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causes a cooling gas to How out into a mixing duct, and a
difference of maximum dimensions in a height direction of
a flow inlet and a flow outlet with respect to a passage length
of the mixing duet 15 smaller than a ditterence of maximunm
dimensions in the height direction of a flow inlet and a flow
outlet with respeet to a passage length of an expanded duect,
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of the flow wlet and the flow outlet with respect to the
passage length of the mixing duct is smaller than a difference
of maximum dimensions in the width direction of the flow
inlet and the flow outlet with respect to the passage length
of the expanded duct.
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COMBUSTION GAS COOLING APPARATUS,
DENITRATION APPARATUS INCLUDING
THE COMBUSTION GAS COOLING
APPARATUS, AND COMBUSTION GAS
COOLING METTIOD

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 coeling
methed.

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 atmospleric enviromment
has been knovwn. Further, 1t 18 known that when the com-
bustion gas with lemperature exceeding allowable temipera-
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
deniteation apparatus occurs. There is known a denitration
apparatus in which a cooling apparatus which cools a
combustion gas 1s installed at an vpstream 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 medivm and a method for
mixing a cooling medium and a combustion gas are known,

CITATION LIST
Patent Literature

{PTL 1}
Japanese lInexamined Patent Application, Publication
No. Hei 1-281322

SUMMARY OF INVENTION
Technical Problem

Howevert, the cooling apparatus disclosed in Patent 1.it-
erature 1 is not intended to mix a cooling medium and a
combustion gag, but supplies the conling 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 medivm and
a combustion gas, a sufficient cooling cannot be achieved.

Further, when a cooling medium 1s mixed with a com-
bustion pas, it is required that the cooling mediom and the
combustion gas are sutliciently mixed to make the tempera-
ture distribution of the mixed gas unifirm.

The present invention is made in the light of the circum-
stances as above. and hias 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 supplicd to the catalytic part
that decomposes nitrogen oxides being made sufficiently
uniform.

Solution to Problem

In order to attain the above deserbed objective, the
present invention adopts the following means.
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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 sccond flow inlet into which is coimected to
the first duct to introduce the mixed gas. and a second How
outlet which allows the mixed gas traveling in from the
sccond flow inlct to cxhaust, wherein a difference of maxi-
mum dimensions in a first direction of the first low inlet and
the first flow outlet with respect to a passage length of the
first duct is smaller than a difference of maximum dimen-
sions in the first direction of the second flow inlet and the
second flow ourlet with respect to a passage length of the
sccond duct, and/or a difference of maximum dimensions in
a second direction, which is substantially orthogonal to the
first direction. of the first flow inlet and the first flow outlet
with respeet to the passage length of the first duct 1s smaller
than a difference of maximmum dimensions in the second
direction of the second flow inlet and the second flow outlet
with respect 1o the passage length of the second duet.

In the combustion gas cooling apparatus according to the
present invention. when the difference of the maximum
dimensions n the first direction of the first flow inlet and the
first tlow outlet with respect to the passage length of the first
duct is smaller than the difference of the maximum dimen-
sions in the first direction of the second flow inlet and the
second tlow 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 difterences
are equal, and mixing ol the combustion gas and the couling
gas is made uniform, and therefore, cooling can be per-
formed with a temperature distribution of the combustion
gas being made sufliciently unilorm. Funher, the cross-
scctional arca of the flow outlet of the sccond duct is
sutliciently large, and therefore. the gas flows at a lower rate
s (hat 4 pressure loss can be reduced when the catalyst part
which decomposes nitrogen oxides is installed.

Similarly, in the combustion gas cooling apparatus
according 10 the present invention, when the dillerence of
the maximum dimensions in the second direction, which is
substantially orthogonal to the first direction, of the first ow
inlet and the st flow outlet with respect to the passage
length of the first duct 15 smaller than the difference of the
maximum dimensions in the second direction of the second
Mow inlet and the second fow outlet with respect W 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 combus-
tion gas and the cooling gas is made uniform, and therefore,
cooling can be perfommed 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 1s
sulliciently large, and therefore, the gas Nows at a lower rale
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 (irst
aspect of the present invention, the difference of the maxi-
mum dimensions in the first direction of the first flow inlet
and the lirst fow oullel with respect 1o the passage lenglh of
the first duct 1s smaller than the difference of the maximum
dimensions in the first direction of the second flow nlet and



US 9,644,511 B2

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 nlet and the
first flow outlet with respect to the passape length of the first
duct is equal to 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.

According to the combustion gas cooling apparatus of the
first aspect of the present invention, 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 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. 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 vniform. and
cooling can be performed with the temperature distribution
of the gas which is supplied to the catalyst part that decom-
poses nifrogen oxides being made sufficiently vmform.
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 2

can be reduced.

Further, mn the combustion gas cooling apparatus of the
first aspect of the present invention, a maximum dinension
in the first direction of the first duct from the first flow inlet
to the first flow outler may be constant. In this manner,
cooling can be performed with the temperature distribution
of the combustion gas being made sufficiently uniform while
the maximwm dimension in the first direction of the first duct
is made constant. Further, the crass-sectional area of the
[low outlet of the second duct is sulliciently lagge, and the
gas flows at a lower rate so that the pressure loss in the
catalyst patt can be reduced.

Further, in the combusiion gas couling apparalus ol the
first aspect of the present invention, a plurality of the cooling
ducts may be installed at wntervals in the first direction. In
this manner, (the cooling elliciency ol the combustion yas is
enhanced, and cooling can be performed with the tempera-
ture distribution of the gas which 1s supplied to the catalyst
part that decomposes nitrogen oxides being made sufli-
ciently vniform.

Furthet, in the combustion gas cooling apparatus of a
second aspeet of the present invention, the dillerence of the
maximum dimensions in the first direction of the first flow
inlet and the first How outlet with respect to the passage

length of the first duct is equal ¢ the dillerence of the 3

maximum dimensicns in the first direction of the second
fAow inlet and the second tHow outlet with respect to the
passage length of the second duct, and the dillerence of the
maximum dimensions in the second direction of the first

Aow inlet and the first How outlet with respect to the passage 5

length of the first duct is smaller than the dilference of the
maximum dimensions in the second direction of the second
fAow inlet and the second tHow outlet with respect to the
passage lengh of the second duct.

According to the combustion gas cooling apparatus of the
second aspect of the present invention, the difference of the
maximum dimensions in the second direction of the first
flow 1nlet and the first low outlet with respect to the passape
length of the first duct 15 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-

4]
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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 vniform, and
coolng can be performed with the temperature distribution
of the gas which is supplied to the catalvst part that decom-
poses nittogen oxides being made sufficiently uwniform.
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
sccond aspect of the present invention, a dimension in the
second direction of the first duct from the first flow inlet to
the first flow ourlet may be constant. In this mannet, cooling
can be performed with the temperature distribution of the
gas which 1s supplied to the catalyst part that decomposes
nitrogen oxides being made sufficiently uniform, while the
dimension in the sccond direction of the first duct is made
constant. Further, the eross-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
socond aspect of the present invention, a plurality of the
cooling ducts may be wstalled at intervals mn the second
direction. In this manner, the ccoling efficiency of the
combustion gas is enhanced, and cooling can be performed
with the temperature distribution ot 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
dircction of the sccond flow outler is higher than a center
position in the first direction of the first How ountlet. Tn this
mamner, the combustion gas cooling apparatlus can be pro-
vided, in which an outer wall surface of any onc of the first
duct and the second duct is disposed on the same plane.

In the combusiion ¥us cooling apparatus ol a fourth aspect
of the present invention, a center position in the first
direction of the second tlow outlet corresponds to a center
pusition in the first direction of the first Jow outlet. In his
manner, the center position in the first direction of the
second fow outlet and fhe center posiion in the first
direction of the first Tow vutlel are caused 10 cortespond 1o
each other, and nonuniformity of the velocity distribution of
the mixed gas which flows in the second duct can be
reduced.

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 Now inlet is 300° C, or higher,

In the combustion gas cooling apparats of a sixth aspect
of the present invention, as the cooling gas which is intro-
duced (0 the first duct [rom the cooling duct, air in atmo-
sphere is used.

A denitration apparatus according to the present imvention
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 he 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
calalyst part is 300° C. 1o 500° C. inclusive.

A combustion gas cooling method according to the pres-
ent invention includes the steps of introducing a combustion
gas o fow into a first duct including a first (ow iolet inlo
which the combustion gas travels, and a first How outlet
which allows the combustion gas flowing in from the first
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flow et to exhaust, injecting a cooling gas from a cooling
duct which causes the cooling gas at a temperature lower
than the combustion gas 1o Mow ool inte the ficst duet, and
generating a mixed gas in which the combustion gas and the
cooling gas are mixed so that temperature ot the mixed gas
[alls within a predetermined lemperalure range, and intro-
ducing the mixed gas to flow into a second duct which
includes a second flow inlet into which the mixed gas
exhausted from the first ow outlet of the ficst duct ravels,
and a second flow outlet which allows the mixed gas flowing
in from the second flow inlat to exhanst, wherein a ditter-
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 lrst direction of the second
flow inlet and the 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 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
maximum dimensions in the second direction of the second
flow nlet and the second flow outlet with respect to the
passage length of the second duct.

When the difference of the maximwn dimensions in the
first direction of the first flow inlet and the first flow cutlet
with respect 1o 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 ditferences 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
unitorm. Further, the cross-sectional area of the flow outlet
of the second duct is sutticiently 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.

Smlarly, when the difference of the maximum dimen-
sions in the second direction of the first flow inlet and the
first low outlet with respect to the passage length of the first
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 swream of the combustion gas in the first duct
oceurs 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
arca of the flow outlet of the sccond 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.

Advantageous Ellects of Invention

According to the present invention, the combustion gas
covling apparalus, the denitration apparatus including the
combustion gas cooling apparatug, and the combustion gas
cooling method can be provided, which reduces the pressure
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loss 1 the catalyst part that decomposes nitrogen oxides
while enabling cooling with the temperature distribution of
the pas which is supplied 1o the catalyst part that decom-
poses mitrogen oxides being made sufficiently uniform.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 15 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 embhodiment seen from ahove.

FIG. 3 is a side view ol 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. § iz a B-B sectional view of the cooling duct shown
mn FIG. 4.

FIG. 6 is a C-C sectional view el the cooling duct shown
in FIG, 4.

FIG. 7 15 a D-D sectional view of the cooling duct shown
in FIG. 4.

FIG. B 15 a side view of a combustion gas cooling
apparamus of a comparative example seen from a right side.

FIG. % 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
apparats 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 15 a side view of a gas turbine system including
the combustion gas cooling apparatus of the first embodi-
ment.

DESCRIPTION OF EMBOIDIMENTS
First Embodiment

Hereinalier, a combustion gas cooling apparaius ol a (irst
cmbodiment will be described with use of FIG. 1 to FIG. 3
and FICr 12, FIG. 1 is a petspective view of a combustion
gas couling apparatus 100 of the lirst embodiment. FIG. 2 is
a plan view of the combustion gas cooling apparatus 10(
seen from above. FI1G. 3 15 a side view of the combustion gas
cooling apparalus 100 seen [fom a right side. FIG. 12 is a
side view of a gas turbine system including the combustion
gas cooling apparatus 100, In FIG 1to FIG. 3and FIG. 12,
the components assigned with the same relerence signs have
the same configurations. Further, the arrows in FIG. 1 to
FICr. 3 indicate flow directions of gases (a comhustion gas,
3 mixed gas),

As shown in FIG. 12, the combustion gas cooling appa-
ratus 104 of the first embodiment 1s an apparatus which
causes a combustion gas (an exhaust gas) al a high lem-
perature of 500° C. or higher which is generated by com-
hustion in, tor example, a gas turhine 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 throngh an expanded duct 20 mto a
catalyst parl 30. The catalyst part 30 decomposes nitrogen
oxides contained in the mixed gas. and discharges the mixed
gas in which the nifrogen oxides are decomposed into an
vutside (aumosphere) of the gas urbine system including the
combustion gas cooling apparatus 100 via a stack 3 provided
at a rear stream side. Further, in the combustion gas cooling
apparalus 100, cooling is prelerably performed undl the
temperature becomes a temperature of 300° C. to 500° C.
inclusive at which the activation of a catalyst is high in the
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catalyst part 30, and which is switable for decomposition
processing of the nitragen oxides containaed in the mixed
eas, In order 1o achieve unilormity of the (emperatvre of the
nuxed 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
[low inlet $0a into which the combustion gas discharged
from the gas turbine tlows, and a flow outlet 505 from which
the combustion gas which flows into the flow inlet S04 flows
olut. A sectional shape in a direction orthogonal to an intlow
direction of the combustion gas (arrow direction in FIG. 1)
of the flow inlet 50« is, for cxample, substantially circular.
Meanwhile, a sectional shape in the direction orthogonal to
the inflow direction of the combustion gas (arrow direction

in FIG. 1) ol the (low vutlet 504 is substantially a square, lor 2

example. The nlet duct 50 15 in a shape in which a sectional
area 1 the direction orthogonal to the inflow direction of the
combustion gas (arrow direction in FIG. 1) gradually
expands toward the flow outlet 506 from the flow inlet S04.
For example, a flow velocity of the combustion gas dis-
charged from the gas turbine in the inlet duct 50 is 30 m/s
to 100 m/s.

The mixing duct (tirst duct) 10 15 tormed 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 {tirst
flow inlet) 102 into which the combustion gas discharged
from the flow outlet 504 of the inlet duct 50 flows, and a How
outlet (first How outlet) 10/ trom which the combustion gas
fowing in [rom (he Oow inlet 10a Jows oul. A sectional
shape in a direction orthogonal to an inflow direction of the
combustion gas (arrow direction in FIG. 1) of the tlow inlet
10 is a square. A sectional shape in the direction vrthogonal
to the inflow dircction of the combustion gas (arrow dirce-
tion 0 FICG 1) of the flow outlet 104 is a rectangle with a
wide width. The Jow inlel 10a of the mixing duct 10 is in
the same shape as the flow outlet 504 of the inlet duct 50,
and is connected fhereto so that leakage of the combustion
gas does nut veeur. The sectivnal shapes ol 1he flow inlet 10a
and the flow outlet 105 are not linuted to a square and a
rectangle, but may be an ellipse, a circular shape and the
like.

The cooling duct 40 is formed from a metal matenal such
as iron, and causes a cooling gas at a temperature lower than
the combostion gas 0 ow inte the mixing doct 10, and
generates the mixed gas in which the combustion gas and the
cooling gas are mixed. In the tirst embodiment, tor example,
Tour couling ducts (40a, 404, 40¢ ad 404 in sequence [rom
a lower side) are disposed at intervals in a height direction
(first direction) ot the mixing duct T1. Note that the height
direction (first direction) ol 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 2(), and
the inlet duct 30) are disposed. As the covling gas, various
gases having lower temperatures than the combustion gas
can be used, and in the first embodiment. air in the atmo-
sphere is used as the cooling gas. In the {ollowing descrip-
tion, when the four cooling ducts are described without
being distinguished, the cooling ducts are described by
being assigned wilh relerence sign 40, and when each of the
cooling ducts 15 described by being distinguished from the
other ducts, the cooling duct 13 described by being assigned
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with any one of reference sign 40q, reference sign 405,
reference sign 40¢ and reference sign 404

As shown in TTG. 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 1n TIG. 2), and the cooling gas flows in from the
two cooling gas tHow inlets. Though not illustrated in FIG.
I 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 ta 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
ducts 40 scen from the arrow A direction in FIG. 2. As shown
in FIG. 4, the four cooling ducts 40a, 405, 40¢ and 404 are
disposed at constant intervals in the height direction of the
mixing duet 10. Each of the cooling ducts 40 is fixed to a
side wall surface of the mixing duct 10 by bolis or the like.
Note that, the cooling ducts 40a, 408, 40, and 404 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 ot the
mixing duct 103 of the cooling duct 40. Explaining the
cooling duct 4@, the cooling duct 40a is provided with the
cooling gas cutllow apertures at 1(0 spots of 60 to 60/ 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 ontHow apertures 6a, 60, 602, 607,
604 and 607 are vpened toward a lower side in the height
direction of the mixing duct 10. Meanwhile, four cooling gas
outtlow apertures 605, 604, 60g and 607 are opened toward
an upper side in the height direction of the mixing duct 10.
Further, the cooling gas outtlow apertures which are opened
10 the lower side in the height direction of the mixing duct
10 and the cooling gas outllow apertures which are opened
to the upper side in the height direction of the mrang duct
10 are altemnately disposed. By disposing the cooling gas
outflow apertures in 1his manner, mixing of the cooling gas
and the combustion gas 15 promoted, and the temperature
distribution of the gas which 15 supplied to the catalyst part
30 can be lorther made wniform. Note that, the number of
cooling gas outflow apetrtures which are opened toward the
upper side in the height direction of the mixing duct 1015 not
limited 1o four; the number of couling, pas cutllow apertures
which are opened toward the lower side in the height
direction ot the mixing duct 10 15 not limited to six.

As shown by (he arrows in FIG. 4, the cooling gas ows
out toward the lower side in the leight direction of the
mixing duct 10 from the cooling gas outflow apertures
which are opened toward e lower side in the height
direction of the mixing duct 10. Meanwhile, the cooling gas
flows cut toward the upper side in the height direction ot the
mixing duct 10 [rem the cooling gas outllow aperiures
which are opened toward the upper side in the height
direction of the mixing duct 10.

FIG. 5 is a B-B seclonal view of the couling ducts 40
shown m FIG. 4. FIG. 6 1s a C-C sectional view of the
cooling ducts 40 shown in FIG. 4. FIG. 7 is a D-1) sectional
view of the cooling ducts 40 shown in FIG. 4.

As shown m FIG. §, 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 ouvtflow apertures which are
opened toward the upper side in the height direction of the
nuxing duct 10. The cooling gas which flows out includes a
velocity component toward the upper side m the height
direction of the mixing duct 10, and a velocity component
toward a flow direction of the combustion gas (nght direc-
tion in FIG. &).

Further, as shown in FIG. 6, the conling 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 tlow direction of the combustion gas
(nght direction 12 FIG. é).

As shown in FIG. 7. partition plates (6la o ¢14) are
disposcd between the cooling gas outflow apermres which
are opened toward the upper side in the height direction of
the mixing duct 10 and the cooling gas outtlow aperfures
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-
tures 60c and 604

Next, the expanded duct (second duet) 20 will be
described. The expanded duct 20 is formed from a metal
matetial 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 tlow inlet) 20« into which the combustion gas which
is discharged from the flow outlet 105 ot the mixing duct 10
and a flow outlet (second flow outlet) 208 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 {amow direclion in
FIG. 1) of the tlow inlet 204 is a rectangle with a large width,
A sectional shape in the direction orthogonal to the intlow
direction of the combustion gas (amow direction in FIG. 1)
of the flow outlet 204 is a rectangle which is vertically
longer. The tlow inlet 204 of the mixing duct 10 is i the
same shape as the duw outlel 194 ol the mixing duct 10, and
15 connected thereto so that leakage of the mixed gas does
not oceur. 'The sectional shapes of the How inlet 20a and the
[low oullel 208 are not limited 0 a syuare and a reclangle,
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 discharees 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 (ol illusirated)
which blows a reducing agent for subjecting the mixed gas
which passes through the catalyst part 30 to reduction
reaction inte the expanded duct 20015 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 Lthrough the passage is blown into the expanded duct
20 through the plurality of apertures. Note that the cross-
sectional shape of the pipe may he circle, square, rhomboid,
hexagonal or olher shape. Nulte (hat 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 Dows inle the catalyst
part 30 via the flow outlet 205 of the expanded dvct 20.

The catalyst part 30 functions as a denitration apparatus
which decomposes the nitrogen oxides conlained 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 vsing ammonia as the reducing agent is vsed.

The catalyst part 30 is formed from a metal maternal 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 cxpanded 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 inio
water and nitrogen arc filled. The catalyst pack is configured
by lathice-shaped or plate-shaped catalysts so that the mixed
gas passes through an inside thereof. As for the components
of the catalyst, Ti(}, is a main component, vanadium, tung-
sten and the like which are the activation components are
added.

The temperature at which the catalyst promotes the reac-
ton which decomposes the mixed gas into nitrogen and
water is preferably 300° C. 10 500° C. inclusive, and in
patrticular, a range from 300° C, to 470° C. mclusive 1s 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 cnhance denitration performance.
Meamwhile, when the temperature is higher than 470° .,
ammenia (NH,} 15 oxidized, and with this, the problem
ariscs, that ammonia (NH;) is decreased and the denitration
performance is reduced. Further, when the temperature is
S00° C. or higher, not only the temperatire is not svitable for
reduction reaction, but also the temperature exceeds the heat
resistant temperature of the catalyst itselt, and the catalyst 1s
likely 1o be broken. Accordingly, the temperature ol the
mixcd gas which is supplicd to the catalyst is desirably 500°
C. or lower, and is particularly preterably in the range ot
3007 C. 10 470° C. inclusive.

In the above, the configurations and the functions of the
muxing duct 10, the expanded duct 20, the catalyst part 30,
lhe couling duct 40 armd the inlet duct 50 which conligure the
combustion gas cooling apparatus 100 of the first embodi-
ment are described. Next, the shapes of the mixing duct 10
and the expanded duel 20 which are important w cool the
combustion gas with the temperature distnbution of the
combustion gas which flows into the catalyst part 30 being
made sulliciently unifonm will be described with vse of FIG,
2 and FIG. }.

As shown in FIGrn 2 and K1 3, a passage length (length
along the flow direction of the combustion gas) ol the
muixing dvet 10 15 L1, and a passage length (length along the
flow direction of the combustion gas) of the expanded duct
2015 L2, Furiher, as shown in FIG. 3, 4 maximum dimension
in a height direction (first direction) of the How inlet 104
with respect to the passage length 1.1 of the mixing duct 1{
is H1, and a maximum dimension in the height direction
(tirst direction) of the tlow outlet 104 with respect to the
passage length 1.1 of the mixing duct 10 is H2. A maximum
dimension in the height direction (first direction) of the (ow
inlet 204 with respect 1o the passage length L2 of the
expanded duct 20 15 H2, and a maximum dumension in the
height direction {first direction) of the Dow cutlet 204 wilh
respect to the passage lenpth L2 of the expanded duct 20 is
H3.

Further, as shown in FIG, 2, a maximun dimension in a
honzontal width direction (second direction substantially
orthogonal to the first direction) of the flow inlet 10a of an
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mner surface of the mixing duct 10 1s W1, and a maxinium
dimension in the horizontal width direction (second direc-
tion) of the flow outlet 105 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 204 of an
inner surface of the expanded duct 20 13 W2, and a max-
mum dimension in the horizontal width direction (second
direction) of the flow outlet 204 of the expanded duct 20 is
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 {1M).

tH-HWLL1<(H3-H2V/L2 Ly

UR2=LNL L <({'= 133" L2 (1"

1n conditional expression (1™, H1 and H2 are as defined
above; [13" is a maximum dimension in the height direction
(first direction) of the flow inlet 20a with respect fo 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 205 with respect to the passage length L 2
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 10¢ and the flow
outlet 105 with respect to the passage length L1 of the
mixing duct 10 is smaller than a ditterence (H3-H2) ot the
maximum dimensions in the height direction (first direction)
of the How inlet 20¢ and the tlow outlet 2054 with respect to
the passage length [.2 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
amixing duct 19 and an expamded duct 200 of 4 combustion
gas cooling apparatus 100" of a comparative example. A side
view of the combustion gas cooling apparatus 100° of the
comparalive 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 e 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 apparaius
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 thereol
will be ommted. More specifically, the combustion gas
cooling apparatus 104 of the comparative example has the

same shape in the width direction as that ol the combustion 3

gas cooling apparatus 100 shown n FIG. 2 and FIG. 3, and
has a shape in the height direction (first direction) ditferent
rom that of the combustion gas cooling apparatus 100
shown in FIG. 2 and FIG. 3.

In the combustion gas caoling apparatus 100 the side view 5

of which is shown in F1G. 3, the maximum dimension H2 in
the height direction (first direction) of the flow inlet 20a with
respect to the passage length 1.2 of the expandad duct 20,
and the maximum dimension HI in the height direction (first
direction) of the flow inler 10a with respect to the passage
length L1 of the mixing duct 10 are equal to each other.
Further, the maximun dimension H3 in the height direclion
(first direction} of the flow outlet 205 with respect to the
passage length .2 of the expanded duct is larger than the
maximum dimension H2 in the height direction ((irst direc-
tion) of the flow inlet 204 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 15 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
10 and the fJow outlet 105 with respect 1©0 the passage
length L1 of the mixing duct 10, and the difference (H3-H2)
of the maximwn dinensions in the height direction (first
direction) of the flow inlet 204 and the flow outlet 204 with
respect L the passage length L2 of the expanded duct 20 are
equal to cach other. Accordingly, the combustion gas cooling
apparatus 100" of the comparative exanmiple 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
satisty the conditional expression (1), the combustion gas
which [lows oul lrom the inlet duct 50 passes through the
duets (the mixing duct 10 and the expanded duct 20"y which
increase in height with a constant gradient. In the mixing
duct 10" in which the height increases with the constant
gradient hke 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 scparation of the sttcam of the combustion gas
easily occurs when the combustion gas Hows into the mixing
duct 10° since the shape of the mixing duct 10 is rapidly
expanded in the height dircetion (first direction) of the
mixing duct 100", 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, How-separation and flow-maldistri-
bution of (e stream ol the combustion gas hardly vccurs in
the mixing duct 10, mixing of the combustion gas and the
cooling gas is made unitorn, and theretore, cooling can he
performed with the (emperalure of 1he mixed gas which is
supplied to the catalyst part 30 that decomposes nitrogen
oxides being made sutficiently vnitorm. Further, the cross-
sectional area ol the low outlel 208 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 catalvst part 30 can
be reduced.

The inventor et al. performed comparative experiments on
the combustion gas coaling apparatus 100 shown in FIG. 2
and FIG. 3, and the combustion gas couling apparatus 100°
of the comparative example shown in FIG. 8. As a result, in
the combustion gas cooling apparatus 100" of the compara-
live example shown in FIG. &, the tenmperature of the mixed
gas which flowed into the catalyst part 30 varied depending
on the regions, and the difference hetween the highest
lemperature and the lowest temperalure was in the range
from 30° C. to 45° C. In contrast with this, in the combustion
gas cooling apparatus 104 shown in FIG. 2 and FIG 3, the
dillerence between (he highest lemperalure and the lowest
temperature was within the range of 10° C. or lower.
C"omsequently, it is tound out that according to the combus-
lion gas cooling apparatus 104 shown in FIG. 2 and FIG. 3,
mixing of the combustion gas and the cooling gas is suffi-
ciently performed, and the temperature distribution is made
1uni form.

The combustion gas cooling apparatus 100 shown n FIG.
2 and F1G. 3 satisfies the conditional expression (1), but may
have the shape which salisfies lhe [ollowing cenditional
expression (2) or (2") as well as the conditional expression
(1}, or instead of the conditional expression (1),
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(H2-H1 YT <(Fi-H2 T2 (2)

[WI-FLYL1<(Wd"-W3")L2 (2"}

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 20q 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 204 of the expanded duct 20.

When the condition {2} is satisfied, a difference (W2-W1)
of the maximum dimensions in the horizontal width direc-
tion of the flow inlet 10q and the flow outlct 105 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 inlct 20a and the flow outlet 2084
of the mner surface of the expanded duet 20.

In the mixing duct the width of which increases with a
constant gradient, tlow-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
casily 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 18 not made sufficiently uniform. In contrast with this, in 2

the combustion gas cooling apparatus 100 which satisfies the
conditional expression (2}, the flow-separation and the flow-
maldistribution ot the stream of the combustion gas in the
mixing duct 10 hardly occurs, and mixing of the comhbustion
gas and the cooling gas is made uniform. Thercfore, cooling
can be performed with the temperature of the mixed gas
which is supplied to the catalyst part 30 that decomposes
nitrogen oxides made sutficicntly wniform. Further, the
cross-sectional area of the How outlet 204 of the expanded
duct 20 is sulliciendy large, and therefore, the gas Jows al
a lower rate so that the pressure loss in the catalyst part 30
can he reduced.

As abuve, the combustion gas cooling apparatus 100 of
the first cmbodiment satisfics the conditional cxpression (1),
and/or satisfies the conditional expression (2). Mote specifi-
cally, the difference (H2-H1) of ithe maximum dimensions
in the height direction of the flow inlet 104 and the flow
outlet 104 with respect to the passage length 1.1 of the
mixing duct 10 is smaller than the di lerence (H3-H2) ol the
maximum dimensions in the height direction of the flow
inlet 202 and the flow cutlet 204 with respect to the passage
length L2 of the expanded duct 20, and/or the dilference
{(W2-W1)} of the mawumum dimensions in the honizontal
width direction ot the Hiow inlet 10a and the flow outlet 104

of the inner surlace of the mixing duet 1015 smaller than the 3

difference (W3-W2) of the maximum dimensions n the

horizontal width direction of the How inlet 204 and the How

outlet 206 of the inner surface of the expanded duct 20,
When the difference {H2-HL1) of the maximum dimen-

sions in the vertical height direction of the flow inlet 10g and 5:

the Dow outlet 104 with respect W the passage lengh L1 of
the mixing duct 10 is smaller than the difference (H3-H2) of
the maximum dimensions in the vertical height direction of
the Now inlet 204 and the Jow outlet 206 wilh respect (o the
passage length L2 of the expanded duct 20, less tlow-
separation and less flow-maldistribution of the stream of the
combustion gus 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 nmtorm.
Therelore, cooling can be perlommed with the lemperature
distribution of the gas which is supplied to the catalyst part
30 that decomposes nitrogen oXides being made sufficiently
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umiform. Further. the cross-sectional area of the flow outlet
204 of the expanded duct 20 is sufficiently large, and
therefure, (he gas flows al a lower rale so thal a pressure loss
in the catalyst part 30 can be reduced.

Similarly, when the difference {W2-W1) of the maximum
dimensions in the horizontal width direction of the fow inlet
10 and the (Tow cutlet 108 of the inner surlace of the mixing
duct 10 is smaller than the difference (W3-W12) of the
maximum dimensions in the horizontal width direction of
the fow inlet 20g and the flow outlet 205 of the inner surface
of the expanded duct 20, less [low-separation and less
flow-maldistribution of the strcam 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-
lion gas and the cooling gas is made unilorm. Therefore,
cooling can be performed with the temperature of the gas
which 18 supplied to the catalyst part that decomposes
nitrogen oXides being made sufficiently uniform. Further,
the cross-sectional area ol the Now vulel 205 of he
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 10
and the flow outlet 104 with respect to the passage length L1
of the mixing duct 10 is smaller than the ditterence (H3-H2)
of the maximum dimensions in the height direction of the
flow inlet 204 and the tlow outlet 206 with respect to the
passage length [.2 of the expanded duct 20, and the ditter-
ence (W2-W1) of the maximum dimensicns in the width
direction of the flow inlet 104 and the flow outlet 106 of the
mixing duct 10 with respect to the passage length [.1 ot the
mixing duct 14 is equal 10 the dilference (W3-W2) ol the
maximum dimensions in the width direction of the How inlet
206 and the tlow outlet 20/ with respect to the passage
length L2 of the expanded duct 20 (alsu expressed as
conditional expression 3: (W2-WI1)/L1-{W4"-W3I"VLD),
Accordingly, less tlow-separation and less tow-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 suthciently unitorm. Further, the cross-sectional
area of the Mlow outlel 208 of the expanded duct 20 is
sufficiently large, and therefore, the gas flows at a lower rate
sar that the pressure loss in the catalyst part 3 can he
reduced.

Further, in the combustion gas cooling apparatus 100 of
the first embodiment, the maximum dimension in the height
direction ol the mixing duct 10 [rom the Tow inlet 10a 10 the
flow outlet 104 is constant (H1 and H2 are equal}. In this
manner, cooling can be pertormed with the temperzture
distribution of lhe gas which is supplied (o the catalysl parl
that decomposes nitrogen oxides being made sufficiently
unitorm while the maximum dimension in the height divec-
lion of the mixing duct 19 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
strewm of (he combustion gas is suppressed al minimum
when the combustion gas flows from the inlet duct 50 into
the mixing duct 10. Further, the cross-sectional area of the
(low vutlet 208 of lhe expanded duct 20 is sufliciently larze,
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
40 are disposed at intervals in the heiglt direction of the
muxing duct 10, In this manner, the cooling efficiency of the
combustion gas 1s 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 204 of the expanded duct 20 is
higher than the center pusition in the height direction of the
flow outlet 104 of the mixing duct 10, In this manner, the
outer wall surtace of any one of the mixing duct 10 and the
expanded duct 20 can be disposed on (he same plane (for
example, on the ground surface).

Further, the combustion gas cooling apparatus 100 of the
lirst embodiment has & blowing parn which blows (he
reducing agent such as ammomnia for subjecting the mixed
gas passing thorough the catalyst part 30 to reduction
reaction o 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 2

method by camrying out the following steps.

More specifically, the combustion gas cooling apparatus
100 carries out a step of causing the combustion gas to How
inte the mixing duct 10, a step of causing the cocling 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 300° C. inchisive, a step of causing the
mixed gas o tlow into the expanded duct 20, and a step of
causing the mixed gas to flow into the catalyst part 30 which
decomposes nitrogen oxXides contained in the mixed gas.

In the tirst embodiment, the configuration in which the
temperature of the combustion gas generated by combustion
in the gas turbine 1 18 500° C. or higher, and the combustion
gas is cooled until the temperature of the combustion gas
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, 3P C, 1o 350° C, a
sufficient effect can be obtained. For example, the combus-
tion gas at 300° C. is cocoled until the temperature of the
combustion gas becomes 300° C. to 470° C, inclusive,
whereby the temperature distribution of the nuxed gas 1s

improved, and the performance of the catalyst can he 3

sufficiently exhibited,

Second Embodiment

Next, a second emhodiment ot the present invention will 5!

be described with use of FIG. 9 e FIG. 11. FIG. 9 is a
perspective view of a combustion gas cooling apparatus 101
of the second embodiment. FI(Gi. 10 15 a plan view of the
combustion gas cooling apparalus 101 seen [rom 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 pas cooling apparatus 100 of the first
embodiment includes the mixing duct 10 in which the
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maximum dimension of the passage in the width direction is
longer than the maximum dimension of the passage in the
heaght 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-
s 100 of the second embodiment ncludes a mixing duet 11
in which a maximun dimension of a passage in a height
direction is longer than a maximun 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 planc, 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 TFIG. ¢
cotresponds to the combustion gas cooling apparatus 100 of
FIG. 1. Further, the mixing duct 11 of FIG. 9 corresponds 1o
the mixing duct 14 of FIG. 1. Purther, an expanded duct 21
of FIG. 9 cotresponds to the expanded duet 20 of FIG. 1.
Further, a catalyst part 31 of FIG. 9 corresponds to the
catalyst part 30 of FIG. 1. Further, an inlet duet 51 of FIG.
9 corresponds to the inlet duet S0 of FIG. 1. Further, a
cooling duct 41 of FIG. 9 comresponds to the cooling duct 40
of FIG. 1. Except for the portions especially deseribed 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 theretore, the description thereot will he
omitted.

Though cach confignration of the sccond cmbodiment
corresponds to each configuration of the first embodiment,
the second embodiment and the first embodiment differ in
that the mixing duct 11 is in a shape different from the
mixing duct 10. the expanded duct 21 15 in a ditterent shape
from the expanded duct 20, and the disposing direction of
the cooling ducts 41 differs from the disposing dircction of
the cooling ducts 40.

As shown in FIG. 10 and FIG. 11, 4 passage length (length
along a flow dircction of the combustion gas) of the mixing
duct 11 is L1, and a passage length (length along the flow
direction of the combustion gas) ol the expanded duct 21 is
L2. Further, as shown in FIG. 10, a maximum dimension in
a honzontal width direction (first direction) ot a flow inlet
Llg ol an inner surface of the mixing duct 11 is W1, and a
maximum dimension m a horizontal width direction (first
direction) ot a flow outlet 115 of the inner surface of the
mixing duct 11 is W2 The maximun dimension in the
horzontal width direction (first direction) of a flow inlet 214
of the inner surtace of the expanded duct 21 i1s W2', and a
maximum dimension in the honzontal widih direction (first
direction) of a flow outlet 215 of the mner surface of the
expanded duct 21 is W3

Further, as shown in FIG. 11, a maximum dimension in a
height direction (second direction substantially orthogonal
to first direction} of the How inlet Tla with respect to the
(low length L1 of the mixing duct 11 is HT', and a dimension
in the height direction (second direction} of the flow outlet
I 1A with respect to the flow length | .1 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 15 H2', and a maximum dimension in the
height direction (second direction) of the ow oullet 206
with respect to the passage length L2 of the expanded duct
20 s H3'.

The shapes ol 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
maximum dimension W2' in the horizontal width direction
{first direction) of the flow mlet 21 of the nner surface of
the expanded duct 21 and the maximum dimension WL in
the horizontal width direction (first direction) of the flow
inlet 114 of the inner surtace of the mixing duct 11 are equal
to each other. Further, the maximum dimension W} in the
horizontal width dircction (first direction) of the flow cutlet
215 of the inner surface of the expanded duct 21 is larger
than the maximum dimension W2' in the horizontal width
direction (first direction) of the flow inlet 214 of the inner
surface of the expanded duct 21. Accordingly, the combus-
tion gas cooling apparams 101 the plan view of which is
shown in FIG. 10 safisfics the conditional expression (2).

The conditional expression (2) is satisfied. and therefore,
the difference (W2'-W 1" of the maximum dimensions in the
horizontal width dircction of the flow inlet 11a and the tow
ouflet 115 of the inner surface of the mixing duct 11 becomes
smaller than the difference (W3'-W29 of the maximum
dimensions in the horizontal width direction of the flow inlet
21a and the flow outlet 215 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 mnang of the combustion gas and the cooling
gas 18 made uniform. Theretore, cooling can be performed
with the temperature of the mixed gas which is supplied to
the catalyst part 31 that decomposcs nitrogen oxides being
made sufliciently unitorm. Further, the eross-sectional area
of the flow outlet 21# of the expanded duct 21 is sufficiently
large, and therefore, the gas flows at a lower rate so that a
pressure Inss in the catalyst part 31 can he reduced.

The combustion gas cooling apparaius 101 shown in FIG.
10 and FIG. 11 satisfics the conditional expression (2), but
the combustion gas cooling apparatus 101 may be in the
shape which satisfies the conditivnal expression (1) of the
first embodiment as well as the conditional expression (2),
or nstead of the conditional expression (2).

When (he condiional expression (1) is satislied, the
difference (H2-H1") of the maximum dimensions n the
height direction ot the flow inlet 11a and the How outlet 114
wilh respect 1o the passage length L1 of the mixing duct 11
15 smaller than the difference (H3-H2') of the maxinnm
dimensions in the height direction of the flow inlet 21¢ and
the flow outlet 214 with respect o the passage lenpth L2 of
the expanded duct 21.

In the mixing duct in which the height increases with a

constanl pradient, flow-separation and Now-maldistibution 3

of the stream of the combustion gas easily oceurs. In other
words, a separation of the stream of the combustion gas
eusily ocours 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 s

height direclion (second direction) ol the mixing duct.
Accordingly, mixing of the combustion gas and the cooling
gas 1s not made sutticiently uniform. In contrast with this, in
the combustion gas cooling apparatus 101 which satislies 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 13 made uniform. Therefore, cooling can
be performed with the temperature of the mixed gas which
is supplied 1o the catalyst part 31 (hat decomposes nilrogen
oxides being made sofficiently vniform. Further, the cross-
sectional area of the flow outlet 214 of the expanded duct 21
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15 sufficiently larze, and therefore, the gas flows at a lower
rate so that the pressure loss in the catalyst part 31 can be
reduced,

As above, the combustion gas cooling apparatus 101 of
the second embodiment satisfies the conditional expression
{2y, 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 114 and
the flow outlet 115 with respeet 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 214 and the tlow outlet 214 with respect to the
passage length L2 of the expanded duct 21, and/or the
difference (W2'=W1") of the maximum dimensions in the
horizontal width direction of the flow inlet 11a and the How
outlet 115 of the mner surface of the mixing duct 11 is
smaller than the difference (W3'-W2") of the maxinum
dimensions in the horizontal width dircction of the How inlet
21a and the flow ocutlet 215 of the inner svrface of the
expanded duct 21.

When the difference (H2'-H1') of the maximum dimen-
sions in the height direction of the flow inlet 112 and the flow
outler 115 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 21g and the flow outlet 214 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
gas in the mixing duct 11 occurs as compared with the case
in which the diffcrences are equal, and mixing of the
combustion gas and the cooling gas is made unitorm.
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 sufliciently
unilonn. Further, the cross-sectional area of the Jow outlet
214 of the cxpanded duct 21 is sutficiently large, and
theretore, the gas tlows at a lower rate so that the pressure
loss i the catalyst part 31 can be reduced.

Similarly, when the difference (W2'-W1') of the maxi-
mum dimensions in the horizontal width direction of the
(low inlel 11a und the (Jow outlet 114 of the inner surlace of
the mixing duct 11 is smaller than the difference (W3'-W2")
of the maximum dimensions in the horizontal width direc-
tion ol the low inlel 21a and the Jow outlet 216 of the inner
surface of the expanded duct 21, less flow-separation and
less flow-maldistribution of the stream of the combustion
gas i the mixing dugt 11 occurs as compared with (e case
in which the differences are equal. and mixing of the
combustion gas and the cooling gas is made uniform.
Therelore, cooling can be performed with the lemperature 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 oullel 215 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.

Further, in the combustion gas cooling apparatus 101 of
the second emhbodiment, the ditference (H2'-H1") of the
maximum dimensions i the height direction of the (Jow
inlet 11a and the flow outlet 114 with respect to the passage
length L1 of the mixing duct 11 is equal to the difference
(H¥-H2" of (he maximum dimensions in the height direc-
tion of the flow inlet 214 and the flow outlet 215 with respect
to the passage length L2 of the expanded duct 21 (also
expressed as conditional expression 4: (H2-H1)YL1-({H4"-
H3"y/L2), and the difference {W2'-W1") of the maxinum
dimensions in the horizontal width direction of the flow inlet
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11a and the flow outlet 115 of the inner surface of the nuixing
duct 11 with respect to the passage length L1 of the mixing
duct 11 15 smaller than the difference (W3'-W2" of the
maximum dimensions in the horizontal width direction of
the flow inlet 21¢ and the flow outlet 215 of the mner surface
of the expanded duct 21.

When the dillerence (W2'-W1" of the maximom dimen-
sions in the Liorizontal width direction of the flow inlet 11a
and the flow outlet 114 of the inner surface of the mixing
duet 11 iz smaller than the difference (W3'-W2') of the
maximum dimensions in the horizontal width direction of
the flow inlet 21 and the tlow outlet 214 of the inner surface
of the expanded duct 21, less tlow-separation and less
[low-maldistribution of the stream of the combustion gas in
the mixing duct 11 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 distribution
of (he gas which is supplied (0 the catalyst part 31 (hat
decomposes nitrogen oxides being made sufficiently ur-
form. Furthet. the cross-sectional area of the flow outlet 215
of the expanded duct 21 is sufficiently large, and therefore,
the gas flows at a lower rate so that the pressure loss m the
catalyst part 31 can be reduced.

Further, in the combustion gas cooling apparatus 101 of
the second embodiment, the maximum dimension in the
honzontal width direction of the inner surface of the mixing
duct 11 from the flow inlet 1la to the flow outlet 115 is
constant {W1' and W2' arc equal). In this manner, cooling,
can he performed with the temperature distribution of the
gas which is supplied o the catalyst part that decomposes
nitrogen oxides being made sufficiently uniform, while the
maximum dimension in the width direction of the mixing
duct 11 is made constant. In other words, less flow-separa-
tion and less flow-maldistribution of the stream of the
combustion gas occurs since a separation of the siream of the
combustion gas 15 suppressed when the combustion gas
[lows from the inlet duct 51 into the mixing duct 11, Further,
the cross-sectional area of the How outlet 215 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
can be reduced.

Further, in the combustion gas cooling apparatus 101 of
the second embodiment, a plurality of cooling ducts (414 to
41 d) are disposed al intervals in the width direction of’ the
muxing duct 11. In this manner, the cooling efficiency of the
combustion gas is enhanced, and cooling can be performed
with the temperatore distribution of the gas which is sup-
plied to the catalyst part 31 that decomposes nitrogen oxides
being sufficiently vniform.

Further, 1 the fuel gas cooling apparatus 101 of the
second embodiment, a center pasition in the heiglt direction
of the Aow outlet 215 of the expanded duct 21, and a center
position in the height direction of the flow cutlet 115 of the
nuxing duct 11 are present on the same center axis X, as
shown in FI(r. 9 to FIG. 11. More specifically, the center
position in the height direction of the {low outlet 215 of the
expanded duct 21 corresponds to the center position in the
height direction of the flow outlet 11# of the mixing duct LI,
In this manner, the center position in the height direction of
the flow outlet 215 and the center position in the height
direction of the flow outlet 116 are caused to correspond to
cach other, and nonuniformity of the velocity distribution of
the mixed gas which flows in the expanded duct 21 can be
reduced.
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104 flow outlet

20, 21 expanded duct {second duct)

20a flow inlet

206 flow outlet

30, 31 catalyst part

40, 41 cooling duct

50, 51 inlet duct

S04 flow inlet

504 flow outlet

60 cooling gas outflow aperture (cooling gas tlow outler)
100, 101 combustion gas cooling apparatus

The invention claimed is:

1. 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 fow
inlet fo exhaust;

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 fo generate a mixed gas in
which the combustion gas and the coolant gas are
mixed; and

a second duct including a second flow inlet which is
connected to the first duct and into which flow the
mixed gas, and a sccond flow outlet which allows the
mixed gas tlowing from the second How inlet to How
out.

wherein conditional expression (1"} 1s satisfied:

(H2-HVL1<(F4"-H3"YL2 11"

wherein H1 is maxunum width of the first flow inlet in a first
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
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-HL) in expression (1") is a non-negative
value and (I14"-I13"} in expression (1%} is a positive
value.
2. The combustion gas cooling apparams according 1o
claim 1, wherein conditional expression (3) is satistied:

(A= = B -H3"W 2 (3

wherein W1 1s maxamum width of the first flow inletin a
second direction otthagonal to the combustion gas ow
and substantially orthogonal 1o the lirst direction; W2 is
maximum width of the first flow cutlet n the second
direction; W3" is maximum width of the second How
inlet in ihe second direction; W4™ is maximum width of
the second flow outlet mn the second direction; L1 is
passage length of the firstductand 1.2 is passage length
of the second duct; and
wherein (W2-W1) and {W4"-W3") in expression (3)

are positive values.

3. The combustlion gas cooling apparaius according 1o
claim 2, wherein maxinmum width in the first direction of the
first duct from the first flow inlet to the first flow outlet 1s
conslant,

4. The combustion gas cooling apparatus according to
claim 2, wherein a plurality of the cooling ducts are installed
al intervals in the (irst direclion.

§. The combustion gas cooling apparatus according to
claim 1. wherein a center position in the maximum width of
the second fow outlet in the lirst direction is higher (than a
center position in the maximum width of the first flow outlet
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
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 3° C. or higher.

8. The combustion gas cooling apparatus according to
claim 1, wherein as the cooling gas which is introduced to
the first duect from the cooling duct, air in atmosphere is
used.

9. The combustion gas cooling apparatus according to
claim 1. further comprising:

a catalyst part provided downstrcam of the second duct,

and

a blowing part arranged downstream of the second flow

inlet of the second duct and upstrcam of the catalyst
part and which blows a reducing agent into the mixed
gas.

10. A denitration apparatus, comprising:

the combustion gas cooling apparatus according to claim

1; and
a catalyst part which is provided downstream of the

second duet, decomposes nitrogen oxides confained in 2

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.

I1. The denitration apparatus according to claim 10,

further comprising.:

a blowing part arranged downstream of the sccond tlow
inlet ot the second duct and upstream ot the catalyst
part and which blows a reducing agent into (w mixed
gas.

12, A combustion gas cooling method, comprising the

steps ol

introducing a combustion gas to flow into a first duct
including a first tlow nlet nto which the combustion
gas travels, and a first vutlel which allows the combus-
tion gas flowing in from the first flow mlet to exhaust;

injecting a cooling gas from a cooling duct which cauvses
the coolanl gas al & lemperature Jower than the com-
bustion gas to flow into the first duet, and generating a
mixed gas in which the combustion gas and the conling
eas are mixed so that temperature of the mixed pas Lalls
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
nuxed gas exhausted from the first flow outlet of the
first duct travels, and a second How ontlet which allows
the mixed pas Jowing 0 [rom the second flow inlet 1o
exhaust,

wherein conditional expression (1") is satisfied:

(H-HIL 1 =[HA"-H3"'YL2 [AN]

wherein H1 is maxinunn width of the first flow inletin a first
direction vrthogonal to the combustion gas fuow; H2 is
maximum width of the first flow outlet in the first direction;
H3" is maximum width of the second tlow inlet in the first
direction; H4" is maximum width of the second ilow vutlet
in the first direction; L1 is passage length of the first duct;
and L2 is passage length of the second duct; and
wherein (H2Z-H1) in expression (1") is 4 non-negalive
value and (H4"-H3"} in expression (1"} 1s a positive
value.

5
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13. The combustion gas cooling apparatus according to
claim 1. wherein conditional expression (2") is satisfied:

(HF2-IFLVLT <[ Fa'—H3"WL2 12

wherein W1 15 maxamum width of the first flow mletin a
second direction orthogonal to the combustion gas Aow
and substantially orthogonal to the first direction; W2 is
maximum width of the first flow outlet in the second
direction; W3" is maximum width of the second fow
inlet in the second direction; Wd" is maximun 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.

14. The combustion gas cooling method according to

claim 12, wherein conditional expression (2") is satisfied:

ERD=IPLNE L= B = "ML 2"

wherein W1 1s maxiumum width of the first flow nlet in a
second direction orthogonal to the combustion gas tlow
and substantially orthogonal to the first direction; W2 is
maximum width of the first flow outlet n 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 mn 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 valie,

18, 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 How
inlet to exhaust;

a cooling duct arranged in the first duct which introduces
a coolng gas to the first duct at a temperature lower
than the combustion gas 10 generate a mixed gas in
which the combustion gas and the coolant gas are
mixed: and

a second duct including a second flow inlet which is
connected to the first duct and into which flow the
nuxed pas, and a second flow cutlet wlnch allows the
mixed gas flowing from the second flow inlet to flow
out.

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

(2P =<(Wa"—H3"EL2 12"

(H2-HWL1=(H4"-H3")L2 (4%

wherein H1 is maximum width of the first flow inlet i a first
direction orthogonal to the combustion gas How:; H2 is
maximum width of the first flow outlet in (he lirst direction;
H3" is maximum width of the second flow inlet in the first
direction; H4" is maximum width of the second flow outlet
in the first direction, W1 is maximum width of the lirst (Tow
inlet in & 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
direction: W3" 15 maximum width of the second flow inlet
in the second direction: W4" is maximum width of the
second luow outlet in the second direclion; L1 is passage
length of the first duct; and L2 13 passage length of the
second duct; and
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wheremn (H2-H1) and (H4"-H3"} in expression (4) are
positive values, and wherein (W2-WL) in expression
(2") is a non-negative valve and (W4"-W3"}y in expres-
sion (2"} 18 a positive valuve.

16, The combustion gas cooling apparatus according to 5
claun 15, wherein maxumwn width in the second direction
of the first duct from the first flow inlet to the first flow cutlet
is constant.

17. The combustion gas cocling apparatus according to
claim 158, wherein a plurality of the cooling ducts are 10
installed at intervals in the second direction.
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