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(54) Steam turbine having a brush seal assembly

(57) A steam turbine (10) having a shaft (12) and a
first (e.g., highpressure) turbine section (16). A first em-
bodiment also includes a first bearing (20) longitudinally
spaced apart from the first turbine section and further
includes a first brush-seal assembly (22), having bris-
tles, longitudinally positioned between the first turbine

section and the first bearing and radially positioned
proximate the shaft. The steam turbine is devoid of any
backup seal to the bristles. In a second embodiment, a
second brush seal assembly is positioned between the
first and second (e.g. intermediate-pressure) turbine
sections which lack any intervening bearing.
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Description

[0001] The present invention relates generally to
steam turbines, and more particularly to a steam turbine
having a steam-path seal assembly.
[0002] A steam turbine has a steam path which typi-
cally includes, in serial-flow relationship, a steam inlet,
a turbine, and a steam outlet. A gas turbine has a gas
path which typically includes, in serial-flow relationship,
an air intake (or inlet), a compressor, a combustor, a tur-
bine, and a gas outlet (or exhaust nozzle). Gas or steam
leakage, either out of the gas or steam path or into the
gas or steam path, from an area of higher pressure to
an area of lower pressure, is generally undesirable. For
example, gas-path leakage in the turbine or compressor
area of a gas turbine, between the rotating rotor shaft of
the turbine or compressor and the circumferentially sur-
rounding turbine or compressor casing, will lower the ef-
ficiency of the gas turbine leading to increased fuel
costs. Also, steam-path leakage in the turbine area of a
steam turbine, between the rotating shaft of the turbine
and the circumferentially surrounding casing, will lower
the efficiency of the steam turbine leading to increased
fuel costs.
[0003] The turbine portion of a steam turbine typically
includes a high-pressure turbine section, perhaps an in-
termediate-pressure turbine section, and a low-pres-
sure turbine section each having rotatable steam-tur-
bine blades fixedly attached to, and radially extending
from, a steam-turbine shaft which is rotatably supported
by bearings. The bearings usually are located longitudi-
nally outward from the high and low-pressure turbine
sections and longitudinally between the high and inter-
mediate-pressure turbine sections. Usually the steam
pressure drop through a high-pressure or an intermedi-
ate-pressure turbine section is a least generally 2,000
kPa (kiloPascals), and the difference in pressure of the
steam entering the high and intermediate-pressure tur-
bine sections is at least generally 600 kPa. It is noted
that the steam exiting the high-pressure turbine section
normally is reheated by the boiler before entering the
intermediate-pressure turbine section and that the
"steam" exiting the low-pressure turbine section enters
a condenser before being directed to the boiler, as is
known to the artisan.
[0004] Labyrinth seals have been used to minimize
steam-path leakage between the high-pressure turbine
section and its longitudinally-outward bearing, between
the low-pressure turbine section and its longitudinally-
outward bearing, and between the high and intermedi-
ate-pressure turbine sections. Such labyrinth seals con-
sist of longitudinally spaced-apart rows of labyrinth seal
teeth. Many rows of teeth are needed to seal against the
high-pressure differentials found in a typical steam tur-
bine, and this has contributed to the impressive longitu-
dinal length (sometimes over fifteen meters) of a stand-
ard steam turbine used by power utilities to turn a gen-
erator for the production of electricity. Such length has

required extra bearings to support the steam-turbine ro-
tor.
[0005] It is noted that brush seals are used to mini-
mize leakage through a gap between two components,
wherein such leakage is from a higher pressure area to
a lower pressure area. Brush seals have been used, or
their use proposed, in rotating machinery. Such use or
proposed use includes, but is not limited to, turboma-
chinery including steam turbines and gas turbines used
for power generation and gas turbines used for aircraft
and marine propulsion. It is noted that brush seals min-
imize the leakage of steam in steam turbines and mini-
mize the leakage of compressed air or combustion gas-
es in gas turbines.
[0006] The brush seals usually have wire or ceramic
bristles conventionally welded or otherwise affixed to a
backing plate. To improve performance, such brush
seals typically align their wire bristles to contact the ro-
tating rotor shaft at an angle between generally forty-
five and generally sixty degrees with respect to a radius
line from the center of the rotor to the point of bristle
contact. For high pressure applications, a seal plate is
positioned against the seal bristles on the downstream
side (i.e., lower-pressure side) of the brush seal. Brush
seals do a better sealing job than labyrinth seals, as can
be appreciated by the artisan. However, all known
steam turbines or steam turbine designs which rely on
a brush seal assembly between turbine sections or be-
tween a turbine section and a bearing also rely on a
standard labyrinth seal which acts as a backup seal for
the brush seal assembly.
[0007] In a first preferred embodiment, the steam tur-
bine of the invention includes a steam-turbine shaft, a
first turbine section, a first bearing, and a first brush-seal
assembly. The first turbine section has rotatable steam-
turbine blades fixedly attached to, and radially extending
from, the shaft. The first bearing is longitudinally spaced
apart from the first turbine section and rotatably sup-
ports the shaft. The first brush-seal assembly is longitu-
dinally positioned between the first turbine section and
the first bearing and is radially positioned proximate the
shaft. The first brush seal assembly includes bristles,
and the steam turbine is devoid of any backup seal to
the bristles of the first brush seal assembly.
[0008] In a second preferred embodiment, the steam
turbine of the invention includes a steam-turbine shaft,
a first turbine section, a second turbine section, and a
second brush-seal assembly. The first and second tur-
bine sections each have rotatable steam-turbine blades
fixedly attached to, and radially extending from, the
shaft. The second turbine section is longitudinally
spaced apart from the first turbine section without an in-
tervening bearing. Steam enters the second turbine sec-
tion at a different pressure than the steam which enters
the first turbine section. The second brush-seal assem-
bly is longitudinally positioned between the first and sec-
ond turbine sections and is radially positioned proximate
the shaft. The second brush seal assembly includes
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bristles, and the steam turbine is devoid of any backup
seal to the bristles of the second brush seal assembly.
[0009] In a third preferred embodiment, the steam tur-
bine of the invention combines the features of the first
and second preferred embodiments. Preferably, the first
brush-seal assembly is the only seal longitudinally po-
sitioned between the first turbine section and the first
bearing and radially positioned proximate the shaft, and
the bristles of the first brush-seal assembly provide gen-
erally one-hundred-percent of the steam-sealing capa-
bility of the first brush seal assembly. Likewise, it is pre-
ferred that the second brush-seal assembly is the only
seal longitudinally positioned between the first and sec-
ond turbine sections and radially positioned proximate
the shaft, and the bristles of the second brush-seal as-
sembly provide generally one-hundred-percent of the
steam-sealing capability of the second brush seal as-
sembly
[0010] Several benefits and advantages are derived
from the invention. The bristles of the brush seal assem-
blies provide better steam-sealing capability than do the
teeth of a labyrinth seal assembly. Also, and most im-
portantly, the use of brush seal bristles alone, without
any labyrinth backup seal, will dramatically shorten the
longitudinal length of the steam turbine. With Applicants'
invention, the length of a typical steam turbine can be
reduced from generally fifteen meters to generally nine
meters, and a bearing supporting the steam-turbine
shaft can be removed that would otherwise be located
between the high and intermediate pressure turbine
sections.

Figure 1 is a schematic, partially cross-sectional
view of a preferred enablement of the steam turbine
of the present invention;
Figure 2 is an enlarged view of a portion of the
steam turbine of Figure 1 showing the first brush
seal assembly and surrounding area;
Figure 3 is an enlarged view of a portion of the
steam turbine of Figure 1 showing the first turbine
section (i.e., the high-pressure turbine section) and
surrounding area;
Figure 4 is an enlarged view of a portion of the
steam turbine of Figure 1 showing the second brush
seal assembly and surrounding area; and
Figure 5 is an enlarged view of a portion of the
steam turbine of Figure 1 showing the second tur-
bine section (i.e., the intermediate-pressure turbine
section) and surrounding area.

[0011] Embodiments of the invention will now be de-
scribed, by way of example, with reference to the ac-
companying drawings, in which:
[0012] Referring now to the drawings, Figures 1-3
schematically show a preferred enablement of the
steam turbine 10 of the present invention. In a first pre-
ferred embodiment of the invention, the steam turbine
10 includes a steam-turbine shaft 12 having a generally

longitudinally-extending axis 14. The shaft 12 may com-
prise a single monolithic shaft or may comprise two or
more shaft sections which are affixed together to create
the overall shaft 12. It is understood, for the purpose of
describing the present invention, that the term "shaft"
includes "disc" or "wheel" and the like.
[0013] The steam turbine 10 also includes a first tur-
bine section 16 having rotatable steam-turbine blades
18 fixedly attached to, and radially extending from, the
shaft 12. The blades 18 are also known as buckets or
airfoils. The terminology "fixedly attached to" means the
blades 18 turn with the shaft 12. It is understood that the
blades 18 may be detached from the shaft 12 for inspec-
tion, repair, replacement, and the like. Typically, the
blades 18 extend radially outward from the shaft 12.
Steam enters the first turbine section 16 at a first pres-
sure. Preferably, the first turbine section 16 is a high-
pressure turbine section wherein the steam pressure
drop through the first turbine section 16 is at least gen-
erally three-hundred 2,000 kPa (kiloPascals). In a typi-
cal steam turbine design, the first pressure is between
generally 8,300 kPa and generally 24,000 kPa, and the
pressure of the steam exiting the first turbine section 16
is generally 4,000 kPa.
[0014] The steam turbine 10 additionally includes a
first bearing 20 longitudinally spaced apart from the first
turbine section 16 and rotatably supporting the shaft 12.
Preferably, the first bearing 20 is a combination joumal
and thrust bearing as can be appreciated by those
skilled in the art. A tapered land or tilting pad bearing is
typically used.
[0015] The steam turbine 10 moreover includes a first
brush-seal assembly 22 longitudinally disposed be-
tween the first turbine section 16 and the first bearing
20 and radially disposed proximate the shaft 12. The first
brush seal assembly 22 includes a plurality of bristles
24 (most clearly shown in Figure 2) having tips which
preferably generally contact the shaft 12. The steam tur-
bine 10 is devoid of any backup seal (such as, but not
limited to, a labyrinth seal) to the bristles 24 of the first
brush seal assembly 22. For the purpose of describing
the present invention, a steam turbine is said to be de-
void of any backup seal to the bristles of a brush seal
assembly longitudinally disposed between a turbine
section and a bearing if the steam-leakage rate between
the turbine section and the bearing would at least double
if all of the bristles of the brush seal assembly were re-
moved. It is understood that the bristles 24 of the first
brush seal assembly 22 may comprise one or more
packets of bristles and that such packets may be located
only in one area or may be longitudinally spaced apart
from each other so as to be positioned at discrete seal-
ing locations. It is further understood that the first brush-
seal assembly 22 may contain, in addition to the bristles
24, other types of seals including, without limitation, lab-
yrinth seals but only if the other types of seals are being
used as primary (and not backup) seals. However, it is
preferred that the bristles 24 of the first brush seal as-
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sembly 22 provide at least generally ninety-percent of
the total steam-sealing capability of all seals taken to-
gether which are longitudinally disposed between the
first turbine section 16 and the first bearing 20 and ra-
dially disposed proximate the shaft 12. In an exemplary
enablement, the first brush seal assembly 22 is the only
seal longitudinally disposed between the first turbine
section 16 and the first bearing 20 and radially disposed
proximate the shaft 12. In a preferred embodiment, the
bristles 24 of the first brush-seal assembly 22 provide
generally one-hundred-percent of the steam-sealing ca-
pability of the first brush seal assembly 22.
[0016] Other components of the steam turbine 10 in-
clude a (typically stationary) casing 26 which is radially
spaced apart from and generally circumferentially sur-
rounds the shaft 12 and the first turbine section 16. The
first bearing 20 and the first brush seal assembly 22 are
attached to the casing 26. A first conduit 28 directs
steam from a boiler 30 to the inlet of the first turbine sec-
tion 16, and a second conduit 32 directs steam from the
outlet of the first turbine section 16 back to the boiler 30
for reheating.
[0017] In a second preferred embodiment of the in-
vention, the steam turbine 10 includes the shaft 12 and
the first turbine section 16 of the first preferred embod-
iment. Additionally, the steam turbine 10 includes a sec-
ond turbine section 34 longitudinally spaced apart from
the first turbine section 16 without an intervening bear-
ing. The second turbine section 34 has rotatable steam-
turbine blades 36 fixedly attached to, and radially ex-
tending from, the shaft 12. Steam enters the second tur-
bine section 34 at a second pressure which is different
from the first pressure. Preferably, the second turbine
section 34 is an intermediate-pressure turbine section
wherein the steam pressure drop through the second
turbine section 34 is at least generally 2,000 kPa and
wherein the difference between the first pressure of the
first turbine section 16 and the second pressure of the
second turbine section 34 is at least generally 600 kPa.
In a typical steam turbine design, the second pressure
is generally 4,000 kPa, and the pressure of the steam
exiting the second turbine section 34 is generally 1,000
kPa.
[0018] Further, the steam turbine 10 includes a sec-
ond brush-seal assembly 38 longitudinally disposed be-
tween the first and second turbine sections 16 and 34
and radially disposed proximate the shaft 12. The sec-
ond brush seal assembly 38 includes a plurality of bris-
tles 40 having tips which preferably generally contact
the shaft 12. The steam turbine 10 is devoid of any back-
up seal (such as, but not limited to, a labyrinth seal) to
the bristles 40 of the second brush seal assembly 38.
For the purpose of describing the present invention, a
steam turbine is said to be devoid of any backup seal to
the bristles of a brush seal assembly longitudinally dis-
posed between two turbine sections if the steam-leak-
age rate between the two turbine section would at least
double if all of the bristles of the brush seal assembly

were removed. It is understood that the bristles 40 of the
second brush seal assembly 38 may comprise one or
more packets of bristles and that such packets may be
located only in one area or may be longitudinally spaced
apart from each other so as to be positioned at discrete
sealing locations. It is further understood that the sec-
ond brush-seal assembly 38 may contain, in addition to
the bristles 40, other types of seals including, without
limitation, labyrinth seals but only if the other types of
seals are being used as primary (and not backup) seals.
However, it is preferred that the bristles 40 of the second
brush seal assembly 38 provide at least generally nine-
ty-percent of the total steam-sealing capability of all
seals taken together which are longitudinally disposed
between the first and second turbine sections 16 and 34
and radially disposed proximate the shaft 12. In an ex-
emplary enablement, the second brush seal assembly
38 is the only seal longitudinally disposed between the
first and second turbine sections 16 and 34 and radially
disposed proximate the shaft 12. In a preferred embod-
iment, the bristles 40 of the second brush-seal assembly
38 provide generally one-hundred-percent of the steam-
sealing capability of the second brush seal assembly 38.
[0019] Other components typically found in the steam
turbine 10 include a low-pressure turbine section 42, a
second bearing 44, and a condenser 46. Steam typically
enters the low-pressure turbine section 42 at generally
150 psia and exits the low pressure turbine section 42
at subatmospheric pressure. A third conduit 48 directs
steam from the boiler 30 to the inlet of the second turbine
section 34, a fourth conduit 50 directs "steam" from the
outlet of the second turbine section 34 to the condenser
46, and a fifth conduit 52 retums the condensed steam
from the condenser 46 back to the boiler 30. It is noted
that the casing 26 (which may be a single monolithic
casing or attached-together longitudinal casing seg-
ments) additionally is radially spaced apart from and
generally circumferentially surrounds the second tur-
bine section 34 and the low-pressure turbine section 42.
The second bearing 44 and the second brush seal as-
sembly 38 are attached to the casing 26. Preferably, the
second bearing 44 is a tilting pad bearing.
[0020] In a third preferred embodiment of the inven-
tion, the steam turbine 10 combines the components
previously described for the first and second preferred
embodiments. It is pointed out that Figure 2 shows an
enlarged first brush seal assembly 22 and surrounding
area of the steam turbine 10. The bristles 24 each have
a fixed end which is attached to a plate 54 which is itself
attached to the casing 26. The bristles 24 each have a
free end (i.e., a tip) which is disposed proximate (and
preferably generally contacts) the shaft 12. It is also
pointed out that Figure 3 shows an enlarged first turbine
section 16 and surrounding area of the steam turbine
10. It is seen that vanes 56 are attached to, and radially
extend inwardly from, the casing 26. Likewise, Figure 4
shows an enlarged second brush seal assembly 38 and
surrounding area of the steam turbine 10. The bristles
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40 each have a fixed end which is attached to a plate
58 which is itself attached to the casing 26. The bristles
40 each have a free end (i.e., a tip) which is disposed
proximate (and preferably generally contacts) the shaft
12. Also, Figure 5 shows an enlarged second turbine
section 34 and surrounding area of the steam turbine
10. It is seen that vanes 60 are attached to, and radially
extend inwardly from, the casing 26. Preferred materials
for the bristles 24 and 40 include, without limitation,
coated or uncoated metal (including alloy) wire bristles
and ceramic wire bristles. Preferably, the steam turbine
of the present invention is a large utility steam turbine
or a combined cycle steam turbine which is used to pow-
er one or more generators producing a total of at least
two-hundred megawatts of electricity.

Claims

1. A steam turbine comprising:

a) a steam-turbine shaft having a generally lon-
gitudinally-extending axis;
b) a first turbine section having rotatable steam-
turbine blades fixedly attached to, and radially
extending from, said shaft;
c) a first bearing longitudinally spaced apart
from said first turbine section and rotatably sup-
porting said shaft; and
d) a first brush-seal assembly longitudinally dis-
posed between said first turbine section and
said first bearing and radially disposed proxi-
mate said shaft, wherein said first brush seal
assembly includes a plurality of bristles, and
wherein said steam turbine is devoid of any
backup seal to said bristles of said first brush
seal assembly.

2. The steam turbine of claim 1, wherein said bristles
of said first brush-seal assembly provide at least
generally ninety-percent of the total steam-sealing
capability of all seals taken together which are lon-
gitudinally disposed between said first turbine sec-
tion and said first bearing and radially disposed
proximate said shaft.

3. The steam turbine of claim 2, wherein the steam
pressure drop through said first turbine section is at
least generally 2,000 kPa.

4. The steam turbine of claim 3, wherein said first
brush-seal assembly is the only seal longitudinally
disposed between said first turbine section and said
first bearing and radially disposed proximate said
shaft.

5. The steam turbine of claim 4, wherein said bristles
of said first brush-seal assembly provide generally

one-hundred-percent of the steam-sealing capabil-
ity of said first brush seal assembly.

6. A steam turbine comprising:

a) a steam-turbine shaft having a generally lon-
gitudinally-extending axis;
b) a first turbine section having rotatable steam-
turbine blades fixedly attached to, and radially
extending from, said shaft, wherein steam en-
ters said first turbine section at a first pressure;
c) a second turbine section longitudinally
spaced apart from said first turbine section
without an intervening bearing and having ro-
tatable steam-turbine blades fixedly attached
to, and radially extending from, said shaft,
wherein steam enters said second turbine sec-
tion at a second pressure which is different from
said first pressure; and
d) a second brush-seal assembly longitudinally
disposed between said first and second turbine
sections and radially disposed proximate said
shaft, wherein said second brush seal assem-
bly includes a plurality of bristles, and wherein
said steam turbine is devoid of any backup seal
to said bristles of said second brush seal as-
sembly.

7. The steam turbine of claim 6, wherein said bristles
of said second brush-seal assembly provide at least
generally ninety-percent of the total steam-sealing
capability of all seals taken together which are lon-
gitudinally disposed between said first and second
turbine sections and radially disposed proximate
said shaft.

8. The steam turbine of claim 7, wherein the steam
pressure drop through each of said first and second
turbine sections is at least generally 2,000 kPa, and
wherein the difference between said first pressure
of said first turbine section and said second pres-
sure of said second turbine section is at least gen-
erally 600 kPa.

9. The steam turbine of claim 8, wherein said second
brush-seal assembly is the only seal longitudinally
disposed between said first and second turbine sec-
tions and radially disposed proximate said shaft.

10. The steam turbine of claim 9, wherein said bristles
of said second brush-seal assembly provide gener-
ally one-hundred-percent of the steam-sealing ca-
pability of said second brush seal assembly.

11. A steam turbine comprising:

a) a steam-turbine shaft having a generally lon-
gitudinally-extending axis;
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b) a first turbine section having rotatable steam-
turbine blades fixedly attached to, and radially
extending from, said shaft, wherein steam en-
ters said first turbine section at a first pressure;
c) a first bearing longitudinally spaced apart
from said first turbine section and rotatably sup-
porting said shaft;
d) a first brush-seal assembly longitudinally dis-
posed between said first turbine section and
said first bearing and radially disposed proxi-
mate said shaft, wherein said first brush seal
assembly includes a plurality of bristles, and
wherein said steam turbine is devoid of any
backup seal to said bristles of said first brush
seal assembly;
e) a second turbine section longitudinally
spaced apart from said first turbine section
without an intervening bearing and having ro-
tatable steam-turbine blades fixedly attached
to, and radially extending from, said shaft,
wherein steam enters said second turbine sec-
tion at a second pressure which is different from
said first pressure; and
f) a second brush-seal assembly longitudinally
disposed between said first and second turbine
sections and radially disposed proximate said
shaft, wherein said second brush seal assem-
bly includes a plurality of bristles, and wherein
said steam turbine is devoid of any backup seal
to said bristles of said second brush seal as-
sembly.

12. The steam turbine of claim 11, wherein said bristles
of said first brush-seal assembly provide at least
generally ninety-percent of the total steam-sealing
capability of all seals taken together which are lon-
gitudinally disposed between said first turbine sec-
tion and said first bearing and radially disposed
proximate said shaft.

13. The steam turbine of claim 12, wherein the steam
pressure drop through said first turbine section is at
least generally 2,000 kPa.

14. The steam turbine of claim 13, wherein said first
brush-seal assembly is the only seal longitudinally
disposed between said first turbine section and said
first bearing and radially disposed proximate said
shaft.

15. The steam turbine of claim 14, wherein said bristles
of said first brush-seal assembly provide generally
one-hundred-percent of the steam-sealing capabil-
ity of said first brush seal assembly.

16. The steam turbine of claim 15, wherein said bristles
of said second brush-seal assembly provide at least
generally ninety-percent of the total steam-sealing

capability of all seals taken together which are lon-
gitudinally disposed between said first and second
turbine sections and radially disposed proximate
said shaft.

17. The steam turbine of claim 16, wherein the steam
pressure drop through second turbine section is at
least generally 2,000 kPa.

18. The steam turbine of claim 17, wherein the differ-
ence between said first pressure of said first turbine
section and said second pressure of said second
turbine sections is at least generally 600 kPa.

19. The steam turbine of claim 18, wherein said second
brush-seal assembly is the only seal longitudinally
disposed between said first and second turbine sec-
tions and radially disposed proximate said shaft.

20. The steam turbine of claim 19, wherein said bristles
of said second brush-seal assembly provide gener-
ally one-hundred-percent of the steam-sealing ca-
pability of said second brush seal assembly.
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