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CHANNELLING TUBE AND METHOD FOR MANUFACTURING A CHANNELLING TUBE

The present invention relates to a method of manufacture of a channelling tube (10) with an insulating air gap

(44) for transferring coolant from the outer platform to the inner platform of a hollow stator vane of a turbine. The purpose
is to minimize heat transfer even at low flow rates of coolant in order to supply said coolant at the lowest possible
temperature to the inner platform.

The tube is realized by tight rolling a flat metal sheet (16) in order to obtain a tight spiral defining a tube with an outer
diameter d; said tube is then released so that it expands via a spring effect to an outer diameter D; the circumferential
ends of the spiral are attached to the adjacent layer to define a central passage (42) for the coolant and the spiral gap

(44) that creates insulation layer(s) around the central passage.
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Description
Field of the Invention

[0001] The present invention relates to a method for
assembling a channelling tube of a channelling tube as-
sembly of a turbine assembly. The present invention fur-
ther relates to a channelling tube assembly and to an
aerofoil-shaped turbine assembly such as turbine rotor
blades and stator vanes, wherein a channelling tube as-
sembly is used in such components to aid the cooling
and sealing system.

Background to the Invention

[0002] Modern turbines often operate at extremely
high temperatures. The effect of temperature on the tur-
bine blades, stator vanes and surrounding components
can be detrimental to the efficient operation of the turbine
and can, in extreme circumstances, lead to distortion and
possible failure of such components. In order to over-
come this risk, high temperature turbines may include
hollow blades or vanes incorporating channelling tubes
like so-called jumper tubes to aid the cooling and sealing
flow systems by minimising the heat pickup within these
flows, which can be especially critical for a disc region of
the aerofoil assembly.

[0003] These so-called jumper tubes are hollow tubes
that run radially within the blades or vanes. Air is forced
into and along these tubes. The design intent is to mini-
mise the heat pick up of the flow as it passes through the
tube. To prevent heat transfer from the jumper tube to
the aerofoil the jumper tube is arranged with an air gap
in respect to an aerofoil cavity wall. The air gap creates
an insulating layer of relatively low thermal conductivity.
Heat transfer across the air gap is largely by radiation.
[0004] By operation with high flow rates through the
jumper tube this design works very well. However, prob-
lems arise for low flow rates through the jumper tube
causing high heat pickup of the cooling stream. When
this temperature rise becomes excessive, the integrity of
the disc cooling system can be significantly affected, and
an excess cooling is required to compensate.

[0005] It is a first objective of the present invention to
provide a method for assembling a channelling tube of a
channelling tube assembly of a turbine assembly with
which the above-mentioned shortcomings can be miti-
gated, and especially a more aerodynamic efficient aer-
ofoil and gas turbine component is facilitated as well as
a quick and uncomplex assembling or manufacturing
process is provided.

[0006] It is a second objective of the invention to pro-
vide a channelling tube assembly comprising such an
advantageous channelling tube that is especially used in
a turbine assembly for cooling purposes. Furthermore, it
is a third objective of the invention to provide an advan-
tageous aerofoil-shaped turbine assembly such as a tur-
bine rotor blade and a stator vane.
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Summary of the Invention

[0007] Accordingly, the present invention provides a
method for assembling a channelling tube of a channel-
ling tube assembly of a turbine assembly.

[0008] Itis provided thatthe method at least comprises
the steps of: Rolling a sheet designed to be the channel-
ling tube and freezing the rolled sheet in a configuration
so that in a frozen configuration of the rolled sheet a cir-
cumferential sector of the channelling tube forms at least
one double wall.

[0009] Due to the inventive method a channelling tube
can be provided that is assembled or manufactured eas-
ily, quickly and at low cost. Moreover, the resulting chan-
nelling tube has a multiple layered approach that utilises
a single sheet to create both the main flow passage of
the channelling tube and additional layers surrounding
the main flow passage. An air gap is located between
each layer. Each layer acts as a radiation shield, signif-
icantly reducing the total heat transfer between an aer-
ofoil equipped with such a channelling tube and a chan-
nelling tube flow. For example, the use of a single radi-
ation shield layer can divide the radiation heat transfer
by half and thus the associated heat pickup of the chan-
nelling tube flow. As a generalrule, for constant wall emis-
sivity, the radiative heat transfer is reduced by a factor
of 1/(N_layers+1) for each layer. Hence, an excessive
heat pickup in comparison with a standard design of the
channelling tube especially by low channelling tube flow
rates can be avoided. The invention is a simple modifi-
cation to the standard design, thus saving costs and con-
struction efforts. Further, an existing design may be ret-
rofitted easily. Although some cooling flow is used to buff-
er the air gap cavity, the amount is only a fraction of that
required to reduce the heat pickup of the standard design
when excessive flow through the channelling tube is used
to compensate.

[0010] Even if a term like channelling tube, sector,
(double) wall, layer, expansion stopping device, spacer,
aperture, end, passage, gap, bottom, part, embossment,
aerofoil platform or cavity is used in the singular or in a
specific numeral form in the claims and the specification
the scope of the patent (application) should not be re-
stricted to the singular or the specific numeral form. It
should also lie in the scope of the invention to have more
than one or a plurality of the above mentioned struc-
ture(s).

[0011] In this context a channelling tube is intended to
mean a structure that primarily provides a channel for a
flow medium, like cooling medium/air, and that allows the
flow medium to reach the structure to be cooled (see
below). The channelling tube may be any tube feasible
for a person skilled in the art, like an impingement tube
or a jumper tube. Preferably, the channelling tube is a
jumper tube. Hence, the cooling medium can be lead to
the region to be cooled efficiently.

[0012] Inthiscontextajumpertubeisintendedtomean
a hollow structure, like a tubular tube, that primary func-
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tion is to connect cavities of platforms of the turbine as-
sembly and to bridge the span of the aerofoil, to provide
a passage for the cooling medium to flow with minimal
heat pickup along the aerofoil or its cavity, respectively.
Although not its prime function, it can be used to provide
a cooling of the aerofoil itself. Thus, a jumper tube is no
impingement tube, which has the primary function to cool
walls of the cavity of the aerofoil housing the impingement
tube by jets of cooling medium exiting a plurality of holes
and impinging at the cavity wall.

[0013] A jumper tube in comparison with an impinge-
ment tube has or is likely to have:

- A greater portion of the air entering the jumper tube
passing through its end. However, the through flow
can vary significantly depending upon the system
requirements.

- A smaller total aperture/hole area in the surface
(wall) of the jumper tube.

- The cross section at the ends of the jumper tube is
significantly larger than the aperture/hole area in the
surface (wall). By specifically designing the inlet and
exit areas in such a way pressure drops can be min-
imised.

- Alower or minimal number of apertures/holes.

- The locations of the apertures/holes are different,
basically, not - homogenously - distributed along a
span wise length and/or a contour/circumference of
the jumper tube.

- Agreater distance between the tube and the aerofoil
wall is likely.

- Not following a contour of the aerofoil, not likely a
fairly constantgap between the jumper tube and aer-
ofoil cavity wall.

- Contour independent of the aerofoil contour (i.e. cir-
cular)

- Cooling medium would leave the jumper tube at a
smaller radius compared to where it entered in rela-
tion to the centreline/axis of the gas turbine engine.
In other words, the span wise length travelled by the
cooling air is greater.

[0014] A turbine assembly is intended to mean an as-
sembly provided for a turbine engine, like a gas turbine,
wherein the assembly possesses at least an aerofoil.
Preferably, the turbine assembly has a turbine wheel or
aturbine cascade with circumferential arranged aerofoils
and an outer and an inner platform arranged at opponent
ends of the aerofoil(s). The part of the turbine assembly
to be cooled may be any part arranged in radial direction
between the aerofoil and an axis of the turbine engine
and is preferably a disc. In case of a turbine wheel several
aerofoils are connected with one another by a disc. Such
a disc and the surrounding disc region are intended to
be cooled by the turbine assembly.

[0015] In case of a turbine wheel the disc region is
cooled by aerofoils of the turbine wheel. In case of a
turbine cascade, in turn, the disc region of the upstream
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and downstream arranged turbine wheels are cooled,
wherein the terms upstream and downstream refer to a
flow direction of an airflow and/or working gas flow
through the turbine engine. Thus, a turbine assembly
may comprise two aerofoils with platforms, wherein the
aerofoils are arranged in flow direction of the working gas
one after the other, one being an aerofoil of a turbine
cascade (turbine vane) and the other an aerofoil of a
turbine wheel (turbine blade).

[0016] The term "rolling" should be understood as the
process by which, starting from a flat basically two-di-
mensional structure/sheet, athree-dimensional structure
and specifically a basically circular or spiral structure is
achieved. Due to this a flow direction is predetermined
depending on the entry or exit of the cooling medium.
The term "freezing" should be understood as the achieve-
ment of an atleast temporarily stable configuration of the
rolled sheet in its rolled state. The freezing may be done
by any method, characteristic or device feasible for a
person skilled in the art. For example the freezing may
be an in situ property of the material of the sheet, so that
the rolled sheet maintains its rolled state because of the
properties of the material used. Or the freezing may be
triggered by an extern influence or device. For example
it may be possible to use a material changing its proper-
ties triggered by an external factor, like a temperature
change (heat), exposure to radiation (UV, IR, gamma
rad. etc.). Such materials are well known on the art.
[0017] Moreover, the freezing may be done by con-
necting or permanently attaching at least two regions of
the rolled sheet to one another. This can be done, for
example, by a bonding method, like welding, bracing,
gluing or the like. Thus, the resulting connection can be
views as an expansion stopping device. Furthermore, it
is possible to exert a pressure on the sheet in its rolled
state that blocks the unfolding force of the rolled sheet
at least in its end or final configuration (the configuration
in which the channelling tube is employed in the turbine
assembly). This may be done by using a substantial ex-
pansion stopping device, like a mounting/assembly ring
or a cap.

[0018] Inthis contexta circumferential sector is intend-
ed to mean a section of the rolled sheet where, after the
rolling process, at least two layers of the sheet took a
curved contour and are arranged basically in parallel or
coaxial towards each other. Thus, each layer forms a
wall of the double wall. Moreover, under the scope of the
sector as circumferential not only strictly circumferential
shapes but also oval or slightly bended shapes should
apply. For simplicity the term circumferential is used in
the following text.

[0019] In other words, in the rolled state at least two
sections of the sheet overlap in basically circumferential
direction of the rolled sheet. The circumferential section
or the double wall section established after the freezing
may have any circumferential length feasible for a person
skilled in the art, like more than 90°, preferably more than
180° and most preferably more than 360°. For example,
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by rolling the sheet about 360° a single wall tube would
be formed. By rolling the sheet about450° a tubular struc-
ture would be reached where a circumferential section
with a double wall of about 90° would be formed. Fur-
thermore, by rolling the sheet about 720° the result would
be a double wall of about 360°. In this case the first 360°
would build an inner layer that surrounds a central pas-
sage of the channelling tube and the second 360° would
build and outer layer radially restricting a circumferential
360° gap around the inner layer of the channelling tube
and this the central passage. In case of a rolling of more
than 720°, like 1080° or 1440° a circumferential section
with tree walls or even four walls would be build, resulting
in a multiwall structure. Thus, the rolled sheet or the re-
sulting channelling tube would have a spiral shaped cross
section, wherein the spiral would preferably be 720° or
longer. In general, the greater the overlap the better the
positive effects would be.

[0020] The used configuration would, for example, de-
pend on the material used for the sheet, the radial dis-
tance adjusted between the layers of the rolled sheet
(radial thickness of the resulting gap(s)), the dimensions
of the channelling tube, the aerofoil or the cavity housing
the channelling tube or the running properties of the tur-
bine engine, like pressure or temperature. This would be
selected from a person skilled in the art due to his knowl-
edge in the field. Critical factors to be considered might
be the integrity of the rolled sheet during the operation
of the gas turbine engine, especially when subjected to
temperature or pressure differences.

[0021] The extent of the resulting circumferential sec-
tor with the at least the double wall would of course be
effected if there is a difference between the amount of
overlap of the rolled sheet in the rolled state and the
amount of overlap of the rolled sheet in the frozen state,
like for example when the rolled sheet expands to a larger
diameter after the rolling process and before the freezing.
In this case the overlap would always be larger after in
the rolled stated than in the frozen state. However, the
given degrees of overlap above shout refer to the extent
of overlap in the frozen state.

[0022] Preferably the method comprises the step of:
rolling the sheet in such a way so that it is rolled in a tight
configuration in which an outer diameter of at least a ra-
dially outermost layer of the rolled sheet is smaller than
an outer diameter of at least a radially outermost layer
of the rolled sheet in its frozen configuration. Thus, the
sheet is rolled into a configuration where it can be as-
sembled easily due to its smaller diameter.

[0023] In a further preferred embodiment of the inven-
tion the method comprises the step of: rolling the sheet
over or around a centre tool, like a pin or a bar, in such
a way so that it is rolled in a tight configuration in which
an outer diameter of at least a radially outermost layer
of the rolled sheet is smaller than an outer diameter of
at least a radially outermost layer of the rolled sheet in
its frozen configuration. Due to the centre tool the rolled
sheet can be given a largerinner diameter than otherwise
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achievable. This centre tool is then removed, whilst the
outer diameter of the rolled configuration remains un-
changed. Moreover, the tightly rolled configuration can
hold an expansion force to achieve the end configuration
automatically. In case of this expansion the expansion
occurred helically or spirally. Basically, all diameters of
the spirally arranged layer would increase from a smaller
diameter to a wider diameter. However, depending on
the rolling force it would be also possible that only the
outer layer(s) expand their diameter and the diameters
of the inner layer(s) would be constant during the expan-
sion process during assembly.

[0024] However, the diameter of all layers may change
when the gas turbine engine is started and load is in-
creasing, so does the pressure, leading to a movement
in the spirally arranged layers outwards. When the gas
turbines engine stops and the pressure decreases the
movement is reversed. These effects may be prevented
if the layers are fixed in their working configuration to the
expansion stopping device (e.g. a cap) beforehand of the
operation of the gas turbine engine, e.g. by welding or
bracing (also see below).

[0025] The adjusted inner diameter may be locked into
position to ensure the integrity of the central passage.
For example a circumferential mostinner end of the rolled
sheet may be permanently attached to an adjacent next
outer layer, e.g. by bracing or welding. Alternatively to
the use of the centre tool, it may be possible to adjust
the inner diameter by using a belt-like connection. There-
fore, the end designed to be the circumferentially most
inner end would have an elongated aperture through
which the opposed end would be inserted. The sheet
would comprise two radial locking slots at the circumfer-
ential position marking the desired inner diameter. The
slots would engage with radial ends of the aperture at
the circumferentially inner end to lock the inner diameter.
[0026] Beneficially, the method comprises the steps
of: expanding the rolled sheet from its tight configuration
and freezing the rolled sheet in its frozen configuration
by at least a first expansion stopping device. Hence, the
end configuration of the rolled sheet can be easily
achieved. The expansion stopping device is preferably
a radial expansion stopping device or radial restriction
device.

[0027] As stated above, the expansion stopping device
can be achieved by any method or be any means or de-
vice feasible skilled in the art. Suitable would be, for ex-
ample, the attachment of the mostradially arranged outer
end of the sheet to the next innermost layer of the sheet
by any attachment method (bracing, welding etc.). Fur-
ther, the expansion stopping device may be at least one
assembly ring in which the tightly rolled sheet is inserted
beforehand of the expansion, wherein a radial abutment
of the outer most layer with the ring would stop the ex-
pansion. After the expansion the frozen configuration
might be further stabilised by additional attachment of
sections of the rolled sheet to one another or by trans-
ferring the rolled sheet into (an) end fixture(s) for mount-
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ing the channelling tube in the aerofoil. Preferably, the
expansion stopping device is the at least one end fixture
for mounting the channelling tube in the aerofoil. Hence,
further assembly steps may be omitted advantageously
shortening the assembly process. The end fixture may
be any device feasible for a person skilled in the art, like
aring, a clamp or a cap.

[0028] Preferably, the method comprises the step of:
inserting the tightly rolled sheet beforehand of the expan-
sion in at least a first expansion stopping device. Thus,
the positioning in the first expansion stopping device can
be done easily and the end configuration can be deter-
mined by the selected dimensions of the first expansion
stopping device.

[0029] Accordingto afurther embodiment of the inven-
tion the method comprises the step of: equipping the
sheet with at least one spacer. Due to this it can be en-
sured that a distance between the layers can be created
to reduce heat transfer to radiation. In the best way of
carrying out the invention substantially all of the cooling
air flow would flow inside the most inner layer of the roll.
This may be possible, for example if the layers (walls)
are thin and the spaces (gap) between the layers are
small. Moreover, the double wall structure or the gap be-
tween the layers of the rolled sheet can be held open.
Hence, a collapsing of the gap along the spiral passage
and thus a blockage of the flow passage for the cooling
medium along the gap can be advantageously prevent-
ed. The spacer may be any structure feasible for a person
skilled in the art, like a dimple or a rib (horizontal or ver-
tical). Preferably, the spacer would be a dimple thus min-
imising a large metal to metal contact area between ad-
jacent layers of the rolled sheet and further minimising
are blocking effects. In case of the spacer embodied as
aribitshould preferably be arranged in parallel to a centre
line of the finished channelling tube. Moreover, to allow
an air flow through the ribs (vertical) the ribs could be of
a "dashed line type".

[0030] The spacer may be arranged in any feasible
configuration or pattern ator onthe sheet, e.g. in selected
regions like a or the circumferential end(s) of the sheet
or (homogeneously) all over the inner and/or outer sur-
face of the sheet. The equipping of the sheet with the
spacer(s) may be easily done using a pressing or punch-
ing technique to form the spacers. Thus, the spacer may
be an embossment. Depending on the location of the
spacer the equipping step can be done beforehand of
the rolling or after the rolling/freezing of the sheet. To
avoid inaccuracies or to achieve repeatable results it is
preferred to do the equipping beforehand of the rolling.
[0031] The cooling medium entering the aerofoil needs
to have a surplus pressure to reach its destination and
there to cool or seal the component from hot gases. In
other words, the pressure inside the channelling tube is
higher than the pressure on the outside. Due to this pres-
sure difference across the channelling tube wall the most
inner circumferential end of the rolled sheet would tend
to seal against the next outward layer. Thus, due to the
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pressure difference there is the need to secure apassage
for the ventilation air. Thus, in a further realisation of the
invention the method comprises the step of: equipping
the sheet with at least one aperture. This aperture may
be located at any region feasible for a person skilled in
the art, but preferably it is positioned in such a way to
allow cooling medium to enter and/or the exit the spiral
passage or the gap of the rolled sheet; and hence at the
circumferential inner and/or outer end of the rolled sheet.
The aperture may be embodied in any way suitable for
a person skilled in the art, like a hole (circular, oval, rec-
tangular triangular etc.) or a corrugation that forms an
aperture with an adjacent layer of the rolled sheet. In
case of predrilled holes there is the need to drill them
further away from the edge (circumferential end) to be
clear of the layer below, to allow the cooling medium to
flow.

[0032] Itis also essential that the channelling tube is
sealed such that the cooling medium it is transporting
does not escape the gap. This can be done by attaching
the outer most circumferential end of the rolled sheet to
the adjacent radially next inner layer. Hence, the method
comprises the step of: attaching at least one circumfer-
ential end (radially outer end) of the rolled sheet to a
surface of the rolled sheet that is positioned radial inward
to the atleast one circumferential end (radially outer end).
This step can be an additional step to the freezing (see
above) or it can be the same action in which the frozen
configuration is achieved by the attachment process.
[0033] Generally, it may be possible to achieve the at-
tachment via a press or snap fit between the rolled sheet
in its expanded configuration or its circumferential outer
end (e.g. with corrugations), respectively, and the expan-
sion stopping device. Moreover, it would be possible to
use an additive manufacturing technique to build up the
corrugation from metal powder.

[0034] Moreover, the method comprises the step of:
attaching the at least first expansion stopping device to
atleast one axial end of the rolled sheet after the insertion
of the rolled sheet in the at least first expansion stopping
device and after the expansion of the rolled sheet. Hence,
therolled sheetis held securely in its expanded and rolled
end configuration. The attachment is preferably done by
welding or bracing. Preferably, a first and at least a sec-
ond expansion stopping device are attached to at least
one axial end of the rolled sheet. Moreover, due to thusly
arranged expansion stopping deceives the main airflow
through the channelling tube is ensured at all times. Dur-
ing assembly and in use in the gas turbine engine the
channelling tube assembly may be subjected to forces
from trying to bend the channelling tube or vibrations. If
only relied on a spring force between the rolled sheet and
the expansion stopping device, the integrity of the as-
sembly may be jeopardised.

[0035] Preferably, the expansion stopping device is a
cap. Since, only the location of the circumferential outer
end of the rolled sheet is known, the rest of the spiral
may vary in position. A cap would provide a sideways
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stability.

[0036] It would also be possible to brace the axial ends
of the rolled sheet to a plane/flat washer, but offering a
less stable assembly. If the aperture in the aerofoil plat-
form has a "small" clearance and the channelling tube
has been produced in an assembly fixture it would be
possible to slide the channelling tube into position in the
aerofoil. After that the aerofoil and the channelling tube
canbe made to reston a washer thatis then braced/weld-
ed to the channelling tube and aerofoil. The procedure
is then repeated for the opposite side by turning the aer-
ofoil upside down.

[0037] According to a further realisation of the inven-
tion, the method comprises the steps of: rolling the sheet,
especially around a centre tool, in such a way so that it
is rolled in a tight configuration in which an outer diameter
of a radially outermost layer of the rolled sheet is smaller
than an outer diameter of a radially outermost layer of
the rolled sheet in its frozen configuration, inserting the
rolled sheet in its tight configuration in at least a first ex-
pansion stopping device, expanding the rolled sheet from
its tight configuration, freezing the rolled sheet in its fro-
zen configuration by at least a first expansion stopping
device, attaching at least one circumferential end of the
rolled sheet in its frozen configuration to a surface of the
rolled sheet that is positioned radial inward to the at least
one circumferential end and attaching the at least first
expansion stopping device to at least one axial end of
the rolled sheet in its frozen configuration.

[0038] Hence, the method provides a channelling tube
assembly that is manufactured easily and with low costs.
Moreover, a state of the art turbine assembly can be eas-
ily retrofitted with such a channelling tube assembly. Fur-
thermore, the heat transfer between the channelling tube
and the aerofoil can be advantageously minimised.
[0039] The invention further refers to a use of a rolled
sheet as a channelling tube and specifically, as a jumper
tube.

[0040] The invention further relates to a channelling
tube assembly for a turbine assembly comprising at least
a channelling tube and at least a first freezing device.
[0041] It is proposed that the channelling tube is
formed by a rolled sheet. Due to the inventive matter a
channelling tube can be provided that has a multiple lay-
ered approach that utilises a single sheet to create both
the main flow passage of the channelling tube and addi-
tional layers surrounding the main flow passage. An air
gap is located between each layer. Each layer acts as a
radiation shield, significantly reducing the total heat
transfer between an aerofoil equipped with such a chan-
nelling tube and a channelling tube flow. For example,
the use of a single radiation shield layer can divide the
radiation heat transfer by half and thus the associated
heat pickup of the channelling tube flow. As a general
rule, for constant wall emissivity, the radiative heat trans-
feris reduced by a factor of 1/(N_layers+1) for each layer.
Hence, an excessive heat pickup in comparison with a
standard design of the channelling tube especially by low
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channelling tube flow rates can be avoided. The invention
is a simple modification to the standard design, thus sav-
ing costs and construction efforts. Further, an existing
design may be retrofitted easily. Although some cooling
flow is used to buffer the air gap cavity, the amount is
only a fraction of that required to reduce the heat pickup
of the standard design when excessive flow through the
channelling tube is used to compensate.

[0042] As stated above, the channelling tube compris-
es a central passage and a gap extending at least partly
in circumferential direction around the central passage.
Thus, sufficient ventilation can be provided and the heat
transfer between the channelling tube and the aerofoil
can be advantageously minimised. In the embodiment
with a 720° rolled sheet (see above) the first 360° of the
sheet are the outer wall of the central passage as well
as the inner wall of the gap. The second 360° of the sheet
represent the outer wall of the circumferential gap. Thus,
the gap is radially restricted by the inner and the outer
walls.

[0043] Advantageously,the sheetis athin metal sheet.
Thus, the rolling can be executed easily. Moreover, a
robust channelling tube can be provided. In this context,
"thin" should be understood as with a thickness thicker
than 0.2 millimetres (mm), preferably between 0.2 mm
and 2 mm and most preferably about 0.3 mm and 0.75
mm. Due to the way the channelling tube is manufac-
tured, the wall thickness would have to be smaller than
the wall thickness used for a conventional channel-
ling/jumper tube of the same diameter and length. This
is due to the fact that a spring effect is wanted. In fact
the inventive channelling tube will be stronger than a con-
ventional tube due to its design.

[0044] The metal can be any metal or combination of
metal or a metal alloy feasible for a person skilled in the
art. Advantageously, the metal is for example stainless
steel or nimonic. Furthermore, it would be possible to
improve the invention by selecting specific materials or
even paint/coat one side of the sheet for a more favour-
able radiative heat transfer.

[0045] Therolled sheet comprisestwo axial ends. Ben-
eficially, the at least first expansion stopping device is
positioned at at least one axial end. Hence, a span wise
length of the channelling tube can be designed for further
functions, like for the entry or exit of the cooling medium
into the gap.

[0046] The expansion can be stopped especially ef-
fective, when the channelling tube assembly comprises
at least a second expansion stopping device. Moreover,
a homogeneous distribution of the expansion stopping
forces can be provided when the first expansion stopping
and the at least second expansion stopping device are
arranged at opposed axial ends of the rolled sheet.
[0047] According to a further aspect of the invention
the at least first expansion stopping device comprises a
bottom with a solid part and at least one aperture. Thus,
different parts of the expansion stopping device can have
different functions. The solid part surrounds the at least
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one aperture. Preferably, the solid part covers the cir-
cumferential gap of the rolled sheet. Hence, a leakage
of cooling medium at the axial ends of the rolled sheet
can be avoided. Moreover, the at least one aperture is
arranged at least partially flush with the central passage
of the rolled sheet providing easy access for cooling air
to travel the length of the channelling tube arrangement
top cool adjacent regions, like the disc region. The ex-
pansion stopping device(s) e.g. embodied as caps,
seal(s) the end of the spiral. They will be the interface
with e.g. the platforms.

[0048] Alternatively, it would be possible to have at
least one expansion stopping device that is used only for
the expansion stop and during the freezing (e.g. weld-
ing/bracing the circumferential outer end to the adjacent
layer). In other words, it is only an assembly fixture.
Thereafter it would be removed and the rolled sheet
would be positioned/installed in the turbine assembly or
aerofoil, respectively, alone. After this instalment the ax-
ial ends would be added/sealed. To seal the ends in-situ
in the aerofoil extra material may be added for machining
on the aerofoil to a fixed dimension (corresponding to the
length of the channelling tube).

[0049] As stated above, the rolled sheet comprises at
least one embossment. Thus, selected means, like spac-
ers or corrugations, can be easily added. These means
can perform specific function, like ensuring unblocked
ventilation or the entry/exit of cooling medium into the
gap.

[0050] To provide a homogenous function of the
means or embossment the rolled sheet comprises a plu-
rality of embossments. Preferably, they are distributed
evenly over at least one surface of the sheet. Preferably,
the embodiments function is that of a spacer and to min-
imise metal to metal contact it is advantageously a dim-
ple.

[0051] Alternatively or additionally, the embossment
may be embodied as a corrugation. Such a corrugation
e.g. positioned at the very edge of the sheet together with
an adjacently arranged layer of the sheet can function
as an entry or exit aperture. The corrugation provides the
opening but can also function as a spacer to prevent col-
lapsing of the gap e.g. at circumferential ends of the rolled
sheet. The corrugation may be provided by punching ap-
propriately sized dimples into a sheet and cutting the
sheet so that the dimples are divided approximately in
half, wherein the cutting edge will be a circumferential
end of the sheet after the rolling. As a result, an inlet or
outlet on the edge of the rolled up sheet is provided. This
is dependent on in which direction the dimple was
pressed, upwards or downwards. The "dimple" must at
least cover the overlap between the edge of the sheet
and the next layer. In other words, the "dimple" must ex-
ceed a contact area of the circumferential outer end and
the adjacent most outer layer.

[0052] Therolled sheetcomprises aninnerend located
at the radially most inner position of the rolled sheet and
an outer end located at the radially most outer position

10

15

20

25

30

35

40

45

50

55

of the rolled sheet. To allow cooling medium to enter or
exit the channelling tube or its circumferential gap, re-
spectively, the rolled sheet comprises at least one aper-
ture positioned at the inner end of the sheet and/or where-
in the rolled sheet comprises at least one aperture posi-
tioned at the outer end of the sheet.

[0053] As stated above, these apertures may be
formed by the corrugation or it may be (a) drilled or
punched hole(s). To vent out the whole volume of the
gap the inlet and outlet apertures/holes are at opposite
ends of the length of the channelling tube. Preferably,
the apertures are drilled or punched in the correct posi-
tions (for the finished product) in the sheet before it is
rolled. It might be also possible to drill apertures in the
end surfaces (solid part of the bottom) of the expansion
stopping device (cap).

[0054] Theinventionfurtherrelates to a turbine assem-
bly comprising at least one channelling tube assembly
with a channelling tube and at least one freezing device.
[0055] It is proposed that the channelling tube is
formed by a rolled sheet. Due to the inventive matter a
channelling tube can be provided that has a multiple lay-
ered approach that utilises a single sheet to create both
the main flow passage of the channelling tube and addi-
tional layers surrounding the main flow passage. An air
gap is located between each layer. Each layer acts as a
radiation shield, significantly reducing the total heat
transfer between an aerofoil equipped with such a chan-
nelling tube and a channelling tube flow. For example,
the use of a single radiation shield layer can divide the
radiation heat transfer by half and thus the associated
heat pickup of the channelling tube flow. As a general
rule, for constant wall emissivity, the radiative heat trans-
ferisreduced by afactor of 1/(N_layers+1) foreach layer.
Hence, an excessive heat pickup in comparison with a
standard design of the channelling tube especially by low
channelling tube flow rates can be avoided. The invention
is a simple modification to the standard design, thus sav-
ing costs and construction efforts. Further, an existing
design may be retrofitted easily. Although some cooling
flow is used to buffer the air gap cavity, the amount is
only a fraction of that required to reduce the heat pickup
of the standard design when excessive flow through the
channelling tube is used to compensate.

[0056] In this context a freezing device is intended to
mean any device or effect that triggered or assures the
frozen state of the rolled sheet. In this case the freezing
device is the expansion stopping device. It is also possi-
ble that the freezing device is a further means in addition
to the expansion stopping device, like a material property
or an external impulse acting on the rolled sheet.
[0057] In a further realisation of the invention the tur-
bine assembly comprises a basically hollow aerofoil with
at least one cavity spanning the aerofoil in span wise
direction of the aerofoil and housing at least one chan-
nelling tube assembly with a channelling tube comprising
a central passage and a gap extending at least partly in
circumferential direction around the central passage,
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wherein the rolled sheet comprises an inner end located
at the radially most inner position of the rolled sheet and
an outer end located at the radially most outer position
of the rolled sheet and/or wherein the rolled sheet com-
prises atleast one entry aperture positioned at the radially
inner end of the sheet to allowing cooling medium to enter
from the central passage into the gap and/or wherein the
rolled sheet comprises at least one exit aperture posi-
tioned at the radially outer end of the sheet to allow the
cooling medium to exit the gap.

[0058] According to this a proper venting of the gap
can be provided. Moreover, the heat transfer between
the channelling tube and the aerofoil can be advanta-
geously minimised.

[0059] In this context a "basically hollow aerofoil"
means an aerofoil with a casing, wherein the casing en-
cases at least one cavity. A structure, like a rip, which
divides different cavities in the aerofoil from one another
and for example extends in a span wise direction of the
aerofoil, does not hinder the definition of "a basically hol-
low aerofoil". Preferably, the aerofoil is hollow. In partic-
ular, the basically hollow aerofoil, referred as aerofoil in
the following description, has two cooling regions, a
channelling cooling region at a leading edge of the aer-
ofoil and a state of the art pin-fin/pedestal cooling region
at the trailing edge. These regions could be separated
from one another through a rip.

[0060] The aerofoil assembly further comprises outer
platform and an inner platform, each comprising at least
one cavity, which are in flow communication with each
other over the central passage of the channelling tube.
Each platform preferably comprises atleast one wall seg-
ment being arranged basically perpendicular to the span
wise direction of the aerofoil, wherein the wall segments
of the platforms are arranged at opposite ends of the
aerofoil and basically in parallel towards each other. A
wall segment is intended to mean a region of the turbine
assembly which confines at least a part of a cavity and
in particular, a cavity of the aerofoil. Moreover, the wall
segment comprises an aperture that provides access to
the cavity of the aerofoil and may partially cover this cav-
ity. Further, the inserted channelling tube may at least
span a part of the aperture in span wise direction.
[0061] In the scope of an arrangement of the wall seg-
ment as "basically perpendicular” to a span wise direction
should also lie a divergence of the wall segment in re-
spect to the span wise direction of about 30°. Preferably,
the wall segment is arranged perpendicular to the span
wise direction. Moreover, a "basically parallel arrange-
ment" is intended to mean a divergence of the arrange-
ment of the wall segments in respect to each other of
about 30° from their strictly parallel arrangement. A span
wise direction of the aerofoil is defined as a direction ex-
tending basically perpendicular, preferably perpendicu-
lar, to a direction from the leading edge to the trailing
edge of the aerofoil.

[0062] Inthis contexta cavity of the platformisintended
tomean an atleast attwo , preferably four sides enclosed
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space that is radially encased at at least one radial side
from the platform or its wall segment. An opposed radial
side may for example be restricted by a casing, like a
casing of the turbine engine in which the turbine assembly
is mounted. A flow communication through slots or ap-
ertures in the side wall, the casing or between them
should not hinder the meaning of enclosed or encased.
[0063] The channelling tube may be arranged in the
cavity of the aerofoil with a clearance between the most
outer layer of the tube and an inner surface of the cavity.
The channelling tube may be arranged coaxially with a
cavity axis or it may be arranged off centre in respect to
the axis. In other words, as long as the minimum distance
is exceeded the distance between the aerofoil wall and
the channelling tube does not have to be equal around
its circumference. Moreover, the clearance may extend
all around an outer contour, preferably the circumfer-
ence, of the channelling tube preventing contact of the
tube with the cavity wall and minimising heat transfer to
the aerofoil.

[0064] The cooling medium entering the gap or spiral
of the channelling tube is only a minor fraction and/or
less than 10% of the cooling medium entering the chan-
nelling tube from the cavity of the platform. The purpose
of the cooling medium traveling the gap is to vent away
the radiative heat transfer or rather heat flux. The needed
amount of cooling medium entering and traveling the gap
will for example depend on the used methods of the aer-
ofoil and/or the channelling tube. Thus, the heat flux may
e.g. occur between two metal surfaces or a metal and a
ceramic surface (coating of the channelling tube). In case
of a ceramic surface and the low thermal conductivity of
a ceramic would significantly lower the need for the purge
flow and would for example be less than 2%. Thus, the
gap provides a by-pass for cooling medium in respect to
the main cooling flow along the channelling tube. The
main flow of cooling medium is intended for cooling of
the disc region and surrounding regions.

[0065] The entry or exit apertures into the spiral gap
may be positioned directly adjacent to the outer and/or
inner platform. The phrasing "directly adjacent" should
be understood as in near proximity Moreover, the exits
occur directly adjacent to the wall segments of the outer
and the inner platform, respectively. Furthermore, the
flow of cooling medium exits the gap or the clearance
around the channelling tube into the gas path and espe-
cially away from the disc to be cooled.

[0066] Advantageously, the aerofoil comprises a sin-
gle cavity. But the invention could also be realized for an
aerofoil comprising two or more cavities e.g. each ofthem
accommodating at least one channelling tube and/or be-
ing a cavity as a part of the fin-pin/pedestal cooling region.
[0067] Preferably, a cooling flow of the cooling medium
flowing in span wise direction and spirally along the gap
provides an insulation for the channelling tube to prevent
a heat transfer between the channelling tube and the
cavity wall of the aerofoil. Hence, heat pickup of the chan-
nelling tube flow can be minimised by using a buffer layer
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of cooling air to shield the channelling tube effectively.
The temperature rise of the channelling tube flow can be
adjusted by varying the amount of flow through the buffer
cavity.

[0068] In a further advantageous embodiment at least
80% preferably at least 90% and most preferably at least
95% of a span wise length of the gap are travelled by the
cooling medium. This ensures a proper insulation of the
channelling tube. The metal temperature of the aerofoil
may vary along the span wise length and the higher the
temperature the more important the insulation effect.
Hence, a proper insulation effect preferably along the
whole span wise length will be most beneficial.

[0069] To provide an exit for the cooling medium trav-
elling the spiral and if provided the clearance around the
channelling tube the cavity wall of the aerofoil or at least
one of the platforms comprises at least one aperture.
Consequently, the discharged cooling medium can be
directed away from the disc region to be cooled by the
main cooling flow through the channelling tube. This ap-
erture may be positioned at any suitable location of the
aerofoil or platform, preferably it is near the exit aperture
of the spiral to minimize travelling distances or to avoid
turbulences.

[0070] The aerofoil comprises a suction side and a
pressure side, wherein the aperture for the exit of the
cooling medium from the aerofoil assembly directs the
cooling flow of the cooling medium in direction of the pres-
sure side. Consequently, the cooling medium exits the
aerofoil at the pressure side. Due to this, the cooling flow
will exit at a location of the aerofoil where the highest
heat transfer will be present. This is caused by the so-
called secondary flow effect where the main gas flow
passing between the adjacent aerofoils also rotates,
moving along the wall of one aerofoil to the opposite aer-
ofoil. Moreover, since an aerofoil surface at the pressure
side has a larger region it is able to discard the flow with
less aerodynamic loss. In turn, a suction side flow must
be discarded towards the leading edge before the throat
region.

[0071] As stated above, the aerofoil comprises a lead-
ing edge and a trailing edge. A sufficient flow of cooling
medium for the cooling of the disc region can be provided,
when the channelling tube is arranged near the leading
edge. Since, the leading edge has a relatively large cross
section in comparison with other regions of the aerofoil,
a low pressure drop can be provided in the channelling
tube. This results in a low velocity of the cooling medium
traveling the channelling tube. Furthermore, the low ve-
locity creates low convective heat transfer inside the
channelling tube, helping to minimise the heat pick up.
[0072] In afurther advantageous embodiment the aer-
ofoil is a turbine blade or vane, and especially a nozzle
guide vane.

Brief Description of the Drawings

[0073] The above mentioned attributes and other fea-
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tures and advantages of this invention and the manner
of attaining them will become more apparent and the in-
vention itself will be better understood by reference to
the following description of embodiments of the invention
taken in conjunction with the accompanying drawings,
wherein
FIG 1: shows a schematically and sectional view of
a gas turbine engine comprising several in-
ventive turbine assembilies,

FIG 2: shows a perspective view of a turbine assem-
bly with a channelling tube assembly inserted
into an aerofoil of the gas turbine engine of
FIG 1,

FIG 3: shows a cross section through the turbine as-
sembly and the channelling tube assembly
along line llI-1ll in FIG 2,

FIG 4: shows a sheet beforehand of the manufac-
turing of the channelling tube assembly
shown in FIG 3,

FIG5 shows a side view of the sheet from FIG 4 in
its tightly rolled state,

FIG 6: shows a top view of the sheet from FIG 4 in
its tightly rolled state,

FIG7: shows two expansion stopping devices and
the rolled sheet from FIG 5 and 6 beforehand
of assembly,

FIG 8: shows a top view of an expansion stopping
devices from FIG 7,

FIG 9: shows a bottom view of an expansion stop-
ping devices from FIG 7,

FIG 10:  shows in a side view the channelling tube as-
sembly from FIG 3 in an assembled state,
FIG 11:  shows a cross section through the channel-
ling tube assembly along line XI-XI in FIG 10,
FIG 12:  showsacross section along line XII-XIl in FIG
3,

FIG 13:  shows a cross section along line XIII-XIII in
FIG 3 depicting an aperture in a cavity wall of
an aerofoil of the turbine assembly from FIG 2,
FIG 14:  shows an alternatively embodied sheet with
inserted spacers in a top view,

FIG 15:  shows an alternatively embodied sheet with
inserted corrugations in a side view and
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FIG 16: shows the sheet from FIG 15 assembled in

an alternative channelling tube assembly.
Detailed Description of the lllustrated Embodiments

[0074] The present invention is described with refer-
ence to the above exemplary turbine engine having a
single shaft or spool connecting a single, multi-stage
compressor and a single, one or more stage turbine.
However, it should be appreciated that the present in-
vention is equally applicable to two or three shaft engines
and which can be used for industrial, aero or marine ap-
plications. In the present description, reference will only
be made to a vane, for the sake of simplicity, but it is to
be understood that the invention is applicable to both
blades and vanes of a turbine engine. The terms up-
stream and downstream refer to the flow direction of the
airflow and/or working gas flow through the engine 70
unless otherwise stated. The terms forward and rearward
refer to the general flow of gas through the engine 70. If
used in context to the engine 70, the terms axial, radial
and circumferential are made with reference to a rota-
tional axis 80 of the engine 70.

[0075] FIG 1shows anexample ofagas turbine engine
70 in a sectional view. The gas turbine engine 70 com-
prises, in flow series, an inlet 72, a compressor section
74, a combustion section 76 and a turbine section 78,
which are generally arranged in flow series and generally
in the direction of a longitudinal or rotational axis 80. The
gas turbine engine 70 further comprises a shaft 82 which
is rotatable about the rotational axis 80 and which ex-
tends longitudinally through the gas turbine engine 70.
The shaft 82 drivingly connects the turbine section 78 to
the compressor section 74.

[0076] In operation of the gas turbine engine 70, air
84, whichistakeninthroughthe airinlet72is compressed
by the compressor section 74 and delivered to the com-
bustion section or burner section 76. The burner section
76 comprises a burner plenum 86, one or more combus-
tion chambers 88 defined by a double wall can 90 and
atleast one burner 92 fixed to each combustion chamber
88. The combustion chambers 88 and the burners 92 are
located inside the burner plenum 86. The compressed
air passing through the compressor section 74 enters a
diffuser 94 and is discharged from the diffuser 94 into the
burner plenum 86 from where a portion of the air enters
the burner 92 and is mixed with a gaseous or liquid fuel.
The air/fuel mixture is then burned and the combustion
gas 96 or working gas from the combustion is channelled
to the turbine section 78 via a transition duct 98.

[0077] This exemplary gas turbine engine 70 has a
cannular combustor section arrangement 76, which is
constituted by an annular array of combustor cans 90
each having the burner 92 and the combustion chamber
88, the transition duct 98 has a generally circular inlet
that interfaces with the combustor chamber 88 and an
outletin the form of an annular segment. An annular array
of transition duct outlets form an annulus for channelling
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the combustion gases 96 to the turbine section 78.
[0078] The turbine section 78 comprises a number of
blade carrying discs 100 or turbine wheels 102 attached
tothe shaft82. Inthe presentexample, the turbine section
78 comprises two discs 100 each carry an annular array
of turbine assemblies 14, which each comprises an aer-
ofoil 62 embodied as a turbine blade. However, the
number of blade carrying discs 100 could be different,
i.e. only one disc 100 or more than two discs 100. In
addition, turbine cascades 104 are disposed between
the turbine blades. Each turbine cascade 104 carries an
annular array of turbine assemblies 14, which each com-
prises an aerofoil 62 in the form of guiding vanes, which
are fixed to a stator 106 of the gas turbine engine 70.
Between the exit of the combustion chamber 88 and the
leading turbine blades inlet guiding vanes or nozzle guide
vanes 108 are provided and turn the flow of working gas
96 onto the turbine blades.

[0079] The combustion gas 96 from the combustion
chamber 88 enters the turbine section 68 and drives the
turbine blades which in turn rotate the shaft 82. The guid-
ing vanes 108 serve to optimise the angle of the com-
bustion or working gas 96 on to the turbine blades. The
turbine section 78 drives the compressor section 74.
[0080] The compressor section 74 comprises an axial
series of guide vane stages 110 and rotor blade stages
112 with turbine assemblies 14 comprising aerofoils 62
or turbine blades or vanes, respectively. The rotor blade
stages 112 comprise a rotor disc supporting an annular
array of blades. The compressor section 74 also com-
prises a stationary casing 114 that surrounds the rotor
stages 112 and supports the vane stages 110. The guide
vane stages 110 include an annular array of radially ex-
tending vanes that are mounted to the casing 114. The
vanes are provided to present gas flow at an optimal an-
gle for the blades at a given engine operational point.
Some of the guide vane stages 110 have variable vanes,
where the angle of the vanes, about their own longitudinal
axis, can be adjusted for angle according to air flow char-
acteristics that can occur at different engine operations
conditions

[0081] The casing 114 defines a radially outer surface
116 of the passage 118 of the compressor section 74. A
radially inner surface 120 of the passage 118 is at least
partly defined by a rotor drum 122 of the rotor which is
partly defined by the annular array of blades.

[0082] FIG 2 shows in a perspective view a turbine
assembly 14 of the gas turbine engine 70. The turbine
assembly 14 comprises a basically hollow aerofoil 62,
embodied as a nozzle guide vane 108, with two cooling
regions, specifically, an channelling cooling region 124
and a fin-pin/pedestal cooling region 126. The former is
located at a leading edge 128 and the latter at a trailing
edge 130 of the aerofoil 62. At opposed ends 132, 132’
of the aerofoil 62 an outer platform 134 and an inner
platform 134’ are arranged. The outer and the inner plat-
form 134, 134’ both comprise a wall segment 136, 136’
which are oriented basically perpendicular to a span wise
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direction 66 of the aerofoil 62. Each wall segment 136,
136’ has aninsertion aperture 138 which provides access
to the aerofoil 62 (only the insertion aperture of wall seg-
ment 136 could be seen in FIG 3). In a circumferential
direction 140 of a not shown turbine wheel several aer-
ofoils 62 could be arranged, wherein all aerofoils 62
where connected through the inner and the outer plat-
forms 134, 134’ with one another.

[0083] A casing 142 of the aerofoil 62 comprises or
forms a cavity 64 spanning the aerofoil 62 in span wise
direction 66, wherein the cavity 64 is located in the region
of the leading edge 128. Via the insertion aperture 138
is a channelling tube arrangement 12 inserted inside the
cavity 64 for cooling purpose.

[0084] As could be seen in FIG 3 that shows a cross
section of the turbine assembly 14 along line llI-lll in FIG
2, the outer platform 134 and the inner platform 134’ each
comprises at least one cavity 144, 144’. This cavity 144,
144’ either extends between the wall segment 136 of the
outer platform 134 and the outer casing 114 of the gas
turbine engine 70 or the wall segment 136’ of the inner
platform 134°2 and an inner casing 114’ of the gas turbine
engine 70. Moreover, the cavities 134, 134" are in flow
communication with each other over a channelling tube
10 of a channelling tube arrangement 12.

[0085] The channelling tube arrangement 12 is insert-
ed via the insertion aperture 138 into the cavity 64 of the
aerofoil 62. The channelling tube 10 extends in span wise
direction 66 along a whole length 1 of the cavity 64 of the
aerofoil 62. Further, during an operation of the turbine
assembly 14 the channelling tube 10 provides a flow path
for a flow of a cooling medium 68, like air, from the cavity
144 of the outer platform 134 to the cavity 144’ of the
inner platform 134’ where the cooling medium 68 exits
into the gas path to cool a part of a aerofoil assembly,
like a disc 100 in a disc region of adjacently arranged
turbine blades (not shown in detail).

[0086] Moreover, the channelling tube 10 is arranged
in the cavity 64 of the aerofoil 62 in such a way that a
circumferential clearance 146 is formed between an out-
er surface 148 of the channelling tube 10 and an inner
surface 150 of a cavity wall 152 of the cavity 64 of the
aerofoil 62 (see also FIG 12 and 13).

[0087] The channelling tube assembly 12 comprises
the channelling tube 10 and several expansion stopping
devices 26, 26’, 28 or freezing devices 26, 26, 28. The
channelling tube 10 is formed by a rolled sheet 16 (see
also FIG 12 and 13).

[0088] A method for assembling or manufacture the a
channelling tube 10 and the channelling tube arrange-
ment 12 will be described in the following passages in
reference to FIG 4 to 11.

[0089] Ascould be seenin FIG 4 the assembling proc-
ess starts with a thin, flat metal sheet 16, for example,
made out of stainless steel. The sheet 16 is designed to
be the channelling tube 10. This sheet 16 has e.g. a thick-
ness of 0.4 mm. Moreover, it has for example a rectan-
gular shape and its horizontal length L is longer than its
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vertical length 1, wherein the vertical length 1 is basically
the span of the aerofoil 62. The horizontal ends of the
sheet 16 are equipped each with at least one aperture
32 (one aperture 32 for each side is shown in bold lines
and additional optional apertures are shown in dashed
lines in FIG 4). The apertures 32 may for example be
drilled into the sheet 16.

[0090] In a rolled state of the sheet 16 the end of the
sheet 16 shown on the left hand side of FIG 4 will be a
radially inner end 56 located at the radially most inner
position of the rolled sheet 16 and the end shown on the
right hand side will be a radially outer end 34 located at
the radially most outer position of the rolled sheet 16.
[0091] Inthe next step the sheet 16 is rolled into a tight
configuration, coil or spiral. This is shown in FIG 5 and
6, which show a side and top view of the sheet 16 in its
tightly rolled state. The sheet is rolled around a centre
tool in the form of a pin to limit an inner diameter of the
spiral or to ensure a desired inner diameter of a central
passage 42 (see below). The rolling is done in such a
way so that it is rolled in a tight configuration in which an
outer diameter d of a radially outermost layer 22 of the
rolled sheet 16 is smaller than an outer diameter D of a
radially outermost layer 24 of the rolled sheet 16 in its
frozen configuration (compare FIG 6 and 11).

[0092] Subsequently, the tightly rolled sheet 16 is in-
serted in two expansion stopping devices 26, 26’. This
is shown in FIG 7 that shows the two expansion stopping
devices 26, 26’ and the rolled sheet 16 beforehand of
their assembly. The expansion stopping devices 26, 26’
are positioned at opposed axial ends 38, 40 of the rolled
sheet 16.

[0093] As can be seenin FIG 8 and 9 that show a top
and bottom view of one expansion stopping device 26
the expansion stopping device 26 is embodied as a cap
with a ring segment 154 and a bottom 48 arranged ba-
sically perpendicularto the ring segment 154. The bottom
48 comprises a solid part 50 and an aperture 52 that is
surrounded by the aperture.

[0094] In the next step the tightly rolled sheet 16 will
be expanded and it expands spirally. Due to the expan-
sion stopping devices 26, 26’ the rolled sheet 16 will be
frozen in its expanded state which is the frozen configu-
ration. This configuration is basically shown in FIG 10
that shows the channelling tube assembly 12 in a side
view in an assembled state.

[0095] To ensure an controlled exit of the cooling me-
dium 68 from the channelling tube 10 in the following step
the circumferential most outer end 34 of the rolled sheet
16 in its frozen configuration is attached, e.g. by welding
or bracing a connection seam 156, to a surface 36 of the
rolled sheet 16 that is positioned radial inward to the cir-
cumferential end 34. Due to the attachment or the con-
necting seam 156 a further expansion stopping device
28 isformed. Moreover, to secure the expansion stopping
devices 26, 26’ they are attached, e.g. by welding or brac-
ing a connection seam 156, to the axial ends 38, 40 of
the rolled sheet 16 in its frozen configuration.
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[0096] As can be seen in FIG 11 that shows a cross
section through the channelling tube assembly 12 along
line XI-XlI'in FIG 10 the expanded rolled sheet 16 or the
channelling tube 10 in its frozen configuration comprises
a central passage 42 and a spiral gap 44 extending in
circumferential direction 46 around the central passage
42 (Expansion stopping device 26’ is not shown in FIG
11). The central passage 42 is surrounded by the first
360° stretch of the rolled sheet 16 or inner layer 158. The
most outer layer 22 has the wide expansion diameter D
and surrounds the last 360° stretch of the gap 44.
[0097] Hence, the channelling tube 10 or the rolled
sheet 16 is frozen in a configuration in that a circumfer-
ential sector 18 of the channelling tube 10 forms at least
one double wall 20. In the shown exemplary embodiment
a quadruple wall is formed.

[0098] The dimensions are for example selected in
such that the rolled sheet 16 or the spiral would only take
up about 50% to 20% of the diameter D. Consequently,
the central passage 42 would take about 50% to 80% of
the diameter D.

[0099] The arrangement of the expansion stopping de-
vices 26, 26’ in respect to the rolled sheet 16 is in such
a way so that the solid part 50 of the bottom 48 covers
the circumferential gap 44 of the rolled sheet 16 and the
aperture 52 is arranged flush with the central passage
42 of the rolled sheet 16 (not shown in detail).

[0100] Not specifically shownin FIG 10 and 11 are the
apertures 32 to allow the cooling medium 68 to enter the
gap 44 from the central passage 42. However, in an as-
sembled state in the aerofoil 62 the aperture 32 at the
inner end 56 will be an entry aperture 58 to allowing cool-
ing medium 68 to enter from the central passage 42 into
the gap 44 and the outer end 34 will be an exit aperture
60 to allow the cooling medium 68 to exit the gap 44.
[0101] Generally, these apertures 58, 60 can be ar-
ranged at any span wise position at the circumferential
ends 34, 56. Most beneficially, would for example be the
positioning of the entry aperture 58 near the upper ex-
pansion stopping device 26 and the exit aperture near
the lower expansion stopping device 26’. In an assem-
bled state the entry would occur near the outer platform
134 and the exit near the inner platform 134’. As stated
above also more than one aperture for entry or exit can
be provided. For better presentability of the channelling
tube 10 and its positioning in cavity 64 the rolled sheet
16 shown in FIG 3 is only shown with adouble wall design.
[0102] Thus,withreference toFIG 3, the entry aperture
58 may be arranged in flow direction of the cooling me-
dium 68 at a radial beginning of the clearance 146 or
directly adjacent to the wall segment 136 of the outer
platform 134. This allows a fraction 160 of the cooling
medium 68 access into the gap 44. Further, to allow the
cooling medium 68 to exit the gap 44 the exit aperture
60 is arranged near the inner platform 134’ (The actual
location of the aperture 60 is not shown in FIG 3, but a
slightly circumferentially off-set position to depict its basic
location. Aperture 60 would be located with a circumfer-
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ential distance from end 34 and the connecting seam
156.). Further, to allow the cooling medium 68 to exit from
the clearance 146 and the aerofoil 62 the cavity wall 152
of the aerofoil 62 comprises an aperture 162 arranged in
flow direction of the cooling medium 68 e.g. at a radial
end of the clearance or directly adjacent to the inner plat-
form 134’ or its wall segment 136’

[0103] Alternatively or additionally, the wall segment
136’ of the inner platform 134’ may comprise an aperture
162’, what is shown in dashed lines in FIG 3.

[0104] The positioning of the channelling tube 10in the
aerofoil 62 can be seen in FIG 12 that shows a cross
section along line XII-XIlin FIG 3. Further, the positioning
of aperture 162 in the cavity wall 152 can be seen in FIG
13 that shows a cross section along line XIlI-XIIl in FIG
3. The aperture 162 in the cavity wall 152 directs the
cooling flow of the cooling medium in direction of a pres-
sure side 164 of the aerofoil 62 opposed arranged to the
suction side 166.

[0105] The method for cooling the part 10, specifically
the disc 100 of a turbine assembly 14 with the cooling
medium 68 will be explained in the following text with
respect to FIG 3.

[0106] Cooling medium 68 flows from the cavity 144
of the outer platform 134 into the central passage 42 of
the channelling tube 10. A fraction 160 of the cooling
medium 68 exits the channelling tube 10 through the en-
try aperture 58 and enters the gap 44. Inside the gap 44
the cooling medium 68 travels along the spiral as well as
in span wise direction 66. However, the general direction
is still the flow in span wise direction 66 from the outer
platform 134 in direction to the inner platform 134’. Ad-
jacent of the inner platform 134’ the cooling medium 68
exits the gap 44 through exit aperture 60 into clearance
146 and from there through the aperture 162 in the cavity
wall 152 of the aerofoil 62 to be exhausted into a flow
path of a flow medium of the gas turbine engine 70.
[0107] The cooling flow 38 of the cooling medium 68
established long the gap 44 provides insulation for the
channelling tube 10 to prevent a heat transfer between
the channelling tube 10 and the cavity wall 152 of the
aerofoil 62.

[0108] A main fraction 168 of cooling medium 68 trav-
els the central passage 42 of the channelling tube 10
along a whole span of the aerofoil 62 and exits into the
cavity 144’ of the inner platform 134’. From there it is
exhausted in such a way that it cools the disc 100 of up-
and downstream arranged discs 100 of adjacent turbine
wheels.

[0109] InFIG 14 to 16 alternative embodiments of the
sheet 16 and the channelling tube assembly 12 are
shown. Components, features and functions that remain
identical are in principle substantially denoted by the
same reference characters. To distinguish between the
embodiments, however, the letter "a" and "b" has been
added to the different reference characters of the em-
bodiment in FIG 14 to 16. The following description is
confined substantially to the differences from the embod-
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imentin FIG 1 to 13, wherein with regard to components,
features and functions that remain identical reference
may be made to the description of the embodiment in
FIG 1to 13.

[0110] FIG 14 shows an alternatively embodied sheet
16a. The sheet 16a is equipped with spacers 30. The
spacers 30 are imprinted embossments 54. In the rolled
state of the sheet 16a the spacers 30 span the gap of
the channelling tube from one layer to an adjacent layer
22,24, 158 to ensure an unhindered flow of cooling me-
dium and an integrity of a gap.

[0111] FIG 15 and 16 show a further alternatively em-
bodied sheet 16b and an alternative channelling tube as-
sembly 12b. The sheet 16b is equipped with emboss-
ments 54 in the form of a corrugation 170. The corruga-
tion 170 is inserted at a circumferentially most outer end
34 of the rolled sheet 16b. The corrugation 170 together
with an adjacent surface 36 of a most outer layer 24 of
the rolled sheet 16b form an exit aperture 60 for cooling
medium to exit the channelling tube 10. Sections of end
34 positioned vertically between the apertures 60 are at-
tached (braced/welded) to surface 36.

[0112] It should be noted that the term "comprising”
does not exclude other elements or steps and "a" or "an"
does not exclude a plurality. Also elements described in
association with different embodiments may be com-
bined. It should also be noted that reference signs in the
claims should not be construed as limiting the scope of
the claims.

[0113] Although the invention is illustrated and de-
scribed in detail by the preferred embodiments, the in-
vention is not limited by the examples disclosed, and oth-
er variations can be derived therefrom by a person skilled
in the art without departing from the scope of the inven-
tion.

Claims

1. A method for assembling a channelling tube (10) of
a channelling tube assembly (12, 12b) of a turbine
assembly (14), characterised at least in the steps of:

- rolling a sheet (16, 16a, 16b) designed to be
the channelling tube (10) and

- freezing the rolled sheet (16, 16a, 16b) in a
configuration so that in a frozen configuration of
the rolled sheet (16, 16a, 16b) a circumferential
sector (18) of the channelling tube (10) forms at
least one double wall (20).

2. A method according to claim 1, wherein the method
comprises the step of: - rolling the sheet (16, 16a,
16b) in such a way so that it is rolled in a tight con-
figuration in which an outer diameter (d) of at least
aradially outermost layer (22) of the rolled sheet (16,
16a, 16b) is smaller than an outer diameter (D) of at
least a radially outermost layer (24) of the rolled
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sheet (16, 16a, 16b) in its frozen configuration and
specifically, - rolling the sheet (16, 16a, 16b) around
a centre tool (172) in such a way so that it is rolled
in a tight configuration in which an outer diameter (d)
of at least a radially outermost layer (22) of the rolled
sheet (16, 16a, 16b)is smallerthan an outer diameter
(D) of at least a radially outermost layer (24) of the
rolled sheet (16, 16a, 16b) in its frozen configuration.

A method according to claim 2, wherein the method
comprises the steps of: - expanding the rolled sheet
(16, 16a, 16b) from its tight configuration and

- freezing the rolled sheet (16, 16a, 16b) in its
frozen configuration by at least a first expansion
stopping device (26, 26’; 28).

A method according to any one of the proceeding
claims, wherein the method comprises the step of: -
equipping the sheet (16, 16a, 16b) with at least one
spacer (30) and/or at least one aperture (32).

A method according to any one of the proceeding
claims, wherein the method comprises the step of: -
attaching at least one circumferential end (34) of the
rolled sheet (16, 16a, 16b) to a surface (36) of the
rolled sheet (16, 16a, 16b) that is positioned radial
inward to the at least one circumferential end (34).

A method according to any one of the proceeding
claims, wherein the method comprises the steps of:

- rolling the sheet (16, 16a, 16b), especially
around a centre tool (172), in such a way so that
it is rolled in a tight configuration in which an
outer diameter (d) of a radially outermost layer
(22) of the rolled sheet (16, 16a, 16b) is smaller
than an outer diameter (D) of a radially outer-
most layer (24) of the rolled sheet (16, 16a, 16b)
in its frozen configuration,

- inserting the rolled sheet (16, 16a, 16b) in its
tight configuration in at least a first expansion
stopping device (26, 26’),

- expanding the rolled sheet (16, 16a, 16b) from
its tight configuration,

- freezing the rolled sheet (16, 16a, 16b) in its
frozen configuration by at least a first expansion
stopping device (26, 26’; 28),

- attaching at least one circumferential end (34)
of the rolled sheet (16, 16a, 16b) in its frozen
configuration to a surface (36) of the rolled sheet
(16, 16a, 16b) that is positioned radial inward to
the at least one circumferential end (34) and

- attaching the at least first expansion stopping
device (26, 26’) to at least one axial end (38, 40)
of the rolled sheet (16, 16a, 16b) in its frozen
configuration.
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Channelling tube assembly (12, 12b) for a turbine
assembly (14) comprising at least a channelling tube
(10) and at least a first freezing device (26, 26’; 28),
characterised in that the channelling tube (10) is
formed by a rolled sheet (16, 16a, 16b).

A channelling tube assembly according to claim 7,
wherein the channelling tube (10) comprises a cen-
tral passage (42) and a gap (44) extending at least
partly in circumferential direction (46) around the
central passage (42).

A channelling tube assembly according to claim 7 or
8, wherein the sheet (16, 16a, 16b) is a thin metal
sheet (16, 16a, 16b).

A channelling tube assembly according to any one
of the proceeding claim 7 to 9, wherein the rolled
sheet (16, 16a, 16b) comprises two axial ends (38,
40) and wherein the at least first expansion stopping
device (26, 26’) is positioned at at least one axial end
(38, 40).

A channelling tube assembly according to claim 10,
wherein the at least first expansion stopping device
(26, 26’) comprises a bottom (48) with a solid part
(50) and at least one aperture (52), and/or wherein
the solid part (50) covers the circumferential gap (44)
of the rolled sheet (16, 16a, 16b) and/or wherein the
atleastone aperture (52) is arranged atleast partially
flush with the central passage (42) of the rolled sheet
(16, 16a, 16b).

A channelling tube assembly according to any one
of the proceeding claims 7 to 11, wherein the rolled
sheet (16a, 16b) comprises at least one emboss-
ment (54).

A channelling tube assembly according to any one
of the proceeding claims 7 to 12, wherein the rolled
sheet (16, 16a, 16b) comprises an inner end (56)
located at the radially mostinner position of the rolled
sheet (16, 16a, 16b) and an outer end (34) located
at the radially most outer position of the rolled sheet
(16, 16a, 16b) and wherein the rolled sheet (16, 16a,
16b) comprises at least one aperture (58) positioned
at the inner end (56) of the sheet (16, 16a, 16b)
and/or wherein the rolled sheet (16, 16a, 16b) com-
prises at least one aperture (60) positioned at the
outer end (34) of the sheet (16, 16a, 16b).

A turbine assembly (14) comprising at least one
channelling tube assembly (12, 12b) with a channel-
ling tube (10) and at least one freezing device (26,
26’; 28), characterised in that the channelling tube
(10) is formed by a rolled sheet (16, 16a, 16b).

A turbine assembly according to claim 14, charac-
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terised by a basically hollow aerofoil (62) with at
least one cavity (64) spanning the aerofoil (62) in
spanwise direction (66) of the aerofoil (62) and hous-
ing at least one channelling tube assembly (12, 12b)
with a channelling tube (10) comprising a central
passage (42) and a gap (44) extending at least partly
in circumferential direction (46) around the central
passage (42), wherein the rolled sheet (16, 16a, 16b)
comprises an inner end (56) located at the radially
most inner position of the rolled sheet (16, 16a, 16b)
and an outer end (34) located at the radially most
outer position of the rolled sheet (16, 16a, 16b)
and/or wherein the rolled sheet (16, 16a, 16b) com-
prises at least one entry aperture (58) positioned at
the radially inner end (56) of the sheet (16, 16a, 16b)
to allowing cooling medium (68) to enter from the
central passage (42) into the gap (44) and/or wherein
the rolled sheet (16, 16a, 16b) comprises at least
one exit aperture (60) positioned at the radially outer
end (34) of the sheet (16, 16a, 16b) to allow the cool-
ing medium (68) to exit the gap (44).
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