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Abstract:

The shaft seal assembly (1) comprises a rotary seal member (31) adapted to be drivingly coupled to a
rotary shaft (5) of a rotary equipment; and a stationary porous seal member (41) adapted to be
coupled to a stationary housing of the rotary equipment and extending around the rotary seal

member (31). The shaft seal assembly further includes at least a seal gas inlet port (55) adapted to
communicate pressurized seal gas to the stationary porous seal member (41). The rotary seal member
(31) has a conical outer sealing surface (35) and the stationary porous seal member (41) has a

conical inner sealing surface (43). The conical inner sealing surface (43) faces the conical outer
sealing surface (35).
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CONICAL SEALING ASSEMBLY FOR A ROTARY EQUIPMENT AND
ROTARY EQUIPMENT COMPRISING THE SEALING ASSEMBLY

DESCRIPTION

TECHNICAL FIELD

[0001] Disclosed herein are sealing assemblies for rotary equipment, such as, but not

limited to turbomachinery.
BACKGROUND ART

[0002] Turbomachines, such as but not limited to centrifugal and axial compressors
require rotary seals to prevent or limit fluid leakages towards the bearings or towards

the environment.

[0003] A variety of shaft sealing devices have been developed for this purpose,

among which labyrinth seals, oil fill seals, mechanical contact seals, and dry gas seals.

[0004] Dry gas seals comprise a stationary ring and a rotating ring adapted to rotate
integrally with the shaft. Dry seal gas, which is typically the same process gas flowing
through the rotary equipment, is injected in the seal to provide a barrier against gas
leakage. Most of the dry seal gas flows across an inboard labyrinth seal back into the
machine, and a minor part of the dry seal gas flows as a primary or secondary vent

from the dry gas seal and is either recovered or flared.

[0005] While providing excellent sealing properties, dry gas seals are not free of
drawbacks, such as, for example, the need to provide seal gas also while the rotary
equipment is at stillstand. Moreover, the flowrate of the vented seal gas is relatively
high, which may result in severe environmental impact or loss of valuable gaseous

components, if the vented seal gas is not recovered.

[0006] Attempts to overcome the drawbacks have been made, using stationary po-
rous sealing members co-acting with rotary sealing members. Pressurized seal gas is
fed to the porous sealing member and migrates thereacross towards an interface be-

tween the stationary porous sealing member and the rotating sealing member. These
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sealing assemblies using porous sealing members suffer from some drawbacks. In par-

ticular the small length of the flow path of the leak causes relatively high leak rate.

[0007] It would therefore be desirable to provide sealing assemblies using porous
sealing members, which overcome or alleviate at least some of the drawbacks and

limitations of the seal assemblies of the prior art.
SUMMARY

[0008] A shaft seal assembly is disclosed, which is configured to sealingly separate
a high-pressure region and a low-pressure region in a rotary equipment, such as a com-
pressor or another turbomachine. As used herein, the term rotary equipment may in-
clude any machinery having an outer casing and a shaft supported for rotation in the
casing. The shaft seal assembly includes a rotary seal member adapted to be drivingly
coupled to a rotary shaft for co-rotation therewith, and a stationary porous seal member
adapted to be coupled to a stationary housing of the rotary equipment and extending
around the rotary seal member. The shaft seal assembly further includes at least one
seal gas inlet port adapted to deliver pressurized seal gas to the stationary porous seal
member. The rotary seal member has a conical outer sealing surface (i.e. a convex
conical sealing surface) and the stationary porous seal member has a conical inner
sealing surface (i.e. a concave conical sealing surface). The conical inner sealing sur-

face faces the conical outer sealing surface.

[0009] In currently preferred embodiments disclosed herein, each of the above men-
tioned conical outer sealing surface and conical inner sealing surface has a respective
first end adapted to face the high-pressure region and a second end adapted to face the
low-pressure region, when the shaft seal assembly is mounted in the rotary equipment.

Each said first end has a diameter larger than the corresponding second end.

[0010] Further features and embodiments of the seal assembly will be described be-

low and are set forth in the attached claims.

[0011] According to a further aspect, disclosed herein is a rotary equipment, such as
for example a turbomachine, wherein a high-pressure region and a low-pressure region
shall are sealingly separated from one another. At least one or more shaft seal assem-

blies as outlined above can be arranged along the rotary shaft between the high-
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pressure region and the low-pressure region.
BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Reference is now made briefly to the accompanying drawings, in which:

Fig.1 is a schematic arrangement of a turbomachine with shaft seal assem-

blies according to the present disclosure;

Fig.2 is a sectional view of a shaft seal assembly according to the present

disclosure in one embodiment; and

Fig 3 is a sectional view of a shaft seal assembly according to the present

disclosure in a further embodiment.
DETAILED DESCRIPTION

[0013] The following description refers specifically to turbomachines and more spe-
cifically to dynamic compressors, such as axial or centrifugal compressors, and pumps.
It shall however be understood that novel features of the present disclosure can be used
with advantage to provide efficient shaft sealing in other kinds of rotary equipment,
such as turbines, expanders, and other rotating machinery where a high-pressure side
or region and a low-pressure side or region shall be sealingly separated from one an-

other.

[0014] To provide efficient sealing along a rotary shaft in a turbomachine, a new seal
assembly for use in rotary equipment has a rotary conical surface that co-acts with a
stationary conical surface, i.e. a non-rotating conical surface. The stationary conical
surface surrounds the rotary conical surface. The stationary conical surface is formed
in a porous body, through which pressurized seal gas can flow. A gap or space between
the stationary conical surface and the rotary conical surface forms under the combined
action of the pressurized seal gas and a resilient axial force applied on the stationary

conical surface.

[0015] With “axial force” a force is understood, which is oriented in the direction of
a geometrical axis of the stationary conical surface and of the rotary conical surface.

Said axis is substantially coincident with the rotation axis of the shaft, on which the
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seal assembly is mounted.

[0016] The resilient axial force is oriented to push the stationary conical surface
against the rotary conical surface in a direction of the rotation axis of the rotary shaft
of the turbomachine. This achieves an efficient separation between the high-pressure

region and the low-pressure region with a minimum flowrate of seal gas.

[0017] Turning now to the drawings, Fig. 1 schematically illustrates a turbomachine
1, for instance a centrifugal compressor, comprising a casing 3 and a rotary shaft 5
supported for rotation in the casing 3 Impellers 7 rotate with the rotary shaft 5 around
a rotation axis A-A of the rotary shaft 5. Process gas flows to the compressor 1 through
a suction side 9 fluidly coupled to an inlet line 10. Pressurized process gas is delivered

by the compressor 1 at a delivery side 11 and flows in an outlet line 12.

[0018] The rotary shaft 5 is supported by bearings, schematically shown at 13 and
15. Seal assemblies 17 and 19 are arranged along the rotary shaft 5, inboard the bear-
ings 13 and 15, to prevent process gas from leaking along the rotary shaft 5 through
the bearings 13, 15 and towards the environment. In further embodiments, not shown,
additional seal assemblies can be arranged between adjacent compressor stages inside

the casing 3.

[6019] Fig. 2 illustrates an embodiment of the seal assembly 17 of the present dis-
closure. The seal assembly 19 can be configured in substantially the same way as the

seal assembly 17.

[6020] In general terms, the seal assembly 17 is arranged between a high-pressure
region HP and a low pressure region LP, for instance between the most upstream com-
pressor stage and the bearing 13, or between the most downstream compressor stage

and the bearing 15.

[6021] In embodiments, the seal assembly 17 comprises a rotary seal member 31
constrained, i.e., connected to the rotary shaft 5 for rotation therewith and to avoid
axial displacements of the rotary seal member 31 along the rotary shaft 5. As under-
stood herein, “constrained to the rotary shaft” means that the rotary seal member 31
rotates with the shaft 5 as a single body. Connection, i.e., fastening of the rotary seal

member 31 to the rotary shaft 5 can be obtained in any suitable manner, for instance

4-
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by welding, slip fitting, friction fitting, adhesive, or the like. In other embodiments,
connection of the rotary seal member 31 to the rotary shaft 5 can also be obtained with
screws, pins, clamps, keys, tabs, splined profiles, or the like. By way of non-limiting
example, in Fig 2 the mechanical connection between rotary shaft 5 and rotary seal

mermber 31 is schematically represented by screws 33,

[0022] The rotary seal member 31 includes a shaft sleeve, having a cylindrical
through hole for the rotary shaft 5, and a conical outer surface 35, i.e. a conical male
surface. The conical outer surface 35 is coaxial to shaft 5, 1.e. the axis whereof coin-
cides with the rotation axis A-A of the rotary shaft 5 and of the compressor rotor. The
conical outer surface 35 surrounds an inner cylindrical surface 36 of the rotary seal
member 31. One or more stationary seal members, such as O-rings 37, can be posi-

tioned between the inner cylindrical surface 36 and the rotary shaft 5.

[0023] The conical outer surface 35 of the rotary seal member 31 extends from a first
end facing the high-pressure region HP to a second end facing the low-pressure region
LP. The conical outer surface 35 has a circular cross-section with a variable diameter.
The first end which faces the high-pressure region HP has a diameter larger than the
second end, i.e., the ideal vertex of the conical outer surface 35 is located opposite the
high-pressure region HP. In other, currently less preferred embodiments the position
of the conical outer surface 35 with respect to the high-pressure region and the low
pressure region can be reversed; i.e. the large-diameter end of the conical outer surface
35 can face the low-pressure region and the small-diameter end of the conical outer

surface 35 can face the high-pressure region.

[0024] The seal assembly 17 further includes a stationary porous seal member 41,
which is substantially co-axial to the rotary seal member 31. As understood hercin,
“substantially coaxial” means that the stationary porous seal member 41 and the rotary
seal member 31 are coaxial within acceptable mechanical tolerances. These may vary
depending upon the specific application. In general terms, the mutual position of the
geometrical axes of the conical surtaces of the rotary seal member 31 and of the sta-
tionary porous seal member 41 may depart from a strict coaxial condition both in terms
of eccentricity, as well as in terms of mutual inclination. The eccentricity of the two
axes may be within a range from 0% to 5% of the maximum diameter of the mutually

facing conical surfaces. The parallelism error, 1.e., the angular offset may be between

-5
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0° and 5°, preferably between 0° and 2° or less, for instance.

[0025] The term “stationary” as used herein means that the stationary porous seal
member 41 is not rotating with the rotary shaft 5 around the rotation axis A-A. The
stationary porous seal member 41 may, however, vibrate or oscillate around a station-
ary position. For instance, the stationary porous seal member 41 may perform limited

angular displacements within a range of 0°-2° or less, due to mechanical tolerances.

[6026] Moreover, the stationary porous seal member 41 may perform limited dis-
placements in the axial direction, i.e, in a direction parallel to the rotation axis A-A of
the rotary shaft 5. The axial displacement may be caused by thermal expansion of the
turbomachinery. The displacement may range from 0 to 20 mm, for instance, and gen-

erally depends upon the length of the axis of the turbomachine.

[0027] Additionally, as will be described in greater detail later on, the stationary po-
rous seal member 41 is adapted to perform small movements with respect to the rota-
tory seal member 31 in the direction of the rotation axis A-A of the rotary shaft 5, to
form a gap between the conical inner surface of the stationary porous seal member 41
and the conical outer surface 35 of the rotary seal member 31, to prevent mutual con-
tact therebetween when the rotary shatt 5 is rotating. This mutual displacement be-
tween opposite facing conical surfaces may be in the range between 1 micrometer and
1000 micrometers or less, for instance between | micrometer and 500 micrometers or
less, preferably less than 300 micrometers, even more preferably less than 200 mi-

crometers.

[0028] The stationary porous seal member 41 can include a body of porous material,
for instance made of a sintered material. In embodiments, the sintered material can be
selected among carbon, graphite, alumina, tungsten carbide, or the like. In other em-
bodiments, the body of porous material can be manufactured by additive manufactur-

ing, with a suitable porous structure.

[6029] Inthe embodiment of Fig. 2, the stationary porous seal member 41 is entirely
formed of porous material, but in other embodiments, not shown, for instance if the
stationary porous seal member 41 is manufactured by additive manufacturing, the sta-

tionary porous seal member 41 may include porous and non-porous regions.
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[0030] In the present description and in the attached claims, the term “porous” re-
ferred to the stationary porous scal member 41 means that seal gas which is injected
in the seal will migrate through the stationary seal member 41 under a pressure differ-

ential.

{00631} In the embodiment of Fig.2, the stationary porous seal member 41 includes a
conical female surface 43, 1.e., a conical inner surface 43. The conical inner surface 43
surrounds the conical outer surface 35 of the rotary seal member 31, 1.¢. extends around
the rotary seal member 31, and is substantially coaxial therewith, in the sense detined
above. In use, a gap 45 forms between the conical inner surface 43 and the conical

outer surface 35 as will be explained here below.

j0032] The conical inner surface 43 of the stationary porous seal member 41 extends
from a first end facing the high-pressure region HP to a second end facing the low-
pressure region LP. The conical inner surface 43 has a circular cross-section with a
variable diameter, the first end having a diameter larger than the second end, i.e. the
ideal vertex of the conical inner surface 43 is located opposite the high-pressure region
HP. In other, currently less preferred embodiments, the large-diameter end of the con-
ical inner surface 43 faces the low-pressure region and the small-diameter end of the

conical inner surface 43 faces the high-pressure region.

[0033] In the embodiment of Fig.2 the stationary porous seal member 41 is housed
in an annular housing 47 which surrounds the stationary porous seal member 41 and
the rotary seal member 31. The stationary porous seal member 41 has an external sur-
face in sealing contact with the annular housing 47. In the embodiment of Fig. 2 the
external surface of the stationary porous seal member 41 includes a main cylindrical
outer surface 49 coaxial with the conical inner surface 43, and two end planar surfaces
51, 53. The main cylindrical outer surface 49 and the end planar surfaces 51, 53 are in
sealing contact with the inner surface of the annular housing 47 In this way pressur-
ized seal gas delivered to the stationary porous seal member 41 will be prevented from

leaking through the side surfaces 49, 51, 53.

[0034] The annular housing 47 comprises at least one seal gas inlet port 55. In pre-
ferred embodiments, a plurality of seal gas inlet ports 55 are distributed annularly

around the rotation axis A-A of the rotary shaft 5. In preferred embodiments, the seal
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gas inlet ports 55 are distributed with a constant angular pitch around the rotation axis
A-A_ The seal gas inlet ports 55 are arranged adjacent or near the end of the stationary
porous seal member 41 that faces the high-pressure side, and opposite the end of the

conical inner surface 43 that faces the low-pressure side.

[0035] In the embodiment shown, the stationary porous seal member 41 is resiliently
biased in an axial direction, i.e, in the direction of the geometrical axis of the conical
surfaces 35, 43, such that the conical inner surface 43 is forced against the conical

outer surface 35.

[0036] In some embodiments, an elastic member pushes the stationary porous seal
member 41 against the rotary seal member 31. In embodiments, the elastic member
may include one or more resilient elements, such as compression springs. In Fig.2 the
elastic member includes a plurality of compression springs 57 arranged around the axis
A-A. In the embodiment of Fig. 2 the springs 57 are arranged between the annular
housing 47 and a ring casing 59, in which the annular housing 47 is arranged. The ring

casing 59 can be fixedly mounted in the casing 5 of the compressor 1.

[0037] As shown in Fig. 2, the axial extension of the annular housing 47 is less than
the axial extension of an inner seat 61 formed in the ring casing 59, in which the an-
nular housing 47 is slidingly housed. In this way, sufficient axial clearance exists be-
tween the annular housing 47 and the ring casing 49, allowing the annular housing 47
to move in an axial direction, i.e. in the direction of the rotation axis A-A of the rotary
shaft 5. In inoperative conditions, when no pressurized seal gas is delivered to the seal
assembly 17, the springs 57 push the stationary porous seal member 41 in a rest posi-
tion in abutment against the rotary seal member 31. In the rest position the conical

inner surface 43 contacts the conical outer surface 35.

[0038] The radial dimension of the ring casing 59 is such that a radial clearance is

available between the annular housing 47 and the ring casing 59, as shown in 62.

[0039] Balancing gaskets 63, 65 are arranged between the annular housing 47 and
the ring casing 59. The gaskets 63, 65 allow some degree of axial and radial displace-

ments of the annular housing 47 inside the seat 61 of the ring casing 59.

[6040] At lcast one aperture 67 in the ring casing 59 is fluidly coupled directly or

-8-
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indirectly to a source of pressurized seal gas and is adapted to deliver pressurized seal
gas towards the seal gas inlet ports 55. The source of pressurized seal gas can be any
source of sufficiently clean gas at a pressure higher than the pressure in the high-pres-
sure region HP. In some embodiments, the pressurized seal gas can be process gas
diverted from the delivery side of the compressor 1 and suitably pre-treated in a pre-
treatment unit 71, as schematically shown in Fig. 1, forinstance. In other embodiments,
a dedicated seal gas source can be foreseen for this purpose, for instance, a nitrogen

SouUrce.

[0041] In use, pressurized seal gas is delivered through aperture 67 in the ring casing
59 and is forced to enter the seal gas inlet ports 55. The porous structure of the station-
ary porous seal member 41 causes pressurized seal gas to migrate therethrough and
leak from the conical inner surface 43. The pressure of the seal gas generates a hydro-
static lift with an axial component that counter-acts the elastic force of the elastic mem-
ber 57 (springs 57). The hydrostatic lift is sufficient to displace the stationary porous
sealing member 41 in the direction of the rotation axis A-A with respect to the rotary
sealing member 31. Due to said axial displacement the gap 45 is formed between the
conical inner surface 43 and the conical outer surface 35. The dimension of the conical
gap 45 is determined by the balance between the hydrostatic force generated by the
pressurized seal gas, the axial thrust applied by the elastic member 57, as well as the
force acting on the axially displaceable stationary porous seal member 41 and resulting
from the differential pressure between the high-pressure region HP and the low-pres-

sure region LP.

[00642] The axial clearance in the ring casing 59 allows the axial housing 47 to move
in the axial direction against the elastic thrust of the elastic member 57. The gaskets
63 and 65 prevent gas leakages between the ring casing 59 and the annular housing 47,
and the stationary porous seal member 41 can thus “float” on the rotary seal member
31 due to the hydrostatic thrust generated by the pressurized seal gas migrating through

the porous structure of the stationary porous seal member 41.

[0043] The porous structure of the stationary porous seal member 41 causes a gradual
loss of pressure of the pressurized seal gas migrating through the porous structure from
the seal gas inlet ports 55 towards the conical inner surface 43. Fig. 2 illustrates iso-

baric lines, representing the seal gas pressure variation inside the porous structure of

9.
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the stationary porous seal member 41. The pressure decreases from the first end (facing
the high-pressure region HP) towards the second end (facing the low-pressure region
LP) of the conical inner surface 43 and the conical outer surface 35. A part of the seal
gas escaping the gap 45 leaks towards the high-pressure region HP, ie., inside the
compressor 1, and the remaining part of the seal gas flows towards the low pressure
side. A vent, not shown, can be provided to collect the seal gas escaping towards the
low-pressure region, preventing dispersion of the de-pressurized seal gas towards the
environment. In some embodiments, a further seal can be positioned between the seal-
ing assembly 17 and the outboard bearing 13 and a separation gas can be delivered
between the sealing assembly 17 and the outboard bearing 13, to prevent seal gas from

contacting the bearing 13.

[0044] During stillstand of the compressor 1 no pressurized seal gas through the seal
assembly 17, 19 is required, which avoids the need for a continuous seal gas delivery,
as conversely required by dry gas seals of the current art. This is achieved by the mul-
tiplying effect of the contact pressure between the two mating members 31 and 41 due

to the slope of the conical inner surface 43 and conical outer surface 35.

|0045] The axial and radial clearance around the annular housing 47 compensates for
the wear of the porous material forming the stationary porous seal member 41. More-
over, the axial and radial clearance allows axial and radial displacements of the seal
assembly, which may be caused by radial and axial displacements of rotary shaft 5, for

instance due to thermal expansion.

[0046] Inthe embodiment of Fig. 2 the axial and radial displacements of the annular
housing 47 and of the stationary porous seal member 41 housed therein are allowed by
the capability of gaskets 63, 65 to deform. However, if larger radial and axial displace-
ments of the stationary porous seal member 41 are required or desirable, separate gas-
kets adapted to allow radial and axial movements can be used. An embodiment of a
seal assembly, which is capable of allowing larger radial and axial displacements is
shown in Fig. 3. The same reference numbers designate parts corresponding to those

of Fig.2. These parts will not be described again in detail.

[6047] In the embodiment of Fig. 3, the stationary porous seal member 41 is rigidly

constrained in the annular housing 47 1n a way similar to Fig 2 Differently from the

-10-
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embodiment of Fig.2, in Fig.3 an intermediate annular component 75 is provided be-
tween the ring casing 59 and the annular housing 47, with the stationary porous seal
member 41 housed therein. The annular housing 47 is arranged in the intermediate
annular component 75 with a radial clearance. Annular balancing gaskets 77, 79 seal
the gap between the annular housing 47 and the intermediate annular component 75,
allowing a radial displacement of the former inside the latter, to compensate for radial

movements of the rotary shaft 5.

[0048] The intermediate annular component 75 is housed in the seat 61 formed by
the ring casing 59 with an axial clearance, i.e., a space allowing displacements of the
unit including the stationary porous seal member 41, the annular housing 47 and the
intermediate annular component 75 in the direction of the rotation axis A-A of the
rotary shaft 5. Annular balancing gaskets 81, 83 seal the gap between the intermediate
annular component 75 and the ring casing 59, allowing axial displacements there-
between. Therefore, the stationary porous seal member 41 can 1ift from the rotary seal
member 31 due to the hydrostatic thrust generated by the pressurized seal gas injected
in the seal assembly through apertures 67A and 67B, said gas migrating through the

porous structure of the stationary porous seal member 41.

[0049] The apertures 67A and 67R in the ring casing 59 and in the intermediate an-
nular component 75 feed pressurized seal gas to the seal gas inlet ports 55. As men-
tioned above, the seal gas can be pressurized process gas diverted from the deliver side
of the compressor 1. Alternatively or in addition, a separate source of pressurized seal

gas can be foreseen.

[0050] The seal gas migrating through the porous structure of the stationary porous
scal member 41 gencrates a hydrostatic thrust, which is sufficient to displace the sta-
tionary porous seal member 41 and the rotary seal member 31 one with respect to the
other in the direction of rotation axis A-A of the shaft 5, thus forming the gap 45. As
in the embodiment of Fig.2 described above, the value of the thrust required to lift the
stationary porous seal member 41 from the rotary seal member 31 depends upon the
differential pressure across the seal assembly and upon the total biasing force applied

by the elastic member 57 (e.g. spings 57).

[6051] By providing separate sets of gaskets 77, 79 and 81, 83, larger axial and radial

-11-
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displacements of the stationary porous seal member 41 with respect to the rotary seal

member 31 are possible.

[0652] Some orall the surfaces of the above-described seal assembly can be provided
with a hardened coating, to reduce wear of surfaces in mechanical contact. In some
embodiments, hardening can be provided on the conical outer surface 35 of the rotary
seal member 31 and/or on the conical inner surface 43 of the stationary porous seal
member 41. In addition or alternatively, some surfaces or surface portions of the mem-
bers of the seal assembly which are in mutual sliding contact can be hardened, such as
in the areas labeled 87 and 89 1n Fig 3. In some embodiments hardness above 30 HRC,
preferably above 70 HRC or higher can be envisaged. Any known hardening technique
adapted to achieve the desired hardness value can be used. For instance, suitable hard-

ening techniques include nitriding, tungsten/chromium carbide coatings or the like.

[0053] Insome embodiments an anelastic feature can be positioned between adjacent
components which may perform mutual displacements in radial direction, e.g. due to
vibrations induced by rotation of the compressor 1. For instance, an anelastic feature,
such as an anelastic coating 91, can be arranged between the outer surface of the an-
nular housing 47 and the intermediate annular component 75. The anelastic feature 91
is adapted to damp vibrations arising during rotation of the rotary shaft 5, and thus

reduce noise and wear.

[0054] Certain exemplary embodiments have been described to provide an overall
understanding of the principles of the structure, function and use of the systems, de-
vices and methods disclosed herein. One or more examples of these embodiments are
illustrated in the accompanying drawings. Those skilled in the art will understand that
the systems, devices and methods specifically described herein and illustrated in the
accompanying drawings are non-limiting exemplary embodiments and that the scope
of the present invention is defined solely hy the claims Features described or illus-
trated in connection with one exemplary embodiment may be combined with the fea-
tures of other embodiments. Such modifications and variations are intended to be in-

cluded within the scope of the present invention.

-12-
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CLAIMS

1. A shaft seal assembly configured to sealingly separate a high-pres-
sure region and a low-pressure region in a rotary equipment, the shaft seal assembly
comprising:

a rotary seal member adapted to be drivingly coupled to a rotary shaft of the
rotary equipment for co-rotation therewith;
a stationary porous seal member adapted to be coupled to a stationary housing
of the rotary equipment and extending around the rotary seal member; and
at least a seal gas inlet port adapted to communicate a pressurized seal gas to
the stationary porous seal member;
wherein the rotary seal member has a conical outer sealing surface and the stationary
porous seal member has a conical inner sealing surface, wherein the conical inner seal-

ing surface faces the conical outer sealing surface.

2. ‘The shaft seal assembly of claim 1, wherein the conical outer sealing
surface has a first end adapted to face the high-pressure region and a second end
adapted to face the low-pressure region, the first end having a larger diameter than the
second end; and wherein the conical inner sealing surface has a respective first end
adapted to face the high-pressure region and a second end adapted to face the low-

pressure region, the first end having a larger diameter than the second end.

3. The shatft seal assembly of claim 1, wherein the conical outer sealing
surface has a first end adapted to face the high-pressure region and a second end
adapted to face the low-pressure region, the first end having a diameter smaller than
the second end; and wherein the conical inner sealing surface has a respective first end
adapted to face the high-pressure region and a second end adapted to face the low-

pressure region, the first end having a smaller diameter than the second end.

4. The shaft seal assembly of claim 2 or 3, wherein the at least one seal
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gas inlet port is located near the first end of the conical inner sealing surface.

5. The shaft seal assembly of one or more of the preceding claims, fur-
ther comprising an elastic member adapted to axially push the conical inner sealing

surface towards the conical outer sealing surface.

6. The shaft seal assembly of claim 5, wherein in use the pressurized
seal gas flows through the stationary porous seal member between the conical inner
sealing surface and the conical outer sealing surface, such as to balance an axial thrust
of the elastic member on the stationary porous seal member, forming a gap between

the conical inner sealing surface and the conical outer sealing surface.

7. The shaft seal assembly of claim 6, wherein in use seal gas pressure

in the gap decreases from the first end towards the second end.

8. The shaft seal assembly of one or more of the preceding claims,
wherein the stationary porous seal member is housed in a ring casing and axially mov-

able therein.

9. The shaft seal assembly of claim 8, wherein the stationary porous

seal member is radially movable in the ring casing.

10. The shaft seal assembly of claim 8 or 9, wherein the stationary po-
rous seal member is rigidly constrained to an annular housing retained in the ring cas-

ing.

11.  The shaft seal assembly of claim 10, wherein the annular housing is
retained in the ring casing with an axial and radial clearance to move within the ring

casing in an axial and in a radial direction.

12.  The shaft seal assembly of claim 10, wherein the annular housing is
mounted in an intermediate annular component with a radial clearance with respect to
the intermediate annular component, and wherein the intermediate annular component

is retained in the ring casing with an axial clearance.

13.  The shaft seal assembly of claim 10 or 11, wherein balancing gaskets

are arranged between the ring casing and the annular housing.

-14-
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14, The shaft seal assembly of claim 12, wherein balancing gaskets are
arranged between the intermediate annular component and the ring casing and between

the annular housing and the intermediate annular component.

15.  The shaft seal assembly of one or more of the preceding claims,
wherein the stationary porous seal member has an outer cylindrical surface coaxial to

the conical inner sealing surface.

16. The shaft seal assembly of one or more of the preceding claims,
wherein the conical outer surface is integral with a shaft sleeve adapted to be angularly

coupled to a rotary shaft.

17 The shaft seal assembly of one or more of the preceding claims, com-
prising a plurality of seal gas inlet ports circumferentially arranged around the conical

inner sealing surface, preferably with a constant angular pitch.

18. The shaft seal assembly of one or more of the preceding claims, com-

prising a hardening treatment on at least some surfaces subject to mechanical contact.

19.  The shaft seal assembly of one or more of the preceding claims, fur-

ther including an anelastic feature between two components thereol.

20. A rotary equipment including a stationary casing and a shaft sup-
ported for rotation in the casing; comprising a shaft seal assembly according to one or
more of the preceding claims, arranged between a high-pressure region and a low-

pressure region.

-15-
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