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Description
Field of the invention

[0001] The subject of the present invention is a radial
turbomachine. By radial turbomachine it is intended a
turbomachine in which the flow of the fluid with which it
exchanges energy is mainly directed in a radial sense
with respect to the rotation axis of said turbomachine.
The present invention is applied both to drive turboma-
chines (turbines) and to working turbomachines {com-
pressors).

[0002] Preferably but not exclusively, the present in-
vention regards expansion turbines of radial type for pro-
ducing electrical and/or mechanical energy.

[0003] Preferably but not exclusively, the present in-
vention refers to the radial expansion turbines used in
apparatuses for producing energy by means of steam
Rankine cycle or organic Rankine cycle (ORC).

[0004] Preferably but not exclusively, the present in-
vention refers to the expansion turbines of centrifugal
radial or "outflow™ type, with this term intending that the
fluid flow is radially directed from the center towards the
periphery of the turbine.

Background of the invention

[0005] The public document WO 2012/143799, of the
same Applicant, illustrates an expansion turbine which
comprises a fixed case having an axial inlet and a radially
peripheral outlet, a single rotor disc mounted in the case
and rotatable around a respective rotation axis, multiple
annular series of rotor blades mounted on a front face of
the rolor disc and arranged around the rotation axis, mul-
tiple annular series of stator blades mounted onthe case,
facing the rotor disc and radially alternated with the rotor
blades.

[00068] The public document WG 2013/1080989 illus-
frates a turbine for the expansion of an organic fluid in
Rankine cycle provided with formations of rotor and stator
blades that are alternated with each other in a radial di-
rection. The supply of the steam in the turbine is obtained
in a frontal direction. In a first section of the turbine, de-
fined at high-pressure, a first expansion of the worlk fluid
is provided in a substantially radial direction. In a second
section, defined at low-pressure, a second expansion of
the work fluid is provided in a substantially axial direction.
The stator blades are supported by an external casing
of the turbine.

[0007] Turbomachines are usually characterized by
conditions of the incoming fluid (pressure and tempera-
ture) different from the conditions of the same fluid upon
exiting. In the expansion turbines (drive turbomachines)
like those described (WO 2012/143799 and WO
2013/108099), the inlet fluid is situated in a condition of
pressure and temperature that are greater than that at
the outlet. In the working turbomachines, inlet pressure
and temperature are instead lower than that at the outlet.
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[0008] GB24137 discloses another example of aradial
turbomachine with seal elements protruding from the
casing. When the turbomachine operates at normal con-
ditions, the difference of temperature between inlet and
outlet creates a temperature gradient that generates me-
chanical stresses in the affected components. Indeed,
the portions of one component subjected to greater tem-
peratures tend to be expanded more than the portions
of the same component at lower temperatures, and this
generates internal stresses since said portions are inte-
gral with each other.

[0009] The situation is even more critical in the steps
of starting under cold machine conditions. In this situa-
tion, internal stresses are created between components
with low thermal inertia and high thermal exchange (for
example the rotor or stator blading) and components with
high thermal inertia (e.g. rotor discs, diaphragms or
case); such stresses can be much greater than those
which are created when the machine is in normal oper-
ating conditions.

[0010] In addition, the components with high thermal
inertia {usually the fixed parts) tend to be less deformed
and/or over long time periods with respect to the compo-
nents with low thermal inertia (usually the rotating parts)
and this can cause damaging interference/seizure and
in some cases even plastic deformation of parts of the
machine and/or undesired variations of the clearances
between said components and/or of the size of the work
fluid passages. Such clearances, which are sized to the
minimum {on the order of tens of millimeters) in order to
prevents losses via leakage that negatively affect the ef-
ficiency of the machines {the fluid that bypasses the ro-
tating part does not contribute to the energy exchange),
therefore cannot be ensured, neither under cold nor un-
der hot machine conditions.

[0011] As mentioned above, usually the moving parts
have a lower thermal inertia than the fixed parts and it is
for this reason that the step of starting/heating the ma-
chine must be executed in a sufficiently slow manner so
as to ensure that interference/seizure is not created. The
starting of the turbomachines cf known type typically var-
ies from a minimum of about a half hour to over three
hours. Systems are known for controlling the stresses in
case of thermal gradients through the alternation of high-
flexibility elements such to allow relative movements,
maintaining the stresses sufficiently low.

[0012] In order to prevent the problem of interfer-
encefcancelation of the clearances, mulliple solutions
are known today but all can be summarized in two cate-
gories: a first, in which the fixed parts close to the rotating
parts are formed by sectors and are held in position by
means of a spring system and pressure balancing; asec-
ond, in which the fixed parts are made of a "softer" ma-
terial and allow the rotating part to "deform” the fixed part,
preventing an actual seizure. The known solutions of both
categories have disadvantages: in the first case, greater
clearances must be tolerated, which are due to an im-
perfect centering between the parts, while in the second
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have also been used) and therefore will not be newly
described herein.

[0122] The counter-rotating turbine 1 of figure 2 also
comprises an axial stage 45, 45" for each of said first
rotor disc 2' and second rotor disc 2" The axial stages
are placed at radially peripheral portions of each rotor
disc 2', 2". More in detail, a series of rotor blades 46’, 46"
of the respective axial stage 45, 45" are radially extend-
ed from the peripheral edge of the respective rotor disc
2', 2", A series of stator blades 47°, 47" of the respective
axial stage 45°, 45" are radially extended from a portion
48 of the case 6 towards the rotation axis "X-X". The rotor
blades 46’, 46" are placed across from the stator blades
47", 47" along an axial direction.

[0123] An axial stage, for example of the above-de-
scribed type, can also be provided in an embodiment
variant {not illustrated) of the turbomachine of figure 1.

[0124] During use and with reference to the turbine 1
of figure 1, the work fluid enters into the turbomachine
through the inlet opening 12; being expanded, it transmits
work onthe rotor blades 3 andfinally exits from the turbine
1 crossing through the outlet volume 15. The mechanical
work is transmitted by the rotor disc 2 to the generator
(not illustrated) through the shaft 5.

[0125] Given the characteristic structure of the radial
machine, the temperature profile varies from the inlet to-
wards the outlet, i.e. in radial direction. This variation of
the temperature creates an axial temperature gradient
on the support discs 17, 37 and on the projecting ele-
ments 25, 35.

[0126] The radially more internal first circular portion
29 is heated before the successive first circular portion
29; it tends to expand more and the expansion is ab-
sorbed by the radial compression of the second circular
portion 30 that lies between the two. This phenomenon,
as the disc 17, 37 is progressively heated, is verified
throughoutthe support disc 17, 37 and prevents the gen-
eration of excessive internal stresses.

[0127] Figures 11 and 12 show, by way of example,
the geometric variation of the projecting elements 24 that
bear the stator blades 13. The support disc 17, even if
provided with the second circular portions 30 that are
radially more deformable (than the first 29), tends to be
radially expanded less than the joint 27 and the end ring
28 so that under hot (normal operating) conditions, the
annular band 26 is deformed and allows the joint 27 and
the end ring 28 said expansion (figure 11: cold configu-
ration; figure 12: configuration at operating conditions).

[0128] Figures 13-15 show, by way of example, what
happens at the seal elements 34, Starting from a phase
(figure 13) with the machine off and cold up to an oper-
ating condition phase (figure 15) passing through a start-
ing phase (figure 14). First, (figure 14) the seal-carrier
joint 38 is radially expanded, due to the flexibility of the
annular band 36, then the rotor disc 2 is expanded and
also the support disc 37 is slightly expanded. During all
these phases, the invention ensures a minimum clear-
ance (51, 52, 53) between the seal elements 34 and the
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annular reliefs 39. Such clearance, as a function of the
starting speed, can only increase with respect to the start-
ing condition, ensuring that there is never interference
hetween rotating and fixed parts.

Claims
1. Radial turbemachine, comprising:

a fixed case (6);

at least one rotor disc (2, 2/, 2" installed in the
case (6) and having rotor blades (3, 3, 3"}
mounted atleastonafrontface{4,4',4") thereof,
in which the rotor disc (2, 2°, 2"} is rotatable in
the case {6) around a respective rotation axis
(X-X);

a plurality of elements (25, 35) projecting from
the case (6) and terminating in proximity to the
rotor disc (2, 2°, 2"}, wherein the projecting ele-
menis (25, 35) comprise seal elements (34) act-
ing against the rotor disc {2, 2', 2") and opera-
tively active on a rear face (9, 9°, 9") of the rotor
disc (2, 2', 2"} and/ar wherein the projecting el-
ements (25, 35) comprise stator blades (13) ra-
dially interposed between the rotor blades (3) of
the rotor disc {2);

at least one support plate {17, 37) installed in
the case (B); wherein said support plate (17, 37}
bears said elements {25, 35) projecting from the
case (6);

wherein said at least one support plate (17, 37)
is radially extended across from the rotor disc
(2,2,2";

characterized in that the support plate (17, 37)
comprises:

a plurality of first circular portions (29} con-
centric with the rotation axis (X-X), wherein
at least some of said first circular portions
(29) bear said projecting elements (25, 35);
a plurality of second circular portions (30)
radially interposed between the first circular
portions {(29);

wherein the second circular porticns (30)
are more deformable, along radial direc-
tions, than the first circular portions (29) in
amanner s0 as to allow relative movements
between the first circular portions (29) when
the supportplate (17, 37) is subjected to the
action of thermal gradients.

2. Turbomachine according to claim 1, wherein each
of the second circular pertions (30} comprises at
least one flexible bedy (32, 33}, preferably a plurality
of flexible bodies (32, 33), having a main extension
that is transverse with respect to the radial directions
to be configured to bend radially.
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Turbomachine according to the claim 2, wherein the
second circular portions (30) have through cpenings
(31) through the plate (17, 37) and said through
openings (31) delimit said flexible bodies (32).

Turbomachine according to claim 3, wherein each
flexible body (32, 33) is an arm connecting two radi-
ally successive first circular portions {29).

Turbomachine according to claim 4, wherein the
arms (29) are extended along circumferential direc-
tions or wherein the arms (29) are tilted with respect
to a circumferential direction.

Turbomachine according to claim 2, wherein said at
least one flexible body (32, 33) is a substantially cy-
lindrical or conical wall (33) coaxial with the rotation
axis (X-X).

Turbomachine according to the preceding claim,
wherein, in a section along an axial plane, the sup-
port plate (17, 37) has at least one serpentine section
defining said at least one substantially cylindrical or
conical wall {33).

Turbomachine according to claim 7, wherein the ser-
pentine section is defined by cavities obtained on
both faces of the support plate (17, 37).

Turbomachine according to one of the preceding
claims, wherein the first portions (29) are solid rings
having opposite faces perpendicular to the rotation
axis (X-X).

Turbomachine according to one of the preceding
claims, wherein a portion of the support plate {17,
37) is constrained to the case (6).

Turbomachine according to one of the preceding
claims, wherein a radially peripheral surface {23) of
the support plate (17, 37) is always in abutment
against an abutment surface (24) of the case (6) in
order to ensure the centering of the projecting ele-
ments (25, 35) with respect to the rotation axis (X-X).

Turbomachine according to the preceding claim,
wherein the abutment surface {24) of the case (6) is
a radially internal cylindrical surface.

Turbomachine according to one of the preceding
claims, wherein the support plate (17, 37) has a first
surface {17a, 37a) bearing the projecting elements
(25, 35) and a second surface (17b, 37b) opposite
the first and juxtaposed against a wall (7a, 8a) of the
case (6).

Turbomachine according to the preceding claim,
wherein said wall of the case (7a, 8a) is provided
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with inspection accesses (44} situated atthe through
openings (31) in order to allow inspecting the interior
of the turbomachine (1) through said through open-
ings (31).

Turbomachine according to one of the preceding
claims, wherein the support plate (17, 37) has a first
surface (17a, 37a) bearing the projecting elements
(25, 35) and a second surface (17b, 37b) opposite
the first and juxtaposed against a wall (7a, 8a) of the
case (6), wherein said second surface (17b, 37b)
delimits a hollow space {41) with the wall (7a, 8a) of
the case (6).

Patentanspriiche

1.

Radiale Turbovorrichtung, umfassend:

ein festes Gehéause (6);

wenigstens eine Rotorscheibe (2, 2°, 2"), welche
in dem Gehdause (6) installiert ist und Rotor-
schaufeln (3, 3', 3") aufweist, welche wenigstens
an einervorderen Seite (4, 4", 4") davon montiert
sind, wobei die Rotorscheibe (2, 2°, 2") in dem
Gehduse (6) um eine jeweilige Rolationsachse
(X-X) rotierbar ist;

eine Mehrzahl von Elementen (25, 35), welche
von dem Gehause (6) vorstehen und in einer
Nédhe der Rotorscheibe (2, 2', 2"} enden, wobei
die vorstehenden Elemente (25, 35) Dichtungs-
elemente (34) umfassen, welche gegen die Ro-
torscheibe (2, 2°, 2") wirken und an einer hinte-
ren Flache (9, 9, 9") der Rotorscheibe (2, 27, 2"
betriebsmalig aktiv sind undfoder wobei die
vorstehenden Elemente (25, 35) Statorschau-
feln {(13) umfassen, welche radial zwischen den
Rotorschaufeln (3) der Rotorscheibe (2) einge-
flgt sind;

wenigstens eine Halterungsplatte (17, 37), wel-
che in dem Gehé&use (6} installiert ist; wobei die
Halterungsplatte (17, 37) die Elemente (25, 35)
lagert, welche van dem Gehause (6) vorstehen;
waobei sich die wenigstens eine Halterungsplatte
(17, 37) radial gegentber von der Rotorscheibe
(2, 2°, 2"} erstreckt;

dadurch gekennzeichnet, dass die Halle-
rungsplatte (17, 37) umfasst:

eine Mehrzahl von ersten Kreisabschnitten
(29), welche zu der Rotationsachse (X-X)
konzentrisch sind, wobei wenigstens man-
che der ersten Kreisabschnitte (29) die vor-
stehenden Elemente (25, 35) lagern;

eine Mehrzahl von zweiten Kreisabschnit-
ten (30), welche radial zwischen den ersten
Kreisabschnitten (29) eingeflgt sind;

wobei die zweiten Kreisabschnitte (30) ent-
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Description
Field of the invention

[0001] The subject of the present invention is a radial
turbomachine. By radial turbomachine it is intended a
turbomachine in which the flow of the fluid with which it
exchanges energy is mainly directed in a radial sense
with respect to the rotation axis of said turbomachine.
The present invention is applied both to drive turboma-
chines (turbines) and to working turbomachines {com-
pressors).

[0002] Preferably but not exclusively, the present in-
vention regards expansion turbines of radial type for pro-
ducing electrical and/or mechanical energy.

[0003] Preferably but not exclusively, the present in-
vention refers to the radial expansion turbines used in
apparatuses for producing energy by means of steam
Rankine cycle or organic Rankine cycle (ORC).

[0004] Preferably but not exclusively, the present in-
vention refers to the expansion turbines of centrifugal
radial or "outflow™ type, with this term intending that the
fluid flow is radially directed from the center towards the
periphery of the turbine.

Background of the invention

[0005] The public document WO 2012/143799, of the
same Applicant, illustrates an expansion turbine which
comprises a fixed case having an axial inlet and a radially
peripheral outlet, a single rotor disc mounted in the case
and rotatable around a respective rotation axis, multiple
annular series of rotor blades mounted on a front face of
the rolor disc and arranged around the rotation axis, mul-
tiple annular series of stator blades mounted onthe case,
facing the rotor disc and radially alternated with the rotor
blades.

[00068] The public document WG 2013/1080989 illus-
frates a turbine for the expansion of an organic fluid in
Rankine cycle provided with formations of rotor and stator
blades that are alternated with each other in a radial di-
rection. The supply of the steam in the turbine is obtained
in a frontal direction. In a first section of the turbine, de-
fined at high-pressure, a first expansion of the worlk fluid
is provided in a substantially radial direction. In a second
section, defined at low-pressure, a second expansion of
the work fluid is provided in a substantially axial direction.
The stator blades are supported by an external casing
of the turbine.

[0007] Turbomachines are usually characterized by
conditions of the incoming fluid (pressure and tempera-
ture) different from the conditions of the same fluid upon
exiting. In the expansion turbines (drive turbomachines)
like those described (WO 2012/143799 and WO
2013/108099), the inlet fluid is situated in a condition of
pressure and temperature that are greater than that at
the outlet. In the working turbomachines, inlet pressure
and temperature are instead lower than that at the outlet.
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[0008] GB24137 discloses another example of aradial
turbomachine with seal elements protruding from the
casing. When the turbomachine operates at normal con-
ditions, the difference of temperature between inlet and
outlet creates a temperature gradient that generates me-
chanical stresses in the affected components. Indeed,
the portions of one component subjected to greater tem-
peratures tend to be expanded more than the portions
of the same component at lower temperatures, and this
generates internal stresses since said portions are inte-
gral with each other.

[0009] The situation is even more critical in the steps
of starting under cold machine conditions. In this situa-
tion, internal stresses are created between components
with low thermal inertia and high thermal exchange (for
example the rotor or stator blading) and components with
high thermal inertia (e.g. rotor discs, diaphragms or
case); such stresses can be much greater than those
which are created when the machine is in normal oper-
ating conditions.

[0010] In addition, the components with high thermal
inertia {usually the fixed parts) tend to be less deformed
and/or over long time periods with respect to the compo-
nents with low thermal inertia (usually the rotating parts)
and this can cause damaging interference/seizure and
in some cases even plastic deformation of parts of the
machine and/or undesired variations of the clearances
between said components and/or of the size of the work
fluid passages. Such clearances, which are sized to the
minimum {on the order of tens of millimeters) in order to
prevents losses via leakage that negatively affect the ef-
ficiency of the machines {the fluid that bypasses the ro-
tating part does not contribute to the energy exchange),
therefore cannot be ensured, neither under cold nor un-
der hot machine conditions.

[0011] As mentioned above, usually the moving parts
have a lower thermal inertia than the fixed parts and it is
for this reason that the step of starting/heating the ma-
chine must be executed in a sufficiently slow manner so
as to ensure that interference/seizure is not created. The
starting of the turbomachines cf known type typically var-
ies from a minimum of about a half hour to over three
hours. Systems are known for controlling the stresses in
case of thermal gradients through the alternation of high-
flexibility elements such to allow relative movements,
maintaining the stresses sufficiently low.

[0012] In order to prevent the problem of interfer-
encefcancelation of the clearances, mulliple solutions
are known today but all can be summarized in two cate-
gories: a first, in which the fixed parts close to the rotating
parts are formed by sectors and are held in position by
means of a spring system and pressure balancing; asec-
ond, in which the fixed parts are made of a "softer" ma-
terial and allow the rotating part to "deform” the fixed part,
preventing an actual seizure. The known solutions of both
categories have disadvantages: in the first case, greater
clearances must be tolerated, which are due to an im-
perfect centering between the parts, while in the second
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case the repetition of the contacts leads to an early de-
terioration of the clearances.

Summary

[0013] Insuchcontext, the Applicanthas observed that
the above-described turbomachines can be improved
with regard to different aspects, in particular in order to
prevent the generation of high mechanical stresses due
to temperature gradients and to allow the quick starting
thereof.
[0014]

need to:

In particular, the Applicant has perceived the

= considerably reduce the mechanical stresses in
the fixed parts of a turbomachine which operates
both in normal operating conditions and during start-
ing, in the presence of temperature gradients that
might even be high;

= considerably reduce the starting/heating times of
the turbomachine;

= prevent the cancelation of the clearances be-
tween fixed parts and rotating parts.

[0015] The Applicant has found that the above-indicat-
ed objects can be attained by mounting the fixed parts
that operate in strict proximity with the moving parts on
a support disc free to be radially deformed, under the
action of thermal gradients, at least at annular portions
thereof.

[0016] In the present description and in the enclosed
claims, with the adjective "axial", it is intended to define
adirection directed parallel to a rotation axis "X-X" of the
turbomachine. With the adjective "radial” itis intended to
define a direction directed like the radii extended orthog-
onal from the rotation axis "X-X". With the adjective "cir-
cumferential" it is intended directions tangent to circum-
ferences coaxial with the rotation axis "X-X".

[0017] More specifically, according to a first aspect,
the present invention regards a turbomachine at least
partly radial and/or radial-axial, comprising:

a fixed case;

atleastone rotor discinstalled in the case and having
rotor blades mounted at least on a front face thereof,
in which the rotor disc is rotatable in the case around
a respective rotation axis; and possibly axial blades
on the external perimeter of the disc;

a plurality of elements projecting from the case and
terminating in proximity to the rotor disc; wherein the
projecting elements comprise seal elements acting
against the rotor disc and/or whrerein the projecting
elements comprise stator blades radially interposed
between the rotor blades or the rotor disc; at least
one support plate bearing said projecting elements
and installed in the case;

in which said at least one support plate is radially
extended across from the rotor disc;
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in which the support plate comprises:

aplurality of first circular portions concentric with
the rotation axis, in which at least several of said
first circular portions bear said projecting ele-
ments;

a plurality of second circular portions radially in-
terposed between the first circular portions;

in which the second circular portions are more
deformable, along radial directions, than the first
circular portions in a manner so as to allow rel-
ative movements between the first circular por-
tions when the support plate is subjected to the
action of thermal gradients.

[0018] The Applicant has verified that the claimed so-
lution allows considerably reducing the size of the internal
stresses that are generated in the portions of the case
where the projecting elements are constrained. This is
due to the fact that the second circular portions ab-
sorb/damp the greater deformations sustained by the
hotter parts with respect to those sustained by the cooler
parts. For example, if the fluid flow is hotter at radially
more internal parts of the turbomachine and then is pro-
gressively cooled towards the exterior, the hotter, radially
morg internal first portions are expanded more than the
radially more external first portions. The expansions of
the radially more internal first portions determine a radial
compression of the more flexible second portions, which
prevents the generation of excessive stress between two
radially successive first portions placed at different tem-
peratures. If the fluid flow is cooler at radially more inter-
nal parts of the turbomachine and then is progressive
heated towards the exterior, the cooler radially more in-
ternal first portions tend to maintain their size while the
hotter radially more external first portions are expanded.
The expansions of the radially more externalfirst portions
determine a radial expansion of the more flexible second
portions, which prevents the generation of excessive
stresses between two radially successive first portions
placed at different temperatures.

[0019] In addition, the Applicant has verified that the
claimed solution allows the elements projecting from the
case to be radially moved under the action of thermal
gradients, following the radial deformation of the compo-
nents with low thermal inertia and high thermal exchange,
like the rotor blading, thus without generating dangerous
interference. Such movement of the elements projecting
from the case would not be allowed to a sufficient extent
if these were constrained directly to a wall of the case or
to a solid disc mounted in the case.

[0020] The Applicant has verified that the starting of
the turbomachine can be executed in much quickertimes
than that of known machines, i.e. from a minimum of
about five minutes up to a maximum of about a half hour.
[0021] The Applicant has alseo verified that such solu-
tion is structurally simple and relatively inexpensive, and
allows an easy and quick assembly of the turbomachine.
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[0022] In one aspect, each of the second circular por-
tions comprises at least one flexible body having a main
extension that is transverse with respect to the radial di-
rections, to be configured to bend radially. Preferably,
each of the second circular portions comprises a plurality
of flexible bodies.

[0023] Preferably, the support plate is a single piece
(the flexible bodies are integrally made with the first por-
tiocns), preferably obtained via removal of material and/or
via molding.

[0024] Each flexible body tends to be bent when the
first portions, one radially internal and one radially exter-
nal, connected thereto are radially expandedin a different
manner due to the temperature gradient.

[0025] Inone aspect, eachflexible body is an arm con-
necting two radially successive first circular portions.
[0026] Preferably, each arm substantially lies in a
plane perpendicular to the rotation axis and is moved in
said plane while it is deformed/bent. This ensures that
the limited movement (due to the thermal gradients) of
the projecting elements always occurs parallel to the front
face of the rotor disc.

[0027] Preferably, the arms are extended along cir-
cumferential directions.

[0028] Preferably, the arms are arranged circumferen-
tially in succession.

[0029] Preferably, the arms are curved.

[0030] Preferably, the arms are tilted with respectto a
circumferential direction. Preferably, each second por-
tion has at least one series of arms, in which said arms
are arranged circumferentially in succession.

[0031] The selection of the number, shape, arrange-
ment and size of the arms allows adapting the radial ri-
gidity of the second portions to the specific needs.
[0032] Inoneaspect, the second circular portions have
through openings through the plate. The through open-
ings render the second portions radially more deformable
than the first portions. The through openings lighten the
support plate and contributle to decreasing the thermal
inertia thereof.

[0033] Preferably, said through openings delimit said
flexible bodies/arms.

[0034] Preferably, each armisdelimited by two ormore
adjacent through openings.

[0035] Preferably, the through openings are slots.
[0036] Preferably, said slots are tilted with respect to
a radial direction.

[0037] Preferably, said slots are curved.

[0038] Preferably, said slots are mainly elongated in a
circumferential direction. Preferably, each of said slots
are extended along a circumferential direction. Prefera-
bly, said slots are tilted with respect to a circumferential
direction. Preferably, each second portion has at least
one series of slots, in which said slots are arranged cir-
cumferential in succession.

[0039] Preferably, eachsecond portion has atleasttwo
series of slots, in which said slots of each series are ar-
ranged circumferentially in succession.

10

15

20

25

30

35

40

45

50

55

[0040] Preferably, the slots of two different series are
angularly offset.
[0041] Inone aspect, said at least one flexible body is

a substantially cylindrical or conical wall.

[0042] Preferably, said substantially cylindrical or con-
ical wall is coaxial with the rotation axis.

[0043] Ineachsection, along anaxial plane{plane con-
taining the rotation axis), the deformation and bending
of the substantially cylindrical or conical walls occurs in
said axial plane.

[0044] Preferably, in a section along an axial plane,
the support plate has at least one serpentine section de-
fining said at least one substantially cylindrical or conical
wall.

[0045] Preferably, the serpentine section is defined by
cavities obtained on bhoth faces of the support plate.
[0046] The deformation occurs as a kind of bellows
movement of the serpentine.

[0047] In one aspect, the first porticns are solid rings.
[0048] Preferably said solid rings have opposite faces
perpendicular to the rotation axis. In one aspect, the pro-
jecting elements comprise seal elements.

[0049] Preferably, the seal elements act against the
rotor disc.
[0050] Preferably, the seal elements are operatively

active on a rear face of the rotor disc. The support disc
faces a rear face of the rotor disc, opposite the front face
which bears the rotorblades, and bears the seal elements
which act against the rotor disc.

[0051] The seal elements are installed with the pur-
pose of decreasing the energy losses due to the leakage
losses between the back of the rotor disc and the static
part of the turbomachine. The seal elements minimize
the fluid flow rate which, from the inlet of the turboma-
chine, tends to leak into the back of the rotor disc.
[0052] Preferably, the seal elements act between the
rotor blades and the stator blades. In one aspect, the
turbomachine comprises a single rotor disc and stator
blades that are fixed with respect to the case and radially
interposed between the rotor blades of the rotor disc.
[0053] Inoneaspect,the projecting elements comprise
the stator blades radially interposed between the rotor
hlades of the rotor disc.

[0054] The support disc faces the front face of the rotor
disc and bears the stator blades.

[0055] Inone aspect, the turbomachine comprises two
counter-rotating rotor discs having facing front faces and
radially alternated rotor blades. In this case, the stator
blades are absent.

[0056] Preferably, the counter-rotating turbomachine
comprises two support discs. Each support disc faces a
rear face of a respective rotor disc, opposite the front
face which bears the rotor blades, and bears the seal
elements which act against said rotor disc.

[0057] In one aspect, the turbomachine comprises at
least one axial stage placed downstream of the rotor disc
and of each of the rotor discs with respect to a direction
of the flow of the work fluid. Preferably said axial stage
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is situated ata radially peripheral portion of the respective
rotor disc (radial-axial turbomachine). In one aspect, a
portion of the support plate is integral with the case. Pref-
erably, such portion is radially peripheral and is prefera-
bly fixed to the case, preferably by means of screws.
[0058] In one aspect, a radially peripheral surface of
the support plate is always in abutment against an abut-
ment surface of the case. Preferably, the radially periph-
eral surface of the support plate is cylindrical. Preferably,
the abutment surface of the case is a radially internal
cylindrical surface. This coupling ensures the centering
of the support plate and of the projecting elements with
respect to the rotation axis. In one aspect, the support
plate has a first surface bearing the projecting elements
and a second surface opposite the first and juxtaposed
against a wall of the case.

[0059] In one aspect, one wall of the case is provided
with inspection accesses (openable and closeable). Said
inspection accesses are situated at the through open-
ings. In this manner, it is possible to inspect the interior
ofthe turbomachine (rotor disc(s), seal elements, blades)
through said through openings when the turbomachine
is assembled. Preferably, said accesses and the through
openings allow visually inspecting and verifying (for ex-
ample by introducing a feeler gauge through the access-
es and the through openings) the tolerances of the seal
elements.

[0060] In one aspect, the second surface delimits an
hollow space with the wall of the case. The hollow space
allows balancing the pressure (or at least reducing the
pressure difference) that acts on the two faces of the
plate. In other words, the geometry of the support discs,
in particular of the disc that bears the stator blades, is
obtained in a manner such that the radial pressure gra-
dient does not create axial thrust. This allows obtaining
the support disc with limited thickness, reducing the ther-
mal inertia to the minimum.

[0061] Preferably, the hollow space is in fluid commu-
nication with the through openings. The balancing of the
pressure therefore occurs through said through open-
ings.

[0062] Preferably, the turbomachine comprises annu-
lar gaskets (coaxial with the rotation axis) arranged be-
tween the second surface of the support plate and the
wall of the case. Preferably, each annular chamber is
situated at a respective projecting element. Pairs of suc-
cessive projecting elements logether delimit annular
chambers. The annular gaskets isolate annular volumes
of the hollow space, each placed at a respective annular
chamber. In this manner, each annular chamber is in
pressure equilibrium with the respective annular volume.
[0063] Each annular volume and annular chamber pair
defines an isobaric band. The annular gaskets serve for
delimiting the annular volumes and alsc serve for pre-
venting the escape of steam between bands at higher
pressure and bands at lower pressure, which would re-
duce the efficiency of the turbomachine.

[0064] The annular gaskets ensure perfect seal also
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in the case of relative movement (due to the radial de-
formation, in particular of the second portions) between
the support disc and the case.

[0065] Preferably, the annular gaskets are housed in
annular seats abtained in the wall of the case.

[0066] Preferably, the annulargaskets are elastomeric
and/or metal and/or made of graphite.

[0067] In one aspect, the projecting elements each
comprise an annular band having a first edge joined to
the support plate and a second edge directed towards
the rotor disc and provided with a joint. The annular band
is a kind of cylinder, preferably coaxial with the rotation
axis.

[0068] Inone aspect, the joint bears the stator blades.
[0069] Inone aspect, thejointbearsthe seal elements.
[0070] In one aspect, the joint bears the stator blades

and the seal elements.

[0071] Inone aspect, each of the annular bands has a
radial thickness less than a radial size of the respective
joint.

[0072] Preferably, the radial thickness is comprised

between about 1/2 and about 1/10 of the radial size, more
preferably equal to about 1/4 of the radial size.

[0073] Preferably, the ratio between an axial length of
the annular band and the respective radial thickness is
comprised between about 3 and about 10.

[0074] By means of such structure, the projecting ele-
ments bearing the stator blades and/or the seal elements
have a low thermal inertia and are elastically uncon-
strained from the rotor discs.

[0075] Given that the (sealed) fixed parts in "contact”
with the rotating parts (rotor discs) are constructed at low
thermal inertia, during heating the fixed parts reach the
normal operating temperature before the rotating parts,
increasing the clearances of the seals and preventing
possible sliding.

[0076] The radial yieldability of the annular bands al-
lows the stator blades and/or the seal elements to vary
their radial size without crealing high internal forces,
since they are not rigidly constrained to the support disc.
[0077] This structure ceontributes to allowing the tur-
homachine to work with high thermal gradients. In addi-
tion, the structure of the projecting elements described
in the preceding aspects can also be present in the tur-
bomachine in a manner independent from the structure
of the support plates. Said projecting elements as de-
scribed can for example be constrained to solid suppart
plates or directly to the case.

[0078] Inone aspect, the turbomachine is a compres-
sor. At least one motor is connected to the rotor disc or
to the rotor discs.

[0079] In one aspect, the turbomachine is a turbine. At
least one generator is connected to the rotor disc or to
the rotor discs.

[0080] In one aspect, the turbomachine is of outflow
radial type. The flow of the work fluid is mainly moved
from the rotation axis towards the periphery of the rotor
disc or of the rotor discs.



9 EP 3 119 992 B1 10

[0081] In one aspect, the turbomachine is of inflow ra-
dial type. The flow of the work fluid is mainly moved from
the periphery of the rotor disc or of the rotor discs towards
the rotation axis.

[0082] Further characteristics and advantages will be
clearer from the detailed description of a preferred but
not exclusive embodiment of a turbomachine in accord-
ance with the present invention.

Description of the drawings

[0083] Such description will be set forth hereinbelow
with reference to the set of drawings, provided only as a
non-limiting example, in which:

= figure 1 illustrates a meridian section of a first
embodiment of a turbomachine in accordance with
the present invention;

= figure 2 illustrates a meridian section of a second
embodiment of a turbomachine in accordance with
the present invention;

= figure 3 illustrates a rear view of a portion of a
support plate belonging to the turbomachines pur-
suant to figures 1 and 2;

= figure 4 is a meridian half-section of the support
plate of figure 3;

= figure 5 illustrates a variant of the support plate
of figure 3;

= figure 6 is a meridian half-section of the support
plate of figure 5;

= figure 7 illustrates a further variant of the support
plate of figure 3;

= figure 8 is a meridian half-section of the support
plate of figure 7;

= figure 9 illustrates a further variant of the support
plate of figure 3;

= figure 10 is a meridian half-section of the support
plate of figure 9;

= figure 11 is an enlarged stator element of the tur-
bomachine of figure 1 in a first operative configura-
tion;

= figure 12 is the stator element of figure 11 in a
second operative configuration; and

= figures 13-15 illustrate an enlarged seal element
belonging to the turbomachines pursuant to figures
1 and 2 in respective operative configurations;

= figure 16 illustrates a stator element and a rotor
element belonging to the turbomachine of figure 1.

Detailed description

[0084] With reference to the abovementioned figures,
reference number 1 overall indicates a turbomachine in
accordance with the present invention. The turboma-
chine 1 illustrated in figure 1 is an expansion turbine of
outflow radial type with a single rotor disc 2. The turboma-
chine 1 illustrated in figure 2 is an expansion turbine of
outflow radial type with two counter-rotating rotor discs 2.
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[0085] With reference to figure 1, the turbine 1 com-
prises the rotor disc 2, provided with a plurality of rotor
blades 3 arranged in series of concentric rings on a re-
spective front face 4 of the rotor disc 2. Each series of
rotor blades 3 is part of a rotor stage of the turbine 1. The
rotor disc 2 is rigidly connected to a shaft 5 which is ex-
tended along a rotation axis "X-X". The shaft 5 is in turn
connected to a generator (not illustrated). The rotor
blades 3 are extended away from the front face 4 of the
rotor disc 2 with leading edges thereof substantially par-
allel to the rotation axis "X-X". According to that illustrated
in the enclosed figures, first ends of the rotor blades 3 of
each series are connected and supported by a respective
first rotor ring 301 integral with the roter disc 2. Opposite
ends of the same rotor blades 3 of a series are con-
strained to a second rotor ring 302 (figure 16).

[0086] The rotor disc 2 and the shaft 5 are housed in
afixed case 6 and are supported by the latter in a manner
such that they can freely rotate around the rotation axis
"X-X". The fixed case 6 comprises a front wall 7, placed
across from the front face 4 of the rotor dis¢ 2, and arear
wall 8, situated across from a rear face 9 of the rotor disc
2 opposite the front face 4. A sleeve 10 is integral with
the rear wall 8 and rotatably houses the shaft 5 by means
of the interposition of suitable bearings 11. The front wall
7 has an inlet opening 12 for a work fluid situated at the
rotation axis "X-X".

[0087] Thefixed case 6 also housesa plurality of stator
blades 13 arranged in series of concentric rings directed
towards the front face 4 of the rotor disc 2. The series of
stator blades 13 are radially alternated with the series of
rotor blades 3 to define a radial expansion path of the
work fluid which enters through the inlet opening 12 and
is expanded radially away towards the periphery of the
rotor disc 2. The fixed case 6 also comprises a radially
peripheral wall 14 which is extended from the front 7 and
rear § walls and internally delimits an outlet volume 15
for the work fluid.

[0088] The turbine 1 comprises a deflector or nose 16
defined by a convex wall, placed in the inlet opening 12
and directed towards the entering flow.

[0089] The statorblades 13 are supported by a support
plate 17 installed in the case 6 and constrained thereto.
The support plate 17 is placed across from the front face
4 of the rotor disc 2, parallel thereto, and fit against an
internal face 7a of the front wall 7 of the case 6.

[0090] As is visible in figures 3-10, the support plate
17 is a disc provided with a central passage 18. In the
central passage 18, a tubular wall 19 is housed that is
part of the case 6. The tubular body 19 is extended from
the front wall 7 towards the rotor disc 2 and internally
delimits the inlet opening 12 of the turbine 1. A clearance
is present between a radially internal edge 20 of the sup-
port plate 17 and the tubular body 19.

[0091] The support plate 17 has a plurality of through
holes 21 at a radially peripheral portion thereof (figures
3-10). Screws 22 housed in the through holes 21 and in
threaded holes obtained in the case 6 constrain the sup-
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port plate 17 to said case 6. A radially peripheral surface
23 of the support plate 17 always lies in abutment against
an abutment surface 24 of the case 6. The abutment
surface 24 is a cylindrical surface inside the case 6, co-
axial with the rotation axis "X-X" and directed towards
said rotation axis "X-X" (figure 1).

[0092] Asisvisibleinfigures 1,11 and 12, each series
of stator blades 13 is part of a projecting element 25 that
is extended away from the support plate 17. Each pro-
jecting element 25 comprises an annular band 26 (cylin-
dercoaxial with the rotation axis "X-X"}having a first edge
joined to a first surface 17a of the support plate 17 and
a second edge directed towards the rotor disc 2 and pro-
vided with a joint 27 that also has ring form.

[0093] First ends of the stator blades 13 of one series
are joined to the joint 27. Second ends, opposite the first,
of the stator blades 13 of the same series are all con-
strained to an end ring 28, it too coaxial with the rotation
axis "X-X". The end rings 28 are arranged between the
series of rotor blades 3 and in proximity to the front face
4 of the rotor disc 2.

[0094] Eachjcint27 radially faces a respective second
rotor ring 302 and each end ring 28 radially faces a re-
spective first rotor ring 301. Seal elements 303 (e.g. lab-
yrinth seals) are borne by each end ring 28 and by each
joint 27 and aclt against the respective first 301 and sec-
ond rotor ring 302 in order to delimit the radial expansicn
path of the work fluid (figure 16).

[0095] The annular band 26 has a radial thickness "t1"
less than a radial size "d1" of the respective joint 27. For
example, the radial thickness "t1" is equal to about 1/6
of the radial size "r1". For example, the ratio between an
axial length "11" of the annular band 26 and the respec-
tive radial thickness "11" is comprised between about 3
and about 10.

[0096] The support plate 17 is formed by a plurality of
first circular portions 29 concentric with the rotation axis
"X-X" and by a plurality of second circular portions 30
radially interposed between the first circular portions 29.
[0097] The projecting elements 25 which bear the sta-
tor blades 13 are connected to the and supported by the
first circular portions 29.

[0098] The second circular portions 30 are more de-
formable, along radial directions, than the first circular
portions 29 inamanner so as to allow relative movements
between the first circular portions 29 (and between dif-
ferent series of stator blades 13} when the support plate
17 is subjected to the action of thermal gradients. Ac-
cording to the embodiment of figures 3 and 4 and the
variant of figures 5 and 6, the support plate 17 has a
constant thickness (as is visible in figure 1). The first por-
tions 29 are defined by solid rings with opposite faces
perpendicular to the rotation axis "X-X". The second por-
tionhs 30 have a plurality of through openings 31 arranged
along the circumferential extension of each second por-
tion 30. The illustrated through openings 31 are slots with
elongated form.

[0099] According to the embodiment of figures 3 and
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4, each of the second portions 30 has a radially more
internal first series of slots 31 and a radially more external
second series of slots 31. Each of the two series com-
prises a plurality of said slots 31 arranged circumferen-
tially in succession and each of the slots 31 is extended
along the circumferential direction. In addition, the slots
31 of the two different series are angularly offset, i.e.
mutually rotated around the rotation axis "X-X", inaman-
ner such that any radius that extends from said rotation
axis "X-X" intersects at least one of said slots 31. The
two series of slots 31 together delimit flexible bodies or
arms 32 that are extended along circumferential direc-
tions and are arranged circumferentially in succession.
The arms 32 are perpendicular to the radial directions.
[0100] According tothe variant of figures 5 and 6, each
of the second portions 30 has a single series of slots 31.
The series comprises a plurality of said slots 31 arranged
circumferentially in succession. Each of the slots 31 is
curved and tilted with respect to a circumferential direc-
tion. Adjacent pairs of slots 31 together delimit an arm or
flexible body 32. Each arm 32 is curved and connects
two of the radially successive first circular portions 29.
[0101] According to the embodiment of figures 7 and
8 and the variant of figures 8 and 10, each of the (radially
more deformable) second circular portions 30 comprises
at least one flexible body defined by a substantially cy-
lindrical wall 33 coaxial with the rotation axis "X-X".
[0102] According to the embodiment of figures 7 and
8, in a meridian section, the support plate 17 has as a
serpentine shape defined by radial sectiong and axial
sections. The axial sections constitute the substantially
cylindricalwalls 33. Some of the radial sections constitute
the first portions 29 that bear the annular bands 26. In
other words, each of the second portions 30 comprises
two axial sections 33 connected by a radial section. Each
of the first portions 29 is defined by a radial section. From
a different standpoint, the support plate 17 has annular
cavities on both faces which are radially alternated in a
manner so as lo define the aforesaid serpentine shape.
[0103] According to the embodiment of figures 9 and
10, in a meridian secticn, the second portions 30 each
comprise an axial secticn constituting the substantially
cylindrical wall 33 and two radial sections extended from
opposite ends of the axial section 33. The first portions
29 each have a thickness (measured in the axial direc-
tion) equal to the axial length of the axial sections 33.
From a different standpoint, each of the second portions
30 is defined by two radially successive annular cavities,
gach formed on one of the faces of the support plate 17.
[0104] The support plate 17, in accordance with the
above-described embodiments, is a single piece prefer-
ably obtained via removal of material and/or via molding.
[0105] The turbine 1 of figure 1 also comprises seal
elements 34 (e.g. labyrinth seals} acting at the rear face
9 of the rotor disc 2. The seal elements 34 are borne by
projecting elements 35 geometrically similar to the pro-
jecting elements 25 that bear the stator blades 13.
[0106] The turbine 1 comprises a plurality of projecting
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elements 35 coaxial with the rotation axis, arranged ra-
dially in succession at at least several of the stages sit-
uated on the oppaosite side of the rotor disc 2.

[0107] As is more visible in figures 13-15, each pro-
jecting element 35 comprises an annular band 36 (cylin-
dercoaxial with the rotation axis "X-X"yhaving a first edge
joined to a first surface 37a of a support plate 37 and a
second edge directed towards the rotor disc 2 and pro-
vided with a seal-carrier joint 38 that also has ring shape.
[0108] The annular band 36 has a radial thickness "t2"
less than a radial size "d2" of the respective seal-carrier
joint 38. For example, the radial thickness "t2" is equal
to about 1/6 of the radial size "r2". For example, the ratio
between an axial length "I12" of the annular band 36 and
the respective radial thickness "t2" is comprised between
about 3 and about 10.

[0109] Intheillustrated embodiment, the seal elements
34 are flexible appendages which are radially extended
towards the rotation axis "X-X" from the seal-carrier joint
38.

[0110] On the second face 9 or rear face of the rotor
disc 2, the same number of annular reliefs 39 and pro-
jecting elements 35 are present. Each of the annular re-
liefs 39 has a radially external surface 40 facing towards
the seal elements 34 of the respective seal-carrier joint
38.

[0111] The support plate 37 that bears the seal ele-
ments 34 is structurally identical (apart from the specific
sizing) to the support plate 17 that bears the stator blades
13. Therefore, for the detailed description of the support
plate 37 that bears the seal elements 34, reference is
made to the preceding description relative to the support
plate 17 for the stator blades 13 and to the relative figures
3-10. The support plate 37 is placed across from the rear
face 9 of the rotor disc 2, parallel thereto, and fit against
an internal face 8a of the rear wall 8 of the case 6.
[0112] Alsc the support plate 37 for the seal elements
34 is constrained to the case 6 by means of screws 22
passing into the through holes 21. A radially peripheral
surface 23 of the support plate 37 always lies in abutment
against an abutment surface 24 of the case 6. The abut-
ment surface 24 is a cylindrical surface inside the case
B, coaxial with the rotation axis "X-X" and directed to-
wards said rotation axis "X-X" (figure 1).

[0113] For hoth support plates 17, 37, a first surface
17a, 37ais connected to the annular bands 26, 36 of the
projecting elements 25, 35 and a second surface 17b,
37b, opposite the first, delimits a hollow space 41 with
the intemal face 7a, 8a of the respective wall 7, 8 of the
case 6. Annular gaskets 42 (coaxial with the rotation axis
"X-X"} are arranged between the second surface 17b,
37b of the support plate 17, 37 and the wall 7, 8 of the
case 6, each at a respective projecting element 25, 35.
The annular gaskets 42 are for example elastomeric,
made of metal or graphite. The annular gaskets 42 are
housedinannular seats 42a obtained on the internal face
7a, 8a of the respective wall 7, 8 of the case 6.

[0114] Pairs of successive projecting elements 25, 35
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together delimit annular chambers 43', 43". First annular
chambers 43’ are delimited between two radially succes-
sive projecting elements 25 that bear the stator blades
13, the respective support plate 17 and end of the rotor
blades 3. Second annular chambers 43" are delimited
hetween two projecting elements 35 that bear the seal
elements 34, the respective support plate 37 and the sec-
ond face 9 of the rotor disc 2.

[0115] Theannulargaskets 42 isolate annularvolumes
of the hollow space 41, each placed at a respective an-
nular chamber 43’, 43". Each annular volume of the hol-
low space 41 isinfluid communication with the respective
annular chamber 43’, 43" through the through openings
31 of the respective support plate 17, 37 of figures 3-6
or through through openings suitably obtained (not illus-
trated) in the support plates 17, 37 of figures 7-10.
[0116] Inthe front wall 7 and/or in the rear wall 8 of the
case B, inspection accesses 44 are obtained (oneis sche-
matically illustrated in figure 1), i.e. holes/openings with
suitable seal closure elements that can be removed and
repositioned, situated at the through openings 31.
[0117] The counter-rotating turbine 1 of figure 2 com-
prises afixed case 6 that houses at its interior a first rotor
disc 2’ and a second rotor disc 2". The rotor discs 2°, 2"
can freely rotate, each in a manner independent from the
other, in the case 6 around a common rotation axis "X-
X". For such purpose, the first disc 2' is integral with a
respective first rotation shaft 5° mounted in the case 6 by
means of bearings 11. The second disc 2" is integral with
arespective second rotation shaft 5" mounted in the case
6 by means of respective bearings 11, not illustrated.
[0118] The first rotor disc 2' is provided with a plurality
of rotor blades 3’ arranged in series of concentric rings
on a respective front face 4’ of the first rotor disc 2'. The
second rotor disc 2" is provided with a plurality of rotor
blades 3" arranged in series of concentric rings on a re-
spective front face 4" of the second rotor disc 2",

[0119] The frontface 4’ of thefirst rotor disc 2’ is placed
across from the front face 4" of the second rotor disc 2"
and the blades 3’ of the first disc 2’ are radially alternated
with the blades 3" of the second disc 2". The blades 3’
of the first rotor disc 2' terminate in proximity to the front
face 4" of the second rotor disc 2" and the blades 3" of
the second rotor disc 2" terminate in proximity to the front
face 4’ of the first rotor disc 2'.

[0120] The turbine 1 of figure 2 also comprises seal
elements 34 acting at the rear faces 9', 9" of the rotor
discs 2', 2" The seal elements 34 are borne by projecting
elements 35 mounted on support plates 37. On the sec-
ond face 9', 9" of each of the rotor discs 2’, 2", the same
number of annular reliefs 39 and projecting elements 35
are present. Each of the annular reliefs 39 has a radially
external surface 40 facing towards the seal elements 34
of the respective seal-carrier joint 38.

[0121] The support plates 37, the projecting elements
35 and the seal elements 34 are entirely similar to those
described for the turbine 1 of figure 1 and illustrated in
figures 3-10 and 13-15 (the same reference numbers
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have also been used) and therefore will not be newly
described herein.

[0122] The counter-rotating turbine 1 of figure 2 also
comprises an axial stage 45, 45" for each of said first
rotor disc 2' and second rotor disc 2" The axial stages
are placed at radially peripheral portions of each rotor
disc 2', 2". More in detail, a series of rotor blades 46’, 46"
of the respective axial stage 45, 45" are radially extend-
ed from the peripheral edge of the respective rotor disc
2', 2", A series of stator blades 47°, 47" of the respective
axial stage 45°, 45" are radially extended from a portion
48 of the case 6 towards the rotation axis "X-X". The rotor
blades 46’, 46" are placed across from the stator blades
47", 47" along an axial direction.

[0123] An axial stage, for example of the above-de-
scribed type, can also be provided in an embodiment
variant {not illustrated) of the turbomachine of figure 1.

[0124] During use and with reference to the turbine 1
of figure 1, the work fluid enters into the turbomachine
through the inlet opening 12; being expanded, it transmits
work onthe rotor blades 3 andfinally exits from the turbine
1 crossing through the outlet volume 15. The mechanical
work is transmitted by the rotor disc 2 to the generator
(not illustrated) through the shaft 5.

[0125] Given the characteristic structure of the radial
machine, the temperature profile varies from the inlet to-
wards the outlet, i.e. in radial direction. This variation of
the temperature creates an axial temperature gradient
on the support discs 17, 37 and on the projecting ele-
ments 25, 35.

[0126] The radially more internal first circular portion
29 is heated before the successive first circular portion
29; it tends to expand more and the expansion is ab-
sorbed by the radial compression of the second circular
portion 30 that lies between the two. This phenomenon,
as the disc 17, 37 is progressively heated, is verified
throughoutthe support disc 17, 37 and prevents the gen-
eration of excessive internal stresses.

[0127] Figures 11 and 12 show, by way of example,
the geometric variation of the projecting elements 24 that
bear the stator blades 13. The support disc 17, even if
provided with the second circular portions 30 that are
radially more deformable (than the first 29), tends to be
radially expanded less than the joint 27 and the end ring
28 so that under hot (normal operating) conditions, the
annular band 26 is deformed and allows the joint 27 and
the end ring 28 said expansion (figure 11: cold configu-
ration; figure 12: configuration at operating conditions).

[0128] Figures 13-15 show, by way of example, what
happens at the seal elements 34, Starting from a phase
(figure 13) with the machine off and cold up to an oper-
ating condition phase (figure 15) passing through a start-
ing phase (figure 14). First, (figure 14) the seal-carrier
joint 38 is radially expanded, due to the flexibility of the
annular band 36, then the rotor disc 2 is expanded and
also the support disc 37 is slightly expanded. During all
these phases, the invention ensures a minimum clear-
ance (51, 52, 53) between the seal elements 34 and the

10

15

20

25

30

35

40

45

50

55

annular reliefs 39. Such clearance, as a function of the
starting speed, can only increase with respect to the start-
ing condition, ensuring that there is never interference
hetween rotating and fixed parts.

Claims
1. Radial turbemachine, comprising:

a fixed case (6);

at least one rotor disc (2, 2/, 2" installed in the
case (6) and having rotor blades (3, 3, 3"}
mounted atleastonafrontface{4,4',4") thereof,
in which the rotor disc (2, 2°, 2"} is rotatable in
the case {6) around a respective rotation axis
(X-X);

a plurality of elements (25, 35) projecting from
the case (6) and terminating in proximity to the
rotor disc (2, 2°, 2"}, wherein the projecting ele-
menis (25, 35) comprise seal elements (34) act-
ing against the rotor disc {2, 2', 2") and opera-
tively active on a rear face (9, 9°, 9") of the rotor
disc (2, 2', 2"} and/ar wherein the projecting el-
ements (25, 35) comprise stator blades (13) ra-
dially interposed between the rotor blades (3) of
the rotor disc {2);

at least one support plate {17, 37) installed in
the case (B); wherein said support plate (17, 37}
bears said elements {25, 35) projecting from the
case (6);

wherein said at least one support plate (17, 37)
is radially extended across from the rotor disc
(2,2,2";

characterized in that the support plate (17, 37)
comprises:

a plurality of first circular portions (29} con-
centric with the rotation axis (X-X), wherein
at least some of said first circular portions
(29) bear said projecting elements (25, 35);
a plurality of second circular portions (30)
radially interposed between the first circular
portions {(29);

wherein the second circular porticns (30)
are more deformable, along radial direc-
tions, than the first circular portions (29) in
amanner s0 as to allow relative movements
between the first circular portions (29) when
the supportplate (17, 37) is subjected to the
action of thermal gradients.

2. Turbomachine according to claim 1, wherein each
of the second circular pertions (30} comprises at
least one flexible bedy (32, 33}, preferably a plurality
of flexible bodies (32, 33), having a main extension
that is transverse with respect to the radial directions
to be configured to bend radially.
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