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(54)  Turbo machine with an Improved Seal

(57)  The rotating machine (1) with improved seal
comprises stator parts (2) and rotor parts (3) between
which a gap (4) housing at least a seal (5) is provided.
The seal (5) comprises a guide vane row (6), that extends
from a stator part (2) and is arranged to guide a fluid flow,
and/or a rotor blade row (14), that extends from a rotor

part (3) and is arranged to exchange mechanical power
with the fluid flow. The guide vane row (6) and/or rotor
blade row (14) maintain a differential pressure between
areas at opposite ends of the seal (5) and prevent the
fluid flow from dissipating its pressure energy generating
heat.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a rotating ma-
chine with an improved seal.

BACKGROUND OF THE INVENTION

[0002] Turbo machines such as gas turbines or steam
turbines are provided with a stator (made of a plurality of
stator parts) enclosing a rotor (that carries a plurality of
rotor parts) rotating within it.

[0003] In a number of places, the stator parts and the
rotor parts are usually provided with labyrinth or brush
seals, in order to control and limit the leakage between
high and low pressure areas.

[0004] These traditional seals (labyrinth or brush
seals) generate a controlled fluid flow from the high pres-
sure area to the low pressure area, that dissipates the
pressure energy of the fluid, increasing the stator, rotor
and fluid temperature.

[0005] This controlled leakage is almost proportional
to the smallest clearance between the stator and rotor
parts involved, therefore the actual leakage can be hardly
controlled according to the particular needs.

SUMMARY OF THE INVENTION

[0006] The technical aim of the present invention is
therefore to provide a rotating machine with an improved
seal by which the said problems of the known art are
eliminated.

[0007] Within the scope of this technical aim, an object
of the invention is to provide a rotating machine by which
the pressure energy of the fluid is not dissipated and thus
wasted. In particular, according to the invention the pres-
sure energy of the fluid is not dissipated as heat.
[0008] Another object of the invention is to provide a
rotating machine by which the leakage can be regulated
independently from the clearance between the stator and
rotor parts.

[0009] The technical aim, together with these and fur-
ther objects, are attained according to the invention by
providing a rotating machine in accordance with the ac-
companying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Further characteristics and advantages of the
invention will be more apparent from the description of a
preferred but non-exclusive embodiment of the rotating
machine according to the invention, illustrated by way of
non-limiting example in the accompanying drawings, in
which:

Figure 1 is a schematic view of an embodiment of
the seal of the invention having a guide vane row
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and defining an axial turbine;

Figures 2 through 6 are schematic views of five dif-
ferent embodiments of the seal of the invention de-
fining an axial turbine having a guide vane row fol-
lowed by a rotor blade row;

Figures 7 through 9 are schematic views of three
different embodiments of the invention defining a ra-
dial turbine having a guide vane row and a rotor blade
row;

Figure 10 is a schematic view of an embodiment of
the seal of the invention having a rotor blade row
followed by a guide vane row and defining an axial
compressor;

Figure 11 is a schematic view of an embodiment of
the seal of the invention having a rotor blade row and
defining an axial compressor;

Figure 12 is a schematic view of an embodiment of
the seal of the invention having a rotor blade row and
a guide vane row and defining a radial compressor;
and

Figure 13 is and example of a micro-turbine of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0011] With particular reference to figure 13, the rotat-
ing machine 1 (such as a gas turbine or a steam turbine)
with an improved seal comprises stator parts 2 and rotor
parts 3; between the stator parts 2 and rotor parts 3 a
gap 4 is defined.

[0012] The gap 4 houses a seal 5 that comprises a
guide vane row 6 extending from the stator parts 2 and
arranged to guide a fluid flow 7 in the gap 4 and a rotor
blade row 14 extending from the rotor part 3 and arranged
to exchange mechanical power with the fluid flow 7.
[0013] The guide vane row 6 and rotor blade row 14
maintain the differential pressure between areas at the
opposite ends of the seal 5 and prevent the fluid flow 7
from dissipating its pressure energy generating heat.
[0014] Preferably, the seal 5 also comprises an ob-
struction arranged to limit the fluid flow 7 through the gap
4.

[0015] The obstruction comprises annular plates 9, 11
and, in this respect, a first annular plate 9 extends trans-
versally from a stator part 2, defining an annular passage
10 for the fluid flow 7 having a prefixed thickness.
[0016] In this case, the guide vane row 6 may extend
from this stator annular plate 9.

[0017] In addition, a further annular plate 11 extends
transversally from a rotor part 3, defining an annular pas-
sage 12 for the fluid flow 7 having a prefixed thickness.
[0018] The rotor blade row 14 may extend from the
annular plate 11.

[0019] Indifferentembodiments, the seal 5 may define
an axial or a radial micro-turbine.

[0020] Advantageously, in these embodiments the
pressure energy of the fluid is not dissipated as heat, but
is used to provide turbine work thus leading to a decrease
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of the total temperature of the air (up to 60K per stage).
So the rotor and stator temperature are also reduced.
[0021] In particular figure 13 shows an axial micro-tur-
bine having the guide vane row 6 followed by the rotor
blade row 14, nevertheless in different embodiments the
rotor blade row 14 may not be provided; in this case the
guide vane row 6 drives the fluid flow 7 towards the main
rotor blades 16 of the rotating machine 1.

[0022] In further embodiments, the obstructions may
not be provided or may be provided in different positions.
[0023] For example the seal 5 could have one or more
annular plates 9 extending from a stator part 2 and/or
one or more annular plates 11 extending from the rotor
part 3; the plates 9 and 11 may be placed partly or totally
upstream of and/or between and/or downstream of the
guide vane row 6 and rotor blade row 14.

[0024] In further embodiments, the seal of the inven-
tion defines an axial or radial micro-compressor.

[0025] In this case the seal has the rotor blade row 14
followed by the guide vane row 6; nevertheless in differ-
ent embodiments the guide vane row 6 may not be pro-
vided.

[0026] Also in this case the obstructions may not be
provided or may be provided in different positions.
[0027] For example (as already described for the mi-
cro-turbine) the seal 5 could have one or more annular
plates 9 extending from the stator part 2 and/or one or
more annular plates 11 extending from the rotor part 3;
the plates 9 and 11 may be placed partly or totally up-
stream of and/or between and/or downstream of the
guide vane row 6 and rotor blade row 14.

[0028] Moreover, the micro-turbine and the micro-
compressor may have one single stage or multiple stag-
es.

[0029] Asanexample, the micro-turbine can be imple-
mented in the rim seal, at the rotor heat shield/vane, at
the stator heat shield/blade, as a radial or axial seal ar-
rangement or in combination with labyrinth or brush seal.
[0030] As a further example the micro-compressor
may be implemented in the bearing areas, (no leakage
tolerated), as an axial or radial seal arrangement or in
combination with labyrinth or brush seal.

[0031] Naturally also other positions are possible for
the micro-turbine and micro-compressor.

[0032] Typically the blades of the guide vane row 6
and/or rotor blade row 14 may have a height of some
millimetres, such as less than 10 millimetres, preferably
less than 5 millimetres and more preferably less than 3
millimetres.

[0033] The blades can be directly machined on the ro-
tor shaft, rotor disk, blade root, casing, honeycomb at the
vane hub, stator heat shield or rotor heat shield. Never-
theless the blades can also be designed on the sealing
strips, or be separated attached parts.

[0034] In the following particular embodiments of the
invention are described.

[0035] Figure 1 shows an embodiment wherein the
seal 5 defines an axial micro-turbine.
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[0036] In particular figure 1 shows a stator part 2 from
which the main stator blades 18 defining a plurality of
guide vanes extend (i.e. the stator blades 18 are those
of the gas or steam turbine).

[0037] Figure 1 also shows a rotor part 3 from which
the main rotor blades 16 extend (i.e. the rotor blades 16
are those of the gas or steam turbine).

[0038] Between the tip of the stator blades 18 and the
rotor part 3 a gap 4 is defined.

[0039] The stator blades 18 have at their tip the guide
vane row 6 extending within the gap 4.

[0040] The hot gases pass through the stator blades
18 and rotor blades 16.

[0041] Apartofthe hotgases (i.e. the fluid flow 7) leaks
in the gap 4 and passes through the guide vane row 6
that processes it and drives it towards the main rotor
blades 16.

[0042] The mass flow through the gap 4 is defined by
the thickness of the gap 4 and the shape of the guide
vane row 6 (and naturally also the differential pressure
upstream and downstream of the guide vane row 6).
[0043] Thisembodiment lets further mechanical power
be collected by the main rotor blades 16 (the power that
in traditional seals is dissipated, in the seal according to
this embodiment of the invention is collected by the rotor
blades 16); thus the local temperatures (in particular
those of the air and rotor parts) are reduced with respect
to traditional seals, because there is no or less fluid flow
pressure energy that is converted into heat.

[0044] Figure 2 through 6 show different embodiments
of axial micro-turbines having a guide vane row 6 and a
rotor blade row 14.

[0045] In particular, figure 2 shows an axial micro-tur-
bine having a stator part 2 and a rotor part 3 defining a
gap 4; the stator part 2 supports the guide vane row 6
and the rotor part 3 supports the rotor blade row 14.
[0046] In addition upstream of the guide vane row 6
the seal 5 has the annular plate 9.

[0047] During operation, the fluid flow 7 (i.e. the leak-
age) passes through the passage 10 between the annu-
lar plate 9 and the rotor part 3 and passes through the
guide vane row 6; then the fluid flow 7 passes through
the rotor blade row 14 and delivers mechanical power to
the rotor part 3.

[0048] The mass flow of the fluid passing through the
gap 4 is defined by the passage 10 (i.e. the annular plate
9) and by the geometry and configuration of the guide
vane row 6 and rotor blade row 14.

[0049] In addition, the increase in temperature of the
fluid flow and rotor is very limited, because the pressure
energy of the fluid is not converted into heat, but is con-
verted into mechanical power collected by the rotor part 3.
[0050] The embodiments of figures 3 through 6 have
substantially the same structure and operation of the em-
bodiment of figure 2 and with the same numbers the same
or similar elements are indicated.

[0051] In particular figure 3 shows a seal 5 with two
annular plates 9 extending from the stator part 2 respec-
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tively one upstream of the guide vane row 6, and the
other downstream of the rotor blade row 14.

[0052] Figure 4 shows a seal 5 with and annular plate
11 extending from the rotor part 3 upstream of the guide
vane row 6 and a further annular plate 9 extending from
the stator part 2 between the guide vane row 6 and the
rotor blade row 14.

Figure 5 shows a seal 5 with a guide vane row 6 extending
from the stator part 2 and an annular plate 11 extending
from the rotor part 3 downstream of the guide vane row
6 and carrying at its border the rotor blade row 14.
Figure 6 shows a seal 5 with an annular plate 9 extending
from the stator part 2; from the border of the annular plate
9the guide vane row 6 extends. Downstream of the guide
vane row 6, the rotor blade row 14 extends from a rotor
part 3. Moreover, a further annular plate 9 extends from
the stator part 2 downstream of the rotor blade row 14.
Figures 7 through 9 show three different embodiments
of a seal defining a radial micro-turbine; also in this case
the same numbers are used for the same or similar ele-
ments.

[0053] In particular, figure 7 shows a stator part 2 car-
rying the main stator blades 18 and a rotor part 3 carrying
the main rotor blades 16.

[0054] Between the stator part 2 and the rotor part 3
the radial gap 4 is defined, housing an annular plate 11
extending from the rotor part 3 and downstream of it (with
respect to the direction of the fluid flow 7) a guide vane
row 6 extending (in this embodiment) from an annular
plate 9.

[0055] During operation a fluid flow 7 of compressed
air (purge air) is injected through the gap 4 towards the
hot gases path 20.

[0056] This fluid flow 7 passes through the passage
12 between the border of the annular plate 11 and the
stator part 2 and then passes through the guide vane row
6 that prepares the fluid flow 7 to pass through the main
rotor blades 16 and drives it towards it.

[0057] In this embodiment, the mass flow of the fluid
flow 7 is limited by the plate 11 (i.e. the thickness of the
passage 12) and the shape and configuration of the guide
vane row 6 and annular plate 9.

[0058] Moreover the temperature increase is limited
because the amount of energy pressure of the fluid flow
converted into heat is limited (this energy is gathered as
mechanical power by the main rotor blades 16).

[0059] Figures 8 and 9 show two embodiments of a
radial micro-turbine having the guide vane row 6 and the
rotor blade row 14.

[0060] In particular figure 8 shows a stator part 2 from
which the main stator blades 18 extend and a rotor part
3 from which the main rotor blades 16 extend.

[0061] Between the stator part 2 and the rotor part 3
there is the gap 4.

[0062] In the gap 4 an annular plate 9 extending from
the stator part 2 and carrying at its border the guide vane
row 6 and downstream of it a rotor blade row 14 extending
from the rotor part 3 are housed.
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[0063] During operation the fluid flow 7 (compressed
air) passes through the guide vane row 6 and then
through the rotor blade row 14.

[0064] Mechanical power is gathered on the rotor part
3 (this limits the increase of temperature).

[0065] In this case the mass flow through the seal 5 is
defined by the configuration of the guide vane row 6 and
rotor blade row 14.

Figure 9 shows a further embodiment similar to those
already described. This embodiment has a guide vane
row 6 extending from an annular plate 9 connected to a
stator part 2, a rotor blade row 14 and a further annular
plate 9.

Figures 10 through 12 show three seals defining a micro-
compressor; also in these cases the reference numbers
are the same as those already used to indicate the same
or similar elements.

[0066] In particular figure 10 shows a seal 5 defining
an axial micro-compressor.

[0067] In this respect, figure 10 shows a stator part 2
and a rotor part 3 defining a gap 4.

[0068] The stator part 2 carries a guide vane row 6 and
upstream of it (with respect to the fluid flow 7) the rotor
part 3 carries a rotor blade row 14.

[0069] Moreover, upstream of the rotor blade row 14,
the seal 5 has an annular plate 9 extending from the
stator part 2 and a further annular plate 11 extending
from the rotor part 3.

[0070] During operation the fluid flow 7 is drawn from
a lower pressure area 22 to a higher pressure area 24.

[0071] In particular, the fluid flow 7 (initially in the lower
pressure area 22) overcomes the annular plates 11 and
9 and then passes through the rotor blade row 14 and
thus through the guide vane row 6 to be supplied to the
higher pressure area 24.

[0072] Nevertheless, at the tip of the blades of the rotor
blade row 14 aleakage 25 passes, conveying a flow from
the higher pressure area 24 to the lower pressure area
22.

[0073] The seal 5 can thus be designed in order to
have a desired flow from the higher pressure area 24
towards the lower pressure area 22, or no flow at all (i.e.
the leakage 25 from the higher pressure area 24 towards
the lower pressure area 22 is fully compensated by the
flow 7 from the lower pressure area 22 towards the higher
pressure area 24).

[0074] Moreover, the seal 5 can be designed in order
to have a reverse flow, i.e. the fluid flow 7 from the lower
pressure area 22 towards the higher pressure area 24 is
greater than the leakage 25 from the higher pressure
area 24 towards the lower pressure area 22.

[0075] In this embodiment the mass flow of the fluid is
defined by the annular plates 11 and 9 and by the con-
figuration and shape of the rotor blade row 14 and guide
vane row 6.

[0076] In addition, the temperature increase is limited,
because the amount of energy pressure converted into
heat is limited (on the contrary the fluid pressure energy
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is increased).

[0077] Figure 11 shows a further embodiment of axial
micro-compressor having rotor blade row 14.

[0078] In this embodiment, the rotor part 3 carries the
rotor blade row 14 and, upstream of it, an annular plate
11; between the rotor blade row 14 and annular plate 11
the stator part 2 carries an annular plate 9.

[0079] Figure 12 shows an embodiment of radial mi-
Cro-compressor.

[0080] In this embodiment the stator part 2 carries the
main stator blades 18 and a rotor part 3 carries the main
rotor blades 16.

[0081] Between the stator part 2 and the rotor part 3
the gap 4 is provided.

[0082] In the gap 4 a rotor blade row 14 extends from
the rotor part 3 and a guide vane row 6 extends from the
stator part 2.

[0083] This embodiment could be used for example to
reduce or eliminate the purge air, i.e. the air injected in
the gap 4 to prevent the hot gases flowing in the hot gases
path 20 from entering the gap 4.

[0084] In this respect, the seal 5 could be designed
such that a recirculation occurs that keeps the hot gases
in the hot gases path 20.

[0085] In this embodiment the mass flow of the fluid is
defined by the configuration and shape of the rotor blade
row 14 and guide vane row 6.

[0086] In addition, the temperature increase is limited,
because the amount of energy pressure converted into
heat is limited (the energy of the fluid is increased).
[0087] The rotating machine conceived in this manner
is susceptible to numerous modifications and variants,
all falling within the scope of the inventive concept; more-
over all details can be replaced by technically equivalent
elements.

[0088] In practice the materials used and the dimen-
sions can be chosen at will according to requirements
and to the state of the art.

REFERENCE NUMBERS
[0089]

rotating machine
stator part

rotor part

gap

seal

guide vane row
fluid flow

9 annular plate

10  annular passage
11 annular plate

12 annular passage
14 rotor blade row
16  main rotor blade
18  main stator blade
20  hot gases path
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22 lower pressure area
24 higher pressure area
25 leakage

Claims

1. Rotating machine (1) with improved seal comprising
stator parts (2) and rotor parts (3) between which a
gap (4) housing at least a seal (5) is provided, char-
acterised in that said seal (5) comprises a guide
vane row (6), that extends from a stator part (2) and
is arranged to guide a fluid flow, and/or a rotor blade
row (14), that extends from a rotor part (3) and is
arranged to exchange mechanical power with the
fluid flow, said guide vane row (6) and/or rotor blade
row (14) maintaining a differential pressure between
areas at opposite ends of the seal (5) and preventing
the fluid flow from dissipating its pressure energy
generating heat.

2. Rotating machine (1) as claimed in claim 1, charac-
terised by comprising an obstruction (9, 11) ar-
ranged to limit the fluid flow (7) through said gap (4).

3. Rotating machine (1) as claimed in claim 2, charac-
terised in that said obstruction (9, 11) comprises
an annular plate.

4. Rotating machine (1) as claimed in claim 3, charac-
terised in that said annular plate (9) extends trans-
versally from the stator part (2), defining a prefixed
annular passage (10) for the fluid flow (7).

5. Rotating machine (1) as claimed in claim 4, charac-
terised in that said guide vane row (6) extends from
said annular plate (9).

6. Rotating machine (1) as claimed in claim 3, charac-
terised in that said annular plate (11) extends trans-
versally from the rotor part (3), defining a prefixed
annular passage (12) for the fluid flow (7).

7. Rotating machine (1) as claimed in claim 6, charac-
terised in that said rotor blade row (14) extends
from said annular plate (11).

8. Rotating machine (1) as claimed in claim 1, charac-
terised in that said seal (5) defines an axial or a
radial micro-turbine.

9. Rotating machine (1) as claimed in claim 1, charac-
terised in that said seal defines an axial or radial
micro-compressor.

10. Rotating machine (1) as claimed in claim 1, charac-
terised by being a gas or steam turbine.
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11. Rotating machine (1) as claimed in claim 1, charac-
terised in that the blades of the guide vane row (6)
and/or rotor blade row (14) have a height of less than
10 millimetres, preferably less than 5 millimetres and
more preferably less than 3 millimetres.
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