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(57) Abréegée/Abstract:

he Invention relates to a lamellar seal for sealing a shaft that rotates about an axis, especially in a gas turbine. Said seal comprises
a plurality of interspaced lamellae (13; 13a-d) that are disposed Iin a concentric circle about the axis and are fixed in their position,
the faces of said lamellae (13; 13a-d) being substantially parallel to the axis. The aim of the Iinvention Is to provide an improved
lamellar seal of the aforementioned kind. For this purpose, the lamellae (13; 13a-d) are provided with respective means

(273a,b; 28, 29a,b; 30a,b) for positioning and retaining the lamellae (13; 13a-d) in the lamellar seal. Saild means are molded to the
lamellae and have one or more laterally protruding projections (27a,b; 28, 29a,b; 30a,b).
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Abstract of the Disclosure

A leaf seal for sealing a shaft rotating about an axis,
in  particular in a gas turbine, comprises a
multiplicity of spaced-apart leaves (13; 13a-d) which
are arranged 1in a concentric circle around the axis and
are fixed 1n their position, the 1leaves (13; 13a-d),

with their surface, being oriented essentially parallel

to the axis.

The 1leaf seal 1is 1improved by the leaves (13; 13a-4d)
each having i1ntegrally formed means (27a, b; 28, 29a,

b; 30a, b) for positioning and retaining the leaves
(13; 13a-d) in the leaf seal.

(Fig. 7)
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DESCRIPTION
LEAF SEAL, IN PARTICULAR FOR A GAS TURBINE

TECHNICAL FIELD
The present invention relates to the field of sealing
in zrotating machines. It relates to a leaft seal

according to the preamble of claim 1.

PRIOR ART

A gas turbine consists of a rotor, on which wvarious
stages with compressor blades and turbine blades are
provided, and of a stator housing. The rotor 1s mounted

in bearings at each end of the rotor shatt.

The control of the gas flow inside the gas turbine 1is
of paramount 1importance with regard to both the
functionality and the effectiveness. Sealing techniques
are used at various locations along the rotor shaft 1in
order to reduce the axial gas flow along the shaft.
This 1is especially important next to the bearings in
order to prevent the o0il which i1s used in the bearings

from overheating due to the hot gases of the gas flow.

Two types of sealing techniques are traditionally used
in this situation - wusually alternatively, sometimes
also 1n combination. These are labyrinth seals and

brush seals.

Labyrinth seals have no metal-to-metal contact between
the rotor and the stator; the sealing effect 1s
therefore relatively small. However, they offer the
advantage of low rotational friction and of a therefore

virtually unlimited service life.

On the other hand, brush seals have higher friction
losses on account of the friction between the bristle
ends and the rotor shaft. This results 1n wear, which

limits the service life of the seal. However, brush
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seals stem the axial gas flow more effectively, 1in

N

particular 1n the case of higher axial pressure

differences.

The wuse of these technologies for sealing 1in gas
turbines has numerous restrictions. Firstly, the axial
pressure difference that they can withstand 1s still
fairly low. In the case of the brush seals, this 1s due
to the bristles, which have the same stiffness 1in the
axial and circumferential directions: high pressures
can cause the bristles to blow back on themselves in
the axial direction. The capability of the seals to
allow a significant radial movement and to resist 1t 1is

also low.

The design of a brush seal 1s often a compromise
between the wuse o©of a supporting plate, which 1s
intended to give sufficient axial support, and the non-

restriction of the radial movement.

In order to avoid the disadvantages of the known brush
seal, a leaf seal has been proposed in US-B1l-6,267,381,
this leaf seal performing the same function as either a
labyrinth seal or a Dbrush seal but having the
advantages of both. Instead of the bristles, which are
produced from wires of circular cross section, thin
metal leaves are assembled 1n a certailn arrangement
(see, for example, fig. 2 of US-B1l-6,267,381 or fig. 1
of the present application). The leaves, which are
oriented with thelr surfaces essentially parallel to
the axial direction, are much stiffer in the axial
direction than 1n the circumferential direction. Thus
the seal <c¢an withstand higher pressure differences
without restricting their possibilities for allowing
radial movements. The wide region on the rotor, which
1s swept by the tips of the leaves, provides the
opportunity of producing a hydrodynamic force during
operation, and this hydrodynamic force can separate the

leaf tips from the shaft. In this way, a distance of a
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few microns can be produced and maintained, so that the

wear, the friction heat and the friction losses can be

reduced virtually to zero.

The basic design relates to a number of thin metal

leaves which have a controlled air gap between them and
are fastened at a predetermined angle to the radius.
The air gap is a critical design parameter: it enables
an alr flow to occur in order thus to produce the
hydrodynamic effect; however, it must not be so large

as to allow an excessive axial leakage flow.

Two varilants of leaf seal designs are possible; in the
one varlant the leaves are blown downward, but in the
other they are blown upward. In the variant having the
leaves blown downward, there is a distance between the
leaf tips and the shaft during the assembly and start-
up, and this gap 1s reduced to very small values by the
use of an air flow between the leaves. On the other
hand, 1n the variant having the upward blowing, there
1s slight mutual influencing between the leaf tips and
the shaft during the start-up, and a distance 1is
produced when the shaft 1s accelerated. In both cases,
the flow of the medium through the air gaps between the
leaves 1s c¢critical, as 1s the control of the seal’s

inside diameter, which is produced by the leaf tips.

Th

a front and a rear plate which leave a narrow gap free

r_ N

e alr flow through the leaves can be varied by using

between the surfaces of the leaf stack and the plates
(see abovementioned figs 1 and 3). A careful design of
these geometries makes it possible to control the
upward or downward blowing effects. It may also be
desirable to assist the downward blowing effect by an

active pressure feed along the length of the leaves or

inward from the front side or from the rear directions.

One of the other main advantages of the leaf seal

concept 1s a greater tolerance of the radial movement
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than in labyrinth or brush seals. This requires a large
distance there between the inside diameter of the front

and rear end plates and the shaft.

Depending on the geometry selected for the seal and on
the diameter of the shaft to be sealed, the number of
leaves can be several thousand or umpteen thousand. The
accuracy with which said leaves can be produced,
assembled and connected, in the course of which a
reproducible air gap between each pair of 1leaves 1is
ensured, 1s critical for the successful implementation

of every possible seal design.

The Jjolning method for fixing the 1leaves in their
position could be a mechanical technique, such as
clamping 1n place, welding or brazing or any possible
combination thereof. It is quite obviously important
that a minimum disturbance of the leaves or of their

relative positions occurs during the joining process.

DESCRIPTION OF THE INVENTION

The object of the invention is therefore to provide a
leaf seal which avoids the disadvantages of known leaf
seals and 1s distinguished in particular by improved

manipulation, positioning and retention of the leaves.

The object is achieved by all the features of claim 1
in their entirety. The essence of the invention
consists 1n providing, at the individual leaves, in
each case 1integrally formed means for positioning and
retaining the leaves in the 1leaf seal. During both
manual assembly and auto.mated assembly, this makes it
easler and simpler to put together the leaves to form
leaf stacks and to process them further into the

finished leaf seal and makes it possible to do so with

increased precision.

According to a preferred refinement of the invention,

the means for positioning and retaining the leaves
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comprise one oOr more laterally projecting arms. In
particular, the handling of the leaves and putting them
together to form leaf stacks 1is further improved by the
arms being of asymmetrical design relative to a center
line, running in the longitudinal direction, of the

leaves.

The asymmetry can be achieved by an arm being provided

only on one side.

However, 1t 1is also conceivable for two opposite arms
which project laterally to a different extent to Dbe

provided.

Furthermore, asymmetry can be Dbrought about by two
opposite arms being provided which are located at
different heights as +viewed 1in the 1longitudinal

direction.

Spacers are preferably provided 1n order to set the
distance between successive 1leaves 1n the leaf seal;
the arms in this case are arranged in the region of the

spacers.

In particular, it has proved successful for the spacers

to be arranged in the outer end region of the leaves.

The spacers may be formed as 1integral elements on the

leaves as regions of greater thickness.

However, the spacers may also be designed as elements
embossed 1n the leaves, each leaf, 1n the radial
direction, preferably having at 1least two embossed
spacers which are arranged one behind the other and fix

the position of the leaves relative to one another.

However, it 1s also conceivable for the spacers to be

designed as separate elements.



5

10

15

20

25

30

35

CA 02590253 2007-06-08

- 6 -

So that air can be directed 1into the 1intermediate
spaces between the leaves, 1t 1s advantageous 1f, 1n
the region of the arms or spacers, through-holes are
provided in the 1leaves perpendicularly to the leaf

plane.

A further improvement 1n the properties of the leaf
seal <can be achieved by additional elements for
influencing the mechanical and/or fluidic properties of
the leaf being provided on the leaves. The additional
elements are preferably designed as ribs which run on a
longitudinal edge and on the bottom transverse edge and
merge into one another at a corner of the leaf.
Especially favorable mechanical properties of the leaf
are obtained if the leaf has a head part, at which 1t
is fastened in the leaf seal, and if the rib running on

the longitudinal edge ends in front of the head part.

Finally, the fastening of the leaves 1n the leaf seal
can be improved by the 1leaves each being subdivided
into a head part having the spacer and a sealing part
and by the sealing part being inclined relative to the

head part.

BRIEF EXPLANATION OF THE FIGURES
The invention is to be explained in more detall below
with reference to exemplary embodiments in connection

with the drawing, in which:

fig. 1 shows a perspective side view of the typical
construction of a leaf seal as used 1in a gas

turbine;

fig. 2 shows, in the axial direction, the side view of
the arrangement , inclined from the radial
direction, of individual leaves with their

intermediate spacers;
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shows the view of a leaf seal, comparable with

fig. 1, in the circumferential direction, with a

front and a rear end plate;

shows, as viewed in the axial direction, a stack
of leaves with sealing parts, tilted relative to
the tip direction, according to a preferred

exemplary embodiment of the invention;

shows, as viewed in the axial direction, a stack
of leaves with 1integral spacers of constant
thickness according to another preferred

exemplary embodiment of the invention;

shows, in an illustration comparable with fig.
5, a stack of leaves with i1integral, embossed
pairs of spacers according to another preferred

exemplary embodiment of the invention;

shows, in wvarious partial figures (figs 7a-d4d),
individual leaves with symmetrical and
asymmetrical arms, for making i1t easier to put
said leaves together, according to a further

preferred exemplary embodiment of the invention;

shows a 1leaf with integral spacer, a through-
hole for forming a plenum and air-gulde passages
according to another preferred exemplary

embodiment of the invention;

shows a leaf with associlated separate spacer for
forming a plenum and controlling the air feed
according to another preferred exemplary

embodiment of the i1nvention;

shows the alternative arrangement of leaf and

spacer from fig. 9; and
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fig. 11 shows a leaf with 1integral spacer and additional
ribs for stiffening and for air guidance
according to another preferred exemplary

embodiment of the invention.

WAYS OF IMPLEMENTING THE INVENTION

Shown in fig. 1 1in a perspective side view 1s the
typical construction of a leaf seal as used 1n a gas
turbine. The leaf seal 12 seals a rotor shaftt 11,
rotating in the arrow direction, of the gas turbine 10
with respect to a housing 14. A stack of tightly
spaced-apart thin leaves 13 1is arranged 1in a ring 1in
the annular intermediate space between the rotor shaft
11 and the housing 14. With their surface, the leaves
13 are oriented parallel to the axis of rotation of the
machine. According to fig. 2, the 1leaves are tilted
from the radial direction by an angle wl and have a
narrow gap or intermediate space 18 between them, which
is preferably established by spacers 17 arranged
between the 1leaves 13. The spacers 17 of fig. 2 are
shown as separate elements. However, they may also be

integrated in the leaves as shown 1n figs 4-6 and 11.

According to figs 1 and 3, the air flow through the
leaves 13 can be varied by using a front and a rear end
plate 15 and 16, respectively, which leave a narrow gap
free between the surfaces of the leaf stack and the end
plates 15, 16 (distances a and b in fig. 3). A careful
design of the these geometries makes 1t possible to
control the upward and downward Dblowing effects
mentioned at the beginning. It may also be desirable to
assist the downward blowing effect by an active
pressure feed along the length of the leaves or inward

from the front side or from the rear directions.

One of the other main advantages of the leaf seal
concept shown in fig. 1 or 3 1is a greater tolerance of
the radial movement than in labyrinth or brush seals.

This requires a 1large distance between the inside
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diameter of the front and rear end plates 15, 16 and
the rotor shaft 11 (distances ¢ and d in fig. 3). The

gap between the leaves 13 and the rotor shaft (distance

e in fig. 3) 1s only a few microns.

The leaves 13 may be produced with an integral spacer,
so that no separate spacer 1s8 reguired 1in order to
produce the requisite alr gap between the leaves when
the leaves are brought together or are connected to one
another 1in the leaf seal. The integral spacers can be
produced 1in different ways, as shown in figs 5 and 6.
According to fig. 5, the leaves 13 of the leaf seal 24
are produced with regions of different thickness. The
regions having the larger thickness act as spacers 23,

on account of which a gap 18 1s produced between the

active sealing regions of the adjacent leaves. The
different thicknesses can be produced, for example, by
photochemical processing of the metal sheets used for
the 1leaves. Alternatively, selected regions can be
masked by a printing process, such as, for example,
screen printing or 1ink Jjet printing, 1n order to
subsequently reduce the thickness of nonmasked regions
by etching or increase their thickness by a plating

process.

According to fig. 6, integral spacers 25 1n the form of
beads which are arranged one behind the other in the
radial direction at a distance apart can be embossed in
the leaves 13 of the 1leaf seal 26 by means of an
embossing process. Within the embossing process, the
leaves 13 can at the same time be punched as an entity
out of a rolled metal sheet. The embossed spacers 25
give the 1leaf stack bending elasticity, which can be
used during the assembly of the leaf seal 1n order to

control the size of the air gap 18.

Means of positioning and retaining the leaves, which
are integrally formed on the leaves, are especially

important for the manipulation and positioning of the
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individual leaves and for putting them together 1in the
leaf stack forming the leaf seal. Leaves 13a-d
according to fig. 7 having integrally formed arms 27a,
b, 28, 29%9a, b or 30a, b which project 1in the top part
of the leaf laterally to one side or to two opposite
sides make it easier to put the leaves together (in an
automated manner) 1in a holder before the subsequent
joining process. The arm or arms 27a, b, 28, 2%9a, b and
30a, b permit defined positioning 1in the radial
direction and help during the control of the tilt angle

of the leaves.

The leaf 13a shown in fig. 7a has two arms 27a, b which
are formed symmetrically to the center 1line 46.
However, a configuration of the arms which has certain
asymmetry relative to the center 1line 46, as 1s the
case in the embodiments in figs 7b-d, 1s advantageous.
If the leaf seal is assembled manually, the asymmetry
enables the assembler to easily recognize leaves
possibly put together 1incorrectly, or makes 1t
impossible to assemble the seal from the outset due to

the leaves incorrectly put together.

If the assembly 1is automated, the correct feeding of
the parts in the correct orientation 1is crucial. 1In
this case, the asymmetry permits the use of automated
orientation processes which are based on a deviation of

the geometric center from the center of mass.

In the example in fig. 7b, the asymmetry at the leaf
13b is produced by an arm 28 beling provided only on one
side. In the example in fig. 7c¢, the leaf 13c¢ has two
opposite arms 29a and 29b which project laterally to a
different extent and thereby produce asymmetry. In the
example in fig. 7d, on the leaf 13d, two arms 30a and
30b are arranged at different  heights in the

longitudinal direction.
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In the exemplary embodiments shown in fig. 7, the arms
are arranged at the (top) end of the leaf, at which the
leaf 1s also fixed 1n the leaf seal. However, it may
also be conceivable and desirable in certain cases to
provide the arms at other points of the leaf. The
configurations of the arms must also always be taken
into account 1in the case of separate spacers, provided
separate spacers are used 1n the leaf seal (in this

respect see also figs 9 and 10).

If the arms are of mechanically robust design, a
metallurgical connection between the leaves may be
unnecessary. The structural positioning and retention
of the leaves may then be effected by the housing (see

14 1n fig. 1) 1n which the arms are accommodated.

For leaf seals having the possibility of an active air
feed for assisting the downward blowing effect or the
blowing effect, special configurations may be provided
at the leaves. Such configurations associated with the
alr feed are reproduced in figs 8, 9 and 10. The air
feed may be effected 1n the radial direction or via the
front side of the leaf packing. By means of through-
holes 31 or 36, respectively, 1n the 1ndividual leaves
13e or the stacks of leaves 13f and spacers 33, an
annular chamber 1s formed 1n the leaf seal, and this

annular chamber acts as a plenum.

If - as 1n the case of fig. 8 - an integral spacer 32
(having an asymmetrical arm 43) is used, the plenum and
the directional air feed can be achieved by a through-
hole 31 and passages 47 starting therefrom. The air
then flows 1n the direction of the depicted arrows
through the passages 47 1nto the gap between the

adjacent leaves.

If - as 1n the case of figs 9 and 10 - separate spacers
33 are used, the plenum and the directional air feed

can be achieved by a superimposition of semicircular
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recesses 34, 35 or comparable geometries in the

alternately arranged leaves 13f and spacers 33.

Furthermore, for putting the 1leaves together exactly
and for facilitated connection of the leaves, it may be
advantageous 1f, according to fig. 4, the head part 21
of the 1leaves 1s oriented in the radial direction,
whereas the sheet-like sealing part 22, in contrast, is
inclined by a suitable angle. In particular, the
pressure forces which are indicated by block arrows in
fig. 4 and which are applied during the assembly of the
leaf seal 20 in order to ensure the tightest packing do
not cause the leaves to slip relative to one another
(this is not the case if head part 21 and sealing part
22 are located 1n one plane). The geometry shown in
fig. 4 also enables the entire surface of the integral

spacers to be used for the connection of the leaves.

The process - photochemical or other process - for
producing (structuring) the leaves may also be used to
produce  additional elements for 1influencing the
mechanical and/or £fluidic properties of the leaf.
According to fig. 11, such additional elements may be
designed as ribs 39, 40 which run on a 1longitudinal
edge and on the bottom transverse edge and merge into
one another at a corner of the leaf 13g. The ribs 39,
40 1ncrease the rigidity of the leaf 13g, reduce the
axlial air 1loss, prevent twisting of the leaves and
assist the guidance of the air flow during the upward

or downward blowing effect.

The ribs 39, 40 can be formed during the processing of
the leaves 13g together with the integral spacer 37,
which 1likewise has 1lateral arms 45a and 45b and a
through-hole 38 for forming a plenum. Furthermore,
baffle elements 42 for the radial air flow may be
formed. Furthermore, the rigidity of the leaves 13g can
be influenced by forming a hinge region 41 (reduced in

thickness) between the integral spacer 37 and the rib
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39. The rib 39 running on the longitudinal edge ends 1in
front of the head part 21 of the leaf 13g. The sealing
part 22 of the leaf 13g can be comparatively stiff on
account of the rib 39, whereas the elastic flexibility
of the leaf in the radial direction 1is still retained

due to the hinge region 41.
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LIST OF DESIGNATIONS

10 Gas turbine

11 Rotor shaft

12 Leaf seal

13, 13a-g Leaf

14 Housing

15, 16 End plate

17, 33 Spacer (separate)
18 Gap (intermediate space)
19 Gas flow

20, 24, 26 Leaf seal

21 Head part

22 Sealing part

23, 32 Spacer (integral)
25 Spacer (embossed)
27a, b Arm

28 Arm

29a, b | Arm

30a, b Arm

31, 36, 38 Through-hole

34, 35 Recess

37 Spacer (integral)
39 Rib (longitudinal direction)
40 Rib (transverse direction)
41 Hinge region

42 Baffle element

4 3 Arm

44a, b Arm

45a, b Arm

46 Center line

477 Passage

a...e Distance

wl Angle
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WHAT IS CLAIMED IS:

A leaf seal (12) for sealing a shaft rotating
about an axis, 1n particular in a gas turbine
(10), which leaf seal (12) comprises a
multiplicity of spaced-apart leaves (13; 13a-g)
which are arranged in a concentric circle around
the axis and are fixed in their position, the
leaves (13; 13a-g), with their surface, being
oriented essentially parallel to the axis,
characterized in that the leaves (13; 13a-g) each
have 1ntegrally formed means (27a, b; 28, 29%9a, Db:
30a, b; 43; 44a, Db; 45a, b) for positioning and
retaining the leaves (13; 13a-g) in the leaf seal
(12), which means comprise one or more laterally
projecting arms (27a, b; 28, 29a, b; 30a, b; 43:
44a, b; 45a, b).

The leaf seal as claimed in claim 1, characterized
in that the arms (27a, b; 28, 29a, b; 30a, b; 43;
444, b: 45a, b) are of asymmetrical design
relative to a center 1line (46), running in the

longitudinal direction, of the leaves (13; 13a-qg) .

The leaft seal as claimed in claim 2, characterized

in that an arm (28) is provided only on one side.

The leaf seal as claimed in claim 2, characterized
in that two opposite arms (29a, b) which project

laterally to a different extent are provided.

The leaf seal as claimed in claim 2, characterized
in that two opposite arms (29a, b) are provided
which are located at different heights as viewed

in the longitudinal direction.

The leaf seal as claimed in one of claims 1 to 5,
characterized in that spacers (23, 25, 32, 33) are

provided in order to set the distance (18) between
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successive leaves (13; 13a-g) in the leaf seal
(12), and 1in that the arms (27a, b; 28, 29a, b;
30a, b; 43; 44a, Db; 45a, b) are arranged in the
region of the spacers (23, 25, 32, 33, 37).

The leaf seal as claimed in claim 6, characterized
in that the spacers (23, 25, 32, 33, 37) are
arranged 1n the outer end region of the leaves
(13; 13a-9g).

The leaf seal as claimed in claim 6 or 7,
characterized in that the spacers (23, 25, 32, 37)
are formed on the leaves (13; 1l3a-g) as regions of

greater thickness.

The leaf seal as c¢laimed in c¢laim 6 or 7,

characterized 1in that the spacers (25) are

designed as elements embossed in the leaves (13).

The leaf seal as c¢laimed 1in claim 9, characterized
in that each leaf (13), in the radial direction,
has at least two embossed spacers (25) which are
arranged one behind the other and fix the position

of the leaves relative to one another.

The leaf seal as claimed in claim 6, characterized
in that the spacers (33) are designed as separate

elements.

The leaf seal as claimed in one of claims 6 to 11,
characterized in that, in the region of the arms
(27a, b; 28, 29a, b; 30a, b; 43; 44a, b; 45a, b)
or spacers (23, 25, 32, 33, 37), through-holes
(31, 38) are provided in the 1leaves (13e-g)
perpendicularly to the leaf plane.

The leaf seal as claimed in claim 1, characterized
in that additional elements (39, 40) for

influencing the mechanical and/or fluidic
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properties of the leaf are provided on the leaves
(13g) .

The leaf seal as claimed 1n claim 13,
characterized 1n that the additional elements are
designed as ribs (39, 40) running on a
longitudinal edge and on the bottom transverse

edge.

The leaf seal as claimed in claim 14,
characterized in that the two ribs (39, 40) merge

into one another at a corner of the leaf (13g).

The leaf seal as claimed 1n claim 14 or 15,
characterized 1n that the leaf (13g) has a head
part (21), at which 1t 1s fastened 1n the leaf
seal (12), and in that the rib (39) running on the
longitudinal edge ehds in front of the head part
(21) .

The leaf seal as claimed in claim 8, characterized
in that the leaves (13) are each subdivided into a
head part (21) having the spacer and a sealing
part (22), and in that the sealing part (22) 1s
inclined relative to the head part (21).
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