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(54) HYDROSTATIC SEAL WITH SECONDARY SEAL STRUCTURAL PROTECTION

(57) A hydrostatic seal assembly (100) configured to
be disposed between relatively rotatable components in-
cludes a base (107). The seal also includes a shoe (108)
operatively coupled to the base (107). The seal further
includes a secondary seal (122) disposed proximate an
axially forward end of the shoe (108), the secondary seal
(122) extending radially from a radially inner end (124)

to a radially outer end (126) to define a radial distance
of the secondary seal (122), the secondary seal (122)
having an axially forward face. The seal yet further in-
cludes a structural component (120, 130, 132) located
adjacent to the axially forward face of the secondary seal
(122) and extending radially inwardly to cover at least
half of the radial distance of the secondary seal (122).
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Description

STATEMENT OF FEDERAL SUPPORT

[0001] This invention was made with Government sup-
port awarded by the United States. The Government has
certain rights in the invention.

BACKGROUND

[0002] Exemplary embodiments pertain to the art of
gas turbine engines and, more particularly, to a hydro-
static seal assembly with structural protection for a sec-
ondary seal of the assembly.
[0003] Hydrostatic seals exhibit less leakage com-
pared to traditional knife edge seals while exhibiting a
longer life than brush seals. Some hydrostatic seals may
be used between a stator and a rotor within a gas turbine
engine. The hydrostatic seal is mounted to the stator to
maintain a desired gap dimension between the hydro-
static seal and the rotor. The hydrostatic seal has the
ability to ’track’ the relative movement between the stator
and the rotor throughout the engine operating profile
when a pressure differential is developed across the seal.
[0004] Hydrostatic seals involve motion of a spring-at-
tached shoe whose response is based on aerodynamic
forces developed between the seal shoe and a rotor sur-
face during operation. The hydrostatic seals include one
or more secondary seals loaded axially against a spacer
and the shoe. Proper functioning and positioning of the
secondary seal(s) is dependent upon a positive pressure
differential. If the hydrostatic seal is subject to a surge or
pressure reversal, the thin secondary seal(s) may be sub-
ject to damage. For example, the secondary seal(s) may
bend permanently in the upstream direction and no long-
er function properly. Additionally, even liberation of the
secondary seal(s) is contemplated, thereby becoming
debris. Traditional hydrostatic seal assemblies may not
provide substantial structural protection for the above-
described secondary seals.

BRIEF DESCRIPTION

[0005] Disclosed is a hydrostatic seal assembly con-
figured to be disposed between relatively rotatable com-
ponents. The seal includes a base. The seal also includes
a shoe operatively coupled to the base. The seal further
includes a secondary seal disposed proximate an axially
forward end of the shoe, the secondary seal extending
radially from a radially inner end to a radially outer end
to define a radial distance of the secondary seal, the sec-
ondary seal having an axially forward face. The seal yet
further includes a structural component located adjacent
to the axially forward face of the secondary seal and ex-
tending radially inwardly to cover at least half of the radial
distance of the secondary seal.
[0006] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments

may include that the structural component is a secondary
seal cover.
[0007] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the structural component is a spacer.
[0008] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the spacer is a U-shaped component
having an axially forward leg adjacent with the axially
forward face of the secondary seal.
[0009] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the structural component is a carrier
that the base is operatively coupled to.
[0010] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include a beam operatively coupling the shoe to the
base.
[0011] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the beam is one of a plurality of beams
oriented parallel to each other.
[0012] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the structural component includes at
least one cutout portion.
[0013] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the at least one cutout is an aperture.
[0014] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the at least one cutout is a recess ex-
tending from a radially inner edge of the structural com-
ponent.
[0015] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the recess is a scalloped recess.
[0016] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the relatively rotatable components are
a stator and a rotor.
[0017] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the seal is operatively coupled to the
stator.
[0018] Also disclosed is a gas turbine engine that in-
cludes a compressor section, a combustor section, a tur-
bine section, and a seal assembly disposed in the gas
turbine engine, the seal assembly comprising a stator, a
rotor, and a hydrostatic seal disposed between a stator
and the rotor. The seal assembly includes a base. The
seal assembly also includes a shoe operatively coupled
to the base. The seal assembly further includes a sec-
ondary seal disposed proximate an axially forward end
of the shoe, the secondary seal extending radially from
a radially inner end to a radially outer end to define a
radial distance of the secondary seal, the secondary seal
having an axially forward face. The seal assembly yet
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further includes a structural component located adjacent
to the axially forward face of the secondary seal and ex-
tending radially inwardly to cover at least half of the radial
distance of the secondary seal.
[0019] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the structural component is a secondary
seal cover.
[0020] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the structural component is a spacer.
[0021] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the spacer is a U-shaped component
having an axially forward leg adjacent with the axially
forward face of the secondary seal.
[0022] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the structural component is a carrier
that the base is operatively coupled to.
[0023] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include at least one beam operatively coupling the
shoe to the base.
[0024] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the structural component includes at
least one cutout portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The following descriptions are by way of exam-
ple only and should not be considered limiting in any way.
With reference to the accompanying drawings, like ele-
ments are numbered alike:

FIG. 1 is a side, partial cross-sectional view of a gas
turbine engine;

FIG. 2 is a sectional view of a hydrostatic seal as-
sembly;

FIG. 3 is an elevational view of a portion of the hy-
drostatic seal assembly;

FIG. 4 is a sectional view of the hydrostatic seal as-
sembly according to another aspect of the disclo-
sure; and

FIG. 5 is a perspective view of the hydrostatic seal
assembly of FIG. 4.

DETAILED DESCRIPTION

[0026] A detailed description of one or more embodi-
ments of the disclosed apparatus and method are pre-
sented herein by way of exemplification and not limitation
with reference to the Figures.

[0027] FIG. 1 schematically illustrates a gas turbine
engine 20. The gas turbine engine 20 is disclosed herein
as a two-spool turbofan that generally incorporates a fan
section 22, a compressor section 24, a combustor section
26 and a turbine section 28. The fan section 22 drives
air along a bypass flow path B in a bypass duct, while
the compressor section 24 drives air along a core flow
path C for compression and communication into the com-
bustor section 26 then expansion through the turbine sec-
tion 28. Although depicted as a two-spool turbofan gas
turbine engine in the disclosed non-limiting embodiment,
it should be understood that the concepts described here-
in are not limited to use with two-spool turbofans as the
teachings may be applied to other types of turbine en-
gines including three-spool architectures.
[0028] The exemplary engine 20 generally includes a
low speed spool 30 and a high speed spool 32 mounted
for rotation about an engine central longitudinal axis A
relative to an engine static structure 36 via several bear-
ing systems 38. It should be understood that various
bearing systems 38 at various locations may alternatively
or additionally be provided, and the location of bearing
systems 38 may be varied as appropriate to the applica-
tion.
[0029] The low speed spool 30 generally includes an
inner shaft 40 that interconnects a fan 42, a low pressure
compressor 44 and a low pressure turbine 46. The inner
shaft 40 is connected to the fan 42 through a speed
change mechanism, which in exemplary gas turbine en-
gine 20 is illustrated as a geared architecture 48 to drive
the fan 42 at a lower speed than the low speed spool 30.
The high speed spool 32 includes an outer shaft 50 that
interconnects a high pressure compressor 52 and high
pressure turbine 54. A combustor 56 is arranged in ex-
emplary gas turbine 20 between the high pressure com-
pressor 52 and the high pressure turbine 54. An engine
static structure 36 is arranged generally between the high
pressure turbine 54 and the low pressure turbine 46. The
engine static structure 36 further supports bearing sys-
tems 38 in the turbine section 28. The inner shaft 40 and
the outer shaft 50 are concentric and rotate via bearing
systems 38 about the engine central longitudinal axis A
which is collinear with their longitudinal axes.
[0030] The core airflow is compressed by the low pres-
sure compressor 44 then the high pressure compressor
52, mixed and burned with fuel in the combustor 56, then
expanded over the high pressure turbine 54 and low pres-
sure turbine 46. The turbines 46, 54 rotationally drive the
respective low speed spool 30 and high speed spool 32
in response to the expansion. It will be appreciated that
each of the positions of the fan section 22, compressor
section 24, combustor section 26, turbine section 28, and
fan drive gear system 48 may be varied. For example,
gear system 48 may be located aft of combustor section
26 or even aft of turbine section 28, and fan section 22
may be positioned forward or aft of the location of gear
system 48.
[0031] The engine 20 in one example is a high-bypass
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geared aircraft engine. In a further example, the engine
20 bypass ratio is greater than about six (6), with an ex-
ample embodiment being greater than about ten (10),
the geared architecture 48 is an epicyclic gear train, such
as a planetary gear system or other gear system, with a
gear reduction ratio of greater than about 2.3 and the low
pressure turbine 46 has a pressure ratio that is greater
than about five (5). In one disclosed embodiment, the
engine 20 bypass ratio is greater than about ten (10:1),
the fan diameter is significantly larger than that of the low
pressure compressor 44, and the low pressure turbine
46 has a pressure ratio that is greater than about five
(5:1). Low pressure turbine 46 pressure ratio is pressure
measured prior to inlet of low pressure turbine 46 as re-
lated to the pressure at the outlet of the low pressure
turbine 46 prior to an exhaust nozzle. The geared archi-
tecture 48 may be an epicyclic gear train, such as a plan-
etary gear system or other gear system, with a gear re-
duction ratio of greater than about 2.3:1. It should be
understood, however, that the above parameters are only
exemplary of one embodiment of a geared architecture
engine and that the present disclosure is applicable to
other gas turbine engines including direct drive turbofans.
[0032] A significant amount of thrust is provided by the
bypass flow B due to the high bypass ratio. The fan sec-
tion 22 of the engine 20 is designed for a particular flight
condition--typically cruise at about 0.8 Mach and about
35,000 feet (10,668 meters). The flight condition of 0.8
Mach and 35,000 feet (10,668 meters), with the engine
at its best fuel consumption--also known as "bucket
cruise Thrust Specific Fuel Consumption (’TSFC’)"--is
the industry standard parameter of lbm of fuel being
burned divided by lbf of thrust the engine produces at
that minimum point. "Low fan pressure ratio" is the pres-
sure ratio across the fan blade alone, without a Fan Exit
Guide Vane ("FEGV") system. The low fan pressure ratio
as disclosed herein according to one non-limiting em-
bodiment is less than about 1.45. "Low corrected fan tip
speed" is the actual fan tip speed in ft/sec divided by an
industry standard temperature correction of [(Tram
°R)/(518.7 °R)]0.5. The "Low corrected fan tip speed" as
disclosed herein according to one non-limiting embodi-
ment is less than about 1150 ft/second (350.5 m/sec).
[0033] FIG. 2 illustrates a hydrostatic seal assembly
indicated generally at 100. The hydrostatic seal assembly
100 is intended to create a seal between two relatively
rotating components, such as a fixed stator and a rotating
rotor 102. The hydrostatic seal assembly 100 includes a
seal 101 (FIG. 3) that includes a base portion 107 and
at least one, but often a plurality of circumferentially ad-
jacent shoes 108 which are located in a non-contact po-
sition along the exterior surface of the rotor 102. Each
shoe 108 is formed with a sealing surface 110. For pur-
poses of the present disclosure, the term "axial" or "axially
spaced" refers to a direction along the rotational axis of
the rotor, whereas "radial" refers to a direction perpen-
dicular to the rotational axis of the rotor.
[0034] Under some operating conditions, it is desirable

to limit the extent of radial movement of the shoes 108
with respect to the rotor 102 to maintain tolerances, such
as the spacing between the shoes 108 and the facing
surface of the rotor. The hydrostatic seal assembly 100
includes at least one spring element 114. In the illustrated
embodiment, each spring element 114 is formed with at
least one beam though in practice other elements could
be utilized to create the spring element. In the illustrated
embodiment, two beams are shown, specifically an inner
beam 116A and an outer beam 116B. The beams 116A,
116B connect the shoe 108 to the base portion 107 of
the seal assembly 100. The base portion 107 is fixed to
a carrier 120 that is part of a static structure.
[0035] Particularly when the hydrostatic seal assembly
100 is used in applications such as gas turbine engines,
pressures are developed which apply an aerodynamic
force to the shoe 108, which is counter-balanced by the
spring 114, causing it to move radially with respect to the
rotor 102. The initial assembly point has a defined radial
gap between the shoe 108 and the rotating surface, with
no aerodynamic forces acting upon the shoe 108. In op-
eration, the hydrostatic seal assembly 100 is used to re-
strict flow between a high pressure region and a lower
pressure region. To assist with the flow restriction, a plu-
rality of teeth 118 are included on the sealing surface 110
of the shoe 108. The pressure drop across the shoe 108
results in a radial force on the shoe 108 which is counter
balanced by the spring 114 with spring force. In operation,
when the air flow between the shoe 108 and rotor 102
increases, the pressures on the shoe 108 generally de-
crease. The reduction in pressures along the shoe 108
reduces the radial force acting on the shoe 108 such that
the force balance between the overall aerodynamic forc-
es on the seal shoe and the spring force causes the shoe
108 to be pushed radially inwardly toward the rotor 102,
thus decreasing the gap, until the seal reaches an equi-
librium position considering the spring force of the dis-
placed beam(s). Conversely, in operation, when the air
flow between the shoe 108 and rotor 102 decreases, the
pressures on the shoe 108 generally increase. The in-
crease of radial force on the shoe 108, and its overall
impact with the net aerodynamic forces on the seal shoe
108 considering the spring force, causes the shoe 108
to move radially outwardly from the rotor 102 until the
seal reaches an equilibrium position considering the
spring force of the displaced beam(s).
[0036] As shown in FIG. 2, a secondary seal 122 is
provided proximate an axially forward end of the shoe
108. In the illustrated embodiment, a pair of axially
stacked secondary seals are shown. It is to be appreci-
ated that some embodiments are contemplated to in-
clude more secondary seals to define a secondary seal
assembly or only one secondary seal. For purposes of
descriptive brevity, a single secondary seal is described
herein. The secondary seal 122 provides a seal between
the illustrated high pressure region and the low pressure
region in a space radially outward of the shoe 108. The
secondary seal 122 extends from a radially inner end 124
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to a radially outer end 126 to define a secondary seal
radial distance. In the illustrated embodiment, a spacer
130 is located radially outward of the secondary seal 122
and axially rearward of the secondary seal 122. A sec-
ondary seal cover 132 is positioned axially forward of the
secondary seal 122. The spacer 130 and the secondary
seal cover 132 are positioned to allow the secondary seal
122 to be disposed therebetween.
[0037] In the illustrated embodiment of FIG. 2, the sec-
ondary seal cover 132 is the structural component that
is located adjacent to the axially forward face of the sec-
ondary seal 122. The secondary seal cover 132 extends
radially inwardly to an extent that provides structural sup-
port to the axially forward face of the secondary seal 122
in the event of a pressure reversal or any other condition
that biases the secondary seal 122 in the axially forward
direction. In some embodiments, the secondary seal cov-
er 132 extends radially inward to cover more than half of
the radial distance of the secondary seal 122. For exam-
ple, the secondary seal cover 132 may extend radially
inward to cover more than 50%, 60%, 70%, 80%, or 90%
of the radial distance of the axially forward face of the
secondary seal 122.
[0038] Referring now to FIGS. 4 and 5, the spacer 130
is the structural component that is located adjacent to
the axially forward face of the secondary seal 122. In
particular, the spacer 130 in the illustrated embodiment
is substantially U-shaped, with an axially forward leg 134
extending radially inwardly to an extent that provides
structural support to the axially forward face of the sec-
ondary seal 122 in the event of a pressure reversal or
any other condition that biases the secondary seal 122
in the axially forward direction. In some embodiments,
the spacer 130 extends radially inward to cover more
than half of the radial distance of the secondary seal 122.
For example, the spacer 130 may extend radially inward
to cover more than 50%, 60%, 70%, 80%, or 90% of the
radial distance of the axially forward face of the second-
ary seal 122.
[0039] Although the spacer 130 and the secondary
seal cover 132 are the structural components illustrated
to cover more than half of the radial distance of the sec-
ondary seal 122, it is to be appreciated that alternative
structural components may be employed to provide such
support to the axially forward face of the secondary seal
122. For example, in some embodiments, the carrier 120
may include a leg or segment that extends radially inward
to cover more than half of the axially forward face of the
secondary seal 122.
[0040] The embodiments described herein includes
one or more structural components that extend radially
inwardly to cover a majority of the axially forward face of
the secondary seal 122. Such structural reinforcement
provides protection and retention against the secondary
seal 122. Therefore, the secondary seal 122 is less prone
to bending in the event of a pressure reversal due to the
additional structural support and reinforcement.
[0041] As shown in FIG. 5, the spacer 130 in the illus-

trated embodiment and the secondary seal cover 132 of
FIG. 2 may include apertures, recesses or scalloped sec-
tions that are collectively referred to herein as cutout por-
tions 140. The cutout portions 140 provide additional ex-
posed surface area of the axially forward face of the sec-
ondary seal 122 for exposure to the high pressure fluid.
The cutout portions 140 are included in the structural
feature to ensure a pressure differential that is sufficient
for desirable overall seal assembly operation.
[0042] The term "about" is intended to include the de-
gree of error associated with measurement of the partic-
ular quantity based upon the equipment available at the
time of filing the application. For example, "about" can
include a range of 6 8% or 5%, or 2% of a given value.
[0043] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" and/or "comprising," when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
ations, element components, and/or groups thereof.
[0044] While the present disclosure has been de-
scribed with reference to an exemplary embodiment or
embodiments, it will be understood by those skilled in the
art that various changes may be made and equivalents
may be substituted for elements thereof without depart-
ing from the scope of the present disclosure. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the present dis-
closure without departing from the essential scope there-
of. Therefore, it is intended that the present disclosure
not be limited to the particular embodiment disclosed as
the best mode contemplated for carrying out this present
disclosure, but that the present disclosure will include all
embodiments falling within the scope of the claims.

Claims

1. A hydrostatic seal assembly (100) configured to be
disposed between relatively rotatable components,
the seal comprising:

a base (107);
a shoe (108) operatively coupled to the base
(107);
a secondary seal (122) disposed proximate an
axially forward end of the shoe, the secondary
seal (122) extending radially from a radially inner
end (124) to a radially outer end (126) to define
a radial distance of the secondary seal (122),
the secondary seal (122) having an axially for-
ward face; and
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a structural component (120, 130, 132) located
adjacent to the axially forward face of the sec-
ondary seal (122) and extending radially inward-
ly to cover at least half of the radial distance of
the secondary seal (122).

2. The hydrostatic seal assembly (100) of claim 1,
wherein the structural component is a secondary
seal cover (132).

3. The hydrostatic seal assembly (100) of claim 1,
wherein the structural component is a spacer (130).

4. The hydrostatic seal assembly (100) of claim 3,
wherein the spacer (130) is a U-shaped component
having an axially forward leg (134) adjacent with the
axially forward face of the secondary seal (122).

5. The hydrostatic seal assembly (100) of claim 1,
wherein the structural component is a carrier (120)
that the base (107) is operatively coupled to.

6. The hydrostatic seal assembly (100) of any preced-
ing claim, further comprising a beam (116A, 116B)
operatively coupling the shoe (108) to the base
(107).

7. The hydrostatic seal assembly (100) of claim 6,
wherein the beam (116A, 116B) is one of a plurality
of beams oriented parallel to each other.

8. The hydrostatic seal assembly (100) of any preced-
ing claim, wherein the structural component (120,
130, 132) includes at least one cutout portion (140).

9. The hydrostatic seal assembly (100) of claim 8,
wherein the at least one cutout (140) is an aperture.

10. The hydrostatic seal assembly (100) of claim 8,
wherein the at least one cutout (140) is a recess ex-
tending from a radially inner edge of the structural
component (120, 130, 132).

11. The hydrostatic seal assembly (100) of claim 10,
wherein the recess is a scalloped recess.

12. The hydrostatic seal assembly (100) of any preced-
ing claim, wherein the relatively rotatable compo-
nents are a stator and a rotor (102).

13. The hydrostatic seal assembly (100) of claim 12,
wherein the seal is operatively coupled to the stator.

14. A gas turbine engine (20) comprising:

a compressor section (24);
a combustor section (26);
a turbine section (28); and

a seal assembly (100) as claimed in any of
claims 1 to 11 disposed in the gas turbine engine
(20), the seal assembly (100) comprising a sta-
tor, a rotor (102), and a hydrostatic seal dis-
posed between a stator and the rotor (102).

15. The gas turbine engine (20) of claim 14, further com-
prising at least one beam operatively coupling the
shoe (108) to the base (107).
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