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(54) AXIAL FLOW TURBINE

(57) The present invention generally relates to an ax-
ial flow turbine crossed by an axial main flow and wherein
a leakage flow, which typically passes through a radial
tip clearance provided between a stator part and a rotor

part, has an improved incidence when it merges with the
main flow downstream the radial tip. In this way, aerody-
namic losses are reduced and the energy conversion
process is enhanced.
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Description

TECHNICAL FIELD

[0001] The present invention generally relates to an
axial flow turbine crossed by an axial main flow and
wherein a leakage flow, which typically passes through
a radial tip clearance provided between a stator part and
a rotor part, has an improved incidence when it merges
with the main flow downstream the radial tip. In this way,
aerodynamic losses are reduced and the energy conver-
sion process is enhanced.

BACKGROUND

[0002] As well known, an axial flow turbine is made of
a plurality of stages arranged through its axial develop-
ment, each one comprising a stator part followed by a
rotor part. The stator parts include vanes which are fitted
within a carrier, whilst the rotor parts include blades in-
tegral to a rotating shaft which is supported by the carrier.
Generally, the interaction between the hot gas axially
flowing through the machine and the rotor parts causes
the shaft to rotate. The shaft rotation may then be utilized
for the production of electrical energy of for the generation
of a thrust in a jet engine of an aircraft.
Due to the high speed rotation of the rotor shaft, a radial
tip clearance is provided between stator parts and the
rotor parts.
However, a portion of the main flow leaks through the
radial clearance avoiding the interaction with the stator
parts or the rotor parts. Disadvantageously, when the
leakage flow merges with the main flow, downstream the
radial tip, it is characterised by an incident angle with
respect to the main flow which causes important aerody-
namic losses and thus reduces the efficiency of the over-
all energy conversion process.

SUMMARY OF THE INVENTION

[0003] It is an object of the present invention to solve
the aforementioned technical problem by providing an
axial flow turbine as substantially defined according to
independent claim 1.
[0004] According to an aspect of the invention, this ob-
ject is achieved by an axial flow turbine comprising a
stator part and a rotor part between which a radial tip
clearance is provided, wherein a main flow crosses the
turbine and a leakage flow passes through the radial tip
clearance during operation of the turbine, and wherein a
deflector is arranged downstream the radial tip clearance
and is configured to confer a swirl to the leakage flow.
[0005] According to a preferred aspect of the invention,
the deflector is adapted to substantially align a direction
of the leakage flow exiting the radial tip clearance to a
direction of the main flow exiting the stator or rotor part.
[0006] According to a preferred aspect of the invention,
the stator and/or the rotor part comprises one or more

fins radially protruding within the clearance.
[0007] According to a preferred aspect of the invention,
the axial flow turbine further comprises an abradable el-
ement disposed within the tip clearance facing the one
or more fins and mounted on the stator part.
[0008] According to a preferred aspect of the invention,
the one or more fins comprise a downstream fin located
in the proximity of an exit of the radial tip clearance.
[0009] According to a preferred aspect of the invention,
the deflector is arranged at the exit of the radial tip clear-
ance in the proximity of the downstream fin.
[0010] According to a preferred aspect of the invention,
the deflector is mounted on the stator part and the one
or more fins are mounted on the rotor part.
[0011] According to a preferred aspect of the invention,
the deflector is mounted on the rotor part and the one or
more fins are mounted on the stator part.
[0012] According to a preferred aspect of the invention,
the deflector comprises one or more deflecting elements
equally positioned along a circumferential development
of the stator part or the rotor part.
[0013] According to a preferred aspect of the invention,
the one or more deflecting elements are airfoil-shaped.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The objects, advantages and other features of
the present invention will become more apparent upon
reading of the following non-restrictive description of pre-
ferred embodiments thereof, given for the purpose of ex-
emplification only, with reference to the accompany
drawing, through which similar reference numerals may
be used to refer to similar elements, and in which:

Figure 1 schematically shows a mixed lateral section
view and a top section view of a turbine according
to the prior art;
Figure 2 schematically shows a mixed lateral section
view and a top section view of a turbine according
to the present invention;
Figure 3 shows a particular of figure 2 and a bottom-
to-top view along a section line B-B’.

[0015] An exemplary preferred embodiment will be
now described with reference to the aforementioned
drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0016] With reference to figure 1, it is shown an axial
flow turbine 100 according to the prior art. Turbine 100
includes a vane carrier, generally indicated with numeral
reference 21, to which a plurality of stator vanes 2 is
integrally fitted. Turbine 100 further includes a rotor shaft
31, to which a plurality of rotor blades 3 is connected. In
the following description, it is generally intended that a
stator part 23 includes the stator vane 2, the vane carrier
21 and the necessary means for connecting the stator
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vane 2 to the vane carrier 21. For example, the stator
part 23 includes a vane shroud 22 which is supported by
the carrier 21. Similarly, it is generally intended that a
rotor part 33 includes the rotor blade 3, the rotor shaft 31
and the necessary means for connecting the rotor blade
to the rotor shaft 31. For example, rotor part 33 also in-
cludes a rotor blade hub with platform and shank 32.
Turbine 100 comprises a plurality of stages, arranged
along an axis A, each one made by a stator part 23 fol-
lowed by a rotor part 33. The stator vanes 2 are equally
arranged along a circumferential development of the car-
rier 21, whilst the rotor blades 33 are arranged along a
circumferential development of the rotor shaft 31. With
reference to the figure, it is shown a schematic lateral
section of the turbine 100 showing a first stage compris-
ing a stator part 23 followed by a rotor part 33. It is also
shown a stator vane 2 of a subsequent stage.
Moreover, figure 1 shows along a central portion, a top
section of the axial turbine 100, showing a row of airfoil-
shaped stator vanes 2 followed by a row of airfoil-shaped
rotor blades 3.
Stator vane 2 comprises a tip portion 24 which faces the
rotor shaft 31. A radial tip clearance 4 is provided between
the stator vane 2 and the rotor shaft 31. An abradable
element 9 is located on the stator tip portion 24, in order
to minimize the clearance 4. In fact, the abradable ele-
ment 9 can tolerate contact which may occur between
the rotating shaft 31 and the stator vane 2. Similarly, an
abradable element 9 is provided on the carrier 21 which
faces a tip portion 34 of the rotor blade 3.
The following description will be now directed to a single
stage of the turbine 100, but it will be appreciated that
the same will also apply to every stage.
Turbine 100 is crossed, during operation, by a main flow
of hot gas 5. However, a portion of the main flow 5 leaks
through the radial tip clearances 4 due to a favourable
pressure gradient. As a consequence, a leakage flow,
indicated with numeral reference 6, is not guided by the
stator vanes 2 and does not receive the optimum swirl
necessary to have the correct incidence when approach-
ing the rotor blades 3. As a result, when the leakage flow
6 exits the radial tip clearance 4 and merges with the
main flow 5, it is oriented in such a way to impact the
main flow 5 creating a negative effect on its incidence
towards rotor blades 3. The same occurrence is experi-
enced by the main flow exiting the rotor blades row 3.
To minimize this negative effect, fins 8 radially protruding
into the radial tip clearances 4 are provided on the rotor
shaft 31, facing the stator vane 2, and on the carrier 21
facing the rotor blades 3. In the example shown, fins 8
comprise an upstream fin and a downstream fin, the latter
being positioned in the proximity of an exit of the radial
tip clearance 4, but it will be appreciated that only one
fin may be provided in the tip clearance.
The presence of the fins 8 creates a barrier for preventing
a leakage flow to go through the clearance 4, this way
bypassing the stator parts 23 or the rotor parts 32. How-
ever, despite the fins 8, during normal operation the leak-

age flow 6 still passes through the clearance 4 creating
the negative effect on the incidence of the main flow 5
approaching a stator vane 2 or a rotor blade 3, as above
explained.
[0017] Making now reference to next figure 2 it is
shown, in the same schematic views as for figure 1, an
axial flow turbine 1 according to the present invention.
Turbine 1 differs from the turbine according to the prior
art in that it comprises a deflector 7 which is arranged
downstream the radial tip clearance 4, preferably in the
proximity of an exit thereof, and it is configured to confer
a swirl to the leakage flow 6.
More in particular, with reference to the turbine stage
here described, as clearly shown in the figure by the ar-
rows of the main flow 5 and leakage flow 6, the deflector
7 located on the tip portion 24 of the stator vane 2 is
adapted to substantially align a direction of the leakage
flow 6 exiting the radial tip clearance 4 to a direction of
the main flow 5 exiting the stator vanes row 2.
Similarly, the deflector 7 located on the carrier 21 facing
the rotor blade 3, is adapted to substantially align a di-
rection of the leakage flow 6 exiting the radial tip clear-
ance 4 to a direction of the main flow 5 exiting the rotor
blades row 3.
According to a preferred embodiment, the deflector 7 is
arranged substantially at the exit of the radial tip clear-
ance in the proximity of the downstream fin. The closer
the deflector 7 is to the fin 8, then the better result is
achieved in terms of conferring the wished swirl to the
leakage flow before it joins the main flow 5.
In the exemplary and non-limiting embodiment herewith
described, the deflector 7 is mounted on the stator part
23, and specifically on the stator vane 2 and on the carrier
21, whilst the fins 8 are mounted on the rotor part 33, and
respectively on the rotor shaft 31 and on the tip portion
34 of the rotor blade 34.
It will be appreciated that, according to a variant of this
embodiment, the deflector 7 may also be mounted on
the rotor part 33, and specifically on the rotor shaft 31
and on the rotor blade 3, whilst the fins 8 may also be
mounted on the stator part 23, and respectively on the
tip portion 24 of the stator vane 2 and on the carrier 21.
[0018] Turning to last figure 3, it is exemplary shown
the radial tip clearance 4 formed between the stator vane
2 and the rotor shaft 31. The deflector 7 is positioned in
the proximity of the downstream fin 8 in a way to deflect
the leakage flow 6. In particular, figure 3 shows a bottom-
to-top view along section line B-B’. In this view, deflector
7 is visible as a plurality of deflecting elements 71 which
are equally positioned along a circumferential develop-
ment of the stator part 23. In the figure it is shown that
deflecting elements 71 confer to the leakage flow lines 6
a swirl which is similar to the one operated by the stator
vanes 2. In this way, when leakage flow 6 and the main
flow 5 merge, they are substantially aligned and hence
the incidence of the latter approaching the subsequent
rotor blade row is effectively improved.
Preferably, the deflecting elements 71 are airfoil-shaped.
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[0019] While the invention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the in-
vention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent ar-
rangements not heretofore described, but which are com-
mensurate with the spirit and scope of the invention. Ad-
ditionally, while various embodiments of the invention
have been described, it is to be understood that aspects
of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be
seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.

Claims

1. Axial flow turbine (1) comprising a stator part (23)
and a rotor part (33) between which a radial tip clear-
ance (4) is provided, wherein a main flow (5) crosses
said turbine (1) and a leakage flow (6) passes
through said radial tip clearance (4) during operation
of the turbine (1), the turbine (1) being characterised
in that it comprises a deflector (7) arranged down-
stream said radial tip clearance (4) and configured
to confer a swirl to said leakage flow (6).

2. Axial flow turbine (1) according to the preceding
claim, wherein said deflector (7) is adapted to sub-
stantially align a direction of the leakage flow (6) ex-
iting said radial tip clearance (4) to a direction of the
main flow (5) exiting said stator or rotor part (23, 33).

3. Axial flow turbine (1) according to any of the preced-
ing claims, wherein said stator and/or rotor part (23,
33) comprise one or more fins (8) radially protruding
within said radial tip clearance (4).

4. Axial flow turbine (1) according to the preceding
claim, wherein said one or more fins (8) comprise a
downstream fin (8) located in the proximity of an exit
of said radial tip clearance (4).

5. Axial flow turbine (1) according to the preceding
claim, further comprising an abradable element (9)
disposed within said tip radial tip clearance (4) facing
said one or more fins (8) and mounted on said stator
part (23).

6. Axial flow turbine (1) according to claims 4 or 5,
wherein said deflector (7) is arranged at the exit of
said radial tip clearance (4) in the proximity of said
downstream fin (8).

7. Axial flow turbine (1) according to any of claims 3 -
6, wherein said deflector (7) is mounted on said stator
part (23) and said one or more fins (8) are mounted

on said rotor part (33).

8. Axial flow turbine (1) according to any of claims 3 -
6, wherein said deflector (7) is mounted on said rotor
part (33) and said one or more fins (8) are mounted
on said stator part (23).

9. Axial flow turbine (1) according to any of the preced-
ing claims, wherein said deflector (7) comprises one
or more deflecting elements (71) equally positioned
along a circumferential development of said stator
part (23) or said rotor part (33).

10. Axial flow turbine (1) according to the preceding
claim, wherein said one or more deflecting elements
(71) are airfoil-shaped.
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