[DESCRIPTION]
[Title of Invention]

NOX REMOVAL DEVICE

[Technical Field]
[0001]

The present disclosure relates to a NOx removal device.

[Background Art]
[0002]

In Heat Recovery Steam Generators (HRSGSs), an exhaust gas discharged from a gas
turbine or the like passes through inside a duct, heat exchange is performed between the
exhaust gas and water or steam in a heat transfer tube, and thereby steam is generated.
Inside the duct of such a heat recovery steam generator, a plurality of heat exchangers having
a number of heat transfer tubes through which water or steam flows, a NOx removal device
configured to remove (denitrate) nitrogen oxides (NOX) in an exhaust gas, or the like are
installed.

[0003]

For example, in a NOx removal device, a reducing agent (for example, ammonia or
urea water) having an effect of reducing nitrogen oxides is injected from an injection nozzle
to an exhaust gas flowing through inside a duct, the exhaust gas subjected to the injection of
the reducing agent passes through a reaction device (for example, a NOx removal catalyst),
and thereby nitrogen oxides in the exhaust gas are removed. As such a NOx removal
device, for example, a NOx removal device disclosed in Patent Literature 1 is known.
[Citation List]

[Patent Literature]

[0004]



[PTL 1]

Japanese Patent Application Laid-Open No. H9-75673
[Summary of Invention]

[Technical Problem]
[0005]

To increase the removal efficiency of nitrogen oxides (hereafter, referred to as “NOx
removal efficiency”) in a reaction device, it is effective to make a molar ratio between
nitrogen oxides and a reducing agent uniform in a flow channel cross section of a duct.

In a NOx removal device, however, variation in the flow rate of an exhaust gas may
occur over the entire flow channel cross section of a duct due to various factors. When the
reducing agent is injected to the exhaust gas while such a state remains, variation will occur
in the concentration of the reducing agent over the entire flow channel cross section. When
an exhaust gas flows into a reaction device while variation occurs in the concentration of the
reducing agent, this may cause variation in the amount of the inflow reducing agent at
respective positions in the reaction device. When variation occurs in the amount of the
reducing agent flowing into the reaction device, NOx removal efficiency of the reaction
device may be reduced.

[0006]

Note that, to mix an exhaust gas and a reducing agent and make the concentration of
the reducing agent in the exhaust gas uniform in a flow channel cross section, a mixing
device for mixing the exhaust gas with the reducing agent may be installed downstream of an
injection nozzle and upstream of the reaction device. In general, however, mixing devices
are formed of a combination of a plurality of cells for mixing an exhaust gas. Thus, when
variation in the flow rate of the exhaust gas lies over the entire flow channel cross section of

a duct, the concentration of a reducing agent may be unable to be made uniform suitably in
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the mixing device because the variation in the concentration of the reducing agent exceeds
the limit of mixing ability of a single cell. Therefore, even when such a mixing device is
provided, the NOx removal efficiency of the reaction device may be reduced.
[0007]

The present disclosure has been made in view of such circumstances and intends to
provide a NOx removal device that can improve NOx removal efficiency.
[Solution to Problem]

[0008]

To solve the above problem, the NOx removal device of the present disclosure
employs the following solution.

A NOx removal device according to one embodiment of the present disclosure
includes: an injection unit provided inside a duct inside which an exhaust gas flows through
and configured to inject a reducing agent to the exhaust gas flowing through inside the duct; a
NOx removal catalyst provided inside the duct and downstream of the injection unit; and a
rectifying unit provided inside the duct and upstream of the injection unit so as to be spaced
apart from the injection unit by a predetermined distance and configured to rectify an exhaust
gas flowing through inside the duct.

[Advantageous Effects of Invention]
[0009]
According to the present disclosure, NOx removal efficiency can be improved.
[Brief Description of Drawings]
[0010]
[Fig. 1]
Fig. 1 is a schematic configuration diagram illustrating a heat recovery steam

generator according to an embodiment of the present disclosure.



[Fig. 2]

Fig. 2 is a schematic configuration diagram illustrating a NOx removal device
according to the embodiment of the present disclosure.
[Fig. 3]

Fig. 3 is a schematic side view illustrating a perforated plate according to the
embodiment of the present disclosure.
[Fig. 4]

Fig. 4 is a schematic side view illustrating a mixer according to the embodiment of
the present disclosure.
[Fig. 5]

Fig. 5 is a schematic perspective view illustrating a cell of the mixer according to the
embodiment of the present disclosure.
[Fig. 6]

Fig. 6 is a graph illustrating a relationship between variation in the flow rate of an
exhaust gas and the distance D1 in the NOx removal device according to the embodiment of
the present disclosure.

[Description of Embodiments]
[0011]

A NOx removal device according to an embodiment of the present disclosure will be
described below with reference to Fig. 1 to Fig. 6. In the following description and the
drawings, the vertical direction is referred to as a Z-axis direction, a direction in which an
exhaust gas flows through out of the horizontal directions is referred to as an X-axis
direction, and a direction perpendicular to the X-axis direction and the Z-axis direction is
referred to as a Y-axis direction. In Fig. 2 and Fig. 5, the flowing direction of an exhaust

gas is indicated by the arrow E.



[0012]

First, a heat recovery steam generator 2 according to the present embodiment will be
described with reference to Fig. 1.

As illustrated in Fig. 1, the heat recovery steam generator 2 according to the present
embodiment is a horizontal-type heat recovery steam generator in which an exhaust gas flows
in the X-axis direction (predetermined direction). In the present embodiment, the X-axis
direction, which is a direction in which an exhaust gas flows, is the horizontal direction.

Note that, although an example in which a NOx removal device is provided inside a
horizontal-type duct in which an exhaust gas flows horizontally is described in the present
embodiment, the present disclosure is not limited thereto. For example, a NOx removal
device may be provided inside a vertical-type duct in which an exhaust gas flows vertically.
[0013]

The heat recovery steam generator 2 according to the present embodiment includes a
duct 3 provided extending in the X-axis direction and configured to allow an exhaust gas to
flow through the inside thereof, a NOx removal device 10 provided inside the duct 3 and
configured to remove nitrogen oxides (NOXx) contained in the exhaust gas, and a first heat
exchange unit (resistance unit) 4 and a second heat exchange unit 5 provided inside the duct
3.

[0014]

The first heat exchange unit 4 has a plurality of heat transfer tubes 4a (see Fig. 2)
provided extending vertically (in the Z-axis direction) so as to intersect the exhaust gas flow
direction. The length in the Z-axis direction of each heat transfer tube 4a (height H) is5 m
or greater and 30 m or less (see Fig. 2). The first heat exchange unit 4 recovers heat of an
exhaust gas by heat exchange between a heat medium (for example, water or steam) flowing

through inside the heat transfer tube 4a and an exhaust gas.  The first heat exchange unit 4 is
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provided upstream from the NOx removal device 10. The first heat exchange unit 4 may be,
for example, a superheater configured to superheat a heat medium flowing through inside the
heat transfer tubes 4a.
[0015]

The second heat exchange unit 5 has a plurality of heat transfer tubes (not illustrated)
provided extending vertically (in the Z-axis direction) so as to intersect the exhaust gas flow
direction. The second heat exchange unit 5 recovers heat of an exhaust gas by heat
exchange between a heat medium (for example, water or steam) flowing through inside the
heat transfer tube and an exhaust gas. The second heat exchange unit 5 is provided
downstream from the NOx removal device 10. The second heat exchange unit 5 may be, for
example, an evaporator configured to evaporate a heat medium flowing through inside the
heat transfer tubes.

[0016]

A high-temperature combustion exhaust gas (exhaust gas) discharged from a
combustion engine 1 is introduced from the inlet of the duct 3 into the duct 3, passes through
the first heat exchange unit 4, the NOx removal device 10, and the second heat exchange unit
5 in order, and is then discharged from a stack 7 through the outlet of the duct 3.

[0017]

Next, the NOx removal device 10 will be described in detail with reference to Fig. 1
to Fig. 6.

The NOx removal device 10 supplies a reducing agent having an effect of reducing
nitrogen oxides such as ammonia, urea water, or the like to an exhaust gas flowing through
inside the duct 3, promotes a reaction between nitrogen oxides (NOx) and a reducing agent in
the exhaust gas supplied with the reducing agent by a catalytic action of a NOx removal

catalyst 13, and thereby removes or reduces nitrogen oxides in the exhaust gas. In the
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following description, an example in which an ammonia gas is used as a reducing agent will
be described. Note that the reducing agent according to the present disclosure is not limited
to the ammonia gas. For example, the reducing agent may be liquidous ammonia or may be
other than ammonia.

[0018]

As illustrated in Fig. 1 and Fig. 2, the NOx removal device 10 includes a rectifying
unit 20, an ammonia injection unit (injection unit) 11, a mixer 12, the NOx removal catalyst
13, and an ammonia decomposition catalyst 14 that are arranged within the duct 3 in order
from the upstream of an exhaust gas flow.

[0019]

The rectifying unit 20 has a rectifying lattice (not illustrated) and a perforated plate 21
(see Fig. 3). The rectifying lattice is arranged upstream from the perforated plate 21. The
rectifying lattice is a grid-like member arranged so as to cover substantially the entire region
of the flow channel cross section of the duct 3.

[0020]

The perforated plate 21 is mounted to the downstream part of the rectifying lattice.

As illustrated in Fig. 3, the perforated plate 21 is arranged so as to cover substantially the
entire region of the flow channel cross section of the duct 3. The perforated plate 21 is a
metal plate-like member. In the perforated plate 21, as illustrated in Fig. 3, a plurality of
through holes 21a penetrating through in the X-axis direction are formed. The plurality of
through holes 21a are aligned at predetermined intervals along the Z-axis direction and the Y-
axis direction. The diameter d of each through hole 21a is a length that enables rectification
of an exhaust gas.

[0021]

As illustrated in Fig. 2, the ammonia injection unit 11 has an ammonia pipe 11a
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extending in the Z-axis direction and a plurality of jetting nozzles (not illustrated) provided
on the side face of the ammonia pipe 11a. The ammonia injection unit 11 jets an ammonia
gas along the X-axis direction into the duct 3 from the plurality of jetting nozzles to inject
ammonia to the exhaust gas flowing through the duct 3.

The ammonia pipe 11a is a circular cylindrical member. Ammonia flows through
inside the ammonia pipe 11a.

The plurality of jetting nozzles are aligned at predetermined intervals along the
extending direction of the ammonia pipe 11a (that is, the Z-axis direction). An ammonia
gas is jetted from each jetting nozzle at a predetermined jetting pressure. Each jetting
nozzle jets an ammonia gas in a conical shape.

[0022]

The NOx removal catalyst 13 is arranged so as to cover substantially the entire region
of the flow channel cross section of the duct 3.  For example, the NOx removal catalyst 13
has a rectangular cylinder-shaped rectangular frame part (not illustrated) and a plurality of
catalysts (not illustrated) provided inside the rectangular frame part. ~ Although an example
of the shape of the catalyst may be a honeycomb shape or a corrugate shape through which
an exhaust gas can pass in the X-axis direction, the shape is not limited thereto. The
catalyst promotes a reducing reaction of NOx (nitrogen oxides) contained in an exhaust gas
(combustion gas) passing through the inside to remove at least a part of NOx. For example,
the component of the catalyst is based on titanium oxide.

[0023]

The ammonia decomposition catalyst 14 is arranged so as to cover substantially the
entire region of the flow channel cross section of the duct 3. The ammonia decomposition
catalyst 14 decomposes ammonia contained in an exhaust gas to remove ammonia out of the

exhaust gas. In the present embodiment, since the ammonia decomposition catalyst 14 is
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provided downstream of the NOx removal catalyst 13, ammonia in an exhaust gas left
unreacted with the NOx removal catalyst 13 can be decomposed by the ammonia
decomposition catalyst 14.
[0024]

The mixer 12 is arranged so as to cover substantially the entire region of the flow
channel cross section of the duct 3. As illustrated in Fig. 4, the mixer 12 includes a plurality
of mixing units 12A that forms a swirl flow S swirling about the central axis extending in the
X-axis direction.  Further, each mixing unit 12A has a plurality of (in the present
embodiment, four, as an example) cells 12a. That is, the mixing unit 12A forms a single
swirl flow (vortex) S with a combination of the plurality of cells 12a. The swirl flow S is
formed at substantially the center of the mixing unit 12A.

The exhaust gas that has passed through the mixer 12 (in detail, the exhaust gas to
which ammonia has been injected) makes a plurality of swirl flows S and flows through in a
space downstream of the mixer 12. In such a way, the mixer 12 forms the swirl flows S to
mix an exhaust gas flowing through inside a duct with ammonia.
[0025]

As illustrated in Fig. 4, the plurality of mixing units 12A have a plurality of (in the
present embodiment, two, as an example) mixing units 12A aligned in the Z-axis direction
and a plurality of (in the present embodiment, two, as an example) mixing units 12A aligned
in the Y-axis direction. Note that the number of mixing units 12A is an example and not
limited to the number in the present embodiment.

[0026]

The mixing unit 12A has a plurality of (in the present embodiment, two, as an

example) cells 12a aligned in the Z-axis direction and the Y-axis direction. The cells 12a

have a regular shape. Cells 12a adjacent to each other in the Z-axis direction and the Y-axis
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direction are arranged such that the orientations thereof are rotated from one to another by 90
degrees about the central axis extending in the X-axis direction.
[0027]

As illustrated in Fig. 5, each cell 12a is formed of four triangular and plate-like plate
parts 18. The four plate parts 18 have the same shape. The four plate parts 18 have two
upstream plate parts 18a arranged upstream from the center point in the X-axis direction of
the cell 12a and two downstream plate parts 18b arranged downstream from the center point.
[0028]

The two upstream plate parts 18a are arranged so as to be two opposed faces of a
virtual square pyramid whose vertex is arranged downstream. The two upstream plate parts
18a are arranged such that their vertexes arranged most downstream are in contact with each
other.

The two downstream plate parts 18b are arranged so as to be two opposed faces of a
virtual square pyramid whose vertex is arranged upstream. The two downstream plate parts
18b are arranged such that their vertexes arranged most upstream are in contact with each
other.

[0029]

The vertex arranged most downstream of the upstream plate part 18a and the vertex
arranged most upstream of the downstream plate part 18b are in contact with each other.
Further, the upstream plate part 18a and the downstream plate part 18b are arranged such that
the orientations thereof are rotated from one to another by 90 degrees about the central axis
extending in the X-axis direction.

[0030]
Note that the structure of the mixer 12 is not limited to the structure of the above

description. The mixer 12 may be of any structure having regular shapes aligned that cause
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a swirl flow by a combination of a plurality of flat faces or curved faces.
[0031]

Next, arrangement of each device of the NOx removal device 10 will be described.

As illustrated in Fig. 2, the distance D1 from the downstream end of the first heat
exchange unit 4 to the upstream end of the rectifying unit 20 is 140 mm or greater.
Preferably, the distance D1 from the first heat exchange unit 4 to the rectifying unit 20 is 530
mm or greater.
[0032]

The distance D2 from the downstream end of the rectifying unit 20 to the upstream
end of the ammonia injection unit 11 is a length that is greater than or equal to 11 times the
diameter d of each through hole 21a formed in the perforated plate 21 of the rectifying unit

20. That is, Equation (1) below is established.

[0033]

D2>11d ...(1)
[0034]

According to the present embodiment, the following effects and advantages are
achieved.

In the present embodiment, the rectifying unit 20 is provided upstream of the
ammonia injection unit 11 so as to be spaced apart from the ammonia injection unit 11 by a
predetermined distance. Accordingly, since an exhaust gas is rectified by the rectifying unit
20 in upstream of the ammonia injection unit 11, the flow rate distribution of an exhaust gas
in the flow channel cross section of the duct 3 can be made uniform. Therefore, the
ammonia injection unit 11 injects ammonia to an exhaust gas whose flow rate has been made
uniform. Thus, variation in the ammonia concentration due to the variation in the flow rate

at respective positions in the flow channel cross section can be suppressed. Accordingly, an
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exhaust gas may flow into the NOx removal catalyst 13 with the variation in the ammonia
concentration being suppressed, a NOx removal reaction suitably occurs in the NOx removal
catalyst 13, and this can improve the NOx removal efficiency.
[0035]

In general, the rectifying unit 20 (for example, the lattice or the perforated plate 21)
has an effect of making a gas flow rate uniform in upstream of the rectifying unit 20 so that
the pressure loss in the flow channel cross section of a gas passing through the rectifying unit
20 is made uniform. In such a situation, when the first heat exchange unit 4 is provided in
the gas flow upstream of the rectifying unit 20, making uniform of the flow rate of the
exhaust gas may be inhibited by the first heat exchange unit 4. In particular, when the heat
transfer tubes 4a of the first heat exchange unit 4 extend in the Z-axis direction, variation in
the flow rate in the Z-axis direction tends to be larger.

[0036]

In contrast, in the present embodiment, the rectifying unit 20 is provided at a position
distant by a predetermined distance (specifically, 140 mm or greater) from the first heat
exchange unit 4.  Accordingly, since a sufficient distance D1 between the rectifying unit 20
and the first heat exchange unit 4 can be ensured, this can reduce an impact of the first heat
exchange unit 4 on the effect of rectifying (making uniform of the flow rate in the exhaust
gas flow direction in the flow channel cross section) an exhaust gas in the rectifying unit 20.
Therefore, in the rectifying unit 20, the flow rate distribution of the exhaust gas in the flow
channel cross section of the duct 3 can be made uniform. Thus, the NOx removal efficiency
can be improved.

In particular, when the length H in the longitudinal direction of the heat transfer tube
4a of the first heat exchange unit 4 is 5 m or greater and 30 m or less, the flow rate

distribution of the exhaust gas in the flow channel cross section of the duct 3 can be more
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suitably made uniform in the rectifying unit 20.
[0037]

The effect of improving the NOx removal efficiency will be described in detail with
reference to the graph of Fig. 6. The vertical axis of Fig. 6 represents variation in the flow
rate of an exhaust gas in the ammonia injection unit 11 (AIG) (in detail, root mean square
(RMS)), and the horizontal axis represents the value of the distance D1 from the first heat
exchange unit 4 to the rectifying unit 20.

[0038]

In Fig. 6, the larger the distance D1 is, the smaller the variation in the flow rate of an
exhaust gas is. In particular, it can be understood that, when the distance D1 of 140 mm or
greater is ensured, the variation in the flow rate of the exhaust gas is sufficiently small.
Therefore, it can be understood also from the graph of Fig. 6 that the distance D1 being a
length of 140 mm or greater suppresses the variation in the flow rate of an exhaust gas.

In Fig. 6, when the distance D1 is less than or equal to 530 mm, the slope is larger
than in the case where the distance D1 is greater than 530 mm. Therefore, it can be
understood that the variation is likely to be more effectively suppressed when the distance D1
is below 530 mm. Thus, it can be understood that, when the distance D1 is a length of 530
mm or greater, the variation in the flow rate of an exhaust gas is more suitably suppressed.

Note that, in Fig. 6, the case of the distance D1 being O represents a case without the
rectifying unit 20 being provided. In such a case, the variation in the flow rate is the largest.
Thus, it can be understood that the rectifying unit 20 has a variation suppression effect.
[0039]

In the present embodiment, the rectifying unit 20 has the lattice part. This makes it
possible to rectify an exhaust gas passing through the lattice part. Therefore, in the lattice

part, the flow rate distribution of the exhaust gas in the flow channel cross section of the duct
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3 can be made uniform. Thus, the NOx removal efficiency can be improved.
[0040]

In the present embodiment, the rectifying unit 20 has the perforated plate 21. This
makes it possible to rectify an exhaust gas passing through the perforated plate 21.

Therefore, in the perforated plate 21, the flow rate distribution of the exhaust gas in the flow
channel cross section of the duct 3 can be made uniform. Thus, the NOx removal efficiency
can be improved.

[0041]

In the present embodiment, the distance D2 from the perforated plate 21 to the
ammonia injection unit 11 is longer than the length that is 11 times the diameter d of the
through hole 21a. When an exhaust gas passes through the through holes 21a of the
perforated plate 21, a jet flow occurs in the exhaust gas. In the present embodiment,
however, since a long distance D2 from the perforated plate 21 to the ammonia injection unit
11 can be ensured, an exhaust gas with a sufficiently attenuated jet flow reaches the ammonia
injection unit 11. That is, an exhaust gas with suppressed variation in the flow rate at
respective positions in the flow channel cross section reaches the ammonia injection unit 11.
Accordingly, ammonia can be injected to the exhaust gas with the suppressed variation.
Thus, variation in the ammonia concentration due to the variation in the flow rate at
respective positions in the flow channel cross section can be suppressed. Thus, the exhaust
gas may flow into the NOx removal catalyst 13 with the suppressed variation in the ammonia
concentration, a NOx removal reaction suitably occurs in the NOx removal catalyst 13, and
thus, the NOx removal efficiency can be improved.

[0042]
Note that the present disclosure is not limited to each embodiment described above

and can be modified as appropriate within the scope not departing from the spirit thereof.
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For example, although the example in which the distance from the first heat exchange
unit 4 to the perforated plate 21 is 140 mm or greater (more preferably, 530 mm or greater)
has been described in the above embodiment, the present disclosure is not limited thereto. It
is only required to have a distance of 140 mm or greater (more preferably, 530 mm or
greater) from a structure that is provided upstream of the perforated plate 21 and affects a
flow of an exhaust gas in the duct 3 (hereafter, referred to as “upstream structure”) to the
perforated plate 21. The upstream structure may be, for example, a structure having an
elongated member extending in the Y-axis direction or the Z-axis direction, which may be,
for example, a reinforced member (a strut, a brace, or the like) for reinforcing the duct 3 from
inside as an example.

Note, when there are a plurality of the upstream structures, the distance from the
upstream structure closest to the perforated plate 21 to the perforated plate 21 may be 140
mm or greater (more preferably, 530 mm or greater).

[0043]

The NOx removal device according to the embodiment described above is understood
as follows, for example.

The NOx removal device according to the first aspect of the present disclosure
includes: an injection unit (11) provided inside a duct (3) inside which an exhaust gas flows
through and configured to inject a reducing agent to an exhaust gas flowing through inside
the duct; a NOx removal catalyst (13) provided inside the duct and downstream of the
injection unit; and a rectifying unit (20) provided inside the duct and upstream of the
injection unit so as to be spaced apart from the injection unit by a predetermined distance and
configured to rectify an exhaust gas flowing through inside the duct.

[0044]

In the above configuration, the rectifying unit is provided upstream of the injection
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unit so as to be spaced apart from the injection unit by a predetermined distance.
Accordingly, since an exhaust gas is rectified by the rectifying unit in upstream of the
injection unit, the flow rate distribution of an exhaust gas in the flow channel cross section of
the duct can be made uniform. Therefore, the injection unit injects a reducing agent to an
exhaust gas whose flow rate has been made uniform. Thus, variation in the reducing agent
concentration due to the variation in the flow rate at respective positions in the flow channel
cross section can be suppressed. Accordingly, an exhaust gas may flow into the NOx
removal catalyst with the suppressed variation in the reducing agent concentration, a NOx
removal reaction suitably occurs in the NOx removal catalyst, and this can improve the NOx
removal efficiency.
[0045]

The NOx removal device according to the second aspect of the present disclosure, in
the first aspect described above, includes a resistance unit (4) provided inside the duct and
upstream of the rectifying unit and configured to provide a resistance to a flow of an exhaust
gas, and the rectifying unit is provided at a position distant by 140 mm or greater from the
resistance unit.

[0046]

In general, the rectifying unit (for example, the lattice or the perforated plate) has an
effect of making a gas flow rate uniform in upstream of the rectifying unit so that the
pressure loss in the flow channel cross section of a gas passing through the rectifying unit is
made uniform. In such a situation, when the resistance unit is provided in the gas flow
upstream of the rectifying unit, making uniform of the flow rate of the exhaust gas may be
inhibited by the resistance unit.

In the above configuration, the rectifying unit is provided at a position distant by 140

mm or greater from the resistance unit. Accordingly, since a sufficient distance between the
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rectifying unit and the resistance unit can be ensured, this can reduce an impact of the
resistance unit on the effect of rectifying (making uniform of the flow rate in the exhaust gas
flow direction in the flow channel cross section) an exhaust gas in the rectifying unit.
Therefore, in the rectifying unit, the flow rate distribution of the exhaust gas in the flow
channel cross section of the duct can be made uniform. Thus, the NOx removal efficiency
can be improved.

Note that it is more preferable for the rectifying unit to be provided at a position
distant by 530 mm or greater from the resistance unit.

[0047]

In the NOx removal device according to the third aspect of the present disclosure, in
the first aspect or the second aspect described above, the rectifying unit has a grid-like lattice
part.

[0048]

In the above configuration, it is possible to rectify an exhaust gas passing through the
lattice part. Accordingly, in the lattice part, the flow rate distribution of the exhaust gas in
the flow channel cross section of the duct can be made uniform. Thus, the NOx removal
efficiency can be improved.

[0049]

In the NOx removal device according to the fourth aspect of the present disclosure, in
any of the first aspect to the third aspect described above, the rectifying unit has a perforated
plate (21) having a plurality of through holes (21a).

[0050]

In the above configuration, it is possible to rectify an exhaust gas passing through the

perforated plate. Accordingly, in the perforated plate, the flow rate distribution of the

exhaust gas in the flow channel cross section of the duct can be made uniform. Thus, the
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NOx removal efficiency can be improved.
[0051]

In the NOx removal device according to the fifth aspect of the present disclosure, in
the fourth aspect described above, the distance from the perforated plate to the injection unit
is longer than a length that is 11 times a diameter of each of the through holes.

[0052]

In the above configuration, the distance from the perforated plate to the injection unit
is longer than the length that is 11 times the diameter of the through hole. When an exhaust
gas passes through the through holes of the perforated plate, a jet flow occurs in the exhaust
gas. Inthe above configuration, however, since a long distance from the perforated plate to
the injection unit can be ensured, an exhaust gas with a sufficiently attenuated jet flow
reaches the injection unit. That is, an exhaust gas with suppressed variation in the flow rate
at respective positions in the flow channel cross section reaches the injection unit.
Accordingly, a reducing agent can be injected to the exhaust gas with the suppressed
variation. Thus, variation in the reducing agent concentration due to the variation in the
flow rate at respective positions in the flow channel cross section can be suppressed. Thus,
the exhaust gas may flow into the NOx removal catalyst with the suppressed variation in the
reducing agent concentration, a NOx removal reaction suitably occurs in the NOx removal
catalyst, and thus, the NOx removal efficiency can be improved.

[Reference Signs List]

[0053]

1  combustion engine

2 heat recovery steam generator
3 duct

4 first heat exchange unit (resistance unit)



4a  heat transfer tube

5 second heat exchange unit

7  stack

10  NOx removal device

11  ammonia injection unit (injection unit)
1la  ammonia pipe

12 mixer

12A  mixing unit

12a  cell

13 NOx removal catalyst

14 ammonia decomposition catalyst
18  plate part

18a  upstream plate part

18b  downstream plate part

20  rectifying unit

21  perforated plate

2la  through hole
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[Scope of Claims]
[Claim 1]

A NOx removal device comprising:

an injection unit provided inside a duct inside which an exhaust gas flows through and
configured to inject a reducing agent to the exhaust gas flowing through inside the duct;

a NOx removal catalyst provided inside the duct and downstream of the injection
unit; and

a rectifying unit provided inside the duct and upstream of the injection unit so as to be
spaced apart from the injection unit by a predetermined distance and configured to rectify an
exhaust gas flowing through inside the duct.

[Claim 2]

The NOx removal device according to claim 1 further comprising a resistance unit
provided inside the duct and upstream of the rectifying unit and configured to provide a
resistance to a flow of an exhaust gas,

wherein the rectifying unit is provided at a position distant by 140 mm or greater from
the resistance unit.

[Claim 3]

The NOx removal device according to claim 1, wherein the rectifying unit has a grid-
like lattice part.
[Claim 4]

The NOx removal device according to claim 1, wherein the rectifying unit has a
perforated plate having a plurality of through holes.

[Claim 5]
The NOx removal device according to claim 4, wherein the distance from the

perforated plate to the injection unit is longer than a length that is 11 times a diameter of each



of the through holes.
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