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An air pollution control apparatus according to an embodiment of the present invention includes: a stack that discharges flue gas,
discharged from an industrial facility, outside; a blower that is provided downstream of the stack and draws In the flue gas; and a
CO, recovering apparatus that recovers CO, In the flue gas drawn in by the blower. The stack includes a controlling unit that

suppresses release of the flue gas outside from the stack and suppresses inflow of atmosphere to the stack. The controlling unitis

a mixing unit that mixes the flue gas and the atmosphere.
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ABSTRACT

An air pollution control apparatus according to an

embodiment of the present invention includes: a stack that

discharges flue gas, discharged from an industrial facility,

F

outside; a blower that is provided downstream of the stack

and draws in the flue gas; and a CO, recovering apparatus

that recovers CO, in the flue gas drawn in by the blower.

The stack includes a controlling unit that suppresses

release of the flue gas outside from the stack and

suppresses inflow of atmosphere to the stack. The

controlling unit is a mixing unit that mixes the flue gas

and the atmosphere.
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AIR POLLUTION CONTROL APPARATUS AND AIR POLLUTION CONTROL
METHOD

This application 1s a divisional of Canadian Patent

Application Serial No. 2,683,380, filed on October 21, 2009.

5 BACKGROUND OF THE INVENTION

F

1. Field of the Invention

The present invention relates to an air pollution
control apparatus and an alr pollution control method that

suppress discharge, to the atmosphere, of flue gas discharged

10 from a boiler and the like.

e

2. Description of the Related Art

Recently, the greenhouse effect of CO, has been

polinted out as a cause of global warming, and a countermeasure

against 1t has become an international urgent task for

15 protecting the global environment. The source of CO, ranges

over every kind of human activities involving burning of fossil

—

fuels, and the trend is toward further demand for the

suppression of CO, discharge. Along with the trend, a method

of bringing burnt flue gas from a boiler into contact with

20 amine CO,; absorbing solution and reducing and recovering CO; 1n

P

the burnt flue gas, and a method of preserving recovered CO;

without releasing 1t to the atmosphere have been strenuously

studied for use at a power generating facility such as a

thermal power plant that uses a large amount of fossil fuels

29 (see, for example,
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Japanese Patent Application Laid-open No. 2008-62165).
However, no conventional techniques draw the total
amount of flue gas from a boiler, a gas turbine, or the
li1ke to be discharged from a stack to the atmosphere into a
CO, recovering apparatus. In recovering CO,, it have been
demanded to maximize an amount of flue gas drawn in, and

not to draw in the atmosphere.

For example, while a fuel gas desulfurization

apparatus 1s generally provided downstream of a boiler for

reducing sulfur oxide 1n flue gas discharged from the
boiler, it is proposed to provide a damper or the like that

can be opened and closed as a blocking unit in a stack

provided upstream of the fuel gas desulfurization apparatus.
A schematic of a configuration of a conventional fuel gas

treatment facility is shown in Fig. 9. As shown in Fig. 9,

in this conventional fuel gas treatment facility 100 in

which a desulfurization apparatus 1s 1nstalled as an air
pollution control apparatus together with a boiler, the

total amount of flue gas 12 discharged from a boller 11

that is a burning device in, for example, a thermal power
plant, 1is drawn_by a blower 13, and Sox in the flue gas 12
is reduced for exemple by a fuel gas desulfurization
apparatus 14. A discharge opening is blocked by providing
a damper 16 or the like that can be opened and closed as a

blocking unit in a stack 15 so that sulfur oxide 1is not
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discharged to the atmosphere. The damper 16 is closed when
the fuel gas desulfurization apparatus 14 1is operated, and

the damper 16 is opened when a flue gas source 1s running,

while the operation performed by the fuel gas

desulfurization apparatus 14 is stopped.

However, as shown in Fig. 9, when a blocking unit such

as the damper 16 that can be opened and closed is provided

in the stack 15, an industrial facility (a gas turbine or
the like) provided upstream such as the boiler 11 and a

turbine is adversely influenced when the damper 16 1s

closed while the facility provided upstream such as the
boiler 11 and a gas turbine is being operated.

Furthermore, when a blocking unit such as the damper
16 is not provided, as shown in Fig. 10, when the operation
performed by the CO,; recovering apparatus, the fuel gas
desulfurization apparatus 14, or the like is stopped for

example, and the flow rate of flue gas in the stack 15

becomes low, the flue gas 12 having high temperature flows

out from a central portion of the inside of the stack 15,
and the atmosphere 17 flows in along the inner wall of the
stack 15. Thus, the atmosphere 17 flows into the stack 15.

In the case of the stack 15 having a short héight, and
the stack 15 having a large inner diameter, the flue gas 12
is more prone to flow out from the stack 15, and the

atmosphere 17 is more prone to flow into the stack 15.
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F

Accordingly, an appearance of an apparatus has been

'

desired that draws the almost total amount of a large amount o:

]

flue gas into a CO; recovering apparatus, and does not

discharge the flue gas to the atmosphere safely and stably even

when the operation performed by the CO, recovering apparatus,

the fuel gas desulfurization apparatus, or the like 1s stopped

for example, with a simple structure without providing a

blocking unit such as a damper 1n the stack.

F

In view of the problems, an object of the present

invention is to provide an air pollution control apparatus and

an air pollution controls method that can draw, into a CO;

gr—
—

recovering apparatus, almost all amount of flue gas dilischarged

from a stack to the atmosphere stably and safely, and minimizes

P

draw-in of the atmosphere with a simple structure.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, an

air pollution control apparatus 1includes: a stack that

discharges flue gas, discharged from an industrial facility,
outside; a blower that is provided downstream of the stack and

draws in the flue gas; and a CO, recovering apparatus that

recovers CO, in the flue gas drawn in by the blower. The stack

includes a controlling unit that suppresses release of the flue

ﬁ

gas outside from the stack and suppresses inflow of atmosphere

to the stack, and the controlling unit is a mixing unit that

mixes the flue gas and the atmosphere.
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In some embodiments, the ailr pollution contro.

apparatus further 1ncludes a flue gas return flow channel that

—

returns, 1nto the stack, a part of the flue gas fed to the CO;

recovering apparatus by the blower.

According to another aspect of the present invention,

an alir pollutilon control apparatus includes: a stack that

discharges flue gas, discharged from an industrial facility,

' and

outside; a blower that i1s provided downstream of the stack and

draws 1in the flue gas; and a CO, recovering apparatus that

_— N

recovers CO, 1n the flue gas drawn 1n by the blower. The stack

pr—

includes a controlling unit that suppresses release of the flue

gas outside from the stack and suppresses 1nflow of atmosphere

to the stack, and the controlling unit is a leak suppressing

unit that suppresses i1nflow of the atmosphere to the stack.

In some embodiments, 1n the air pollution control

apparatus, the leak suppressing unit is at least one resistive

part that is provided on a wall surface of the stack, and

ﬁ

extends toward an exit of the stack when viewed from a cross-

sectional direction in a longitudinal direction of the stack.

According to another aspect of the present invention,

an air pollution control apparatus includes: a stack that

discharges flue gas, discharged from an industrial facility,

outside; a blower that i1s provided downstream of the stack and

draws 1n the flue gas; and a CO, recovering apparatus that

recovers CO, in the flue gas drawn in by the blower. The stack

includes a controlling unit that suppresses release of the flue

gas outside from the stack and suppresses inflow of atmosphere
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to the stack, and the controlling unit is an opening/closing

unit that is provided at an inlet of the stack through which
the flue gas 1s fed into the stack and that 1s openable only

F

inward of the stack.

According to another aspect, an air pollution control

method includes mixing flue gas discharged from an industrial

pr—

facility and atmosphere flowing in from outside of a stack to

ﬁ

prevent the atmosphere from flowing further 1nside of the

stack.

According to another aspect, there is provided an ailr

pollution control method using the air pollution control

apparatus described above to prevent the flue gas from flowing

outside of the stack.

According to another aspect, an air pollution control

apparatus includes: a stack that discharges flue gas,

discharged from an industrial facility, outside; a blower that

is provided downstream of the stack and draws in the flue gas;

and a CO, recovering apparatus that recovers CO; 1in the flue

gas drawn in by the blower. The stack 1ncludes a controlling

F

unit that suppresses release of the flue gas outside from the

stack and suppresses inflow of atmosphere to the stack, and the

controlling unit is a channel forming unit that forms a

serpentine channel through which the flue gas and the

atmosphere in the stack flow.

In some embodiments, in the air pollution control

apparatus, the channel forming unit includes: a partition

including a portion defining an opening formed at a central
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portion of the stack in a cross-sectional direction in a

longitudinal direction and a projection that projects to a

tower head of the stack; and a hood-like cover provided to face

the partition with a given gap therebetween.

In some embodiments, in the air pollution control

apparatus, the channel forming unit includes: an upper flue gas

guiding unit extending from a wall surface of the stack on a

side in which the flue gas flows when viewed from a Ccross-

sectional direction of a longitudinal direction of the stack,

P
.

and including, at a leading end thereof, a first projection

that projects downward; and a lower flue gas guiding unit

P

extending from a wall surface of the stack on a side from which

the flue gas 1s discharged, and including, at a leading end

thereof, a second projection that projects upward, and the

second projection of the lower flue gas guiding unit 1s

provided between the wall surface of the stack and the first

projection of the upper flue gas guiding unit so that a channel

for the flue gas is formed 1n the stack.

In some embodiments, in the air pollution control

apparatus, the channel forming unit includes: a first dam

provided at an upper portion of a flue gas channel through

which the flue gas is fed from the industrial facility to the
stack when viewed from a cross-sectional directilon 1n a
longitudinal direction of the stack; a second dam provided at a

F P

lower portion of an inlet of the stack through which the flue

gas is fed to the stack; and a flue gas guiding unit extendilng

*

from a wall surface of the stack on which the inlet 1i1s formed,

and including, at a leading end thereof, a projection that

projects downward.
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According to another aspect, an air pollution control

method including using a density difference between flue gas

discharged

from an i1ndustrial

facility and atmosphere flowing

in from outside of a stack, the density difference being caused

5 by a temperature difference therebetween, to prevent the flue

gas

from f_

owing outside.
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BRIEF DESCRIPTION OF THE DRAWINGS
Fi1g. 1 1s a schematic of a configuration of an air
pollution control apparatus according to a first embodiment

of the present invention;

"

Fig. 2 1s a partially enlarged schematic of a

configuration of the inside of a stack;

Fig. 3 1s a schematic of a configuration of an air
pollution control apparatus according to a second
embodiment of the present invention;

Flg. 4 1s a schematic of a configuration of an air
pollution control apparatus according to a third embodiment
of the present invention;

Fig. 5 1s a schematic of a configuration of an air
pollution control apparatus according to a fourth

embodiment of the present invention;

Fig. 6 is a schematic of another configuration of the

air pollution control apparatus according to the fourth

embodiment of the present invention;

Fig. 7 is a schematic of a configuration of an air

pollution control apparatus according to a fifth embodiment

of the present i1nvention;

Fig. 8 is a schematic of a configuration of an air

pollution control apparatus according to a sixth embodiment

of the present invention;

Fig. 9 is a schematic of an exemplary configuration of
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a conventional fuel gas treatment facility; and

Fig. 10 is a schematic of flow of flue gas and

atmosphere in a stack.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Exemplary embodiments of the present invention are

explained in detail with reference to the figures. The

present invention 1s not limited by the embodiments, but

various modifications to the disclosure will be readily

apparent to those skilled in the art, and the generic

principles defined herein may be applied to other variations

without departing from the scope of the disclosure.

First Embodiment

An air pollution control apparatus according to an
embodiment of the present invention is explained with

reference to Fig. 1.

Fig. 1 is a schematic of a configuration of this air
pollution control apparatus according to a first embodiment

of the present invention. Fig. 2 is a partially enlarged

1

schematic of a configuration of the inside of a stack. In

Figs. 1 and 2, components that are the same as theilr
counterparts shown in Fig. 9 are provided with the same

symbols, and are not explained repeatedly.
As shown in Fig. 1, a first air pollution control

apparatus 10A according to the first embodiment of the

10
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present 1nvention includes: a stack 15 that discharges, to

the outside, flue gas 12 discharged from a boiler 21, a gas
turbine, or the like provided in an industrial facility; a

blower 13 that 1s provided downstream of the stack 15, and

draws in the flue gas 12; and a CO,; recovering apparatus 22

that recovers CO; in the flue gas 12 drawn in by the blower
13. The first air pollution control apparatus 10A
additionally includes, 1n the stack 15, a controlling unit
that suppresses release of the flue gas 12 from the stack
15 to the outside, and suppresses inflow of atmosphere 17

to the stack 15. As the controlling unit, a channel

forming unit 23A that forms a serpentine channel through
which the flue gas 12 and the atmosphere 17 flow 1is
provided in the stack 15.

The flue gas i2 containing CO; discharged from the

boiler 21, the gas turbine, or the like provided 1in an

industrial facility is fed to the stack 15 through a flue

gas channel 24 through which the flue gas 12 is fed from
the boiler 21 to the stack 15, 1s pressurized by the blower

13, is discharged from the stack 15, and is fed to the CO;

recovering apparatus 22 through the flue gas discharge

channel 25. | )

In the present'embodiment, the channel forming unit

23A used as the controlling unit includes a partition 28

including an opening 26 formed at a central portion of the

11
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stack 15 in the cross-sectional direction in the

longitudinal direction, and a projection 27 that projects

to a tower head 15a of the stack 15, and a hood-like cover

29 provided to face the partition 28 with a given gap
therebetween.

When the operation performed by an apparatus such as
the boiler 21 and the CO,; recovering apparatus 22 1is
stopped for example, the flue gas 12 fhat has flowed into
the stack 15 is partly fed to the CO, recovering apparatus
22 through the flue gas discharge channel 25, while the
rest ascends the stack 15, passes the opening 26 of the
partition 28 formed by the projection 27, and reachés a
space A in the cover 29. Meanwhile, the atmosphere 17 that
has flowed in to the stack 15 from the outside 1s fed to a

space B formed by an inner wall 15b of the stack 15, the

projection 27, and the partition Z8. The‘temperature of
the flue gas 12 is about 100 to 180°C, and the temperature
of the atmosphere 17 is about 0 to 30°C. Because the

temperature of the flue gas 12 is higher than the

temperature of the atmosphere 17, the density of the flue
gas 12 1s smailer than the density of the atmosphere 17.
Accordingly, when the flue gas 12 and the atmosphere 17
come into contact with each other, the flue gas 12 becomes
buoyant, and stays higher than the atmosphere 17, and as

shown in Fig. 2, a boundary region X is formed between the

12
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flue gas 12 and the atmosphere 17 due to the interaction of
the temperature difference and the density difference

pbetween the flue gas 12 and the atmosphere 17.

Accordingly, due to the density difference of the flue
gas 12 and the atmosphere 17 generated by the temperature
difference of the flue gas 12 and the atmosphere 17/, the

atmosphere 17 that has flowed into the 'space B prevents the

flue gas 12 fed to the space A from traveling. Thus, the

flue gas 12 can be kept in the space A. The flue gas 12
that has flowed into the space A also prevents the
atmosphere 17 that has flowed ihto the space B from
traveling. Thus, the atmosphere 17 can be kept in the
space B. Because the flue gas 12 fed into the stack 15 1is
sealed by the atmosphere 17 at the boundary region X

between the flue gas 12 and the atmosphere 17 formed by the

interaction of the temperature difference and the density

difference between the flue gas 12 and the atmosphere 17,

the flue gas 12 can be prevented from being discharged to
the outside of the stack 15. Accordingly, when the

operation performed by the CO; recovering apparatus 22 or

the like is stopped for example, the atmosphere 17 can be

prevented from flowing into the stack 15 without

controlling opening and closing of the stack by providing a

blocking unit such as a damper as in the conventional

technique.

13
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Therefore, in the first ailr pollution control
apparatus 10A according to the first embodiment, even when
the operation perfotmed by an apparatus such as the CO;
recovering apparatus 22 1s stopped for example, the almost
total amount of the flue gas 12 otherwise discharged from
the stack 15 to the outside can be drawn into the CO;
recovering apparatus 22 stably and safely with a simple
structure, and draw-in of the atmosphere 17 to the CO;
recovéring apparatus 22 or the like can be suppressed.

Accordingly, CO, recovery rate of the CO, recovering
apparatus 22 can be increased safely at any time without an
adverse i1nfluence on an upstream facility, and CO; recovery
performance of the CO, recovering apparatus 22 can be kept
high because CO; 1in the flue gas‘12 is not diluted by the
atmosphere 17. Because the stack 15, a duct, or the like

is not cooled by draw-in of the atmosphere 17 to the CO;

recovering apparatus 22 or the like, generation of
corrosion can be suppressed. Furthermore, a damage to an
industrial facility such as the boiler 21 and a gas turbine

provided upstream of the stack 15 can be prevented.

Second Embodiment

Fig. 3 1is a schematic of a configuration of an air
pollution control apparatus according to a second
embodiment of the present invention. The air pollutilon

control apparatus according to the present embodiment 1s

14
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explained with reference to Fig. 3. Components that are
the same as the counterparts in the air pollution control
apparatus according to the first embodiment are provided

with the same symbols, and are not explalned repeatedly.

In this second air pollution control apparatus 10B
according to the present embodiment, a channel forming unit
23B used as a controlling unit includes: an upper flue gas
gﬁiding unit 32 extending from the wail surface 15b of the
stack 15 on the side in which the flue gas 12 flows when
viewed from the cross-—-sectional direction in the
longitudinal direction of the stack 15 and including, at
its leading end, a first projection 31 that projects
downward; and a lower flue gas guiding unit 34 extending

gr—

from the inner wall 15b of the stack 15 on the side in

which the flue gas 12 flows and including, at its leading

end, a second projection 33 that projects upward. The

second projection 33 of the lower flue gas guiding unit 34

)

is provided between the inner wall 15b of the stack 15 and

the first projection 31 of the upper flue gas guliding unit

32, so that a channel for the flue gas 12 is formed in the

stack 15.

The flue gas 12 discharged from the boiler 21 and fed

to the flue gas channel 24 passes through the stack 15, and
is fed to the CO, recovering apparatus 22 through the flue

gas discharge channel 25. When the operation performed by

19
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an apparatus such as the boiler 21 and the CO, recovering
apparatus 22 1s stopped for example, the flue gas 12 that
has flowed into the stack 15 is partly fed to the CO,
recovering apparatus 22 through the flue gas discharge
channel 25, while the rest ascends the space formed by the

inner wall 15b and the second projection 33, and 1s fed to

a space C formed by the inner wall 15b, the upper flue gas
gulding unit 32, and the first projecﬁion 31. Meanwhile,
the atmosphere 17 that has flowed into the stack 15
descends the space formed by the inner wall 15b and the
first projection 31, and is fed to a space D formed by the
inner wall 15b, the lower flue gas guiding unit 34, and the
second projection 33.

Because the temperature of the flue gas 12 is higher
than the temperature of the atmosphere 17, when the flue
gas 12 in the space C and the atmosphere 17 in the space D
come into contact with each other, the flue gas 12 becomes
buoyvant due to the density difference between the flue gas
12 and the atmosphefe i? caused by the temperature
difference between the flue gas 12 and the atmosphere 17,
and stays higher than the atmosphere 17. The boundary
region X between the flue gas 12 and the atmosphere 17 1s

P

formed by the interaction of the temperature difference and

the density difference between the flue gas 12 and the

atmosphere 17. Accordingly, the atmosphere 17 1n the space

16
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D prevents the flue gas 12 in the space C from traveling.
Thus, the flue gas 12 can be kept in the space C.
Meanwhilile, because the flue gas 12 kept in the space C
prevents the atmosphere 17 from traveling, the atmosphere
17 can be kept in the space D.

Accordingly, because the flue gas 12 that has flowed
into the stack 15 1is sealed by the atmosphere 17 at the
boundary X formed by the flue gas 12 end the atmosphere 17
due to the interaction of the temperature difference and
the density difference between the flue gas 12 and the
atmosphere 17, the flue gas 12 can be prevented from being
discharged to the outside of the stack 15.

Although, in the air pollution control apparatus 10B
according to the present embodiment, only the channel

forming unit 23B is provided 1in the channel 15 as a channel

forming unit, the present invention is not limited to this
configuration, and the channel forming unit 23A of the

first air pollution control apparatus 10A according to the
first embodiment shown in Fig. 1 may be used in combination.

Third Embodiment

g

Fig. 4 is a schematic of a configuration of an air

pollution control apparatus according to a third embodiment

of the present invention. The air pollution control

apparatus according to the present embodiment 1s explailned

with reference to Fig. 4. Components that are the same as

17
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the counterparts in the air pollution control apparatus
according to the first embodiment are provided with the
same symbols, and are not explained repeatedly.

In this third air pollution control apparatus 10C
according to the present embodiment, a channel forming unit

23C used as a controlling unit includes a first dam 35

provided at the upper portion of the flue gas channel 24

through which the flue gas 12 1s fed from the boiler 21 to
the stack 15 when viewed from the cross-sectional direction
in the longitudinal direction of the stack 15, a second dam
37 provided at the lower portion of an inlet 36 of the

stack 15 through which the flue gas 12 is fed to the stack

15, and a flue gas guiding unit 39 extending from the inner
wall 15b of the stack 15 on the side on which the inlet 36
is formed, and including, at its leading end, a projection
38 that projects downward.

The flue gas 12 discharged from the boiler 21 is fed
into a space E formed by the first dam 35, the flue gas
guiding unit 39, and the projection 38, and is fed to the
CO, recovering apparatus 22 through the flue gas discharge
channel 25. When the operation performed by an apparatus
such as the boiler 21 and the CO, recovering apparatus 22

is stopped for example, the flue gas 12 fed from the flue

gas channel 24 is fed to the space E. Meanwhile, the

atmosphere 17 flows into the stack 15, descends the space

18
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formed by the inner wall 15b and the projection 38, and 1s

fed to a space F formed by the inner wall 15b, the second

dam 37, and a bottom 15c of the stack 15.

Because the temperature of the flue gas 12 fed from
the flue gas.channel 24 is higher than the temperature of
the atmosphere 17, when the flue gas 12 in the space E and

the atmosphere 17 in the space F come into contact with

each other, the flue gas 12 stays higher than the
atmosphere 17 due to the density difference between flue
gas 12 and the atmosphere 17 caused by the temperature

difference between the flue gas 12 and the atmosphere 17.

The boundary region X between the flue gas 12 and the
atmosphere 17 is formed by the interaction of the

temperature difference and the density difference between

the flue gas 12 and the atmosphere 17.

Accordingly, because the atmosphere 17 in the space I

prevents the flue gas 12 1n the space k from traveling, the
flue gas 12 can be kept in the space E, and because the
flue gas 12 kept in the spacé E prevents the atmosphere 1/
from traveling, the atmosphere 17 can be kept in the space
F. Therefore, because the flue gas 12 fed into the stack
15 is sealed by the atmosphere 17 in the space F at the

boundary region X between the flue gas 12 and the

atmosphere 17 formed by the interaction of the temperature

difference and the density difference between the flue gas

19



CA 02791789 2012-10-03

12 and the atmospher

from being discharge

Alternatively,

which the flue gas 1

e 1/, the flue gas 12 can be prevented

d to the outside of the stack 15.

a flue gas branch channel 40 through

2 1s fed to the CO,; recovering

apparatus 22 may be provided in the flue gas channel 24.

When the operation p

or the like provided

the flue gas 12 rema
the flue gas 12 in t
gas branch channel 4
apparatus 22.
Although, in th
10C according to the
1s provided at the u

the dam 35 may not b

to keep the flue gas
by the projection 38

make the flue gas 12

erformed by the boiler 21, a turbine,
in an industrial facility is stopped,

ining in the flue~gas channel 24 and

he space E can be led out of the flue

0, and fed to the CO, recovering

e third air pollution control apparatus

present embodiment, the first dam 35
pper portion of the flue gas channel 24,
e provided because it 1s necessary only

12 in the region of the space E formed

and the flue gas guiding unit 39 and

stay higher than the atmosphere 17 to

seal the flue gas 12.

Although 1n the
10C according to the

forming unit 23C 1s

third air pollution control apparatus
present embodiment, only the channel

provided in the stack 15 as a channel

forming unit, the present invention is not limited to this

configuration, and any one of the channel forming unit 23A

of the first air pol

lution control apparatus 10A according

20
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to the first embodiment shown in Fig. 1, and the channel

forming unit 23B of the second air pollution control
apparatus 10B according to the second embodiment shown 1n

Fig. 3 or both may be used in combination.

Fourth Embodiment
Fig. 5 is a schematic of a configuration of an air
pollution control apparatus according to a fourth

P

embodiment of the present invention. The air pollution

control apparatus according to the present embodiment 1is
explained with reference to Fig. 5. Cpmponeﬁts that are
the same as the counterparts in the air pollution control
apparatus according to the first embodiment are provided
with the same symbols, and are not explained repeatedly.
This fourth air pollution control apparatus 10D
according to the present embodiment uses a static mixer (a

mixing unit) 41 as a controlling unit that mixes the flue

gas 12 and the atmosphere 17. By providing the static
mixer 41 in the stack 15, the flue gas 12 and the
atmosphere 17 are mixed by the static mixer 41 when the
atmosphere 17 flows into the stack 15, thereby stopping the
flow of the flue gas 12 and the atmosphere 17. Thus,
inflow of the atmosphere 17 to the stack 15 can be

decreased. Furthermore, the flue gas 12 or the atmosphere

17 can be prevented from being discharged solely from the

stack 15. Even when the operation performed by an
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apparatus such as the CO, recovering apparatus 22 1is

stopped for example, 1inflow of the atmosphere 17 to the

stack 15 can be decreased, the almost total amount of the

flue gas 12 otherwise discharged from the stack 15 to the
outside can be drawn into the CO, recovering apparatus 22
stably and safely with a simple structure, and draw-in of
the atmosphere 17 to the CO, recovering apparatus 22 or the

like can be suppressed.

Alternatively, in the fourth air pollution control
apparatus 10D according to the present embodiment, a flue

gas return flow channel 42 that returns, into the stack 15,

aad

a part of the flue gas 12 fed by the blower 13 to the CO;

recovering apparatus 22 may be provided as shown 1n Fig. 6.

By returning a part of the flue gas 12 into the stack 15
through the flue gas return flow channel 42, the atmosphere

e

17 is less prone to flow into the stack 15 from the outside

of the stack 15. Thus, inflow of the atmosphere 17 to the

stack 15 can be further decreased.

Although a spiral member like the static mixer 41 1s

used as a mixing unit in the fourth air pollution control
apparatus 10D according to the present embodiment, the
present invention is not limited to the configuration, and

any spiral member that can mix the flue gas 12 and the

atmosphere 17 may be used. Alternatively, any non-spiral

member that can mix the flue gas 12 and the atmosphere 17
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may be used.

Although only the static mixer 41 1is provided in the
stack 15 as a mixing unit in the fourth air pollution
control apparatus 10D according to the present embodiment,
the present invention is not limited to the configuration,

and at least any one of the channel forming unit 23A of the

first air pollution control apparatus‘loA according to-the
first embodiment shown in Fig. 1, the channel forming unit
23B of the second air pollution control apparatus 10B
according to the second embodiment shown in Fig. 3, and the
channel forming unit 23C of the third ailr pollution control
apparatus 10C according to the third embodiment shown 1n

Fig. 4 may be used 1n combination.

Fifth Embodiment

Fig. 7 is a schematic of a configuration of an air
pollution control apparatus according to a fifth embodiment
of the present invention. The air pollution control
apparatus according to the present embodiment is explained
with reference to Fig. 7. Components that are the same as
the counterparts in the air pollution control apparatus
according to the first embodiment are provided with the
same symbols, and are not explained repeatedly.

This fifth air pollution control apparatus 10E

according to the present embodiment uses a leak suppressing

unit as a controlling unit that suppresses intlow of the
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atmosphere 17 to the stack 15. 1In the present embodiment,
three resistive parts 51 extending to the exit of the stack
15 when viewed from the cross-sectional direction in the
longitudinal direction of the stack 15 are provided as the
leak suppressing unit at the inné& wall 15b of the stack 15.
The resistive parts 51 are provided along the inner wall

15b of the stack 15.

Because the temperature of the atmosphere 17 1s lower

than the temperature of the flue gas 12, the flow rate of
the atmosphere 17 that has flowed into the stack 15
descending along the inner wall of the stack 15 1s larger

than the flow rate of the atmosphere 17 descending at the

"

central portion of the stack 15. Accordingly, by providing

the resistive parts 51 at the inner wall 13b of the stack
15, the inflow rate of the atmosphere 17 descending along
the inner wall of the stack 15 can be suppressed.

Furthermore, inflow of the atmosphere 17 descending at the

central portion of the stack 15 to the stack 15 can be

decreased due to the flue gas 12 fed into the stack 1o and

ascending the stack 15. Even when the operation performed
by an apparatus such as the CO, recovering apparatus 22 1is
stopped for example, the i1nflow rate of the atmosphere 17
to the stack 15 can be decreased, the almost total amount
of the flue gas 12 otherwise discharged from the stack 105

to the outside can be drawn into the CO, recovering
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apparatus 22 stably and safely with a simple structure, and

P

draw—-in of the atmosphere 17 to the CO,; recovering

apparatus 22 or the like can be suppressed.
Although the number of the resistive parts 51 provided

are three i1in the fifth air pollution control apparatus 10E

according to the present embodiment, the number of the
resistive parts 51 may be'changed app;opriately accordling
to the suppression rate of the atmosphere 17.

Although the resistive part extending to the exit of
the stack 15 when viewed from the cross-sectional direction
in the longitudinal direction of the stack 15 1s employed
in the fifth air pollution control apparatus 10E according
to the present embodiment, the present invention 1s not
limited to this configuration, and any member that can
suppress'inflow éf the atmosphere 17 to the stack 15 may be
employed.

Further, although only the leak suppressing unit for

suppressing inflow of the atmosphere 17 to the stack 15 1s

provided in the stack 15 as a controlling unit in the fifth
air pollution control apparatus 10E according to the
present embodiment, the present invention is not limited to

this configuration. For example, at least any one of the

channel forming unit 23A of the first air pollution control
apparatus 10A according to the first embodiment shown 1n

Fig. 1, the channel forming unit 23B of the second air
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pollution control apparatus 10B according to the second
empbodiment shown in Fig. 3, the channel forming unit 23C of
the third air pollution control apparatus 10C according to

the third embodiment shown in Fig. 4, and the mixing unit

41 of the fourth air pollution control apparatus 10D
according to the fourth embodiment shown in Fig. 5 may be
used in combination.

Sixth Embodiment

p—

Fig. 8 is a schematic of a configuration of an air

pollution control apparatus according to a sixth embodiment
of the present invention. The air pollution control
apparatus according to the present embodiment is explailned
with reference to Fig. 8. Components that are the same as
the counterparts in the ailir pollution control apparatus
according to the first embodiment are provided with the
same symbols, and are not explained repeatedly.

A sixth air pollution control apparatus 10F according

to the present embodiment uses a dumper (an opening/closing

unit) 52 as a controlling unit that is provided at the

inlet 36 of the stack 15 through which the flue gas 12 1is

fed into the stack 15 and that can be opened only inward ot

the stack 15.

The dumper 52 is openable only inward of the stack 15

about one end of the inlet 36. Accordingly, by providing

the dumper 52 at the inlet 36 of the inner wall 15b, when
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the CO, recovering apparatus 22 is running and the blower
13 is drawing in the flue gas 12, or when an 1ndustrial

facility such as the boiler 21 and a gas turbine 1is running

and the éressure'in the flue gas channel 24 1s positive,
the dumper 52 that 1s openable only inward of the stack 15
can be kept open inward of the stack 15 so that the flue
gas 12 can be drawn into the CO; recovering apparatus 22.

P
e

When the operation performed by én industrial facility

such as the boiler 21 and a gas turbine positioned ﬁpstream
of the stack 15, and the CO, recovering apparatus 22 1s
stopped for example, the inlet 36 can be closed with the
damper 52. Thus, the atmosphere 17 can be prevented from
flowing 1into an industrial facility such as the boiler 21
and a gas turbine.

Alternatively, the flue gas branch channel 40 through

which the flue gas 12 is fed to the CO, recovering

apparatus 22 may be provided in the flue gas'channe1'74.
When the operation performed by an industrial facility such

as the boiler 21 and a gas turbine is stopped, while the

CO, recovering apparatus 22 is running, the flue gas 1Z

remaining in the flue gas channel 24 may be led out of the
flue gas branch channel 40, and fed to the CO; recovering

apparatus 22. When an industrial facility such as the
boiler 21 and a gas turbine is running while an apparatus

such as the CO, recovering apparatus 22 1is not operated,
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the flue gas 12 in the flue gas channel 24 may be led out

of the flue gas branch channel 40, and when the CO,

recovering apparatus 22 starts running, the flue gas 12 may
be fed to the CO,; recovering apparatus 22. When the

operation performed by an industrial facility such as the

boiler 21 and a gas turbine, and the CO; recovering

apparatus 22 is.stopped, the flue gas 12 may be led out of
the flue gas branch channel 40, and féd to the CO;
recovering apparatus 22 when the CO, recovering apparatus
22 starts running.

Although, in the sixth air pollution éontrol apparatus
10F according to_the present embodiment, only the dumper 52
openable only inward of the stack 15 is provided as a
opening/closing unit at the inlet 36 of the stack 15, the
present invention is not limited to this configuration.
For example, at least any one of the channel forming unit
23A of the first air pollution control apparatus 10A
according to the first embodiment shown in Fig. 1, the

channel forming unit 10B of the second air pollution

control apparatus 23B according to the second embodiment
shown in Fig. 3, the channel forming unit 23C of the third

air pollution control apparatus 10C according to the third

embodiment shown in Fig. 4, the mixing unit 41 of the

L

fourth air pollution control apparatus 10D according to the

fourth embodiment shown in Fig. 5, and the resistive part
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L*]

51 of the fifth air pollution control apparatus 10

according to the fifth embodiment shown in Fig. 7 may be

used 1n combination.

Although the present invention 1is explalned as being
used in an air pollution control apparatus including the
CO, recovering apparatus 22, 1t may be used 1in an air
pollution control apparatus i1ncluding another apparatus
such as a fuel gas desulfurization apparatus other than the
CO, recovering apparatus 22.

According to an air pollution control apparatus of an
embodiment of the present inventilion, without a blocking

unit such as a damper, a stack i1ncludes a cOntrolling unit

that suppresses release of the flue gas outside from the

stack and suppresses 1nflow of atmosphere to the stack, and
the controlling unit is a channel forming unit that forms a
serpentine channel through which the flue gas and the
atmosphere in the stack flow. Even when the operation
performed by an apparatus such as the CO,; recovering

apparatus 1s stopped for example, i1nfliow of the atmosphere

to the stack can be decreased, almost all amount of the
flue gas discharged from the stack to the outside can Dbe

drawn into the CO, recovering apparatus stably and safely

with a simple structure, and draw-in of the atmosphere to

the CO, recovering apparatus or the like can be suppressed.
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According to an air pollution control apparatus of an
embodiment of the present invention, a stack includes a
controlling unit that suppresses release of the flue gas
outside from the stack and suppresses inflow of atmosphere
to the stack, and the controlling unit 1s a mixing unit
that mixes the flue gas and the atmosphere. Therefore,
even when a device such as the CO; recovering apparatus

stops running, inflow of the atmosphere into the stack 1is

reduced. Almost all of the flue gas discharged from the

stack is draw to the CO; recovering apparatus side stably

and safely by a simple configuration of the apparatus.

Also, a drawn-in of the atmosphere to the CO, recovering

apparatus 1s suppressed.

vl

According to an air pollution control apparatus of an
embodiment of the present invention, a stack includes a
controlling unit that suppresses release of the flue gas
outside from the stack and suppresses inflow of atmosphere
to the stack, and the controlling unit 1s a leak

F

suppressing unit that suppresses inflow of the atmosphere

to the stack. Therefore, even when a device such as the
CO, recovering apparatus stops running, 1inflow of the

atmosphere into the stack is reduced. Almost all of the

flue gas discharged from the stack 1s draw to the CO;
recovering apparatus side stably and safely by a simple

configuration of the apparatus. Also, a drawn-in of the
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53609~3D

atmosphere to the CO,; recovering apparatus 1s suppressed.

- According to aﬁ air pollution control apparatus of an
embodiment of the present invention, a stack includes a
controlling unit that suppresses release of the flue gas
outside from the stack and suppresses inflow of atmosphere
to thé stack, and the controlling unit is an
opening/closing unit that is provided at an inlet of the
stack ‘through which the flue gas is fed into the stack and
that is openable only inward of the stack. Therefore, when
the CO; recovering apparatus is running, and the blower is
drawihg in the flue gas, and when an industrial facility
such as a boiler and a gas turbine is running, and the
pressure in the flue gas channel is positive, the
opening/closing unit can be kept open inward of a stack.
Thus, the flue gas can be drawn into the CO, recovering
apparatus. ‘When the operation performed by an apparatus
such as the CO, recovering apparatus is stopped for example,
the inlet can be closed with the opening/closing unit.
Thus, the atmosphere can be prevented from flowing into an
industrial facility such as the boiler and a gas turbine.

Although the invention has been described with respect

to a specific embodiment for a complete and clear

disclosure, various modifications to the disclosure

will be readily apparent to those skilled 1in the art,
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and the generic principles defined herein may be

applied to other variations without departing from the

scope of the disclosure.
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CLAIMS:

1. An alr pollution control apparatus comprising:

a stack that discharges flue gas, discharged from an

industrial facility, outside;

a blower that 1s provided downstream of the stack and

draws 1n the flue gas; and

a CO, recovering apparatus that recovers CO; 1n the

flue gas drawn in by the blower, whereiln

the stack includes a controlling unit that suppresses

release of the flue gas outside from the stack and suppresses

pr—

inflow of atmosphere to the stack, and

the controlling unit is a mixing unit that mixes the

flue gas and the atmosphere.

2 . The air pollution control apparatus according to

claim 1, further comprising a flue gas return flow channel that
returns, into the stack, a part of the flue gas fed to the CO;

recovering apparatus by the blower.

3. An air pollution control apparatus comprising:

a stack that discharges flue gas, discharged from an

industrial facility, outside;

a blower that is provided downstream of the stack and

draws in the flue gas; and

a CO, recovering apparatus that recovers CO; 1n the

flue gas drawn in by the blower, wherein
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the stack includes a controlling unit that suppresses

release of the flue gas outside from the stack and suppresses

F

inflow of atmosphere to the stack, and

the controlling unit 1is a leak suppressing unit that

r—

suppresses 1nflow of the atmosphere to the stack.

4 . The air pollution control apparatus according to

claim 3, wherein the leak suppressing unit 1s at least one

reslistive part that 1s provided on a wall surface of the stack,

and extends toward an exit of the stack when viewed from a

cross—-sectlonal direction 1n a longitudinal direction of the

stack.

5. An air pollution control apparatus comprising:

a stack that discharges flue gas, discharged from an

industrial facility, outside;

a blower that 1s provided downstream of the stack and

draws 1n the flue gas; and

a CO, recovering apparatus that recovers CO; 1n the

L_ 4

"lue gas drawn in by the blower, wherein

the stack includes a controlling unit that suppresses

release of the flue gas outside from the stack and suppresses

inflow of atmosphere to the stack, and

the controlling unit is an opening/closing unit that

is provided at an inlet of the stack through which the flue gas

F

is fed into the stack and that 1s openable only inward of the

stack.
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