Office de la Propriete Canadian CA 2065551 C 2003/06/03

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 065 551
g'rn(c)iL%?r?(iesgaenada ﬁrgijgt?;%/aa;da (12) BREVET CANADIEN
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 1992/04/07 (51) CL.Int.>/Int.CI.° F23G 5/30
(41) Mise a la disp. pub./Open to Public Insp.: 1992/10/16 (72) Inventeurs/Inventors:
£ 1; _ SATO, KEIICHI, JP;
(45) Date de deéelivrance/lssue Date: 2003/06/03 YAMAGIS ] YUKIO JP:
(30) Priorité/Priority: 1991/04/15 (109874/1991) JP SHIMIZU. KAZUYOSHI JD-

YOSHIDA, HIROSHI, JP

(73) Proprietaire/Owner:
EBARA CORPORATION, JP

(74) Agent: RICHES, MCKENZIE & HERBERT LLP

(54) Titre : INCINERATEUR
(54) Title: INCINERATOR

(57) Abrége/Abstract:

An Incinerator designed so that the reaction of unburnt gas with oxygen progresses rapidly to thereby minimize the amount of
unburnt gas generated therefrom. An intermediate portion of a combustion chamber is contracted in the cross-sectional direction
with respect to the direction of flow of gas to thereby provide a throttling passage 14 over a predetermined distance. A part of the
combustion chamber which Is below the throtlling passage 14 and a part of the combustion chamber which Is above the
passage 14 are enlarged In the cross-sectional direction to define a lower combustion chamber 13 and an upper combustion
chamber 15, respectively. A first barrier 16 Is disposed In the vicinity of the inlet of the throttling passage 14 across the lower
combustion chamber 13 and a second barrier 17 Is disposed In the vicinity of the outlet of the throttling passage 14 across the
upper combustion chamber 15.

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




R . T

2065551

-17-

INCINERATOR
ABSTRACT OF THE DISCLOSURE: _ '
An incinerator designed so that the reaction of

unburnt gas with oxygen progresses rapidly to thereby

5 minimize the amount of unburnt gas generated therefrom.
An intermediate portion of a combustion chamber is
contracted in the c¢cross-sectional direction with respect
to the direction of flow of gas to thereby provide a
throttling passage 14 over a predetermined distance.

10 A part of the combustion chamber which is below the
throttling passage 14 and a part of the combustion chamber
which i1s above the passage 14 are enlafged in the cross-
sectional direction to define a lower combustion chamber 13
and an upper combustion chamber 15, respectively. A first

15 barrier 16 is disposed in the vicinity of the inlet of the
throttling passage 14 across the lower combustion chamber 13

and a second barrier 17 is disposed in the vicinlity of

the outlet of the throttling passage 14 acrOSS’the'upper
combustion chamber 15. | |
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INCINERATOR

BACKGROUND OF THE INVENTION:
The present invention relates to an incinerator for

municipal refuse which 1s designed so that the amount of
S unburnt gas generated therefrom 1s minimized.
As means of minimizing the amount of unburnt gas

generated from an lncinerator, various techniques have

heretofore been proposed: for example, "Refuse Incinerating

Method and Apparatus therefor" disclosed in Japanese

10 Patent Laid-Open (KOKAI) No. 63-282414, and "Apparatus for
Controlling NO  and Unburnt Gas Generated from Fluidized-Bed
Incinerator" disclosed in Japanese Patent Laid-Open (KOKAI)

No. 63-279013.
In either of the above-described techniques, a secon-

15 dary air injection device is disposed across a combustion
chamber to promote mixing of oxygen and unburnt gas by
vortex flow produced by the injected air, thereby control-

ling the generation of harmful substances.
However, in either of the above-described prior arts,

20 the mixing of secondary air and unburnt gas depends upon

the penetration force of the injected air (i.e., the flow

Vélocity at which secondary air is blown into the combustion

chamber). Accordingly, as the distance from the secondary

air injection ports increases, the stirring force becomes
25 weaker rapidly, so that there is a possibility that unburnt
gas will pass through a region where the injected secondary

air exerts no effect, resulting in a failure to achileve

mixing of the unburnt gas and the air. If the number of

- air injection ports is increased in order to prevent such
30 a problem, the penetration force of the injected air becomes

weak undesirably.
Even if a throttle portion is provided in the post-

stage as in the apparatus disclosed in Japanese Patent
Laid-Open (KOKAI) No. 63-282414, unburnt gas that passes

35 without contacting the air may also pass through the
throttle portion without contacting the air.
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SUMMARY OF THE INVENTION:

In view of the above-described circumstancesg it is
an object of the present invention to provide an incinerator
which 1s designed so tnat the reaction of unburnt gas
with oxygen progresses rellably and rapidly without the
possibility of the unburnt gas being disCharged without
reacting with oxygen, thereby minimizing the amount of
unburnt gas generated from the incinerator.

To solve the above described problems, the present
invention provides an incinerator wherein an object of
incineration is burned in either a flre grate part or a
fluidized sand bed part and combustion gas generated is

“introduced into a combustion chamber pxovxded directly above

the fire grate part or the fluidized sand bed part and in
communication therewith and mixed with.secondary alr in the
combustion chamber, thereby completing the combustion with
a predetermined residence time, comprising:_-a throttling
passage extending over a predetermined distance which is
defined by an intermediate portion of the combustion chamber
that 1s contracted in the cross-sectional direction with
respect to the direction of flow of-gas_to.increase the
flow Velocity at which gas passes therethroughj a lower
combustion chamber defined by a part of the combustionﬁ.
chamber which is belOW the'throttling passage and which

~1is enlarged in the cross—sectional direction;'an upper

combustion chamber defined by a part of the combustion
ohamber which is above the throttling passage and which is
enlarged in the cross-sectional direction; a first barrier
disposed in the vicinity of an 1nlet of the throttling .
passage across the lower combustion chamber so as to branch,.
the flow of combustion gas into two sUbstantially equivalent
streams, the first barrier having a hollow structure the
81de wall of which is formed with a plurality of secondary
alr injection ports for Jetting out secondary air in a ‘
direction counter to or crossing the flow of combustion
gas; and a second barrier disposed in the vioinity of an
outlet of the throttling passage acroSS'the.upper combustion
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chamber so as to branch the flow of combustion gas into two
substantially equivalent streams. ' '

Thus, a throttling passage 1is provided in an .
intermediate portion of the combustion chamber, and a part
of the combustion chamber which 1is below the throttling
passage is defined'as a 1ower.combustion'chamber and a
part of the combustion chamber which is above the throttling
passage 1s defined as an upper combustion chamber In

addition, a first barrier is disposed 1n the V101n1ty of an

inlet of the throttling passage across the lower combustion

chamber so as to branch the flow of combustion gas 1nto
two substantially equivalent streams, and a second barrier
is disposed in the vicinity of an outlet of the throttling

- pPassage across the upper combustion chamber so as to branch

the flow of combustion gas into two substantially equivalent
streams., Accordingly, combustion gas that is generated
in the lower combustion chamber is branched by the first

barrier into substantially two gas streams. After being

.accelerated these gas streams collide and j01n with each

other at the inlet of the throttling passage Further,t‘
the combustion gas passing through the throttling passage

collides against the second barrier pr0V1ded 1n the V101nity -

of the‘outlet of the throttling passage In other words,
strong stirring iorce can be obtained by maklng the best

use of ‘the kinetic energy that the combustion gas possesses
by the combination of the two barriers which are respec-
tively disposed in the vicinities of the inlet and outlet

of the throttling passage so as to retard the flow of the
combustion gas There 1is therefore no possibility of the'
unburnt gas being discharged without reacting with oxygen,
Thus, the reaction of the unburnt gas with oxygen progresses

'reliabLy and rapidly, S0 that it is pOSSlble to minimize-the

amount of unburnt gas discharged from the 1nc1nerator
BRIEF DESCRIPTION OF THE DRAWINGS: -
Fig' 1 1s a vertical sectional'view showing the

structure of an inc1nerator according to the present
1nvention ' ' |
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Fig. 2 1s a sectional view taken along the line A-A
of Fig. 1; '

Fig. 3 1s a vertlcal sectional view showing the
structure of another Incinerator according to the present
invention; '

Fig. 4 1s an enlarged sectional view showing the
structure of a second barrier; |

Fig. 5 1s a sectional view taken along the line B-B
of Fig. 4; _ ' |

Fig. 6 is a vertical sectional view showing another
incinerator embodying the present 1nvent10n,-',

Fig. 7 is a plan view showing a second barrler
employed in the Incinerator shown in Fig. 6; and | |

Fig. 8 is a vertical eectional View showing.yet
another incinerator embcdying the present invention.
DETAILED DESCRIPTION OF THE PREFERRED'EMBODIMENTS?

Embodiments of the present invention will be
described below with reference to the accompanylng draw1ngs
Lt should be noted that the present invention is not
necessarlly_llmited to these embodiments.

Figs. 1 and 2 show the'structure'Of an incinerator
according to the present invention. .Fig} 1 is a vertical
sectional view of the incinerator,.anthig. 2 1is a sectional
view taken along the line A-A cf Fig' 1. As lllustrated,
an incinerator 10 has a fluidized sand bed 12, a lower
combustion chamber 13, a throttling passage 14 and an upper
combustion chamber 15, which are disposed in the mentiCned'
order from the bottom to the top and Wthh are surrounded
with a furnace wall 11. | . '

More speciflcally, the.throttling Passege 14 is
a passage'with a predetermined length which iS,formed.by
contracting an intermediate portion of the combustion
chamber in the cross-sectional direction with respect to
the direction of flow of gas to 1ncrease the flow ve1001ty
at which gas passes therethrough. A part of the combustion
chamber which 1s below the throttling passage 14 is defined
as the lower combustion chamber 13, while a part of the
combustion chamber which 1s above the:paSSage.l4 is defined
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as the upper combustlon chamber 15. A first barrier 16
1s disposed in the vicinity of the inlet of the throttling
passage 14 across the lower combustion chamber 13 so as to
branch the flow of comhustion gas into two substantially
equivaient streams, and a second barrier 17 is disposed
in the vicinity of the outlet of the throttling passage 14
across the upper combustion chamber 15 so as to branch the
flow of combustion gas into two substantially equivalent
Streams. |

The Tirst barrier 16 disposed in the vicinity of the
lnlet of the throttling passage 14 has a hollow structure
which is coated with a refractory at the outer periphery
thereof. The bottom and side portions of the first barrier
16 are formed with a plurality of secondary air injection B
ports l6a for jetting out secondary air in respective '
directions counter to and crossing the_flow'of.combustion
gas. The first barrier 16'may'be fOrmed'by using a water
tube coated with a refractory at the outer peripheral
surface thereof. The second barrier 17 disposed in the
vicinity of the outlet of the throttling passage 14 1is
coated with a refractory at the outer peripheral surface,
thereof. It 1s preferable that the upper end face of
the second barrier 17 be convex with a view to preventlng |
accumulation of dust. The second barrier 17 may be formed

by using a water tube coated with a refractory at the outer
peripheral surface thereof. |

In addition, the second barrier 17 may have a
hollow structure the side walls of which are provided with
a plurality of secondary air injection ports for jetting
out secondary air in a direction counter tc or cr0551ng the
direction of flow of unburnt gas, in the same way as in the
case of the first‘harrier 16. ' ' '

A wind box 18 is provided under the fluidized sand

bed 12. One side of the wind box 18 1is prOV1ded ‘with a

primary air inlet port 20. In additlon, the furnace wall 11
that defines the side wall of the lower combustion.chamber
13 is provided with a refuse inlet port-19. The fluidized

sand bed 12 is fluidized by primary air blown into the
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furnace from the primary alr inlet port 20. When refuse
which 1s to be incinerated Is cast onto the fluidized sand
bed 12 from the refuse inlet port 19, the refuse is gasified
by the heat of the fluidized sand bed 12 at high temperature
(the gas including a large amount of unburnt gas).

The flow of the gas is retarded by the furnace
wall 11 that defined the top wall of the lower combustion
chamber 13 and the first barrier 16 so that the gas stays
in the lower combustion chamber 13 as long as possible.

In this state, secondary air is blown into the gas frOm'the
secondary air injection ports 18a so that the secondary air
and the unburnt gas mix with each other. Further, the flow
of the mixed gas 1is branched by the first barrier 16 into
two substantially equivalént streams, which pass through
respective passages defined between the furnace wall 11

and the first barrier 16 and then collide and join with
each other in'the throttling passage 14l Since the
cross-sectional area of the throttling passage.14 1s small,
the flow velocity of the gas is increased and, at the same
time, the secondary air and the unburnt gas are stirred '
and mixed vigorously. '

The gas that is accelerated in the throttling
passage 14 flows into thé upper combustion chamber 15 having
a relatively widé cross-sectional area. Since'the second
barrier 17 1s disposed in the vicinity of the outlet of the
throttling passage 14, the flow of the gas 1s also retarded
at the second barrier 17 and branched into two substantially
equivalent streams, which pass through respective passages
defined between the furnace wall 11 and the second barrier
17 and join each other again in the upper combustion
chamber 15. . |

The combustion gas that has been substantially
completely mixed together in the above-described process
stays for a predetermined time in the upper combustion
chamber 15 with its high temperature maintained. There-
after, the gas is discharged from the gas outlet. The
apparatus 1s arranged such that the average residence time
of gas in the area extending from the first barrier 16 to
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the combustion gas outlet of the upper combustion chamber
15 1s not less than 1 second. ’ ' .
The angle 8 of the direction of the main stream of';g
gas Tlowing into the~throttling-passage,i4 from the area
between the first barrier 16 and the top wall of the lower'
combustion chamber 13 with respect to the axls Y of the
throttling passage 14 is set in the'range of 90° 2 © %'30?;
The average flow velooity V1 of'the.gas flowing into
the throttling paSSage 14 from the area between the first
barrier 16 and the top wall of the lower combustion chamber
13 is set in the range of from 8 m/s to 10 m/s, while the
average flow velocity V2 of the gas passing through the
throttling passage 14 is set in the range of from 6 m/s to

10 m/s, and the average flow velocity V3 of the gas passing

through the area between the second barrier 17 and the

bottom wall of the upper combustion chamber 15 after flOW1ng_
out of the throttling passage 14 is set 1n the range of from

4 m/s to 6 m/s. -
in addition the W1dth 22 of the second barrier 17 is
not smaller than the w1dth 21 of the throttling passage 14,
Figs. 3 to 5 show the structure of another _ .
in01nerator aocording to the present invention Fig. 3 is 
a vertical sectional view of the incinerator, while Filg. 4
is an enlarged view showing the structure of a second

barrier of the.incinerator,,and Fig 5 1s a sectlional view
taken along the line B-B of'Fig.”B - Thils incinerator is a
stoker fired furnaee in which a lower combustion chamber 31
that is defined directly above a fire grate 34 a throttling
passage 32 and an upper combustlon chamber 38 are disposed '
in the mentioned order from the bottom to the top. The_'

"furnace has a wall 37 the outer side of which comprises ',-

a water tube wall 37a and the inner side of which oomprises',
a refractory 37b. o S '

A first barrler 35 is disposed in the vicinity of “
the inlet of the throttling passage 32 aoross the lower
combustion chamber 31 so that the flow of combustion gas
can be branched into two substantially equivalent streams,
and a second barrier 36 is disposed in the vicinity of
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the outlet of the throttling passage 32 across the upper
combustion chamber 33 so that the flow of combustion gas
can be branched into substantially equlvalent streams.

A refuse inlet port 38 is disposed at one side of the lower
combustion chamber 31, and heat recovery equipment 39, e.g.,
a boller, 1s disposed at the top of the upper combustion
chamber 33. ' |

The first barrier 35 has substantially the same
structure as that of the first barrier 16 of the incinerator
shown in Figs. 1 and 2. The first barrier 35 may be formed
by using a water tube coated with a refractory at the outer
peripheral surface thereof.

The second barrier 38 comprises three headers 40
which are connected by water tubes 41 and 42, and the outer
surface of the second barrief 36 1s coated with a refractory
43, as shown exemplarily in Fig. 4. |

It should be noted that the angle 6 of the direction
of the main stream of gas flowing into the throttling
passage 32 from the area between the first barrier 35
and the top wall of the lower combustion chamber 31 with
respect to the axis Y of the throttling passage 32 1is set
in the same way as in the case of the incinerator shown in
Figs. 1 and 2. Also, the average flow velocity V1l of the
gas flowing into the throttling passage 32 from the area
between the first barrier 35 and the top wall of the lower
combustion chamber 31, the average flow Velbcity V2 of the
unburnt gas passing through the throttling passage 32 and
the average flow velocity V3 of the unburnt gas passing
through the area between the second barrier 36 and the
bottom wall of the upper combustion chamber 33 after flowing
out of the throttling passage 32 are also set in the same
way as in the case of the incinerator shown in Figs. 1
and 2.

With the incinerator having the above-described
structure, the gas (containing a large amount of unburnt
gas) that is generated as a result of combustion at the
fluidized sand bed 12 (or the fire grate 34) flows into
the lower combustion chamber 13 (31).where 1t mixes with
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secondary air that is blown thereinto from the first barrier
16 (31) at a proper flow rate. While doing so, the gas isg
branched by the first barrier 16 (31) into two substantially
equivalent streams, which are accelerated to 8 m/s to

10 m/s in the area between the first barrier 18 (31) and

the side wall of the'loWer combustion chamber 13 (31)

and then collide and join with each other at the inlet of
the throttling passage 14 (32), thereby mixing each other
vigorously. Thus,.the reaction of the unburnt gas with
oXygen progresses rapidly. _

' The gas streams joining each other at the inlet of
the throttling passage 14 (32) pass through the passage 14
(32) while‘mixing with each other and maintaining the flow
velocity of 6 m/s to 10 m/s and then collide against the
second barrier 17 (38) located at the outlet section, thus
changing the direction of flow. As a result, the gas is
branched into two substantially equivalent streams, which
pass tThrough the respective passages defined between the
second barrier 17 (36) and the bottom.wall of the upper
combustion chamber 15 (38) and flow into thepupper combus-
tion chamber 15 (33) at a flow rate of 4 m/s to 6 m/s.

The combustion gas that has been substantially
completely mixed together in the above-described process
stays for a predetermined time in the upper combustion
chamber 15 (33) with its high temperature maintained.
Thereafter, the gas 1s discharged from the gas outlet.

The apparatus is arranged such that the average residence
time of gas in the area extending from the first barrier 18
(32) to the combustion gas outlet of the upper combustion
chamber 15 (33) is not less than 1 second.

Flg. 6 1s a schematical view of a vertical section of
another incinerator embodying the present invention. '
In Fig. 6, the incinerator comprises a lower combustion
chamber 13, a throttling passage 14, an upper combustion
chamber 15, and heat recovery equipment 39, as dose the
incinerator in Fig. 1. |

The incinerator in Fig. 6 also includes a fluidized
sand bed 112, a first barrier 116 with a plurality of
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secondary alir injection ports 1l6a and a second barrier 117,
the structures of these portions are slightly different from
corresponding portions in the incinerator shown in Fig. 1.
Subsidiary air injectién ports 52 are located at the wall
of the lower combustion chamber 13.

In Fig. 68, the fluidized sand bed 112 comprises a
circulating type fluidized bed in which there is a zone
where fluidization is relatively strong and a fluidized
medium tends to move upwardly, another zone where
fluidization 1is relatively weak and the medium tends to
descend and, at the upper and lower parts of these zones the
medium in the respective parts tends to move laterally to
the other two zones so that complete circulation of the bed
is effected. The two different zones are formed by changing
air flow rates from wind‘boxes 18 into each of the two
zones. Alr 1s supplied to the wind boxes 18 through an
air line 50. Such a circulating type fluidized bed itself
1s known and disclosed in the prior publications, e.g. US
Patent Nos. 4,452,155, and 4,823,740.

The first barrier 118 has a cross section which
comprises a ring portion and an angular portion located
on the upper side of the ring portion. The angles of the
surfaces formed on the angular portion to the horizon are
selected so that ash falling on the surfaces slides
off thereby preventing any accumulation of ash,

The second barrier 117 shown in Figs. 8 and 7
comprilises three headers 40 which are connected'by water
tubes 41 and coated with refractory 43. The'second‘barrier
117 is different from the second barrier 38 shown in Fig. 4
in the point that it comprises a plurality of opening '
portions 62 which are arranged in a zigzag configuration in
the plan view as shown in Fig. 7, that is the second barrier
comprises two plate portions each of which has a plurality
of opening portions 82 which are connected each Other along
a horizontally extending ridgeline 64. The opening portions

62 are arranged in zigzags along the ridgeline 64.

In Fig. 7, the combustion gas which flows through '
the opening portions 62 of the second barrier 117 generates.
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a pilurality of small turbulences and promotes mixing of
oxygen and unburnt gas. |

Fig. 8 is a schematical view of a vertical section
of yet another inoinerator embodying the present invention.
In Fig. 8, the incinerator comprises a fluidized sand bed
112 having a circulating type fluldized bed, a lower
combustion chamber 13, a throttling passage 14, a first
barrier 116 with a plurality of secondary air Injection

ports 16a, and a second barrier 217, as dose_the incinerator
in Fig. 6. '

The incinerator in Fig. 8 also includes a gas. cooling

| tower 60 prOV1ded with a plurality of water spray nozzles 686

instead of heat recovery equipment 39 in Figs. 3 and 6. The
gas cooling tower 60 is operated to oool the exhaust gas by

~spraying water into the gas through the water spray nozzles

66 in order to prevent thermal damage of a draft fan or some
other equipment connected to.the incinerator' A draft fan
is provided to draw the combustion gas from the incinerator
and to dlsoharge it into the atmosphere "'

In Fig. 8, the second barrier 217 is made of a
refractory material and inoludespcoolant‘passages.77.. -
The upper end surface of the second barrier'117 is convex
similar to that shown in Fig. 1, with a view to preventing
accumulation of dust or ash.

The incinerator shown in Fig. 8 1s suitable for
incinerating material, e. g. municipal refuse, which has a
low calorilc value it may also be built as a comparatively
small scale plant. ' ' ’ . ,

Thus,,according to the foregoing embodiments ~the
1noinerator is arranged such that the gas streams oollide'

with each other and also collide against the first and

second barriers so that ‘the gas streams are effectively
stirred and mixed together. Aocordingly, it is p0851ble_
to substantially completely prevent the unburnt gas from

being discharged from the gas outlet without burning as
in the prior art. '
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Effect of the Invention

In the present invention, the first barrier disposed
in the vicinity of the‘inlet of the throttling passage has
the functional effect that secondary alr injected from
the inside of the first barrier into the lower combustion
chamber is mixed to react with the unburnt gas ascending
from the fluidized sand bed. The first barrier has a
damping effect on the unburnt gas flow and Llncreases the
residence time of the gas in the lower combustion chamber.
The combustion gas in which most of gas reacts with oxygen-
and is completed In combustion and mixed with.partially
unburnt gas in the lower combustion chamber is divided
into two gas flows by the first barrier. The first barrier
cooperates with the inlet portion of the throttling passage
to accelerate the flow speed of the two gas flows and cause
them to collide with each other in the throttling passage.

The throttling passage in the present invention is
formed to reduce the cross sectional area of the passage
through which the combustion gas ascends so that the two
gas flows divided by the first barrier are accelerated to
a flowing speed of 8 to 10 meters per second, and collide
with each other. The throttling passage greatly enhances
mixing of the gas by causing the gas flows themselVes to
collide with each other as compared to simple diffusion
mixing effected by turbulence around the barrier. The
throttling passage has the cross sectional area in which the
gas Tlows at an average speed of 6 to 8 meters per secohd
after collision and reduces the amount of unburnt gas
passing in the vicinity of the furnace wall compared to the
case where there is no throttling passage.

The second barrier disposed in the vicinity of the
outlet of the throttling passage across the upper combustion
chamber is preferably fdrmed so that its width £2 is longer
than the width.Ql.of the throttling passage in order to |
retain the unburnt gas tending to pass in the Vicinity of
the furnace wall in the throttling passage. Most parts_of
the gas flowing through the throttlingApassage collide with
the lower surface of the second barrier and this mixing
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thereof 1is promoted. The second barrier has the effect that
it insulates heat radiation from the throttling passage to
the heat recovery equipment or the gas cooling tower and
Keeps the gas at the tnrottling passage at a high _
temperature soO as not'to deenerglze the reaction of the gas.
The second barrier has an outer surface made of refractory

material and 1is able to generate heat radiation from the
surface of the refractory material to the gas, which

further promotes the reaction of the gas.

In the present invention, the flrst barrler, the
throttling passage and the second barrler operate in
conjunction with one another to promote the m1X1ng and
reaction of’oxygen and unburnt gas and, therefore; these
elements are indispensable to the present 1nvention

As has been described above, the present invention
provides the following advantageous effects: '

(1) Unburnt gas and secondary air can be mixed together
substantially completely by the strong stirring force
obtained through the collision between combustion gas
streams and that between the combustlon gas and the barriers
by utilizing the kinetic energy the gas possesses, SO

that it is possible to prevent the unburnt gas from belng.
dlseharged without burning.

(2) Since the unburnt gas and secondary air are
effectively mixed together, it 1s possible to reduce

the amount of-Seeondary air blown into the furnace (i.e.,
possible to lower the excess air ratio) and maintain the
combustion gas at high temperature and hence possible to
promote decomposition of harmful substances;.e.g., dioxin.
(3) By virtue of the above-described advantageous
effects, it is possible according:to the present invention
to minimize the amount of unburnt gas, e.g., CO, discharged
from an incinerator for municipal refuse and also reduce
the discharge of harmful substances,'e}g;, dioxin. -
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The embodiment of the invention in which an exclusive property
or privilege are claimed are defined as follows:

1. An incinerator wherein an object of incineration

is burned in either a fire grate part or a flulidized sand
bed part and combustion gas generated 1s introduced into a
combustion chamber provided directly above said fire grate
part or said fluidized sand bed part and in communication
therewith and mixed with secondary air in said combustion
chamber, thereby completing the combustion with a predeter-
mined residence time, comprising: '

a throttling passage extending over a predetermined
distance which is defined by an intermediate portion of saild
combustion chamber that is contracted in the cross-sectional
direction with respect to the direction of flow of gas ToO
increase the flow velocity at which gas passes therethrough;

a lower combustion chamber defined by a part of said
combustion chamber which is below said throttling passage
and which is enlarged in the cross-sectional direction;

an upper combustion chamber defined by a part of said
combustion chamber which is above said throttling passage
and which is enlarged in the cross-sectional direction;

a first barrier disposed in the vicinity of an inlet
of said throttling passage across said lower combustion '
chamber so as to branch the flow of combustion gas into two
substantially equivalent streams, said first barrier having
a hollow structure the side wall of which is formed with a
plurality of secondary air injection ports for jetting out
secondary air 1in a direction counter to or crOSsing the flow
of combustion gas; and

a second barrier disposed in the vicinity of
an outlet of said throttling passage across sald upper
combustion chamber so as to branch the flow of combustion

gas into two substantially equivalent streams.

2. An incinerator according to Claim 1, wherein the
outer peripheries of said first and second barriers are
coated with a refractory.
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3. An inclinerator according to Claim 1, wherein said
first and second barriers each comprises a water tube the

outer periphery of which is coated with a refractory.

4. An incinerator according to any one of Claims 1 to 3,
wherein said upper and lower combustion chambers and said
throttling passage are formed by using a water tube wall,
and a high-speed gas contact portion of said water tube wall
is coated with a refractory.

S. An incinerator according to Claim 1, wherein the

flow velocity of combustion gas flowing into said throttling
passage through the smallest cross-sectional area defined
between said first barrier and said lower combustion chamber
1s in the range of from 8 m/s to 10 m/s, while the flow
velocity of combustion gas in said throttling passage is

in the range of from 6 m/s to 10 m/s, and the flow velocity
of combustion gas flowing out through the smallest cross-

sectional area defined between said second barrier and said

upper combustion chamber is in the range of from 4 m/s to 6
m/s.

6. An incinerator according to Claim 5, wherein the

width of said second barrier is not smaller than the width

of said throttling passarge.
7. An incinerator according to Claim 1, wherein said

throttling passage is configured to direct said flow along
an axis, and wherein the direction of a main stream of

combustion gas flowing into said throttling passage 1s at an

angle of not larger than 90° and not smaller than 30° to the
axis of said throttling passage.

8. An incinerator according to Claim 1, wherein the
average residence time of gas in the area extending from
said secondary air injection ports of said first barrier to
a combustion gas outlet of said upper combustion chamber

is not less than 1 second.,

| p—
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9. An incinerator according to Claim 1, wherein said
second barrier comprises two plate portions each of which

has a plurality of opening portions, said plate portions
connected to each other along a horizontally extending
ridgeline, said opening portions being arranged in a zigzag

configuration along the ridgeline.

10. An incinerator according to Claim 1, wherein said

fluidized sand bed 1s a circulating type fluidized bed.

11. An incinerator according to Claim 1, wherein the
combustion gas is released from said combustion chamber

through heat recovery equipment into the atmosphere.

12. An incinerator according to Claim 1, wherein the
combustion gas 1s released from said combustion chamber
through a water injection type gas cooling tower and a

draft fan into the atmosphere.

13. An incinerator according to Claim 2, wherein said
upper and lower combustion chambers and said throttling
passage are formed by using a water tube wall, and a
high-speed gas contact portion of said water tube wall 1is

coated with a refractory.

14, An incinerator according to Claim 3, wherein said
upper and lower combustion chambers and said throttling
passage are formed by using a water tube wall, and a
high-speed gas contact portion of said water tube wall is

coated with a refractory.

15. An incinerator according to Claim 2, wherein said
second barrier comprises two plate portions each of which

has a plurality of opening portions, said plate portions

connected to each other along a horizontally extending
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ridgeline, said opening portions being arranged in a zigzag

configuration along the ridgeline.

16. An incinerator according to Claim 3, wherein said
second barrier comprises two plate portions each of which

has a plurality of opening portions, said plate portions
connected to each other along a horizontally extending
ridgeline, said opening portions being arranged in a zigzag

configuration along the ridgeline.

17. An incinerator according to Claim 2, wherein said

fluidized sand bed is a circulating type fluidized bed.

18. An incinerator according to Claim 3, wherein said

fluidized sand bed is a circulating type fluildized bed.

19. An incinerator according to Claim 2, wherein the
combustion gas is released from said combustion chamber
through a water injection type gas cooling tower and a

draft fan into the atmosphere.

20. An incinerator according to Claim 3, whereln the
combustion gas is released from said combustion chamber
through a water injection type gas cooling tower and a

draft fan into the atmosphere.

21. An incinerator wherein an object of incineration 1s
burned in either a fire grate part or a fluidized sand
bed part and combustion gas generated is introduced into
a combustion chamber provided directly above said fire
grate part or said fluidized sand bed part and 1n
communication therewith and mixed with secondary air in
said combustion chamber, thereby completing the
combustion with a predetermined residence time,

comprising:
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a throttling passage extending over a predetermined
distance which is defined by an intermediate portion of
sald combustion chamber that is contracted in the cross-
sectional direction with respect to the direction of flow
of gas to increase the flow velocity at which gas passes

therethrough;

a lower combustion chamber defined by ‘a part of said
combustion chamber which is below said throttling passage

and which 1s enlarged in the cross-sectional direction;

an upper combustion chamber defined by a part of
sald combustion chamber which is above said throttling
passage and which i1s enlarged in the cross-sectional

direction; and

a first barrier disposed in the vicinity of an inlet
of said throttling passage across said lower combustion
chamber, so as to branch the flow of combustion gas into
two substantially equivalent streams, said first barrier
having a hollow structure the side walls of which are
formed with a plurality of secondary air injection
portions for Jetting out secondary air in a direction
counter to or crossing the flow of combustion gas;

characterized by:

a second barrier disposed in the vicinity of an
outlet of said throttling passage across said upper
combustion chamber so as to branch the flow of combustion

gas 1nto two substantially equivalent streams, and the

width (1;)of said second barrier being not smaller than

the width (1;) of said throttling passage.
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22 . An incinerator according to Claim 21, wherein the
outer peripheries of said first and second barriers are

coated with a refractory.

23. An incinerator according to Claim 21, wherein said

first and second barriers each comprises a water tube the

outer periphery of which is coated with a refractory.

24. An incinerator according to any one of Claims 21 to
23, wherein said upper and lower combustion chambers and
said throttling passage are formed by using a water tube
wall, and a high-speed gas contact portion of sald water

tube wall is coated with a refractory.
75 An incinerator according to Claim 21, wherein said
throttling passage is configured to direct said flow along

an axis, and wherein the direction of a main stream of

combustion gas flowing into said throttling passage 1s at an

angle of not larger than 90° and not smaller than 30° to the

axis of said throttling passage.

26. An incinerator according to any one of Claims 21 to
23, wherein said second barrier comprises two plate

portions each of which has a plurality of opening
portions, said plate portions connected to each other along

a horizontally extending ridgeline, said opening portions
being arranged in a zigzag configuration along the

ridgeline.
27 . An incinerator according to any one of Claims 21 to

23, wherein said fluidized sand bed 1is a circulating type

fluidized bed.

28. An incinerator according to Claim 21, whereiln the
combustion gas is released from said combustion chamber

through heat recovery equipment into the atmosphere.
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29. An incinerator according to any one of Claims 21 to
23, wherein the combustion gas 1is released from said
combustion chamber through a water injection type gas

cooling tower and a draft fan into the atmosphere.
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