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rotating shaft.




[1]

[2]

[3]
[4]

[5]

[6]

[7]

WO 2009/054560 PCT/KR2007/005415

Description

BEARING SEAL FOR GAS TURBINE
Technical Field

The present invention relates to a bearing seal for a gas turbine. The present
invention can reduce axial leakage of a working gas of a turbine and can support the
vertical loads and shear forces efficiently.

Background Art

Generally, a gas turbine rotational device has an in-line gas flow through a gas inlet,
a compressor, a combustor, a turbine and outlet. Leakage of the working gas between a
rotating shaft of the turbine (or the compressor) and a housing surrounding the rotating
shaft deteriorates efficiency of the rotational device. A bearing seal reduces axial
leakage of the working gas in the rotational device. Usually, a brush seal is used for
reducing such axial leakage.

Figs. 1 and 2 describe the prior art brush seal.

Fig. 1 is a sectional view showing a prior art brush seal of a bearing. Fig. 2 is a
perspective view partially showing the brush seal of Fig. 1. As shown in Figs. 1 and 2,
a brush seal (3) is mounted to the inner surface of a tubular housing (1) at which a
rotating shaft (2) is positioned. The brush seal (3) is made of many setae, one end
being fixed to the housing (1) and the other end being free. One end of the brush seal
(3) is fixed to a brush holder (4) mounted to the housing (1). The other end, which is
free, contacts an outer surface of the rotating shaft (2).

The brush seal (3) can prevent the working gas from leaking. However, the brush
seal (3) can be easily worn out by contact with the rotating shaft (2). Thus, there is a
problem in the low durability of the brush seal. This is especially a problem in a high
speed rotational device, where the brush seal may be worn out very rapidly. Thus,
leakage prevention may be deteriorated very rapidly.

Further, the rotational device may have low efficiency because the rotation may be
resisted by the frictional force between the brush seal (3) and the rotating shaft (1)

when they contact each other.
Disclosure of Invention

Technical Problem

The present invention is conceived to solve the above problems. The present
invention may be used in a dynamic pressure bearing that has less friction loss than a
bearing having a brush seal. A porous foil with a density ratio varying in an axial
direction is disposed on the bearing for adjusting a gap between a surface of a bearing

seal and a rotating shaft changeable in proportion to the rotating speed. Thus, the



WO 2009/054560 PCT/KR2007/005415

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]
[17]

[18]

present invention may provide a dynamic pressure bearing seal of a gas turbine that
seals the axial leakage of the working gas efficiently.
Technical Solution

To achieve the objective, a bearing seal for a gas turbine of the present invention
disposed on the inner surface of a bearing housing is provided, wherein a rotating shaft
is positioned at the center of the bearing housing. The bearing seal comprises an elastic
porous foil for adjusting leakage of a working gas through the space between the
rotating shaft and the bearing housing with a density ratio of the porous foil increasing
in a direction of gas inflow. The porous foil is deformed elastically by the dynamic
pressure of the working gas leaked around the rotating shaft during rotation of the
rotating shaft for making a gap between the porous foil and the rotating shaft.

The porous foil may include a single porous foil element having a density varying
continuously. In contrast, the porous foil may include a plurality of porous foil
elements having different density ratios to each other, the porous foil elements being
disposed along the rotating shaft.

It is desired that the bearing seal further comprises bump foils disposed at both sides
of the porous foil element (or elements).

A top foil can be arranged on the surfaces of the porous foil and the bump foil facing
the rotating shaft. Preferably, a gas film formed by the leaked working gas is disposed
between the top foil and the rotating shaft during the rotation of the shaft.

A receiving groove for receiving the porous foil and the bump foil may be formed on
the bearing housing. Preferably, the porous foil and the bump foil are received in the
receiving groove and a shim foil is disposed between the porous and bump foils col-

lectively, and the bearing housing during rotation of the shaft.

Advantageous Effects

The bearing seal of a gas turbine according to the present invention can improve
seal's performance of a dynamic pressure bearing while the porous foil, which has a
density ratio varying along the rotating shaft, is positioned around a rotating shaft.

Further, according to the present invention, the bump foil is used with the porous
foil. Thus, seal performance, vibration damping performance, and shear force
supporting performance may be improved.
Brief Description of Drawings

Fig. 1 is a sectional view illustrating a brush seal of a bearing of the prior art.

Fig. 2 is a perspective view partially illustrating a brush seal of Fig. 1.

Fig. 3 is a perspective view illustrating a bearing housing having a bearing seal
according to the present invention, the bearing housing being partially removed.

Fig. 4 is a front sectional view illustrating an embodiment of a bearing seal according
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to the present invention.

Fig. 5 is a graph illustrating the relationship between density ratio and hardness of a
porous foil.

Fig. 6 is a side-sectional view illustrating the bearing seal of Fig. 4, a shear force
being applied to the bearing seal.

Fig. 7 is a side-sectional view illustrating the bearing seal of Fig. 4, a load and a
shear force being applied to the bearing seal.

Fig. 8 is a side-sectional view illustrating an embodiment having a plurality of porous
foils, each having different a density ratio, bump foils being coupled at both ends of

the porous foils respectively.

Best Mode for Carrying out the Invention

Referring Figs. 3 to 8, an embodiment of a bearing seal for gas turbine of the present
invention is described.

Fig. 3 is a perspective view illustrating a bearing housing having a bearing seal
according to the present invention, the bearing housing being partially removed. The
present invention relates to a seal of dynamic pressure bearing as illustrated in the
drawing. The bearing seal can adjust the amount of a working gas leaked in an axial
direction between a rotating shaft (10) and a bearing housing (20). Two porous foil
elements (30a, 30b) form a porous foil (30). The elements (30a, 30b) are positioned on
an inner surface of the bearing housing (20) around the rotating shaft (10). Each of the
elements (30a, 30b) has a different density ratio in an axial direction. Density ratio of
the porous foil (30) increases along working gas inflow direction.

The porous elements (30a, 30b) are manufactured of metal chips pressure-molded
under a predetermined heat and pressure in a hot plate.

The present invention is not limited to forming the porous foil (30) by two porous
foil elements (30a, 30b) as described in the above embodiment. It is understood that
the porous foil (30) may be formed by an arrangement of more than two porous foil
elements, or by a porous foil element having a density ratio varying continuously.

Fig. 4 is a front sectional view illustrating an embodiment of a bearing seal according
to the present invention. As shown in Fig. 4, the bearing seal (30) comprises a porous
foil (30) positioned on the inner surface of the bearing housing (20), a bump foil (40)
disposed on each of the axial front end and rear end of the porous foil (30), and a top
foil (50) forming a gas film of working gas leaked between the top foil (50) and the
rotating shaft (10). A shim foil (60) is positioned on the lower surface of the porous
foil (30) and the bump foil (40). The shim foil (60) protects the bearing housing (20)
surface and produces friction between the porous foil (30) and the bump foil (40). Fig.

4 illustrates a sectional view of the bearing and the rotating shaft in a radial direction
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(density ratio of the porous foil (30) not shown). The density ratio of the porous foil
(30) varies axially, increasing along the working gas inflow direction.

The porous foil (30), the bump foil (40), the top foil (50) and the shim foil (60) may
be manufactured from a beryllium copper, stainless steel, Inconel series steal material,
or the like.

Preferably, one end of each foil is fixed to the bearing housing (20) and the other end
is free. The bearing housing (20) has a receiving groove (21) for receiving the porous
foil (30) and the bump foil (40).

The shim foil (60) can be received in the receiving groove (21). The porous foil (30)
has a principal function to reduce axial leakage of the working gas of the gas turbine.
However, the shim foil contacts the bump foil (40) for dissipating the vibration energy
and protecting the bearing housing (20).

Dynamic and static characteristics of the porous foil (30) can be changed by the
density ratio. It is understood that if the density ratio of the porous foil increases, then
the working gas leakage will be reduced and the porous foil will be hardened, and
dynamic damping characteristics will be improved. The density ratio may be expressed
as the following:

MathFigure 1
[Math.1]

Mass of porous elastic body
(Volume of porous elastic body x Density of porous elastic body)

Density ratio =

The amount of working gas leakage can be controlled by adjusting the density ratio
of the porous foil (30).

Fig. 5 is a graph illustrating a relationship between a density ratio and hardness of a
porous foil. As shown in Fig. 5, the hardness can be changed in proportion to the
density ratio of the porous material. It is desired that hardness of the porous foil (30)
and the bump foil (40) are the same. The porous foil (30) is made from Inconel or
stainless steel in this illustrative embodiment. The hardness of the bump foil (40)
should be in the range from 8 x IOIO[N/ms] to1.1x 1011[N/m3]. Thus, the preferred
density ratio of the porous foil (30) is about 0.7.

Hereinafter, function and effects of an illustrative embodiment of the bearing seal for
a gas turbine according to the present invention will now be described.

One end of the porous foil (30) is fixed to the inner surface of the bearing housing
(20) and the other end is free. The porous foil (30) contacts the rotating shaft (10)
when the rotating shaft (10) is in a stationary state. The rotation of the rotating shaft
(10) generates dynamic pressure of the gas, which pushes the porous foil (30) toward
the bearing housing (20). Thus, the porous foil (30) and the rotating shaft (10) have a
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gap therebetween without contact. That is, the dynamic pressure applied around the
rotating shaft (10) acts as a plain seal while the porous foil (30) acts as a brush seal.
Thus, the porous foil can reduce axial leakage of the working gas efficiently.

In the present invention, the density ratio of the porous foil (30) varies along the axial
direction for adjusting the gap between the top foil (50) and the rotating shaft (10) in
proportion to the rotating speed of the rotating shaft (10). The density ratio increases
along the working gas inflow direction. Thus, if the leaked working gas having passed
through a porous foil (3a) with low density ratio meets the porous foil (3b) with a high
density ratio, an orifice-like effect will occur. That is, the top foil which is relatively
less resisted may be pressurized. With this effect, a variable gap bearing seal structure
in proportion to the pressure of working gas can be achieved. Increasing the rotational
speed of the rotating shaft (10) will increase the pressure of working gas. Thus, the gap
between the top foil (50) and rotating shaft (10) may be narrower at high speeds than in
low speeds. Consequently, friction between the rotating shaft (10) and the seal can be
considerably reduced by the wider gap in an initial rotating state, and the leakage of
working gas of a gas turbine can be considerably reduced by the narrower gap in
proportion to increasing rotation speed. Further, less friction results in improved
durability

Fig. 6 is a side-sectional view illustrating the bearing seal of Fig. 4, a shear force
being applied thereto. As shown in Fig. 6, working gas is leaked between the top foil
(50) of the bearing seal and the rotating shaft and a shear force is produced like the
arrow. There are several vesicles in the porous foil (30), making it difficult to mount
the fastener for fastening the porous foil (40) to the bearing housing (20). Further, it
may be fragile to shear force since its deformation direction is irregular. Thus, the
bump foil (40) mounted on the front end and the rear end of the porous foil (30) can
support the shear force efficiently.

Fig. 7 is a side-sectional view illustrating the bearing seal of Fig. 4, a load and a
shear force being applied thereto. The hardness of the bump foil (40) is close to that of
the porous foil (30) for supporting the vertical load efficiently. As shown in Fig. 7,
vertical loads and shear forces act simultaneously during the rotation of the rotating
shaft. The higher the density ratio of a porous foil (30) is, the less the gas moves
through the porous foil (30). Thus, the bearing seal can considerably reduce axial
leakage of working gas and the seal performance can be improved when it uses the
porous foil (30). One end of the bump foil (40) can be pin jointed or welded to the
inner surface of the bearing housing (20). Thus, the bump foil (40) can be mounted on
the bearing housing (20) strongly and can support the axial shear force.

In other words, the density ratio of the porous foil varies along the axial direction for

maximizing sealing function. Further, the bump foil (40) is positioned at both ends of
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the porous foil (30) for maximizing vibration damping effects and supporting axial
shear force well.

[41] Fig. 8 is a lateral sectional view illustrating an embodiment having a plurality of
porous foils, each having a different density ratio with respect to each other. Bump
foils are coupled at both ends of the porous foils respectively. In this embodiment, the
bump foils (140a, 140b) are positioned at both ends of the porous foil elements (130a,
130b) respectively, and density ratios of the porous foil elements are different to each
other. The characteristics of each bump foil may match those of the corresponding
porous foil. Thus, there are advantages for reducing the axial leakage of working gas
and for supporting vertical loads and shear forces.

[42] In embodiments of bearing seals described above, the multiple porous foil elements
having density ratios different to each other are arranged. But, the present invention is
not limited to these embodiments. The present invention may have a porous foil having
a density ratio continuously varying along an axial direction.

[43] While the present invention has been described and illustrated with respect to a
preferred embodiment of the invention, it will be apparent to those skilled in the art
that variations and modifications are possible without deviating from the broad
principles and teachings of the present invention, which should be limited solely by the

scope of the claims appended hereto.
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Claims

A bearing seal for gas turbine comprising:

a porous foil positioned on an inner surface of a bearing housing, a rotating shaft
being disposed at the center thereof, the porous foil including a porous elastic
body for adjusting leakage of working gas between the rotating shaft and the
inner surface of the bearing housing,

wherein the density ratio of the porous foil increases along the gas inflow
direction,

wherein the porous foil is elastically deformed by dynamic pressure of leaked
working gas around the rotating shaft during rotation of the rotating shaft so as to
maintain a gap between the porous foil and the rotating shaft.

The bearing seal of Claim 1, wherein the porous foil is formed having a single
porous foil element having a continuously varying density ratio.

The bearing seal of Claim 1, wherein the porous foil is formed having a plurality
of porous foil elements, each of the porous foil elements having density ratios
different to each other, the porous foil elements being arranged along the rotating
shaft.

The bearing seal of any one of Claims 1 to 3, further comprising bump foils
disposed on both ends of each porous foil element.

The bearing seal of Claim 4, wherein a top foil is positioned on the surfaces of
the porous foil and the bump foil facing the rotating shaft for forming a gas film
of the leaked working gas between the top foil and the rotating shaft during
rotation of the shaft.

The bearing seal of Claim 1, wherein a receiving groove for receiving the porous
foil and the bump foil is formed on the bearing housing.

The bearing seal of Claim 6, wherein a shim foil is disposed on the receiving
groove between the porous and the bump foils collectively, and the bearing

housing during the rotation of the shaft.
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