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1.
COMBUSTION GAS COOLING APPARATUS,
DENTRATION APPARATUS INCLUDING
THE COMBUSTION GAS COOLING

APPARATUS, AND COMBUSTION GAS
COOLING METHOD
TECHNICAL FIELD

The present invention relates to a combustion gas cooling
apparatus, a denitration apparatus including the combustion
gas cooling apparatus, and a combustion gas cooling

10

method.

2
A combustion gas cooling apparatus according to the
present invention has a first duct including a first flow inlet
into which a combustion gas travels, and a first flow outlet
which allows the combustion gas traveling in from the first
flow inlet to exhaust, a cooling duct which introduces a
cooling gas to the first duct at a temperature lower than the
combustion gas, and generates a mixed gas in which the
combustion gas and the cooling gas are mixed, and a second
duct including a second flow inlet into which is connected to
the first duct to introduce the mixed gas, and a second flow
outlet which allows the mixed gas traveling in from the
second flow inlet to exhaust, wherein a difference of maxi
mum dimensions in a first direction of the first flow inlet and

BACKGROUND ART

Conventionally, a denitration apparatus decomposing
nitrogen oxides contained in a combustion gas discharged
from a combustion engine Such as a gas turbine, and
preventing an adverse effect on an atmospheric environment

the first flow outlet with respect to a passage length of the
15

second flow outlet with respect to a passage length of the
second duct, and/or a difference of maximum dimensions in

a second direction, which is Substantially orthogonal to the

has been known. Further, it is known that when the com

bustion gas with temperature exceeding allowable tempera
ture flows into the denitration apparatus including a catalyst
part which decomposes nitrogen oxides, performance deg
radation of the denitration apparatus, or a failure of the
denitration apparatus occurs. There is known a denitration
apparatus in which a cooling apparatus which cools a
combustion gas is installed at an upstream side of a catalyst
part in order to prevent the troubles like this (refer to, for
example, Patent Literature 1). As methods for cooling a
combustion gas, a method for transferring thermal energy of
a combustion gas to a cooling medium and a method for
mixing a cooling medium and a combustion gas are known.

first duct is smaller than a difference of maximum dimen
sions in the first direction of the second flow inlet and the

first direction, of the first flow inlet and the first flow outlet

with respect to the passage length of the first duct is Smaller
than a difference of maximum dimensions in the second
direction of the second flow inlet and the second flow outlet
25

with respect to the passage length of the second duct.
In the combustion gas cooling apparatus according to the
present invention, when the difference of the maximum
dimensions in the first direction of the first flow inlet and the

first flow outlet with respect to the passage length of the first
30

CITATION LIST

Patent Literature
35

{PTL 1}

Japanese Unexamined Patent Application, Publication

No. Hei 1-281322

duct is smaller than the difference of the maximum dimen
sions in the first direction of the second flow inlet and the

second flow outlet with respect to the passage length of the
second duct, less flow-separation and less flow-maldistribu
tion of the stream of the combustion gas in the first duct
occurs as compared with the case in which the differences
are equal, and mixing of the combustion gas and the cooling
gas is made uniform, and therefore, cooling can be per
formed with a temperature distribution of the combustion
gas being made sufficiently uniform. Further, the cross
sectional area of the flow outlet of the second duct is

SUMMARY OF INVENTION

40

Sufficiently large, and therefore, the gas flows at a lower rate
so that a pressure loss can be reduced when the catalyst part
which decomposes nitrogen oxides is installed.
Similarly, in the combustion gas cooling apparatus
according to the present invention, when the difference of

45

the maximum dimensions in the second direction, which is

Technical Problem

However, the cooling apparatus disclosed in Patent Lit
erature 1 is not intended to mix a cooling medium and a
combustion gas, but Supplies the cooling medium which
recovers heat from the combustion gas to a waste heat
recovery boiler. Accordingly, as compared with the cooling
apparatus with a method which mixes a cooling medium and
a combustion gas, a Sufficient cooling cannot be achieved.
Further, when a cooling medium is mixed with a com
bustion gas, it is required that the cooling medium and the
combustion gas are sufficiently mixed to make the tempera
ture distribution of the mixed gas uniform.
The present invention is made in the light of the circum
stances as above, and has an object to provide a combustion
gas cooling apparatus, a denitration apparatus including the
combustion gas cooling apparatus, and a combustion gas
cooling method, which reduce a pressure loss through a
catalyst part while enabling cooling with a temperature
distribution of a gas which is Supplied to the catalytic part
that decomposes nitrogen oxides being made Sufficiently

substantially orthogonal to the first direction, of the first flow
inlet and the first flow outlet with respect to the passage
length of the first duct is smaller than the difference of the
maximum dimensions in the second direction of the second
50

less flow-maldistribution of the stream of the combustion
55

gas in the first duct occurs as compared with the case in
which the differences are equal, and mixing of the combus
tion gas and the cooling gas is made uniform, and therefore,
cooling can be performed with a temperature of the com
bustion gas being made Sufficiently uniform. Further, the
cross-sectional area of the flow outlet of the second duct is

60

uniform.
Solution to Problem

Sufficiently large, and therefore, the gas flows at a lower rate
so that a pressure loss can be reduced when the catalyst part
which decomposes nitrogen oxides is installed.
Further, in the combustion gas cooling apparatus of a first
aspect of the present invention, the difference of the maxi
mum dimensions in the first direction of the first flow inlet

65

In order to attain the above described objective, the
present invention adopts the following means.

flow inlet and the second flow outlet with respect to the
passage length of the second duct, less flow-separation and

and the first flow outlet with respect to the passage length of
the first duct is smaller than the difference of the maximum
dimensions in the first direction of the second flow inlet and

US 9,644,511 B2

in the second direction of the second flow inlet and the

4
separation and less flow-maldistribution of the stream of the
combustion gas in the first duct occurs, mixing of the
combustion gas and the cooling gas is made uniform, and
cooling can be performed with the temperature distribution
of the gas which is Supplied to the catalyst part that decom
poses nitrogen oxides being made sufficiently uniform.

second flow outlet with respect to the passage length of the

Further, the cross-sectional area of the flow outlet of the

second duct.

second duct is sufficiently large, and therefore, the gas flows
at a lower rate so that the pressure loss in the catalyst part

3
the second flow outlet with respect to the passage length of
the second duct, and the difference of the maximum dimen
sions in the second direction of the first flow inlet and the

first flow outlet with respect to the passage length of the first
duct is equal to the difference of the maximum dimensions
According to the combustion gas cooling apparatus of the
first aspect of the present invention, the difference of the

10

inlet and the first flow outlet with respect to the passage
length of the first duct is smaller than the difference of the

second direction of the first duct from the first flow inlet to

maximum dimensions in the first direction of the second

flow inlet and the second flow outlet with respect to the
passage length of the second duct. Therefore, less flow
separation and less flow-maldistribution of the stream of the
combustion gas in the first duct occurs, mixing of the
combustion gas and the cooling gas is made uniform, and
cooling can be performed with the temperature distribution
of the gas which is Supplied to the catalyst part that decom
poses nitrogen oxides being made Sufficiently uniform.

15

constant. Further, the cross-sectional area of the flow outlet

of the second duct is sufficiently large, and the gas flows at
a lower rate so that the pressure loss in the catalyst part can
be reduced.
25

can be reduced.

Further, in the combustion gas cooling apparatus of the
first aspect of the present invention, a maximum dimension
in the first direction of the first duct from the first flow inlet

to the first flow outlet may be constant. In this manner,
cooling can be performed with the temperature distribution
of the combustion gas being made sufficiently uniform while

30

the maximum dimension in the first direction of the first duct

is made constant. Further, the cross-sectional area of the

flow outlet of the second duct is sufficiently large, and the
gas flows at a lower rate so that the pressure loss in the
catalyst part can be reduced.
Further, in the combustion gas cooling apparatus of the
first aspect of the present invention, a plurality of the cooling
ducts may be installed at intervals in the first direction. In
this manner, the cooling efficiency of the combustion gas is
enhanced, and cooling can be performed with the tempera
ture distribution of the gas which is supplied to the catalyst
part that decomposes nitrogen oxides being made Sufi
ciently uniform.
Further, in the combustion gas cooling apparatus of a
second aspect of the present invention, the difference of the

35

40

45

50

maximum dimensions in the first direction of the second

flow inlet and the second flow outlet with respect to the
passage length of the second duct, and the difference of the
maximum dimensions in the second direction of the first

flow inlet and the first flow outlet with respect to the passage
length of the first duct is smaller than the difference of the

55

maximum dimensions in the second direction of the second

flow inlet and the second flow outlet with respect to the
passage length of the second duct.
According to the combustion gas cooling apparatus of the
second aspect of the present invention, the difference of the

60

maximum dimensions in the second direction of the first

flow inlet and the first flow outlet with respect to the passage
length of the first duct is smaller than the difference of the
maximum dimensions in the second direction of the second

flow inlet and the second flow outlet with respect to the
passage length of the second duct. Therefore, less flow

Further, in the combustion gas cooling apparatus of the
second aspect of the present invention, a plurality of the
cooling ducts may be installed at intervals in the second
direction. In this manner, the cooling efficiency of the
combustion gas is enhanced, and cooling can be performed
with the temperature distribution of the gas which is sup
plied to the catalyst part that decomposes nitrogen oxides
being made sufficiently uniform.
In the combustion gas cooling apparatus of a third aspect
of the present invention, a center position in the first
direction of the second flow outlet is higher than a center
position in the first direction of the first flow outlet. In this
manner, the combustion gas cooling apparatus can be pro
vided, in which an outer wall surface of any one of the first
duct and the second duct is disposed on the same plane.
In the combustion gas cooling apparatus of a fourth aspect
of the present invention, a center position in the first
direction of the second flow outlet corresponds to a center
position in the first direction of the first flow outlet. In this
manner, the center position in the first direction of the
second flow outlet and the center position in the first
direction of the first flow outlet are caused to correspond to
each other, and nonuniformity of the velocity distribution of
the mixed gas which flows in the second duct can be
reduced.

maximum dimensions in the first direction of the first flow

inlet and the first flow outlet with respect to the passage
length of the first duct is equal to the difference of the

the first flow outlet may be constant. In this manner, cooling
can be performed with the temperature distribution of the
gas which is Supplied to the catalyst part that decomposes
nitrogen oxides being made sufficiently uniform, while the
dimension in the second direction of the first duct is made

Further, the cross-sectional area of the flow outlet of the

second duct is sufficiently large, and therefore, the gas flows
at a lower rate so that the pressure loss in the catalyst part

can be reduced.

Further, in the combustion gas cooling apparatus of the
second aspect of the present invention, a dimension in the

maximum dimensions in the first direction of the first flow

65

In the combustion gas cooling apparatus of a fifth aspect
of the present invention, a temperature of the combustion
gas which flows into the first flow inlet is 500° C. or higher.
In the combustion gas cooling apparatus of a sixth aspect
of the present invention, as the cooling gas which is intro
duced to the first duct from the cooling duct, air in atmo
sphere is used.
A denitration apparatus according to the present invention
includes the combustion gas cooling apparatus, and has a
catalyst part which is provided downstream of the second
duct, decomposes nitrogen oxides contained in the mixed
gas exhausted from the second duct, and discharges the
mixed gas in which the nitrogen oxides are decomposed,
wherein temperature of the mixed gas at an inlet of the
catalyst part is 300° C. to 500° C. inclusive.
A combustion gas cooling method according to the pres
ent invention includes the steps of introducing a combustion
gas to flow into a first duct including a first flow inlet into
which the combustion gas travels, and a first flow outlet
which allows the combustion gas flowing in from the first

US 9,644,511 B2
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loss in the catalyst part that decomposes nitrogen oxides
while enabling cooling with the temperature distribution of
the gas which is Supplied to the catalyst part that decom
poses nitrogen oxides being made Sufficiently uniform.

5
flow inlet to exhaust, injecting a cooling gas from a cooling
duct which causes the cooling gas at a temperature lower
than the combustion gas to flow out into the first duct, and
generating a mixed gas in which the combustion gas and the
cooling gas are mixed so that temperature of the mixed gas
falls within a predetermined temperature range; and intro
ducing the mixed gas to flow into a second duct which
includes a second flow inlet into which the mixed gas

BRIEF DESCRIPTION OF DRAWINGS

exhausted from the first flow outlet of the first duct travels,

and a second flow outlet which allows the mixed gas flowing

10

in from the second flow inlet to exhaust, wherein a differ
ence of maximum dimensions in a first direction of the first

flow inlet and the first flow outlet with respect to a passage
length of the first duct is smaller than a difference of
maximum dimensions in the first direction of the second

15

flow inlet and the second flow outlet with respect to a
passage length of the second duct, and/or a difference of

FIG. 1 is a perspective view of a combustion gas cooling
apparatus of a first embodiment.
FIG. 2 is a plan view of the combustion gas cooling
apparatus of the first embodiment seen from above.
FIG. 3 is a side view of the combustion gas cooling
apparatus of the first embodiment seen from a right side.
FIG. 4 is a view of a cooling duct 40 seen from an arrow
A direction in FIG. 2.

FIG. 5 is a B-B sectional view of the cooling duct shown
in FIG. 4.

FIG. 6 is a C-C sectional view of the cooling duct shown

maximum dimensions in a second direction, which is Sub

stantially orthogonal to the first direction, of the first flow
inlet and the first flow outlet with respect to the passage
length of the first duct is smaller than a difference of

in FIG. 4.

maximum dimensions in the second direction of the second

FIG. 8 is a side view of a combustion gas cooling
apparatus of a comparative example seen from a right side.
FIG. 9 is a perspective view of a combustion gas cooling
apparatus of a second embodiment.
FIG. 10 is a plan view of the combustion gas cooling
apparatus of the second embodiment seen from above.
FIG. 11 is a side view of the combustion gas cooling
apparatus of the second embodiment seen from a right side.
FIG. 12 is a side view of a gas turbine system including
the combustion gas cooling apparatus of the first embodi

FIG. 7 is a D-D sectional view of the cooling duct shown
in FIG. 4.

flow inlet and the second flow outlet with respect to the
passage length of the second duct.
When the difference of the maximum dimensions in the
first direction of the first flow inlet and the first flow outlet

25

with respect to the passage length of the first duct is Smaller
than the difference of the maximum dimensions in the first
direction of the second flow inlet and the second flow outlet

with respect to the passage length of the second duct, less
flow-separation and less flow-maldistribution of the stream
of the combustion gas in the first duct occurs as compared
with the case in which the differences are equal, and mixing
of the combustion gas and the cooling gas is made uniform,
and therefore, cooling can be performed with a temperature
distribution of the gas which is Supplied to the catalyst part
that decomposes nitrogen oxides being made Sufficiently

30

ment.

DESCRIPTION OF EMBODIMENTS
35

First Embodiment

Hereinafter, a combustion gas cooling apparatus of a first

uniform. Further, the cross-sectional area of the flow outlet

of the second duct is Sufficiently large, and therefore, the gas
flows at a lower rate so that a pressure loss can be reduced
when the catalyst part which decomposes nitrogen oxides is

embodiment will be described with use of FIG. 1 to FIG. 3
40

installed.

Similarly, when the difference of the maximum dimen
sions in the second direction of the first flow inlet and the

first flow outlet with respect to the passage length of the first

45

duct is smaller than the difference of the maximum dimen
sions in the second direction of the second flow inlet and the

second flow outlet with respect to the passage length of the
second duct, less flow-separation and less flow-maldistribu
tion of the stream of the combustion gas in the first duct
occurs as compared with the case in which the differences
are equal, and mixing of the combustion gas and the cooling
gas is made uniform. Therefore, cooling can be performed
with the temperature distribution of the gas which is sup
plied to the catalyst part that decomposes nitrogen oxides
being made Sufficiently uniform. Further, the cross-sectional
area of the flow outlet of the second duct is sufficiently large,
and therefore, the gas flows at a lower rate so that a pressure
loss in the case of the catalyst part which decomposes
nitrogen oxides being installed can be reduced.

50

55

60

Advantageous Effects of Invention
According to the present invention, the combustion gas
cooling apparatus, the denitration apparatus including the
combustion gas cooling apparatus, and the combustion gas
cooling method can be provided, which reduces the pressure

65

and FIG. 12. FIG. 1 is a perspective view of a combustion
gas cooling apparatus 100 of the first embodiment. FIG. 2 is
a plan view of the combustion gas cooling apparatus 100
seen from above. FIG. 3 is a side view of the combustion gas
cooling apparatus 100 seen from a right side. FIG. 12 is a
side view of a gas turbine system including the combustion
gas cooling apparatus 100. In FIG. 1 to FIG.3 and FIG. 12,
the components assigned with the same reference signs have
the same configurations. Further, the arrows in FIG. 1 to
FIG. 3 indicate flow directions of gases (a combustion gas,
a mixed gas).
As shown in FIG. 12, the combustion gas cooling appa
ratus 100 of the first embodiment is an apparatus which
causes a combustion gas (an exhaust gas) at a high tem
perature of 500° C. or higher which is generated by com
bustion in, for example, a gas turbine 1 to flow in from an
inlet duct 50, mixes the combustion gas and a cooling gas in
a mixing duct 10 to generate a mixed gas, and causes the
mixed gas passing through an expanded duct 20 into a
catalyst part 30. The catalyst part 30 decomposes nitrogen
oxides contained in the mixed gas, and discharges the mixed
gas in which the nitrogen oxides are decomposed into an
outside (atmosphere) of the gas turbine system including the
combustion gas cooling apparatus 100 via a stack 3 provided
at a rear stream side. Further, in the combustion gas cooling
apparatus 100, cooling is preferably performed until the
temperature becomes a temperature of 300° C. to 500° C.
inclusive at which the activation of a catalyst is high in the

US 9,644,511 B2
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catalyst part 30, and which is suitable for decomposition
processing of the nitrogen oxides contained in the mixed
gas. In order to achieve uniformity of the temperature of the
mixed gas which is supplied to the catalyst part 30, the
temperature distribution of the mixed gas is preferably
contained in a range in which a difference of the highest
temperature and the lowest temperature is 10° C. or less.
The inlet duct 50 is formed from a metal material or any
heat resistant material Such as iron, and functions as a flow

passage of the combustion gas. The inlet duct 50 includes a
flow inlet 50a into which the combustion gas discharged
from the gas turbine flows, and a flow outlet 50b from which
the combustion gas which flows into the flow inlet 50a flows
out. A sectional shape in a direction orthogonal to an inflow
direction of the combustion gas (arrow direction in FIG. 1)
of the flow inlet 50a is, for example, substantially circular.
Meanwhile, a sectional shape in the direction orthogonal to
the inflow direction of the combustion gas (arrow direction
in FIG. 1) of the flow outlet 50b is substantially a square, for
example. The inlet duct 50 is in a shape in which a sectional
area in the direction orthogonal to the inflow direction of the
combustion gas (arrow direction in FIG. 1) gradually
expands toward the flow outlet 50b from the flow inlet 50a.
For example, a flow velocity of the combustion gas dis
charged from the gas turbine in the inlet duct 50 is 50 m/s

10

15

ducts 40 seen from the arrow A direction in FIG. 2. As shown

25

to 100 m/s.

The mixing duct (first duct) 10 is formed from a metal
material Such as iron, and functions as a flow passage of the
mixed gas in which the combustion gas and the cooling gas
are mixed. The mixing duct 10 includes a flow inlet (first
flow inlet) 10a into which the combustion gas discharged

30

from the flow outlet 50b of the inlet duct 50 flows, and a flow

outlet (first flow outlet) 10b from which the combustion gas
flowing in from the flow inlet 10a flows out. A sectional
shape in a direction orthogonal to an inflow direction of the
combustion gas (arrow direction in FIG. 1) of the flow inlet
10a is a square. A sectional shape in the direction orthogonal
to the inflow direction of the combustion gas (arrow direc
tion in FIG. 1) of the flow outlet 10b is a rectangle with a
wide width. The flow inlet 10a of the mixing duct 10 is in
the same shape as the flow outlet 50b of the inlet duct 50,
and is connected thereto So that leakage of the combustion
gas does not occur. The sectional shapes of the flow inlet 10a
and the flow outlet 10b are not limited to a square and a
rectangle, but may be an ellipse, a circular shape and the

35

40

45

like.

The cooling duct 40 is formed from a metal material such
as iron, and causes a cooling gas at a temperature lower than
the combustion gas to flow into the mixing duct 10, and
generates the mixed gas in which the combustion gas and the
cooling gas are mixed. In the first embodiment, for example,
four cooling ducts (40a, 40b, 40c and 40d in sequence from
a lower side) are disposed at intervals in a height direction
(first direction) of the mixing duct 10. Note that the height
direction (first direction) of the mixing duct 10 is a direction
Substantially orthogonal to a plane, for example a ground, on
which ducts (the mixing duct 10, the expanded duct 20, and
the inlet duct 50) are disposed. As the cooling gas, various
gases having lower temperatures than the combustion gas

in FIG. 4, the four cooling ducts 40a, 40b, 40c and 40d are
disposed at constant intervals in the height direction of the
mixing duct 10. Each of the cooling ducts 40 is fixed to a
side wall surface of the mixing duct 10 by bolts or the like.
Note that, the cooling ducts 40a, 40b, 40c, and 40d need not
be disposed at constant intervals in the height direction, but
may disposed at variable intervals.
Each of the cooling ducts 40 is provided with cooling gas
outflow apertures 60 at, for example, ten spots in different
positions in a lengthwise direction (width direction of the
mixing duct 10) of the cooling duct 40. Explaining the
cooling duct 40a, the cooling duct 4.0a is provided with the
cooling gas outflow apertures at 10 spots of 60a to 60i in the
different positions in the lengthwise direction of the cooling
duct 40a. Among the cooling gas outflow apertures at the 10
spots, six cooling gas outflow apertures 60a, 60c. 60e, 60f.
60h and 60i are opened toward a lower side in the height
direction of the mixing duct 10. Meanwhile, four cooling gas
outflow apertures 60b, 60d, 60g and 60i are opened toward
an upper side in the height direction of the mixing duct 10.
Further, the cooling gas outflow apertures which are opened
to the lower side in the height direction of the mixing duct
10 and the cooling gas outflow apertures which are opened
to the upper side in the height direction of the mixing duct
10 are alternately disposed. By disposing the cooling gas
outflow apertures in this manner, mixing of the cooling gas
and the combustion gas is promoted, and the temperature
distribution of the gas which is Supplied to the catalyst part
30 can be further made uniform. Note that, the number of
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can be used, and in the first embodiment, air in the atmo

sphere is used as the cooling gas. In the following descrip
tion, when the four cooling ducts are described without
being distinguished, the cooling ducts are described by
being assigned with reference sign 40, and when each of the
cooling ducts is described by being distinguished from the
other ducts, the cooling duct is described by being assigned
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with any one of reference sign 40a, reference sign 40b,
reference sign 40c and reference sign 40d.
As shown in FIG. 2, the cooling duct 40 includes cooling
gas flow inlets in two directions Substantially orthogonal to
the flow direction of the combustion gas (arrow shown at the
lower side in FIG. 2), and the cooling gas flows in from the
two cooling gas flow inlets. Though not illustrated in FIG.
1 to FIG. 3, each of the two cooling gas flow inlets is
connected to a coupling duct (not illustrated) which includes
an air fan (not illustrated) inside the passage. The air fan
causes the air in the atmosphere to flow into the inside of the
coupling duct by power of drive of a motor or the like, and
guides the air which functions as the cooling gas to the
cooling gas flow inlet via the coupling duct.
Next, with use of FIG. 4, a plurality of cooling gas outflow
apertures (cooling gas flow outlets) included by the cooling
duct 40 will be described. FIG. 4 is a view of the cooling

cooling gas outflow apertures which are opened toward the
upper side in the height direction of the mixing duct 10 is not
limited to four, the number of cooling gas outflow apertures
which are opened toward the lower side in the height
direction of the mixing duct 10 is not limited to six.
As shown by the arrows in FIG. 4, the cooling gas flows
out toward the lower side in the height direction of the
mixing duct 10 from the cooling gas outflow apertures
which are opened toward the lower side in the height
direction of the mixing duct 10. Meanwhile, the cooling gas
flows out toward the upper side in the height direction of the
mixing duct 10 from the cooling gas outflow apertures
which are opened toward the upper side in the height
direction of the mixing duct 10.
FIG. 5 is a B-B sectional view of the cooling ducts 40
shown in FIG. 4. FIG. 6 is a C-C sectional view of the
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cooling ducts 40 shown in FIG. 4. FIG. 7 is a D-D sectional
view of the cooling ducts 40 shown in FIG. 4.
As shown in FIG. 5, the cooling gas flows out toward a
diagonally upper side in the height direction of the mixing
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duct 10, from the cooling gas outflow apertures which are
opened toward the upper side in the height direction of the
mixing duct 10. The cooling gas which flows out includes a
Velocity component toward the upper side in the height
direction of the mixing duct 10, and a velocity component
toward a flow direction of the combustion gas (right direc
tion in FIG. 5).
Further, as shown in FIG. 6, the cooling gas flows out
toward a diagonally lower side in the height direction of the
mixing duct 10, from the cooling gas outflow apertures
which are opened toward the lower side in the height
direction of the mixing duct 10. The cooling gas which flows
out includes a Velocity component toward the lower side in
the height direction of the mixing duct 10, and a velocity
component toward the flow direction of the combustion gas
(right direction in FIG. 6).
As shown in FIG. 7, partition plates (61a to 61d) are
disposed between the cooling gas outflow apertures which
are opened toward the upper side in the height direction of
the mixing duct 10 and the cooling gas outflow apertures
which are opened toward the lower side in the height
direction of the mixing duct 10. The partition plates distrib
ute the cooling gases among the cooling gas outflow aper
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added.

tures 60C and 60d.

Next, the expanded duct (second duct) 20 will be
described. The expanded duct 20 is formed from a metal
material Such as iron, and functions as a flow passage of the
mixed gas in which the combustion gas and the cooling gas
are mixed. The expanded duct 20 includes a flow inlet
(second flow inlet) 20a into which the combustion gas which
is discharged from the flow outlet 10b of the mixing duct 10
and a flow outlet (second flow outlet) 20b from which the
combustion gas which flows into the flow inlet 20a flows
out. A sectional shape in the direction orthogonal to the
inflow direction of the combustion gas (arrow direction in
FIG. 1) of the flow inlet 20a is a rectangle with a large width.
A sectional shape in the direction orthogonal to the inflow
direction of the combustion gas (arrow direction in FIG. 1)
of the flow outlet 20b is a rectangle which is vertically
longer. The flow inlet 20a of the mixing duct 10 is in the
same shape as the flow outlet 10b of the mixing duct 10, and
is connected thereto so that leakage of the mixed gas does
not occur. The sectional shapes of the flow inlet 20a and the
flow outlet 20b are not limited to a square and a rectangle,
but may be an ellipse, a circular shape and the like.
The catalyst part 30 decomposes nitrogen oxides con
tained in the mixed gas, and discharges the mixed gas in
which the nitrogen oxides are decomposed to an outside (in
the atmosphere) of the combustion gas cooling apparatus
100. In the expanded duct 20, a blowing part (not illustrated)
which blows a reducing agent for Subjecting the mixed gas
which passes through the catalyst part 30 to reduction
reaction into the expanded duct 20 is disposed. The blowing
part includes a passage in the shape of a pipe provided with,
for example, a plurality of apertures, and ammonia which
passes through the passage is blown into the expanded duct
20 through the plurality of apertures. Note that the cross
sectional shape of the pipe may be circle, square, rhomboid,
hexagonal or other shape. Note that the ammonia is a typical
example of a reducing agent; other kinds of reducing agents
can also be employed. The mixed gas in which the reducing
agent is blown by the blowing part flows into the catalyst
part 30 via the flow outlet 20b of the expanded duct 20.
The catalyst part 30 functions as a denitration apparatus
which decomposes the nitrogen oxides contained in the
combustion gas into which the reducing agent is blown by
the blowing part, into water and nitrogen. In the first
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embodiment, a selective catalyst reduction (SCR: Selective
Catalytic Reduction) method which decomposes the nitro
gen oxides by using ammonia as the reducing agent is used.
The catalyst part 30 is formed from a metal material or
any heat resistant material Such as iron, and functions as a
flow passage of the mixed gas in which the combustion gas
and the cooling gas are mixed, similarly to the mixing duct
10 and the expanded duct 20. The difference from the mixing
duct 10 and the expanded duct 20 is that a plurality of
catalyst packs (not illustrated) are disposed by being laid in
the passage. The catalyst pack is a catalyst member in which
the catalysts for causing the mixed gas to react with ammo
nia and decomposing the nitrogen oxides (nitrogen monox
ide, nitrogen dioxide, and the like) in the exhaust gas into
water and nitrogen are filled. The catalyst pack is configured
by lattice-shaped or plate-shaped catalysts so that the mixed
gas passes through an inside thereof. As for the components
of the catalyst, TiO2 is a main component, Vanadium, tung
Sten and the like which are the activation components are
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The temperature at which the catalyst promotes the reac
tion which decomposes the mixed gas into nitrogen and
water is preferably 300° C. to 500° C. inclusive, and in
particular, a range from 300° C. to 470° C. inclusive is more
preferable. In the temperature region lower than 300° C., the
activation of the catalyst becomes low, and a larger catalyst
amount is needed to enhance denitration performance.
Meanwhile, when the temperature is higher than 470° C.
ammonia (NH) is oxidized, and with this, the problem
arises, that ammonia (NH) is decreased and the denitration
performance is reduced. Further, when the temperature is
500° C. or higher, not only the temperature is not suitable for
reduction reaction, but also the temperature exceeds the heat
resistant temperature of the catalyst itself, and the catalyst is
likely to be broken. Accordingly, the temperature of the
mixed gas which is supplied to the catalyst is desirably 500
C. or lower, and is particularly preferably in the range of
300° C. to 470° C. inclusive.
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In the above, the configurations and the functions of the
mixing duct 10, the expanded duct 20, the catalyst part 30,
the cooling duct 40 and the inlet duct 50 which configure the
combustion gas cooling apparatus 100 of the first embodi
ment are described. Next, the shapes of the mixing duct 10
and the expanded duct 20 which are important to cool the
combustion gas with the temperature distribution of the
combustion gas which flows into the catalyst part 30 being
made sufficiently uniform will be described with use of FIG.
2 and FIG. 3.

50

As shown in FIG. 2 and FIG. 3, a passage length (length
along the flow direction of the combustion gas) of the
mixing duct 10 is L1, and a passage length (length along the
flow direction of the combustion gas) of the expanded duct
20 is L2. Further, as shown in FIG.3, a maximum dimension
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in a height direction (first direction) of the flow inlet 10a
with respect to the passage length L1 of the mixing duct 10
is H1, and a maximum dimension in the height direction
(first direction) of the flow outlet 10b with respect to the
passage length L1 of the mixing duct 10 is H2. A maximum
dimension in the height direction (first direction) of the flow
inlet 20a with respect to the passage length L2 of the
expanded duct 20 is H2, and a maximum dimension in the
height direction (first direction) of the flow outlet 20b with
respect to the passage length L2 of the expanded duct 20 is
H3.
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Further, as shown in FIG. 2, a maximum dimension in a

horizontal width direction (second direction substantially
orthogonal to the first direction) of the flow inlet 10a of an
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inner surface of the mixing duct 10 is W1, and a maximum
dimension in the horizontal width direction (second direc
tion) of the flow outlet 10b of the inner surface of the mixing
duct 10 is W2. A maximum dimension in the horizontal

width direction (second direction) of the flow inlet 20a of an
inner surface of the expanded duct 20 is W2, and a maxi
mum dimension in the horizontal width direction (second
direction) of the flow outlet 20b of the expanded duct 20 is

5

W3.

The shapes of the mixing duct 10 and the expanded duct
20 of the first embodiment are the shapes which satisfy the
following conditional expression (1) or (1").

10

15

In conditional expression (1"), H1 and H2 are as defined
above; H3" is a maximum dimension in the height direction
(first direction) of the flow inlet 20a with respect to the
passage length L2 of the expanded duct 20, and H4" is a
maximum dimension in the height direction (first direction)
of the flow outlet 20b with respect to the passage length L2
of the expanded duct 20.
When the conditional expression (1) is satisfied, a differ
ence (H2-H1) of the maximum dimensions in the height
direction (first direction) of the flow inlet 10a and the flow
outlet 10b with respect to the passage length L1 of the
mixing duct 10 is smaller than a difference (H3-H2) of the
maximum dimensions in the height direction (first direction)
of the flow inlet 20a and the flow outlet 20b with respect to
the passage length L2 of the expanded duct 20.
Here, an effect which is provided by the shapes of the
mixing duct 10 and the expanded duct 20 shown in FIG. 2
and FIG. 3 will be described in comparison with shapes of
a mixing duct 10' and an expanded duct 20' of a combustion
gas cooling apparatus 100' of a comparative example. A side
view of the combustion gas cooling apparatus 100' of the
comparative example is shown in FIG. 8. Here, the com
bustion gas cooling apparatus 100 shown in FIG. 3, and the
combustion gas cooling apparatus 100' of the comparative
example shown in FIG. 8 have the same configuration
except for the shapes of the mixing ducts and the expanded
ducts, and the disposing positions of the cooling ducts 40.
Further, a plan view of the combustion gas cooling apparatus
100' of the comparative example seen from above is the
same as the plan view of the combustion gas cooling
apparatus 100 shown in FIG. 2, and the description thereof
will be omitted. More specifically, the combustion gas
cooling apparatus 100' of the comparative example has the
same shape in the width direction as that of the combustion
gas cooling apparatus 100 shown in FIG. 2 and FIG. 3, and
has a shape in the height direction (first direction) different
from that of the combustion gas cooling apparatus 100
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be reduced.
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shown in FIG. 2 and FIG. 3.

In the combustion gas cooling apparatus 100 the side view

The inventor et al. performed comparative experiments on
the combustion gas cooling apparatus 100 shown in FIG. 2
and FIG. 3, and the combustion gas cooling apparatus 100'
of the comparative example shown in FIG. 8. As a result, in
the combustion gas cooling apparatus 100' of the compara
tive example shown in FIG. 8, the temperature of the mixed
gas which flowed into the catalyst part 30 varied depending
on the regions, and the difference between the highest
temperature and the lowest temperature was in the range
from 30° C. to 45° C. In contrast with this, in the combustion
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of which is shown in FIG. 3, the maximum dimension H2 in

the height direction (first direction) of the flow inlet 20a with
respect to the passage length L2 of the expanded duct 20,
and the maximum dimension H1 in the height direction (first
direction) of the flow inlet 10a with respect to the passage
length L1 of the mixing duct 10 are equal to each other.
Further, the maximum dimension H3 in the height direction
(first direction) of the flow outlet 20b with respect to the
passage length L2 of the expanded duct is larger than the
maximum dimension H2 in the height direction (first direc
tion) of the flow inlet 20a with respect to the passage length
L2 of the expanded duct 20. Accordingly, the combustion
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gas cooling apparatus 100 the side view of which is shown
in FIG. 3 satisfies the conditional expression (1).
Meanwhile, in the combustion gas cooling apparatus 100'
of the comparative example the side view of which is shown
in FIG. 8, the difference (H2-H1) of the maximum dimen
sions in the height direction (first direction) of the flow inlet
10a and the flow outlet 10b with respect to the passage
length L1 of the mixing duct 10, and the difference (H3-H2)
of the maximum dimensions in the height direction (first
direction) of the flow inlet 20a and the flow outlet 20b with
respect to the passage length L2 of the expanded duct 20 are
equal to each other. Accordingly, the combustion gas cooling
apparatus 100' of the comparative example the side view of
which is shown in FIG. 8 does not satisfy the conditional
expression (1).
As shown in FIG. 8, in the combustion gas cooling
apparatus 100' of the comparative example which does not
satisfy the conditional expression (1), the combustion gas
which flows out from the inlet duct 50 passes through the
ducts (the mixing duct 10' and the expanded duct 20') which
increase in height with a constant gradient. In the mixing
duct 10" in which the height increases with the constant
gradient like this, flow-separation and flow-maldistribution
of the stream of the combustion gas easily occurs as com
pared with the mixing duct 10 shown in FIG. 3. In other
words, a separation of the stream of the combustion gas
easily occurs when the combustion gas flows into the mixing
duct 10' since the shape of the mixing duct 10' is rapidly
expanded in the height direction (first direction) of the
mixing duct 10'. Accordingly, mixing of the combustion gas
and the cooling gas is not made sufficiently uniform. In
contrast with this, in the combustion gas cooling apparatus
100 shown in FIG. 3, flow-separation and flow-maldistri
bution of the stream of the combustion gas hardly occurs in
the mixing duct 10, mixing of the combustion gas and the
cooling gas is made uniform, and therefore, cooling can be
performed with the temperature of the mixed gas which is
Supplied to the catalyst part 30 that decomposes nitrogen
oxides being made sufficiently uniform. Further, the cross
sectional area of the flow outlet 20b of the expanded duct 20
can be sufficiently large, and therefore, the gas flows at a
lower rate so that a pressure loss in the catalyst part 30 can
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gas cooling apparatus 100 shown in FIG. 2 and FIG. 3, the
difference between the highest temperature and the lowest
temperature was within the range of 10° C. or lower.
Consequently, it is found out that according to the combus
tion gas cooling apparatus 100 shown in FIG. 2 and FIG. 3,
mixing of the combustion gas and the cooling gas is Sufi
ciently performed, and the temperature distribution is made
uniform.

65

The combustion gas cooling apparatus 100 shown in FIG.
2 and FIG.3 satisfies the conditional expression (1), but may
have the shape which satisfies the following conditional
expression (2) or (2") as well as the conditional expression
(1), or instead of the conditional expression (1).
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uniform. Further, the cross-sectional area of the flow outlet

In conditional expression (2"), W1 and W2 are as defined
above; W3" is a maximum dimension in the horizontal width

direction (second direction) of the flow inlet 20a of an inner
surface of the expanded duct 20; and W4" is a maximum
dimension in the horizontal width direction (second direc
tion) of the flow outlet 20b of the expanded duct 20.
When the condition (2) is satisfied, a difference (W2-W1)

5

dimensions in the horizontal width direction of the flow inlet

10a and the flow outlet 10b of the inner surface of the mixing
duct 10 is smaller than the difference (W3-W2) of the
10

maximum dimensions in the horizontal width direction of
the flow inlet 20a and the flow outlet 20b of the inner surface
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of the expanded duct 20, less flow-separation and less
flow-maldistribution of the stream of the combustion gas in
the mixing duct 10 occurs as compared with the case in
which the differences are equal, and mixing of the combus
tion gas and the cooling gas is made uniform. Therefore,
cooling can be performed with the temperature of the gas
which is Supplied to the catalyst part that decomposes
nitrogen oxides being made Sufficiently uniform. Further,

of the maximum dimensions in the horizontal width direc
tion of the flow inlet 10a and the flow outlet 10b of the inner

surface of the mixing duct 10 is smaller than a difference
(W3-W2) of the maximum dimensions in the horizontal
width direction of the flow inlet 20a and the flow outlet 20b

of the inner surface of the expanded duct 20.
In the mixing duct the width of which increases with a
constant gradient, flow-separation and flow-maldistribution
of the stream of the combustion gas easily occurs. In other
words, a separation of the stream of the combustion gas
easily occurs when the combustion gas flows into the mixing
duct since the shape of the mixing duct is rapidly expanded
in the height direction (first direction) of the mixing duct.
Accordingly, mixing of the combustion gas and the cooling
gas is not made Sufficiently uniform. In contrast with this, in
the combustion gas cooling apparatus 100 which satisfies the
conditional expression (2), the flow-separation and the flow
maldistribution of the stream of the combustion gas in the
mixing duct 10 hardly occurs, and mixing of the combustion
gas and the cooling gas is made uniform. Therefore, cooling
can be performed with the temperature of the mixed gas
which is supplied to the catalyst part 30 that decomposes
nitrogen oxides made sufficiently uniform. Further, the
cross-sectional area of the flow outlet 20b of the expanded
duct 20 is sufficiently large, and therefore, the gas flows at
a lower rate so that the pressure loss in the catalyst part 30

the cross-sectional area of the flow outlet 20b of the
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horizontal width direction of the flow inlet 20a and the flow

outlet 20b of the inner surface of the expanded duct 20.
When the difference (H2-H1) of the maximum dimen
sions in the vertical height direction of the flow inlet 10a and
the flow outlet 10b with respect to the passage length L1 of
the mixing duct 10 is smaller than the difference (H3-H2) of
the maximum dimensions in the vertical height direction of
the flow inlet 20a and the flow outlet 20b with respect to the
passage length L2 of the expanded duct 20, less flow
separation and less flow-maldistribution of the stream of the
combustion gas in the mixing duct 10 occurs as compared
with the case in which the differences are equal, and mixing
of the combustion gas and the cooling gas is made uniform.
Therefore, cooling can be performed with the temperature
distribution of the gas which is Supplied to the catalyst part
30 that decomposes nitrogen oxides being made sufficiently

mixing duct 10 with respect to the passage length L1 of the
mixing duct 10 is equal to the difference (W3-W2) of the
maximum dimensions in the width direction of the flow inlet

width direction of the flow inlet 10a and the flow outlet 10b

of the inner surface of the mixing duct 10 is smaller than the
difference (W3-W2) of the maximum dimensions in the

expanded duct 20 is Sufficiently large, and therefore, the gas
flows at a lower rate so that a pressure loss in the catalyst
part 30 can be reduced.
Further, in the combustion gas cooling apparatus 100 of
the first embodiment, the difference (H2-H1) of the maxi
mum dimensions in the height direction of the flow inlet 10a
and the flow outlet 10b with respect to the passage length L1
of the mixing duct 10 is smaller than the difference (H3-H2)
of the maximum dimensions in the height direction of the
flow inlet 20a and the flow outlet 20b with respect to the
passage length L2 of the expanded duct 20, and the differ
ence (W2-W1) of the maximum dimensions in the width
direction of the flow inlet 10a and the flow outlet 10b of the

can be reduced.

As above, the combustion gas cooling apparatus 100 of
the first embodiment satisfies the conditional expression (1),
and/or satisfies the conditional expression (2). More specifi
cally, the difference (H2-H1) of the maximum dimensions
in the height direction of the flow inlet 10a and the flow
outlet 10b with respect to the passage length L1 of the
mixing duct 10 is smaller than the difference (H3-H2) of the
maximum dimensions in the height direction of the flow
inlet 20a and the flow outlet 20b with respect to the passage
length L2 of the expanded duct 20, and/or the difference
(W2-W1) of the maximum dimensions in the horizontal

20b of the expanded duct 20 is sufficiently large, and
therefore, the gas flows at a lower rate so that a pressure loss
in the catalyst part 30 can be reduced.
Similarly, when the difference (W2-W1) of the maximum
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20a and the flow outlet 20b with respect to the passage
length L2 of the expanded duct 20 (also expressed as
conditional expression 3: (W2-W1)/L1=(W4"-W3")/L2).
Accordingly, less flow-separation and less flow-maldistri
bution of the stream of the combustion gas in the mixing
duct 10 occurs, mixing of the combustion gas and the
cooling gas is made uniform, and cooling can be performed
with the temperature distribution of the gas which is sup
plied to the catalyst part that decomposes nitrogen oxides
being made Sufficiently uniform. Further, the cross-sectional
area of the flow outlet 20b of the expanded duct 20 is
Sufficiently large, and therefore, the gas flows at a lower rate
so that the pressure loss in the catalyst part 30 can be
reduced.

Further, in the combustion gas cooling apparatus 100 of
the first embodiment, the maximum dimension in the height
direction of the mixing duct 10 from the flow inlet 10a to the
flow outlet 10b is constant (H1 and H2 are equal). In this
manner, cooling can be performed with the temperature
distribution of the gas which is Supplied to the catalyst part
that decomposes nitrogen oxides being made sufficiently
uniform while the maximum dimension in the height direc
tion of the mixing duct 10 is made constant. In other words,
less flow-separation and less flow-maldistribution of the
stream of the combustion gas occurs since a separation of the
stream of the combustion gas is Suppressed at minimum
when the combustion gas flows from the inlet duct 50 into
the mixing duct 10. Further, the cross-sectional area of the
flow outlet 20b of the expanded duct 20 is sufficiently large,
and the gas flows at a lower rate so that the pressure loss in
the catalyst part 30 can be reduced.
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Further, in the combustion gas cooling apparatus 100 of
the first embodiment, a plurality of cooling ducts (40a to
40d) are disposed at intervals in the height direction of the
mixing duct 10. In this manner, the cooling efficiency of the
combustion gas is enhanced, and cooling can be performed
with the temperature distribution of the gas which is sup
plied to the catalyst part 30 that decomposes nitrogen oxides
being Sufficiently uniform.
Further, in the combustion gas cooling apparatus 100 of
the first embodiment, the center position in the height
direction of the flow outlet 20b of the expanded duct 20 is
higher than the center position in the height direction of the
flow outlet 10b of the mixing duct 10. In this manner, the
outer wall surface of any one of the mixing duct 10 and the
expanded duct 20 can be disposed on the same plane (for
example, on the ground Surface).
Further, the combustion gas cooling apparatus 100 of the
first embodiment has a blowing part which blows the
reducing agent Such as ammonia for Subjecting the mixed
gas passing thorough the catalyst part 30 to reduction
reaction into the expanded duct 20. In this manner, the
reducing agent can be blown into the mixed gas at a Suitable
position.
Further, the combustion gas cooling apparatus 100 of the
first embodiment carries out a combustion gas cooling
method by carrying out the following steps.
More specifically, the combustion gas cooling apparatus
100 carries out a step of causing the combustion gas to flow
into the mixing duct 10, a step of causing the cooling gas to
flow out via the cooling duct 40 which causes the cooling
gas at a lower temperature than the combustion gas to flow
out into the mixing duct 10, and generating the mixed gas so
that the temperature of the mixed gas in which the combus
tion gas and the cooling gas are mixed becomes a tempera
ture of 300° C. to 500° C. inclusive, a step of causing the
mixed gas to flow into the expanded duct 20, and a step of
causing the mixed gas to flow into the catalyst part 30 which
decomposes nitrogen oxides contained in the mixed gas.
In the first embodiment, the configuration in which the
temperature of the combustion gas generated by combustion
in the gas turbine 1 is 500° C. or higher, and the combustion
gas is cooled until the temperature of the combustion gas
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a horizontal width direction (first direction) of a flow inlet
11a of an inner surface of the mixing duct 11 is W1", and a
maximum dimension in a horizontal width direction (first
direction) of a flow outlet 11b of the inner surface of the
mixing duct 11 is W2. The maximum dimension in the
horizontal width direction (first direction) of a flow inlet 21a
of the inner surface of the expanded duct 21 is W2, and a
maximum dimension in the horizontal width direction (first
direction) of a flow outlet 21b of the inner surface of the
expanded duct 21 is W3'.
Further, as shown in FIG. 11, a maximum dimension in a
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be described with use of FIG. 9 to FIG. 11. FIG. 9 is a

perspective view of a combustion gas cooling apparatus 101
of the second embodiment. FIG. 10 is a plan view of the
combustion gas cooling apparatus 101 seen from above.
FIG. 11 is a side view of the combustion gas cooling
apparatus 101 seen from a right side. In FIG. 9 to FIG. 11,
the components assigned with the same reference signs have
the same configurations. Further, the arrows in FIG. 9 to
FIG. 11 indicate the flow directions of gases (a combustion
gas, a mixed gas).
The combustion gas cooling apparatus 100 of the first
embodiment includes the mixing duct 10 in which the

that the mixing duct 11 is in a shape different from the
mixing duct 10, the expanded duct 21 is in a different shape
from the expanded duct 20, and the disposing direction of
the cooling ducts 41 differs from the disposing direction of
the cooling ducts 40.
As shown in FIG. 10 and FIG. 11, a passage length (length
along a flow direction of the combustion gas) of the mixing
duct 11 is L1, and a passage length (length along the flow
direction of the combustion gas) of the expanded duct 21 is
L2. Further, as shown in FIG. 10, a maximum dimension in

Second Embodiment

Next, a second embodiment of the present invention will

Though each configuration of the second embodiment
corresponds to each configuration of the first embodiment,
the second embodiment and the first embodiment differ in

becomes 300° C. to 500° C. inclusive is described, but even

when the temperature of the combustion gas is within the
temperature range of for example, 500° C. to 550° C., a
sufficient effect can be obtained. For example, the combus
tion gas at 500° C. is cooled until the temperature of the
combustion gas becomes 300° C. to 470° C. inclusive,
whereby the temperature distribution of the mixed gas is
improved, and the performance of the catalyst can be
sufficiently exhibited.
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maximum dimension of the passage in the width direction is
longer than the maximum dimension of the passage in the
height direction, and has the cooling ducts 40 penetrated in
the width direction of the mixing duct 10 (refer to FIG. 1).
In contrast with this, the combustion gas cooling appara
tus 100 of the second embodiment includes a mixing duct 11
in which a maximum dimension of a passage in a height
direction is longer than a maximum dimension of the
passage in a width dimension, and has cooling ducts 41
penetrated in the height direction of the mixing duct 11. Note
that the width direction (first direction) of the mixing duct 10
is a direction Substantially horizontal to a plane, for example
a ground, on which ducts (the mixing duct 11, the expanded
duct 21, and the inlet duct 51) are disposed.
The combustion gas cooling apparatus 101 of FIG. 9
corresponds to the combustion gas cooling apparatus 100 of
FIG. 1. Further, the mixing duct 11 of FIG. 9 corresponds to
the mixing duct 10 of FIG. 1. Further, an expanded duct 21
of FIG. 9 corresponds to the expanded duct 20 of FIG. 1.
Further, a catalyst part 31 of FIG. 9 corresponds to the
catalyst part 30 of FIG. 1. Further, an inlet duct 51 of FIG.
9 corresponds to the inlet duct 50 of FIG. 1. Further, a
cooling duct 41 of FIG. 9 corresponds to the cooling duct 40
of FIG. 1. Except for the portions especially described as
follows, the mixing duct 11, the expanded duct 21, the
catalyst part 31, the inlet duct 51 and the cooling duct 41 are
the same as the corresponding components of FIG. 1,
respectively, and therefore, the description thereof will be

60

height direction (second direction Substantially orthogonal
to first direction) of the flow inlet 11a with respect to the
flow length L1 of the mixing duct 11 is H1', and a dimension
in the height direction (second direction) of the flow outlet
11b with respect to the flow length L1 of the mixing duct 11
is H2. A dimension in the height direction (second direction)
of the flow inlet 21a with respect to the flow length L2 of the
expanded duct 21 is H2', and a maximum dimension in the
height direction (second direction) of the flow outlet 20b
with respect to the passage length L2 of the expanded duct
2O is H3".

65

The shapes of the mixing duct 11 and the expanded duct
21 of the second embodiment are the shapes which satisfy
the conditional expression (2) of the first embodiment.
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More specifically, in the combustion gas cooling appara
tus 101 the plan view of which is shown in FIG. 10, the

18
is Sufficiently large, and therefore, the gas flows at a lower
rate so that the pressure loss in the catalyst part 31 can be

maximum dimension W2 in the horizontal width direction

reduced.

(first direction) of the flow inlet 21a of the inner surface of
the expanded duct 21 and the maximum dimension W1" in
the horizontal width direction (first direction) of the flow
inlet 11a of the inner surface of the mixing duct 11 are equal

5

to each other. Further, the maximum dimension W3' in the

horizontal width direction (first direction) of the flow outlet
21b of the inner surface of the expanded duct 21 is larger

10

than the maximum dimension W2 in the horizontal width

direction (first direction) of the flow inlet 21a of the inner
Surface of the expanded duct 21. Accordingly, the combus
tion gas cooling apparatus 101 the plan view of which is
shown in FIG. 10 satisfies the conditional expression (2).
The conditional expression (2) is satisfied, and therefore,
the difference (W2'-W1") of the maximum dimensions in the

15

horizontal width direction of the flow inlet 11a and the flow

outlet 11b of the inner surface of the mixing duct 11 is
smaller than the difference (W3'-W2) of the maximum

horizontal width direction of the flow inlet 11a and the flow

dimensions in the horizontal width direction of the flow inlet
21a and the flow outlet 21b of the inner surface of the

outlet 11b of the inner surface of the mixing duct 11 becomes
smaller than the difference (W3'-W2) of the maximum
dimensions in the horizontal width direction of the flow inlet
21a and the flow outlet 21b of the inner surface of the

expanded duct 21.
In the combustion gas cooling apparatus 101 shown in
FIG. 10, less flow-separation and less flow-maldistribution
of the stream of the combustion gas in the mixing duct 11
occurs, and mixing of the combustion gas and the cooling
gas is made uniform. Therefore, cooling can be performed
with the temperature of the mixed gas which is supplied to
the catalyst part 31 that decomposes nitrogen oxides being
made sufficiently uniform. Further, the cross-sectional area
of the flow outlet 21b of the expanded duct 21 is sufficiently
large, and therefore, the gas flows at a lower rate so that a
pressure loss in the catalyst part 31 can be reduced.
The combustion gas cooling apparatus 101 shown in FIG.
10 and FIG. 11 satisfies the conditional expression (2), but
the combustion gas cooling apparatus 101 may be in the
shape which satisfies the conditional expression (1) of the
first embodiment as well as the conditional expression (2),
or instead of the conditional expression (2).
When the conditional expression (1) is satisfied, the
difference (H2-H1') of the maximum dimensions in the
height direction of the flow inlet 11a and the flow outlet 11b
with respect to the passage length L1 of the mixing duct 11
is smaller than the difference (H3'-H2) of the maximum
dimensions in the height direction of the flow inlet 21a and
the flow outlet 21b with respect to the passage length L2 of
the expanded duct 21.
In the mixing duct in which the height increases with a
constant gradient, flow-separation and flow-maldistribution
of the stream of the combustion gas easily occurs. In other
words, a separation of the stream of the combustion gas
easily occurs when the combustion gas flows into the mixing
duct since the shape of the mixing duct in which the height
increases with a constant gradient is rapidly expanded in the
height direction (second direction) of the mixing duct.
Accordingly, mixing of the combustion gas and the cooling
gas is not made Sufficiently uniform. In contrast with this, in
the combustion gas cooling apparatus 101 which satisfies the
conditional expression (1), less flow-separation and less
flow-maldistribution of the stream of the combustion gas in
the mixing duct 11 occurs, and mixing of the combustion gas
and the cooling gas is made uniform. Therefore, cooling can
be performed with the temperature of the mixed gas which
is Supplied to the catalyst part 31 that decomposes nitrogen
oxides being made sufficiently uniform. Further, the cross
sectional area of the flow outlet 21b of the expanded duct 21

As above, the combustion gas cooling apparatus 101 of
the second embodiment satisfies the conditional expression
(2), and/or satisfies the conditional expression (1). More
specifically, the difference (H2-H1') of the maximum
dimensions in the height direction of the flow inlet 11a and
the flow outlet 11b with respect to the passage length L1 of
the mixing duct 11 is smaller than the difference (H3'-H2")
of the maximum dimensions in the height direction of the
flow inlet 21a and the flow outlet 21b with respect to the
passage length L2 of the expanded duct 21, and/or the
difference (W2'-W1") of the maximum dimensions in the

25

expanded duct 21.
When the difference (H2-H1') of the maximum dimen
sions in the height direction of the flow inlet 11a and the flow
outlet 11b with respect to the passage length L1 of the
mixing duct 11 is smaller than the difference (H3'-H2) of
the maximum dimensions in the height direction of the flow
inlet 21a and the flow outlet 21b with respect to the passage
length L2 of the expanded duct 21, less flow-separation and
less flow-maldistribution of the stream of the combustion

30
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gas in the mixing duct 11 occurs as compared with the case
in which the differences are equal, and mixing of the
combustion gas and the cooling gas is made uniform.
Therefore, cooling can be performed with the temperature
distribution of the gas which is Supplied to the catalyst part
31 that decomposes nitrogen oxides being made sufficiently
uniform. Further, the cross-sectional area of the flow outlet

21b of the expanded duct 21 is sufficiently large, and
therefore, the gas flows at a lower rate so that the pressure
loss in the catalyst part 31 can be reduced.
Similarly, when the difference (W2'-W1") of the maxi

40

mum dimensions in the horizontal width direction of the
flow inlet 11a and the flow outlet 11b of the inner surface of

the mixing duct 11 is smaller than the difference (W3'-W2")
of the maximum dimensions in the horizontal width direc
tion of the flow inlet 21a and the flow outlet 21b of the inner
45

Surface of the expanded duct 21, less flow-separation and
less flow-maldistribution of the stream of the combustion

50

gas in the mixing duct 11 occurs as compared with the case
in which the differences are equal, and mixing of the
combustion gas and the cooling gas is made uniform.
Therefore, cooling can be performed with the temperature of
the gas which is Supplied to the catalyst part that decom
poses nitrogen oxides being made sufficiently uniform.
Further, the cross-sectional area of the flow outlet 21b of the

55
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expanded duct 21 is Sufficiently large, and therefore, the gas
flows at a lower rate so that the pressure loss in the catalyst
part 31 can be reduced.
Further, in the combustion gas cooling apparatus 101 of
the second embodiment, the difference (H2-H1') of the
maximum dimensions in the height direction of the flow
inlet 11a and the flow outlet 11b with respect to the passage
length L1 of the mixing duct 11 is equal to the difference
(H3'-H2) of the maximum dimensions in the height direc
tion of the flow inlet 21a and the flow outlet 21b with respect
to the passage length L2 of the expanded duct 21 (also
expressed as conditional expression 4: (H2-H1)/L1=(H4"H3")/L2), and the difference (W2'-W1") of the maximum
dimensions in the horizontal width direction of the flow inlet
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10b
flow
outlet
11a and the flow outlet 11b of the inner surface of the mixing
duct 11 with respect to the passage length L1 of the mixing 20, 21 expanded duct (second duct)
duct 11 is smaller than the difference (W3'-W2) of the 20a flow inlet
maximum dimensions in the horizontal width direction of
20b flow outlet
the flow inlet 21a and the flow outlet 21b of the inner surface is 30, 31 catalyst part
of the expanded duct 21.
40, 41 cooling duct
When the difference (W2'-W1") of the maximum dimen 50, 51 inlet duct
sions in the horizontal width direction of the flow inlet 11a
50a flow inlet
and the flow outlet 11b of the inner surface of the mixing 50b flow outlet
duct 11 is smaller than the difference (W3'-W2) of the 10 60 cooling gas outflow aperture (cooling gas flow outlet)
maximum dimensions in the horizontal width direction of
100, 101 combustion gas cooling apparatus
the flow inlet 21a and the flow outlet 21b of the inner surface
The invention claimed is:
of the expanded duct 21, less flow-separation and less
1. A combustion gas cooling apparatus, comprising:
flow-maldistribution of the stream of the combustion gas in
the mixing duct 11 occurs as compared with the case in 15 a first duct including a first flow inlet into which a
combustion gas travels, and a first flow outlet which
which the differences are equal, and mixing of the combus
tion gas and the cooling gas is made uniform. Therefore,
allows the combustion gas traveling from the first flow
cooling can be performed with the temperature distribution
inlet to exhaust;
of the gas which is supplied to the catalyst part 31 that
a cooling duct arranged in the first duct which introduces
decomposes nitrogen oxides being made sufficiently uni
a cooling gas to the first duct at a temperature lower
form. Further, the cross-sectional area of the flow outlet 21b
than the combustion gas to generate a mixed gas in
of the expanded duct 21 is sufficiently large, and therefore,
which the combustion gas and the coolant gas are
the gas flows at a lower rate so that the pressure loss in the
mixed; and
catalyst part 31 can be reduced.
a
second
duct including a second flow inlet which is
Further, in the combustion gas cooling apparatus 101 of
connected to the first duct and into which flow the
the second embodiment, the maximum dimension in the 25
mixed gas, and a second flow outlet which allows the
horizontal width direction of the inner surface of the mixing
mixed gas flowing from the second flow inlet to flow
duct 11 from the flow inlet 11a to the flow outlet 11b is
Out,
constant (W1" and W2 are equal). In this manner, cooling
wherein conditional expression (1") is satisfied:
can be performed with the temperature distribution of the
gas which is Supplied to the catalyst part that decomposes
nitrogen oxides being made sufficiently uniform, while the 30 wherein H1 is maximum width of the first flow inlet in a first
maximum dimension in the width direction of the mixing
duct 11 is made constant. In other words, less flow-separa direction orthogonal to the combustion gas flow: H2 is
tion and less flow-maldistribution of the stream of the

maximum width of the first flow outlet in the first direction;

combustion gas occurs since a separation of the stream of the
combustion gas is Suppressed when the combustion gas
flows from the inlet duct 51 into the mixing duct 11. Further,
the cross-sectional area of the flow outlet 21b of the
expanded duct 21 is Sufficiently large, and the gas flows at
a lower rate so that the pressure loss in the catalyst part 31

H3" is maximum width of the second flow inlet in the first

can be reduced.
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direction; H4" is maximum width of the second flow outlet

in the first direction; L1 is passage length of the first duct and
L2 is passage length of the second duct; and
wherein (H2-H1) in expression (1") is a non-negative
value and (H4"-H3") in expression (1") is a positive
40

Further, in the combustion gas cooling apparatus 101 of
the second embodiment, a plurality of cooling ducts (41a to
41 d) are disposed at intervals in the width direction of the
mixing duct 11. In this manner, the cooling efficiency of the

combustion gas is enhanced, and cooling can be performed as

value.

2. The combustion gas cooling apparatus according to
claim 1, wherein conditional expression (3) is satisfied:
wherein W1 is maximum width of the first flow inlet in a

with the temperature distribution of the gas which is sup
second direction orthogonal to the combustion gas flow
plied to the catalyst part 31 that decomposes nitrogen oxides
and
substantially orthogonal to the first direction: W2 is
being Sufficiently uniform.
maximum width of the first flow outlet in the second
Further, in the fuel gas cooling apparatus 101 of the
direction; W3" is maximum width of the second flow
second embodiment, a center position in the height direction 50
inlet
in the second direction; W4" is maximum width of
of the flow outlet 21b of the expanded duct 21, and a center
the second flow outlet in the second direction; L1 is
position in the height direction of the flow outlet 11b of the
passage length of the first duct and L2 is passage length
mixing duct 11 are present on the same center axis X, as
of the second duct; and
shown in FIG. 9 to FIG. 11. More specifically, the center
wherein (W2-W1) and (W4"-W3") in expression (3)
position in the height direction of the flow outlet 21b of the
are positive values.
expanded duct 21 corresponds to the center position in the 55
3. The combustion gas cooling apparatus according to
height direction of the flow outlet 11b of the mixing duct 11.
In this manner, the center position in the height direction of claim 2, wherein maximum width in the first direction of the
the flow outlet 21b and the center position in the height first duct from the first flow inlet to the first flow outlet is
direction of the flow outlet 11b are caused to correspond to COnStant.
each other, and nonuniformity of the velocity distribution of 60 4. The combustion gas cooling apparatus according to
the mixed gas which flows in the expanded duct 21 can be claim 2, wherein a plurality of the cooling ducts are installed
at intervals in the first direction.
reduced.
5. The combustion gas cooling apparatus according to
REFERENCE SIGNS LIST
claim 1, wherein a center position in the maximum width of
65 the second flow outlet in the first direction is higher than a
10, 11 mixing duct (first duct)
center position in the maximum width of the first flow outlet
10a flow inlet

in the first direction.
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6. The combustion gas cooling apparatus according to
claim 1, wherein a center position in the maximum width of
the second flow outlet in the first direction corresponds to a
center position in the maximum width of the first flow outlet

22
13. The combustion gas cooling apparatus according to
claim 1, wherein conditional expression (2") is satisfied:

in the first direction.

7. The combustion gas cooling apparatus according to
claim 1, wherein temperature of the combustion gas which
flows into the first duct inlet is 500° C. or higher.
8. The combustion gas cooling apparatus according to
claim 1, wherein as the cooling gas which is introduced to
the first duct from the cooling duct, air in atmosphere is

wherein W1 is maximum width of the first flow inlet in a

second direction orthogonal to the combustion gas flow
and substantially orthogonal to the first direction: W2 is
maximum width of the first flow outlet in the second
10

used.

9. The combustion gas cooling apparatus according to
claim 1, further comprising:
a catalyst part provided downstream of the second duct,

15

and

direction; W3" is maximum width of the second flow
inlet in the second direction; W4" is maximum width of
the second flow outlet in the second direction; L1 is

passage length of the first duct; and L2 is passage
length of the second duct; and
wherein (W2-W1) in expression (2") is a non-negative
value and (W4"-W3") in expression (2") is a posi
tive value.

a blowing part arranged downstream of the second flow
inlet of the second duct and upstream of the catalyst
part and which blows a reducing agent into the mixed

14. The combustion gas cooling method according to
claim 12, wherein conditional expression (2") is satisfied:

gaS.

10. A denitration apparatus, comprising:
the combustion gas cooling apparatus according to claim

wherein W1 is maximum width of the first flow inlet in a

second direction orthogonal to the combustion gas flow
and substantially orthogonal to the first direction: W2 is

1; and

a catalyst part which is provided downstream of the
second duct, decomposes nitrogen oxides contained in
the mixed gas exhausted from the second duct, and
discharges the mixed gas in which the nitrogen oxides
are decomposed,
wherein temperature of the mixed gas at an inlet of the
catalyst part is 300° C. to 500° C. inclusive.
11. The denitration apparatus according to claim 10,
further comprising:
a blowing part arranged downstream of the second flow
inlet of the second duct and upstream of the catalyst
part and which blows a reducing agent into the mixed

25
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passage length of the first duct; and L2 is passage
length of the second duct; and
wherein (W2-W1) in expression (2") is a non-negative
value and (W4"-W3") in expression (2") is a posi
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15. A combustion gas cooling apparatus, comprising:
a first duct including a first flow inlet into which a
combustion gas travels, and a first flow outlet which
allows the combustion gas traveling from the first flow

40

a cooling duct arranged in the first duct which introduces
a cooling gas to the first duct at a temperature lower
than the combustion gas to generate a mixed gas in
which the combustion gas and the coolant gas are

tive value.

gaS.

12. A combustion gas cooling method, comprising the
steps of
introducing a combustion gas to flow into a first duct
including a first flow inlet into which the combustion
gas travels, and a first outlet which allows the combus
tion gas flowing in from the first flow inlet to exhaust:
injecting a cooling gas from a cooling duct which causes
the coolant gas at a temperature lower than the com
bustion gas to flow into the first duct, and generating a
mixed gas in which the combustion gas and the cooling
gas are mixed so that temperature of the mixed gas falls
within a predetermined temperature range; and
introducing the mixed gas to flow into a second duct
which includes a second flow inlet into which the

maximum width of the first flow outlet in the second

direction; W3" is maximum width of the second flow
inlet in the second direction; W4" is maximum width of
the second flow outlet in the second direction; L1 is

inlet to exhaust;

mixed; and

a second duct including a second flow inlet which is
45

connected to the first duct and into which flow the

mixed gas, and a second flow outlet which allows the
mixed gas flowing from the second flow inlet to flow
Out,

wherein conditional expressions (2") and (4) are satisfied:
50

mixed gas exhausted from the first flow outlet of the
first duct travels, and a second flow outlet which allows

the mixed gas flowing in from the second flow inlet to
wherein H1 is maximum width of the first flow inlet in a first

exhaust,

wherein conditional expression (1") is satisfied:

55

direction orthogonal to the combustion gas flow; H2 is
maximum width of the first flow outlet in the first direction;
H3" is maximum width of the second flow inlet in the first

wherein H1 is maximum width of the first flow inlet in a first

direction; H4" is maximum width of the second flow outlet
in the first direction; W1 is maximum width of the first flow

direction orthogonal to the combustion gas flow; H2 is
H3" is maximum width of the second flow inlet in the first

inlet in a second direction orthogonal to the combustion gas
flow and substantially orthogonal to the first direction: W2

direction; H4" is maximum width of the second flow outlet

is maximum width of the first flow outlet in the second

in the first direction; L1 is passage length of the first duct;
and L2 is passage length of the second duct; and
wherein (H2-H1) in expression (1") is a non-negative
value and (H4"-H3") in expression (1") is a positive

direction; W3" is maximum width of the second flow inlet
in the second direction; W4" is maximum width of the

maximum width of the first flow outlet in the first direction;

value.
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second flow outlet in the second direction; L1 is passage
length of the first duct; and L2 is passage length of the
second duct; and
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wherein (H2-H1) and (H4"-H3") in expression (4) are
positive values, and wherein (W2-W1) in expression
(2") is a non-negative value and (W4"-W3") in expres
sion (2") is a positive value.
16. The combustion gas cooling apparatus according to 5
claim 15, wherein maximum width in the second direction
of the first duct from the first flow inlet to the first flow outlet
is constant.

17. The combustion gas cooling apparatus according to
claim 15, wherein a plurality of the cooling ducts are 10
installed at intervals in the second direction.
k

k

k

k

k
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