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Description

1. Technical Field

[0001] The invention generally relates to a circumfer-
ential seal assembly with bifurcated hydrodynamic flow
for use within a gas turbine engine and more particularly
is concerned, for example, with a pair of annular seal
rings separately disposed within an annular seal housing
about a rotatable runner attached to a shaft, wherein the
runner further includes a plurality of hydrodynamic
grooves which separate and direct flow onto each annu-
lar seal ring to form a pair of thin-film layers sealing one
compartment from another compartment.

2. Background Art

[0002] Turbine engines typically include a housing with
a plurality of compartments therein and a rotatable shaft
that passes through adjoining compartments separately
including a gas and a lubricant. Leakage of a lubricant
from one compartment into another compartment con-
taining a gas could adversely affect performance and
function of a gas turbine. Leakage of a gas from one
compartment into another compartment containing a lu-
bricant is likewise detrimental. As such, adjoining com-
partments must be isolated from one another by means
of a sealing system that prevents one fluid, either a lu-
bricant or a gas, from migrating along a rotatable shaft
and entering a compartment so as to mix with another
fluid therein.
[0003] In the case of an aircraft engine, leakage of a
lubricant or a gas across a seal into a neighboring com-
partment may cause oil coking or an engine fire. Oil coke
is a byproduct formed when an oil lubricant and a gas
mix at a temperature that chemically alters the oil. Oil
coke can foul sealing surfaces thereby degrading bearing
lubrication and impairing the integrity of a seal. It is im-
portant in similar applications, not just aircraft engines,
that a lubricant be isolated within a lubricant sump and
that a seal around a rotating shaft not allow a lubricant
to escape the sump or a hot gas to enter the sump. Many
applications will include either a circumferential seal or
a face seal to prevent mixing of an oil lubricant and a hot
gas; however, circumferential shaft seals are the most
widely used under the above conditions.
[0004] Various circumferential seal systems are em-
ployed within the art to form a seal between a compart-
ment containing a gas at a high pressure and a compart-
ment containing an oil lubricant at a low pressure. Sealing
systems typically include grooves disposed along an in-
ner annular surface of a seal ring to form a thin-film layer
between the seal ring and a shaft.
[0005] Presently known circumferential seal designs
are problematic when both adjoining compartments are
at a low pressure. The absence of a significant pressure
differential between compartments does not permit for-
mation of a thin-film layer adequately capable of prevent-

ing migration of a fluid along the interface between a seal
ring and a shaft.
[0006] Presently known circumferential seal designs
are further problematic when used in conjunction with a
translatable runner. The temperatures and/or mechani-
cal loads within a turbine engine often cause a runner,
and sealing surface thereon, to translation along the axial
dimension of an engine. The result is a sealing interface
that is difficult to optimize over the operational range of
a turbine engine.
[0007] United States Patent Publication No.
2007/085278 by Davis et al. describes a tandem arrange-
ment of seal rings contacting an outer sealing surface.
The sealing surface does not include groove structures
which first separate a fluid communicated thereon and
then redirect a portion of the fluid onto each seal ring. As
such, the tandem seal arrangement by Davis et al. is
problematic at least because of the deficiencies inherent
to single sealing ring arrangements. United States Patent
Publication No. 4971306 discloses a seal assembly ac-
cording to the preamble of claim 1. Accordingly, what is
required is a circumferential seal assembly interposed
between a pair of low pressure compartments that min-
imizes degradation to and/or failure of a seal between a
rotatable runner and a pair of seal elements.

3. Disclosure of the Invention

[0008] An object of the invention is to provide a circum-
ferential seal assembly interposed between a pair of low
pressure compartments that minimizes degradation to
and/or failure of a seal between a rotatable runner and
a pair of seal elements.
[0009] In accordance with some embodiments of the
invention, the circumferential back-to-back seal assem-
bly includes an annular seal housing, a first annular seal
ring, a second annular seal ring, a rotatable runner, and
a plurality of groove structures. The annular seal housing
is interposed between a pair of low pressure compart-
ments. One low pressure compartment includes a gas
and another low pressure compartment includes a lubri-
cant. The annular seal housing has at least one inlet. The
first and second annular seal rings are separately dis-
posed within the annular seal housing. A high pressure
gas is communicable between the first and second an-
nular seal rings via the inlet(s). The first and second an-
nular seal rings are disposed around the rotatable runner.
The groove structures are disposed along an outer cir-
cumferential surface of the rotatable runner. The high
pressure gas is communicable onto the groove struc-
tures. Each groove structure separates the high pressure
gas so that a first portion of the high pressure gas is
directed onto the first annular seal ring to form a first thin-
film layer between the rotatable runner and the first an-
nular seal ring and a second portion of the high pressure
gas is directed onto the second annular seal ring to form
a second thin-film layer between the rotatable runner and
the second annular seal ring.
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[0010] In accordance with some embodiments of the
invention, the circumferential back-to-back seal assem-
bly includes an annular seal housing, a first annular seal
ring, a second annular seal ring, a rotatable runner, and
a plurality of groove structures. The annular seal housing
is interposed between a pair of compartments. The first
and second annular seal rings are separately disposed
within the annular seal housing. The rotatable runner in-
cludes a plurality of through holes. The first and second
annular seal rings are disposed around the rotatable run-
ner. The groove structures are disposed along an outer
circumferential surface of the rotatable runner. A gas is
communicable onto the groove structures via the through
holes. Each groove structure separates the gas so that
a first portion of the gas is directed onto the first annular
seal ring to form a first thin-film layer between the rotat-
able runner and the first annular seal ring and a second
portion of the gas is directed onto the second annular
seal ring to form a second thin-film layer between the
rotatable runner and the second annular seal ring.
[0011] In accordance with other embodiments of the
invention, the groove structures are separately disposed
along a central axis aligned adjacent to the first and sec-
ond annular seal rings.
[0012] In accordance with other embodiments of the
invention, at least one groove structure is substantially
symmetric about the central axis.
[0013] In accordance with other embodiments of the
invention, a plurality of springs is disposed between and
directly contacts the first and second annular seal rings.
The springs separate the first and second annular seal
rings.
[0014] In accordance with other embodiments of the
invention, the springs separate the first and second an-
nular seal rings to form a gap. The gas traverses the gap
before communication onto the groove structures.
[0015] In accordance with other embodiments of the
invention, a center ring is disposed within the annular
seal housing between the first and second annular seal
rings.
[0016] In accordance with other embodiments of the
invention, the center ring has a plurality of holes commu-
nicable with the inlet(s). The gas traverses the holes be-
fore communication onto the groove structures. A plural-
ity of springs is interposed between the center ring and
each of the first and second annular seal rings. The
springs bias the first and second annular seal rings away
from the center ring.
[0017] In accordance with other embodiments of the
invention, a center ring is disposed within the annular
seal housing between the first and second annular seal
rings. A plurality of springs is interposed between the
center ring and each of the first and second annular seal
rings. The springs bias the first and second annular seal
rings away from the center ring.
[0018] In accordance with other embodiments of the
invention, the gas flows around the center ring before
communication onto the groove structures.

[0019] In accordance with other embodiments of the
invention, at least one groove structure includes a pair
of grooves disposed about and communicable with an
apex. The grooves are disposed diagonally with respect
to rotational direction of the rotatable runner.
[0020] In accordance with other embodiments of the
invention, at least one groove structure includes a pair
of grooves disposed about and communicable with an
annular groove along the outer circumferential surface
of the rotatable runner. The grooves are disposed diag-
onally with respect to rotational direction of the rotatable
runner.
[0021] In accordance with other embodiments of the
invention, at least one groove structure includes at least
two grooves separately disposed about a central axis
aligned adjacent to the first and second annular seal
rings. The grooves are disposed diagonally with respect
to rotational direction of the rotatable runner.
[0022] In accordance with other embodiments of the
invention, the grooves are communicable with a feed
groove. The feed groove directs the gas into the grooves.
[0023] In accordance with other embodiments of the
invention, at least one groove structure has a secondary
groove structure.
[0024] In accordance with other embodiments of the
invention, the grooves vary lengthwise.
[0025] In accordance with other embodiments of the
invention, at least one groove structure includes at least
four grooves separately disposed about a central axis
aligned adjacent to the first and second annular seal
rings. The grooves are disposed diagonally with respect
to rotational direction of the rotatable runner. At least two
grooves are communicable with a first feed groove and
at least two other grooves are communicable with a sec-
ond feed groove. The first and second feed grooves sep-
arate the gas into the respective grooves.
[0026] In accordance with other embodiments of the
invention, at least one groove structure includes a plu-
rality of grooves disposed about a central axis aligned
adjacent to the first and second annular seal rings. The
grooves are disposed substantially axially with respect
to rotational direction of the rotatable runner. The grooves
are communicable with a feed groove. The feed groove
directs the gas into the grooves.
[0027] In accordance with other embodiments of the
invention, at least one groove is tapered widthwise.
[0028] In accordance with other embodiments of the
invention, at least one groove is tapered depthwise.
[0029] In accordance with other embodiments of the
invention, at least one groove has a constant width.
[0030] In accordance with other embodiments of the
invention, adjacent groove structures vary widthwise.
[0031] In accordance with other embodiments of the
invention, the groove structures include at least two
grooves separately disposed about a central axis aligned
adjacent to the first and second annular seal rings. Ad-
jacent groove structures vary in number of grooves.
[0032] In accordance with other embodiments of the
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invention, the annular seal housing includes a windback
thread adjacent to compartment including a lubricant.
The windback thread directs the lubricant away from the
first and second annular seal rings.
[0033] Several exemplary advantages are mentiona-
ble. The invention facilitates a circumferential seal along
a rotatable/translatable runner between a pair of low
pressure compartments that minimizes mixing of a lubri-
cant and a gas within adjacent compartments. The in-
vention facilitates a circumferential seal along a rotata-
ble/translatable runner between a pair of compartments
that minimizes translational effects on sealing properties.
The invention minimizes contamination to a paired ar-
rangement of annular seal rings by an oil lubricant orig-
inating from a compartment. The invention minimizes
wear along a back-to-back arrangement of sealing rings
within a seal assembly.
[0034] The above and other objectives, features, and
advantages of the preferred embodiments of the inven-
tion will become apparent from the following description
read in connection with the accompanying drawings, in
which like reference numerals designate the same or
similar elements.

4. Brief Description of the Drawings

[0035] Additional aspects, features, and advantages
of the invention will be understood and will become more
readily apparent when the invention is considered in the
light of the following description made in conjunction with
the accompanying drawings:

FIG. 1 is an enlarged cross section view illustrating
an annular seal assembly including a pair of annular
seal rings separated by a gap within a seal housing
disposed about a runner attached to a shaft (cross
section of annular seal assembly below centerline,
runner, and shaft not shown) rotatable about a cen-
terline within a turbine engine in accordance with an
embodiment of the invention;
FIG. 2 is a partial cross section view illustrating an
annular seal assembly including a pair of annular
seal rings separated by a gap within a seal housing
disposed about a rotatable runner attached to a shaft
(cross section of annular seal assembly below run-
ner and shaft not shown) wherein an outer circum-
ferential surface along the runner includes a plurality
of groove structures separately disposed thereon
whereby each groove structure communicates with
both seal rings in accordance with an embodiment
of the invention;
FIG. 3 is a partial cross section view illustrating an
annular seal assembly including a pair of annular
seal rings separated by a gap within a seal housing
disposed about a rotatable runner attached to a shaft
(cross section of annular seal assembly below run-
ner and shaft not shown) wherein an outer circum-
ferential surface along the runner includes a plurality

of groove structures communicable with a single an-
nular groove thereon whereby each groove structure
communicates with both seal rings in accordance
with an embodiment of the invention;
FIG. 4 is an enlarged cross section view illustrating
an annular seal assembly including a pair of annular
seal rings separated by a center ring within a seal
housing disposed about a runner attached to a shaft
(cross section of annular seal assembly below cen-
terline, runner, and shaft not shown) rotatable about
a centerline within a turbine engine in accordance
with an embodiment of the invention;
FIG. 5 is a partial cross section view illustrating an
annular seal assembly including a pair of annular
seal rings separated by a center ring within a seal
housing disposed about a rotatable runner attached
to a shaft (cross section of annular seal assembly
below runner and shaft not shown) wherein an outer
circumferential surface along the runner includes a
plurality of groove structures separately disposed
thereon whereby each groove structure communi-
cates with both seal rings in accordance with an em-
bodiment of the invention;
FIG. 6 is a partial cross section view illustrating an
annular seal assembly including a pair of annular
seal rings separated by a center ring within a seal
housing disposed about a rotatable runner attached
to a shaft (cross section of annular seal assembly
below runner and shaft not shown) wherein an outer
circumferential surface along the runner includes a
plurality of bifurcated groove structures separately
disposed thereon whereby each pair of non-inter-
secting groove structures communicates with both
seal rings in accordance with an embodiment of the
invention;
FIG. 7 is a partial cross section view illustrating an
annular seal assembly including a pair of annular
seal rings separated by a center ring within a seal
housing disposed about a rotatable runner attached
to a shaft (cross section of annular seal assembly
below runner and shaft not shown) wherein an outer
circumferential surface along the runner includes a
plurality of bifurcated multi-groove structures sepa-
rately disposed thereon whereby each pair of non-
intersecting multi-groove structures communicates
with both seal rings in accordance with an embodi-
ment of the invention;
FIG. 8 is a partial cross section view illustrating an
annular seal assembly including a pair of annular
seal rings separated by a center ring within a seal
housing disposed about a rotatable runner attached
to a shaft (cross section of annular seal assembly
below runner and shaft not shown) wherein an outer
circumferential surface along the runner includes a
plurality of multi-groove structures separately dis-
posed thereon whereby each multi-groove structure
communicates with both seal rings in accordance
with an embodiment of the invention;
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FIG. 9 is a partial cross section view illustrating an
annular seal assembly including a pair of annular
seal rings separated by a center ring within a seal
housing disposed about a rotatable runner attached
to a shaft (cross section of annular seal assembly
below runner and shaft not shown) wherein an outer
circumferential surface along the runner includes a
plurality of bifurcated multi-groove structures sepa-
rately disposed thereon whereby the multi-grooves
form two separate substructures within each multi-
groove structure and each multi-groove structure
communicates with both seal rings in accordance
with an embodiment of the invention;
FIG. 10 is a partial cross section view illustrating an
annular seal assembly including a pair of annular
seal rings separated by a gap within a seal housing
with an optional windback thread disposed about a
rotatable runner attached to a shaft (cross section
of annular seal assembly and runner below center-
line and shaft not shown) wherein an outer circum-
ferential surface along the runner includes a plurality
of multi-groove structures separately disposed ther-
eon whereby each multi-groove structure communi-
cates with both seal rings in accordance with an em-
bodiment of the invention;
FIG. 11 is a partial cross section view illustrating an
annular seal assembly including a pair of annular
seal rings separated by a gap within a seal housing
with an optional windback thread disposed about a
rotatable runner attached to a shaft (cross section
of annular seal assembly and runner below center-
line and shaft not shown) wherein an outer circum-
ferential surface along the runner includes a plurality
of multi-groove structures separately disposed ther-
eon whereby the grooves are tapered and each mul-
ti-groove structure communicates with both seal
rings in accordance with an embodiment of the in-
vention;
FIG. 12 is a partial cross section view illustrating an
annular seal assembly including a pair of annular
seal rings separated by a gap within a seal housing
with an optional windback thread disposed about a
rotatable runner attached to a shaft (cross section
of annular seal assembly and runner below center-
line and shaft not shown) wherein an outer circum-
ferential surface along the runner includes a plurality
of multi-groove structures separately disposed ther-
eon whereby the width of adjacent multi-groove
structures vary and each multi-groove structure
communicates with both seal rings in accordance
with an embodiment of the invention;
FIG. 13 is a partial cross section view illustrating an
annular seal assembly including a pair of annular
seal rings separated by a gap within a seal housing
with an optional windback thread disposed about a
rotatable runner attached to a shaft (cross section
of annular seal assembly and runner below center-
line and shaft not shown) wherein an outer circum-

ferential surface along the runner includes a plurality
of multi-groove structures separately disposed ther-
eon whereby the number of grooves within adjacent
multi-groove structures vary and each multi-groove
structure communicates with both seal rings in ac-
cordance with an embodiment of the invention;
FIG. 14 is a partial cross section view illustrating an
annular seal assembly including a pair of annular
seal rings separated by a center ring within a seal
housing disposed about a rotatable runner attached
to a shaft (cross section of annular seal assembly
below runner and shaft not shown) wherein an outer
circumferential surface along the runner includes a
plurality of bifurcated multi-groove structures sepa-
rately disposed thereon whereby each pair of non-
intersecting multi-groove structures communicates
with both seal rings and a plurality of through holes
are disposed along the rotatable runner in accord-
ance with an embodiment of the invention;
FIG. 15 is a cross section view illustrating the annular
seal housing, the center ring, and the rotatable run-
ner with through holes wherein the holes communi-
cate a gas through the rotatable runner and onto the
outer annular surface of the rotatable runner so that
the gas enters grooves along the rotatable runner
for redirection onto the inner annular surface of a
first annular seal ring and a second annular seal ring
in accordance with an embodiment of the invention;
and
FIG. 16 is an exemplary pressure plot illustrating a
pressure profile along the length of a hydrodynamic
groove with a groove structure disposed along an
outer circumferential surface of a runner and under
a stationary seal ring in accordance with an embod-
iment of the invention.

5. Modes for Carrying Out the Invention

[0036] Reference will now be made in detail to several
embodiments of the invention that are illustrated in the
accompanying drawings. Wherever possible, same or
similar reference numerals are used in the drawings and
the description to refer to the same or like parts. The
drawings are in simplified form and are not to precise
scale.
[0037] While features of various embodiments are sep-
arately described throughout this document, it is under-
stood that two or more such features could be combined
to form other embodiments.
[0038] Referring now to FIG. 1, a seal assembly 1 is
shown with an annular seal housing 2, a first annular seal
ring 3, and a second annular seal ring 4, each disposed
so as to be circumferentially arranged about a rotatable
runner 15 (not shown). Components are composed of
materials understood in the art. The rotatable runner 15
(see FIG. 2) is an element known within the art attached
to a rotatable shaft. The rotatable runner 15 is rotatable
within a turbine engine via the shaft. A seal is formed
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along the rotatable runner 15 by each annular seal ring
3,4. The annular seal housing 2, annular seal rings 3, 4,
and rotatable runner 15 are aligned along and disposed
about a centerline 14, often coinciding with the central
axis of a turbine engine. The annular seal housing 2 is
attached to components comprising the housing struc-
ture 51 (generally shown) of a turbine engine fixing the
annular seal housing 2 thereto. The housing structure
51, seal assembly 1, and the rotatable runner 15 gener-
ally define at least a first low pressure compartment 5
and a second low pressure compartment 6. The config-
uration of the housing structure 51 is design dependent;
however, it is understood for purposes of the present
invention that the housing structure 51 cooperates with
the seal assembly 1 and rotatable runner 15 to define
two separate compartments whereby a gas resides at a
low pressure within one such compartment 5 and a lu-
bricant resides at low pressure within another compart-
ment 6.
[0039] The annular seal housing 2 generally defines a
pocket within which the annular seal rings 3, 4 reside.
The annular seal housing 2 has a U-shaped cross-sec-
tion opening inward toward the centerline 14. One end
of the annular seal housing 2 could include an insert 7
and a retaining ring 8 which allow for assembly/disas-
sembly of the annular seal rings 3, 4 onto the annular
seal housing 2. The annular seal rings 3, 4 could be fixed
to the annular seal housing 2 via means known within
the art to limit or to prevent relative rotational motion be-
tween the annular seal rings 3, 4 and the annular seal
housing 2. In one non-limiting example, a pair of anti-
rotation pins 52 is secured to the annular seal housing 2
to separately engage a pocket 53 along each of the first
and second annular seal rings 3, 4. Interaction between
the anti-rotation pin 52 and the pocket 53 functions as a
positive stop to restrict rotation of each of the first and
second annular seal rings 3, 4 with respect to the annular
seal housing 2.
[0040] The first and second annular seal rings 3, 4 are
ring-shaped elements. Each annular seal ring 3, 4 could
be composed of at least two arcuate segments which
form a generally circular-shaped ring when assembled
about a rotatable runner 15. The segments of the first
and second annular seal rings 3, 4 allow for radial ex-
pansion and contraction by the respective annular seal
rings 3, 4 about a rotatable runner 15. Each annular seal
ring 3, 4, is generally biased toward a rotatable runner
15 via a compressive force applied by a garter spring 10,
11. The garter spring 10, 11 could contact the outer cir-
cumference of the respective annular seal ring 3, 4 and
apply a compressive force inward toward the rotatable
runner 15.
[0041] A plurality of springs 12 could be separately po-
sitioned between the annular seal rings 3, 4. The springs
12 could be evenly spaced about the circumference of
the annular seal rings 3, 4 so as to exert a generally
uniform separation force onto the seal rings 3, 4. The
springs 12 could be a coil-type device which generally

resists compression. Each spring 12 could be attached
or fixed to one annular seal ring 3,4. For example, one
end of each spring 12 could be partially recessed within
a pocket 54 along at least one annular seal ring 3, 4.
Each spring 12 should be sufficiently long so as to at
least partially compress when assembled between the
annular seal rings 3, 4. This arrangement ensures that
each spring 12 exerts a force onto the annular seal rings
3, 4 causing the annular seal rings 3, 4 to separate, there-
by pressing the annular seal rings 3, 4 onto opposite sides
of the annular seal housing 2. The separation force ex-
erted by the compression spring 12 ensures a gap 13
between the annular seal rings 3, 4.
[0042] At least one inlet 9 is disposed along an outer
wall of the annular seal housing 2. The inlet(s) 9 is/are
positioned so as to at least partially overlay the gap 13
between the annular seal rings 3, 4. Two or more inlets
9 could be uniformly positioned about the circumference
of the annular seal housing 2. Each inlet 9 is a pathway
through which a high pressure gas is communicated into
and through the gap 13 between the annular seal rings
3, 4.
[0043] Although various embodiments are described
including a gap 13, it is understood that the gap 13 as
described in FIG. 1 is an optional feature and that such
embodiments could include a center ring 25 with optional
gaps or optional holes 31 as shown in FIG. 4.
[0044] Referring now to FIG. 2, a seal assembly 1 is
shown in cross-sectional form disposed about a rotatable
runner 15, the latter illustrated in side-view form. The
rotatable runner 15 includes a plurality of groove struc-
tures 17. The groove structures 17 are arranged circum-
ferentially along the outer annular surface 16 of the ro-
tatable runner 15 immediately adjacent to the seal as-
sembly 1. The groove structures 17 are positioned so as
to communicate a high pressure gas onto the annular
seal rings 3, 4 as the rotatable runner 15 rotates with
respect to the seal assembly 1. In some embodiments,
it might be advantageous for adjacent grooves structures
17 to partially overlap as represented in FIG. 2. In other
embodiments, adjacent groove structures 17 could be
arranged in an end-to-end configuration or with a sepa-
ration between the end of one groove structure 17 and
the start of the next groove structure 17.
[0045] Each groove structure 17 further includes a pair
of diagonal grooves 19 disposed about a central axis 44
circumscribed about the outer annular surface 16 of the
rotatable runner 15. The diagonal grooves 19 could be
aligned symmetrically or non-symmetrically about the
central axis 44. Each diagonal groove 19 is a channel,
depression, flute, or the like disposed along the outer
annular surface 16. Although the diagonal grooves 19
are represented as linear elements, it is understood that
other designs are possible including multi-linear and non-
linear configurations. The central axis 44 could align with
the gap 13 between the first and second annular seal
rings 3, 4 or reside adjacent to the first and second an-
nular seal rings 3, 4 to allow communication of a high
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pressure gas onto the groove structure 17 over the trans-
lational range of the rotatable runner 15. The diagonal
grooves 19 are oriented so that the top of the left side
diagonal groove 19 extends toward the right and the top
of the right side diagonal groove 19 extends toward the
left. The inward oriented ends of the diagonal grooves
19 intersect along or near the central axis 44 to form an
apex 18. The apex 18 is further oriented toward the ro-
tational direction of the rotatable runner 15 so that the
diagonal grooves 19 expand outward opposite of the ro-
tational direction. The dimensions and angular orienta-
tion of the diagonal grooves 19 and the apex 18 are de-
sign dependent and based in part on the translational
range of the rotatable runner 15, the widths of the annular
seal rings 3, 4 and gap 13, the extent of overlap or non-
overlap between adjacent groove structures 17, and the
pressure required to adequately seal the interface be-
tween the rotatable runner 15 and the annular seal rings
3, 4.
[0046] In the various embodiments, the high pressure
gas could originate from a combustion or mechanical
source within a turbine engine. In some embodiments,
the high pressure gas could be a gas heated by combus-
tion events within an engine and communicated to the
inlet(s) 9 from a compartment adjacent to the first and
second low pressure compartments 5, 6. In other em-
bodiments, the high pressure gas could be either a hot
or cold gas pressurized and communicated to the out-
let(s) 9 via a fan or a pump.
[0047] Referring again to FIG. 2, a high pressure gas
enters the inlet(s) 9 and is directed inward across the gap
13 between the first and second annular seal rings 3, 4.
After exiting the gap 13, the high pressure gas impinges
the outer annular surface 16 of the rotatable runner 15,
preferably at or near the apex 18 or inlet end 45. The
high pressure gas enters the apex 18 or inlet end 45 and
is bifurcated by the groove structure 17 so that a first
portion is directed into the left-side diagonal groove 19
and a second portion is directed into the right-side diag-
onal groove 19. The quantity and/or rate of high pressure
gas communicated onto each of the annular seal rings
3, 4 may be the same or different. The high pressure gas
traverses the respective diagonal grooves 19 and is re-
directed outward from the rotatable runner 15 at the outlet
end 46 of each diagonal groove 19. The high pressure
gas exits the left-side diagonal groove 19 and impinges
the first annular seal ring 3 forming a thin-film layer 20
between the first annular seal ring 3 and rotatable runner
15, thereby separating the first annular seal ring 3 from
the rotatable runner 15. The high pressure gas exits the
right-side diagonal groove 19 and impinges the second
annular seal ring 4 forming a thin-film layer 20 between
the second annular seal ring 4 and rotatable runner 15,
thereby separating the second annular seal ring 4 from
the rotatable runner 15.
[0048] Referring now to FIG. 3, a seal assembly 1 is
shown in cross-sectional form disposed about a rotatable
runner 15, the latter illustrated in side-view form, between

a pair of low pressure compartments 5, 6. The rotatable
runner 15 includes a plurality of groove structures 17.
The groove structures 17 are arranged circumferentially
along the outer annular surface 16 of the rotatable runner
15 immediately adjacent to the seal assembly 1. The
groove structures 17 are positioned so as to communi-
cate a high pressure gas onto the annular seal rings 3,
4 as the rotatable runner 15 rotates with respect to the
seal assembly 1. In some embodiments, it might be ad-
vantageous for adjacent grooves structures 17 to partially
overlap as represented in FIG. 3. In other embodiments,
adjacent groove structures 17 could be arranged in an
end-to-end configuration or with a separation between
the end of one groove structure 17 and the start of the
next groove structure 17.
[0049] Each groove structure 17 further includes a pair
of diagonal grooves 19 disposed about a central axis 44
circumscribed about an outer annular surface 16 of the
rotatable runner 15. The diagonal grooves 19 could be
aligned symmetrically or non-symmetrically about the
central axis 44. Each diagonal groove 19 is a channel,
depression, flute, or the like disposed along the outer
annular surface 16. Although the diagonal grooves 19
are represented as linear elements, it is understood that
other designs are possible including multi-linear and non-
linear configurations. The central axis 44 could align with
the gap 13 between first and second annular seal rings
3, 4 or reside adjacent to the first and second annular
seal rings 3, 4 to allow communication of a high pressure
gas onto the groove structure 17 over the translational
range of the rotatable runner 15. The diagonal grooves
19 are oriented so that the top of the left-side diagonal
groove 19 extends toward the right and the top of the
right-side diagonal groove 19 extends toward the left.
The inward oriented ends of the diagonal grooves 19
intersect an annular groove 39 along the central axis 44.
The annular groove 39 is a channel, depression, flute, or
the like circumscribed about the outer annular surface
16 of the rotatable runner 15. Although the annular
groove 39 is represented as linear elements, it is under-
stood that other designs are possible including multi-lin-
ear and non-linear configurations. The intersection point
between the diagonal grooves 19 and the annular groove
39 is oriented toward the rotational direction of the rotat-
able runner 15 so that the diagonal grooves 19 expand
outward opposite of the rotational direction. The dimen-
sions and angular orientation of the diagonal grooves 19
and annular groove 39 are design dependent and based
in part on the translational range of the rotatable runner
15, the width of the annular seal rings 3, 4 and gap 13,
the extent of overlap or non-overlap between adjacent
groove structures 17, and the pressure required to ade-
quately seal the interface between the rotatable runner
15 and annular seal rings 3, 4.
[0050] Referring again to FIG. 3, a high pressure gas
enters the inlet(s) 9 and is directed inward across the gap
13 between the first and second annular seal rings 3, 4.
After exiting the gap 13, the high pressure gas impinges
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the outer annular surface 16 of the rotatable runner 15,
preferably at or near the annular groove 39. The high
pressure gas enters the annular groove 39 and is bifur-
cated by the groove structure 17 so that a first portion is
directed into the inlet end 45 of the left-side diagonal
groove 19 and a second portion is directed into the inlet
end 45 of the right-side diagonal groove 19. The quantity
and/or rate of high pressure gas communicated onto
each of the annular seal rings 3, 4 may be the same or
different. The continuity of the annular groove 39 allows
for uninterrupted communication of the high pressure gas
into the diagonal grooves 19. The high pressure gas
traverses the respective diagonal grooves 19 and is re-
directed outward from the rotatable runner 15 at the outlet
end 46 of each diagonal groove 19. The high pressure
gas exits the left-side diagonal groove 19 and impinges
the first annular seal ring 3 forming a thin-film layer 20
between the first annular seal ring 3 and rotatable runner
15, thereby separating the first annular seal ring 3 from
the rotatable runner 15. The high pressure gas exits the
right-side diagonal groove 19 and impinges the second
annular seal ring 4 forming a thin-film layer 20 between
the second annular seal ring 4 and rotatable runner 15,
thereby separating the second annular seal ring 4 from
the rotatable runner 15.
[0051] Referring now to FIG. 4, a seal assembly 21 is
shown with an annular seal housing 22, a first annular
seal ring 23, a second annular seal ring 24, and a center
ring 25, each disposed so as to be circumferentially ar-
ranged about a rotatable runner 35 (see FIG. 5). Com-
ponents are composed of materials understood in the
art. The rotatable runner 35 is an element known within
the art attached to a rotatable shaft (not shown). The
rotatable runner 35 is rotatable within the turbine engine
via the shaft. A seal is formed along the rotatable runner
35 by each annular seal ring 23, 24. The annular seal
housing 22, annular seal rings 23, 24, center ring 25, and
rotatable runner 35 are aligned along and disposed about
a centerline 34, often coinciding with the central axis of
a turbine engine. The annular seal housing 22 is attached
to components comprising the housing structure 51 (gen-
erally shown) of a turbine engine fixing the annular seal
housing 22 thereto. The housing structure 51, seal as-
sembly 21, and the rotatable runner 35 generally define
at least a first low pressure compartment 5 and a second
low pressure compartment 6. The configuration of the
housing structure 51 is design dependent; however, it is
understood for purposes of the present invention that the
housing structure 51 cooperates with the seal assembly
1 and rotatable runner 35 to define two separate com-
partments whereby a gas resides at a low pressure within
one such compartment 5 and a lubricant resides at low
pressure within another compartment 6.
[0052] The annular seal housing 22 generally defines
a pocket within which the annular seal rings 23, 24 and
center ring 25 reside. The annular seal housing 22 could
have a U-shaped cross-section opening inward toward
the centerline 34. One end of the annular seal housing

22 could include an insert 27 and a retaining ring 28 which
allow for assembly/disassembly of the annular seal rings
23, 24 and center ring 25 onto the annular seal housing
22. The annular seal rings 23, 24 could be fixed to the
annular seal housing 22 via means known within the art
to limit or to prevent relative rotational motion between
the annular seal rings 23, 24 and the annular seal housing
22. In one non-limiting example, a pair of anti-rotation
pins 52 is secured to the annular seal housing 22 to sep-
arately engage a pocket 53 along each of the first and
second annular seal rings 23, 24. Interaction between
anti-rotation pin 52 and pocket 53 functions as a positive
stop to restrict rotation of each of the first and second
annular seal rings 23, 24 with respect to the annular seal
housing 22.
[0053] The first and second annular seal rings 23, 24
are ring-shaped elements. Each annular seal ring 23, 24
could comprise at least two arcuate segments which form
a generally circular-shaped ring when assembled about
a rotatable runner 35. The segmented construction of the
first and second annular seal rings 3, 4 allows for radial
expansion and contraction by the respective annular seal
rings 23, 24 about a rotatable runner 35. Each annular
seal ring 23, 24, is generally biased toward a rotatable
runner 35 via a compressive force applied by a garter
spring 29, 30. The garter spring 29, 30 could contact the
outer circumference of the respective annular seal ring
23, 24 and apply the compressive force inward toward
the rotatable runner 35.
[0054] The center ring 25 is interposed between the
first and second annular seal rings 23, 24 within the an-
nular seal housing 22. A plurality of first springs 32 are
interposed between the first annular seal ring 23 and the
center ring 25. A plurality of second springs 33 are inter-
posed between the second annular seal ring 24 and the
center ring 25. The first and second springs 32, 33 could
be evenly spaced about the circumference of the respec-
tive annular seal rings 23, 24 so as to exert a generally
uniform separation force onto each annular seal ring 23,
24 with respect to the center ring 25. The first and second
springs 32, 33 could be a coil-type device which generally
resists compression. Each spring 32, 33 could be at-
tached or fixed to the respective annular seal ring 23, 24.
For example, one end of each first and second spring
32, 33 could be partially recessed within a pocket 54
along the respective annular seal ring 23, 24. First and
second springs 32, 33 should be sufficiently long so as
to at least partially compress when assembled between
the respective annular seal rings 23, 24 and center ring
25. First and second springs 32, 33 should exert a force
onto the annular seal rings 23, 24 causing the annular
seal rings 23, 24 to separate from the center ring 25,
thereby pressing the annular seal rings 23, 24 onto op-
posite sides of the annular seal housing 22 with the center
ring 25 substantially centered between the annular seal
rings 23, 24. The separation force exerted by the com-
pression springs 32, 33 could form an optional gap (not
shown) between the center ring 25 and each annular seal
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ring 23, 24.
[0055] At least one inlet 26 is disposed along an outer
wall of the annular seal housing 22. The inlet(s) 26 is/are
positioned so as to at least partially overlay the center
ring 25 between the annular seal rings 23, 24. Two or
more inlets 26 could be uniformly positioned about the
circumference of the annular seal housing 22. Each inlet
26 is a pathway through which a high pressure gas is
communicated between the annular seal rings 23, 24.
[0056] In some embodiments, the center ring 25 could
include a plurality of holes 31 traversing the radial dimen-
sion of the center ring 25. The holes 31 could be evenly
spaced about the circumference of the center ring 25 and
positioned so as to at least partially overlay the inlet(s) 26.
[0057] Although various embodiments are described
including a center ring 25, it is understood that the center
ring 25 is an optional feature and that such embodiments
could include the gap 13 arrangement shown in FIG. 1.
[0058] Referring now to FIG. 5, a seal assembly 21 is
shown in cross-sectional form disposed about a rotatable
runner 35, the latter illustrated in side-view form, between
a pair of low pressure compartments 5, 6. The rotatable
runner 35 includes a plurality of groove structures 37.
The groove structures 37 are arranged circumferentially
along the outer annular surface 36 of the rotatable runner
35 immediately adjacent to the seal assembly 21. The
groove structures 37 are positioned so as to communi-
cate a high pressure gas onto the annular seal rings 23,
24 as the rotatable runner 35 rotates with respect to the
seal assembly 21. In some embodiments, it might be ad-
vantageous for adjacent grooves structures 37 to partially
overlap as represented in FIG. 5. In other embodiments,
adjacent groove structures 37 could be arranged in an
end-to-end configuration or with a separation between
the end of one groove structure 37 and the start of the
next groove structure 37.
[0059] Each groove structure 37 further includes a pair
of diagonal grooves 38 disposed about a central axis 44
circumscribed about an outer annular surface 36 of the
rotatable runner 35. The diagonal grooves 38 could be
aligned symmetrically or non-symmetrically about the
central axis 44. Each diagonal groove 38 is a channel,
depression, flute, or the like disposed along the outer
annular surface 36. Although the diagonal grooves 38
are represented as linear elements, it is understood that
other designs are possible including multi-linear and non-
linear configurations. The central axis 44 could align with
the center ring 25 between first and second annular seal
rings 23, 24 or reside adjacent to the first and second
annular seal rings 23, 24 to allow communication of a
high pressure gas onto the groove structures 37 over the
translational range of the rotatable runner 35. The diag-
onal grooves 38 are oriented so that the top of the left-
side diagonal groove 38 extends toward the right and the
top of the right-side diagonal groove 38 extends toward
the left. The inward oriented ends of the diagonal grooves
38 intersect along or near the central axis 44 to form an
apex 40. The apex 40 is further oriented toward the ro-

tational direction of the rotatable runner 35 so that the
diagonal grooves 38 expand outward opposite of the ro-
tational direction. The dimensions and angular orienta-
tion of the diagonal grooves 38 and the apex 40 are de-
sign dependent and based in part on the translational
range of the rotatable runner 35, the widths of the annular
seal rings 23, 24, center ring 25 and optional hole 31, the
extent of overlap or non-overlap between adjacent
groove structures 37, and the pressure required to ade-
quately seal the interface between the rotatable runner
35 and annular seal rings 23, 24.
[0060] Referring again to FIG. 5, a high pressure gas
enters the inlet(s) 26 and is directed inward onto the cent-
er ring 25. The high pressure gas flows around the center
ring 25 traversing the gaps between the center ring 25
and the first and second annular seal rings 23, 24 when
the center ring 25 does not include the optional holes 31.
The high pressure gas traverses the holes 31 when the
center ring 25 includes the optional holes 31. Next, the
high pressure gas impinges the outer annular surface 36
of the rotatable runner 35, preferably at or near the apex
40 or inlet end 45. The high pressure gas enters the apex
40 or inlet end 45 and is bifurcated by the groove structure
37 so that a first portion is directed into the left-side di-
agonal groove 38 and a second portion is directed into
the right-side diagonal groove 38. The quantity and/or
rate of high pressure gas communicated onto each of
the annular seal rings 23, 24 may be the same or different.
The high pressure gas traverses the respective diagonal
grooves 38 and is redirected outward from the rotatable
runner 35 at the outlet end 46 of each diagonal groove
38. The high pressure gas exits the left-side diagonal
groove 38 and impinges the first annular seal ring 23
forming a thin-film layer 20 between the first annular seal
ring 23 and rotatable runner 35, thereby separating the
first annular seal ring 23 from the rotatable runner 35.
The high pressure gas exits the right-side diagonal
groove 38 and impinges the second annular seal ring 24
forming a thin-film layer 20 between the second annular
seal ring 24 and rotatable runner 35, thereby separating
the second annular seal ring 24 from the rotatable runner
35.
[0061] Referring now to FIG. 6, a seal assembly 21 is
shown in cross-sectional form disposed about a rotatable
runner 35, the latter illustrated in side-view form, between
a pair of low pressure compartments 5, 6. The rotatable
runner 35 includes a plurality of groove structures 37.
The groove structures 37 are arranged circumferentially
along the outer annular surface 36 of the rotatable runner
35 immediately adjacent to the seal assembly 21. The
groove structures 37 are positioned so as to communi-
cate a high pressure gas onto the annular seal rings 23,
24 as the rotatable runner 35 rotates with respect to the
seal assembly 21. In some embodiments, it might be ad-
vantageous for adjacent grooves structures 37 to partially
overlap as represented in FIG. 6. In other embodiments,
adjacent groove structures 37 could be arranged in an
end-to-end configuration or with a separation between
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the end of one groove structure 37 and the start of the
next groove structure 37.
[0062] Each groove structure 37 further includes a pair
of diagonal grooves 38 disposed about a central axis 44
circumscribed about an outer annular surface 36 of the
rotatable runner 35. The diagonal grooves 38 could be
aligned symmetrically or non-symmetrically about the
central axis 44. Each diagonal groove 38 is a channel,
depression, flute, or the like disposed along the outer
annular surface 36. Although the diagonal grooves 38
are represented as linear elements, it is understood that
other designs are possible including multi-linear and non-
linear configurations. The central axis 44 could align with
the center ring 25 between first and second annular seal
rings 23, 24 or reside adjacent to the first and second
annular seal rings 23, 24 to allow communication of a
high pressure gas onto the groove structures 37 over the
translational range of the rotatable runner 35. The diag-
onal grooves 38 are oriented so that the top of the left-
side diagonal groove 38 extends toward the right and the
top of the right-side diagonal groove 38 extends toward
the left. The inward oriented ends of the diagonal grooves
38 are separately disposed about the central axis 44 so
that the diagonal grooves 38 expand outward opposite
of the rotational direction. The dimensions and angular
orientation of the diagonal grooves 38 are design de-
pendent and based in part on the translational range of
the rotatable runner 35, the widths of the annular seal
rings 23, 24, center ring 25 and optional hole 31, the
extent of overlap or non-overlap between adjacent
groove structures 37, and the pressure required to ade-
quately seal the interface between the rotatable runner
35 and annular seal rings 23,24.
[0063] Referring again to FIG. 6, a high pressure gas
enters the inlet(s) 26 and is directed inward onto the cent-
er ring 25. The high pressure gas flows around the center
ring 25 traversing the gaps between the center ring 25
and the first and second annular seal rings 23, 24 when
the center ring 25 does not include the optional holes 31.
The high pressure gas traverses the holes 31 when the
center ring 25 includes the optional holes 31. Next, the
high pressure gas impinges the outer annular surface 36
of the rotatable runner 35, preferably at or near inlet ends
45. The high pressure gas is bifurcated by the groove
structure 37 at the inlet ends 45 so that a first portion is
directed into the left-side diagonal groove 38 and a sec-
ond portion is directed into the right-side diagonal groove
38. The quantity and/or rate of high pressure gas com-
municated onto each of the annular seal rings 23, 24 may
be the same or different. The high pressure gas traverses
the respective diagonal grooves 38 and is redirected out-
ward from the rotatable runner 35 at the outlet end 46 of
each diagonal groove 38. The high pressure gas exits
the left-side diagonal groove 38 and impinges the first
annular seal ring 23 forming a thin-film layer 20 between
the first annular seal ring 23 and rotatable runner 35,
thereby separating the first annular seal ring 23 from the
rotatable runner 35. The high pressure gas exits the right-

side diagonal groove 38 and impinges the second annu-
lar seal ring 24 forming a thin-film layer 20 between the
second annular seal ring 24 and rotatable runner 35,
thereby separating the second annular seal ring 24 from
the rotatable runner 35.
[0064] Referring now to FIG. 7, a seal assembly 21 is
shown in cross-sectional form disposed about a rotatable
runner 35, the latter illustrated in side-view form, between
a pair of low pressure compartments 5, 6. The rotatable
runner 35 includes a plurality of groove structures 41.
The groove structures 41 are arranged circumferentially
along the outer annular surface 36 of the rotatable runner
35 immediately adjacent to the seal assembly 21. The
groove structures 41 are positioned so as to communi-
cate a high pressure gas onto the annular seal rings 23,
24 as the rotatable runner 35 rotates with respect to the
seal assembly 21. In some embodiments, it might be ad-
vantageous for adjacent grooves structures 41 to partially
overlap. In other embodiments, adjacent groove struc-
tures 41 could be arranged in an end-to-end configuration
or with a separation between the end of one groove struc-
ture 41 and the start of the next groove structure 41, the
latter represented in FIG. 7.
[0065] Each groove structure 41 further includes a plu-
rality of diagonal grooves 43 disposed about a central
axis 44 circumscribed about an outer annular surface 36
of the rotatable runner 35. The diagonal grooves 43 could
be aligned symmetrically or non-symmetrically about the
central axis 44. Each diagonal groove 43 is a channel,
depression, flute, or the like disposed along the outer
annular surface 36. Although the diagonal grooves 43
are represented as linear elements, it is understood that
other designs are possible including multi-linear and non-
linear configurations. The central axis 44 could align with
the center ring 25 between first and second annular seal
rings 23, 24 or reside adjacent to the first and second
annular seal rings 23, 24 to allow communication of a
high pressure gas onto the groove structures 41 over the
translational range of the rotatable runner 35. The diag-
onal grooves 43 are oriented so that the top of each left-
side diagonal groove 43 extends toward the right and the
top of each right-side diagonal groove 43 extends toward
the left. The inward oriented ends of the diagonal grooves
43 are separately disposed about the central axis 44 so
that the diagonal grooves 43 expand outward opposite
of the rotational direction.
[0066] At least two diagonal grooves 43 are disposed
along each side of the central axis 44. In some embodi-
ments, the diagonal grooves 43 could be substantially
parallel to other diagonal grooves 43 along the same side
of the central axis 44 as represented by the set of three
diagonal grooves 43 along each side of the central axis
44 in FIG. 7. In other embodiments, the diagonal grooves
43 could be oriented at two or more angles with respect
to the rotational direction and/or central axis 44 whereby
the diagonal grooves 43 along the same side of the cen-
tral axis 44 are non-parallel. It is also possible in some
embodiments for the inlet ends 45 and the outlet ends
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46 to be aligned circumferentially as represented in FIG.
7. In yet other embodiments, the inlet ends 45 and the
outlet ends 46 could be skewed or staggered and/or the
diagonal grooves 43 have the same or different lengths.
[0067] The dimensions, angular orientation and
number of the diagonal grooves 43 are design dependent
and based in part on the translational range of the rotat-
able runner 35, the widths of the annular seal rings 23,
24, center ring 25 and optional hole 31, the extent of
overlap or non-overlap between adjacent groove struc-
tures 41, the number of flows from a groove structure 41
required to impinge each annular seal ring 23, 24, and
the pressure required to adequately seal the interface
between the rotatable runner 35 and annular seal rings
23, 24.
[0068] Referring again to FIG. 7, a high pressure gas
enters the inlet(s) 26 and is directed inward onto the cent-
er ring 25. The high pressure gas flows around the center
ring 25 traversing the gaps between the center ring 25
and the first and second annular seal rings 23, 24 when
the center ring 25 does not include the optional holes 31.
The high pressure gas traverses the holes 31 when the
center ring 25 includes the optional holes 31. Next, the
high pressure gas impinges the outer annular surface 36
of the rotatable runner 35, preferably at or near inlet ends
45. The high pressure gas is bifurcated by the groove
structure 41 at the inlet ends 45 so that a first portion is
directed into the left-side diagonal grooves 43 and a sec-
ond portion is directed into the right-side diagonal
grooves 43. The quantity and/or rate of high pressure
gas communicated onto each of the annular seal rings
23, 24 may be the same or different. The high pressure
gas traverses the respective diagonal grooves 43 and is
redirected outward from the rotatable runner 35 at the
outlet end 46 of each diagonal groove 43. The high pres-
sure gas exits at least one left-side diagonal groove 43
within a groove structure 41 and impinges the first annular
seal ring 23 forming a thin-film layer 20 between the first
annular seal ring 23 and rotatable runner 35, thereby
separating the first annular seal ring 23 from the rotatable
runner 35. The high pressure gas exits at least one right-
side diagonal groove 43 within a groove structure 41 and
impinges the second annular seal ring 24 forming a thin-
film layer 20 between the second annular seal ring 24
and rotatable runner 35, thereby separating the second
annular seal ring 24 from the rotatable runner 35.
[0069] Referring now to FIG. 8, a seal assembly 21 is
shown in cross-sectional form disposed about a rotatable
runner 35, the latter illustrated in side-view form, between
a pair of low pressure compartments 5, 6. The rotatable
runner 35 includes a plurality of groove structures 41.
The groove structures 41 are arranged circumferentially
along the outer annular surface 36 of the rotatable runner
35 immediately adjacent to the seal assembly 21. The
groove structures 41 are positioned so as to communi-
cate a high pressure gas onto the annular seal rings 23,
24 as the rotatable runner 35 rotates with respect to the
seal assembly 21. In some embodiments, it might be ad-

vantageous for adjacent grooves structures 41 to partially
overlap. In other embodiments, adjacent groove struc-
tures 41 could be arranged in an end-to-end configuration
or with a separation between the end of one groove struc-
ture 41 and the start of the next groove structure 41, the
latter represented in FIG. 8.
[0070] Each groove structure 41 further includes at
least two of diagonal grooves 43 disposed about a central
axis 44 circumscribed about an outer annular surface 36
of the rotatable runner 35. The diagonal grooves 43 could
be aligned symmetrically or non-symmetrically about the
central axis 44. Each diagonal groove 43 is a channel,
depression, flute, or the like disposed along the outer
annular surface 36. Although the diagonal grooves 43
are represented as linear elements, it is understood that
other designs are possible including multi-linear and non-
linear configurations. The central axis 44 could align with
the center ring 25 between first and second annular seal
rings 23, 24 or reside adjacent to the first and second
annular seal rings 23, 24 to allow communication of a
high pressure gas onto the groove structures 41 over the
translational range of the rotatable runner 35. The diag-
onal grooves 43 are oriented so that the top of each left-
side diagonal groove 43 extends toward the right and the
top of each right-side diagonal groove 43 extends toward
the left. The inward oriented ends of the diagonal grooves
43 are separately disposed about the central axis 44 so
that the diagonal grooves 43 expand outward opposite
of the rotational direction.
[0071] At least one diagonal groove 43 is disposed
along each side of the central axis 44. When two or more
diagonal grooves 43 are disposed along each side of the
central axis 44, the diagonal grooves 43 could be sub-
stantially parallel to other diagonal grooves 43 along the
same side of the central axis 44 as represented by the
set of three diagonal grooves 43 along each side of the
central axis 44 in FIG. 8. In other embodiments, the di-
agonal grooves 43 could be oriented at two or more an-
gles with respect to the rotational direction and/or central
axis 44 whereby the diagonal grooves 43 along the same
side of the central axis 44 are non-parallel. Two or more
of the inlet ends 45 and the outlet ends 46 could be
aligned circumferentially as represented in FIG. 8. Two
or more of other inlet ends 45 and outlet ends 46 could
be skewed or staggered as also represented in FIG. 8.
Two or more diagonal grooves 43 could have the same
or different lengths as further represented in FIG. 8.
[0072] Two or more diagonal grooves 43 could com-
municate with a feed groove 42 at the inlet ends 45 of
the diagonal grooves 43. The feed groove 42 is a channel,
depression, flute, or the like disposed along the outer
annular surface 36. Although the feed groove 42 is rep-
resented as a linear element, it is understood that other
designs are possible including multi-linear and non-linear
configurations. The feed groove 42 is generally oriented
to traverse the central axis 44 so as to communication
with diagonal grooves 43 along both sides of the groove
structure 41. The feed groove 42 could be substantially
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perpendicular to the rotational direction of the rotatable
runner 35 and/or the central axis 44 as represented in
FIG. 8. In other embodiments the feed groove 42 could
be obliquely oriented with respect to the rotational direc-
tion and/or central axis 44. When less than all diagonal
grooves 43 communicate with a feed groove 42 it is pos-
sible for the diagonal grooves 43 to intersect as described
in FIGS 2 and 5 to form a secondary groove structure 55
within the larger primary groove structure 41, as repre-
sented in FIG. 8.
[0073] The dimensions, angular orientation and
number of the diagonal grooves 43 and feed groove 42
are design dependent and based in part on the transla-
tional range of the rotatable runner 35, the widths of the
annular seal rings 23, 24, center ring 25 and optional hole
31, the extent of overlap or non-overlap between adja-
cent groove structures 41 with or without secondary
groove structures 55, the number of flows from a groove
structure 41 required to impinge each annular seal ring
23, 24, and the pressure required to adequately seal the
interface between the rotatable runner 35 and annular
seal rings 23, 24.
[0074] Referring again to FIG. 8, a high pressure gas
enters the inlet(s) 26 and is directed inward onto the cent-
er ring 25. The high pressure gas flows around the center
ring 25 traversing the gaps between the center ring 25
and the first and second annular seal rings 23, 24 when
the center ring 25 does not include the optional holes 31.
The high pressure gas traverses the holes 31 when the
center ring 25 includes the optional holes 31. Next, the
high pressure gas impinges the feed groove 42 along the
outer annular surface 36 of the rotatable runner 35. The
high pressure gas is bifurcated along the feed groove 42
allowing the high pressure gas to enter the inlet ends 45
so that a first portion is directed into the left-side diagonal
grooves 43 and a second portion is directed into the right-
side diagonal grooves 43. The quantity and/or rate of
high pressure gas communicated onto each of the an-
nular seal rings 23, 24 may be the same or different. The
high pressure gas traverses the respective diagonal
grooves 43 and is redirected outward from the rotatable
runner 35 at the outlet end 46 of each diagonal groove
43. The high pressure gas exits at least one left-side di-
agonal groove 43 within a groove structure 41 and im-
pinges the first annular seal ring 23 forming a thin-film
layer 20 between the first annular seal ring 23 and rotat-
able runner 35, thereby separating the first annular seal
ring 23 from the rotatable runner 35. The high pressure
gas exits at least one right-side diagonal groove 43 within
a groove structure 41 and impinges the second annular
seal ring 24 forming a thin-film layer 20 between the sec-
ond annular seal ring 24 and rotatable runner 35, thereby
separating the second annular seal ring 24 from the ro-
tatable runner 35. The flow characteristics of the second-
ary groove structure 55 are as described for FIGS. 2 and
5.
[0075] Referring now to FIG. 9, a seal assembly 21 is
shown in cross-sectional form disposed about a rotatable

runner 35, the latter illustrated in side-view form, between
a pair of low pressure compartments 5, 6. The rotatable
runner 35 includes a plurality of groove structures 41.
The groove structures 41 are arranged circumferentially
along the outer annular surface 36 of the rotatable runner
35 immediately adjacent to the seal assembly 21. The
groove structures 41 are positioned so as to communi-
cate a high pressure gas onto the annular seal rings 23,
24 as the rotatable runner 35 rotates with respect to the
seal assembly 21. In some embodiments, it might be ad-
vantageous for adjacent grooves structures 41 to partially
overlap. In other embodiments, adjacent groove struc-
tures 41 could be arranged in an end-to-end configuration
or with a separation between the end of one groove struc-
ture 41 and the start of the next groove structure 41, the
latter represented in FIG. 9.
[0076] Each groove structure 41 further includes at
least two diagonal grooves 43 disposed about a central
axis 44 circumscribed about an outer annular surface 36
of the rotatable runner 35. The diagonal grooves 43 could
be aligned symmetrically or non-symmetrically about the
central axis 44. Each diagonal groove 43 is a channel,
depression, flute, or the like disposed along the outer
annular surface 36. Although the diagonal grooves 43
are represented as linear elements, it is understood that
other designs are possible including multi-linear and non-
linear configurations. The central axis 44 could align with
the center ring 25 between first and second annular seal
rings 23, 24 or reside adjacent to the first and second
annular seal rings 23, 24 to allow communication of a
high pressure gas onto the groove structures 41 over the
translational range of the rotatable runner 35. The diag-
onal grooves 43 are oriented so that the top of each left-
side diagonal groove 43 extends toward the right and the
top of each right-side diagonal groove 43 extends toward
the left. The inward oriented ends of the diagonal grooves
43 are separately disposed about the central axis 44 so
that the diagonal grooves 43 expand outward opposite
of the rotational direction.
[0077] At least two diagonal grooves 43 are disposed
along each side of the central axis 44. The diagonal
grooves 43 could be substantially parallel to other diag-
onal grooves 43 along the same side of the central axis
44 as represented by the set of three diagonal grooves
43 along each side of the central axis 44 in FIG. 9. In
other embodiments, the diagonal grooves 43 could be
oriented at two or more angles with respect to the rota-
tional direction and/or central axis 44 whereby the diag-
onal grooves 43 along the same side of the central axis
44 are non-parallel. Two or more of the inlet ends 45 and
the outlet ends 46 could be aligned circumferentially as
represented in FIG. 9. Two or more inlet ends 45 and
outlet ends 46 could be skewed or staggered. Two or
more diagonal groove 43 could have the same or different
lengths.
[0078] Two or more diagonal grooves 43 could com-
municate with a first feed groove 56 at the inlet ends 45
of the left-side diagonal grooves 43. Two or more other
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diagonal grooves 43 could communicate with a second
feed groove 57 at the inlet ends 45 of the right-side di-
agonal grooves 43. Each first and second feed groove
56, 57 is a channel, depression, flute, or the like disposed
along the outer annular surface 36. Although the feed
grooves 56, 57 are represented as linear elements, it is
understood that other designs are possible including mul-
ti-linear and non-linear configurations. The feed grooves
56, 57 are separately oriented to either side of the central
axis 44. The feed grooves 56, 57 could be substantially
perpendicular or oblique to the rotational direction and/or
central axis 44, the former represented in FIG. 9.
[0079] The dimensions, angular orientation and
number of the diagonal grooves 43 and feed grooves 56,
57 are design dependent and based in part on the trans-
lational range of the rotatable runner 35, the widths of
the annular seal rings 23, 24, center ring 25 and optional
hole 31, the extent of overlap or non-overlap between
adjacent groove structures 41, the number of flows from
a groove structure 41 required to impinge each annular
seal ring 23, 24, and the pressure required to adequately
seal the interface between the rotatable runner 35 and
annular seal rings 23, 24.
[0080] Referring again to FIG. 9, a high pressure gas
enters the inlet(s) 26 and is directed inward onto the cent-
er ring 25. The high pressure gas flows around the center
ring 25 traversing the gaps between the center ring 25
and the first and second annular seal rings 23, 24 when
the center ring 25 does not include the optional holes 31.
The high pressure gas traverses the holes 31 when the
center ring 25 includes the optional holes 31. Next, the
high pressure gas impinges along or near the feed
grooves 56, 57 along outer annular surface 36 of the
rotatable runner 35. The high pressure gas is bifurcated
by the groove structure 41 so as to separately enter the
first and second feed grooves 56, 57 so that a first portion
is directed into the inlet ends 45 of the left-side diagonal
grooves 43 and a second portion is directed into the inlet
ends 45 of the right-side diagonal grooves 43. The quan-
tity and/or rate of high pressure gas communicated onto
each of the annular seal rings 23, 24 may be the same
or different. The high pressure gas traverses the respec-
tive diagonal grooves 43 and is redirected outward from
the rotatable runner 35 at the outlet end 46 of each di-
agonal groove 43. The high pressure gas exits at least
one left-side diagonal groove 43 within a groove structure
41 and impinges the first annular seal ring 23 forming a
thin-film layer 20 between the first annular seal ring 23
and rotatable runner 35, thereby separating the first an-
nular seal ring 23 from the rotatable runner 35. The high
pressure gas exits at least one right-side diagonal groove
43 within a groove structure 41 and impinges the second
annular seal ring 24 forming a thin-film layer 20 between
the second annular seal ring 24 and rotatable runner 35,
thereby separating the second annular seal ring 24 from
the rotatable runner 35.
[0081] Referring now to FIGS. 10-13, several seal as-
semblies 1 are shown in cross-sectional form disposed

about a rotatable runner 15, the latter illustrated in side-
view form, between a pair of low pressure compartments
5,6. The rotatable runner 15 includes a plurality of groove
structures 41. The groove structures 41 are arranged cir-
cumferentially along the outer annular surface 16 of the
rotatable runner 15 immediately adjacent to the seal as-
sembly 1. The groove structures 41 are positioned so as
to communicate a high pressure gas onto the annular
seal rings 3, 4 as the rotatable runner 15 rotates with
respect to the seal assembly 1. In some embodiments,
it might be advantageous for adjacent grooves structures
41 to partially overlap. In other embodiments, adjacent
groove structures 41 could be arranged in an end-to-end
configuration or with a separation between the end of
one groove structure 41 and the start of the next groove
structure 41, the latter represented in FIGS. 10-13.
[0082] Each groove structure 41 further includes at
least two axial grooves 49 disposed about a central axis
44 circumscribed about an outer annular surface 16 of
the rotatable runner 15. The axial grooves 49 could be
aligned symmetrically or non-symmetrically about the
central axis 44. Each axial groove 49 is a channel, de-
pression, flute, or the like disposed along the outer an-
nular surface 16. Although the axial grooves 49 are rep-
resented as linear elements, it is understood that other
designs are possible including multi-linear and non-linear
configurations. The central axis 44 could align with the
gap 13 between the first and second annular seal rings
3, 4 or reside adjacent to the first and second annular
seal rings 3, 4 to allow communication of a high pressure
gas onto the groove structures 41 over the translational
range of the rotatable runner 15. The axial grooves 49
are oriented substantially parallel to the rotational direc-
tion of the rotatable runner 15 and/or the central axis 44.
[0083] At least two axial grooves 49 are disposed along
each side of the central axis 44. The axial grooves 49
could be substantially parallel to other axial grooves 49
along the same side of the central axis 44 as represented
by the set of two or more axial grooves 49 along each
side of the central axis 44 in FIGS. 10-13. Two or more
of the inlet ends 45 and the outlet ends 46 could be
aligned circumferentially as represented in FIGS. 10-13.
It is also possible for the inlet ends 45 and the outlet ends
46 to be skewed or staggered and/or and the axial
grooves 49 to have the same or different lengths.
[0084] The axial grooves 49 communicate with a feed
groove 42 at the inlet ends 45 of the axial grooves 49.
The feed groove 42 is a channel, depression, flute, or
the like disposed along the outer annular surface 16. Al-
though the feed groove 42 is represented as a linear el-
ement, it is understood that other designs are possible
including multi-linear and non-linear configurations. The
feed groove 42 traverses the central axis 44. The feed
groove 42 could be substantially perpendicular or oblique
to the rotational direction and/or central axis 44.
[0085] The dimensions, angular orientation and
number of the axial grooves 49 are design dependent
and based in part on the translational range of the rotat-
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able runner 15, the widths of the annular seal rings 3, 4,
the extent of overlap or non-overlap between adjacent
groove structures 41, the number of flows from a groove
structure 41 required to impinge each annular seal ring
3, 4, and the pressure required to adequately seal the
interface between the rotatable runner 15 and annular
seal rings 3, 4.
[0086] An optional windback thread 47 could extend
from the annular seal housing 2 in the direction of the
second low pressure compartment 6. The windback
thread 47 is an element known within the art that utilizes
the shear forces produced by a rotating shaft to circum-
ferentially wind a fluid along one or more threads. The
threads are disposed along the inner annular surface of
the windback thread 47 and oriented so that a fluid enters
the threads and is directed away from the annular seal
rings 3, 4 within a seal assembly 1. The windback thread
47 could be machined into the annular seal housing 2 or
mechanically attached or fastened thereto as a separate
element via methods understood in the art. The windback
thread 47 is disposed about the runner 15 so as to overlay
the runner 15 without contact. A plurality of optional slots
48 are positioned along one end of the rotatable runner
15 adjacent to the windback thread 47. The slots 48 could
interact with the windback thread 47 to sling a fluid away
from the annular seal rings 3, 4 in the direction of the
second low pressure compartment 6. Although shown
with several embodiments, it is understood that an op-
tional windback thread 47 is applicable to other embod-
iments described herein.
[0087] In some embodiments, it might be advanta-
geous to taper the axial grooves 49 as represent in FIG.
11. The axial groove 49 could include a width at the inlet
end 45 that is greater than the width at the outlet end 46
so that the width decreases with distance along the axial
groove 49. This arrangement progressively reduces the
volume through which the high pressure gas passes
causing a gas to compress with distance along the axial
groove 49, thereby further increasing the pressure oth-
erwise achieved along an axial groove 49 with uniform
width. This effect is also possible by tapering the axial
groove 49 depthwise along the length of the axial groove
49 so that the depth at the inlet end 45 is greater than
the depth at the outlet end 46.
[0088] In yet other embodiments, the groove structures
41 could vary widthwise as represented in FIGS. 12 and
13. The width between adjacent groove structures 41
could differ so that the axial width W1 of one groove struc-
ture 41 is greater than the axial width W2 of the next
groove structure 41 resulting in an overhang 50. The
overhang 50 facilitates a staggered arrangement of axial
grooves 49 between adjacent groove structures 41 when
the total number of axial grooves 49 is the same in each
groove structure 41 as represented in FIG. 12 and when
the total numbers of axial grooves 49 differ between
groove structures 41 as represented in FIG. 13. Both
embodiments increase sealing effects over a greater
range of translations by a rotatable runner 15.

[0089] Referring again to FIGS. 10-13, a high pressure
gas enters the inlet(s) 9 and is directed into the gap 13
between the annular seal rings 3, 4. The high pressure
gas traverses the gap 13 thereafter impinging the feed
groove 42 along outer annular surface 16 of the rotatable
runner 15. The high pressure gas is bifurcated along the
feed groove 42 allowing the high pressure gas to enter
the inlet ends 45 so that a first portion is directed into the
left-side axial grooves 49 and a second portion is directed
into the right-side axial grooves 49. The quantity and/or
rate of high pressure gas communicated onto each of
the annular seal rings 3, 4 may be the same or different.
The high pressure gas traverses the respective axial
grooves 49 and is redirected outward from the rotatable
runner 15 at the outlet end 46 of each axial groove 49.
The high pressure gas exits at least one left-side axial
groove 49 within a groove structure 41 and impinges the
first annular seal ring 3 forming a thin-film layer 20 be-
tween the first annular seal ring 3 and rotatable runner
15, thereby separating the first annular seal ring 3 from
the rotatable runner 15. The high pressure gas exits at
least one right-side axial groove 49 within a groove struc-
ture 41 and impinges the second annular seal ring 4 form-
ing a thin-film layer 20 between the second annular seal
ring 4 and rotatable runner 15, thereby separating the
second annular seal ring 4 from the rotatable runner 15.
[0090] In some embodiments, it might be advanta-
geous to direct a high pressure gas through the rotatable
runner 15 or 35 rather than or in addition to between the
first and second annular seal rings 3, 4 or 23, 24.
[0091] Referring now to FIGS. 14 and 15, a seal as-
sembly 21 is shown in cross-sectional form disposed
about a rotatable runner 35, the latter illustrated in side-
view form, between a first compartment 58 and a second
59. The first and second compartments 58, 59 could in-
clude a low pressure gas. Gas within the second com-
partment 59 could be at a higher pressure than the first
compartment 58. One or both compartments 58, 59 could
further include a lubricant. The annular seal housing 22
could include an optional windback thread 47.
[0092] The rotatable runner 35 includes a plurality of
groove structures 41 and could further include an optional
flange 60. The groove structures 41 are arranged circum-
ferentially along the outer annular surface 36 of the ro-
tatable runner 35 immediately adjacent to the seal as-
sembly 21. The groove structures 41 are positioned so
as to communicate a gas onto the annular seal rings 23,
24 as the rotatable runner 35 rotates with respect to the
seal assembly 21. While FIG. 14 shows bifurcated groove
structures 41, it is understood that all groove structures
17, 37, 41, 55 described herein are applicable to embod-
iments wherein a gas is directed through a rotatable run-
ner 15 or 35. An optional center ring 25 could be inter-
posed between the first and second annular seal rings
23, 24, as otherwise described herein. It is likewise pos-
sible for the seal assembly 21 to not include a center ring
25, as also described herein.
[0093] A plurality of through holes 61 are separately
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disposed about the circumference of the rotatable runner
35, as represented in FIGS. 14 and 15. Each through
hole 61 could traverse the rotatable runner 35 so as to
allow passage of a gas along one side of the rotatable
runner 35 to another side of the rotatable runner 35, pref-
erably from a region adjacent to the inner portion of the
rotatable runner 35 and onto the outer annular surface
36 of the rotatable runner 35 adjacent to the groove struc-
tures 41 and the first and second annular seal rings 23,
24.
[0094] The number, size, shape, location, and ar-
rangement of the through holes 61 should allow commu-
nication of a gas through the rotatable runner 35 and onto
the outer annular surface 36 so as to form a thin film 20
between the first and second annular seal rings 23, 24
and the rotatable runner 35. In some embodiments, it
might be advantageous for each through hole 61 to be
elongated along the central axis 44 and aligned therewith
with one such through hole 61 interposed between each
paired arrangement of diagonal grooves 43, as repre-
sented in FIG. 14. Other configurations are possible.
[0095] Referring again to FIGS. 14 and 15, a gas enters
the through holes 61 along the rotatable runner 35 and
is directed outward in the direction of the first and second
annular seal rings 23, 24 with or without the center ring
25. The gas flows onto the rotatable runner 35 so as to
impinge the outer annular surface 36 of the rotatable run-
ner 35, preferably at or near the inlet ends 45. The high
pressure gas is bifurcated by the groove structure 41 at
the inlet ends 45 so that a first portion is directed into the
left-side diagonal grooves 43 and a second portion is
directed into the right-side diagonal grooves 43. The
quantity and/or rate of gas communicated onto each of
the annular seal rings 23, 24 may be the same or different.
The gas traverses the respective diagonal grooves 43
and is redirected outward from the rotatable runner 35
at the outlet end 46 of each diagonal groove 43. The gas
exits at least one left-side diagonal groove 43 within a
groove structure 41 and impinges the first annular seal
ring 23 forming a thin-film layer 20 between the first an-
nular seal ring 23 and rotatable runner 35, thereby sep-
arating the first annular seal ring 23 from the rotatable
runner 35. The gas exits at least one right-side diagonal
groove 43 within a groove structure 41 and impinges the
second annular seal ring 24 forming a thin-film layer 20
between the second annular seal ring 24 and rotatable
runner 35, thereby separating the second annular seal
ring 24 from the rotatable runner 35.
[0096] Referring now to FIG. 16, an exemplary pres-
sure profile is shown for the various diagonal and axial
grooves 19, 38, 43, 49. A gas enters the respective di-
agonal or axial groove 19, 38, 43 49 and travels along
the length thereof. The inward flow of the gas results in
a pressure gradient. The result is a pressure profile which
steadily increases along the length of the diagonal or
axial groove 19, 38, 43, 49 so that the pressure at the
outlet end 46 is higher than the pressure at the inlet end
45. The pressure profile may be linear, non-linear, or a

combination thereof. The higher pressure at the outlet
end 46 is communicated to the annular seal rings 3, 4,
or 23, 24, thus forming a thin-film layer 20 which sepa-
rates the annular seal rings 3, 4 or 23, 24 from the rotat-
able runner 15 or 35. The stiffness of the thin-film layer
20 should prevent or minimize a gas from exiting and a
lubricant from entering the first low pressure chamber 5
and should also prevent or minimize a lubricant from ex-
iting and a gas from entering the second low pressure
chamber 6.
[0097] The description above indicates that a great de-
gree of flexibility is offered in terms of the present inven-
tion. Although various embodiments have been de-
scribed in considerable detail with reference to certain
preferred versions thereof, other versions are possible.
Therefore, the spirit and scope of the appended claims
should not be limited to the description of the preferred
versions contained herein.

6. Industrial Applicability

[0098] The invention may be used within a variety of
applications wherein a sealing assembly including a pair
of annular seals is disposed about a translatable sealing
surface between a pair of low pressure compartments.
One specific non-limiting example is a turbine engine
wherein a seal assembly is disposed about a rotata-
ble/translatable runner.

Claims

1. A circumferential back-to-back seal assembly (1 or
21) with bifurcated flow comprising:

(a) an annular seal housing (2 or 22) disposed
between a pair of low pressure compartments
(5, 6 or 58, 59), one said low pressure compart-
ment (5 or 58) includes a gas, another said low
pressure compartment (6 or 59) includes a lu-
bricant;
(b) a first annular seal ring (3 or 23);
(c) a second annular seal ring (4 or 24), said first
annular seal ring (3 or 23) and said second an-
nular seal ring (4 or 24) separately disposed
within said annular seal housing (2 or 22), a high
pressure gas communicable between said first
annular seal ring (3 or 23) and said second an-
nular seal ring (4 or 24);
(d) a rotatable runner (15 or 35), said first annular
seal ring (3 or 23) and said second annular seal
ring (4 or 24) disposed around said rotatable run-
ner (15 or 35); and
(e) a plurality of groove structures (17, 37 or 41)
disposed along an outer annular surface (16 or
36) of said rotatable runner (15 or 35), said high
pressure gas communicable onto said groove
structures (17, 37 or 41), each said groove struc-
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ture (17, 37 or 41) separates said high pressure
gas so that a first portion of said high pressure
gas is directed onto said first annular seal ring
(3 or 23) to form a first thin-film layer (20) be-
tween said rotatable runner (15 or 35) and said
first annular seal ring (3 or 23) and a second
portion of said high pressure gas is directed onto
said second annular seal ring (4 or 24) to form
a second thin-film layer (20) between said rotat-
able runner (15 or 35) and said second annular
seal ring (4 or 24);

characterized by,
at least one of said plurality of groove structures (17,
37 or 41) is said groove structure (17) which includes
a pair of grooves (19) disposed about and commu-
nicable with an annular groove (39) along said outer
annular surface (16 or 36) of said rotatable runner
(15 or 35), said grooves (19) disposed diagonally
with respect to rotational direction of said rotatable
runner (15 or 35).

2. The circumferential back-to-back seal assembly (1)
of claim 1, further comprising:

(f) a plurality of springs (12) disposed between
and directly contacting said first annular seal ring
(3) and said second annular seal ring (4), said
springs (12) separate said first annular seal ring
(3) and said second annular seal ring (4) to form
a gap (13), said high pressure gas traverses said
gap (13) before communication onto said
groove structures (17, 37 or 41).

3. The circumferential back-to-back seal assembly (21)
of claim 1, further comprising:

(f) a center ring (25) disposed within said annular
seal housing (22) between said first annular seal
ring (23) and said second annular seal ring (24),
said center ring (25) has a plurality of holes (31),
said high pressure gas traverses said holes (31)
before communication onto said groove struc-
tures (17, 37 or 41); and
(g) a plurality of springs (32, 33) disposed be-
tween said center ring (25) and each of said first
annular seal ring (23) and said second annular
seal ring (24), said springs (32, 33) bias said first
annular seal ring (23) and said second annular
seal ring (24) away from said center ring (25).

4. The circumferential back-to-back seal assembly (21)
of claim 1, further comprising:

(f) a center ring (25) disposed within said annular
seal housing (22) between said first annular seal
ring (23) and said second annular seal ring (24);
and

(g) a plurality of springs (32, 33) disposed be-
tween said center ring (25) and each of said first
annular seal ring (23) and said second annular
seal ring (24), said springs (32, 33) bias said first
annular seal ring (23) and said second annular
seal ring (24) away from said center ring (25),
said high pressure gas flows around said center
ring (25) before communication onto said
groove structures (17, 37 or 41).

5. The circumferential back-to-back seal assembly (1
or 21) of claim 1, wherein at least one other said pair
of grooves (38 or 43) disposed about a central axis
(44).

6. The circumferential back-to-back seal assembly (1
or 21) of claim 1, wherein at least one said groove
structure (41) includes at least two other said
grooves (43) separately disposed about a central ax-
is (44) aligned adjacent to said first annular seal ring
(3 or 23) and said second annular seal ring (4 or 24),
said grooves (43) disposed diagonally with respect
to rotational direction of said rotatable runner (15 or
35), said grooves (43) communicable with a feed
groove (42), said feed groove (42) directs said high
pressure gas into said grooves (43).

7. The circumferential back-to-back seal assembly (1
or 21) of claim 6, wherein at least one said groove
structure (41) has a secondary groove structure (55).

8. The circumferential back-to-back seal assembly (1
or 21) of claim 1, wherein at least one said groove
structure (41) includes at least four other said
grooves (43) separately disposed about a central ax-
is (44) aligned adjacent to said first annular seal ring
(3 or 23) and said second annular seal ring (4 or 24),
said grooves (43) disposed diagonally with respect
to rotational direction of said rotatable runner (15 or
35), at least two said grooves (43) communicable
with a first feed groove (56) and at least two other
said grooves (43) communicable with a second feed
groove (57), said first feed groove (56) and said sec-
ond feed groove (57) separate said high pressure
gas into said grooves (43).

9. The circumferential back-to-back seal assembly (1
or 21) of claim 1, wherein at least one said groove
structure (41) includes a plurality of other said
grooves (49) disposed about a central axis (44)
aligned adjacent to said first annular seal ring (3 or
23) and said second annular seal ring (4 or 24), said
grooves (49) disposed substantially axially with re-
spect to rotational direction of said rotatable runner
(15 or 35), said grooves (49) communicable with a
feed groove (42), said feed groove (42) directs said
high pressure gas into said grooves (49).
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10. A circumferential back-to-back seal assembly (1 or
21) with bifurcated flow comprising:

(a) an annular seal housing (2 or 22) disposed
between a pair of compartments (5, 6 or 58, 59);
(b) a first annular seal ring (3 or 23);
(c) a second annular seal ring (4 or 24), said first
annular seal ring (3 or 23) and said second an-
nular seal ring (4 or 24) separately disposed
within said annular seal housing (2 or 22);
(d) a rotatable runner (15 or 35) with a plurality
of through holes (61), said first annular seal ring
(3 or 23) and said second annular seal ring (4
or 24) disposed around said rotatable runner (15
or 35); and
(e) a plurality of groove structures (17, 37 or 41)
disposed along an outer annular surface (16 or
36) of said rotatable runner (15 or 35), a gas
communicable onto said groove structures (17,
37 or 41) via said through holes (61), each said
groove structure (17, 37 or 41) separates said
gas so that a first portion of said gas is directed
onto said first annular seal ring (3 or 23) to form
a first thin-film layer (20) between said rotatable
runner (15 or 35) and said first annular seal ring
(3 or 23) and a second portion of said gas is
directed onto said second annular seal ring (4
or 24) to form a second thin-film layer (20) be-
tween said rotatable runner (15 or 35) and said
second annular seal ring (4 or 24); wherein, at
least one of said plurality of groove structures
(17, 37 or 41) is said groove structure (17) which
includes a pair of grooves (19) disposed about
and communicable with an annular groove (39)
along said outer annular surface (16 or 36) of
said rotatable runner (15 or 35), said grooves
(19) disposed diagonally with respect to rota-
tional direction of said rotatable runner (15 or
35).

11. The circumferential back-to-back seal assembly (1)
of claim 10, further comprising:

(f) a plurality of springs (12) disposed between
and directly contacting said first annular seal ring
(3) and said second annular seal ring (4), said
springs (12) separate said first annular seal ring
(3) and said second annular seal ring (4).

12. The circumferential back-to-back seal assembly (21)
of claim 10, further comprising:

(f) a center ring (25) disposed within said annular
seal housing (22) between said first annular seal
ring (23) and said second annular seal ring (24).

13. The circumferential back-to-back seal assembly (21)
of claim 10, further comprising:

(f) a center ring (25) disposed within said annular
seal housing (22) between said first annular seal
ring (23) and said second annular seal ring (24);
and
(g) a plurality of springs (32, 33) disposed be-
tween said center ring (25) and each of said first
annular seal ring (23) and said second annular
seal ring (24), said springs (32, 33) bias said first
annular seal ring (23) and said second annular
seal ring (24) away from said center ring (25).

14. The circumferential back-to-back seal assembly (1
or 21) of claim 10, wherein at least one other said
pair of grooves (38 or 43) disposed about a central
axis (44).

15. The circumferential back-to-back seal assembly (1
or 21) of claim 10, wherein at least one said groove
structure (41) includes at least two other said
grooves (43) separately disposed about a central ax-
is (44) aligned adjacent to said first annular seal ring
(3 or 23) and said second annular seal ring (4 or 24),
said grooves (43) disposed diagonally with respect
to rotational direction of said rotatable runner (15 or
35), said grooves (43) communicable with a feed
groove (42), said feed groove (42) directs said gas
into said grooves (43).

16. The circumferential back-to-back seal assembly (1
or 21) of claim 15, wherein at least one said groove
structure (41) has a secondary groove structure (55).

17. The circumferential back-to-back seal assembly (1
or 21) of claim 10, wherein at least one said groove
structure (41) includes at least four other said
grooves (43) separately disposed about a central ax-
is (44) aligned adjacent to said first annular seal ring
(3 or 23) and said second annular seal ring (4 or 24),
said grooves (43) disposed diagonally with respect
to rotational direction of said rotatable runner (15 or
35), at least two said grooves (43) communicable
with a first feed groove (56) and at least two other
said grooves (43) communicable with a second feed
groove (57), said first feed groove (56) and said sec-
ond feed groove (57) separate said gas into said
grooves (43).

18. The circumferential back-to-back seal assembly (1
or 21) of claim 10, wherein at least one said groove
structure (41) includes a plurality of other said
grooves (49) disposed about a central axis (44)
aligned adjacent to said first annular seal ring (3 or
23) and said second annular seal ring (4 or 24), said
grooves (49) disposed substantially axially with re-
spect to rotational direction of said rotatable runner
(15 or 35), said grooves (49) communicable with a
feed groove (42), said feed groove (42) directs said
gas into said grooves (49).
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Patentansprüche

1. Umlaufende Paralleldichtungsanordnung (1 oder
21) mit verzweigter Strömung, umfassend:

(a) ein ringförmiges Dichtungsgehäuse (2 oder
22), das zwischen einem Paar Niederdruckkam-
mern (5, 6 oder 58, 59) angeordnet ist, wobei
eine Niederdruckkammer (5 oder 58) ein Gas
beinhaltet, wobei eine andere Niederdruckkam-
mer (6 oder 59) ein Schmiermittel beinhaltet;
(b) einen ersten ringförmigen Dichtungsring (3
oder 23);
(c) einen zweiten ringförmigen Dichtungsring (4
oder 24), wobei der erste ringförmige Dichtungs-
ring (3 oder 23) und der zweite ringförmige Dich-
tungsring (4 oder 24) separat innerhalb des ring-
förmigen Dichtungsgehäuses (2 oder 22) ange-
ordnet sind, wobei ein Hochdruckgas zwischen
dem ersten ringförmigen Dichtungsring (3 oder
23) und dem zweiten ringförmigen Dichtungs-
ring (4 oder 24) geleitet werden kann;
(d) ein drehbares Laufrad (15 oder 35), wobei
der erste ringförmige Dichtungsring (3 oder 23)
und der zweite ringförmige Dichtungsring (4
oder 24) um das drehbare Laufrad (15 oder 35)
angeordnet sind; und
(e) eine Vielzahl von Rillenstrukturen (17, 37
oder 41), die entlang einer äußeren ringförmi-
gen Fläche (16 oder 36) des drehbaren Laufrads
(15 oder 35) angeordnet ist, wobei das Hoch-
druckgas auf die Rillenstrukturen (17, 37 oder
41) geleitet werden kann, wobei jede Rillen-
struktur (17, 37 oder 41) das Hochdruckgas
trennt, sodass ein erster Teil des Hochdruckga-
ses auf den ersten ringförmigen Dichtungsring
(3 oder 23) geführt wird, um eine erste Dünn-
filmschicht (20) zwischen dem drehbaren Lauf-
rad (15 oder 35) und dem ersten ringförmigen
Dichtungsring (3 oder 23) zu bilden, und ein
zweiter Teil des Hochdruckgases auf den zwei-
ten ringförmigen Dichtungsring (4 oder 24) ge-
führt wird, um eine zweite Dünnfilmschicht (20)
zwischen dem drehbaren Laufrad (15 oder 35)
und dem zweiten ringförmigen Dichtungsring (4
oder 24) zu bilden;

dadurch gekennzeichnet, dass
mindestens eine der Vielzahl von Rillenstrukturen
(17, 37 oder 41) die Rillenstruktur (17) ist, die ein
Paar Rillen (19) beinhaltet, die um eine ringförmige
Rille (39) entlang der äußeren ringförmigen Fläche
(16 oder 36) des drehbaren Laufrads (15 oder 35)
angeordnet und damit verbindbar sind, wobei die Ril-
len (19) diagonal in Bezug auf die Drehrichtung des
drehbaren Laufrads (15 oder 35) angeordnet sind.

2. Umlaufende Paralleldichtungsanordnung (1) nach

Anspruch 1, ferner umfassend:

(f) eine Vielzahl von Federn (12), die zwischen
dem ersten ringförmigen Dichtungsring (3) und
dem zweiten ringförmigen Dichtungsring (4) an-
geordnet ist und diese direkt berührt, wobei die
Federn (12) den ersten ringförmigen Dichtungs-
ring (3) und den zweiten ringförmigen Dich-
tungsring (4) trennen, um einen Spalt (13) zu
bilden, wobei das Hochdruckgas vor der Wei-
terleitung auf die Rillenstrukturen (17, 37 oder
41) den Spalt (13) durchströmt.

3. Umlaufende Paralleldichtungsanordnung (21) nach
Anspruch 1, ferner umfassend:

(f) einen Zentrierring (25), der innerhalb des
ringförmigen Dichtungsgehäuses (22) zwischen
dem ersten ringförmigen Dichtungsring (23) und
dem zweiten ringförmigen Dichtungsring (24)
angeordnet ist, wobei der Zentrierring (25) eine
Vielzahl von Löchern (31) aufweist, wobei das
Hochdruckgas vor der Weiterleitung auf die Ril-
lenstrukturen (17, 37 oder 41) die Löcher (31)
durchströmt; und
(g) eine Vielzahl von Federn (32, 33), die zwi-
schen dem Zentrierring (25) und jedem des ers-
ten ringförmigen Dichtungsrings (23) und des
zweiten ringförmigen Dichtungsrings (24) ange-
ordnet ist, wobei die Federn (32, 33) den ersten
ringförmigen Dichtungsring (23) und den zwei-
ten ringförmigen Dichtungsring (24) von dem
Zentrierring (25) weg vorspannen.

4. Umlaufende Paralleldichtungsanordnung (21) nach
Anspruch 1, ferner umfassend:

(f) einen Zentrierring (25), der innerhalb des
ringförmigen Dichtungsgehäuses (22) zwischen
dem ersten ringförmigen Dichtungsring (23) und
dem zweiten ringförmigen Dichtungsring (24)
angeordnet ist; und
(g) eine Vielzahl von Federn (32, 33), die zwi-
schen dem Zentrierring (25) und jedem des ers-
ten ringförmigen Dichtungsrings (23) und des
zweiten ringförmigen Dichtungsrings (24) ange-
ordnet ist, wobei die Federn (32, 33) den ersten
ringförmigen Dichtungsring (23) und den zwei-
ten ringförmigen Dichtungsring (24) von dem
Zentrierring (25) weg vorspannen, wobei das
Hochdruckgas vor der Weiterleitung auf die Ril-
lenstrukturen (17, 37 oder 41) den Zentrierring
(25) umströmt.

5. Umlaufende Paralleldichtungsanordnung (1 oder
21) nach Anspruch 1, wobei mindestens ein anderes
Paar Rillen (38 oder 43) um eine Mittelachse (44)
angeordnet ist.
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6. Umlaufende Paralleldichtungsanordnung (1 oder
21) nach Anspruch 1, wobei mindestens eine Rillen-
struktur (41) mindestens zwei andere Rillen (43) be-
inhaltet, die separat um eine Mittelachse (44) ange-
ordnet sind, die benachbart zu dem ersten ringför-
migen Dichtungsring (3 oder 23) und dem zweiten
ringförmigen Dichtungsring (4 oder 24) ausgerichtet
ist, wobei die Rillen (43) diagonal in Bezug auf die
Drehrichtung des drehbaren Laufrads (15 oder 35)
angeordnet sind, wobei die Rillen (43) mit einer Zu-
führrille (42) verbindbar sind, wobei die Zuführrille
(42) das Hochdruckgas in die Rillen (43) führt.

7. Umlaufende Paralleldichtungsanordnung (1 oder
21) nach Anspruch 6, wobei mindestens eine Rillen-
struktur (41) eine sekundäre Rillenstruktur (55) auf-
weist.

8. Umlaufende Paralleldichtungsanordnung (1 oder
21) nach Anspruch 1, wobei mindestens eine Rillen-
struktur (41) mindestens vier andere Rillen (43) be-
inhaltet, die separat um eine Mittelachse (44) ange-
ordnet sind, die benachbart zu dem ersten ringför-
migen Dichtungsring (3 oder 23) und dem zweiten
ringförmigen Dichtungsring (4 oder 24) ausgerichtet
ist, wobei die Rillen (43) diagonal in Bezug auf die
Drehrichtung des drehbaren Laufrads (15 oder 35)
angeordnet sind, wobei mindestens zwei Rillen (43)
mit einer ersten Zuführrille (56) verbindbar sind und
mindestens zwei andere Rillen (43) mit einer zweiten
Zuführrille (57) verbindbar sind, wobei die erste Zu-
führrille (56) und die zweite Zuführrille (57) das Hoch-
druckgas in die Rillen (43) trennen.

9. Umlaufende Paralleldichtungsanordnung (1 oder
21) nach Anspruch 1, wobei mindestens eine Rillen-
struktur (41) eine Vielzahl von anderen Rillen (49)
beinhaltet, die um eine Mittelachse (44) angeordnet
ist, die benachbart zu dem ersten ringförmigen Dich-
tungsring (3 oder 23) und dem zweiten ringförmigen
Dichtungsring (4 oder 24) ausgerichtet ist, wobei die
Rillen (49) im Wesentlichen axial in Bezug auf die
Drehrichtung des drehbaren Laufrads (15 oder 35)
angeordnet sind, wobei die Rillen (49) mit einer Zu-
führrille (42) verbindbar sind, wobei die Zuführrille
(42) das Hochdruckgas in die Rillen (49) führt.

10. Umlaufende Paralleldichtungsanordnung (1 oder
21) mit verzweigter Strömung, umfassend:

(a) ein ringförmiges Dichtungsgehäuse (2 oder
22), das zwischen einem Paar Kammern (5, 6
oder 58, 59) angeordnet ist;
(b) einen ersten ringförmigen Dichtungsring (3
oder 23);
(c) einen zweiten ringförmigen Dichtungsring (4
oder 24), wobei der erste ringförmige Dichtungs-
ring (3 oder 23) und der zweite ringförmige Dich-

tungsring (4 oder 24) separat innerhalb des ring-
förmigen Dichtungsgehäuses (2 oder 22) ange-
ordnet sind;
(d) ein drehbares Laufrad (15 oder 35) mit einer
Vielzahl von Durchgangslöchern (61), wobei der
erste ringförmige Dichtungsring (3 oder 23) und
der zweite ringförmige Dichtungsring (4 oder 24)
um das drehbare Laufrad (15 oder 35) angeord-
net sind; und
(e) eine Vielzahl von Rillenstrukturen (17, 37
oder 41), die entlang einer äußeren ringförmi-
gen Fläche (16 oder 36) des drehbaren Laufrads
(15 oder 35) angeordnet ist, wobei ein Gas über
die Durchgangslöcher (61) auf die Rillenstruk-
turen (17, 37 oder 41) geleitet werden kann, wo-
bei jede Rillenstruktur (17, 37 oder 41) das Gas
trennt, sodass ein erster Teil des Gases auf den
ersten ringförmigen Dichtungsring (3 oder 23)
geführt wird, um eine erste Dünnfilmschicht (20)
zwischen dem drehbaren Laufrad (15 oder 35)
und dem ersten ringförmigen Dichtungsring (3
oder 23) zu bilden, und ein zweiter Teil des Ga-
ses auf den zweiten ringförmigen Dichtungsring
(4 oder 24) geführt wird, um eine zweite Dünn-
filmschicht (20) zwischen dem drehbaren Lauf-
rad (15 oder 35) und dem zweiten ringförmigen
Dichtungsring (4 oder 24) zu bilden;

wobei
mindestens eine der Vielzahl von Rillenstrukturen
(17, 37 oder 41) die Rillenstruktur (17) ist, die ein
Paar Rillen (19) beinhaltet, die um eine ringförmige
Rille (39) entlang der äußeren ringförmigen Fläche
(16 oder 36) des drehbaren Laufrads (15 oder 35)
angeordnet und damit verbindbar sind, wobei die Ril-
len (19) diagonal in Bezug auf die Drehrichtung des
drehbaren Laufrads (15 oder 35) angeordnet sind.

11. Umlaufende Paralleldichtungsanordnung (1) nach
Anspruch 10, ferner umfassend:

(f) eine Vielzahl von Federn (12), die zwischen
dem ersten ringförmigen Dichtungsring (3) und
dem zweiten ringförmigen Dichtungsring (4) an-
geordnet ist und diese direkt berührt, wobei die
Federn (12) den ersten ringförmigen Dichtungs-
ring (3) und den zweiten ringförmigen Dich-
tungsring (4) trennen.

12. Umlaufende Paralleldichtungsanordnung (21) nach
Anspruch 10, ferner umfassend:

(f) einen Zentrierring (25), der innerhalb des
ringförmigen Dichtungsgehäuses (22) zwischen
dem ersten ringförmigen Dichtungsring (23) und
dem zweiten ringförmigen Dichtungsring (24)
angeordnet ist.
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13. Umlaufende Paralleldichtungsanordnung (21) nach
Anspruch 10, ferner umfassend:

(f) einen Zentrierring (25), der innerhalb des
ringförmigen Dichtungsgehäuses (22) zwischen
dem ersten ringförmigen Dichtungsring (23) und
dem zweiten ringförmigen Dichtungsring (24)
angeordnet ist; und
(g) eine Vielzahl von Federn (32, 33), die zwi-
schen dem Zentrierring (25) und jedem des ers-
ten ringförmigen Dichtungsrings (23) und des
zweiten ringförmigen Dichtungsrings (24) ange-
ordnet ist, wobei die Federn (32, 33) den ersten
ringförmigen Dichtungsring (23) und den zwei-
ten ringförmigen Dichtungsring (24) von dem
Zentrierring (25) weg vorspannen.

14. Umlaufende Paralleldichtungsanordnung (1 oder
21) nach Anspruch 10, wobei mindestens ein ande-
res Paar Rillen (38 oder 43) um eine Mittelachse (44)
angeordnet ist.

15. Umlaufende Paralleldichtungsanordnung (1 oder
21) nach Anspruch 10, wobei mindestens eine Ril-
lenstruktur (41) mindestens zwei andere Rillen (43)
beinhaltet, die separat um eine Mittelachse (44) an-
geordnet sind, die benachbart zu dem ersten ring-
förmigen Dichtungsring (3 oder 23) und dem zweiten
ringförmigen Dichtungsring (4 oder 24) ausgerichtet
ist, wobei die Rillen (43) diagonal in Bezug auf die
Drehrichtung des drehbaren Laufrads (15 oder 35)
angeordnet sind, wobei die Rillen (43) mit einer Zu-
führrille (42) verbindbar sind, wobei die Zuführrille
(42) das Gas in die Rillen (43) führt.

16. Umlaufende Paralleldichtungsanordnung (1 oder
21) nach Anspruch 15, wobei mindestens eine Ril-
lenstruktur (41) eine sekundäre Rillenstruktur (55)
aufweist.

17. Umlaufende Paralleldichtungsanordnung (1 oder
21) nach Anspruch 10, wobei mindestens eine Ril-
lenstruktur (41) mindestens vier andere Rillen (43)
beinhaltet, die separat um eine Mittelachse (44) an-
geordnet sind, die benachbart zu dem ersten ring-
förmigen Dichtungsring (3 oder 23) und dem zweiten
ringförmigen Dichtungsring (4 oder 24) ausgerichtet
ist, wobei die Rillen (43) diagonal in Bezug auf die
Drehrichtung des drehbaren Laufrads (15 oder 35)
angeordnet sind, wobei mindestens zwei Rillen (43)
mit einer ersten Zuführrille (56) verbindbar sind und
mindestens zwei andere Rillen (43) mit einer zweiten
Zuführrille (57) verbindbar sind, wobei die erste Zu-
führrille (56) und die zweite Zuführrille (57) das Gas
in die Rillen (43) trennen.

18. Umlaufende Paralleldichtungsanordnung (1 oder
21) nach Anspruch 10, wobei mindestens eine Ril-

lenstruktur (41) eine Vielzahl von anderen Rillen (49)
beinhaltet, die um eine Mittelachse (44) angeordnet
ist, die benachbart zu dem ersten ringförmigen Dich-
tungsring (3 oder 23) und dem zweiten ringförmigen
Dichtungsring (4 oder 24) ausgerichtet ist, wobei die
Rillen (49) im Wesentlichen axial in Bezug auf die
Drehrichtung des drehbaren Laufrads (15 oder 35)
angeordnet sind, wobei die Rillen (49) mit einer Zu-
führrille (42) verbindbar sind, wobei die Zuführrille
(42) das Gas in die Rillen (49) führt.

Revendications

1. Ensemble joint d’étanchéité dos à dos circonférentiel
(1 ou 21) présentant un écoulement bifurqué
comprenant :

(a) un logement de joint d’étanchéité annulaire
(2 ou 22) disposé entre une paire de comparti-
ments à basse pression (5, 6 ou 58, 59), un ledit
compartiment à basse pression (5 ou 58) com-
prenant un gaz, un autre ledit compartiment bas-
se pression (6 ou 59) comprenant un lubrifiant ;
(b) une première bague d’étanchéité annulaire
(3 ou 23) ;
(c) une seconde bague d’étanchéité annulaire
(4 ou 24), ladite première bague d’étanchéité
annulaire (3 ou 23) et ladite seconde bague
d’étanchéité annulaire (4 ou 24) étant disposées
séparément dans ledit logement de joint d’étan-
chéité annulaire (2 ou 22), un gaz à haute pres-
sion pouvant communiquer entre ladite premiè-
re bague d’étanchéité annulaire (3 ou 23) et la-
dite seconde bague d’étanchéité annulaire (4 ou
24) ;
(d) un guidage rotatif (15 ou 35), ladite première
bague d’étanchéité annulaire (3 ou 23) et ladite
seconde bague d’étanchéité annulaire (4 ou 24)
étant disposées autour dudit guidage rotatif (15
ou 35) ; et
(e) une pluralité de structures rainures (17, 37
ou 41) disposées le long d’une surface annulaire
extérieure (16 ou 36) dudit guidage rotatif (15
ou 35), ledit gaz à haute pression pouvant com-
muniquer sur lesdites structures rainures (17,
37 ou 41), chaque ladite structure rainure (17,
37 ou 41) séparant ledit gaz à haute pression
de sorte qu’une première partie dudit gaz à hau-
te pression soit dirigée sur ladite première bague
d’étanchéité annulaire (3 ou 23) pour former une
première couche à film mince (20) entre ledit
guidage rotatif (15 ou 35) et ladite première ba-
gue d’étanchéité annulaire (3 ou 23) et qu’une
seconde partie dudit gaz à haute pression soit
dirigée sur ladite seconde bague d’étanchéité
annulaire (4 ou 24) pour former une seconde
couche à film mince (20) entre ledit guidage ro-
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tatif (15 ou 35) et ladite seconde bague d’étan-
chéité annulaire (4 ou 24) ;

caractérisé par,
au moins une de ladite pluralité de structures rainu-
res (17, 37 ou 41) est ladite structure rainure (17)
qui comprend une paire de rainures (19) disposées
autour de et pouvant communiquer avec une rainure
annulaire (39) le long de ladite surface annulaire ex-
térieure (16 ou 36) dudit guidage rotatif (15 ou 35),
lesdites rainures (19) étant disposées en diagonale
par rapport à la direction de rotation dudit guidage
rotatif (15 ou 35).

2. Ensemble joint d’étanchéité dos à dos circonférentiel
(1) selon la revendication 1, comprenant en outre :

(f) une pluralité de ressorts (12) disposés entre
et entrant directement en contact avec ladite
première bague d’étanchéité annulaire (3) et la-
dite seconde bague d’étanchéité annulaire (4),
lesdits ressorts (12) séparant ladite première
bague d’étanchéité annulaire (3) et ladite secon-
de bague d’étanchéité annulaire (4) pour former
un interstice (13), ledit gaz à haute pression tra-
versant ledit interstice (13) avant la communi-
cation sur lesdites structures rainures (17, 37 ou
41).

3. Ensemble joint d’étanchéité dos à dos circonférentiel
(21) selon la revendication 1, comprenant en outre :

(f) une bague centrale (25) disposée dans ledit
logement de joint d’étanchéité annulaire (22) en-
tre ladite première bague d’étanchéité annulaire
(23) et ladite seconde bague d’étanchéité annu-
laire (24), ladite bague centrale (25) ayant une
pluralité de trous (31), ledit gaz à haute pression
traversant lesdits trous (31) avant la communi-
cation sur lesdites structures rainures (17, 37 ou
41) ; et
(g) une pluralité de ressorts (32,33) disposés
entre ladite bague centrale (25) et chacune de
ladite première bague d’étanchéité annulaire
(23) et de ladite seconde bague d’étanchéité an-
nulaire (24), lesdits ressorts (32, 33) éloignant
ladite première bague d’étanchéité annulaire
(23) et ladite seconde bague d’étanchéité annu-
laire (24) de ladite bague centrale (25).

4. Ensemble joint d’étanchéité dos à dos circonférentiel
(21) selon la revendication 1, comprenant en outre :

(f) une bague centrale (25) disposée dans ledit
logement de joint d’étanchéité annulaire (22) en-
tre ladite première bague d’étanchéité annulaire
(23) et ladite seconde bague d’étanchéité annu-
laire (24) ; et

(g) une pluralité de ressorts (32,33) disposés
entre ladite bague centrale (25) et chacune de
ladite première bague d’étanchéité annulaire
(23) et de ladite seconde bague d’étanchéité an-
nulaire (24), lesdits ressorts (32, 33) éloignant
ladite première bague d’étanchéité annulaire
(23) et ladite seconde bague d’étanchéité annu-
laire (24) de ladite bague centrale (25), ledit gaz
à haute pression s’écoulant autour de ladite ba-
gue centrale (25) avant la communication sur
lesdites structures rainures (17, 37 ou 41).

5. Ensemble joint d’étanchéité dos à dos circonférentiel
(1 ou 21) selon la revendication 1, dans lequel au
moins une autre ladite paire de rainures (38 ou 43)
est disposée autour d’un axe central (44).

6. Ensemble joint d’étanchéité dos à dos circonférentiel
(1 ou 21) selon la revendication 1, dans lequel au
moins une ladite structure rainure (41) comprend au
moins deux autres lesdites rainures (43) disposées
séparément autour d’un axe central (44) aligné de
manière adjacente à ladite première bague d’étan-
chéité annulaire (3 ou 23) et à ladite seconde bague
d’étanchéité annulaire (4 ou 24), lesdites rainures
(43) étant disposées en diagonale par rapport à la
direction de rotation dudit guidage rotatif (15 ou 35),
lesdites rainures (43) pouvant communiquer avec
une rainure d’alimentation (42), ladite rainure d’ali-
mentation (42) dirigeant ledit gaz à haute pression
dans lesdites rainures (43).

7. Ensemble joint d’étanchéité dos à dos circonférentiel
(1 ou 21) selon la revendication 6, dans lequel au
moins une ladite structure rainure (41) a une struc-
ture rainure secondaire (55).

8. Ensemble joint d’étanchéité dos à dos circonférentiel
(1 ou 21) selon la revendication 1, dans lequel au
moins une ladite structure rainure (41) comprend au
moins quatre autres lesdites rainures (43) disposées
séparément autour d’un axe central (44) aligné de
manière adjacente à ladite première bague d’étan-
chéité annulaire (3 ou 23) et à ladite seconde bague
d’étanchéité annulaire (4 ou 24), lesdites rainures
(43) étant disposées en diagonale par rapport à la
direction de rotation dudit guidage rotatif (15 ou 35),
au moins deux lesdites rainures (43) pouvant com-
muniquer avec une première rainure d’alimentation
(56) et au moins deux autres lesdites rainures (43)
pouvant communiquer avec une seconde rainure
d’alimentation (57), ladite première rainure d’alimen-
tation (56) et ladite seconde rainure d’alimentation
(57) séparant ledit gaz à haute pression dans lesdi-
tes rainures (43).

9. Ensemble joint d’étanchéité dos à dos circonférentiel
(1 ou 21) selon la revendication 1, dans lequel au
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moins une ladite structure rainure (41) comprend
une pluralité d’autres lesdites rainures (49) dispo-
sées autour d’un axe central (44) aligné de manière
adjacente à ladite première bague d’étanchéité an-
nulaire (3 ou 23) et à ladite seconde bague d’étan-
chéité annulaire (4 ou 24), lesdites rainures (49)
étant disposées de manière sensiblement axiale par
rapport à la direction de rotation dudit guidage rotatif
(15 ou 35), lesdites rainures (49) pouvant commu-
niquer avec une rainure d’alimentation (42), ladite
rainure d’alimentation (42) dirigeant ledit gaz à haute
pression dans lesdites rainures (49).

10. Ensemble joint d’étanchéité dos à dos circonférentiel
(1 ou 21) présentant un écoulement bifurqué
comprenant :

(a) un logement de joint d’étanchéité annulaire
(2 ou 22) disposé entre une paire de comparti-
ments (5, 6 ou 58, 59) ;
(b) une première bague d’étanchéité annulaire
(3 ou 23) ;
(c) une seconde bague d’étanchéité annulaire
(4 ou 24), ladite première bague d’étanchéité
annulaire (3 ou 23) et ladite seconde bague
d’étanchéité annulaire (4 ou 24) étant disposées
séparément dans ledit logement de joint d’étan-
chéité annulaire (2 ou 22) ;
(d) un guidage rotatif (15 ou 35) avec une plu-
ralité de trous traversants (61), ladite première
bague d’étanchéité annulaire (3 ou 23) et ladite
seconde bague d’étanchéité annulaire (4 ou 24)
étant disposées autour dudit guidage rotatif (15
ou 35) ; et
(e) une pluralité de structures rainures (17, 37
ou 41) disposées le long d’une surface annulaire
extérieure (16 ou 36) dudit guidage rotatif (15
ou 35), un gaz pouvant communiquer sur lesdi-
tes structures rainures (17, 37 ou 41) via lesdits
trous traversants (61), chaque ladite structure
rainure (17, 37 ou 41) séparant ledit gaz de sorte
qu’une première partie dudit gaz soit dirigée sur
ladite première bague d’étanchéité annulaire (3
ou 23) pour former une première couche à film
mince (20) entre ledit guidage rotatif (15 ou 35)
et ladite première bague d’étanchéité annulaire
(3 ou 23) et qu’une seconde partie dudit gaz soit
dirigée sur ladite seconde bague d’étanchéité
annulaire (4 ou 24) pour former une seconde
couche à film mince (20) entre ledit guidage ro-
tatif (15 ou 35) et ladite seconde bague d’étan-
chéité annulaire (4 ou 24) ;

dans lequel,
au moins une de ladite pluralité de structures rainu-
res (17, 37 ou 41) est ladite structure rainure (17)
qui comprend une paire de rainures (19) disposées
autour de et pouvant communiquer avec une rainure

annulaire (39) le long de ladite surface annulaire ex-
térieure (16 ou 36) dudit guidage rotatif (15 ou 35),
lesdites rainures (19) étant disposées en diagonale
par rapport à la direction de rotation dudit guidage
rotatif (15 ou 35).

11. Ensemble joint d’étanchéité dos à dos circonférentiel
(1) selon la revendication 10, comprenant en outre :

(f) une pluralité de ressorts (12) disposés entre
et entrant directement en contact avec ladite
première bague d’étanchéité annulaire (3) et la-
dite seconde bague d’étanchéité annulaire (4),
lesdits ressorts (12) séparant ladite première
bague d’étanchéité annulaire (3) et ladite secon-
de bague d’étanchéité annulaire (4).

12. Ensemble joint d’étanchéité dos à dos circonférentiel
(21) selon la revendication 10, comprenant en outre :

(f) une bague centrale (25) disposée dans ledit
logement de joint d’étanchéité annulaire (22) en-
tre ladite première bague d’étanchéité annulaire
(23) et ladite seconde bague d’étanchéité annu-
laire (24).

13. Ensemble joint d’étanchéité dos à dos circonférentiel
(21) selon la revendication 10, comprenant en outre :

(f) une bague centrale (25) disposée dans ledit
logement de joint d’étanchéité annulaire (22) en-
tre ladite première bague d’étanchéité annulaire
(23) et ladite seconde bague d’étanchéité annu-
laire (24) ; et
(g) une pluralité de ressorts (32,33) disposés
entre ladite bague centrale (25) et chacune de
ladite première bague d’étanchéité annulaire
(23) et de ladite seconde bague d’étanchéité an-
nulaire (24), lesdits ressorts (32, 33) éloignant
ladite première bague d’étanchéité annulaire
(23) et ladite seconde bague d’étanchéité annu-
laire (24) de ladite bague centrale (25).

14. Ensemble joint d’étanchéité dos à dos circonférentiel
(1 ou 21) selon la revendication 10, dans lequel au
moins une autre ladite paire de rainures (38 ou 43)
est disposée autour d’un axe central (44).

15. Ensemble joint d’étanchéité dos à dos circonférentiel
(1 ou 21) selon la revendication 10, dans lequel au
moins une ladite structure rainure (41) comprend au
moins deux autres lesdites rainures (43) disposées
séparément autour d’un axe central (44) aligné de
manière adjacente à ladite première bague d’étan-
chéité annulaire (3 ou 23) et à ladite seconde bague
d’étanchéité annulaire (4 ou 24), lesdites rainures
(43) étant disposées en diagonale par rapport à la
direction de rotation dudit guidage rotatif (15 ou 35),
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lesdites rainures (43) pouvant communiquer avec
une rainure d’alimentation (42), ladite rainure d’ali-
mentation (42) dirigeant ledit gaz dans lesdites rai-
nures (43).

16. Ensemble joint d’étanchéité dos à dos circonférentiel
(1 ou 21) selon la revendication 15, dans lequel au
moins une ladite structure rainure (41) a une struc-
ture rainure secondaire (55).

17. Ensemble joint d’étanchéité dos à dos circonférentiel
(1 ou 21) selon la revendication 10, dans lequel au
moins une ladite structure rainure (41) comprend au
moins quatre autres lesdites rainures (43) disposées
séparément autour d’un axe central (44) aligné de
manière adjacente à ladite première bague d’étan-
chéité annulaire (3 ou 23) et à ladite seconde bague
d’étanchéité annulaire (4 ou 24), lesdites rainures
(43) étant disposées en diagonale par rapport à la
direction de rotation dudit guidage rotatif (15 ou 35),
au moins deux lesdites rainures (43) pouvant com-
muniquer avec une première rainure d’alimentation
(56) et au moins deux autres lesdites rainures (43)
pouvant communiquer avec une seconde rainure
d’alimentation (57), ladite première rainure d’alimen-
tation (56) et ladite seconde rainure d’alimentation
(57) séparant ledit gaz dans lesdites rainures (43).

18. Ensemble joint d’étanchéité dos à dos circonférentiel
(1 ou 21) selon la revendication 10 dans lequel au
moins une ladite structure rainure (41) comprend
une pluralité d’autres lesdites rainures (49) dispo-
sées autour d’un axe central (44) aligné de manière
adjacente à ladite première bague d’étanchéité an-
nulaire (3 ou 23) et à ladite seconde bague d’étan-
chéité annulaire (4 ou 24), lesdites rainures (49)
étant disposées de manière sensiblement axiale par
rapport à la direction de rotation dudit guidage rotatif
(15 ou 35), lesdites rainures (49) pouvant commu-
niquer avec une rainure d’alimentation (42), ladite
rainure d’alimentation (42) dirigeant ledit gaz dans
lesdites rainures (49).
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