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A particulate exclusion mechanism for a gas lift off seal includes a band fixed to the stationary seal face and extending over the lift

off region between the stationary and rotating seal faces, thereby forming an annular cavity surrounding the lift off region that traps
barrier gas therein as It leaks through the lift off region and inhibits process fluid from entering the annular cavity and reaching the
ift off region. The band can be made of a non-abrasive material such as PTFE or PEEK. The band can extend over the rotating
seal face, and a portion of the band can be sufficiently flexible to allow the extended end of the band to constrict in diameter and
contact the rotating seal face If the process pressure exceeds the barrier gas pressure. The extended end can include a thicker
terminating portion that minimizes clearance with the rotating seal face.
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ABSTRACT OF THE DISCLOSURE

(0041] A particulate exclusion mechanism for a gas lift off seal includes a
band fixed to the stationary seal face and extending over the lift off region
between the stationary and rotating seal faces, thereby forming an annular cavity
surrounding the lift off region that traps barrier gas therein as 1t leaks through the
[1ft off region and inhibits process fluid from entering the annular cavity and
reaching the lift off region. The band can be made of a non-abrasive material such
as PTFE or PEEK. The band can extend over the rotating seal face, and a portion
of the band can be sufficiently flexible to allow the extended end of the band to
constrict 1n diameter and contact the rotating seal face if the process pressure
exceeds the barrier gas pressure. The extended end can include a thicker

terminating portion that minimizes clearance with the rotating seal face.
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APPARATUS FOR EXCLUDING PARTICLE CONTAMINANTS FROM A
GAS LIFT OFF MECHANICAL SEAL

FIELD OF THE INVENTION

[0001] The invention relates to non-contact mechanical seals, and more

particularly to gas lift off mechanical seals.

BACKGROUND OF THE INVENTION

[0002] With reference to Fig. 1, gas seals 100 are sometimes adapted for use on
pumps, particularly to create a sealed relationship between the rotatable pump
shaft 102 and the surrOL;nding pump housing 104. The gas seal 100, which may be
a single unit or, as shown 1n Fig. 1, a double unit, typically employs a pressurized
barrier gas 106 which is supplied adjacent one periphery of the “lift off” region
114 that lies between the opposed seal faces 110, 112 (normally the outer
periphery of the lift off region), while the opposite periphery of the lift oft region
(typically the inner diameter) i1s disposed in communication with the pumping (i.e.
process) fluid 108. The barrier gas 106 is typically pressurized relative to the
process fluid 108 and, in conjunction with pumping features such as grooves or
‘the like provided on at least one ot the opposed seal faces 110, 112, 1s effective
for creating a gas film within the lift off region 114 between the opposed seal
faces 110, 112 to maintain a small separation therebetween, while at the same time

preventing the process fluid 108 from migrating between the opposed seal faces

110, 112.

[0003] In situations where the process fluid 108 is a liquid, and even in
instances where the liquid has been termed cleaned, it has been observed that the
liquid nevertheless can contain some quantity of small solid particles therein as
contaminates. Furthermore, as the technology associated with gas seals and the
lite of such seals continues to improve, it has been observed that the small
quantity of solids contained in “clean” liquids can create a problem with respect to

the gas seal 100. In particular, it is believed that these solid particles tend to
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become trapped at a fairly high level of concentration in the liquid which gains
entry into the lift off region 114 between the opposed seal taces 110, 112,
typically from the inner periphery of the lift off region 114, and these solids tend
to cause erosion or wear of one of the seal members adjacent said periphery of the

lift off region 114.

[0004] This situation 1s made worse 1f for some reason the process fluid
pressure should temporarily exceed the barrier gas pressure, due for example to a
failure of the barrier gas pressurizing source, thereby causing the process fluid to

tend to migrate into the lift off region 114.

[0005] One approach to excluding process fluids and contaminants from [ift oftf
mechanical seals is to provide a restrictive bushing and a positive-pressure clean
fluid from an external source. However, this clean fluid and means of
introduction into the seal can be costly and labor intensive to correctly install, and
can consume considerable axial space in the seal chamber of a pump. In addition,
many processes are averse to allowing dilution of pump process fluids with a

clean external fluid.

[0006] Another approach is to provide a bushing with complex shapes that are
configured to induce fluid flow patterns that direct contaminants in the process
fluid away tfrom the mechanical seal(s). Once again, such complex bushings can
be expensive to manufacture and labor intensive to correctly install, and can

consume considerable axial space in the seal chamber of a pump.

[0007] In addition, many mechanisms designed to exclude particulate
contaminates from gas seals only work in cylindrical bore seal chambers, and will
‘not function correctly if the bore or throat of the pump has been fouled by

corrosion, erosion, or accumulated process solids.

[0008] What is needed, therefore, 1s a particulate exclusion mechanism for
inhibiting particulate contaminates from reaching the lift off region of a lift off

gas seal, where the particulate exclusion mechanism 1s inexpensive, easy to install
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and align, consumes very little axial space, and is not restricted to cylindrical bore

seal chambers.
SUMMARY OF THE INVENTION

[0009] A particulate exclusion mechanism 1s disclosed that inhibits particulate
contaminates in a process fluid from approaching the lift off region of a lift oft
gas seal. The mechanism 1s inexpensive, easy to install and align, consumes very

little axial space, and is not restricted to cylindrical bore seal chambers.

[0010]  Specifically, the particulate exclusion mechanism disclosed herein is a
band surrounding and fixed to the stationary seal face of a lift off seal, and
extending in close proximity over the lift off region between the seal faces and, in
embodiments, also over at least a portion of the rotatable seal face. The band
thereby forms a small annular cavity surrounding and directly above the lift off
region, and in some embodiments also surrounding and above a portion of the
rotatable seal face. This annular cavity helps to limit barrier gas leakage, and also
serves to collect and retain the barrier gas as 1t slowly leaks through the lift off
region from an adjacent barrier gas region. Embodiments include a thicker end
region of the band that terminates the annular cavity and provides minimal
clearance with the rotating seal periphery, thereby further enhancing containment
of leaked barrier gas in the annular cavity and exclusion of process fluid

therefrom.

[0011] During normal operation, the barrier gas region is pressurized with
barrier gas from an external source to a pressure that is greater than the process

fluid pressure in the pump. Any leakage of barrier gas therefore occurs from the

higher pressure barrier gas region to the lower pressure process fluid.

[0012]  As the barrier gas leakage collects in the annular cavity, its pressure
eventually exceeds the process fluid pressure, thereby inhibiting inflow of the
process fluid, and any contaminants 1t may contain, into the annular cavity. In

this manner, the particle contaminants are inhibited from entering the annular
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cavity and from approaching the lift off region of the seal, thus preventing

potentially damaging three body abrasions at these critical seal surfaces.

[0013] In embodiments, the seal is configured such that the barrier gas region
is adjacent to the inner diameter of the lift off region and the process fluid 1s 1n
communication with the outer diameter of the lift off region, so that centrifugal
forces do not tend to drive process fluids and particulate contaminants into the Iift

off region between the seal faces.

[0014] In various embodiments, the band 1s constructed of an abrasion resistant
material such as polytetrafluoroethylene (PTFE) or polyether ether ketone
(PEEK). In some embodiments, the band includes a “snap” feature, such as a tab,
on its inside diameter that engages with a complimentary snap feature, such as a
groove, on the outside diameter of the stationary seal face. Engagement of these
snap features thereby locates and maintains the band in a desired position relative

to the stationary seal face, both axially and/or circumfterentially.

[0015] In embodiments, at least a portion of the band 1s thin enough to allow
the portion of the band extending over the rotating face to constrict inward, and
thereby contact the rotating seal face, if the process fluid pressure exceeds the
barrier gas pressure by more than a specified amount. This can help to exclude
process fluids and any particulate contaminants contained therein from the lift off
region if, for some reason, the process fluid pressure should temporarily exceed
the barrier gas pressure, due for example to a failure of the barrier gas

pressurizing source.

[0016] One general aspect of the present invention is a lift off seal including a
particulate exclusion mechanism. The lift off seal includes a stationary seal face
having a substantially cylindrical outer periphery, the stationary seal face
terminating at one end 1n a stationary sealing surface, a rotating seal face having a
substantially cylindrical outer periphery, the rotating seal face terminating at one
end in a rotating sealing surface, the stationary and rotating sealing surfaces being

closely adjacent to each other so as to form a lift off region therebetween, a gas
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barrier region configured to contain pressurized barrier gas, the gas barrier region
being in fluid communication with an inner periphery of the lift off region, so that
pressurized barrier gas can flow from the barrier gas region into the 1ift off region,
an outer periphery of the lift off region being in fluid communication with a
process tluid, and a band rotationally fixed to the outer periphery of the stationary
seal face, said band extending axially at least over the outer periphery of the lift
off region and forming an annular cavity surrounding the outer periphery of the

l1ft off region.

[0017] Embodiments further include a band snap feature located in an inner
surface of the band and configured for engagement with a complimentary seal face
snap feature included on the outer periphery of the stationary seal face,
engagement therebetween being able to maintain the band in a desired position

relative to the stationary seal face at least one of axially and circumferentially.

[0018] In some embodiments, the band 1s constructed of an abrasion-resistant
material. In some of these embodiments, the abrasion-resistant material 1s
polytetrafluoroethylene (PTFE). In other of these embodiments, the abrasion-
resistant material is polyether ether ketone (PEEK).

[0019] In various embodiments, the band includes an extended section that
extends beyond the lift off region and over at least a portion of the outer periphery
of the rotating seal face. In some of these embodiments, at least a portion of the
band is sufficiently thin to enable the extended section to constrict in diameter and
contact the outer periphery of the rotating seal face if a pressure of the process
fluid exceeds a pressure of the barrier gas by a specified amount. And in other of
these embodiments, the extended section of the band further includes a
terminating region that 1s smaller in inner diameter than an outer boundary of the

annular cavity.

[0020]  Another general aspect of the present invention 1s a particulate
exclusion mechanism configured for use with a lift off seal that includes a

stationary seal face having a substantially cylindrical outer periphery, the
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stationary seal face terminating at one end 1n a stationary sealing surface, a
rotating seal face having a substantially cylindrical outer periphery, the rotating
seal face terminating at one end in a rotating sealing surface, the stationary and
rotating sealing surfaces being closely adjacent to each other so as to form a lift
off region therebetween, and a gas barrier region configured to contain pressurized
barrier gas, the gas barrier region being in fluid communication with an inner
periphery of the lift off region, so that pressurized barrier gas can flow from the
barrier gas region into the lift off region, an outer periphery of the lift ott region
being in fluid communication with a process fluid. The exclusion mechanism 1s a
band rotationally fixable to the outer periphery of the stationary seal face, said
band being configured to extend axially at least over the outer periphery of the lift
off region so as to form an annular cavity surrounding the outer periphery of the

lift off region.

10021] Embodiments further include a band snap feature located on an inner
surface of the band and configured for engagement with a complimentary seal face
snap feature included on the outer periphery of the stationary seal tace,
engagement therebetween being able to maintain the band 1n a desired position

relative to the stationary seal face at least one of axially and circumierentially.

[0022] In some embodiments, the band is constructed of an abrasion-resistant
material. In some of these embodiments, the abrasion-resistant material 1s
polytetrafluoroethylene (PTFE). In other of these embodiments, the abrasion-

resistant material is polyether ether ketone (PEEK).

[0023] In various embodiments, the band includes an extended section that 1s
configured to extend beyond the lift off region and over a portion of the outer
periphery of the rotating seal face. In some of these embodiments, at least a
portion of the band is sufficiently thin to enable the extended section to constrict
in diameter and contact the outer periphery of the rotating seal face if a pressure
of the process fluid exceeds a pressure of the barrier gas by a specified amount.

And 1n other of these embodiments, the extended section of the ba'nd further
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includes a terminating region that is smaller in inner diameter than an outer

boundary of the annular cavity.

[0024]  The features and advantages described herein are not all-inclusive and,
in particular, many additional features and advantages will be apparent to one of
ordinary skill in the art in view of the drawings, specification, and claims.
Moreover, 1t should be noted that the language used in the specification has been
principally selected for readability and instructional purposes, and not to limit the

scope of the inventive subject matter.
BRIEF DESCRIPTION OF THE DRAWINGS

[0025]  Figure 1 i1s a cross sectional side view of a gas lift off seal configuration

of the prior art that includes two lift off seals;

[0026] Fig. 2A is a cross sectional view drawn to scale of an embodiment of the

present invention;
[0027]  Fig. 2B 1s an expanded view drawn to scale of a region of Fig. 2A;

[0028]  Fig. 3 is a perspective view drawn to scale of the contaminant-excluding

band 1n the embodiment of Fig. 2A; and

[0029]  Fig. 4 1s a cross sectional view drawn to scale of a dual gas lift off seal

configuration that forms a seal between a rotating shaft and a housing, wherein

one of the gas lift off seals includes an embodiment of the present invention.

DETAILED DESCRIPTION

[0030] A particulate exclusion mechanism is disclosed that inhibits particulate

contaminates in a process fluid from approaching the lift off region of a lift off
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gas seal. The mechanism is inexpensive, easy to install and align, consumes very

little axial space, and is not restricted to cylindrical bore seal chambers.

[0031]  Specifically, with reference to Fig’s 2A and 2B, the particulate
exclusion mechanism disclosed herein is a band 200 surrounding and fixed to the
stationary seal face 110 of a lift off seal 202, and extending in close proximity
over the lift otf region 114 between the seal faces 110, 112 and, in embodiments,
also over at least a portion of the rotatable seal face 112. The band 200 thereby
forms a small annular cavity 204 surrounding and directly above the lift off region
114, and 1n the embodiment of Fig. 2A also surrounding and above a portion of
the rotatable seal face 112. This annular cavity 204 helps to limit barrier gas
leakage, and also serves to collect the barrier gas as it slowly leaks through the lift
off region 114 from an adjacent barrier gas region 106. Embodiments include a
thicker end region 214 of the band 200 that terminates the annular cavity 204 and
provides minimal clearance with the periphery of the rotating seal 112, thereby
further enhancing containment of leaked barrier gas in the annular cavity 204 and

exclusion of process fluid therefrom.

[0032] ' During normal operation, the barrier gas region 106 is pressurized with
barrier gas from an external source to a pressure that is greater than the pressure
of the process fluid 108 in the pump. Any leakage of barrier gas therefore occurs

from the higher pressure barrier gas region 106 to the lower pressure process fluid

108.

[0033]  As the barrier gas leakage collects in the annular cavity 204, its pressure
eventually exceeds the pressure of the process fluid 108, thereby inhibiting inflow
of the process fluid 108, and any contaminants it may contain, into the annular
cavity 204. In this manner, the particle contaminants are inhibited from entering
the annular cavity 204 and from approaching the lift off region 114 of the seal,
thus preventing potentially damaging three body abrasions at these critical seal

surfaces.
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[0034] In the embodiment of Fig. 2A, the seal 202 i1s configured such that the
barrier gas region 106 is adjacent to the inner diameter of the lift off region 114
and the process fluid 108 is in communication with the outer diameter of the lift
off region 114, so that centrifugal forces do not tend to drive process fluids and
particulate contaminants into the lift off region 114 between the seal faces 110,
112. Fig. 2B is an enlarged view of the annular cavity 204 and lift otf region 114
of Fig. 2A.

[0035] In various embodiments, the band 200 is constructed of an abrasion
resistant material such as polytetrafluoroethylene (PTFE) or polyether ether
ketone (PEEK). In some embodiments, the band includes a “snap” feature 206,
such as a tab, on its inside diameter that engages with a complimentary snap
feature 208, such as a groove, on the outside diameter of the stationary seal face
110. Engagement of these snap features 206, 208 thereby locates and maintains
the band 200 in a desired position relative to the stationary seal face 110, both

axially and/or circumferentially.

[0036] In the embodiment of Fig’s 2A and 2B, at least a portion of the band
200 is thin enough to allow the portion 210 of the band 200 extending over the
rotating face to constrict inward, as indicated by the arrow 212 in Fig. 2B, and
thereby contact the rotating seal face 112 if the process fluid pressure exceeds the
barrier gas pressure by a specified amount. This can help to exclude process
fluids and any particulate contaminants contained therein from the lift otf region
114 1if for some reason the process fluid pressure should temporarily exceed the
barrier gas pressure, due for example to a failure of the barrier gas pressurizing

SOUrcCe.

[0037] Fig. 3 is a perspective view of the band 200 of Fig’s 2A and 2B,
showing the snap feature 206 and the end region 214. In similar embodiments, the

snap feature 206 1s not annular and does not extend completely around the 1nner

surface of the band 200.



CA 02901034 2015-08-14

10038] Fig. 4 is a cross-sectional illustration of a pump that includes two
barrier gas lift off seals, the first of which includes a particulate contamination

excluding band 200 as described herein.

[0039] The foregoing description of the embodiments of the invention has been
presented for the purposes of illustration and description. Each and every page ot
this submission, and all contents thereon, however characterized, identified, or
numbered, is considered a substantive part of this application for all purposes,
irrespective of form or placement within the application. This specification is not
intended to be exhaustive or to limit the invention to the precise form disclosed.

Many modifications and variations are possible 1n light of this disclosure.

[0040]  Although the present application is shown in a limited number of forms,
the scope of the invention is not limited to just these forms, but 1s amenable to
various changes and modifications without departing from the scope thereof. The
disclosure presented herein does not explicitly disclose all possible combinations
of features that fall within the scope of the invention. The features disclosed
herein for the various embodiments can generally be interchanged and combined
into any combinations that are not self-contradictory without departing from the
scope of the invention. In particular, the limitations presented in dependent
claims below can be combined with their corresponding independent claims 1n any
number and in any order without departing from the scope of this disclosure,

unless the dependent claims are logically incompatible with each other.
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CLAIMS

I claim:

l. A lift off seal including a particulate exclusion band, the lift ott seal
comprising:

a stationary seal face having a substantially cylindrical outer
periphery, the stationary seal face terminating at one end in a stationary
sealing surface;

a rotating seal face having a substantially cylindrical outer
periphery, the rotating seal face terminating at one end in a rotating sealing
surface, the stationary and rotating sealing surfaces being closely adjacent
to each other so as to form a lift off region therebetween;

a gas barrier region configured to contain pressurized barrier gas, the
gas barrier region being in fluid communication with an inner periphery of
the lift off region, so that pressurized barrier gas can flow from the barrier
oas region into the lift off region, an outer periphery of the lift off region
being in fluid communication with a process fluid; and

the particulate exclusion band rotationally fixed to the outer
periphery of the stationary seal face, said particulate exclusion band being
supported entirely by said stationary seal face and extending axially at
least over the outer periphery of the lift off region and forming an annular

cavity surrounding the outer periphery of the lift off region.

2. The lift off seal of claim 1, further including a band snap feature
located in an inner surface of the band and configured for engagement with
a complimentary seal face snap feature included on the outer periphery of
the stationary seal face, engagement therebetween being able to maintain a

position of the band relative to the stationary seal face at least one of

axially and circumferentially.

3. The lift off seal of claim 1, wherein the band is constructed of an

abrasion-resistant material.

1
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4. The lift off seal of claim 3, wherein the abrasion-resistant material 1s

polytetrafluoroethylene (PTFE).

5. The 1ift off seal of claim 3, wherein the abrasion-resistant material 1s

polyether ether ketone (PEEK).

6. The lift off seal of claim 1, wherein the band includes an extended
section that extends beyond the lift off region and over at least a portion of

the outer periphery of the rotating seal face.

7. The lift off seal of claim 6, wherein at least a portion of the band i1s
sufficiently thin to enable the extended section to constrict in diameter and
contact the outer periphery of the rotating seal face if a pressure of the

process fluid exceeds a pressure of the barrier gas by a specified amount.

3. The lift off seal of claim 6, wherein the extended section of the band
further includes a terminating region that is smaller in inner diameter than

an outer boundary of the annular cavity.

9. A particulate exclusion mechanism configured for use with a lift oft
seal that includes a stationary seal face having a substantially cylindrical
outer periphery, the stationary seal face terminating at one end 1n a
stationary sealing surface, a rotating seal face having a substantially
cylindrical outer periphery, the rotating seal face terminating at one end in
a rotating sealing surface, the stationary and rotating sealing surfaces being
closely adjacent to each other so as to form a lift off region therebetween,
and a gas barrier region configured to contain pressurized barrier gas, the
gas barricr region being in fluid communication with an 1nner periphery ot
the lift off region, so that pressurized barrier gas can flow from the barrier
gas region into the lift off region, an outer periphery of the lift off region
being in fluid communication with a process fluid, the exclusion mechanism

COmprising:

12
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a band rotationally fixable to the outer periphery of the stationary
seal face, said band being configured to extend axially at least over the
outer periphery of the lift off region so as to form an annular cavity

surrounding the outer periphery of the lift off region.

10.  The exclusion mechanism of claim 9, further including a band snap
feature located on an inner surface of the band and configured for
engagement with a complimentary seal face snap feature included on the
outer periphery of the stationary seal face, engagement therebetween being
able to maintain the band in a desired position relative to the stationary

seal tace at least one of axially and circumferentially.

11. The exclusion mechanism of claim 9, wherein the band is constructed

of an abrasion-resistant material.

12. The exclusion mechanism of claim 11, wherein the abrasion-resistant

material 1s polytetrafluoroethylene (PTFE).

13. The exclusion mechanism of claim 11, wherein the abrasion-resistant

material 1s polyether ether ketone (PEEK).

14. The exclusion mechanism of claim 9, wherein the band includes an
extended section that is configured to extend beyond the lift off region and

over a portion of the outer periphery of the rotating seal face.

15.  The exclusion mechanism of claim 14, wherein at least a portion of
the band is sufficiently thin to enable the extended section to constrict in
diameter and contact the outer periphery of the rotating seal face if a
pressure of the process fluid exceeds a pressure of the barrier gas by a

specificd amount.

16. The exclusion mechanism of claim 14, wherein the extended section
of the band further includes a terminating region that is smaller in inner

diameter than an outer boundary of the annular cavity.

13
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Fig. 1
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Fig. 3
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