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(54) TURBOMACHINE AND METHOD OF OPERATING A TURBOMACHINE

(57) According to one aspect of the present disclo-
sure, a turbomachine (100) is provided. The turboma-
chine (100) includes: a rotor (10) extending in an axial
direction (A) and comprising a driven side (12) configured
to be connected to a driving unit and a second side (14)
opposite the driven side; a housing (20) extending around
at least a portion of the rotor (10), wherein a main flow
path (30) for a process fluid extends between the rotor
(10) and the housing (20); a sealing arrangement (40),

particularly a dry gas seal, configured for sealing a gap
between the rotor (10) and the housing (20) at the driven
side (12) of the rotor; and a first magnetic bearing (50)
supporting the second side (14) of the rotor. A fluid pas-
sage (31) for a portion of the process fluid extends from
the main flow path (30) through a bearing gap (52) of the
first magnetic bearing (50). According to a further aspect,
a method of operating a turbomachine is described.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to turboma-
chines such as turbo-compressors and pumps which in-
clude a rotatable rotor configured for processing a proc-
ess fluid. More specifically, the present disclosure relates
to a turbomachine with a rotor configured to be connected
to a driving unit such as a motor for rotating the rotor.
The present disclosure further relates to a method of op-
erating a turbomachine. More specifically, methods of
operating a turbomachine while reliably cooling one or
more magnetic bearings of the turbomachine are de-
scribed.

BACKGROUND

[0002] A turbomachine is a machine that transfers en-
ergy between a rotatable rotor and a process fluid such
as a process gas. For example, a turbomachine may be
configured as a turbo-compressor for transferring energy
from the rotating rotor to the process fluid for pressurizing
the process fluid. A turbomachine may alternatively be
configured as a pump that transports the process fluid
between an inlet and an outlet, wherein a flow path of
the process fluid extends past an impeller of the pump.
[0003] In a turbo-compressor, the pressure of a com-
pressible process fluid is increased through the use of
mechanical energy. Compressors can be used in differ-
ent applications. For example, a compressor can be used
in a gas turbine for pressurizing a gas. A gas turbine can
be used in various industrial processes, including power
generation, natural gas liquefaction and other processes.
[0004] A rotatable rotor of the turbomachine with one
or more impellers is typically arranged in a housing which
constitutes the stationary part of the turbomachine. The
impellers may be mounted on the rotor, and a pressure
rise can be achieved by adding kinetic energy to a con-
tinuous flow of process fluid directed past the rotating
impellers. The kinetic energy can then be converted to
an increase in static pressure by slowing the gas flow
through a stationary diffuser which is part of the housing.
[0005] Typically, one, two or more bearings may sup-
port the rotor. For example, at least one bearing may
support the rotor on a first side of the one or more impel-
lers, and at least one further bearing may support the
rotor on a second side of the one or more impellers op-
posite the first side. One or more radial bearings may be
provided for taking up radial loads of the rotor and/or one
or more thrust bearings may be provided for taking up
axial loads of the rotor. The bearings are typically cooled,
e.g. with a cooling fluid.
[0006] One of the relevant issues related to a turboma-
chine is the reliable sealing of the flow path of the process
fluid in the turbomachine with respect to an environment
of the turbomachine. Providing an excellent sealing be-
tween a stationary housing part and the rotating rotor

may be complex due to a potentially high pressure dif-
ference between the flow path inside the turbomachine
and the environment surrounding the turbomachine. So-
called dry gas seals may be used for sealing a clearance
between the rotating rotor and the stationary housing in
order to prevent a contamination of the process fluid with
a lubricant of the bearings and in order to reduce a leak-
age of the process fluid into the bearings and/or into the
environment.
[0007] It would be beneficial to reduce the complexity
of a turbomachine with a rotor that is supported by one
or more bearings, while at the same time reliably sealing
a flow path of the turbomachine from an environment of
the turbomachine. Further, it would be beneficial to pro-
vide a method of operating a turbomachine while reliably
cooling one or more bearings of the turbomachine.

SUMMARY

[0008] In light of the above, a turbomachine, a tur-
bomachine arrangement as well as a method of operating
a turbomachine are provided.
[0009] According to one aspect of the present disclo-
sure, a turbomachine is provided. The turbomachine in-
cludes: a rotor extending in an axial direction and com-
prising a driven side configured to be connected to a driv-
ing unit and a second side opposite the driven side; a
housing extending around at least a portion of the rotor,
wherein a main flow path for a process fluid extends be-
tween the rotor and the housing; a sealing arrangement
configured for sealing a gap between the rotor and the
housing at the driven side of the rotor; and a first magnetic
bearing supporting the second side of the rotor, wherein
a fluid passage for a portion of the process fluid extends
from the main flow path through a bearing gap of the first
magnetic bearing.
[0010] In some embodiments, the sealing arrange-
ment, particularly a dry gas seal, may be arranged at the
driven side of the rotor, but no further dry gas seal may
be arranged at the second side of the rotor.
[0011] In some embodiments, the turbomachine may
be a semi-sealed turbomachine, wherein the second side
of the rotor ends within the housing and/or is sealed by
the housing, wherein only the driven side of the rotor may
protrude out of the housing. In other embodiments both
the driven side and the second side of the rotor may pro-
trude out of the housing. In the latter case, a seal, par-
ticularly a dry gas seal, may be provided on both sides
of the turbomachine.
[0012] According to a further aspect of the present dis-
closure, a turbomachine arrangement is provided. The
turbomachine arrangement includes a turbomachine ac-
cording to any of the embodiments described herein, and
a driving unit connected to the driven side of the rotor of
the turbomachine for rotating the rotor.
[0013] According to a further aspect, a method of op-
erating a turbomachine is provided. The method in-
cludes: driving a rotor of the turbomachine via a driving
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unit connected to a driven side of the rotor; directing a
process fluid along a main flow path extending between
the rotor and a housing of the turbomachine, wherein, at
the driven side of the rotor, a gap between the rotor and
the housing is sealed, particularly with a dry gas seal;
and cooling a first magnetic bearing which supports a
second side of the rotor opposite to the driven side with
a portion of the process fluid.
[0014] Further aspects, advantages, and features of
the present disclosure are apparent from the dependent
claims, the description, and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] So that the manner in which the above recited
features of the present disclosure can be understood in
detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference to
embodiments. The accompanying drawings relate to em-
bodiments of the disclosure and are described in the fol-
lowing. Some embodiments are depicted in the drawings
and are detailed in the description which follows.

FIG. 1 is a schematic sectional view of a turboma-
chine according to embodiments described herein;

FIG. 2 is a schematic sectional view of a turboma-
chine according to embodiments described herein;

FIG. 3 is a schematic sectional view of a turboma-
chine according to embodiments described herein
which is configured as a back-to-back turbo-com-
pressor;

FIG. 4A is a schematic view of a turbomachine ar-
rangement according to embodiments described
herein;

FIG. 4B is a schematic view of a turbomachine ar-
rangement according to embodiments described
herein;

FIG. 5 is a flow diagram illustrating a method of op-
erating a turbomachine according to embodiments
described herein; and

FIG.6 is a schematic view of a turbomachine accord-
ing to further embodiments described herein.

DETAILED DESCRIPTION

[0016] Reference will now be made in detail to the var-
ious embodiments of the disclosure, one or more exam-
ples of which are illustrated in the figures. Each example
is provided by way of explanation and is not meant as a
limitation. For example, features illustrated or described
as part of one embodiment can be used on or in conjunc-
tion with any other embodiment to yield yet a further em-

bodiment. It is intended that the present disclosure in-
cludes such modifications and variations.
[0017] Within the following description of the drawings,
the same reference numbers refer to corresponding or
to similar components. Generally, only the differences
with respect to the individual embodiments are de-
scribed. Unless specified otherwise, the description of a
part or aspect in one embodiment applies to a corre-
sponding part or aspect in another embodiment as well.
[0018] FIG. 1 shows a turbomachine 100 according to
embodiments described herein in a schematic sectional
view along an axial direction A of a rotor 10 of the tur-
bomachine.
[0019] The turbomachine 100 may be a turbo-com-
pressor configured for pressurizing a process fluid, par-
ticularly a process gas, as is schematically depicted in
FIG. 1. In other embodiments, the turbomachine may be
an expander for expanding a process fluid, particularly a
process gas. In yet further embodiments, the turboma-
chine may be pump configured for pumping a process
fluid, particularly a gas or a liquid, from an inlet to an
outlet of the turbomachine. In yet further embodiments,
the turbomachine may be a turbine configured for driving
a shaft. However, the present disclosure is not limited to
these examples, and yet further types of turbomachines
may be provided.
[0020] The turbomachine 100 may be a part of a gas
turbine, a power plant and/or a gas liquefaction system.
Other applications are possible.
[0021] The turbomachine 100 may be a standalone tur-
bomachine, particularly a standalone turbo-compressor.
In other words, as compared to an integrated machine
having a driving unit and a compressor unit integrated in
a common sealed housing with a common shaft, the tur-
bomachine according to some embodiments described
herein may be connectable to a driving unit, e.g. a motor,
which may be provided as a separate unit with a separate
housing. In particular, no direct fluid connection between
an interior of the driving unit and an interior of the tur-
bomachine may be provided. In a standalone turboma-
chine, providing an excellent seal between the interior of
the turbomachine and an environment of the turboma-
chine may be beneficial, particularly when a portion of
the rotor protrudes out of a housing of the turbomachine
into a surrounding environment or into an adjacent hous-
ing.
[0022] Among the various types of turbo-compressors
are radial compressors or centrifugal compressors, axial
compressors, and mixed flow compressors. In an axial
compressor, the process fluid may stream past one or
more impellers in an axial direction essentially parallel to
the shaft. In a centrifugal compressor, the process fluid
may stream axially toward an impeller, where the gas is
deflected in a radial outward direction.
[0023] Turbo-compressors can be provided with a sin-
gle impeller, i.e. in a single stage configuration, or with a
plurality of impellers in series, in which case the com-
pressor may be referred to as a multistage compressor.
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Each of the stages of a compressor typically includes an
inlet for the process fluid, an impeller which is capable
of providing kinetic energy to the process fluid and an
outlet which converts the kinetic energy of the process
fluid into pressure energy.
[0024] As is schematically depicted in FIG. 1, the tur-
bomachine 100 includes a rotor 10 which extends along
the axial direction A and is configured to rotate around
an axis, and a housing 20 which surrounds at least a
portion of the rotor 10. The rotor 10 may include one or
more impellers 15 configured for moving the process fluid
which streams past the one or more impellers 15.
[0025] As is further shown in FIG. 1, the rotor 10 in-
cludes a driven side 12 which is configured to be con-
nected directly or indirectly to the driving unit (not shown
in FIG. 1) and a second side 14 which is arranged in the
axial direction opposite the driven side. In some embod-
iments, the second side 14 of the rotor may terminate
within the housing. One or more impellers 15 of the rotor
may be arranged between the driven side 12 and the
second side 14 of the rotor.
[0026] The term "driven side of the rotor" as used here-
in may be understood as a portion of the rotor opposite
the second side 14, particularly between the one or more
impellers 15 of the rotor and a driven end 11 of the rotor
which is connectable to a driving unit (not shown in FIG.
1). The driven side 12 of the rotor may not be completely
sealed by the housing, so that the driven end 11 of the
rotor can be connected to the driving unit which may be
provided as further unit separate from the turbomachine
100. In particular, the driven end 11 of the driven side 12
may be accessible or may protrude from an interior of
the housing 20 so that the driving unit can be connected
thereto directly or indirectly, e.g. via a transmission
means such as a gear. In some embodiments, at least
one further machine, e.g. a further turbocompressor, may
be arranged between the driving unit and the turboma-
chine 100.
[0027] The term "second side of the rotor" as used
herein may be understood as a portion of the rotor op-
posite to the driven side of the rotor, e.g. a portion includ-
ing a free axial end 13 of the rotor. In some embodiments,
the second side 14 of the rotor terminates within the hous-
ing 20 of the turbomachine (see, e.g., FIG. 1 and FIG.
2). For example, the second side 14 of the rotor may
extend between the free axial end 13 of the rotor and one
or more impellers 15 of the rotor. The second side 14 of
the rotor may be enclosed by the housing 20. In particular,
the housing 20 may not only circumferentially surround
the second side 14 of the rotor, but may also cover the
front end of the second side 14 so that the housing may
completely seal the second side 14 of the rotor from an
environment of the turbomachine.
[0028] In other embodiments, the second side 14 of
the rotor protrudes out of the housing 20 of the turboma-
chine. In particular, both the driven side 12 and the sec-
ond side 14 may protrude out of the housing. For exam-
ple, a further turbomachine which may also be driven by

the driving unit may be arranged on the second side 14
of the rotor. In these cases, the second side 14 of the
rotor is not sealed by the housing, but a further seal, e.g.
a further dry gas seal, may be arranged on the second
side 14 of the rotor, in order to seal the main flow path
30 from an environment of the turbomachine. The further
dry gas seal may be arranged on an outboard side of the
first magnetic bearing 50.
[0029] In the embodiments shown in FIG. 1, the free
axial end 13 of the rotor is surrounded and sealed by the
housing, but the driven end 11 of the rotor may be in fluid
connection with the environment and/or may protrude
out of the housing. For this reason, the turbomachine 100
according to some embodiments described herein may
also be referred to as a "semi-sealed" turbomachine. For
example, in FIG. 1, the driven side 12 of the rotor on the
left side protrudes from the housing, but the second side
14 of the rotor on the right side is sealed by the housing,
particularly by a front wall 22 and a side wall 23 of the
housing. In other words, the housing 20 itself may act as
a seal.
[0030] The driving unit may be a motor, e.g. an electric
motor or a hydraulic motor, a turbine, e.g. a gas turbine
or a steam turbine, or another driver which is configured
for rotating the rotor 10 of the turbomachine 100. How-
ever, the present disclosure is not limited thereto. For
example, the turbomachine 100 may be configured as a
turbine, and the driving unit may be a rotary machine
which is driven by the turbine.
[0031] In some embodiments, the driving unit is de-
tachably connected to the driven side 12 of the rotor 10.
For example, the driving unit is a motor which is arranged
in a separate housing, wherein a driving shaft of the motor
can be connected to the driven end 11 of the rotor 10 of
the turbomachine for driving the turbomachine. In some
embodiments, a transmission mechanism, e.g. a gear, a
belt drive or another appropriate force transmission
means may be connected between the driving unit and
the turbomachine. Accordingly, at the driven side 12 of
the rotor, the main flow path 30 is to be sealed from the
environment surrounding the driven end 11 of the rotor,
because the environment of the driven end may have a
pressure which is different from the pressure within the
main flow path 30.
[0032] The turbomachine 100 further includes the
housing 20 which extends around at least a portion of
the rotor 10. The main flow path 30 for the process fluid
extends between the rotor 10 and the housing 20. The
term "housing" as used herein may be understood as
referring to a plurality of stationary parts of the turboma-
chine which are configured to house and surround the
rotor 10, wherein the main flow path 30 of the process
fluid is formed between the rotor and at least a part of
the housing. For example, the housing 20 may not only
include an outer casing of the turbomachine, but may
further include the stator of the turbomachine, wherein
the main flow path of the process gas may at least partially
extend between the stator and the rotor. The term "rotor"
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as used herein may be understood as referring to a rotor
arrangement comprising a shaft extending in the axial
direction A as well as one or more impellers 15 mounted
thereon or integrally formed therewith which are arranged
within the housing.
[0033] A sealing arrangement 40 configured for seal-
ing a gap between the rotor 10 and the housing 20 is
provided at the driven side 12 of the rotor. The sealing
arrangement 40 may be configured for sealing the main
flow path 30 of the turbo-compressor from an environ-
ment of the turbo-compressor. For example, the sealing
arrangement 40 may provide a sealing between the main
flow path 30 and the driving unit which may be connected
to the driven end 11. The sealing arrangement 40 may
reduce or prevent a flow of the process fluid from the
main flow path 30 through a clearance between the rotor
and the housing at the driven side toward the outside of
the turbomachine. The sealing arrangement 40 may re-
duce or prevent a contamination of the process fluid in
the main flow path 30 from an environment surrounding
the driven end of the rotor.
[0034] A reliable sealing of a clearance between the
rotor and the housing at the driven side of the rotor may
be difficult, particularly when a high pressure difference
may exist between the main flow path 30 and an adjacent
environment, e.g. an ambient environment, into which
the driven end of the rotor may protrude.
[0035] In some embodiments, which may be combined
with other embodiments described herein, the sealing
arrangement 40 may include at least one dry gas seal.
A dry gas seal is suitable for providing an excellent seal-
ing at the driven side of the rotor.
[0036] Dry gas seals are typically applied for sealing
purposes in centrifugal compressors. A dry gas seal may
be configured as a non-contacting mechanical face seal
including a rotating ring mounted to the rotor and a sta-
tionary ring mounted to the housing. During rotation of
the turbomachine, a lifting geometry of the rotating ring
and/or of the stationary ring may generate a lifting force.
Accordingly, the rotating ring may lift from the stationary
ring and form a sealing gap between the rotating ring and
the stationary ring.
[0037] A sealing gas may be injected into the dry gas
seal. The sealing gas provides the working fluid for the
sealing gap and increases the sealing properties be-
tween the process fluid and the surrounding environ-
ment. In FIG. 3, a sealing gas channel 41 for injecting
the sealing gas is schematically illustrated. In some em-
bodiments, a labyrinth seal may be provided inboard of
the dry gas seal, which may provide a separation of the
process fluid from the sealing gas. A further seal such
as a further labyrinth seal may be arranged outboard of
the dry gas seal for separating the sealing gas from the
environment. In some embodiments, the sealing gas may
be an inert gas.
[0038] The dry gas seal may be provided as a single
seal, as a tandem seal, or as a multiple seal. For example,
the dry gas seal may include a primary seal and a sec-

ondary seal.
[0039] The rotor 10 may be supported by bearings at
both sides thereof. In particular, a first bearing may be
provided for supporting the second side 14 of the rotor
and a second bearing may be provided for supporting
the driven side 12 of the rotor. Additional bearings may
be provided, e.g. axial and/or radial bearings.
[0040] The first bearing which supports the second
side 14 of the rotor may be a first magnetic bearing 50.
The first magnetic bearing 50 may be arranged at a close
distance from the free axial end 13 of the rotor 10. For
example, a distance between the first magnetic bearing
50 and the free axial end 13 may be 20 cm or less, par-
ticularly 10 cm or less, more particularly 2 cm or less.
[0041] The first magnetic bearing 50 may be an active
magnetic bearing (AMB). Magnetic bearings may be
used instead of conventional oil-lubricated bearings as
an axial and/or radial rotatable support for the rotor. Mag-
netic bearings operate based on electromagnetic princi-
ples to control axial and radial displacements of the rotor.
The first magnetic bearing may include at least one elec-
tromagnet driven by a power amplifier which regulates
the voltage and therefore the current in the coils of the
electromagnet as a function of a feedback signal which
indicates displacement of the rotor inside the housing.
Magnetic bearings may not require oil as a lubricant, so
that the overall maintenance of the compressor can be
reduced.
[0042] According to embodiments described herein, a
fluid passage 31 for a portion of the process fluid extends
from the main flow path 30 through a bearing gap 52 of
the first magnetic bearing 50. In other words, the main
flow path 30 may be fluidly open toward the bearing gap
52 of the first magnetic bearing so that a portion of the
process fluid may enter the bearing gap 52 from the main
flow path 30. In particular, a portion of the process fluid
may flow from the main flow path 30 through a clearance
32 between the rotor and the housing into the bearing
gap 52 of the first magnetic bearing.
[0043] The portion of the process fluid which enters
the bearing gap 52 may be used for cooling the first mag-
netic bearing 50. In particular, the process fluid may be
used as a cooling fluid for the first magnetic bearing 50.
No further cooling fluid for cooling the first magnetic bear-
ing may be necessary in at least some embodiments.
Accordingly, the turbomachine according to embodi-
ments described herein is simplified as compared to pre-
viously used turbomachines which used an additional
cooling circuit and/or additional cooling channels for cool-
ing a bearing on the second side of the rotor.
[0044] In some embodiments, which may be combined
with other embodiments described herein, the fluid pas-
sage 31 extends from the main flow path 30 along a clear-
ance 32 between the rotor 10 and the housing 20 through
the bearing gap 52, and particularly beyond the free axial
end 13 of the rotor. For example, the fluid passage 31
may extend around the second side 14 of the rotor, may
circumferentially surround the rotor 10 and may enclose
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the free axial end 13 of the rotor. A front wall 22 of the
housing 20 may separate and seal the fluid passage 31
from an environment of the turbomachine.
[0045] In some embodiments, no dry gas seal is pro-
vided at the second side 14 of the rotor so that the process
fluid can enter the clearance 32 between the rotor and
the housing which surrounds the second side 14 of the
rotor, without being blocked by a dry gas seal. In partic-
ular, whereas the sealing arrangement 40 at the driven
side 12 of the rotor may be configured as a dry gas seal,
no further dry gas seal may be provided at the second
side 14 of the rotor. The second side 14 of the rotor may
be sealed from the environment by the walls of the hous-
ing which may surround the second side 14 of the rotor.
In particular, in some embodiments, no further dry gas
seal for sealing a clearance between the rotor and the
housing may be provided in the axial direction A between
one or more impellers 15 of the rotor and the first mag-
netic bearing 50 and/or between the first magnetic bear-
ing 50 and the free axial end 13 of the rotor 10.
[0046] No further dry gas seal may be provided at the
second side 14 of the rotor in some embodiments. How-
ever, the process fluid flow path may be constricted or
tapered at a transition between the main flow path 30
and the fluid passage 31, in order to prevent that a large
portion of the process fluid enters the fluid passage 31.
For example, a flow barrier may be provided between
the main flow path 30 and the fluid passage 31. In par-
ticular, a transition between the main flow path 30 and
the fluid passage 31 may be configured such that only a
small portion of the process fluid, e.g. less than 10% or
less than 5% enters the fluid passage 31.
[0047] When no dry gas seal is provided at the second
side 14 of the rotor, the rotor length can be reduced as
compared to other turbomachines which include a dry
gas seal also at the second side of the rotor. Further, the
complexity of the turbomachine can be reduced and the
maintenance can be simplified, as no dry gas seal on the
second side of the rotor needs to be maintained. Addi-
tionally, due to the reduced shaft length, the rotor-dynam-
ic behavior and the machine efficiency can be improved.
In particular, an extended second side of the rotor may
lead to rotor instabilities and may increase the power that
is needed for rotating the rotor due to an increased weight
and/or an increased friction of the rotor. On the other
hand, a second side of the rotor having a reduced length
may improve the rotational behavior of the rotor and may
increase the machine reliability.
[0048] Further, costs can be reduced, as the number
of dry gas seals is reduced and the energy for driving the
turbomachine at a predetermined rotational speed can
be decreased. What is more, the amount of inert gas,
sealing gas and/or cooling gas may be reduced, because
no sealing gas for a further dry gas sealing on the second
side is needed, and/or no additional cooling gas for cool-
ing the first magnetic bearing on the second side of the
rotor may be required.
[0049] When the second side of the rotor is completely

sealed from the environment, a leakage of the process
fluid from the fluid passage 31 into the environment can
be reduced or completely avoided. For example, a side
wall 23 and/or a front wall 22 of the housing 20 which
surround the second side 14 of the rotor may completely
seal the fluid passage 31 from the environment.
[0050] According to some embodiments, the cooling
of the first magnetic bearing on the second side 14 of the
rotor is simplified, because the first magnetic bearing can
be cooled with the process fluid which may enter the bear-
ing gap through a clearance between the rotor and the
housing, and no further cooling source and/or no further
cooling channel for introducing a cooling fluid to the first
magnetic bearing 50 may be needed.
[0051] As is depicted in FIG. 1, at least one second
bearing, particularly a second magnetic bearing 55 may
be provided at the driven side 12 for supporting the driven
side 12 of the rotor 10. In particular, a first active magnetic
bearing may be provided for supporting the second side
14 of the rotor, and a second active magnetic bearing
may be provided for supporting the driven side 12 of the
rotor. The one or more impellers of the rotor may be pro-
vided between the first magnetic bearing 50 and the sec-
ond magnetic bearing 55. In some embodiments, each
magnetic bearing may include at least one axial bearing
and at least one radial bearing.
[0052] As is exemplarily depicted in FIG. 1, in some
embodiments, the second magnetic bearing 55 may be
arranged outboard of the sealing arrangement 40, i.e. in
the axial direction between the sealing arrangement 40
and the driven end 11 of the rotor. In other embodiments,
the second magnetic bearing 55 may be arranged in-
board of the sealing arrangement 40, i.e. in the axial di-
rection between the sealing arrangement 40 and the one
or more impellers, as is shown in further detail below.
[0053] FIG. 2 shows a turbomachine 200 according to
embodiments described herein in a schematic sectional
view along an axial direction A of the rotor 10 of the tur-
bomachine 200. The turbomachine 200 of FIG. 2 is sim-
ilar to the turbomachine 100 of FIG. 1 so that reference
can be made to the above explanations which are not
repeated here. However, the positioning of the second
magnetic bearing 55 and of the sealing arrangement 40
are different from the embodiment of FIG. 1.
[0054] The turbomachine 200 may be at least one of
a compressor configured for pressurizing the process flu-
id, an expander configured for expanding the process
fluid, and a pump configured for pumping the process
fluid. The rotor 10 may include one or more impellers 15
which are arranged in the axial direction A between a
first magnetic bearing 50 which is provided to support
the second side 14 and a second magnetic bearing 55
which is provided to support the driven side 12. Both the
first magnetic bearing 50 and the second magnetic bear-
ing 55 may be configured as active magnetic bearings in
some embodiments.
[0055] The sealing arrangement 40 which is arranged
at the driven side 12 of the rotor for sealing a gap between
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the rotor 10 and the housing 20 may be configured as a
dry gas seal. No (further) dry gas seal may be provided
at the second side 14 of the rotor in some embodiments.
[0056] According to one aspect of the present disclo-
sure, the main flow path 30 of the turbomachine 200 may
be (fluidly) open toward the bearing gap 52 of the first
magnetic bearing 50 at the second side 14 of the rotor,
and the main flow path 30 may further be (fluidly) open
toward a second bearing gap 56 of the second magnetic
bearing 55 at the driven side 12 of the rotor. For example,
the main flow path 30 may be in fluid connection with the
bearing gaps of the first and second magnetic bearings.
In particular, a portion of the process fluid may be allowed
to stream into the bearing gap 52 of the first magnetic
bearing 50 through the fluid passage 31, and a further
portion of the process fluid may be allowed to stream into
the second bearing gap 56 of the second magnetic bear-
ing 55 through a second fluid passage 33 which is pro-
vided at the driven side of the rotor.
[0057] In some embodiments, the second fluid pas-
sage 33 may extend from the main flow path 30 through
the second bearing gap 56 for cooling the second mag-
netic bearing 55. The second fluid passage 33 may ex-
tend from the main flow path 30 through a clearance be-
tween the rotor and the housing toward the second bear-
ing gap 56 and toward the sealing arrangement 40 which
may be arranged on the outboard side of the second
magnetic bearing 55. The sealing arrangement 40 may
block a flow of process fluid in the direction of the driven
end of the rotor and may thereby terminate the second
fluid passage 33.
[0058] In some embodiments, which may be combined
with other embodiments described herein, the second
magnetic bearing 55 may be arranged in the axial direc-
tion A between the sealing arrangement 40 and the main
flow path 30, and the second fluid passage 33 may extend
between the main flow path 30 and the sealing arrange-
ment 40. In particular, the second magnetic bearing may
be arranged between the sealing arrangement 40 and
the one or more impellers 15.
[0059] As comparted to the embodiment of FIG. 1, the
positions of the sealing arrangement 40 and of the sec-
ond magnetic bearing 55 may be exchanged so that a
direct cooling of the second magnetic bearing 55 with the
process fluid is possible.
[0060] In the turbomachine 200 of FIG. 2, the sealing
arrangement 40 may be arranged at the driven side of
the rotor, and no further bearing may be arranged on the
outboard side of the sealing arrangement 40. The acces-
sibility of the sealing arrangement 40 may be improved
and the maintenance of the sealing arrangement 40 may
be facilitated. In particular, the sealing arrangement may
be arranged adjacent to a sidewall 24 of the housing 20.
[0061] FIG. 3 shows a turbomachine 300 according to
embodiments described herein in a schematic sectional
view along an axial direction A of the rotor 10 of the tur-
bomachine 300.
[0062] The turbomachine 300 may be a compressor

configured for pressurizing the process fluid. The rotor
10 may include a plurality of impellers which are arranged
in the axial direction A on the rotor 10 between a first
magnetic bearing 50 which is provided to support the
second side 14 of the rotor and a second magnetic bear-
ing 55 which is provided to support the driven side 12 of
the rotor. Both the first magnetic bearing 50 and the sec-
ond magnetic bearing 55 may be active magnetic bear-
ings.
[0063] A sealing arrangement 40, particularly a dry gas
seal, may be arranged at the driven side 12 of the rotor.
In some embodiments, no dry gas seal may be arranged
at the second side 14 of the rotor, and the second side
14 of the rotor may be sealed and surrounded by walls
28 of the housing 20 of the turbomachine. In other em-
bodiments, at least one further seal, particularly a further
dry gas seal may be arranged at the second side 14 of
the rotor on the outboard side of the magnetic bearing,
and the second side 14 may protrude out of the housing
20.
[0064] The turbomachine 300 of FIG. 3 may be con-
figured as a back-to-back turbo-compressor. The rotor
10 may include a first plurality of impellers 315 and a
second plurality of impellers 316 arranged between the
driven side 12 and the second side 14 of the rotor, and
the main flow path may include a first flow path section
331 extending in a first main flow direction X1 past the
first plurality of impellers 315 and a second flow path
section 332 extending in a second main flow direction X2
past the second plurality of impellers 316.
[0065] In some embodiments, the first main flow direc-
tion X1 and the second main flow direction X2 may be
opposite directions. For example, the first flow path sec-
tion 331 may generally extend from the second side 14
of the rotor 10 toward a middle portion 312 of the rotor,
and the second flow path section 332 may generally ex-
tend from the driven side 12 of the rotor toward the middle
portion 312 of the rotor.
[0066] In some embodiments, a barrier 340 may be
arranged at the middle portion 312 of the rotor, between
the first plurality of impellers 315 and the second plurality
of impellers 316, in order to reduce a flow of the process
fluid through a gap between the rotor and the housing at
the middle portion 312 from the first flow path section 331
to the second flow path section 332 and/or vice versa.
The barrier 340 may include a seal such as a labyrinth
seal. The barrier may be configured for a first pressure
on a first axial side of the barrier and for a second pres-
sure on a second axial side of the barrier.
[0067] In some embodiments, which may be combined
with other embodiments described herein, the turboma-
chine 300 may include at least one balance drum con-
figured to compensate an axial thrust of the rotor 10 by
providing a pressure difference between a high-pressure
side and a low-pressure side of the balance drum. For
example, the barrier 340 between the first plurality of im-
pellers and the second plurality of impellers may include
a balance drum, particularly including a seal such as a
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labyrinth seal in the gap between the rotor and the hous-
ing. Alternatively or additionally, a balance drum may be
arranged at the driven side of the rotor and/or at the sec-
ond side of the rotor.
[0068] Turbomachines, in particular turbo-compres-
sors, may be subjected to an axial thrust on the rotor
caused by the differential pressure across the various
compressor stages and the change of momentum of the
process fluid. This axial thrust can be at least partially
compensated by the balance drum and/or by an axial
bearing. Since an axial bearing can typically not be load-
ed by the entire thrust of the rotor, the balance drum may
be designed to compensate for a portion of the thrust,
leaving an (optional) axial bearing to handle any remain-
ing thrust. In some embodiments, no axial bearing may
be necessary. The balance drum may be implemented
as a rotating disc, step or protrusion which is fitted onto
the rotor or which is integrally formed with the rotor. Each
side of the balance drum may be subjected to a different
pressure during operation. In some embodiments, the
diameter of the balance drum may be chosen to have an
appropriate axial load to prevent the residual load from
overloading an axial bearing. Providing a balance drum
may be beneficial in combination with one or more mag-
netic bearings which may not be able to take sufficient
axial loads of the rotor. In some embodiments, which may
be combined with other embodiments described herein,
the turbomachine may include a balance drum arranged
on a high-pressure side of at least one impeller.
[0069] In some embodiments, the balance drum may
be provided as a step, a disc, or a balance piston on the
rotor. The shape of the balance drum is not particularly
restricted, as long as the balance drum is capable of pro-
viding an at least partial compensation of the axial thrust
of the rotor. A pressure difference may be maintained
between a high-pressure side of the balance drum and
a low-pressure side of the balance drum. The balance
drum may include a balance drum seal configured to
maintain the pressure difference between the high-pres-
sure side and the low-pressure side of the balance drum.
In some embodiments, the balance drum seal may be a
labyrinth seal. The balance drum seal may be a rotating
component which is fixed to the rotor, or the balance drum
seal may alternatively be a stationary component which
is fixed to a stationary part of the housing. In some em-
bodiments, a first part of the balance drum seal is fixed
to the rotor, and a second part of the balance drum seal
is fixed to the housing.
[0070] The process fluid may subsequently flow
through the first flow path section 331 and the second
flow path section 332, and the pressure of the process
fluid may increase stepwise while streaming past the first
plurality of impellers 315 and the second plurality of im-
pellers 316. In some embodiments, the first flow path
section 331 and the second flow path section 332 may
be subsequently arranged inside the housing 20 of the
turbomachine 300. In some embodiments, at least a sec-
tion of a flow path between the first flow path section 331

and the second flow path section 332 may extend outside
the housing. In yet further embodiments, the first flow
path section 331 and the second flow path section 332
may be separate flow paths, and/or different process flu-
ids may stream through the first and second flow path
sections.
[0071] In the embodiment shown in FIG. 3, the first flow
path section 331 is a low pressure flow path section con-
figured for pressurizing the process fluid from an en-
trance pressure to an intermediate pressure, and the sec-
ond flow path section 332 is a high pressure flow path
section configured for pressurizing the process fluid from
the intermediate pressure to a discharge pressure. Dif-
ferent arrangements are possible. For example, the first
and/or the second main flow directions may be inverted
in some embodiments.
[0072] As is schematically depicted in FIG. 3, the first
flow path section 331 is fluidly open toward the bearing
gap 52 of the first magnetic bearing 50, and/or no dry
gas seal is provided at the second side 14 of the rotor.
The length of the rotor between the free axial end 13 and
the first plurality of impellers 315 can be reduced and the
rotor stability can be improved. A fluid passage 31 may
extend from the first flow path section 331 through a clear-
ance between the rotor and the housing toward the bear-
ing gap 52 for cooling the first magnetic bearing.
[0073] In the embodiment of FIG. 3, the second mag-
netic bearing 55 is arranged outboard from the sealing
arrangement 40. In other embodiments, the positions of
the second magnetic bearing 55 and of the sealing ar-
rangement 40 may be exchanged. A second fluid pas-
sage may extend from the second flow path section 332
through the second bearing gap of the second magnetic
bearing 55, e.g. through a second clearance between
the rotor and the housing, for cooling the second mag-
netic bearing. In this respect, reference is made to the
embodiment shown in FIG. 2.
[0074] According to a further aspect, a turbomachine
arrangement is provided. FIG. 4A shows a schematic
view of a turbomachine arrangement according to some
embodiments. The turbomachine arrangement includes
a turbomachine 100 according to any of the embodiments
described herein and a driving unit 1000 which is directly
or indirectly connected to the driven side 12 of the rotor
10 of the turbomachine for rotating the rotor 10.
[0075] The driving unit 1000 may be a motor, e.g. an
electric or a hydraulic motor, a turbine, e.g. a gas turbine,
or another driving device.
[0076] The turbomachine 100 may be a "semi-sealed"
turbomachine with a housing 20 which surrounds and
seals the second side 14 of the rotor 10 from an ambient
environment. The driven side 12 of the rotor may protrude
from an interior of the housing 20 of the turbomachine
into an environment which has a pressure which is dif-
ferent from the pressure of the interior of the turboma-
chine.
[0077] In some embodiments, the turbomachine 100
may include a sealing arrangement 40, particularly dry
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gas seal, at the driven side 12 of the rotor for sealing the
main flow path from an environment of the turbomachine.
No further dry gas seal may be provided at the second
side 14 of the rotor.
[0078] FIG. 4B shows a turbomachine arrangement
according to some embodiments described herein. The
turbomachine arrangement includes a turbomachine 600
according to some embodiments described herein, which
is not configured as a "semi-sealed" turbomachine. The
rotor 10 may protrude from both sides of the housing 20
of the turbomachine 600. A further turbomachine 700
which may or may not be configured as a "semi-sealed"
turbomachine may be arranged on the second side 14
of the rotor of the turbomachine 600. The further turboma-
chine 700 may be configured according to any of the
embodiments described herein.
[0079] In some embodiments, the turbomachine 600
includes a seal, particularly a dry gas seal, on both sides
of the rotor, i.e. on the driven side 12 and on the second
side 14 opposite the driven side. The side of the rotor 10
which is directed toward the driving unit 1000 is the driven
side 12 of the rotor of the turbomachine 600, and the side
of the rotor 10 which is directed toward the further tur-
bomachine 700 is the second side 14 of the turbomachine
600.
[0080] The turbomachine 600 may have two or more
dry gas seals for sealing an interior of the turbomachine
600 from an environment on both axial sides of the rotor.
[0081] In some embodiments, the turbomachine 600
may have two magnetic bearings, particularly at least
one magnetic bearing on each side of the rotor 10. At
least one of the magnetic bearings, particularly the first
magnetic bearing 50 on the second side 14, may be ar-
ranged inboard of the seals. For example, as is schemat-
ically shown in FIG. 4B, both magnetic bearings may be
arranged between on an inboard side of the respective
seal on both sides of the rotor. One or both magnetic
bearings may be cooled directly by the process fluid.
[0082] In some embodiments, at least one magnetic
bearing may be arranged outboard of the respective seal
of the turbomachine 600.
[0083] In some embodiments, a plurality of turboma-
chines may be driven by the driving unit 1000 and may
extend at least partially around the rotor 10, e.g. in a
linear arrangement or train, wherein at least one of the
turbomachines may be a semi-sealed turbomachine.
Some or all of the turbomachines may be turbomachines
according to embodiments described herein.
[0084] According to a further aspect described herein,
a method of operating a turbomachine, particularly a tur-
bomachine according to any of the embodiments de-
scribed herein, is described.
[0085] FIG. 5 is a flow diagram of a method of operating
a turbomachine according to some embodiments. In box
510, a rotor 10 of the turbomachine is driven with a driving
unit which is connected to a driven side 12 of the rotor.
The driving unit may be a motor, e.g. an electric or a
hydraulic motor. The rotor 10 may include one or more

impellers which may be fixed at the rotor between the
driven side and the second side of the rotor opposite the
driven side.
[0086] In box 520, a process fluid such as a process
gas is directed along a main flow path 30 which extends
at least partially between the rotor 10 and a housing 20,
wherein a gap between the rotor and the housing is
sealed at the driven side of the rotor. The gap may be
sealed with a sealing arrangement, particularly with a dry
gas seal. A leakage of the process fluid from the main
flow path through a clearance between the rotor and the
housing at the driven side can be reduced or essentially
prevented by the dry gas seal.
[0087] In box 530, a first magnetic bearing 50 which
supports the second side 14 of the rotor opposite the
driven side 12 is cooled with a portion of the process fluid.
[0088] In some embodiments, the portion of the proc-
ess fluid may be allowed to stream from the main flow
path 30 along a fluid passage 31 through a clearance 32
between the rotor and the housing into the bearing gap
52 of the first magnetic bearing 50. Accordingly, the first
magnetic bearing 50 may be cooled with a portion of the
process fluid which may be used as a cooling fluid for
cooling the first magnetic bearing.
[0089] No dry gas seal may be provided at the second
side 14 of the rotor. In particular, no dry gas seal for seal-
ing a clearance between the rotor and the housing may
be provided in an axial direction A between the free axial
end 13 at the second side 14 of the rotor and one or more
impellers 15 of the rotor.
[0090] In some embodiments, which may be combined
with other embodiments described herein, a portion of
the process fluid may be allowed to stream from the main
flow path 30 along a second fluid passage 33 through a
clearance between the rotor and the housing into a sec-
ond bearing gap 56 of a second magnetic bearing 55 at
the driven side of the rotor. Accordingly, the second mag-
netic bearing 55 may be cooled with a (further) portion
of the process fluid which may be used as a cooling fluid
for cooling the second magnetic bearing. In particular,
the sealing arrangement 40 may be arranged on the out-
board side of the second magnetic bearing 55, and/or no
(further) dry gas seal may be arranged between the one
or more impellers and the second magnetic bearing 55
in the axial direction of the rotor.
[0091] In some embodiments, respective portions of
the process fluid are used for cooling both the first mag-
netic bearing 50 at the second side and the second mag-
netic bearing 55 at the driven side. In particular, no ad-
ditional cooling source and/or cooling circuit for cooling
the magnetic bearings may be provided.
[0092] In some embodiments, the first magnetic bear-
ing and/or the second magnetic bearing may include at
least one axial magnetic bearing and/or at least one radial
magnetic bearing, respectively.
[0093] In some embodiments, an axial thrust of the ro-
tor may be compensated by providing a pressure differ-
ence between a high-pressure side and a low-pressure
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side of a balance drum.
[0094] The magnetic bearings may heat up during the
operation of the turbomachine. Accordingly, it may be
reasonable to provide a fluid passage for a cooling me-
dium through the bearing gaps of the magnetic bearings.
The bearing gap of a magnetic bearing may be located
between a lamination of the magnetic bearing on the rotor
and a bearing housing which may surround the rotor. The
lamination may rotate with the rotor during the operation
of the turbomachine, whereas the bearing housing may
be stationary. For example, the bearing housing may be
connected to the housing 20 of the turbomachine. The
bearing gap of a magnetic bearing may surround the rotor
in a circumferential direction. The bearing gap may sur-
round the rotor assembly in the shape of a thin cylinder
barrel.
[0095] When using a cooling medium such as a satu-
rated gas at a comparatively low temperature for cooling,
there is a risk of gas condensation in the bearing gap. A
condensation of a cooling medium in the bearing gap
may lead to a liquid accumulation along the bearing gap.
This may negatively affect the magnetic bearing over
time, impacting the system stability and causing a trip of
the rotor assembly.
[0096] According to some embodiments described
herein, the turbomachine may include a fluid passage
configured to deliver a portion of the process fluid through
the bearing gap of the magnetic bearing for cooling the
magnetic bearing. In other words, the process fluid, which
may typically have a high pressure, is used as the cooling
medium in the bearing gap of the magnetic bearing. Due
to the high gas pressure and the potentially high temper-
ature of the process fluid in the bearing gap, a conden-
sation in the bearing gap can be reduced or entirely avoid-
ed. Instabilities of the rotor can be reduced or avoided.
[0097] According to embodiments described herein,
which may be combined with other embodiments, a tur-
bomachine is described. The turbomachine includes: a
rotor 10 extending in an axial direction A and including a
driven side 12 configured to be connected to a driving
unit and a second side 14 opposite the driven side; a
stationary portion extending around at least a portion of
the rotor 10, wherein a main flow path 30 for a process
fluid extends through the rotor 10 and the stationary por-
tion, wherein the process fluid may alternately pass
through the rotor and the stationary portion; a sealing
arrangement 40 configured for sealing a gap between
the rotor and the stationary portion at the driven side 12
of the rotor; and a first magnetic bearing 50 supporting
the second side 14 of the rotor, wherein a fluid passage
for a portion of the process fluid extends from the main
flow path 30 through a bearing gap 52 of the first magnetic
bearing 50.
[0098] According to further embodiments of the
present subject matter, which may be combined with oth-
er embodiments described herein, a portion of the proc-
ess fluid can be taken from the most upstream or the
most downstream stage of the turbomachine, or else

from an intermediate stage of the turbomachine. The
term "most upstream stage" or "most downstream stage"
used herein may be understood as the first impeller or
the last impeller, respectively, along the main flow path
30 across the turbomachine. Depending upon whether
the turbomachine is a power generating machine,
through which the process fluid is expanded, or a power
absorbing machine, such as a compressor, through
which the process fluid is compressed, the most up-
stream stage can be the stage where the process fluid
has the highest pressure or the stage where the process
fluid has the lowest pressure, respectively.
[0099] Depending upon whether the turbomachine is
a power generating machine, through which the process
fluid is expanded, or a power absorbing machine, such
as a compressor, through which the process fluid is com-
pressed, the most downstream stage can be the stage
where the process fluid has the lowest pressure or the
stage where the process fluid has the highest pressure,
respectively.
[0100] In FIG.6, where the same reference numbers
designate the same elements as described in the previ-
ous figures, an embodiment is schematically shown,
wherein a first portion of process fluid for cooling the first
bearing 50 can be drawn from the main flow path 30 at
an intermediate stage of the turbomachine. A second por-
tion of process fluid for cooling the second bearing 55
can further be removed from the same intermediate
stage, as schematically shown in FIG.6, or from a differ-
ent intermediate stage. In some embodiments the first
process fluid portion and/or the second working fluid por-
tion can be taken from the stage where the highest proc-
ess fluid portion is present. If the turbomachine 200 is a
compressor, the first and/or the second process fluid por-
tion can for instance be drawn from the most downstream
stage of the compressor. The most downstream stage
as understood herein also includes the delivery duct of
the compressor.
[0101] In FIG.6 a drawing line 61 is provided, through
which process fluid is drawn from an intermediate stage
of the turbomachine 200 and delivered through a first
delivery line 65 towards the bearing gap 52 of the first
magnetic bearing 50. Furthermore, a second delivery line
67 the second portion of process fluid can be delivered
towards the bearing gap 56 of the second magnetic bear-
ing 55.
[0102] In some embodiments, the first process fluid
portion and the second process fluid portion can be
cooled in a cooling device 63, for instance a heat ex-
changer. In FIG. 6 the first portion of process fluid and
the second portion of process fluid are collectively drawn
from the same intermediate stage of the turbomachine
200 and are collectively cooled in the same cooling de-
vice 63. The first portion of process fluid and the second
portion of process fluid are divided downstream of the
cooling device 63. In other embodiments, not shown, two
separate cooling devices can be provided
[0103] for the first and second portions of cooling fluid,
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which may be drawn from different points of the main
flow path 30, for instance at different pressures.
[0104] The cooling device 63 can be adapted to reduce
the temperature of the first and/or second portion of proc-
ess fluid prior to delivering the process fluid into the bear-
ing gap 52 or 56. Cooling of the first process fluid portion
and second process fluid portion can be particularly ben-
eficial if the portion of process fluid is drawn from a stage
of the turbomachine, where the temperature of the proc-
ess fluid flow is relatively high. For instance, if the tur-
bomachine is a compressor, the temperature and the
pressure of the process fluid increase in an upstream-to-
downstream direction along the main flow path 30. If the
portion of process fluid for cooling the magnetic bearing
50 and/or the magnetic bearing 55 is drawn from an in-
termediate or downstream stage of the turbomachine,
cooling of the magnetic bearings 50 and 55 can be more
efficient if the respective portion of process fluid is cooled
prior to delivery in the respective bearing gap.
[0105] Similarly, if the turbomachine is a power-gen-
erating machine, the temperature and the pressure of
the process fluid drops in an upstream-to-downstream
direction, such that it may be beneficial to cool the portion
of process fluid drawn from the main flow path 30 and
intended for cooling of the magnetic bearings 50, 55, prior
to delivering into the bearing gaps 52, 56, in particular if
the portion of process fluid is drawn from an intermediate
stage or the most upstream stage of the turbomachine.
[0106] Cooling of the first portion of process fluid, or of
the second portion of process fluid, or both, can be par-
ticularly beneficial in terms of cooling efficiency and bear-
ing temperature control. It can also make the use of proc-
ess fluid as bearing cooling fluid feasible where the tem-
perature of the process fluid in the main flow path 30 is
otherwise too high for cooling purposes, for instance if
the portions of cooling fluid are drawn from the last stage
or from a downstream stage of a compressor, or else
from the first stage, or from an upstream stage of a tur-
boexpander or a turbine.
[0107] In some embodiments, using a portion of proc-
ess fluid under pressurized conditions for cooling of the
magnetic bearing(s) can be particularly beneficial in
terms of cooling efficiency, and can be useful in facilitat-
ing or establishing a proper process fluid flow through
the magnetic bearing(s), or the bearing gaps thereof.
Since flowing through the bearing gaps entails pressure
losses, a pressurized process fluid at the entry side of
the bearing gap can result in improved flow conditions or
better flow control. The term "process fluid under pres-
surized conditions" as used herein may be understood
as process fluid at a pressure value higher than the lowest
pressure of the process fluid along the main flow path.
Thus, if the turbomachine is a compressor, for instance,
a portion of process fluid under pressurized conditions
can be a portion of process fluid drawn from any point of
the main flow path downstream of the suction side. If the
turbomachine is an expander or a turbine, the portion of
process fluid can be drawn from any point of the main

flow path upstream of the exit side.
[0108] In some embodiments, in a multi-stag compres-
sor, process fluid under pressurized conditions can be
drawn from a point of the main flow path 30 downstream
of the first compressor stage.
[0109] Since the flowing conditions of the first portion
of process fluid for cooling the first magnetic bearing 50
can be different than the flowing conditions of the second
portion of process fluid for cooling the second magnetic
bearing 55, said first portion of process fluid and said
second portion of process fluid can be drawn from differ-
ent points of the main flow path 30, under different pres-
surized conditions.
[0110] In some embodiments, the first portion of proc-
ess fluid used for cooling the first magnetic bearing 50,
the second portion of process fluid used for cooling the
second magnetic bearing 55, or both the first portion and
the second portion of process fluid can be recovered and
re-circulated in the main flow path 30. This can be par-
ticularly beneficial if the process fluid cannot be vented
in the environment, e.g. if the process fluid is potentially
harmful, dangerous or polluting.
[0111] According to some embodiments, which can be
combined with other embodiments described above, a
process fluid recovery line can be provided, which can
be directly or indirectly fluidly coupled to the first magnetic
bearing 50 or to the second magnetic bearing 55, or to
both of them. In some embodiments, separate first and
second recovery lines can be arranged in direct or indirect
fluid communication with the first
magnetic bearing 50 magnetic bearing and with the sec-
ond magnetic bearing 55, respectively.
[0112] In the embodiment shown in FIG. 6, the portion
of process fluid used for cooling the first magnetic bearing
50 can be returned directly to the first stage of the com-
pressor through the first bearing gap 52.
[0113] In other embodiments, not shown, the first bear-
ing gap 52, or a volume fluidly coupled thereto, can be
in fluid communication with a process fluid recovery line,
adapted to return the exhausted first portion of process
fluid, used to cool the first magnetic bearing 50, to the
main flow path 30, e.g. at the suction side of turboma-
chine 200.
[0114] In the embodiment shown in FIG. 6 the second
magnetic bearing 55 is fluidly coupled to a fluid recovery
line 69, which returns the portion of process fluid used
for cooling the second magnetic bearing 55 to the suction
side of the compressor.
[0115] The recovery line or both recovery lines, if pro-
vided, can be directly or indirectly fluidly coupled with the
main flow path 30, for instance with the inlet or with the
outlet of the turbomachine, depending upon where the
process fluid in the main flow path has the lowest pres-
sure value. For instance, if the turbomachine 200 is a
compressor the recovery line or lines can end in the first
stage or at the suction side of the compressor.
[0116] The first portion of process fluid used to cool
the first magnetic bearing 50 can thus be recovered once
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said portion of process fluid has removed heat from the
first magnetic bearing 50. Similarly, if also the second
magnetic bearing 55 is present and cooled by a respec-
tive portion of process fluid, this latter can be recovered
after heat removal from the second magnetic bearing 55.
[0117] The points of the main flow path 30 where the
first portion of process fluid and the second portion of
process fluid are drawn and the points where said first
and second portions of process fluid are returned to the
main flow path 30 can be selected, for instance depend-
ing upon the fluid pressure which is desired or required
in the bearing gaps 52, 56.
[0118] In some embodiments a balance drum 71 can
be integrally formed with the rotor 10, or rigidly con-
strained thereto, for co-rotation therewith. In some em-
bodiments, as shown in FIG.6, the balance drum 71 can
be arranged proximate the driven side 12 of the rotor 10.
In some embodiments, the balance drum 71 can be ar-
ranged between the impeller 15 of the stage nearest to
the driven side 12 ofrotor 10, and the second magnetic
bearing 55, as shown in FIG.6. The side of the balance
drum facing the impellers 15 is thus subject to the delivery
pressure of the turbomachine 200, while the opposite
side of the balance drum 71 is subject to the suction side
pressure, or anyhow to a pressure lower than the delivery
pressure, such that a thrust counter-acting the axial thrust
applied by the fluid o the rotor 10 is generated, to reduce
the load on the bearings.
[0119] One or more of the above described features
of FIG.6 can be used separately or in combination in one
or more of the embodiments disclosed with respect to
FIGs 1, 2 and 3. In particular, for instance, while in FIGs.
1, 2 and 3 the portion of the process fluid delivered to the
active magnetic bearings 50 or 55 are drawn from the
turbomachine stage adjacent to the respective active
magnetic bearing, in other embodiments, the portion of
process fluid can be drawn from a stage of the turboma-
chine which is not adjacent to the respective bearing, as
shown in FIG.6. Additionally, in one or more of FIGs 1 to
3, the portion of process fluid drawn from the main flow
path 30 and intended to cool the active magnetic bearing
50 or the active magnetic bearing 55 can be cooled prior
to flowing through the respective active magnetic bear-
ing. Also, in any one of the embodiments of FIGs 1, 2
and 3 a return line can be provided, to return the portion
of the process fluid, which has been used for cooling the
respective active magnetic bearing, to the main flow path
30.
[0120] While the foregoing is directed to embodiments
of the disclosure, other and further embodiments of the
disclosure may be devised without departing from the
basic scope thereof, and the scope thereof is determined
by the claims that follow.
[0121] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A turbomachine (100), comprising:

a rotor (10) extending in an axial direction (A)
and comprising a driven side (12) configured to
be connected to a driving unit and a second side
(14) opposite the driven side;

a housing (20) extending around at least a por-
tion of the rotor (10), wherein a main flow path
(30) for a process fluid extends between the ro-
tor (10) and the housing (20);

a sealing arrangement (40) configured for seal-
ing a gap between the rotor (10) and the housing
(20) at the driven side (12) of the rotor, the driven
side (12) of the rotor being accessible or pro-
truding from an interior of said housing (20), so
that a driving unit can be connected directly or
indirectly thereto; and

a first magnetic bearing (50) supporting the sec-
ond side (14) of the rotor,

wherein a fluid passage (31) for a portion of the
process fluid extends from the main flow path
(30) through a bearing gap (52) of the first mag-
netic bearing (50), said fluid passage (31) con-
figured to deliver a portion of the process fluid
through the bearing gap of the first magnetic
bearing for cooling said first magnetic bearing.

2. The turbomachine according to clause 1, wherein
the main flow path (30) is fluidly open toward the
bearing gap (52) of the first magnetic bearing, par-
ticularly wherein the fluid passage (31) extends from
the main flow path (30) along a clearance (31) be-
tween the rotor (10) and the housing (20) through
the bearing gap (52) and particularly beyond a free
axial end (13) of the rotor.

3. The turbomachine according to clause 1 or 2,
wherein the sealing arrangement (40) comprises at
least one dry gas seal.

4. The turbomachine according to any of the preced-
ing clauses, which is configured as a semi-sealed
turbomachine, wherein the second side (14) of the
rotor terminates in the housing (20) and is sealed by
the housing (20).

5. The turbomachine according to any of clauses 1
to 4, wherein no further dry gas seal is provided at
the second side (14) of the rotor, particularly wherein
no further dry gas seal for sealing a clearance be-
tween the rotor and the housing is provided in the
axial direction (A) between one or more impellers
(15) of the rotor and the first magnetic bearing (50)
and/or between the first magnetic bearing (50) and
a free axial end (13) of the rotor (10).
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6. The turbomachine according to any of the preced-
ing clauses, wherein the turbomachine (100) is at
least one of a compressor configured for pressuriz-
ing the process fluid and a pump configured for mov-
ing the process fluid.

7. The turbomachine according to any of the preced-
ing clauses, wherein the rotor (10) comprises one or
more impellers (15) arranged in the axial direction
(A) between the first magnetic bearing (50) and the
sealing arrangement (40).

8. The turbomachine according to any of the preced-
ing clauses, further comprising a second magnetic
bearing (55) supporting the driven side (12) of the
rotor (10).

9. The turbomachine according to any preceding
clause, wherein the second magnetic bearing (55)
is arranged in the axial direction (A) between the
sealing arrangement (40) and the main flow path
(30), particularly between the sealing arrangement
(40) and the one or more impellers (15).

10. The turbomachine according to any preceding
clause, wherein the main flow path (30) is fluidly open
toward a second bearing gap (56) of the second mag-
netic bearing (55), particularly wherein a second fluid
passage (33) for a portion of the process fluid ex-
tends from the main flow path (30) through the sec-
ond bearing gap (56) for cooling the second mag-
netic bearing (55).

11. The turbomachine according to any of the pre-
ceding clauses, wherein the turbomachine is a back-
to-back turbo-compressor, wherein the rotor com-
prises a first plurality of impellers and a second plu-
rality of impellers arranged between the driven side
(12) and the second side (14) of the rotor, wherein
the main flow path (30) comprises a first flow path
section extending in a first main flow direction past
the first plurality of impellers and a second flow path
section extending in a second main flow direction
past the second plurality of impellers, wherein the
first main flow direction and the second main flow
direction are opposite directions.

12. The turbomachine according to any of the pre-
ceding clauses, further comprising at least one bal-
ance drum configured to compensate an axial thrust
of the rotor (10) by providing a pressure difference
between a high-pressure side and a low-pressure
side of the balance drum.

13. The turbomachine according to preceding
clause, wherein the driven side (12) and the second
side (14) of the rotor protrude out of the housing (20).

14. The turbomachine according to any of the pre-
ceding clauses, wherein at least one of said fluid
passage (31) and said second fluid passage (33) is
in fluid communication with the main flow path (30)
through a cooling arrangement, adapted to remove
heat from the process fluid flowing from the main
flow path (30) towards the fluid passage (31).

15. The turbomachine according to any of the pre-
ceding clauses, wherein at least one of said fluid
passage (31) and said second fluid passage (33) is
in fluid communication with an intermediate stage or
a high pressure stage of the turbomachine, such that
said portion of the process fluid is delivered to the
respective magnetic bearing (50, 55) under pressu-
rized conditions.

16. The turbomachine according to any of the pre-
ceding clauses, further comprising at least one of a
first process fluid recovery duct fluidly coupled to said
first magnetic bearing (50), and a second process
fluid recovery duct fluidly coupled to said second
magnetic bearing (55), for recovering said portion of
the process fluid delivered to the respective magnet-
ic bearing and re-introducing the portion of the proc-
ess fluid in the main flow path (30).

17. A turbomachine arrangement, comprising:

a turbomachine (100) according to any of the
preceding clauses; and

a driving unit (1000), particularly a motor, con-
nected to the driven side (12) of the rotor (10)
of the turbomachine (100) for rotating the rotor
(10).

18. The turbomachine arrangement according to any
preceding clause, further comprising:

at least one further turbomachine, particularly at
least one further turbo-compressor, arranged
between the turbomachine and the driving unit
(1000), wherein the rotor extends through a fur-
ther housing of the at least one further turboma-
chine.

19. A method of operating a turbomachine, compris-
ing:

driving a rotor (10) of the turbomachine via a
driving unit connected to a driven side (12) of
the rotor, said driven side being accessible or
protruding from an interior of a housing (20) of
the turbomachine, so that a driving unit can be
connected directly or indirectly thereto;

directing a process fluid along a main flow path
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(30) extending between the rotor (10) and the
housing (20) of the turbomachine, wherein, at
the driven side (12) of the rotor, a gap between
the rotor and the housing is sealed, particularly
with a dry gas seal; and

cooling a first magnetic bearing (50) which sup-
ports a second side (14) of the rotor opposite
the driven side (12) with a portion of the process
fluid, which is delivered through a bearing gap
of the first magnetic bearing (50).

20. The method according to any preceding clause,
wherein the portion of the process fluid is allowed to
stream from the main flow path (30) along a fluid
passage (31) through a clearance (32) between the
rotor and the housing into a bearing gap (52) of the
first magnetic bearing (50).

21. The method according to any preceding clause,
wherein no further dry gas seal is provided at the
second side (14) of the rotor, particularly wherein no
further dry gas seal for sealing a clearance between
the rotor and the housing is provided in an axial di-
rection (A) between a free axial end (13) of the sec-
ond side (14) and one or more impellers (15) of the
rotor.

22. The method according to any preceding clause,
further comprising:

compensating an axial thrust of the rotor by pro-
viding a pressure difference between a high-
pressure side and a low-pressure side of a bal-
ance drum.

23. The method according to any preceding clause,
further comprising the step of cooling a second mag-
netic bearing (55) which supports the driven side (12)
of the rotor opposite the second side (14) with a fur-
ther portion of the process fluid.

24. The method according to any preceding clause,
further comprising the step of removing at least one
of said portion of the process fluid and said further
portion of the process fluid from an intermediate
stage of the turbomachine.

25. The method according to any preceding clause,
further comprising the step of cooling at least one of
said portion of the process fluid and said further por-
tion of the process fluid prior to directing it to the
respective magnetic bearing (50; 55).

26. The method according to any preceding clause,
further comprising the step of recovering at least one
of said portion of the process fluid from the first mag-
netic bearing (55) and said second portion of the

process fluid from the second magnetic bearing (55)
and re-directing said portion of the process fluid in
the main flow path (30).

Claims

1. A turbomachine (100), comprising:

a rotor (10) extending in an axial direction (A)
and comprising a driven side (12) configured to
be connected to a driving unit and a second side
(14) opposite the driven side;
a housing (20) extending around at least a por-
tion of the rotor (10), wherein a main flow path
(30) for a process fluid extends between the ro-
tor (10) and the housing (20);
a sealing arrangement (40) configured for seal-
ing a gap between the rotor (10) and the housing
(20) at the driven side (12) of the rotor, the driven
side (12) of the rotor being accessible or pro-
truding from an interior of said housing (20), so
that a driving unit can be connected directly or
indirectly thereto; and
a first magnetic bearing (50) supporting the sec-
ond side (14) of the rotor,
wherein a fluid passage (31) for a portion of the
process fluid extends from the main flow path
(30) through a bearing gap (52) of the first mag-
netic bearing (50), said fluid passage (31) con-
figured to deliver a portion of the process fluid
through the bearing gap of the first magnetic
bearing for cooling said first magnetic bearing.

2. The turbomachine according to claim 1, wherein the
main flow path (30) is fluidly open toward the bearing
gap (52) of the first magnetic bearing, particularly
wherein the fluid passage (31) extends from the main
flow path (30) along a clearance (31) between the
rotor (10) and the housing (20) through the bearing
gap (52) and particularly beyond a free axial end (13)
of the rotor.

3. The turbomachine according to claim 1 or 2, wherein
the sealing arrangement (40) comprises at least one
dry gas seal.

4. The turbomachine according to any of the preceding
claims, which is configured as a semi-sealed tur-
bomachine, wherein the second side (14) of the rotor
terminates in the housing (20) and is sealed by the
housing (20).

5. The turbomachine according to any of claims 1 to 4,
wherein no further dry gas seal is provided at the
second side (14) of the rotor, particularly wherein no
further dry gas seal for sealing a clearance between
the rotor and the housing is provided in the axial di-
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rection (A) between one or more impellers (15) of
the rotor and the first magnetic bearing (50) and/or
between the first magnetic bearing (50) and a free
axial end (13) of the rotor (10).

6. The turbomachine according to any of the preceding
claims, wherein the turbomachine (100) is at least
one of a compressor configured for pressurizing the
process fluid and a pump configured for moving the
process fluid.

7. The turbomachine according to any of the preceding
claims, wherein at least one of said fluid passage
(31) and said second fluid passage (33) is in fluid
communication with the main flow path (30) through
a cooling arrangement, adapted to remove heat from
the process fluid flowing from the main flow path (30)
towards the fluid passage (31).

8. The turbomachine according to any of the preceding
claims, wherein at least one of said fluid passage
(31) and said second fluid passage (33) is in fluid
communication with an intermediate stage or a high
pressure stage of the turbomachine, such that said
portion of the process fluid is delivered to the respec-
tive magnetic bearing (50, 55) under pressurized
conditions.

9. The turbomachine according to any of the preceding
claims, further comprising at least one of a first proc-
ess fluid recovery duct fluidly coupled to said first
magnetic bearing (50), and a second process fluid
recovery duct fluidly coupled to said second mag-
netic bearing (55), for recovering said portion of the
process fluid delivered to the respective magnetic
bearing and re-introducing the portion of the process
fluid in the main flow path (30).

10. A turbomachine arrangement, comprising:

a turbomachine (100) according to any of the
preceding claims; and
a driving unit (1000), particularly a motor, con-
nected to the driven side (12) of the rotor (10)
of the turbomachine (100) for rotating the rotor
(10).

11. A method of operating a turbomachine, comprising:

driving a rotor (10) of the turbomachine via a
driving unit connected to a driven side (12) of
the rotor, said driven side being accessible or
protruding from an interior of a housing (20) of
the turbomachine, so that a driving unit can be
connected directly or indirectly thereto;
directing a process fluid along a main flow path
(30) extending between the rotor (10) and the
housing (20) of the turbomachine, wherein, at

the driven side (12) of the rotor, a gap between
the rotor and the housing is sealed, particularly
with a dry gas seal; and
cooling a first magnetic bearing (50) which sup-
ports a second side (14) of the rotor opposite
the driven side (12) with a portion of the process
fluid, which is delivered through a bearing gap
of the first magnetic bearing (50).

12. The method according to claim 11, further compris-
ing the step of cooling a second magnetic bearing
(55) which supports the driven side (12) of the rotor
opposite the second side (14) with a further portion
of the process fluid.

13. The method according to claim 11 or claim 12, further
comprising the step of removing at least one of said
portion of the process fluid and said further portion
of the process fluid from an intermediate stage of the
turbomachine.

14. The method according to any of claims 11 to 13,
further comprising the step of cooling at least one of
said portion of the process fluid and said further por-
tion of the process fluid prior to directing it to the
respective magnetic bearing (50; 55).

15. The method according to any of claims 11 to 14,
further comprising the step of recovering at least one
of said portion of the process fluid from the first mag-
netic bearing (55) and said second portion of the
process fluid from the second magnetic bearing (55)
and re-directing said portion of the process fluid in
the main flow path (30).
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