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(57) ABSTRACT

An exhaust duct for a fossil fuel powered engine includes an
exhaust gas passage, a cooling fluid passage, a mixing
device for mixing cooling fluid with the hot exhaust gas and
a selective catalytic reduction catalyst for removing nitrogen
oxides arranged in the exhaust gas passage. The mixing
device has a mixing chamber with a first wall and an
opposed second wall, the first and second wall arranged
upstream of the selective catalytic reduction catalyst in the
exhaust gas passage and extending over the cross-sectional
area of the exhaust gas passage, both walls perforated by
through holes, wherein through holes of the first wall are
connected with through holes of the second wall in pairs by
pipes extending through the mixing chamber, the pipes
perforated by at least one hole into the mixing chamber and
the cooling fluid passage ending into the mixing chamber.
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EXHAUST DUCT FOR A FOSSIL FUEL
POWERED ENGINE COMPRISING A
DILUTION SELECTIVE CATALYTIC

REDUCTION SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is the US National Stage of Inter-
national Application No. PCT/EP2018/050670 filed Jan. 11,
2018, and claims the benefit thereof. The International
Application claims the benefit of European Application No.
EP17153522 filed Jan. 27, 2017. All of the applications are
incorporated by reference herein in their entirety.

FIELD OF INVENTION

[0002] The present invention relates to an exhaust duct for
a fossil fuel powered engine comprising a dilution selective
catalytic reduction system.

[0003] The exhaust duct comprising: an exhaust gas pas-
sage, a cooling fluid passage, a mixing device for mixing
cooling fluid with hot exhaust gas and at least a selective
catalytic reduction catalyst (SCR catalyst) arranged in the
exhaust gas passage for removing nitrogen oxides (NO,) and
at least first means for supplying a reducing agent.

[0004] Additional to that, the present invention relates to
a mixing device for such an exhaust duct and a power plant.
[0005] The invention relates to the field of waste gas
purification of a fossil fuel powered engine, especially to the
field of waste gas purification for a simple cycle gas turbine
and a power plant comprising a gas turbine, in particular a
simple cycle gas turbine. In the exhaust gas discharged by
fossil fuel powered engines, various harmful substances are
contained due to the combustion of the fossil fuel. Such
harmful substances include carbon monoxide (CO) and
nitrogen oxides (NO, ). Regulations on discharged amount of
these harmful substances have been strengthening, so that
there is a need for improvement of the state of the art
systems for flue gas cleaning.

BACKGROUND OF INVENTION

[0006] Simple cycle gas turbines are used for power
production during peak electricity demands. These gas tur-
bines operate for relatively short time periods and often at
part load. A power plant with a simple cycle gas turbine has
only one power cycle compared to a combined cycle power
plant comprising a gas turbine and a steam turbine. The most
power plants with a gas turbine emit the flue gas without
treatment into the atmosphere. The compounds to be
removed are mainly nitrogen oxides (NO,) and carbon
monoxide (CO).

[0007] For the removal of both substances, it has been
suggested to use a catalytic process for cleaning the flue gas
of a simple cycle gas turbine. The catalysts (catalyzers) can
handle temperatures up to 425° C., which is lower than most
gas turbine exhaust temperatures (approximately 600° C.).
The suggested process for NO, removal from the exhaust
gas of a simple cycle gas turbine is known as selective
catalytic reduction (SCR) and involves an injection of an
reducing agent (ammonia NH; and/or urea) into the flue gas
prior to pass it through a selective catalytic reduction
catalyzer. A dilution system has been suggested to cool the
flue gas, by supplying cold ambient air to the waste gas
stream, to an appropriate temperature for the catalyzer. Such
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a catalytic process for NO, removal is called dilution-SCR.
The suggested process for CO removal from the exhaust gas
of the simple cycle gas turbine uses a catalyzer.

[0008] If an exhaust duct of a simple cycle gas turbine is
equipped with a dilution-SCR system as suggested, some of
the following problems might arise:—Poor mixing of the hot
flue gas and the cooling gas,—Different NO, concentration
profiles at different gas turbine loads. The injection of the
reducing agent ammonia and/or urea needs to be matched
with the NO, concentration profile, which is hardly possible
in an exhaust duct of a gas turbine equipped with a dilution-
SCR system,—In part load operation of the simple cycle gas
turbine, the gas turbine exhaust velocity profile is very
different from the full load gas turbine exhaust velocity
profile. This can lead to very non uniform velocity profiles
at the catalyzer. This result in varying residence time
throughout the catalyzer and can lead to poor conversion of
NO, and reducing agent (unconverted ammonia and/or urea
exiting the catalyzer—referred to as NH; slip).

SUMMARY OF INVENTION

[0009] The invention is based on the object of specifying
an exhaust duct, of the type stated at the outset, for a fossil
fuel powered engine, in particular for a simple cycle gas
turbine, a mixing device comprised by such an exhaust duct,
and a power plant comprising a gas turbine and an exhaust
duct, by means of which it is possible to reduce emission of
pollutants during operation.

[0010] The object is achieved, according to the invention,
in the case of an exhaust duct of the type stated at the outset,
in that the mixing device comprising a mixing chamber with
a first wall and an opposed second wall, the first and second
wall arranged upstream of the selective catalytic reduction
catalyst in the exhaust gas passage and extending over the
cross-sectional area of the exhaust gas passage, both walls
perforated by through holes, wherein through holes of the
first wall are connected with through holes of the second
wall in pairs by pipes extending through the mixing cham-
ber, the pipes perforated by at least one hole into the mixing
chamber and the cooling fluid passage ending into the
mixing chamber.

[0011] The cooling fluid might be ambient air or a cooling
gas or a mixture of cooling air/gas with steam or vapour or
droplets of a liquid.

[0012] The first and second wall of the mixing chamber
might be constructed as plates, which are perforated by
through holes.

[0013] It is thus proposed, to equip the exhaust duct with
a mixing chamber according to the invention for supplying
the cooling fluid into the exhaust gas passage. The mixing
chamber according to the invention acts like a flow straight-
ener for the flue gas homogenizing the velocity profile of the
flue gas over the cross-sectional area of the exhaust gas
passage. Additional to that, the mixing chamber acts like a
cooling fluid injector, wherein the cooling fluid (for example
ambient air) is injected in a homogeneous way into the
exhaust gas passage with the advantage, that the amount of
cooling fluid sucked from the mixing chamber into the pipes
increase with the velocity of the flue gas in the pipes due to
the static pressure in the pipe. This keeps the ratio between
cooling fluid and flue gas of the mixed stream more constant
in case of different velocity profiles of the flue gas due to
varying operational states of the fossil fuel powered engine.
A more constant ratio between cooling fluid and flue gas
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results in a homogeneous temperature and velocity profile at
the at least one catalyzer reducing the emission of pollutions
due to optimized conditions at the at least one catalyzer. The
mixing chamber works self-adjusting regarding the amount
of cooling fluid injected into the exhaust gas passage.
[0014] Advantageous designs of the invention are speci-
fied in the following description and the dependent claims,
the features of which may be applied individually and in any
combination with one another.

[0015] It may be provided, advantageously, that the first
means for supplying a reducing agent are arranged in such
a way, that reducing agent is supplied into the cooling fluid
passage.

[0016] Because the velocity profile of the cooling fluid of
the cooling fluid passage is less influenced by different gas
turbine loads then the waste gas velocity in the exhaust gas
passage, a more constant ratio between reducing agent and
cooling fluid results, wherein the cooling fluid and reducing
agent is injected together via the mixing chamber into the
flue gas, the outcome of this is a more constant ratio between
reducing agent and flue gas than in case of the state-of-the-
art injection of the reducing agent directly into the exhaust
gas passage. Due to the less fluctuating ratio between
reducing agent and flue gas (reduced NH3 slip), the emission
of pollutions is reduced.

[0017] Advantageously, it may further be provided that the
first means for supplying a reducing agent are arranged in
such a way, that the reducing agent is injected at the fluid
intake of a cooling fluid fan of the cooling fluid passage.
[0018] The reducing agent and the cooling fluid are mixed
by the cooling fluid fan resulting in a homogenous mixture
of reducing agent and cooling fluid.

[0019] It may also be considered to be advantageous that
the first means for supplying a reducing agent are adapted
for supplying reducing agent comprising a urea component
and/or an ammonia (NH3) component.

[0020] The use of ammonia or urea as reducing agent is
well-proven for the selective catalytic reduction.

[0021] It may also be considered to be advantageous that
the first means for supplying a reducing agent comprising
one or several injection nozzles adapted to spray the reduc-
ing agent as a liquid or vapour into the cooling fluid.
[0022] It may also be considered to be advantageous that
the pipes of the mixing chamber comprising inside at least
one turbulator for increasing the turbulence of the exhaust
gas flowing through the pipes.

[0023] This results in an improved mixing of the cooling
fluid comprising the reducing agent and the flue gas to
increase the elimination of the NOx in the flue gas. The
turbulator can be constructed as a fin or a blind hole. The
pipes can be constructed inside as throttled pipes.

[0024] It may also be considered to be advantageous that
the sum of the cross-sectional area of the through holes in
the first and second wall are adapted to keep a pressure drop
between an inlet of the exhaust gas passage and a down-
stream exit of the exhaust gas passage less or equal than 25
mbar, advantageously the sum is 25% of the surface area of
the first and second wall.

[0025] The pressure drop between the front side at the first
wall and the reverse side at the second wall of the mixing
chamber might be for example 11 mbar to meet the condi-
tion of a pressure drop of less or equal 25 mbar between an
inlet of the exhaust gas passage and a downstream exit of the
exhaust gas passage for an exhaust duct of a simple cycle gas
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turbine for a power plant. The mixing chamber might
comprise par example 150 pipes in case the sum of the
cross-sectional area of the through holes is 25% of the
surface of the first and second wall for the dimension of an
exhaust duct of a simple cycle gas turbine for a power plant.
[0026] It may also be considered to be advantageous that
the openings of the through holes through the first and
second wall are uniformly distributed on the surface of the
first and second wall.

[0027] This improves the ability of the mixing chamber to
act as a flow straightener.

[0028] It is a further object of the invention to specify a
power plant comprising a gas turbine, preferentially a simple
cycle gas turbine, and an exhaust duct, by means of which
it is made possible to reduce emissions of pollutants during
operation.

[0029] For this purpose, the exhaust duct of the power
plant is realized.

[0030] It is a further object of the invention to specify a
mixing device for an exhaust duct, of the type stated at the
outset, for a fossil fuel powered engine, for mixing cooling
fluid with hot exhaust gas, by means of which it is made
possible to reduce emissions of pollutants during operation.
[0031] The specified mixing device for this purpose is
realized with a mixing chamber for an exhaust duct for
mixing cooling fluid with hot exhaust gas comprising a first
wall and an opposed second wall and at least one entrance
for a cooling fluid passage of the exhaust duct, the first and
second wall adapted to be arranged in an exhaust gas
passage of the exhaust duct and to extend over the cross-
sectional area of the exhaust gas passage, the first and
second wall both perforated by through holes, wherein
through holes of the first wall are connected with through
holes of the second wall in pairs by pipes extending through
the mixing chamber, the pipes perforated by at least one hole
into the mixing chamber.

[0032] Further expedient designs and advantages are pro-
vided by the description of exemplary embodiments of the
invention, with reference to the figure of the drawing,
wherein components that have the same function are
denoted by the same references.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] There are shown in

[0034] FIG. 1 a schematic representation of a gas turbine
of the prior art, in a longitudinal section,

[0035] FIG. 2 a schematic representation of a power plant
with a simple cycle gas turbine,

[0036] FIG. 3 a schematic representation of an exhaust
duct for a gas turbine according to suggested art with a
dilution-SCR system, in a longitudinal section,

[0037] FIG. 4 a schematic representation of a mixing
chamber according to the invention, in a perspective view,
[0038] FIG. 5 a schematic representation of a pipe of the
mixing chamber according to the invention, in a perspective
view, and

[0039] FIG. 6 a schematic representation of an exhaust
duct according to the invention, in a perspective view.

DETAILED DESCRIPTION OF INVENTION

[0040] FIG. 1 shows a sectional view of a gas turbine 1
according to the prior art, in a schematically simplified
representation. In its interior, the gas turbine 1 has a rotor 3,
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which is mounted so as to be rotatable about a rotation axis
2, and which has a shaft 4, which is also referred to as a
turbine rotor. Along the rotor 3, in succession, there is an
intake housing 6, a compressor 8, a combustion system 9,
having one or more combustion chambers 10, which each
comprise a burner arrangement having burners 11, a fuel
supply system (not represented) for the burners, and a
combustion chamber housing 12, and a turbine 14 and an
exhaust duct 15. The combustion chamber 10 may be, for
example, an annular combustion chamber.

[0041] The combustion system 9 represented in FIG. 1
communicates with a, for example annular, hot-gas channel.
There, a plurality of turbine stages connected in succession
constituting the turbine 14. Each turbine stage is constituted
by blade rings. As viewed in the direction of flow of a
working medium, in the hot channel a row of guide blades
17 is succeeded by a row of rotor blades 18. The guide
blades 17 in this case are fastened to an inner housing of a
stator 19, whereas the rotor blades 18 of a row are attached,
for example by means of a turbine disc, to the rotor 3. A
generator (not represented), for example, is coupled to the
rotor 3.

[0042] During operation of the gas turbine, air is sucked in
through the intake housing 6 and compressed by the com-
pressor 8. The compressor air L" provided at the turbine-side
end of the compressor 8 is guided along a burner plenum 7
to the combustion system 9 where, in the region of the
burner arrangement, it is routed into the burners 11 and in the
latter is mixed with fuel and/or enriched with fuel in the
outlet region of the burner 11. Fuel supply systems in this
case supply the burners with fuel. The mixture, or the
compressor air and the fuel, is/are discharged from the
burners 11 into the combustion chamber 10 and combusts/
combust, forming a hot stream of working gas in a com-
bustion zone within the combustion chamber housing 12 of
the combustion chamber. From there, the stream of working
gas flows along the hot-gas channel, past the guide blades 17
and the rotor blades 18. At the rotor blades 18, the stream of
working gas expands in an impulse-transmitting manner,
such that the rotor blades 18 drive the rotor 3, and the latter
drives the generator (not represented) coupled thereto.
[0043] FIG. 2 shows a schematic representation of a
power plant 22 according to prior art comprising a gas
turbine 1, an exhaust duct 15 coupled to a turbine exit of the
gas turbine 1 and a generator 23. The gas turbine 1 drives the
rotor 3 during operation, and the rotor 3 drives the generator
to generate electrical power. The hot flue gas leaving the exit
port of the gas turbine 1 is flowing via the exhaust duct 15
into the atmosphere.

[0044] FIG. 3 shows schematically an exhaust duct 24 for
a gas turbine 1 according to suggested art with a dilution
selective catalytic reduction system (dilution-SCR system),
in a longitudinal section. The gas turbine 1, which is a fossil
fuel powered engine 26, is coupled with a turbine exit to an
inlet of an exhaust duct 24. The exhaust duct 24 comprises
an exhaust gas passage 27, wherein a cooling fluid passage
28 ends into the exhaust gas passage 27 via an entrance 30
for the cooling fluid passage 28. The entrance 30 acts as a
mixing device 31. There is a cooling fluid fan 32 with a fluid
intake 33 of the cooling fluid fan arranged at the opposite
end of the cooling fluid passage 28. Downstream of the
entrance 30 for the cooling fluid passage 28, there are first
means 34 for supplying a reducing agent 36 arranged in the
exhaust gas passage with injection nozzles 35 to spray
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reducing agent 36 into the exhaust gas passage 27. The first
means 34 for supplying a reducing agent are fluidic con-
nected to a storage tank 37, wherein the flow of the reducing
agent 36 to the first means 34 is controlled by a distribution
& flow control unit 38. Downstream of the first means 34 for
supplying a reducing agent is a selective catalytic reduction
catalyst 39 (also referred as SCR catalyzer) arranged fol-
lowed downstream by a CO catalyzer 40, wherein the
catalyzers extending over the cross-sectional area of the
exhaust gas passage 27. The catalyzers with the first means
34, the distribution & flow control unit 38, the storage tank
37 and the cooling fluid passage 28 with fluid fan 32 forming
together an exhaust gas purification apparatus 44 and a
dilution selective catalytic reduction system 45 (dilution
SCR-system).

[0045] During operation, the exhaust gas 41 produced by
the gas turbine 1 is flowing into the exhaust gas passage 27
of the exhaust duct 24 and mixed with cooling fluid 42 from
the cooling fluid passage 28 and sprayed with reducing agent
36 by injection nozzles 35 of the first means 34. Due to the
reducing agent 36, some of the NO, components of the
exhaust gas are reduced by the selective catalytic reduction
catalyst 39 into H,O and N,. Some of the CO components
of the fuel gas are eliminated by the CO catalyzer 40,
wherein the purified fuel gas 43 leaves the exhaust duct at a
downstream exit of the exhaust gas passage 27.

[0046] FIG. 4 shows schematically a mixing chamber 50
for an exhaust duct according to the invention. The mixing
chamber 50 for mixing cooling fluid with hot exhaust gas
comprising a first wall 51 and an opposed second wall 52
adapted to extend over the cross-sectional area of the
exhaust gas passage, and at least one entrance 53 for a
cooling fluid passage ending into the mixing chamber 50, the
first wall 51 and the second wall 52 both perforated by
through holes 54. As shown by FIG. 5 in more detail, the
through holes 54 of the first wall 51 are connected with
through holes 54 of the second wall 52 in pairs by pipes 55
extending through the mixing chamber 50, the pipes 55
perforated by at least one or two or more holes 56 into the
mixing chamber 50. The sum of the cross-sectional areas 59
of the through holes 54 in the first wall 51 and second wall
52 are adapted to keep a pressure drop between an inlet (Pos.
66 of FIG. 6) of the exhaust gas passage and a downstream
exit (Pos. 69 of FIG. 6) of the exhaust gas passage less or
equal than 25 mbar. The openings 67 of the through holes 54
are uniformly distributed on the surface 68 of the first wall
51 and the second wall 52. The surface 68 having the same
size as the cross-sectional area (Pos. 64 of FIG. 6) of the
exhaust gas passage.

[0047] FIG. 5 shows schematically a pipe 55 of the mixing
chamber 50 shown by FIG. 4 in more detail. The pipe 55
extending through the mixing chamber 50 and connecting
through hole 54 of the first wall 51 with through hole 54 of
the second wall 52. The pipe 55 is perforated by one or two
or more holes 56 opens into the mixing chamber 50. The
pipe 55 comprises inside turbulators 57 for increasing the
turbulence of the exhaust gas flowing through the pipe,
wherein cooling fluid 58 is sucked into the pipe 55 due to the
static pressure produced by the flow in the pipe.

[0048] FIG. 6 shows schematically an exhaust duct 60
according to the invention with an exhaust gas passage 61,
a cooling fluid passage 62, a mixing chamber 50 as shown
by FIG. 4 constructed as a section 63 of the exhaust gas
passage 61 comprising a first wall 51 and a opposed second
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wall 52 arranged upstream of a selective catalytic reduction
catalyst 65 in the exhaust gas passage 61 and extending over
the cross-sectional area 64 of the exhaust gas passage 61.
Flue gas, entering the exhaust gas passage 61 at inlet 66 of
the exhaust gas passage, is mixed in the pipes of the mixing
chamber 50 with cooling fluid and reducing agent from the
cooling fluid passage 62 and passing the catalyzer 65 on the
way to a downstream exit 69 of the exhaust gas passage 61.
1. An exhaust duct for a fossil fuel powered engine
comprising:
an exhaust gas passage,
a cooling fluid passage,
a mixing device for mixing cooling fluid with hot exhaust
gas,
at least a selective catalytic reduction catalyst arranged in
the exhaust gas passage for removing nitrogen oxides,
and
at least first means for supplying a reducing agent,
wherein the mixing device comprises a mixing chamber
with a first wall and an opposed second wall, the first
and second wall arranged upstream of the selective
catalytic reduction catalyst in the exhaust gas passage
and extending over a cross-sectional area of the exhaust
gas passage, both walls perforated by through holes,
wherein through holes of the first wall are connected
with through holes of the second wall in pairs by pipes
extending through the mixing chamber, the pipes per-
forated by at least one hole into the mixing chamber
and the cooling fluid passage ending into the mixing
chamber.
2. The exhaust duct according to claim 1,
wherein the first means for supplying a reducing agent are
arranged in such a way, that reducing agent is supplied
into the cooling fluid passage.
3. The exhaust duct according to claim 2,
wherein the first means for supplying a reducing agent are
arranged in such a way, that the reducing agent is
injected at the fluid intake of a cooling fluid fan of the
cooling fluid passage.
4. The exhaust duct according to claim 2,
wherein the first means for supplying a reducing agent are
adapted for supplying reducing agent comprising a urea
component and/or an ammonia component.
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5. The exhaust duct according to claim 2,

wherein the first means for supplying a reducing agent
comprise one or several injection nozzles adapted to
spray the reducing agent as a liquid or vapour into the
cooling fluid.

6. The exhaust duct according to claim 1,

wherein the pipes of the mixing chamber comprise inside

at least one turbulator for increasing the turbulence of
the exhaust gas flowing through the pipes.

7. The exhaust duct according to claim 1,

wherein the sum of a cross-sectional area of the through

holes in the first and second wall are adapted to keep a
pressure drop between an inlet of the exhaust gas
passage and a downstream exit of the exhaust gas
passage less or equal than 25 mbar.

8. The exhaust duct according to claim 1,

wherein the openings of the through holes through the

first and second wall are uniformly distributed on the
surface of the first and second wall.

9. A power plant comprising:

a gas turbine, and

the exhaust duct of claim 1.

10. A mixing chamber for an exhaust duct of a fossil fuel
powered engine for mixing cooling fluid with hot exhaust
gas comprising:

a first wall and an opposed second wall and at least one

entrance for a cooling fluid passage of the exhaust duct,
the first wall and second wall adapted to be arranged in an
exhaust gas passage of the exhaust duct and to extend
over a cross-sectional area of the exhaust gas passage,
the first and second wall both perforated by through holes,
wherein through holes of the first wall are connected
with through holes of the second wall in pairs by pipes
extending through the mixing chamber, the pipes per-
forated by at least one hole into the mixing chamber.
11. The exhaust duct according to claim 7,
wherein the sum of the cross-sectional area of the through
holes is 25% of the surface area of the first and second
wall.

12. The power plant according to claim 9,

wherein the gas turbine comprises a simple cycle gas

turbine.



