w0 20207126519 A1 |0 0000 KO Y00 0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 0 OO0 OO 0 OO O A0

International Bureau

/ (10) International Publication Number
(43) International Publication Date = WO 2020/126519 A1
25 June 2020 (25.06.2020) WIPO | PCT
(51) International Patent Classification: (72) Inventors: LEBIGRE, Olivier; 3 Allee La Ferme Martin,
F16J 15/30 (2006.01) F16J 15/447 (2006.01) 76133 Rolleville (FR). MARINELLI, Giampiero;, 7 Rue
F16J 15/40 (2006.01) F0ID 11/02 (2006.01) Des Aulmes, 76290 Montivilliers (FR).
F16J 15/44(2006.01) (74) Agent: MAIER, Daniel;, Postfach 22 16 34, 80506
(21) International Application Number: Miinchen (DE).
PCT/EP2019/083803 (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of national protection available). AE, AG, AL, AM,
05 December 2019 (05.12.2019) AOQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(25) Filing Language: English CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,

Dz, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(26) Publication Language: English HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR, LS, LU, LY, MA, MD, ME,

(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

18315051.5 17 December 2018 (17.12.2018) EP OM. PA, PE, PG, PH. PL, PT, QA. RO, RS, RU, RW, SA.
(71) Applicant: DRESSER-RAND SAS [FR/FR]; Cedex 7013 SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
31 Boulevard Winston Churchill, 76600 Le Havre (FR). TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(54) Title: RING-ELEMENT, SHAFT SEAL, METHOD TO PRODUCE

FIG 2

(57) Abstract: The invention relates to a ring-element (SPR) of a shaft seal (SHS) extending circumferentially along a central axis
(X), - wherein said ring-element (SPR) is provided with conducts (RCD) to supply a seal fluid (SFL) from radially outside (ROS) to
radially inside (RIS), - wherein said ring-element (SPR) is provided with two axially opposing axial contact surfaces (ACS) extending
on both axial front faces (AFF) in circumferential direction (CFD). To reduce axial space requirement, improve mechanical integrity
and reduce pressure loss during the passage through said ring-element (SPR) said ring-element (SPR) comprises: - a first axial annular
wall (AW1) in turn comprising one said axial contact surface (ACS), - a second axial annular wall (AW2) in turn comprising the other
axial contact surface (ACS), wherein said first and second axial walls (AW1, AW2) are connected to each other at inner wall surfaces
(IWS), by means of axially extending connection structures (CST), wherein said inner wall surfaces (IWS) are the respective opposite

[Continued on next page]



WO 2020/126519 A | [0 000000 00 O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))

sides of said axial contact surfaces (ACS), wherein said conducts (RCD) are defined by said connection structures (CST) and said inner
wall surfaces (IWS).



10

15

20

25

30

35

WO 2020/126519 PCT/EP2019/083803

Ring-element, shaft seal, method to produce

The invention relates to a ring-element, preferably a spacer
ring of a shaft seal extending circumferentially along a cen-
tral axis, wherein said ring-element is provided with con-
ducts to supply a seal fluid from radially outside to radial-
ly inside, wherein said ring-element is provided with two ax-
ially opposing axial contact surfaces extending on both axial
front faces in circumferential direction. Further the inven-
tion relates to a shaft seal comprises a ring-element of such
kind. Further the invention relates to a method to produce

such ring-elements.

Terms like axial, radial, tangential, circumferential and the
like respectively refer to said central axis if not indicated
otherwise. The orientation of surfaces, planes and the like
are characterized by the direction of their respective normal
vector, being perpendicular to the respective surface or ob-

Jject.

Modern shaft seals - in particular for turbo machinery - are
often designed as dry gas seals or floating ring seals re-
spectively carbon ring seals (all these types of seals are
referred to as carbon ring seals in the following) in order
to obtain a minimum leakage through the gap between the sta-
tor and the rotor. Such carbon ring seals or dry gas seals
operate without contact between stator seal components and
rotor seal components under design operating conditions and
still reach very low leakage rates. In addition, such shaft
seals are suitable for sealing against pressure differences
and are therefore most attractive to be implemented as shaft
seals in turbo compressors. These extraordinary features are
obtained by minimum gap dimensions between stator sealing
components and rotor sealing components enabled by highest
accuracy respectively minimum tolerances of machining of
these components. In addition, these components need a so-
phisticated support during operation to avoid any deformation

which would have influence on the geometry being critical for
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safe operation of the shaft seals. Such shaft seals require a
supply of a seal fluid. The seal fluid supply needs to meet
requirements regarding purification and the distribution of
said seal fluid - preferably seal gas - needs to be uniform.
Dirty seal fluid might destroy such a shaft seal by blocking
small clearances between rotating and stationary components
with particles. Such small clearances might also be changed
by deformation caused by inadequate support or uneven seal
fluid supply - for example by a seal fluid jet directed to
only a few specific circumferential positions. Such uneven
distribution might also lead to temperature differences caus-
ing thermal deformation. Known ring-elements of the incipi-
ently defined type normally fulfill the double function of
supporting stationary shaft seal parts of highest accuracy on
the one hand and adequately providing a seal fluid supply to
the shaft seal on the other hand. The seal fluid supply is
provided from radially outside of the ring-element through
the ring-element itself into the gap between the stator and
the rotor. After entering a cavity between the stator and the
rotor, the seal fluid normally enters at least one axially
adjacent sealing gap between a rotating seal surface and a
stationary seal surface. Many carbon ring seals rely on the
accuracy of such ring-elements to guarantee a smooth opera-
tion of the carbon ring seals enabling radial displacement in
order to minimize the radial gap between the rotor and the

stator of the shaft seal components.

Conventional ring-elements of a shaft seal and a shaft seal
with such a ring-element are known from US 2010/0253005 Al.

In order to minimize space requirements such ring-elements
are designed to obtain a minimum axial space enhancing com-
pactness of the seal cartridge and further reducing rotor
length in order to optimize the overall performance of turbo
machines with such shaft seals. Such compactness of ring-
elements with injection function for the seal fluid is con-
ventionally obtained by multiplying a number of injection

holes and thereby minimizing the mechanical integrity of such
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a ring-element increasing the risk of distortion and also in-

creasing the failure rate of such parts during machining.

In order to avoid such disadvantages the invention proposes a
ring-element according to the incipiently defined design with
the additional features of the characterizing portion of
claim 1. Further the invention proposes a shaft seal accord-
ing to the claims and a method to produce such a ring-element
by additive manufacturing. The dependent claims respectively

disclose preferred embodiments of the invention.

The invention proposes to provide a specific connection
structure between axial end surfaces - preferably axial con-
tact surfaces (end surfaces suitable or prepared to be in
contact with adjacent components) - respectively walls of
sald ring-element to optimize the mechanical integrity of
sald ring-element on the one hand and to optimize the flow
distribution of seal fluid downstream of said ring-element
before (or ’"upstream of’) entering the respective sealing
gaps. Due to the optimized stiffening connection structures
of said ring-element the seal fluid flow through the ring-
element’s conducts improved such that a smaller pressure drop

occurs before entering said sealing gaps.

Improved seal fluid (or seal gas) distribution improves addi-
tionally the aerodynamic performance of such a shaft seal and
also contributes to a homogeneous temperature distribution in
the shaft seal both enhancing operating behavior and opera-
tion ranges of such shaft seals with ring-elements according
to the invention. One significant additional advantage 1s the
improved compactness of the ring-element according to the in-
vention. With less axial space the flow distribution is im-
proved significantly. By reduction of the axial thickness
compressor bearings span can be reduced increasing global

performance of such turbo-machinery.

By applying radial conducts for the seal fluid which aren’t

of circular cross section shape as otherwise being obtained
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by conventional machining - the invention improves the aero-
dynamic properties with regard to the seal fluid flow through
the ring-element. Said connection structures might comprise
ribs, fins or pins in order to optimize mechanical integrity

and the aerodynamic properties of the ring-element.

The mechanical integrity of the ring-element might be most
beneficially improved by designing some pins extending with
inclination to the axial direction. In particular, several
pins may be designed such that the extension inclination to
the central axis might be different from each other and
therefore stiffening said ring-element against deformation

caused by forces from diverse directions.

One preferred embodiment of the invention provides that some
groups of said pins in conjunction with one of that inner
wall surfaces are defining planes/edges of a shape of a poly-

hedron, in particular of a tetrahedron.

Another preferred embodiment of the invention provides that
the ring-element is provided with an additional shaft seal
structure facing radially inwards - in particular during op-
eration facing a rotor surface respectively a rotor seal sur-

face.

By usage of additive manufacturing it is possible to design
and generate a ring-element according to the invention very
efficiently. It is in particular possible to first generate a
first axial wall and in a second step to generate said con-
nection structure and finally generate said second axial wall
wherein said connection structure maybe easily build by addi-
tive manufacturing without any compromise regarding the

structure design or the machining time.

The above mentioned attributes and other features and ad-
vantages of this invention and the manner of attaining them
will become more apparent and the invention itself will be

better understood by reference to the following description
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of the currently best mode of carrying out the invention tak-

en in conjunction with the accompanying drawings, wherein:

Figure 1 shows a schematic longitudinal cross section
through a part of a turbomachine - in particular a
turbo-compressor - in the area of a carbon ring
shaft seal incorporating a ring-element according

to the invention,

Figure 2 shows a schematic three-dimensional depiction of a
part of a ring-element according to the invention

being cut in a radial plane,

Figure 3 shows a schematic depiction of a ring-element ac-
cording to the invention being cut in an axial
plane and illustrating the conduction of seal fluid
flowing through the ring-element in a specific flow

distribution,

Figure 4 shows a schematic flow diagram illustrating a meth-
od to produce a ring-element according to the in-

vention by additive manufacturing,

Figure 5 shows a schematic three-dimensional depiction of
another embodiment of the invention as a part of a
ring-element according to the invention being cut

in an axial-radially extending plane.

Figure 6 shows the ring element of Fig. 5 additionally being

cut in a radial-radially extending plane.

Figure 1 shows a schematic longitudinal cross section along
an axis X of a detail of a turbomachine, here a compressor,
in the area of a shaft seal SHS. In detail, figure 1 shows a
shaft SFT extending along said axis X rotatably supported in
bearings which are not shown in figure 1. Said shaft SFT car-
rying rotor ROT components of said shaft seal SHS. Said shaft

seal SHS seals a pressure difference between a process flu-
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id PFL being under pressure in a casing CAS being sealed off
from the ambient AMB in the area of a circumferentially ex-
tending gap GAP between said rotor ROT of said shaft seal SHS
and a stator STA of said shaft seal SHS. Said shaft seal SHS
is inserted as a cartridge into said casing CAS with its sta-
tor STA parts. Rotor ROT parts of said shaft seal SHS fixed
to the shaft SFT. Said shaft seal SHS shown in figure 1 1is
designed as a carbon ring seal comprising two carbon

rings CBR being axially spaced from each other by a ring-
element SPR - which is preferably made as a spacer ring - ac-
cording to the invention. Said ring-element SPR extends cir-
cumferentially along said central axis X and is provided with
conducts RCD to supply a seal fluid SFL from radially out-
side ROS to radially inside RIS. Said seal fluid SFL provided
from a first cavity CV1 to said radial conduct RCD into a
second cavity CV2 being positioned between said two carbon
rings CBR. Said sealing fluid SFL enters respective radial
gaps GAP between said carbon rings CBR and rotor ROT compo-
nents of said shaft seal SHS. Said carbon rings CBR are in
direct axial contact to said ring-element SPR touching each
other at axial surfaces ACS - preferably made respectively
prepared as axial contact surfaces - of said ring-

element SPR.

While said ring-element SPR depicted in figure 1 comprises a
radial conduct RCD only schematically figure 2 shows three-
dimensionally a schematic depiction of the ring-element SPR
comprising a connection structure CST between a first axial
wall AWl and a second axial wall AW2 of said ring-

element SPR. Said axial walls AWl, AW2 are respectively pro-
vided with an inner wall surface IWS which is directly joined
to said connection structures CST keeping both axial

walls AW1l, AWZ2 in a specific distance from each other provid-
ing axial space and defining said radial conduct RCD to sup-
ply said seal fluid SFL from radially outside ROS to radially
inside RIS. Further, said connection structure CST is stiff-

ening said ring-element SPR against any deformation caused by
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forces from pressure differences and parts contacting said

ring-element SPR with a certain pressure.

The connection structure CST shown in figure 2 comprises

pins PNN which are at least partly extending with inclination
to the axial direction. The pins PNS are extending with di-
verse inclination to the axial direction in order to provide
the best stiffening effect to the structure.

Some groups of said pins PNS in conjunction with one of said
inner surfaces IWS are defining edges/planes of a shape of a
polyhedron in particular in at least some groups — preferably

all groups - a tetrahedron.

Figure 3 shows a cross section in an axial plane through the
ring-element SPR schematically depicting the first axial
wall AW1l, said connection structure CST and the flow distri-
bution of said sealing fluid SFL flowing from radial out-
side ROS to radial inside RIS to said first cavity CV1 to
said second cavity CV2 to the radial conducts RCD. The main
illustration shows the connection structure CST being de-
signed with pins PNN as illustrated in figure 2 three dimen-
sionally. The seal fluid also entering the ring-element SPR
from radial outside ROS flows through the ring-element SPR
through said radial conducts RCD along multiple flow path ba-
sically following radial pressure difference and the rotor
rotation direction RDR. The connection structure CST the
pins PNN enables the establishment of a very low pressure
loss in the ring-element SPR. The ring-element has a radial

width RDM of e.g. approximately 14mm.

Figure 4 shows schematically a flow diagram illustrating the
method to produce a ring-element SPR according to the inven-
tion. The ring-element SPR is preferably generated by addi-
tive manufacturing ADM. In a first step STl said first axial
wall AWl is generated. In s second step ST2 said connection
structure CST is generated. In a third step ST3 said second

axial wall AW2 is generated.
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Figure 5 shows a schematic three-dimensional depiction of an-
other embodiment of the invention as a part of a ring-element
according to the invention being cut in an axial-radially ex-
tending plane. The ring-element SPR is provided with an addi-
tional shaft seal structure ASS facing radially inwards. This

shaft seal structure ASS is made as a labyrinth seal LBY.

Figure 6 shows the ring element of Fig. 5 additionally being
cut in a radial-radially extending plane in the area where
the conducts RCD are located. In this perspective a lattice
hole structure is visible, wherein the two groups of con-
ducts RCD - a first group CGl and a second group CG2 - are
arranged differently in the ring-element’s SPR volume,
wherein between the first group’s CGl conducts RCD and the
second group’s CG2 conducts RCD are provided openings OPN to
enable the fluid to flow from the first group’s CGl con-
ducts RCD to the second group’s CG2 conducts RCD or vice ver-
sa. Here, these openings OPN are crossings between flow-paths
along said first group’s CGl conducts RCD and said second
group’s CG2 conducts RCD. The first group’s CGl conducts RCD
and the second group’'s CG2 conducts RCD cross each other. As
can be seen in Fig. 5 and 6 the first group’s CGl conducts
RCD and the second groups CG2 conducts RCD cross each other

in a plane perpendicular to the central axis X.
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Patent claims
1. Ring-element (SPR) of a shaft seal (SHS) extending cir-

cumferentially along a central axis (X),

- wherein said ring-element (SPR) is provided with con-
ducts (RCD) to supply or drain a fluid - in particular a
seal fluid (SFL) - from radially outside (ROS) to radially
inside (RIS) or vice versa,

- wherein said ring-element (SPR) is provided with two axi-
ally opposing axial surfaces (ACS) extending on both axial
front faces (AFF) in circumferential direction (CFD),
wherein said first and second axially opposing axial sur-
faces (ACS) are connected to each other by means of an axi-
ally extending connection structure (CST),

characterized in, that

sald ring-element (SPR) comprises:

at least two groups of conducts (RCD) - a first group (CG1)
and a second group (CG2) - arranged differently in the
ring-element’s (SPR) volume,

wherein between the first group’s (CGl) conducts (RCD) and
the second group’s (CG2) conducts (RCD) are provided open-
ings to enable the fluid to flow from the first

group’s (CGl) conducts (RCD) to the second group’s (CG2)
conducts (RCD) or vice versa,

wherein the first group’s (CGl) conducts (RCD) and the sec-

ond group’ s (CG2) conducts (RCD) cross each other.

2. Ring-element (SPR) according to claim 1,
wherein the first group’s (CGl) conducts (RCD) and the sec-
ond group’ s (CG2) conducts (RCD) cross each other in a

plane perpendicular to the central axis (X).
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Ring-element (SPR) according to claim 1 or 2,
wherein said ring-element (SPR) comprises:
- a first axial annular wall (AWl) in turn comprising one
salid axial contact surface (ACS),
- a second axial annular wall (AW2) in turn comprising the
other axial contact surface (ACS),
wherein said first and second axial walls (AW1l, AW2) are
connected to each other at inner wall surfaces (IWS), by
means of said axially extending connection struc-
tures (CST),
wherein said inner wall surfaces (IWS) are the respective
opposite sides of said axial contact surfaces (ACS),
wherein said conducts (RCD) are defined by said connection

structures (CST) and said inner wall surfaces (IWS).

Ring-element (SPR) according to claim 1, 2 or 3,
wherein said conducts (RCD) are not of circular cross sec-

tion.

Ring-element (SPR) according to at least one of preced-
ing claims 1, 2, 3, 4,
wherein said connection structures (CST) comprise

ribs (RBS).

Ring-element (SPR) according to at least one of the pre-
ceding claims 1, 2, 3, 4, b5,
wherein said connection structures (CST) comprise

pins (PNS).

Ring-element (SPR) according to claim 6,
wherein said pins (PNS) comprise pins (PNS) extending lon-

gitudinally with inclination to the axial direction.

Ring-element (SPR) according to claim 7,
wherein said pins (PNS) are extending with diverse inclina-

tion to the axial direction.
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9. Ring-element (SPR) according to claim 8,
wherein some groups of said pins (PNS) are defining edges
of a shape in conjunction with one of said inner surfac-

es (IWS) of a polyhedron.

10. Ring-element (SPR) according to at least one preceding
claim 1 to 9,
wherein the ring-element (SPR) is provided with an addi-

tional shaft seal structure (ASS) facing radially inwards.

11. Ring-element (SPR) according to at least one preceding
claim 1 to 10,

being made by additive manufacturing.

12. Shaft seal (SHS) comprising at least one ring-
element (SPR) according to at least one of the preceding

claims 1 to 11.

13. Method to produce a ring-element (SPR) according to at
least one of the preceding claims 1 to 12 comprising the
following steps:

- generating said first axial wall (AW1l),
- generating said connection structure (CST),

- generating said second axial wall (AD2).
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