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(57)  Atransition duct (1) is provided, which compris-
es an inlet, an outlet (5) and an inner cavity. The inlet is
connectable to a combustor comprising a swirler which
produces a swirl with a vortex core (6). A low pressure

FIG 3

region generating element(7) is located in the inner cavity
of the transition duct (1) at a position of the outlet (5) of
the transition duct (1) where the vortex core from the
combustor extends to. Moreover, a gas turbine, which
comprises such a transition duct (1), is disclosed.
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Description
Transition duct

[0001] The presentinventionrelatestoatransition duct
of a gas turbine.

[0002] Typically, a gas turbine comprises a compres-
sor, at least one combustor and a turbine which are con-
nected sequentially in flow series. In the combustor a
mixture of fuel and air delivered from the compressor is
combusted and the hot combustion gas is led to the tur-
bine to drive the turbine. In some gas turbines, especially
in gas turbines which comprise can-like combustors, the
combustor is connected to the turbine via a transition
duct.

[0003] The combustor comprises a burner, wherein fu-
el and air are mixed, for example by means of a swirler
assembly. The swirled fuel-air mixture sometimes caus-
es vortices in the hot combustion gas which extend
through the transition duct. The occurrence of a vortex
core is depending on the aerodynamics com the swirler.
The higher the so called swirl number is the more likely
a strong vortex core is being generated.

[0004] Atthe outlet of the transition duct such a vortex
attaches to the first stage nozzle guide vane. Usually,
this vortex core attaches to the vane corresponding to
the centre of the transition duct. If there are more than
one burner in a can-like combustor, one may even end
up with several vortex cores in different positions.
[0005] The attachment of the high temperature vortex
core to the nozzle guide vanes can lead to excessively
high temperatures that are localised at the point of at-
tachment. This is an unwanted result because the high
temperature can lead to adegradation of the nozzle guide
vanes, which may shorten the operation time before a
refurbishment is needed and causes considerable effort
to protect the nozzle guide vane from the hot tempera-
tures in the core of the vortex. Generally, a refurbishment
is expensive and disruptive to the operation of the ma-
chine.

[0006] Itis therefore an objective of the present inven-
tion to provide a transition duct which reduces the men-
tioned difficulties regarding the high temperature vortex
core. It is a further objective of the present invention to
provide an improved gas turbine.

[0007] These objectivesare solved by atransition duct,
as claimed in claim 1, and a gas turbine, as claimed in
claim 10. The depending claims define further develop-
ments of the invention.

[0008] Theinventive transition duct comprises aninlet,
an outlet and in inner cavity. The inlet is connectable to
a combustor with a swirler which produces a swirl with a
vortex core. The inventive transition duct is characterised
in that a low pressure region generating element is lo-
cated in the inner cavity of the transition duct at a position
of the outlet of the transition duct where the vortex core
from the combustor would extend to.

[0009] By placing a low pressure region generating el-
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ement in the transition duct, as described, one causes a
low pressure region to be generated at the outlet of the
transition duct which in turn forces the vortex core to at-
tach to this element. This effectively prevents an attach-
ment of the vortex core to the nozzle guide vanes. On
the other hand, since the only function of the low pressure
region generating element is to catch the vortex core,
this element can be optimised to sustain the high tem-
perature. Moreover, the low pressure region generating
element is easily accessible after removing the transition
duct.

[0010] Inparticular, the low pressure region generating
element may extend from an upper wall or from a bottom
wall of the transition duct, preferably at the outlet of the
transition duct. In particular, the low pressure region gen-
erating element may extend from the upper wall to the
bottom wall. This allows a stable mounting of the low
pressure region generating element inside of the transi-
tion duct especially if the low pressure region generating
element is fixed to the upper wall as well as to the bottom
wall of the transition duct. Furthermore, the used low
pressure region generating element can be located in
the transition duct such that the centreline of the low pres-
sure region generating element is perpendicular to the
centreline of the transition duct.

[0011] Preferably, the used low pressure region gen-
erating element may be a vane. Moreover, the low pres-
sure region generating element may comprise a hollow
space. The hollow space may be used to introduce cool-
ing air or any other cooling fluid. To provide a more ef-
fective cooling, the low pressure region generating ele-
ment can comprise cooling holes. These cooling holes
may be used for providing a cooling fluid film over the
low pressure region generating element. The used cool-
ing fluid can be, for instance, compressed air. Especially,
cooling air may be supplied to the low pressure region
generating element by access through the upper wall
and/or the bottom wall of the transition duct.

[0012] Furthermore, the transition duct may comprise
an inner wall, a perforated outer wall and a cooling chan-
nel formed between the outer wall and the inner wall. The
cooling channel then leads to the hollow space of the low
pressure region generating element. This implementa-
tion of the inventive of the inventive transition duct is par-
ticularly suitable for turbines with high turbine entry tem-
peratures since it allows for protecting the transition duct
and the low pressure region generating element from the
high temperature of the combustion gas flowing through
the transition duct and in a possibly occurring high tem-
perature vortex core, respectively.

[0013] Besides cooling, the low pressure region gen-
erating element can be provided with a thermal barrier
coating (TBC) to handle the high temperatures of the
vortex core.

[0014] The inventive gas turbine comprises an inven-
tive transition duct, as previously described. The men-
tioned advantages of the inventive transition duct also
apply to the inventive gas turbine.
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[0015] Further features, properties and advantages of
the presentinvention will become clear from the following
description of embodiments in conjunction with the ac-
companying drawings.

Fig. 1 schematically shows a part of a combustion
chamber of the gas turbine.

Fig. 2 schematically shows a part of a transition duct
in a perspective view.

Fig. 3 shows a part of a first embodiment of the in-
ventive transition duct in a perspective view.

Fig. 4 schematically shows avane located in the tran-
sition duct in a perspective view.

Fig. 5 shows a second embodiment of the inventive
transition duct in a sectional view.

[0016] An embodiment of the present invention will
now be described with reference to Figures 1 to 4. Figure
1 schematically shows a part of a gas turbine which com-
prises a transition duct 1, a combustor 12 and a turbine
which is indicated in the figure by the first stage nozzle
guide vane 13. The transition duct 1 is located between
the combustor 12 and the first stage nozzle guide vane
13. The centreline of this arrangement is designated by
reference numeral 2. In the combustor 12 a mixture of
fuel and air is combusted to generate a hot combustion
gas and the generated hot combustion gas is used to
drive the turbine the first stage nozzle guide vane 13 is
a part of.

[0017] The combustor 12 is connected to the turbine,
in particular to the first stage nozzle guide vane 13, via
a transition duct 1. The transition duct 1 has an inlet 4
and an outlet 5. It is connected to the combustor at the
inlet side 4 and to the first stage nozzle guide vane 13 at
the outlet side 5. The direction of the hot combustion gas
flow from the combustor 12 via the transition duct 1 to
the turbine is designated by an arrow 15. While flowing
through the transition duct 1 the cross-section of the hot
combustion gas flow is decreased. This is realised by a
comparably large cross-section of the transition ductinlet
compared to a small cross-section of the transition duct
outlet 5. This causes an increase in the combustion gas
flow velocity.

[0018] The combustor 12 comprises a swirler which
swirls the mixture of air and fuel. The swirled mixture of
fuel and air combusts and a swirl with a hot vortex core
6 is produced. This hot vortex core 6 may extend through
the transition duct 1. Figure 2 schematically shows a part
of the transition duct 1 in a perspective view. One can
see in Figure 2 the centreline 2 and the outlet 5 of the
transition duct 1. Due to the swirl in the fuel-air-mixture
a vortex core 6 typically extends through the transition
duct to the centre of the transition duct outlet 5. This hot
vortex core 6 usually attaches to the first stage nozzle
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guide vane 5 which is an unwanted result because the
hot vortex core 6 locally heats up the vanes.

[0019] The outlet 5 of an inventive transition duct 1 is
shown in Figure 3 in a perspective view. The direction of
the hot gas flow through the transition duct 1 is indicated
by an arrow 15. At the position where the hot vortex core
6 typically occurs, usually at the centre of the outlet 5 as
in the present embodiment, a vane 7 is mounted. The
vane 7 is alow pressure region generating element which
causes a low pressure region to form at the side faces
ofthe vane 7. This low pressure region attracts the vortex
core and forces it to attach to this vane 7.

[0020] The transition duct 1, as it is shown in Figure 3,
comprises an upper wall 10 and a bottom wall 11. The
vane 7 is mounted at the centre of the outlet 5 of the
transition duct 1 and is, in the present embodiment, fixed
to the upper wall 10 and also to the bottom wall 11. If the
vane 7 is at both its ends fixed (perpendicular) to the
transition duct 1 it should have sufficient strength not to
experience a condition of collapse due to the heating of
the centre part of the vane 7. Whether this happens de-
pends on the strength of the vane 7 itself relative to the
structural strength of the walls in the transition duct 1. An
alternative way of avoiding a collapse which also avoids
forming the vane 7 with high strength is to only make one
end of the vane 7 fixed to the transition duct 1, by welding
or using an attachment element such as a spring or a
washer, and allow the other end to slide "radially" relative
to the transition duct wall. To avoid leakage the sliding
end can be provided with some kind of seal, for example
apiston seal. Inafurther alternative of avoiding a collapse
the vane 7 may be inclined in the circumferential direction
of the transition duct 1. In this case both ends of the vane
could be fixed to the transition duct 1 with the vane having
lower strength, as compared to being fixed at both ends
without inclination. The expansion by the heat could then
be taken up as a bending of the vane 7.

[0021] Moreover, the vane 7 comprises a hollow space
8 with an opening 14 which may be connected through
the upper wall 10 to a cooling fluid supply, for example
via a burner plenum to the compressor of the gas turbine,
to provide cooling of the vane 7. In the same manner,
the vane 7 may comprise an opening which may be con-
nected through the bottom wall 11 to the cooling fluid
supply.

[0022] InFigure 4 the vane 7 is shown in a perspective
view. The figure shows the vane 7 with its internal hollow
space 8 and the opening 14. The centreline 3 of the vane
7 may be perpendicularto the centreline 2 of the transition
duct 1 when the vane 7 is mounted in the transition duct 1.
[0023] Generally, the vane 7 is aerodynamically
shaped. Inthe presentembodimentthe vane 7 comprises
aleading edge 16 and a trailing edge 17 and aerodynam-
ically formed walls 18, 19 extending from the leading
edge 16 to the trailing edge 17. The direction of the hot
gas flow is indicated by an arrow 15, as shown in Figure
4. The hot gas flow arrives at the vane at the leading
edge 16, flows around the walls 18, 19 of the vane 7 to



5 EP 2 028 344 A1 6

the trailing edge 17, thereby forming the low pressure
region.

[0024] Thevane7inFigure 4 further comprises cooling
holes 9. The cooling holes 9 extend through the vane’s
walls 18, 19 and are connected to the hollow space 8
inside of the vane 7. Compressed air can be delivered
to the internal hollow space 8 which then exits the internal
hollow space 8 through the cooling holes 9 to provide
effusion cooling or film cooling for the surface of the vane
7.

[0025] Although only one vane 7 has been described
in the embodiment, more than one vane 7 may be posi-
tioned inside of the transition duct 1 at positions where
hot vortex cores 6 may extend to. The used vane 7 or
vanes can be provided with sufficient protection to handle
the high temperatures of the vortex core through cooling,
as described in conjunction with Figure 4, or through suf-
ficient coating of the vane’s surface, for example with a
suitable thermal barrier coating (TBC). A suitable thermal
barrier coating would, for example, be zirconium oxide
the structure of which is at least partly stabilised by yttrium
oxide. Further, a bond coat may be located between the
surface of the vane’s 7 base material and the thermal
barrier coating. A suitable bond coat would be a so-called
MCrAIX coating, where M stand for iron (Fe), cobalt (Co)
ornickel (Ni) and X for yttrium (Y) and/or silicon (Si) and/or
at least one rare earth element and/or hafnium (Hf).
[0026] An alternative to taking the air directly from a
plenum as described with respect to the embodiment
shown in Figures 3 and 4 can be employed ifthe transition
duct is impingement cooled and the burner has a suffi-
ciently high pressure drop. A respective cooling system
but for a combustor than for a transition duct is described
in EP 0 732 564 B1. An embodiment of the inventive
transition duct in which the mentioned alternative is re-
alised is shownin Fig. 5 in a sectional view. The transition
duct 101 comprises an inner wall 103 and a perforated
outer wall 105 which is in flow connection with the burner
plenum. Between the inner wall 103 and the outer wall
105 a cooling channel 107 is formed which leads to the
hollow space 8 of the vane 7. In the mentioned alterna-
tive, the air is guided through the cooling channel 107
into the hollow space 8 of the vane 7 after impinging on
the inner wall 103 of the transition duct 101. After cooling
the vane 7 the cooling air is introduced into the transition
duct 101 through the cooling holes 9 in the vane’s wall.
[0027] The cooling scheme described with respect to
the embodiment shown in Fig. 5 will be particularly useful
if the transition duct is to be used with high turbine inlet
temperatures. The issue with the vortex core becomes
more accentuated as the turbine inlet temperature is in-
creased. In turn an increased turbine inlet temperature
requires a more effective cooling of the transition duct
such as using an impingement scheme, with or without
a vortex core. With the embodiment shown in Fig. 5 one
can increase the turbine entry temperature and, at the
same time, effectively protect the transition duct from the
increased temperature while protecting the nozzle guide
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vane from a possibly forming high temperature vortex
core.

[0028] In summary, the present invention allows for a
specific handling of the high temperature vortex core. In
the case that a low pressure region generating element,
for instance a vane comprising a hollow space, is used,
then the invention makes a tailored cooling of the low
pressure region generating element or the vane possible.
The cooling can depend on the characteristics of the par-
ticular vortex core. Furthermore, the used low pressure
region generating element or vane is renewable together
with the transition duct assembly. Advantageously, the
low pressure region generating element or vane can be
positioned inside of the transition duct such that the vor-
tex core can optimally be disrupted.

Claims

1. Atransition duct (1, 101) comprising an inlet, an out-
let (5) and aninner cavity, the inlet being connectable
to a combustor with a swirler which produces a swirl
with a vortex core (6),
characterised in that
a low pressure region generating element (7) is lo-
cated in the inner cavity of the transition duct (1) at
a position of the outlet (5) of the transition duct (1)
where the vortex core from the combustor extends
to.

2. The transition duct (1, 101) as claimed in claim 1,
characterised in that
the low pressure region generating element (7) ex-
tends from an upper wall (10) or a bottom wall (11)
of the transition duct (1).

3. The transition duct (1, 101) as claimed in claim 2,
characterised in that
the low pressure region generating element extends
from the upper wall (10) to the bottom wall (11).

4. The transition duct (1, 101) as claimed in any of
claims 1 to 3,
characterised in that
the low pressure region generating element (7) is
situated in the transition duct (1) such that the cen-
treline (3) of the low pressure region generating el-
ement (7) is perpendicular to the centreline (2) of the
transition duct (1).

5. The transition duct (1, 101) as claimed in any of the
claims 1 to 4,
characterised in that
the low pressure region generating element (7) is a
vane.

6. The transition duct (1, 101) as claimed in any of the
claims 1 to 5,
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characterised in that
the low pressure region generating element (7) com-
prises a hollow space (8).

The transition duct (1, 101) as claimed in claim 6,
characterised in that

the low pressure region generating element (7) com-
prises a wall through which cooling holes (9) extend
from the hollow space.

The transition duct (101) as claimed in claim 6 or
claim 7,

characterised in that

it comprises an inner wall (103), a perforated outer
wall (105) and a cooling channel (107) formed be-
tween the outer wall (105) and the inner wall (103)
which leads to the hollow space of the low pressure
region generating element (7).

The transition duct (1) as claimed in any of the claims
1t0 8

characterised in that

its surface is coated with a thermal barrier coating.

A gas turbine, comprising at least one transition duct
(1) as claimed in any of the claims 1 to 9.
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