1, thereby effectively reburn the combustion
gas. A gas generated by this recombustion is al-
lowed to flow through the tertiary combustion zone
A3, and is then ejected from the upper portion of
the incinerator.

As mentioned above, the lower and upper re-
strictions 12 and 14 are provided at the inlet and
the outlet of the secondary combustion zone A2,
respectively, and the secondary air and the tertiary
air are injected from the lower and upper restric-
tions 12 and 14, respectively, thereby forming the
recirculation vortex in the secondary combustion
zone A2. Accordingly, the gasified refuse is suffi-
ciently mixed with the secondary air and the terti-
ary air (both serving as the auxiliary combustion
air) by utilizing this recirculation vortex. As a resulf,
the generation of dioxin can be greatly suppressed.

In particular, since the secondary air is intro-
duced in the swirling condition in this preferred
embodiment, the formation of the recirculation vor-
tex is effected more easily, and the flow in the
secondary combustion zone A2 becomes complex
to thereby more accelerate the mixing of the com-
bustion gas with the air in the zone A2. Further,
since the flow in the tertiary combustion zone A3
also becomes a swirling condition, a residence
time in the zone A3 can be lengthened.

Further, since the tertiary air is injected down-
wardly from the tertiary air injection holes 26 in this
preferred embodiment, the gas in the secondary
combustion zone A2 can be prevented from upwar-
dly passing along the center axis of the incinerator,
thereby forming a stronger recirculation vortex. Fur-
ther, since the tertiary air is injected also from the
auxiliary tertiary air injection holes 28 located be-
tween the tertiary air injection holes 26, the upward
pass of the gas along the center axis can be
prevented more reliably.

In this preferred embodiment, both the restric-
tion of the gas passage by the tapering surface 22
and the downward injection of the tertiary air at the
outlet of the secondary combustion zone A2 are
particularly important for the formation of the recir-
culation vortex. If the restriction of the gas passage
by the tapering surface 22 were not present, the
formation of the vortex would not be accelerated.
Furthermore, if the downward injection of the terti-
ary air were not present, the gas containing an
intermediate product generated in the primary
combustion zone A1 would upwardly pass through
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the central portion of the incinerator to result in
insufficient mixing.

Figs. 3 and 4 show the results of numerical
calculations of a CO mixed condition and a gas
velocity vector in the conventional incinerator
shown in Fig. 9 and in the incinerator of the pre-
ferred embodiment shown in Fig. 1, respectively. It
is understood from Figs. 3 and 4 that almost no
recirculation vortex is formed in the conventional
incinerator to result in a bad mixed condition of
CO, whereas the recirculation vortex is apparently
formed in the secondary combustion zone A2 of
the incinerator in this preferred embodiment, and
CO is sufficiently mixed with the secondary air and
the tertiary air by this recirculation vortex.

Fig. 10 shows the results of a combustion test
in two model furnaces of the conventional type and
the preferred embodiment type each having a ca-
pacity of 2.5 tons per day. In each model furnace,
no sand bed is provided, and a city gas burner is
used. However, simulation is performed so that a
CO exhaust quantity and its timed pattern in a
combustion operation under the same conditions
as those in an actual furnace having a sand bed
(i.e., a waste incinerator with a fluidized bed) can
be obtained. More specifically, a combustion op-
erating method such that a CO exhaust quantity
and its timed pattern similar to those in the conven-
tional actual furnace are generated is searched by
using the model furnace of the conventional type.
Thereafter, combustion operation is carried out in
the model furnace of the preferred embodiment
type by the same method as the combustion op-
erating method searched above to measure the
result.

In Fig. 10, "rated conditions" means design
conditions, and accordingly the CO exhaust quan-
fities under the rated conditions in both types are
zero. On the other hand, "local low-load condi-
tions" means operating conditions in the condition
where the supply of refuse is cut, and "local over-
load conditions” means operating conditions in the
condition where refuse is supplied locally exces-
sively.

As shown in Fig. 10, it is understood that the
CO exhaust quantity can be suppressed to 1% or
less under the local overload conditions by the
model furnace of the preferred embodiment type
as compared with by the model furnace of the
conventional type, and that the CO exhaust quan-
tity can be suppressed to substantially zero under
the local low-load conditions. This result is consid-
ered to be due fo the fact that the unburned gas is
well mixed with the auxiliary combustion air by the
recirculation vortex formed in the secondary com-
bustion zone of the model furnace of the preferred
embodiment type.
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Next, a second preferred embodiment of the
present invention will be described with reference
to Fig. 5.

In the incinerator of the first preferred embodi-
ment, the more rapidly the gas passage is ex-
panded by the tapering surface 18 of the lower
restriction 12, the more easily the recirculation vor-
tex is formed. However, in association with this, a
degree of restriction by the tapering surface 16
becomes higher to cause an excessive increase in
velocity of the main gas flow with the result that the
formation of the vortex becomes difficult fo the
contrary.

In view of this, the incinerator of the second
preferred embodiment is designed so that the in-
cinerator body 10 itself is formed with a divergent
portion 30 and a convergent portion 32 at the inlet
and the outlet of the secondary combustion zone
A2, respectively. Accordingly, the inner diameter of
the incinerator in the secondary combustion zone
A2 is actually larger than that in the other zones A1
and A3. According to such a structure, the gas
passage can be rapidly expanded at the inlet of the
secondary combustion gone A2 without restricting
the outlet of the primary combustion zone Afl,
thereby easily forming a sufficient recirculation vor-
tex.

Next, a third preferred embodiment of the
present invention will be described with reference
to Fig. 6.

In the third preferred embodiment, a center
axis G1 of the incinerator in the primary combus-
tion zone A1 is horizontally shifted from a center
axis G2 of the incinerator in the secondary com-
bustion zone A2, thereby forming an opening
through the upper surface of a housing defining the
primary combustion zone A1 and using this open-
ing as a refuge supply hole 34.

According to such a structure, the refuse sup-
ply hole 34 can be located nearer to the central
portion of the primary combustion zone A1 as
compared with the structure that the center axis G1
in the primary combustion zone A1 is coincident
with the center axis G2 in the secondary combus-
tion zone A2 as shown in the first and second
preferred embodiments. Further, also in the third
preferred embodiment wherein the primary com-
bustion zone A1 and the secondary combustion
zone A2 are eccentric from each other, a recircula-
tion vortex can be stably formed in the secondary
combustion zone A2, thereby effecting sufficient
mixing of the combustion gas and the auxiliary
combustion air and a reduction in dioxin.

Next, a fourth preferred embodiment of the
present invention will be described with reference
o Fig. 7.

The fluidized bed type incinerator mentioned
above in each preferred embodiment is excellent in
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load following ability (i.e., high in responsiveness of
a temperature change in the incinerator due fo
refuse supply). Therefore, particularly in the secon-
dary combustion zone A2 where positive mixing is
performed to promote combustion and in the terti-
ary combustion zone A3 downstream of the zone
A2, the temperature in the incinerator easily ex-
ceeds a preferable temperature range (800 -
1000°C in the above preferred embodiments).
Such an undue temperature rise may cause the
generation of thermal NOx or melting of fly ash on
the wall surface of the incinerator, thus reducing
the performance of the incinerator. Further, about
2% of a heat quantity generated in the incinerator
is wastefully dissipated from the wall of the inciner-
ator to the outside thereof, so that the recovery of
such a dissipated heat quantity is desired.

In view of this, the incinerator of the fourth
preferred embodiment is designed so that a cool-
ing jacket is provided on the wall of the incinerator
tfo effect cooling of the inside of the incinerator and
recovery of heat dissipating from the wall of the
incinerator.

More specifically, referring to Fig. 7, cooling
jackets 36 and 38 each having a doughnut-shaped
space therein are formed in the side walls sur-
rounding the secondary combustion zone A2 and
the tertiary combustion zone A3, respectively. Both
the cooling jackets 36 and 38 are connected
through a cooling water supply passage 39 to a
pump (feeding means) 40, and are connected
through a hot water recovery passage 42 to a tank
(not shown).

The incinerator body is provided with ther-
mocouples (temperature detecting means) 44 and
46 for detecting temperatures in the secondary
combustion zone A2 and the tertiary combustion
zone A3, respectively, and is also provided with a
flow control device 48 for controlling a discharge
quantity from the pump 40 according to detected
temperatures by the thermocouples 44 and 46. The
flow control device 48 is so designed as to in-
crease the discharge quantity from the pump 40
from a fundamental flow rate when at least one of
the detected temperatures by the thermocouples
44 and 46 exceeds a permissible maximum tem-
perature (1000 ° C in this preferred embodiment).

According to such a construction, the tempera-
ture in the incinerator can be maintained at a
proper temperature by the cooling water flowing in
the cooling jackets 36 and 38, and the heat gen-
erated in the incinerator can be recovered through
the cooling water as a medium (concretely, a hot
water obtained by the heat generated in the incin-
erator is recovered to the tank). Accordingly, the
heat of the hot water can be recycled for heating or
the like in an incinerating plant. Concretely, it has
been confirmed that a hot water having a tempera-
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ture of about 80°C can be recovered at a rate of
2.5 tons per hour in an incinerator having a refuse
disposal capacity of 100 tons per day owing to the
provision of the cooling jackets 36 and 38.

In this preferred embodiment, the following
modifications may be made.

(a) Only one of the cooling jackets 36 and 38
may be provided for the secondary combustion
zone A2 or the tertiary combustion zone A3. In
particular, when the cooling jacket 38 is pro-
vided for the tertiary combustion zone A3, the
temperature of a combustion gas to be ex-
hausted from an exhaust outlet 50 can be more
reliably suppressed to a prescribed temperature
or less.

(b) While the common pump 40 is connected fo
both the cooling jackets 36 and 38 in Fig. 7, two
pumps may be individually connected to the
cooling jackets 36 and 38, and the discharge
quantities of the two pumps may be individually
controlled according to the detected tempera-
tures in the zones A2 and AS3.

(c) The cooling fluid flowing in the cooling jack-
ets 36 and 38 is not limited to water. For exam-
ple, air may be fed to the cooling jackets 36 and
38, and a hot air obtained by the heat generated
in the incinerator may be used as the secondary
air and the tertiary air.

Further, the present invention is not limited to
the preferred embodiments described above, but
the following modifications may be made.

(1) The air ratio (or excess air factor) of the gas
flowing into the secondary combustion zone A2
may be suitably set in the present invention.
However, it is desirable to hold this air ratio fo
about 1.7 in order not to reduce a combustion
temperature. Further, it is greatly desirable to
set an air supply direction and momentum so as
to form a stable recirculation vortex.

Further, steam or atomized water larger in
specific gravity than air may be mixed with the
secondary air and the tertiary air to be injected
into the incinerator. In this case, the kinetic
energy of the air-water mixture can be increased
by an increase in mass of water without increas-
ing an injection velocity. Accordingly, the pene-
tration force of the secondary air and the tertiary
air can be increased. That is, the force of the
secondary air and the tertiary air penetrating the
flow of the rising gas to reach the center of the
incinerator can be increased.

(2) The air ratio in the secondary combustion
zone A2 may also be suitably set in the present
invention. However, it is preferable to adjust the
air ratio so that high temperatures of about
1000°C can be maintained in this zone A2.
Further, it is greatly preferable to decide the
momentum of the air so that the recirculation
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vortex is formed in the above adjusted range of
the air ratio.

(3) In the present invention, a specific tempera-
ture of the auxiliary combustion air is not limited.
However, the auxiliary combustion air may be
preheated before introduced into the incinerator.
In this case, a decrease in combustion tempera-
ture due to the introduction of the auxiliary com-
bustion air unless preheated can be avoided to
thereby ensure better combustion.

(4) It is sufficient in the present invention that
the auxiliary combustion air having a penetration
force is to be downwardly supplied at the outlet
of the secondary combustion zone A2, and the
tertiary combustion zone A3 may be therefore
be omitted. However, the provision of the terti-
ary combustion zone A3 can provide an advan-
tage such that the gas burned in the secondary
combustion zone A2 can be retained in the
incinerator for a longer period of time, thereby
well performing the combustion that is not
enough only by the acceleration of mixing. For
example, even in the case where a substance
requiring a long time for combustion, such as
carbon or soot is generated in the combustion
gas, or in the case where an oxygen quantity or
a fuel supply quantity is small, complete com-
bustion can be performed by letting the gas
burned in the secondary combustion zone A2
reside in the tertiary combustion zone A3 for a
given period of time or more.

(5) In the present invention, the horizontal sec-
tional shape of the incinerator is not limited to a
circular shape as in the above preferred em-
bodiments. For example, the horizontal sections
taken along the lines A-A and B-B in Fig. 1 may
be rectangular as shown in Figs. 8(a) and 8(b),
respectively. Also in this case, a recirculation
vortex similar to that in the above preferred
embodiments can be formed by expanding and
contracting the gas passage at the inlet and the
outlet of the secondary combustion zone A2,
respectively, and by properly introducing the
auxiliary combustion air. Further, as shown in
Fig. 8(a), the direction of injection of the secon-
dary air may be inclined in the horizontal plane.
In this case, the secondary air can be supplied
in a swirling condition.

(6) In the present invention, the direction of the
recirculation vortex is not especially limited. For
example, in the case where the free board in the
incinerator has a rectangular horizontal section
as shown in Figs. 8(a) and 8(b), an air supplying
structure 21 may be provided in the free board
as shown in Fig. 11. The air supplying structure
21 extends in a direction perpendicular to the
plane of the sheet of Fig. 11 so as to penetrate
a pair of opposed side walls of the incinerator.
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The lower surface of the structure 21 functions
as the tapering surface 22 for restricting the gas
passage. The tertiary air injection boles 26 and
the auxiliary tertiary air injection holes 28 are
formed at both ends of the structure 21, so as to
supply the auxiliary combustion air similarly to
the first preferred embodiment. With this ar-
rangement, the direction of the recirculation vor-
tex can be made reverse to that of the recircula-
tion vortex shown in Fig. 1.

While the invention has been described with
reference to specific embodiments, the description
is illustrative and is not to be construed as limiting
the scope of the invention. Various modifications
and changes may occur to those skilled in the art
without departing from the spirit and scope of the
invention as defined by the appended claims.

A waste incinerator capable of sufficiently mix-
ing gasified refuse (waste) with an auxiliary com-
bustion air to thereby reduce the emission of dioxin
during incineration. The interior of an incinerator
body (10) is divided into a primary combustion
zone (A1), a secondary combustion zone (A2), and
a tertiary combustion zone (A3). A lower restriction
(12) is provided at an interfacial portion between
the zones (A1) and (A2), and an upper restriction
14 is provided at an interfacial portion between the
zones (A2) and (A3), whereby an inlet portion of
the secondary combustion zone (A2) is so config-
ured as to upwardly increase in diameter, and an
outlet portion of the secondary combustion zone
(A2) is so configured as to upwardly decrease in
diameter. A secondary air is upwardly injected in a
swirling condition from secondary air injection
holes (20) of the lower restriction (12), and a terti-
ary air is downwardly injected from tertiary air
injection holes (26) of the upper restriction (14).

Claims

1. In a waste incinerator for burning waste sup-
plied into said incinerator to gasify said waste
and ejecting said gasified waste out of said
incinerator; a waste incinerating method char-
acterized in that a primary combustion zone
(A1) for burning said waste to gasify it is
formed in said incinerator, in that a secondary
combustion zone (A2) for further burning gas
generated in said primary combustion zone
(A1) is formed above said primary combustion
zone (A1) in said incinerator, and in that a
recirculation vortex of gas directed upwardly
from an inlet portion of said secondary com-
bustion zone (A2) and turned down before an
outlet portion of said secondary combustion
zone (A2) is formed in said secondary com-
bustion zone (A2).
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A waste incinerator for burning waste supplied
into said incinerator to gasify said waste and
ejecting said gasified waste out of said inciner-
ator, characterized in that a primary combus-
tion zone (A1) for burning said waste o gasify
it is formed in said incinerator, in that a secon-
dary combustion zone (A2) for further burning
gas generated in said primary combustion
zone (A1) is formed above said primary com-
bustion zone (A1) in said incinerator, in that air
supplying means (15) for supplying an auxil-
iary combustion air into said incinerator is pro-
vided, and in that an inside shape of said
incinerator in said secondary combustion zone
(A2) and a supply position and a supply direc-
tion of said auxiliary combustion air from said
air supplying means (15) are set so that a
recirculation vortex of gas directed upwardly
from an inlet portion of said secondary com-
bustion zone (A2) and turned down before an
outlet portion of said secondary combustion
zone (A2) is formed in said secondary com-
bustion zone (A2).

A waste incinerator according to claim 2,
wherein said inside shape of said incinerator in
said secondary combustion zone (A2) is set so
that a gas passage at said outlet portion of
said secondary combustion zone (A2) is con-
tracted in sectional area toward an upper end
of said outlet portion; said supply position of
said auxiliary combustion air from said air sup-
plying means (15) is set at said inlet portion
and said outlet portion of said secondary com-
bustion zone (A2); and said supply direction of
said auxiliary combustion air to be supplied at
said outlet portion is set downward.

A waste incinerator according to claim 3,
wherein said supply direction of said auxiliary
combustion air to be supplied at said inlet
portion of said secondary combustion zone
(A2) is set so as o be swirled.

A waste incinerator according to claim 3 or 4,
wherein said inside shape of said incinerator in
said secondary combustion zone (A2) is set so
that a gas passage at said inlet portion of said
secondary combustion zone (A2) is expanded
in sectional area toward an upper end of said
inlet portion.

A waste incinerator according to any one of
claims 2 to 5, wherein a cooling jacket (36) is
formed in a side wall of said incinerator sur-
rounding said secondary combustion zone
(A2), and feeding means (40) for feeding a
cooling fluid to said cooling jacket (36) is pro-
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vided.

A waste incinerator according to any one of
claims 2 to 6, wherein a tertiary combustion
zone (A3) for retaining gas burned in said
secondary combustion zone (A2) is formed
between said secondary combustion zone (A2)
and an outlet of said incinerator.

A waste incinerator according to claim 7,
wherein a cooling jacket (38) is formed in a
side wall of said incinerator surrounding said
tertiary combustion zone (A3), and feeding
means (40) for feeding a cooling fluid to said
cooling jacket (38) is provided.

A waste incinerator according to claim 6 or 8,
wherein temperature detecting means (44, 46)
for detecting a temperature in said incinerator
and flow control means (48) for controlling a
flow rate of said cooling fluid fed to said cool-
ing jackets (36, 38) by said feeding means (40)
according to said temperature detected by
said temperature detecting means (44, 46) are
provided.

A waste incinerating method in a waste inciner-
ator according to any one of claims 3 to 9,
wherein steam or atomized water is mixed with
said auxiliary combustion air.
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FIG. 1
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FIG. 2(a)
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FIG. 8(a)
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