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(57) Abrege/Abstract:

An Internally pressurised seal (10) assembly has a first seal ring (40) mounted In fixed axial and rotational relationship and sealed
with respect to one of a pair of relatively rotatable components and a second seal ring (100) moveable axially but fixed rotationally
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(57) Abrege(suite)/Abstract(continued):
and sealed with respect to the other of the pair of relatively rotatably components, the second seal ring Is urged resiliently towards

the first seal ring, so that a radial sealing face of the first seal ring engages a radial sealing face of the second seal ring, a process
chamber (22) Is formed at the inboard side of the seal rings, said process chamber opening to the outside of the seal rings, and a
barrier chamber (16) Is provided at the outboard side of the seal rings, the barrier chamber opening to the inside of the seal rings,
the external circumferential surface of the seal rings are shielded from process fluid in the process chamber by shroud members
(62) which ensure that heat transfer from the process fluid to the seal rings predominantly occurs at the outer regions of the seal
rings adjacent the sealing faces, and a sleeve (70) is secured internally of each seal ring which ensure that heat transfer between
the seal rings and a barrier fluid In the barrier chamber predominantly occurs at the radially extending surfaces of the seal rings
adjacent the sealing faces.
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(57) Abstract: An internally pressurised seal (10) assembly has a first seal ring (40) mounted 1n fixed axial and rotational relation-
ship and sealed with respect to one of a pair of relatively rotatable components and a second seal ring (100) moveable axially but
fixed rotationally and sealed with respect to the other of the pair of relatively rotatably components, the second seal ring 1s urged
resiliently towards the first seal ring, so that a radial sealing face of the first seal ring engages a radial sealing face of the second
seal ring, a process chamber (22) 1s formed at the mboard side of the seal rings, said process chamber opening to the outside of the
seal rings, and a barrier chamber (16) 1s provided at the outboard side of the seal rings, the barrier chamber opening to the inside
of the seal rings, the external circumierential surface of the seal rings are shielded from process tluid in the process chamber by
shroud members (62) which ensure that heat transter from the process fluid to the seal rings predominantly occurs at the outer re-
gions of the seal rings adjacent the sealing faces, and a sleeve (70) 1s secured mternally of each seal ring which ensure that heat
transfer between the seal rings and a barrier fluid in the barrier chamber predominantly occurs at the radially extending surfaces of
the seal rings adjacent the sealing faces.
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Internally pressurised seals

The present invention relates to internally pressurised seals and in particular

to internally pressurised high duty, high pressure mechanical face seals.

Conventional mechanical face seals are externally pressurised, so that the
pressure is applied to the outside of the seal rings and the rings are under
compression. In particular for high pressure applications, a barrier fluid at a
pressure in excess of the product fiuid is applied to the outside of the seal
rings, while the interior of the rings is exposed to the process fluid. In this
manner any leakage across the sealing faces will be of the barrier fluid,
which is at higher pressure, into the process fluid, so that pollution of the
environment is avoided. Even with externally pressurised seals of this type,
the seal rings must be capable of withstanding internal pressures in
emergencles, for example if subjected to reverse pressurisation upon failure

of the barrier fluid pressure.

It has consequently been proposed the reinforce the seal rings on their
external periphery, for example as disclosed in EP 1375984,

In order to increase the
internal pressures which the seal rings are capable of withstanding. Such

composite seals are typically capable of withstanding internal pressures up

to 250 bar.

While externally pressurised seals of the type disclosed above are suitable
for many applications, in some circumstances it is desirable to expose the
outside of the seal rings to process fluid, While the barrier fluid of applied
internally of the seal rings. For example, when the process fluid contains
solids, with externally pressurised seals where the process fluid is on the

inside of the seal rings, the solids will be centrifuged into contact with the
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seal rings and associated components, clogging the components and causing
the seal to hang and allowing leakage across the seal. When the process
fluid is outside the seal rings, the solids will be centrifuged away from the

seal rings and associated components.

Composite seals of the type disclosed above will aliow internal
pressurisation. However the use of such composite rings with internal
pressurisation does present problems due to thermal distortion of the seal
rings. With rings of this type, as the temperature of the sealing faces
increases, the thermal gradient across the seal ring will cause the ring to
distort so that the sealing face rotates outwardly. As a result of thermal
distortion of the opposed seal rings, the gap between the sealing faces will

INncrease from inside to outside.

When the barrier fluid is on the outside of the seal, this is not a problem, as
the opening of the gap will increase the hydrostatic opening force in the
barrier fluid between the sealing faces, which will reduce generated heat,
maintaining equilibrium. In this manner, with external pressurisation the

eftect of thermal distortion is inherently stabilised.

However with internal pressurisation, when the barrier fluid is on the inside

of the seal rings, narrowing of the gap on the inside of the seal will reduce
hydrostatic support, thereby increasing friction between the faces and
generéting a hot spot. Lapping of the sealing faces so that they are rotated
inwardly when the seal rings are cold, will produce unacceptably high
leakage rates at start-up when the pressure differential between the barrier
fluid and process fluid is likely to be at its greatest. Moreover, even if the
faces are lapped in this manner, as the faces heat up, the gap will reduce on
the inside, reducing leakage and increasing thermal distortion. As a
consequence thermal distortion of the rings cannot be stabilised in

conventional manner. While it i1s possible to design seal rings which do
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rotate inwardly as the temperature gradient increases, such seal rings woulid
not be suitable for internal pressurisation which requires a ring of large radial
section In order to withstand internal pressurisation, even when reintforced

externally.

The present invention provides an internally pressurised seal in which

thermal distortion 1s stabilised.

According to one aspect of the present invention, an internally pressurised
seal assembly comprises a first seal ring mounted in fixed axial and
rotational relationship and sealed with respect to one of a pair of relatively
rotatable components and a second seal ring moveable axially but fixed
rotationally and sealed with respect to the other of the pair of relatively
rotatably components, the second seal ring being urged resiliently towards
the first seal ring, so that a radial sealing face of the first seal ring engages a
radial sealing face of the second seal ring, a process chamber being formed
at the inboard side of the seal rings, said process chamber opening to the
outside of the seal rings, and a barrier chamber being provided at the
outboard side of the seal rings, the barrier chamber opening to the inside of
the seal rings, the external circumferential surface ot the seal rings being
shielded from process fluid in the process chamber by shroud members
which ensure that heat transfer from the process tluid to the seal rings
predominantly occurs at the outer regions of the seal rings adjacent the
sealing faces, and a sleeve being secured internally of each seal ring which
ensure that heat transfer between the seal rings and a barrier fluid in the
barrier chamber predominantly occurs at the radially extending surfaces of

the seal rings adjacent the sealing faces.

By concentrating heat transfer to and from the seal rings to the portions of

the seal rings adjacent the sealing faces, in the manner described above, the

“temperature gradients in the seal rings, which results in rotation of the
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sealing faces due the thermal distortion, are significantly reduced, thereby
reducing rotation of the sealing faces and minimising the reduction in

hydrostatic support.

According to a further embodiment of the invention hydrodynamic features
are provided In the sealing face of one of the seal rings, these hydrodynamic
features being in the form of grooves or recesses, which open to the internal
periphery of the sealing faces. If heat generation at the sealing faces is
increased the sealing faces rotate such that the gap between the sealing
faces will increase inside to outside, this brings the hydrodynamic features
into closer proximity to the other sealing face, increasing hydrodynamic
support and reducing generated heat. In this manner with internal

pressurisation the eftect of thermal distortion is further stabilised.

According to a further aspect of the present invention, a method of
thermally stabilising an internally pressurised seal having a first seal ring
mounted in fixed axial and rotational relationship and sealed with respect to
one of a pair of relatively rotatable components and a second seal ring
moveable axially but fixed rotationally and sealed with respect to the other
of the pair of relatively rotatably components, the second seal ring being
urged resiliently towards the first seal ring so that a radial sealing face of the
first seal ring engages a radial sealing face of the second seal ring, a process
chamber being tormed at the inboard side of the seal rings, said process
chamber opening to the outside of the seal rings, and a barrier chamber
being provided at the outboard side of the seal rings, the barrier chamber
opening to the inside of the seal rings, the method comprises ensuring that
heat transfter from a process fluid in the process chamber to the seal rings
predominantly occurs at the outer regions of the seal rings adjacent the
sealing faces and ensuring that heat transfer between the seal rings and a
barrier fluid in the barrier chamber 'predominantly occurs at the radially

extending faces of the seal rings adjacent the sealing faces.
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The invention is now described, by way of example only, with reference to

the accompanying drawings, in which:-

Figure 1 is a partial sectional elevation of a seal assembly in accordance

with the present invention;

Figure 2 is perspective view of the sealing face of a seal ring used in the

seal assembly shown in figure;

Figure 3 is a typical thermal map illustrating the thermal gradients of the seal

rings of the seal assembly in accordance with the present invention; and

Figure 4 is a typical thermal map, similar to figure 3, for seal rings where
transfer of heat between the seal rings and the process and boundary fiuids

are not controlled.

The accompanying drawings illustrate a seal assembly 10 for providing a

seal between a shaft 12 and housing 14.

The seal assembly 10 shown in Figure 1 is the inboard seal of a multiple seal
assembly, the multiple seal assembly having a seal assembly (not shown)
outboard of seal assembly 10, to define a barrier chamber 16 between seal
assembly 10 and the outboard seal assembly. The outboard seal assembly
may be of conventional design and Is preferably externally pressurised.
However where the operating conditions warrant, an internally pressurised

seal of design similar to seal assembly 10, may be used for the outboard

seal.

The seal assembly 10 i1s secured to the housing 14 of a pump or similar

machine, which is driven by the shaft 12. The seal assembly 10 is located,
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In part, in an enlarged diameter outwardly opening portion 18 of a bore 20 In
the housing 14, through which the shaft 12 is mounted coaxially of the bore
20. The bore 20 opens on the inside of the housing 14 to a process
chamber 22 in which process fluid under pressure is contained, during

operation of the machine.

The seal assembly 10 comprises a sleeve member 30, which is mounted on
the shaft 12 for rotation therewith, the sleeve member 30 being sealed with
respect to the shaft 12 by means of an elastomeric O-ring or similar sealing
element 32. The inner end of sleeve member 30 is provided with a flange
for.'mation 34, which when the seal assembly is installed will be disposed in
the enlarged diameter portion 18 of bore 20. A cylindrical extension 36
extends axially outwardly from the outer face of flange formation 34 about

the outer periphery of the flange formation 34, to define an annular recess

38.

A first seal ring or mating ring 40 has an end portion 42 of reduced external
diameter which engages the recess 38 to radially locate the mating ring 40 -
with respect to the flange formation 34, the inner periphery of the mating
ring 40 being spaced radially from the sleeve member 30. An annular axially
extending groove 44 is provided in the base of recess 38, around its outer
periphery. An elastomeric support ring 46 1s located In the groove 44 and iIs
compressed by axial loading of the mating ring 40 to provide a seal and to
spread axial loads evenly about the mating ring 40 thereby avoiding
mechanical distortion of the mating ring 40. A plurality of drive pins b0 are
located in axial bores 52 in the base of the recess 38, at angularly spaced
locations, the drive pins 50 engaging corresponding bores 54 in the adjacent
end face of mating ring 40. Bushes 56 are provided in the bores 54 in order

to avoid chipping of the mating ring during .start-up or speed fluctuations.
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The end of the mating ring 40 remote from the flange formation 34 defines
an annular radial sealing face b8, the sealing face 58 being stepped axially
away from the body of the mating ring 40, the diameter of the outer
periphery of the sealing face 58 being smaller than the diameter of the outer
periphery of mating ring 40 and the diameter of the inner periphery of the
sealing face 58 being greater than the diameter of the inner periphery of
mating ring 40. The outboard end face of the mating ring 40 inwardly of
the sealing face b8 is inclined toward the inboard end of the mating ring 40,

from the sealing face 58 to the internal periphery of the mating ring 40.

A carbon fibre composite reinforcing ring 60, as describe in EP 1375984 is
mounted about the outer periphery of the mating ring 40 to withstand

Internal pressures in excess of 250 bar.

A shroud member 62 is secured to the flange formation 34 and extends
coaxially of the mating ring 40. An inwardly directed flange formation 64 at
the outboard end of the shroud member 62 extends into close proximity to
the external diameter of the mating ring 40 adjacent the sealing face 58. A.
clearance is provided between the mating ring 40 and the shroud member
62 and ﬂahge formation 64 in order to accommodate expansion of the
mating ring 40. The clearance between the flange formation 64 and mating
ring 40 is preferably smaller than that between the shroud member 62 and
mating ring 40, so that any particles entering the gap between the flange
formation 64 and mating ring 40 are unlikely to clog the wider gap between
the shroud member 62 and mating ring 40. The shroud member 62 is made
of a material of relatively low thermal conductivity, for example stainless

steel.

A sleeve 70 of thermally insulative material, for example a
polyaryletheretherketone plastics material commercially available as PEEK™

from Victrex pic. is applied to the inner peripheral surface of the mating ring
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40. The mating ring 40 and sieeve /0 are dimensioned to provide a gap 72

between the sleeve member 30 and internal diameter of sleeve 70.

A gland plate 80 is secured to the housing 14 coaxially of the bore 20, in
conventional manner, for example by means of a series of angularly spaced
bolts. The gland plate 80 defines an inlet 82 by which a barrier fluid may be

iIntroduced into the barrier chamber 16.

A carrier ring 84 is slidably mounted in a stepped bore 86 of the gland plate
80. The carrier ring 84 is sealed with respect to the gland plate 80 by
means of an elastomeric O-ring or similar secondary sealing element 86,
which is focated between an enlarged diameter inner end portion 88 of bore
86 and a recess 90 on the external periphery of carrier ring 84 at its outer
end. The elastomeric O-ring 86 is thereby located axially between a radial
face 92 defined by the inner end of recess 90 and a radial face 94 defined

by the outer end of the enlarged diameter portion 88 of bore 86.

The inner end 96 of carrier ring 84 is of increased external diameter and has
and axial recess 98. A second seal ring or primary ring 100 is mounted in
recess 98, In similar manner to the mounting of mating ring 40 in recess 38,
an outer end portion 102 of primary ring 100 being of reduced external
diameter, which engages the recess 98 to radially locate the primary ring
100 with respect to the carrier ring 84. The primary ring 100 is also sealed
to the carrier ring 84 in simifar manner to the mating ring 40, having an
elastomeric support ring 46 located in the an axially extending groove 44 in
the base of the recess 98. A plurality of drive pins 50 are also provided to

prevent rotation ot the primary ring 100 relative to the carrier ring 84.

The primary ring 100 is of similar construction to the mating ring 40 having
a carbon ftibre composite reinforcing ring 60 mounted about its outer

periphery and a sleeve 70 of thermally insulative material is applied to the
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inner peripheral surface of the primary ring 100. A shroud member 62, 64 is

also secured to the carrier ring 84 to shield the primary ring 100.

Also as with the mating ring 40, the inboard end face of the primary ring
100 inwardly of a sealing face 104 Is inclined towards the outboard end of
the primary ring 100, from the sealing face 104 to the internal periphery of
the primary ring 100.

The primary ring 100 differs from the mating ring 40 in that the sealing face
104 is narrower that sealing face 58 of mating ring 40, the diameter of the
outer periphery of sealing face 104 being smailer than the diameter of the
outer periphery of sealing face 58 and the diameter of the inner periphery of
the sealing face 104 being greater than the diameter of the inner periphery

of sealing face b8.

A plurality ot shallow segmental recesses 106 are provided at angularly
spaced locations about the inner periphery of the sealing face 104, the
recesses 106 opening to the inner peripheral edge of the stepped sealing
face 104, so that the recesses 106 are open to the interior of primary ring

100,

A plurality ot drive pins 110 are located at angularly spaced locations and
engage bores in the outboard end of carrier ring 84 and an inner gland ring

112 secured coaxially of gland plate 80.

A plurality of helical compression springs 114 are located at angularly
spaced locations, in axially aligned pockets, in the outboard end of carrier
ring 84 and the opposed radial face of gland ring 112, the springs 114
resiliently urging the carrier ring 84 towards the mating ring 40 and the
sealing face 104 of primary ring 100 into sealing engagement with sealing

face 58 of mating ring 40.



10

15

20

25

30

CA 02719958 2010-09-29

WO 2009/122131 PCT/GB2009/000765
10

The sleeve member 30 extends axially coaxially of the gland plate 80, a
portion of the sleeve member 30 surrounded by gland plate 80 defining a
scroll formation 120 which will pump barrier fiuid in barrier chamber 16
towards the outboard side of the barrier chamber 16. A sleeve member 122
Is mounted on the internal diameter of gland ring 112 and has a close

clearance with the scroll formation 120.

With the seal assembly 10 described above, the seal assembly in use will be
exposed to process fluid from the process chamber 22, externally of the
mating and primary rings 40, 100. Barrier fluid at a pressure of upto 250
bar is intfroduced into the barrier chamber 16, so that the mating and primary
rings 40, 100 are exposed to the barrier fluid internally. Typically the
pressure of the barrier fiuid will be 25 bar above the peak operational

process fiuid pressure.

The sealing faces 58, 104 are lapped to provide controlled leakage of the
barrier fluid in barrier chamber 16 across the sealing faces 58, 104 and
provide lubrication and cooling of the sealing faces. In addition, the
segmental recesses 106 on the inner periphery of seal face 100 will induce
leakage across the sealing faces in controlied manner, to further lubricate
and cool the sealing faces 58, 104 and oppose thermal distortion of the

mating and primary rings 40, 100, without excessive leakage.

The shroud members 62 shield the mating and primary rings 40, 100 from
heat transter from the process fluid on the outside, while the insulating
sleeves 70 restrict cooling of the mating and primary rings 40, 100 by the
barrier fluid, to the faces thereof adjacent the sealing faces. As a
consequence the thermal gradients across the mating and primary rings 40,
100 are substantially concentrated adjacent the sealing faces, as iHlustrated

in figure 3, rather than distributed throughout the mating and primary rings
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40, 100, as illustrated in figure 4, as would be the case if the mating and
primary rings 40, 100 were fully exposed to the process fluid on the outside
and barrier fluid in the inside. By controliing heat transfer in this manner,
the thermal distortion of the mating and primary rings 40, 100 is reduced,
maintaining the gap between the sealing faces 58, 104 on the internal
diameter of the sealing faces 58,104.

With the seal assembly 10 described above, during operation centrifugal
effects will increase the pressure of the barrier fluid in the gap between the
faces of the mating and primary rings 40, 100 adjacent the sealing faces
58, 104, which will tend to blow the mating and primary rings 40, 100
apart. To prevent the sealing faces 58, 104 from being opened, the loads
applied by the springs 114 are increased in order to ensure that increase in
barrier fluid pressure Is opposed. The hydrodynamic effect of the segmental
grooves 106 will accommodate the increased spring load when the shaft is
rotating at speed. In order to minimise the centrifugal effects the gap 72
between the mating and primary rings 40, 100 and sleeve member 30 is
minimised to reduce the amount of barrier fluid inside the mating and
primary rings 40, 100, whilst maintaining sufficient turbulence to provide
adequate cooling of the faces of the mating and primary rings 40, 100,
adjacent the sealing faces 58, 104. The heat transferred to the barrier fluid
inside the mating and primary rings 40, 100 is removed by circulation of the
barrier fluid in the outboard end of the barrier chamber 16 by means of the

scroll Tformation 120.

The mounting ot the drive pins b0 in bushes 56 will avoid chipping of the
mating and primary rings 40, 100 when subject to high torque at start up,

due to the increased spring load.

The seal assembly 10 disclosed above is particularly suitable for use with
process fluids with solids contents, when any solids entering the gap outside

the mating and primary rings 40, 100 will be centrifuged away from the



10

15

CA 02719958 2010-09-29

WO 2009/122131 PCT/GB2009/000765
12

mating and primary rings 40, 100 and also the secondary sealing element
86, thereby avoiding seal hang-up. Moreover the springs 114 are not
exposed to the process fluid and cannot consequently be clogged by solids
in the process fluid. A further advantage of the present seal assembly 10 is
that the radial gaps between the carrier ring 48 and gland plate 80; between
the flange formations 64 of shroud members 64; and between the sleeve 30
and housing 14; all open to their outer periphery, so that any solids entering

these gaps will tall out of the gaps.

Various modifications may be made without departing from the invention,
for example instead of the segmental recesses 106 in the sealing face 104
of the primary ring 100, hydrodynamic grooves or recesses of other
configurations may be provided on the inner periphery of the sealing face

58, 104 of either of the mating or primary rings 40, 100.
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WE CLAIM:

1. An internally pressurized seal assembly in combination with a housing
and a shaft, the seal assembly providing a seal between the shaft and the
housing, the housing defining a relatively lower pressure process chamber in
which a relatively lower pressure process fluid is contained, the internally
pressurized seal assembly being mounted between concentric surfaces of the
shaft and the housing, the internally pressurized seal assembly comprising:

an inboard side that 1s adjacent the relatively lower pressure process
chamber and an outboard side that is remote from the relatively lower pressure
process chamber, the inboard and out board sides of the seal assembly being
axially opposite one another;

a first seal ring being fixed to a flange of a sleeve member which is
supported by the shaft and the first seal ring being sealed with respect to the
shaft, and the first seal ring having an annular sealing surface that extends
radially and faces the outboard side of the first seal ring, the first seal ring
having an inner surface that is radially spaced from the sleeve member;

a second seal ring being fixed to a carrier ring and sealed with
respect to the housing, the second seal ring being located on the outboard side
of the first seal ring and having an annular sealing surface that extends radially
and faces the first seal ring which 1s locate on the inboard side of the second
seal ring, the second seal ring having an inner surface that is radially spaced
from the sleeve member and the inner surfaces of the first and the second seal
rings and the sleeve member defining a relatively higher pressure gap, outer
surfaces of the first and the second seal rings being radially spaced from an
inner surface of the housing defining a relatively lower pressure process
chamber extension that 1s open to the relatively lower pressure process
chamber;

a resilient means located between one of the first seal ring and the
shaft or second seal ring and the housing to urge said one of the first and the

second seal rings axially towards the other of the first and the second seal rings

such that the annular sealing surface of the first seal ring sealingly engages the
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annular sealing surtace of the second seal ring to form a seal between the

annular sealing surfaces of the first and the second seal rings and prevent
leakage of the relatively lower pressure process fluid in the relatively lower
pressure process chamber extension radially inwardly to the relatively higher
pressure gap defined between the inner surfaces of the first and the second seal
rings and the sleeve member;

an 1nlet being located on an outboard side of the second seal ring
communicates with the relatively higher pressure gap, the inlet being connected
to a source of barrier tluid at a pressure in excess of the pressure of the process
fluid 1n the relatively lower pressure process chamber, such that a relatively
higher pressure barrier fluid is introduced into the relatively higher pressure gap
to communicate with inner surtaces of the first and the second seal rings, the
relatively lower process fluid and the relatively higher barrier fluid cooperating
with one another so as to only permit the relatively higher pressure barrier fluid
to flow radially outwardly from the relatively higher pressure gap past the first
and second seal rings into the relatively lower pressure process chamber and
process chamber extension and prevent leakage of the relatively lower process
fluid radially inwardly to the relatively higher pressure gap;

a thermal shroud member is supported by the flange of the sleeve
member and extends axially towards the outboard side of the first seal ring and
another thermal shroud member 1s supported by the carrier ring and extends

axially toward the inboard side of the second seal ring, axially adjacent ends ot

the shroud members have flange formations, the flange formations extend
radially inward from the respective shroud member toward the respective outer
surface of the first and second seal rings, the shroud members restricting
communication between the relatively lower process fluid in the relatively
lower process fluid chamber extension and the outer surfaces of the first and
second seal rings to adjacent the annular sealing surfaces; and

thermally insulative sleeves being secured to the respective inner

surfaces of the first and second seal rings so as to shield the inner surtaces ot

the first and second seal rings from communicating with the relatively higher
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pressure barrier fluid, the thermally insulative sleeves being spaced from the

sleeve member.

2. The internally pressurized seal assembly according to claim 1, wherein
at least one of the first and the second seal rings are reinforced radially by

means of a reinforcing ring mounted on the outer surface thereof.

3. The internally pressurized seal assembly according to claim 2, wherein

the reinforcing ring is a carbon fibre composite ring.

4. The internally pressurized seal assembly according to claim 1, wherein
the thermal shroud members are spaced from the outer surfaces of the first and
the second seal rings, and the reinforcing rings, and each of the thermal shroud
members 1s made of a material of relatively low thermal conductivity and
shields the first and the second seal rings from heat transfer from the relatively

lower pressure process fluid.

. The internally pressurized seal assembly according to claim 4, wherein

the shroud members are formed from stainless steel.

6. The 1nternally pressurized seal assembly according to claim 1, wherein

the thermally insulative sleeves are formed from a polyaryletheretherketone

plastics material.
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7. The internally pressurized seal assembly according to claim 1, wherein
hydrodynamic features are provided on the inner periphery of the annular

sealing surface of at least one of the first and the second seal rings.

3. The 1nternally pressurized seal assembly according to claim 7, wherein
the hydrodynamic features comprise recesses or grooves in one of the sealing
surfaces, said recesses or grooves open to inside of the first and the second seal

rings.

9. The 1nternally pressurized seal assembly according to claim 7, wherein a
plurality of segmental recesses are provided at a plurality of angularly spaced
locations about the inner periphery of the sealing surfaces of at least one of the

first and the second seal rings.

10.  The internally pressurized seal assembly according to claim 1, wherein
the shaft 1s mounted coaxially inside the first and the second seal rings, a
volume of the relatively higher pressure gap between the inner surfaces of the

first and the second seal rings and the sleeve member 1s minimised to reduce
centrifugal pressurisation of the internally pressurized seal assembly while
maintaining adequate cooling of the annular sealing surfaces by the relatively

higher pressure barrier fluid.

11. The internally pressurized seal assembly according claim 1, turther
comprises means is provided for inducing circulation of the relatively higher
pressure barrier fluid in the relatively higher pressure gap which 1s open to a

relatively higher pressure barrier chamber.
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12. The internally pressurized seal assembly according to claim 1, wherein a
rear face of at least one of the first and the second seal rings engages an
elastomeric support ring, and the elastomeric support ring transmits axial loads
evenly to the at least one of the first and the second seal rings and provides a

seal with the elastomeric support ring.

13. The internally pressurized seal assembly according to claim 1, wherein a
plurality of drive pins prevent relative rotation between each of the first and the
second seal rings and the respective flange of the sleeve member and the carrier
ring, and the plurality of drive pins engaging with a plurality of bushes,

mounted in the first and the second seal rings.

14.  An internally pressurized seal assembly for providing a seal between a
shatt and a housing, the housing defining a relatively lower pressure process
chamber which contains a relatively lower pressure process fluid, the internally
pressurized seal assembly being mounted between concentric surfaces of the
shaft and the housing, the internally pressurized seal assembly having an

inboard side adjacent the relatively lower pressure process chamber and an

outboard side remote from the relatively lower pressure process chamber, the

internally pressurized seal assembly comprising:

a first seal ring being fixed to a flange of a sleeve element, which is
fixed 1n a rotationally fixed manner to the shaft, and sealed with respect to the
shatt, and the first seal ring having an annular sealing face on a radially

extending surface on the outboard side of the first seal ring;

a second seal ring being fixed to a carrier ring, which is fixed to the

housing, and sealed with respect to the housing, the second seal ring being
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located on the outboard side of the first seal ring and having an annular sealing

face on a radially extending surface on the inboard side of the second seal ring;

a resilient means urging one of the first and the second seal rings axially
towards the other of the first and the second seal rings so that the annular
sealing face of the first seal ring sealingly engages the annular sealing face of
the second seal ring, such that outer surfaces of the first and the second seal
rings are exposed to the relatively lower pressure process fluid in a relatively
lower pressure process chamber extension that is open to the relatively lower
pressure process chamber, the relatively lower pressure process chamber
extension being defined by the housing and the outer surfaces of the first and
the second seal rings, and a seal formed between the annular sealing faces ot
the first and the second seal rings prevents leakage of the relatively lower
pressure process fluid radially inward from the relatively lower pressure

process chamber extension to inner surfaces of the first and the second seal

rings;

an inlet being provided on the outboard side of the second seal ring, the
inlet being connected to a source of barrier fluid at a pressure in excess of the
pressure of the process fluid in the relatively lower process chamber, so that a
relatively higher pressure barrier fluid is introduced to the inner surfaces of the
first and the second seal rings, the relatively higher pressure barrier fluid having

a pressure that is higher relative to a pressure of the relatively lower pressure

process fluid;

the outer surfaces of the first and the second seal rings being
substantially shielded from the relatively lower pressure process fluid in the
relatively lower pressure process chamber extension by first and second shroud
members such that heat transfer from the relatively lower pressure process fluid
to the first and the second seal rings occurs at the outer surfaces of the first and

the second seal rings adjacent the annular sealing faces;
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inner sleeves formed from a thermally insulative material, being
respectively secured to inner surfaces of the first and the second seal rings, the
inner sleeves shielding the inner surfaces of the first and the second seal rings
from the relatively higher pressure barrier fluid in the gap, the inner sleeves

being radially spaced from the sleeve element; and

the first and the second shroud members are formed from a thermally
insulative material, one end of the first shroud member is fixed to the flange of
the sleeve element and extends axially therefrom such that the first shroud
member 1s radially spaced from the first seal ring, an opposite axial end of the
first shroud member has a flange formation that extends radially inward toward
the first seal ring to limit the relatively lower pressure process fluid from
passing into a space radially between the first shroud member and the first seal

ring; and

one end of the second shroud member 1s fixed to the carrier ring and
extends axially therefrom such that the second shroud member is radially
spaced from the second seal ring, an opposite axial end of the second shroud
member has a flange formation that extends radially inward toward the second
seal ring to limit the relatively lower pressure process fluid from passing into a

space radially between the second shroud member and the second seal ring.

15.  An internally pressurized seal assembly for providing a seal between a
shaft and a housing, the housing defining a process chamber which contains a
process fluid, the seal assembly being mounted between concentric surfaces ot

the shaft and the housing, the seal assembly comprising:

an inboard side adjacent the process chamber and an outboard side

axially remote from the process chamber;

an inboard seal assembly, the inboard seal assembly having,
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a first seal ring that 1s mounted on the inboard side of the seal

assembly in fixed rotational relationship and sealed with respect the shatt, the
first seal ring having an annular sealing face on a radially extending tace on the

outboard side of the seal ring;

a second seal ring that 1s mounted on the outboard side of the
seal assembly in fixed rotational relationship and sealed with respect to the
housing, the second seal ring being located on the outboard side of the first seal
and having an annular sealing face on a radial surface on the inboard side of the

second seal ring;

resilient means biasing one of the first and the second sealing
rings axially towards the other of the first and second sealing rings, so that the
sealing face of the first seal ring sealingly engages the sealing face of the

second seal ring and forms a seal between the shatt and the housing;

external circumferential surfaces of the first and the second seal
rings being exposed to the process fluid in the process chamber, the seal
between the sealing faces preventing leakage of the process fluid to internal

peripheries of the first and second seal rings;

an outboard seal assembly forming a seal between the shaft and the

housing, the outboard seal assembly being located outboard of the inboard seal
assembly and spaced axially therefrom, to define a barrier chamber which
opens to the internal peripheries of the first and the second seal rings of the

inboard seal assembly;

the barrier chamber having an inlet, the inlet being connected to a

source of barrier fluid, the barrier fluid having a pressure that is greater than a

pressure of the process fluid in the process chamber;

the external circumferential surfaces of the first and the second seal
rings of the inboard seal being shielded from the process fluid in the process

chamber by shroud members, the shroud members limiting communication
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between the process fluid and the external circumterential surfaces ot the first
and the second seal rings such that the process fluid communicates and
transfers heat with the first and the second seal rings predominantly at outer

regions thereof adjacent the sealing faces; and

a sleeve formed from a thermally insulative material being secured to
the internal periphery of the first and the second seal ring of the inboard seal
assembly, to limit communication of the barrier fluild with the internal
peripheries of the first and the second seal rings such that the barrier fluid
communicates with portions of the internal peripheries of the first and the

second seal rings predominantly adjacent the sealing faces; and

a thermal shroud member i1s supported by a flange of a sleeve member
and extends axially toward the outboard side of the first seal ring and another
thermal shroud member is suppofted by a carrier ring and extends axially
toward the inboard side of the second seal ring, axially adjacent ends of the
shroud members have flange formations, the flange formations extend radially
inward from the respective shroud member toward the respective outer surface

of the first and the second seal rings.
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