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(54) Abstract Title: A seal arrangement for sealing between turbine blades
(57) A seal arrangement for sealing between turbine blades 1, 2 comprising a filler subassembly 3 which

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.

spans the space between adjacent turbine blades 1, 2 in order to isolate the annular gas intake area 4
from the central machinery space 5. The filler subassembly comprises a filler member 7 and seal
members 10, 11 located in slots at either end of the filler member. Each of the seals 10, 11 engages a
respective blade 2, 1. The seal members 10, 11 and slots have cooperating inclined surfaces 12, 8
whereby when the turbine rotates in use, an upward force is generated on the seal members 10, 11 as a
result of the cooperation of the surfaces 12, 8, so that they move upwardly to close the respective gap 13
between the respective edge of the filler member 7 and the associated blade 1, 2.
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. IMPROVEMENTS TO SEALS

Field of the Invention

The invention relates to axial compressor assemblies where there

is a requirement to isolate the annular shaped gas intake spaces

through which the compressor fan blades are rotating from the

central cylindrical spaces containing the rotor bearings and

other precision machinery parts of the engine. The invention is
of particular, but not exclusive benefit; to large ailrcraft gas

turbine engines where the initial stages of the compressor

occupy relatively large intake diameters.

Background to the Invention

In the case of modest glze axial compressors, the annular

isolation feature required to separate the gas intake path from

the central machinery space can be obtained by arranging for the

adjacent fan Dblade root fixtures to abut each other on a

boundary line which is in a plane approximately mid way between

adjacent fan blades.
large axial compressors, particularly on those

However, on
the spacing between

employed in aircraft gas turbine engines,
fan blades on the initial two or three stages is
enable the blade root fixtures to abut and the current

adjacent too

large to
practice 1s to fit 1ightly constructed annulus sealing membranes

or "fillers" to seal up and 1solate, as far as possible, the

central machinery spaces from the gas being compressed by the

rotating fan blades. In a typical installation the gas pressure

generated by the initial stages may be for example 4 or 5 bars
(60 to 75 p.s.i.) above the pressure exlsting in the central

machinery core of the engine.

The high stresses due mainly to centrifugal forces set up in the

rotating fan blades and the expansion and consequent distortion
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of metal alloy components due to varying temperature rises

in a situation where it 1is not possible to use close

results
in the regions between adjacent fan

fitting mating components

blade roots. Because of this situation the annulus sealing

fillers have to be provided with a significant working clearance
wvhere the boundaries of the fillers are adjacent to the blade
A further reason for maintaining a boundary gap is to

profile.

prevent metal to metal contact resulting in fretting on the fan

blade surfaces at radial distances from the turning centre where
their

due to centrifugal force are at or near

working gaps up to 4 to 6
large

the stresses

maximum values. In practice,

millimetres (0.16 to 0.24 inches) can be present on

by-~pass flow gas turbilnes.

The present method of sealing the gaps between the fan blade

profiles znd the filler and to prevent metal to metal fretting

is to provide sgubstantially rectangular section flexible strip

polymer seals located 1in rectangular section grooves along the

edges of the fillers which are adjacent to the fan blade

working 1life of these seals {is at
service life of the adjacent

profiles. The present

significantly legs than the normal

metal alloy components.

Summary of the Invention

The improvements which are the subject of this invention are to

flexible polymer sealing strips with semi-rigid

replace the
. Oor made of a

sealing strips made of polymer material,
combination of materials and to so shape the seals and the seal
locating grooves in the filler that centrifugal force acting on

of each sealing strip holds the strip in contact with

the mass
simuitaneously providing

one surface of the filler whilst

opposing forces Iin substantially circumferential directions

which hold the said sealing strips in contact with the fan blade
said combination of substantially radial and

profiles; the
sufficient to hold the sealing

circumferential forces being
in contact with the cooperating sealing surfaces
gas pressure acting on the exposed

strips against

the forces generated by the

surface areas of the strips.
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Where a combination of materials is used for making the sealing

strips this may be in the form of a centrat relatively heavy

core to provide both seml-regidity and mass, the latter required
centrifugal force, the core Dbeing

to generate sufficient
provide the gas

surrounded by a flexible polymer coating to
sealing surfaces and to prevent the metal to metal contact on

the highly stressed regions of the fan blades.

Brief Description of the Drawings
Figure 1 is a view looking on the air entry end of an alrcraft
gas turbine in which the entry stage fan assembly

partially removed through two fan blades to show a cross section
with a typical current design

has been

of a filler sub-assembly provided

of polymer sealing strips.

Figure 2 is an enlarged cross section of the same two blades

as shown in Figure 1 but with the modified design of filler and

sealing strips, the subject ofF this invention.

3 shows a view of a further embodiment of the sealing

Figure
with a surrounding polymer

strip having a metal core Bsection

coating.

Description of the Preferred Embodiments

Figure 1 shows a simplified view of the intake area of an

aircraft gas turbine of current desgsign. Two of the first stage

fan blades 1 and 2 have been partially sectioned near the blade

root fixings to illustrate the filler sub-assembly 3 which spans

the space between the adjacent fan blades 1 and 2 in order ¢to

isolate the annular gas intake area 4 from the central machinery
space 5. The polymer seal 6 which limits the gas leakage between

these two spaces is of rectangular cross section form and is

contained within rectangular shaped slots in the filler with one

free surface abutting the fan bklade profile.
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Figure 2 shows an enlarged view of the sectioned area in Figure

1 with the filler sub-assembly 3 replaced by the new design of
filler 7 and seals 10 and 11, the subject of this invention.éThe

rectangular glots have now been replaced by slots]in

former
which wazs in a direction

which the former outer slot surface,

substantially parallel to the filler outer surface has now been

replaced by a slot surface 8 which is inclined as illustrated.

The central inward directed protrusion 9 is an anchor extension
which holds the filler sub-assembly on to the rotor shaft (not
iliustrated in Figure 2). The slot surface 8 inclination angle,
related to a radial plane lying in the axis of rotation of the
compressor and passing through the centre of gravity of the
seals 10 and 1! contained within the slots, is typically 45

degrees., The cross sections of the seal strips 10 and 11 are soO

shaped that, along the seal strip lengths, the seals have

surfaces 12 which cooperate with the inclined surfaces 8 in the

filler 7 slots.

Ag the compressor rotatlon accelerates from rest, the radial

centrifugal forces acting on the seal strips, increase
and causing each seal to

overcoming the gravitational forces
8 in the filler slot.

exert a force on the inclined surface
Because of the inclination of the surfaces 8 and 12 on each gide
of the filler two opposed outward directed forces are generated

by these radial centrifugal forces acting on the seals. Provided

that the surfaces inclination angles are sufficiently small

relative to the aforementioned plane the outward directed forces
due to the cooperating

will overcome the restraining forces
seal 'will slide upwards

surfaces friction coefficlent and each
inciined outer =slot surfaces causing the

13 between the edge of the
This arrangement, therefore,

as drawn along the
seals to span the clearance gap
filler and each fan blade profile.
ensures that substantial sealing contact

generated on both the fan blade profiles and the filler inclined
normal

pressures can be

slot surfaces vwhen the compressor 1s rotating at its

running speeds.

Figure 3 shows a sealing strip 14 removed from the filler slot.

In order to increazse the stiffness of the seal when dealing with
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wide and varying gaps 13 it may be necessary to provide a metal

alloy reinforcing wire or tube core 15 moulded, or otherwise

located, in the centre of the seal section. A further

embodiment, when dealing with high rotor speeds and high
pressure dlifferences across the gaps 13 can be to use a metal
gsection which is a similar shape but smaller than the

gas

core
required seal section and to make up the dimensional difference

with a polymer coating which surrounds, or partly surrounds, the

core at substantially constant thickness.

The core section may also be used to modify the mass of the

seal, for example, a solid metal core using an iron based alloy

can have a density of between five to seven times the density of
the polymer seal material. This facility will enable the sealing
pressures to be modified for any given rotor speed because these
pressures will be in a linear relationship to the centrifugal

forces vwhich, in turn, are proportional to the mass of each

composite materjial seal.
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CLAIMS

1. A seal arrangement for sealing between turbine blades comprising a filler
section for extending between the blades and defining oppositely facing slots at
its edges and a respective seal member located in each slot for engaging its
respective blade characterised in that the seal members and the slots have
cooperating inclined surfaces whereby when the turbine rotates in use an
upward force is generated on the seals as a result of the cooperation of the
surfaces, so that the move upwardly to close the respective gap between the
respective edge of the filler section and the associated blade.

2. An arrangement as claimed in claim 1 wherein the filler section includes
an anchor for anchoring the filler section relative to the blades.

3. An arrangement as claimed in claim 2 wherein the seals retained by the
blades and the filler section.

4. An arrangement as claimed in any one of the preceding claims wherein
the seals are substantially trapezoidal in section.

5. An arrangement as claimed in any one of the preceding claims wherein
the seals are semi-rigid.

6. An arrangement as claimed in claim 5 wherein the seals have a central

rigid core covered with a flexible coating.
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