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JET BURNER WITH COOLING DUCT IN THE
BASE PLATE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is the US National Stage of Inter-
national Application No. PCT/EP2014/052410 filed 7 Feb.
2014, and claims the benefit thereof. The International Appli-
cation claims the benefit of German Application No. DE
102013204307 .4 filed 13 Mar. 2013. All of the applications
are incorporated by reference herein in their entirety.

FIELD OF INVENTION

[0002] In modern gas turbine combustion systems, local
hot gas temperatures exceed the currently permissible tem-
perature limits of superalloys with thermal barrier layers,
such that additional cooling is required.

[0003] The invention therefore relates to the cooling of the
nozzle support of a jet burner.

BACKGROUND OF INVENTION

[0004] Jet-stabilized combustion systems, in which the fuel
is combusted in a jet flame downstream of the burner, have a
simple premix zone in comparison to swirl-stabilized sys-
tems. Since the pressure difference in the burner is converted
exclusively into the axial velocity component, these burners
are distinguished by a lower tendency to flashback, for which
reason it is also possible to use this burner for combusting
more highly reactive combustion mixtures having a higher
hydrogen fraction.

[0005] Furthermore, jet-stabilized combustion systems
generate no swirl-induced turbulence structures which can
cause flame instabilities. Such a jet-stabilized combustion
system is disclosed for example in US 2010/0300104 Al. In
order to accommodate the premix passages, what is termed a
nozzle carrier (also “jet carrier”) is required which, depend-
ing on the design, has a different number of nozzles which can
be arranged concentrically on one or more rings.

[0006] The nozzle carrier is conventionally made of solid
forged material which is very expensive but is advantageous
for the prototype design since this means it is comparatively
simple to produce. Furthermore, no cooling is required on the
hot gas side of the nozzle carrier on account of good mechani-
cal properties and good heat transfer between air in the nozzle
carrier and the nozzle carrier itself.

[0007] Since the nozzle carrier is currently produced by
forging using for example a nickel alloy, machining the
required bores is onerous, the construction is solid and thus
also the weight is high, furthermore the shape of the compo-
nent is limited by the production method. Consequently, the
component is very expensive to manufacture and some com-
ponent properties cannot be realized. At least, it is very oner-
ous to introduce additional features or particularities, such as
cooling air ducts or purge air ducts, into the nozzle carrier.
[0008] Inaddition, mass production cannotbe envisaged on
account of the costs.

SUMMARY OF INVENTION

[0009] Theobject ofthe invention is to refine the mentioned

jet burner such that it is possible to minimize production costs
and to integrate additional design features which have a posi-
tive effect on operation of the combustion system.
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[0010] According to the invention, this object is achieved
by the apparatus as claimed in the independent claim. Advan-
tageous developments of the invention are defined in the
dependent claims. A jet burner having a hot gas side which, in
operation, is oriented toward a combustion chamber and a
cold gas side which is oriented away from the combustion
chamber, comprising a base plate on which there are arranged
multiple jet nozzles, wherein the base plate has at least one
cooling duct, the at least one cooling duct opens into a burner
stage which comprises a pilot burner arranged on the base
plate achieves that the current nozzle carrier can be manufac-
tured much more cost-effectively than in the case of a solid
construction.

[0011] Only by using active cooling is it possible to use a
more cost-effective material for the nozzle carrier in order to
compensate for the mechanical load-bearing ability lost as a
consequence of the lighter construction. In that context, the
cooling duct can be one of many cooling ducts, or can also be
a type of cavity which extends over almost the entire surface
of the base plate and through which the cooling air flows.
[0012] Active cooling, for example by means of effusion
cooling, has a negative influence on NOx emissions since the
mass flow rate of air to the flame front is reduced. This causes
alocal increase in the flame temperature and thus in the NOx
emissions. This is avoided, according to the invention, by the
factthat the at least one cooling duct opens into a burner stage,
such that cooling air is no longer simply discharged into the
combustion chamber.

[0013] In that context, it is important that the burner stage
comprises a pilot burner arranged on the base plate. This can
namely be operated with a lower pressure loss than the jet
nozzles of the main burner.

[0014] It is in particular advantageous if the burner stage
includes a pilot burner arranged on the base plate and the air
required for operation of the pilot burner can be supplied from
the cooling duct, i.e. if the pilot burner is supplied with the
necessary air directly and exclusively via the cooling duct and
an even mass flow rate of air to the flame front is ensured.
[0015] Itis advantageous if the base plate has on its hot gas
side a thermal barrier coating, whereby it is possible to lower
the material temperature and/or the cooling requirement dur-
ing operation of the burner.

[0016] In one advantageous embodiment of the invention,
the at least one cooling duct can be charged with cooling air
via an opening on a circumferential rim of the base plate.
[0017] Inone alternative advantageous embodiment of the
invention, the at least one cooling duct can be charged with
cooling air via an opening on the cold gas side of the base
plate.

[0018] In a further advantageous embodiment of the inven-
tion, the at least one cooling duct can be charged via a cooling
air line which is arranged in a wall surrounding the jet nozzles
and adjoining the base plate, and which is open toward the
cold gas side of the jet burner and opens into the base plate.
[0019] Ifthe cooling duct takes the form ofa type of cavity,
it is possible for wake regions to form behind the premixed
passengers around which the cooling air flows. In these
regions, the transfer of heat and/or the cooling of the base
plate by means of the cooling air is reduced. In order to avoid
or at least minimize wake regions behind the jet nozzles, it is
possible to introduce into the flow path elements for increas-
ing heat transfer and/or for flow guiding. For example, the
cooling duct in the base plate can have spoilers or swirl
generators such as ribs or relatively small dimples.
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[0020] In one advantageous embodiment, at least the base
plate is a cast part. The limitations, caused by the forging
method according to the prior art, can be minimized by using
a casting process to give the original shape of the nozzle
carrier. The use of this process makes it possible to produce a
near-net shape blank which requires only minor machining to
have its final contours. For example, it is possible for bores to
be created already in the casting process by means of the use
of cores, which saves both volume and mass. Furthermore,
the casting method makes it possible to create more complex
geometries. It is thus possible to introduce additional func-
tions into the component and thus to improve the component
properties. The flexibility in terms of the component geom-
etry, which is made possible by means of the casting process,
could, if the cooling is sufficiently optimized, lower the oper-
ating temperature of the component to the point that a more
cost-effective cast steel material can be used instead of a
nickel-based alloy. Furthermore, the component can be con-
figured in a manner that is appropriate to the loads to which it
is to be subjected.

[0021] Advantageously, the cast part further comprises the
jet nozzles which form the main burner. These can be cast
directly at the same time as casting the base plate.

[0022] In an alternative embodiment, the base plate is a
sheet metal construction. This solution also makes it possible
to reduce production costs in comparison to the variant with
solid forged material, merely by virtue of substantially lower
raw material costs.

[0023] In particular, but not exclusively, in the case of a
sheet metal construction, it is advantageous if a circumferen-
tial wall extending beyond the cold gas side of the base plate
approaches a central axis of the jet burner with increasing
distance from the base plate. This wall and the—typically
cylindrical—outer casing part surrounding it then form a type
of diffuser, which slows the airflow provided by the compres-
sor and advantageously increases the pressure.

[0024] In the jet burner according to the invention, the air
supply for the pilot burner and for the main burner are sepa-
rate. [t is thus possible for the mass flow rate of air for the pilot
burner to be used for cooling the burner. By manufacturing
the jet burner according to the invention by casting or by using
a sheet metal construction, it is possible not only to reduce
costs, but also to introduce into the nozzle carrier additional
design features which have a positive effect on the operation
of the combustion system (e.g. improved service life,
increased flashback safety and lower pressure loss). These
positive properties are achieved in the present invention by
means of the introduction of cooling air ducts and purge air
ducts.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The invention will be explained in more detail by
way of example with reference to the drawings, which are
schematic and not to scale, and in which:

[0026] FIG. 1 shows a jet burner according to the prior art,
[0027] FIG. 2 shows a section through a jet burner perpen-
dicular to a central axis of the burner,

[0028] FIG. 3 shows a section through a further jet burner
perpendicular to a central axis of the burner,

[0029] FIG. 4 shows a section through a part of a jet burner
according to the invention with possibilities for drawing cool-
ing air,

[0030] FIG. 5 shows a further possibility for drawing cool-

ing air,
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[0031] FIG. 6 shows an embodiment of the cooling concept
according to the invention, in which air flows through a cool-
ing duct in the form of a cavity and

[0032] FIG. 7 shows a section through a jet burner accord-
ing to the invention, perpendicular to the central axis, with a
view into the cavity.

DETAILED DESCRIPTION OF INVENTION

[0033] FIG. 1 shows schematically a section through a part
of a jet burner 1 in the longitudinal direction, that is to say
along the central axis 2 of the burner 1 according to the prior
art. The burner 1 has at least one jet nozzle 4 arranged in a
nozzle carrier 3. The jet nozzle 4 comprises a jet nozzle inlet
5 and the jet nozzle outlet 6. The combustion chamber 7
adjoins the jet nozzle outlet 6. In addition, the jet nozzle 4 is
arranged in the nozzle carrier 3 such that the jet nozzle inlet 5
is oriented toward the rear wall 8 of the burner 1. That side of
the jet burner 1 which is oriented toward the combustion
chamber 7 is termed the hot gas side 9; the side oriented away
from the combustion chamber 7 is termed the cold gas side 10.
A fuel nozzle 11 is arranged in the region of the jet nozzle inlet
5 of the jet nozzle 4. Fuel is injected into the jet nozzle 4
through the fuel nozzle 11. The burner 1 further comprises a
radially—with respect to the central axis 2 of the burner
1—outer casing part 12 which, with the nozzle carrier 3,
forms an annular duct 13. Air 14 from the compressor flows
through this annular duct 13 toward the rear wall 8 of the
burner 1 where it is deflected, such that it passes through the
jet nozzle inlets 5 into the jet nozzles 4.

[0034] What FIG. 1 does not show is that burners, in par-
ticular premix burners such as the jet burner 1 shown, can be
equipped with an additional pilot burner in order to ensure
stable combustion over a broad operating range, in particular
under zero load and partial load. Such a pilot burner is then
typically arranged on the central axis 2 of the burner.

[0035] FIG. 2 shows, schematically, a section through a jet
burner 1 perpendicular to a central axis 2 of the burner 1. The
nozzle carrier 3 has a circular cross section. A certain number
of jet nozzles 4 is arranged, in essentially annular fashion,
within the nozzle carrier 3. In that context, each jet nozzle 4
has a circular cross section.

[0036] FIG. 3 shows, schematically, a section through a jet
burner 101, wherein the section runs perpendicular to the
central axis of the burner 101. The burner 101 also has a
nozzle carrier 3, which has a circular cross-section and in
which there is arranged a number of inner and outer jet
nozzles 4, 104. The jet nozzles 4, 104 each have a circular
cross-section, wherein the cross section area of the outer jet
nozzles 4 is equal to or larger than that of the inner jet nozzles
104. The outer jet nozzles 4 are arranged in essentially annu-
lar fashion within the nozzle carrier 3 and form an outer ring.
The inner jet nozzles 104 are also arranged in annular fashion
within the nozzle carrier 3. The inner jet nozzles 104 form an
inner ring which is arranged concentric with the outer jet
nozzle ring.

[0037] FIGS. 2 and 3 merely show examples for the
arrangement of jet nozzles 4, 104 within a jet burner 1, 101.
Alternative arrangements are of course also possible, as is the
use of a different number of jet nozzles 4, 104. In addition, the
burner 1, 101 can comprise a pilot burner.

[0038] FIG. 4 shows a section through a part of a jet burner
15 according to the invention, in which the jet nozzles 16 are
arranged on a base plate 17, wherein the base plate 17 has
cooling ducts 18 that can for example be cast directly in the
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base plate 17 when use is made of a casting process. It is then
also possible for the jet nozzles 16, which form the main
burner (premix burner) to be directly cast at the same time.
The base plate 17 is cooled via the cooling air ducts 18.
[0039] Onthehot gas side, the base plate 17 can be comple-
mented by a thermal barrier coating 19. By virtue of the
combination of thermal barrier coatings 19 and effective
cooling, it is possible under certain circumstances to do with-
out, for example, nickel-based alloys. However, even when a
nickel-based alloy is used, a reduction in costs is to be
expected since substantially less material is necessary for a
cast part.

[0040] As further represented in FIG. 4, the cooling air 20
can be drawn either from the annular duct 13 or from the
plenum 21 upstream of the base plate 17. When drawing from
the annular duct 13, the cooling air 20 is fed to the cooling
duct 18 via openings 22 on a circumferential rim 23 of the
base plate 17. When drawing from the plenum 21, the cooling
air 20 is fed to the cooling duct 18 via openings 24 on the cold
gas side 10 of the base plate 17. After cooling the base plate
17, the cooling air 20 does not pass directly into the combus-
tion chamber 7 but is fed to the pilot burner (cf. FIG. 6).
[0041] As a consequence of the high flow speeds in the jet
nozzles 16 (substantial drop in static pressure), there is here a
strong pressure drop which can be used to equip the cooling
ducts 18 with elements 26 for increased heat transfer (e.g. ribs
or dimples 36) and/or for flow guiding (e.g. spoilers 35) (cf.
FIG. 7).

[0042] Ifthe pilot draws the quantity of air required for its
operation essentially via the cooling air ducts 18, a relatively
high quantity of air is available (approx. 5-12% of the total
available quantity of air 14), i.e. the cooling ducts 18 must in
this case be accordingly large in order that the desired pilot air
split, i.e. that fraction of the air supplied to the pilot with
respect to the total quantity of air 14, is also achieved at the
predefined differential pressure. In this case, the cooling
ducts 18 were equipped with no or only a few ribs or similar
elements 26. The required cooling effect is brought about by
means of the increased mass flow rate.

[0043] FIG. 5 shows a further possibility for drawing cool-
ing air. In the case shown, the cooling air for the base plate 17
(or at least part of the cooling air) is drawn from the boundary
layer at the redirection 30 from the annular duct 13 into the
plenum 21. Drawing air in this manner means that the bound-
ary layer is stabilized and remains attached for longer. This
results in a lower redirection pressure loss. The pressure
gained can be used e.g. for a higher jet velocity. The cooling
air 20 passes into the cooling duct 18 of the base plate 17 via
a cooling air line 32 which is arranged in the wall 31—sur-
rounding the jet nozzles 16 and adjoining the base plate
17—of the nozzle carrier, is open toward the cold gas side 10
of the jet burner 15 and discharges into the base plate 17.
[0044] FIG. 6 shows a further embodiment of the cooling
concept according to the invention, in which air flows through
a cooling duct 18, wherein the cooling duct 18 extends in the
manner of a cavity approximately over the entire surface of
the base plate 17 and wherein the cooling air 20, after flowing
through the cooling duct 18, is supplied to the pilot burner 33
as pilot air 27. In this case, the pilot burner 33 is supplied with
air directly and exclusively via the cooling duct 18.

[0045] The circumferential wall 34, which extends beyond
the cold gas side 10 of the base plate 17, approaches a central
axis 2 of the jet burner 15 with increasing distance from the
base plate 17. This wall 34 and the—typically cylindrical—
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outer casing part 12 surrounding it then form a type of dif-
fuser, which slows the airflow 14 provided by the compressor
and the pressure advantageously increases.

[0046] FIG. 7 shows a section, perpendicular to the central
axis 2, through a jet burner 15, according to the invention,
which can advantageously be created by means of a sheet
metal construction since the cooling duct 18 extends essen-
tially over the base area of the base plate 17, where relevant
interrupted only by supporting elements. In the present
example of FIG. 7, the cooling air 20 is guided from radially
outside to radially inside between the hot gas side 9 and the
cold gas side 10 of the base plate 17 (the pilot burner is not
shown). In that context, the cooling air 20 flowing inward to
the pilot must flow around the jet nozzles 4 of the premixed
passages of the main burner 25.

[0047] In order to avoid or at least minimize wake regions
behind the jet nozzles 4, it is possible to introduce into the
flow path elements 26 for increasing heat transfer and/or for
flow guiding, as shown in FIG. 7 with the spoilers 35 or
dimples 36.

1.-12. (canceled)

13. A jet burner having a hot gas side which, in operation,
is oriented toward a combustion chamber and a cold gas side
which is oriented away from the combustion chamber, the jet
burner comprising:

a base plate on which there are arranged multiple jet
nozzles, wherein the base plate has at least one cooling
duct which opens into a burner stage that comprises a
pilot burner arranged on the base plate,

wherein the cooling duct extends over approximately the
entire surface area of the base plate, such that cooling air
is adapted to be guided from radially outside to radially
inside between the hot gas side and the cold gas side of
the base plate.

14. The jet burner as claimed in claim 13,

wherein the burner stage comprises a pilot burner arranged
on the base plate and the air required for operation of the
pilot burner is adapted to be supplied from the cooling
duct.

15. The jet burner as claimed in claim 13,

wherein the base plate has on its hot gas side a thermal
barrier coating.

16. The jet burner as claimed in claim 13,

wherein the at least one cooling duct is adapted to be
charged with cooling air via an opening on a circumfer-
ential rim of the base plate.

17. The jet burner as claimed in claim 13,

wherein the at least one cooling duct is adapted to be
charged with cooling air via an opening on the cold gas
side of the base plate.

18. The jet burner as claimed in claim 13,

wherein the at least one cooling duct is adapted to be
charged via a cooling air line which is arranged in a wall
surrounding the jet nozzles and adjoining the base plate,
and which is open toward the cold gas side of the jet
burner and opens into the base plate.

19. The jet burner as claimed in claim 13,

wherein the cooling duct in the base plate has elements for
increased heat transfer and flow guiding.

20. The jet burner as claimed in claim 19,

wherein the elements comprise spoilers or dimples.

21. The jet burner as claimed in claim 13,

wherein at least the base plate is a cast part.
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22. The jet burner as claimed in claim 21,

wherein the cast part comprises jet nozzles.

23. The jet burner as claimed in claim 13,

wherein at least the base plate is a sheet metal construction.

24. The jet burner as claimed in claim 13,

wherein a circumferential wall extending beyond the cold
gas side of the base plate approaches a central axis of the
jet burner with increasing distance from the base plate.
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