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DESCRIPTION

Technical field

[0001] The present invention refers to a high-pressure compression unit, preferably but not
exclusively for use in re-injection plant for gases, whether acid or not, and a related method for
compressing a process fluid.

State of the Art

[0002] As is well known, a compressor is a machine which is capable of increasing the
pressure of a compressible fluid (gas) through the use of mechanical energy. The various
types of compressor used in process plant in the industrial field include so-called centrifugal
compressors, in which energy is supplied to the gas in the form of centrifugal acceleration due
to rotation, generally controlled by a driver (electric motor or steam turbine), through a
component called a rotor or impeller.

[0003] Centrifugal compressors may be fitted with a single rotor, in the so-called single stage
configuration, or may have a number of impellers arranged in series, then known as multistage
compressors. More precisely, each of the stages of centrifugal compressor is normally
composed of an intake duct for the gas to be compressed, an impeller, which is able to supply
kinetic energy to the gas, and a diffuser, the role of which is to convert the kinetic energy of the
gas coming out from the impeller into pressure energy.

[0004] US-B-6 390 789 discloses a turbocompressor with a multistage radial turbocompressor
arranged on a common shaft. US-B-6 196 809 discloses a two-stage centrifugal compressor
with a low pressure-side first-stage compressor impeller and a high pressure-side second-
stage compressor impeller mounted on a rotation shaft. US 2003/0059299 A1 discloses a two-
stage compressor. DE-A-1813335 discloses a multi stage turbo-compressor. DE-C-3729486
discloses a compressor with a plurality of stages and WO-A-95 24563 discloses a compressor
with a driven rotatable shaft carrying an impeller rotor stage.

[0005] By gas re-injection is normally meant the reintroduction of natural or inert gas into
subterranean deposits of hydrocarbons, typically containing both gases and liquid crude oil, so
as to increase the pressure within the deposit itself, improving the extraction capacity for crude
oil, and therefore the yield of the well. In addition, the re-injection of gas, particularly acid gas,
into the deposit, can contribute to a reduction in the environmental impact that would otherwise
occur if it were necessary to dispose of the residues from treatment of the gas.

[0006] By "hydrocarbons" is meant all those organic compounds which contain atoms of
carbon and hydrogen.
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[0007] In short, in hydrocarbons, the carbon atoms (C) are linked to one another to form the
core of the molecule, while the hydrogen atoms (H) extend from this core. Up to the present
time, more than 130 thousand types of hydrocarbons have been classified. The most simple
hydrocarbon is methane, having a formula CH4. Increasing the number of carbon atoms, gives
ethane, with a formula C2H6, ethene (or ethylene), C2H4 and acetylene, C2H2. In particular,
crude oil is composed of a mixture of various hydrocarbons, alkanes, but with differences in
appearance, composition and physical/chemical properties. Hydrocarbons are present in
nature in various forms and in mixtures with other gases, which are of little interest and which
are difficult to dispose of.

[0008] In compression plant that carry out the re-injection of gas, which are becoming
increasingly widespread in the oil and hydrocarbons industry, it is necessary to have
compression units available that are capable of operating at high pressures, which at present
are quantifiable from 100 bar to approximately 300 bar. Moreover, it is predicted that future
applications require compression units with higher performance, in order to compress the gas
to pressures in excess of 500 bar.

[0009] In order to compress the fluid, without condensates, it is possible to compress it by
limiting or eliminating inter-refrigeration, with a consequent reduction in the efficiency of the
compression process itself.

[0010] Likewise, it is possible, once the critical state of the fluid has been reached by means of
compression, to condense it through cooling and to continue the compression by means of a
pump positioned externally with respect to the compression unit itself.

[0011] One disadvantage of the traditional high-pressure compression units is the fact that
they are technically difficult to design because of the various problems of a mechanical or fluid-
dynamic nature that are encountered on increasing the maximum output pressure. Examples
of such technical difficulties are: the complications of the systems of external sealing, the fluid
dynamic performance and others.

[0012] Another disadvantage is that the compression units are increasingly required to operate
at pressures well above the critical pressure of the process fluid, causing a worsening of the
above-mentioned technical problems. In addition, the compression of a super-critical fluid at
high temperature reduces the efficiency of the compressor.

[0013] A further disadvantage is that in the event that a normal pump is used externally to the
compression unit, even though such use may contribute to a significant increase in the cost of
the plant, there is a high risk that losses of gas into the atmosphere will arise, which is
particularly critical if acid gases are present.

[0014] In fact, the use of a pump mechanically connected to the compression unit by means of
a shaft passing to the outside, although in some cases this may reduce the mechanical
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complexity of the machine (it is possible to use a single motor to drive the compressor and the
pump), it does bring a significant risk of gas losses from the external dynamic seals that must
be fitted on the shaft connecting the unit and the pump.

[0015] These external dynamic seals are therefore particularly critical in the presence of acid
fluids, which increases the cost of design and maintenance of the unit in order to guarantee the
necessary safety.

[0016] Another further disadvantage is the fact that traditional machines are bulky and heavy
and therefore relatively expensive to transport and install, particularly in marine or submarine
applications where weight is important, such as for example in platforms, "Floating Storage and
Offloading units" (units operating at anchor in the open sea for the storage of oil after
extraction from a marine field), submarine wells and other cases.

[0017] Therefore at present, in spite of the developments in technology, problems remain and
a need is recognized for the production of a high-pressure compression unit for fluids,
particularly but not only acid or dangerous gases, which has a higher performance, is
economically sustainable both in its construction and in maintenance, and which at the same
time guarantees a reduction of risk of losses to the external environment.

Aims and summary of the invention

[0018] The general aim of the present invention is to produce a high-pressure compression
unit for use in industrial plant, which is able to overcome, at least partially, the above-
mentioned problems present in the known technology.

[0019] In particular, it is an aim of the present invention to produce a high-pressure
compression unit capable of operating in an efficient manner, even at pressures well above
100 bar.

[0020] Another aim of the invention is to produce a high-pressure compression unit which is
capable of eliminating, or at least of reducing, the possible escape of gas into the atmosphere,
which is particularly harmful to the environment in the case of acid gases.

[0021] In accordance with the present invention, these aims are achieved by producing a high-
pressure compression unit for industrial plant, as explained in Claim 1, and with a compression
method, as in Claim 15.

[0022] Advantageous aspects of the present invention are explained in the subordinate claims.
[0023] The object of the invention takes the form of an integrated high-pressure compression

unit for a process fluid, comprising at least the following devices: A compression device, able to
compress the process fluid from a substantially gaseous initial thermodynamic state on inlet to
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an intermediate thermodynamic state; a pump connected mechanically to the compression
device, and able to compress the process fluid from said intermediate thermodynamic state to
a final thermodynamic state and a single casing or envelope under pressure (also called
"pressure casing" or "pressure boundary") in which are located at least the compression device
and the pump, mechanically coupled to each other.

[0024] In one particularly advantageous embodiment of the invention, the driving device is also
located inside the casing, directly coupled to the compression device and the pump, so as to
produce a particularly compact compression unit.

[0025] A "compression device" advantageously and preferably means a device suitable for
compressing the gas on inlet to an intermediate thermodynamic state, such as for example by
means of a multistage centrifugal compressor or other device.

[0026] A "pump" is advantageously and preferably means, such a device capable of
compressing the fluid on inlet from the intermediate state to the final thermodynamic state.

[0027] In particular, the fluid in the intermediate thermodynamic state may be in a liquid or
super-critical state; in the first case (the liquid state) the pump can be a multistage centrifugal
pump, or other device, see descriptions below.

[0028] As an advantage, the process fluid on inlet may be a mixture of different gases, that
may contain liquid or solid impurities, such as for example mixtures of acid gases (in re-
injection plant for oil wells), hydrocarbons (in petrochemical plant), natural gas (in gasification
plant) or mixtures containing carbon dioxide (CO2) or others.

[0029] In the preferred embodiment of the invention, the compression unit is manufactured in
such a manner that the above-mentioned pressure casing includes mechanical seals of the
static type only on its external side; in other words, the above-mentioned casing includes
"external static seals” or "gaskets operating on the outside" without "external dynamic seals",
that is to say, avoiding the provision of rotors which extend from the inside of the casing to the
outside.

[0030] However, in this case the pressure casing is preferably manufactured by means of one
or more shells with sealed connections between them by means of the above-mentioned
"static external seals” and possibly enclosed by one or more additional external casings,
depending on the particular design or installation requirements.

[0031] By "dynamic seals" is understood any type of mechanical seal which serves to isolate
two environments between which is situated a rotating member, and which acts upon the
member itself in such a manner as to prevent at least partially the leakage of liquids or gas.

[0032] An "external dynamic seal" is a seal which faces towards the outside of a machine
(environment side) suitable for preventing leaks of process fluids towards the outside with from
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rotating parts that project into the external environment.

[0033] An "internal dynamic seal" is a seal positioned inside a machine (on the process side),
that serves to prevent leaks within the compartments of the machine itself.

[0034] A "static seal" means any type of mechanical seal between two fixed surfaces capable
of isolating two environments in order to avoid leaks of gas or fluid.

[0035] A static seals may also be classified as an "external static seal" that is to say, which
faces towards the outside (environment side) or "internal static seal”, that is to say, positioned
inside a machine (on the process side).

[0036] Such seals, whether static or dynamic may in any case be formed of a series of
components and of numerous types of material - as is well known to engineers in the field - for
example, using elastomers, metals or other materials.

[0037] The pressure casing (formed of one or more shells with sealed connections between
them) has at least one inlet aperture, one outlet aperture and possibly lateral service apertures
which are in communication with the fluid, with an internal flow path for the process fluid;
additional apertures in the casing are provided for the electronic/electrical management and
control systems.

[0038] It should be noted that the pressure casing may be manufactured from a single shell,
and in this case a radial or axial inlet section may be provided (closed by a cover with an
external static seal) which may be necessary for introducing devices into the inside of the shell.

[0039] The pump, in accordance with the invention, is preferably able to work at the same
rotational speed as the compression device, without speed reducers, in order to avoid the
necessity for lubricating circuits for the gears, which will additionally simplify the construction
and maintenance of the unit.

[0040] However, it should not be ruled out that provision could be made for a gearbox or
speed converter between the compression device and the pump, so as to regulate the
rotational speed of the pump independently with respect to the compression device.

[0041] Advantageous embodiments of the invention provide that the compression device and
the pump are driven by a drive shaft by means of the same rotor, achieving an additional size
reduction for the machine, or by means of a number of rotors coupled axially by means of
appropriate mechanical joints.

[0042] In this last case, these mechanical joints may be of a flexible or rigid type, such as for
example a direct coupling or with frontal gear teeth, or magnetic couplings or other type.

[0043] Along the process path between the compression device and the pump, provision may
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be made for at least one device for external cooling of the fluid, in order to increase the output
of the machine as a whole. Moreover, it is possible to provide for additional external cooling
devices between at least some of the intermediate stages of the compression device and / or
the pump, in order to further increase the performance of the machine.

[0044] In one particularly advantageous embodiment, provision is made for at least one
passage aperture for the drive shaft, situated between the pump and one of the other devices
in the unit.

[0045] This passage aperture can have any form or dimension depending on the particular
application, such as for example, having a constant or variable section, a substantially
cylindrical form approximately coaxial with respect to the rotor, or in other forms.

[0046] In one particularly advantageous method of driving, this passage aperture is situated
between the pump and the high-pressure side of the compression device, in order to minimize
the loads on the sealing systems between the compression device and the pump, while at the
same time reducing the mechanical complexity of the unit.

[0047] In another advantageous method of driving, at least one first internal dynamic seal
acting on the rotor on the drive shaft is installed inside this aperture in order to at least partially
impede the passage of the process fluid from one device to the other.

[0048] Preferred embodiments of the invention provide that the first internal seal does not give
a high degree of fluid-dynamic isolation between the devices that fitted on opposing sides of
the passage aperture.

[0049] In accordance with further embodiments of the invention, it is also possible to provide
for some controlled loss or leakage from the first internal dynamic seal, which is useful for the
operation of the unit itself, or, alternatively, to eliminate it, see descriptions below.

[0050] However, the first internal dynamic seal - when it is fitted - is particularly simple and
economic in design, installation and maintenance, since it does not need to guarantee a high
degree of isolation.

[0051] In accordance with another advantageous embodiment of the invention, at least one of
the possible mechanical joints for the rotor on the drive shaft is situated in the passage
aperture, in order to minimize laminar flow losses.

[0052] In accordance with another advantageous embodiment of the invention, at least one
first mechanical support bearing for a rotor on the drive shaft is provided for within the passage
aperture, so as to optimize the rotor dynamics, the static and dynamic load distribution and the
forces transmitted to the machine supports, in particular depending on the length of the drive
shaft and the weight and dimensions of the rotors.
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[0053] This first bearing may be of a traditional type, for example magnetic, or hydrostatically
supported or of another type.

[0054] It should not be ruled out that the installation of the first bearing inside the aperture
could be avoided if it is not necessary for supporting the rotor or for mechanical balancing or
for the rotor dynamics of the unit, for example in configurations in which the axial length of the
rotor is sufficiently short, see descriptions below.

[0055] Finally, one or more of the above-mentioned components (the first seal, the first
bearing, or the joint), or a combination of the same, may be situated in the passage aperture.

[0056] Further mechanical support bearings are provided for in different quantities and
positions on the rotor on the drive shaft in accordance with the particular design requirements.

[0057] All the above-mentioned mechanical bearings may be of an essentially traditional type,
preferably of a type that does not require lubrication, such as for example, bearings of a
magnetic type, or with hydrostatic support or others.

[0058] In one particularly advantageous embodiment, at least one cooling system is provided,
which is able to cool the said mechanical bearing by means of the process fluid so as to
simplify the mechanical complexity of the plant and considerably reduce the costs for
installation and maintenance in return for a small loss in performance due to the quantity of
fluid used for such cooling.

[0059] In particular, the unit, in accordance with the present invention, may include a
protection system for critical mechanical components (for example, the electrical components
such as the motor windings and possible magnetic bearings) produced by means of known
types of protective barrier, in case the process fluid contains corrosive or erosive agents
capable of damaging these items in a very short time.

[0060] It is not to be ruled out entirely that it may be possible to use a cooling fluid other than
the process fluid; in this case an appropriate cooling circuit must be provided, which would
considerably increase the complexity and cost of the unit.

[0061] The above cooling system may be produced with at least one fluid dynamic cooling
circuit of a closed type, that is to say, able to return the process fluid into circulation within the
unit after the cooling of the above-mentioned one or more mechanical support bearings.

[0062] In particular, the possible positioning of the first bearing in the passage aperture,
although offering the above-mentioned advantages, may present difficulties with respect to its
cooling as a result of the particular configuration of the unit, particularly if this bearing is fed at
least partially by the process fluid at a high temperature, which is above the cooling
temperature.
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[0063] In order to try to overcome such difficulties, while at the same time optimizing the
cooling and reducing the mechanical complexity for the unit, a study has been made for a first
fluid dynamic cooling circuit for this first bearing depending on the various configurations and
operating requirements, such as for example, conditions of the flow of the process fluid within
the passage aperture as a result of the seal which might possibly be fitted there, or in other
circumstances.

[0064] In the preferred embodiment of the invention, the compression device is a centrifugal
compressor with one or more stages, each formed with a centrifugal impeller and with related
channels in the stators, the drive device is an electric motor, and the pump is a pump for
liquids or super fluids having one or more stages, which are also each formed of one
centrifugal impeller and related channels in the stator.

[0065] In particular, the centrifugal impellers of the compression device and the pump are
preferably combined on the same rotor on the drive shaft, so as to achieve a particularly
compact compression unit.

[0066] The term "super-critical fluid" means a fluid which is at a temperature higher than the
"critical temperature” and at a pressure higher than the "critical pressure”. In such conditions,
the properties of the fluid are partially analogous to those of a liquid (for example, the density)
and partially similar to those of a gas (for example, the viscosity), see descriptions below in
reference to Fig.1B. In accordance with another aspect, the present invention concerns a
method for the compression of a process fluid comprising at least the following phases: to
provide a single pressure casing or pressurized envelope closed by means of "static external
seals”, that is to say, without "dynamic external seals";

to provide inside the said single pressure casing or pressurized vessel, at least one
compression device able to compress a fluid on inlet from one substantially gaseous
thermodynamic state to an intermediate thermodynamic state; at least one pump connected
mechanically to the compression device and able to compress the process fluid from the
intermediate thermodynamic state to a final thermodynamic state, and at least one motor
device able to drive the above-mentioned compression device and pump through the same
drive shaft;

to activate the motor device so as to compress the process fluid to the final thermodynamic
state or to the delivery state.

[0067] In one particularly advantageous method of drive, the activation phase provides for
activating the compression device for compressing the process fluid to the intermediate
thermodynamic state at a super-critical level, and activating the pump in order to further
compress this super-critical fluid from the super-critical thermodynamic state to the
thermodynamic state for final delivery.
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[0068] It cannot be entirely ruled out that the fluid in the intermediate thermodynamic state
may be in a liquid phase depending on a particular application.

[0069] Subsequent intermediate phases may can be provided to cool the process fluid during
the compression carried out by means of the compression device and / or the pump.

[0070] The above-mentioned activation phase may also provide at least one of the following
initial sub-phases:

to activate an external feed circuit for refilling at least partially the pump with a process fluid in
thermodynamic conditions similar to that which is fed by the compression device; and then to
activate the compression device and, at the same time, the pump through the same drive
shaft; or

to activate the pump with a delay with respect to the compression device in such a manner as
to fill, at least partially, the pump before it is activated; or

to activate the compression device and the pump simultaneously through the same drive shaft;
in this case the second device rotates in idling mode until the fluid arrives to fill it.

[0071] One advantage of a compression unit in accordance with the present invention is the
fact that it is able to operate in an efficient and effective manner at high pressures, overcoming
at least partially the problems with known compression units.

[0072] In particular, in accordance with one preferable embodiment, such a unit is able to
compress a process fluid up to pressures well above its critical pressure with a high output,
since the compression of the fluid in a super-critical state is carried out to a large extent by
means of a centrifugal pump, which suffers a reduction in efficiency which is less than that
suffered by the centrifugal compressor.

[0073] Another advantage is the fact that there is an enormous reduction in the risk that losses
of gas to the atmosphere may occur (particularly critical in the case of acid gases) since the
systems of sealing towards the external environment are particularly effective and efficient; at
the same time there is also a reduction in the requirement for periodic maintenance and
inspection of the said sealing systems towards the external environment, and therefore the
costs both of design and maintenance are reduced.

[0074] A further advantage is that such units are extremely versatile, since it is possible to
provide many configurations depending on the plant, environmental conditions or types of
working fluid, such as for example, plant in the desert, submarine plant, plant for re-injection of
gas for oil wells or others. In particular, the possible configurations may be achieved through a
different relative positioning of the compression devices and/or the motor, through a different
number or positioning of the mechanical bearings (for example, providing at least one first
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support bearing in the passage aperture) or in other ways.

[0075] However, another advantage is that it is possible to carry out dynamic rotary balancing
of the unit in accordance with the invention, which for this kind of machine is a particularly
critical aspect, as a result of the particular demands of their use, such as for example, on the
basis of the maximum power, the conditions of the fluid on inlet and/or delivery, the number of
revolutions etc.

[0076] A further advantage is that it is possible to compress a mixture of different fluids, such
as for example, a mixture of acid and/or dirty gases, obtaining a high compression
performance and minimizing the possible disadvantages.

[0077] One advantage of one particular embodiment, in the case of a compression unit in
accordance with the invention being used in a plant for re-injecting acid gas into a hydrocarbon
well, can be seen in the fact that it is possible to increase the output of the well (that is to say,
increase the quantity of hydrocarbons extracted) when compared with re-injection with
traditional compression units, since it is possible to re-inject the gas at the super-critical stage
at very high pressures, and in a manner that is extremely safe.

[0078] Finally, the compression unit in accordance with the present invention has a particularly
high performance and is particularly versatile, while at the same time being safer for the
environment and the users.

[0079] Further advantageous characteristics and embodiments of the method and the device
in accordance with the invention are indicated in the attached claims, and will be further
described below, with reference to some non-exhaustive examples of embodiment.

Brief description of the drawings

[0080] The present invention can be better understood, and its many aims and advantages
can become evident to experts in the field, by referring to the schematic drawings attached,
which show practical, but not exhaustive, examples for the invention. In the drawings:

Figure 1 is a schematic view in longitudinal section of one embodiment of a high-pressure
compression unit produced in accordance with the present invention;

Figure 1B is a schematic graph showing the phase diagram for carbon dioxide CO2;

Figure 2 is a schematic view in longitudinal section of a component of the high-pressure
compression unit in accordance with one embodiment of the invention; and

Figure 3 is a schematic view in longitudinal section of a component of the high-pressure
compression unit in accordance with another embodiment of the invention;



DK/EP 2295811 T3

Figure 4 is a schematic view in longitudinal section of a component of the high-pressure
compression unit in accordance with a further embodiment of the invention; and

Figures 5A to 5C show in a schematic form different configurations for a compression unit in
accordance with the invention.

Detailed description of some of some preferred embodiments of the invention

[0081] In the drawings, in which the same numbers represent the same parts in all the
different diagrams, a high-pressure compression unit is shown in accordance with one
embodiment of the invention indicated as 1 and includes a single pressure casing or envelope
3, inside which are located at least the following:

a compression device C able to compress a process fluid F from one substantially gaseous
thermodynamic state on inlet (at an inlet pressure Pi and outlet temperature Ti, depending on
the type of fluid and the particular application) to an intermediate thermodynamic state (at an
intermediate pressure Pi and at an intermediate temperature T4);

a pump P able to compress the fluid F from the intermediate thermodynamic state (except for
possible losses) up to a final thermodynamic state (at an outlet pressure of Pf and at an outlet
temperature Tf) and mechanically coupled to the first device C along the same drive shaft X1;
and

an electric motor device M coupled mechanically along the drive shaft X1 to drive the
compression device C and the pump P.

[0082] In particular, the inlet pressure Pi may be essentially low (approximately 1 bar) or
essentially high (above 100 bar); and correspondingly the outlet pressure Pf may be above
100 bar, or rather up to approximately 500 bar or more. The temperatures Ti and Tf may vary
correspondingly in accordance with the phase equations for the specific fluid used, depending
on the relevant application or process.

[0083] In the embodiment shown here, the compression device C is a centrifugal compressor,
having six stages C1 to C6 (each comprising a centrifugal impeller and a stator groove system)
and a motor device M, which is an electric motor of the sealed type which is interposed
between the second stage C2 and the third stage C3 of the compressor C.

[0084] Similar configurations for a compression unit are described for example in patent
applications US-2007-196215 from the same owner and US-2008-275865 in the name of
General Electric.
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[0085] It is clear that the number of stages and their positioning with respect to the motor M
may vary depending on the particular construction or requirements for use, see below.

[0086] The pressure casing 3 is produced using a number of shells 3A, 3B, 3C, 3E and 3F,
closed by sealed from each other by external static seals 2A to 2D and a number of bolts 4A to
4D, partially shown in Fig. 1.

[0087] It is clear that the fastening system using bolts 4A-4D is indicated here by way of
example, and any other known type [of fastening system] can be used; moreover, the number
and arrangement of bolts 4A-4D and of seals 2A-2D depends on the number of shells 3A-3F
and on their shape, which may vary depending on the particular construction requirements.

[0088] Moreover, it is possible to provide a further external container casing, not shown in the
diagram for simplicity.

[0089] Casing 3 has an inlet aperture 6A and an outlet aperture 6B for the fluid F in shell 3A
and 3C respectively, and lateral service apertures 6C, 6F, 6G, 6H and 6M for the fluid F, see
description below. A further aperture 6L is provided for the electrical/electronic connections -
not shown in Figure 1 for simplicity - that are necessary for the operation and control of the
said unit 1.

[0090] The pump P shown here is a 6-stage centrifugal pump , see also the descriptions
referred to in Fig.2, Fig.3 and Fig.4, arranged downstream on the high pressure side of the
compressor C.

[0091] As an advantage, the intake side of the pump P is placed side by side with the delivery
side (high pressure stage) of the compressor C inside casing 3 in order to minimize the loads
on the sealing systems between the two devices, while at the same time reducing the
mechanical complexity of the unit.

[0092] The drive shaft X1 is produced - in the configuration described - by means of a first
rotor 7A associated with the compression unit C and the motor M, and a second rotor 7B
associated with pump P; rotors 7A and 7B are coupled axially by means of a mechanical
coupling 9, see also Fig.2; therefore the motor M drives directly either compressor C or pump
P.

[0093] It is clear that the drive shaft X1 may be produced with a different number of rotors, for
example, one single rotor or more than two, depending principally on their length.

[0094] In Fig.1 it should also be noted that there is a passage aperture 10 - see also
descriptions in reference to Fig.2, Fig.3 and Fig.4 - between compressor C and pump P in

which is provided coupling 9 and a first support bearing 11A.

[0095] The aperture 10 is presented in a form which is approximately cylindrical and coaxial
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with the rotor 7B, although it cannot be entirely ruled out that the aperture 10 may be produced
with a different form and dimensions depending on the particular application.

[0096] In addition, provision is made for a second support bearing 11B to support the end of
the drive shaft X1 at the end towards pump PI, a third and a fourth support bearing, 11C and
respectively 11D, fitted at opposite ends in relation to compressor C and a fifth and sixth
support bearing, 11E and 11F respectively, fitted at opposite ends with respect to the motor M.

[0097] As an advantage, the fourth bearing 11D is of the axial type and is able to withstand the
axial loads, at least in part, thanks to a balancing system - not shown in the diagram for
simplicity - which makes provision for pressurizing the side of the bearing facing compressor C,
as for example is described in the patent applications referred to above.

[0098] It should be noted that in the configuration of the unit 1 described here, the support
bearings 11A-11F are provided in such a manner as to facilitate the longitudinal and radial
balancing of the machine; it is therefore possible to provide for different configurations of the
unit in which the bearings are different in number and/or position depending on the particular
application.

[0099] In addition, provision is made for a cooling system 21 of the closed type for cooling
mechanical bearings 11A-11F using the process fluid.

[0100] In particular, the system 9 may comprise at least one fluid dynamic cooling circuit - not
shown in Fig.1 for simplicity - able to provide a fluid link from one of the last stages C5 or C6 of
the compressor C to the bearings 11B to 11D so as to cool them using the process fluid itself.

[0101] In addition, provision is made for a first external cooling device 13 for the fluid F with a
fluid link to the inlet of the delivery aperture 6G of the compressor C and to the outlet of the
intake aperture 6H of pump P, so as to cool the process fluid leaving the compressor C before
entering pump P.

[0102] In addition, provision can be made for further cooling devices, schematically indicated
as 13A and 13B, which are in fluid connection with some of the stages CI-C2 and C4-C5 of the
compressor C by means of the lateral service apertures at the inlet and outlet 6C, 6E and 6D,
6F respectively so as to carry out successive cooling so as to increase the degree of
compression of the fluid.

[0103] It should be noted that each lateral service aperture 6A-6F, when provided, has a
provision for a coupling flange with external static seals, not shown in the diagram for simplicity.

[0104] The invention provides an external feed circuit 16, indicated in dotted lines in Fig.1,
comprising a tank 16A with a fluid link between the pump P and a possible first cooler 13 by
means of a connecting pipe 16B and a 3-way valve 16C so as to at least partially fill the pump
P with a fluid under the same conditions as that which is being fed by the compressor C during
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the start-up of machine 1, see also description above. In Fig.1B is shown a phase diagram for
carbon dioxide (CO2) in which the temperature in degrees Celsius is shown in the abscissa
and the pressure in bar is shown in the ordinate.

[0105] This graph shows the four thermodynamic conditions in which CO2 may be situated
depending on temperature/pressure: gaseous fluid (under ambient conditions), liquid fluid,
solid or super-critical (at high pressure and temperature). In addition, the first triple point T1
should be noted, in which a thermodynamic gaseous phase FG, a solid FS, a liquid phase FL
and a critical point T2 at which the gaseous thermodynamic phase FG, the liquid phase FL and
the super-fluid phase FSF coexist. The triple point is at a temperature of approximately 210°C
and a pressure of approximately 8 bar and critical point T2 is at a temperature of
approximately 90°C and a pressure of approximately 300 bar.

[0106] It is clear that this diagram for CO2 is given here only as an example, since this unit can
work advantageously with fluids which are more aggressive and dangerous than CO2, such as
for example H2S, N2 and others.

[0107] It should be noted that in general, a "centrifugal compressor” is defined as a machine
that works with a fluid in the gaseous state, and a "centrifugal pump" as a machine that works
with a liquid fluid, whilst a fluid in the super-critical phase can be processed either by a
compressor or a centrifugal pump. In particular, the definition "centrifugal pump for a super-
critical fluid" can be defined as a machine that works with a super-critical fluid presenting a low
density, whilst a "centrifugal compressor for a super-critical fluid" is a machine that works with a
super-critical fluid with a high density.

[0108] In this description and in the attached claims a "pump” is also understood to refer to a
machine that is able to compress a fluid in the liquid or super-critical phase (as indicated
above), either at high or low density, and which for simplicity we can refer to by the generic
term "centrifugal pump". The operation of unit 1 provides for taking in the process fluid - see
arrow F1, that shows the direction of flow of the fluid - from the inlet aperture 6A, for it to
undergo a first compression in the first stage C1 of the compressor C, so that the fluid leaves
via the lateral aperture 6B to flow inside the cooler 13A and then be compressed in the second
stage C2 via aperture 6C. From the second stage C2 the fluid flows into the outlet aperture 6D
and then into the inlet aperture 6M through the motor M (cooling the motor M and the bearing
11F) and arrives at the third stage C3; after the fourth stage C4 it then leaves via the lateral
aperture 6E in order to flow into the cooler 13B and then pass into the fifth stage C5 and
subsequently to the sixth stage C6. From the sixth stage C6 the fluid leaves via the delivery
aperture 6G in order to pass through the cooler 13, and then is fed into the pump P through
the intake aperture 6H. Inside the pump P the fluid is processed as is described in reference to
Figs.2 to 4, so that it leaves through the outlet aperture 6B.

[0109] Fig.2 shows an enlarged section of the pump P from Fig.1 in which in particular the
shell 3C and the lateral shell 3F of the casing 3 should be noted, as well as the second rotor
7B supported by the first bearing 11A and the second bearing 11B (each composed of a
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magnetic bearing and an additional service bearing). This pump P is of the type with six stages
Pl to P6 (each comprising a centrifugal impeller and a stator groove system 15) in a
configuration in which the first three stages form a low pressure section and the following three
stages form a high pressure section in order to raise the pressure Pi of the fluid F up to the
outlet or delivery pressure Pf. It is clear that this pump P is only described for the purposes of
explanation, and that it can be of any other type or configuration as, for example a
reciprocating pump or other type.

[0110] In this diagram, there can also be observed the passage aperture 10 between the
pump P and the compressor C, which is fitted inside, in the configuration described here, with
coupling 9 and the first bearing 11A.

[0111] It is clear that such passage aperture 10 can be produced with different forms and
dimensions depending on the particular application, see description above.

[0112] In one particularly advantageous embodiment, see also Figure 2, provision is made for
a first internal dynamic seal for the rotor 7A associated with the aperture 10 in the vicinity of the
delivery side of the compressor C, able to prevent, at least partially, the fluid passing from the
delivery side of the compressor C to the inside of the said aperture 10.

[0113] Such first seal 19 may be of the labyrinth type (also called "labyrinth seal”, "honeycomb
seal", "damper seal" or "dry gas seal") or another type. It should be noted that a controlled
leakage may be provided for in seal 19; it is likewise possible to eliminate seal 19, see
description below.

[0114] As indicated above, the location of the first bearing 11A in the passage aperture 10,
although presenting the above advantages for longitudinal balancing and rotary dynamic
balancing, also presents a difficulty regarding its cooling, since bearing 11A may be immersed
at least partially in the process fluid at high temperatures, proceeding from the high pressure
side of the compressor C due to leakage from the first seal 19, the temperature of this fluid
being higher than the cooling temperature necessary for bearing 11A.

[0115] In a first embodiment, the cooling system, 21 comprises at least one first fluid dynamic
circuit 22 produced using ducts 22A, 22B or 22C - still referring to Fig.2-able to tap off, see
arrow F2a, a part of the process fluid from the first stage PI, from an intermediate stage P2-P6
or respectively from the outlet aperture 6B of the pump P.

[0116] The pressure of the fluid tapped off is however higher and the temperature is lower in
comparison with those of the output of the compressor C; in this manner the fluid can cool the
bearing 11A and penetrate the aperture 10, from which it can leave via the first seal 19 in the
form of leakage or loss from the said seal, reintroducing itself into the output of the compressor
C. In a second embodiment, the cooling system 21 comprises at least one second fluid-
dynamic circuit 23 - see Fig.3 - produced with first ducts 23A able to tap off, see arrow F2b,
part of the process fluid from intake 6G of the pump P, and mounted on support 15B of bearing
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11A and/or through second ducts 23B mounted between the support 15B and the rotor 7B.

[0117] A first or second relief pipe 23D, 23E is advantageously provided in order to provide a
fluid link, still referring to arrow F2b, between the bearing 11A and one of the stages C1 to C6
of the compressor C or respectively in order to provide a fluid link between the aperture 9 and
one of the stages C1 to C6 of the compressor C, so as to direct the cooling fluid towards the
compressor C.

[0118] In this case, the possible seal 19 permits a loss or leakage from the compressor C
towards the pump P, the fluid from which can mix with the cooling fluid to be drawn from the
compressor C through channels 23A or 23B.

[0119] In a third embodiment, the cooling system 21 comprises at least a third fluid dynamic
circuit 24 - see Fig.4 - able to cool bearing 11A thanks to part of the process fluid coming, see
arrow F2c, from the output of compressor C via a calibrated tapping from the first seal 19 or,
as an alternative, from a hole into the passage aperture 10, that is, eliminating seal 19.

[0120] In addition, provision is made for suitable pipes 24A on the support 15B for the bearing
11A and/or a space 24B produced around the rotor 7B in order to provide a fluid link, still
referring to arrow F2c, between the bearing 11A and the first stage Pl of the pump P, in such a
manner that the cooling fluid can mix with the process fluid upstream of the pump P.

[0121] In combination with this third fluid dynamic circuit 24 provision can also be made for
cooling devices (not shown in the diagram for simplicity) between the compressor C and the
pump P, or better in the passage aperture 10, so as to permit the cooling, at least of that part
of the fluid used for cooling down to a temperature that is suitable for cooling bearing 11A more
effectively.

[0122] For any one of the above-mentioned cooling circuits, it is also possible to provide for
further pressurizing systems - not shown in the diagram for simplicity - in order to increase the
pressure of the fluid in the said aperture 10 in an appropriate direction, as for example, a spiral
surface keyed into the shaft 7B or a molded nozzle shape in the aperture 10 or other solutions.

[0123] However, it is understood that the above-mentioned fluid dynamic cooling circuits 22,
23 and 24 for the bearing 11A are not in any way exhaustive for the invention, since they
simply represent examples of embodiments of the invention itself.

[0124] For example, it is possible to provide a pipe - not shown in the diagram for simplicity - to
tap off part of the process fluid upstream of the pump P and downstream of the first cooling
device 13, or another pipe able to tap the process fluid from one stage of the compressor C,
introduce it into a cooler and then into bearing 11A, and thus send it back to the compressor C
or some alternative arrangement.

[0125] In order to cool the fourth bearing 11D, the cooling system 21 may comprise a fourth
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fluid dynamic circuit - not shown in the diagram for simplicity - able to tap a part of the fluid
from one of the stages P1-P6 of the pump P, send it to the said bearing 11D and then to one of
the subsequent stages P2-P6 of the said pump P.

[0126] For cooling the other bearings 11B to 11F installed in the unit 1, the cooling system 21
may likewise provide for at least one additional fluid dynamic circuit - which also is not shown in
the diagrams for simplicity - able to tap part of the fluid from one stage of the pump P and/or
from the compressor C, in order to feed it into each bearing 11B-11F and then to reintroduce it
into the nearest process flow.

[0127] It is clear that the cooling system 21, which is here described by way of example, is not
in any way exhaustive for the invention.

[0128] Fig.5A shows in a schematic manner, the configuration of the compressor unit 1 in the
preceding diagrams, in which, in particular, the positioning of bearings 11A-11F should be
noted.

[0129] This configuration is particularly compact, while at the same time facilitating the
dynamic balancing of the rotor, since it guarantees optimal balancing of the different machines
(compressor C, pump P and motor M).

[0130] Fig.5B shows another configuration of the machine similar to the preceding ones, but in
which stages C3 to C6 of the compressor C have been eliminated.

[0131] In this case, the aperture 10, the bearings 11A, 11B, 11C, 11D and 11F and the cooling
systems can be embodied in one of the configurations described below.

[0132] In this manner it is possible to obtain a compression unit that is even more compact and
robust in its dynamics.

[0133] Fig.5C shows a compression unit in accordance with another configuration of the
invention similar to those above, but in which the first two stages C1, C2 of the compressor C
have been eliminated, obtaining also in this case, a particularly compact and robust unit.

[0134] The aperture 10, the bearings 11A, 1B, 11D, 11E and 11F and the cooling systems can
be produced with one of the configurations described above; in particular, the motor M and the
bearing 11F can be cooled by making provision for suitable downstream taps.

[0135] It is clear that the above configurations are in no way exhaustive for the invention, since
a large number of configurations can be envisaged on the basis of the operating conditions
(pressure and temperature of the fluid, etc) and/or the rotation speed necessary for a
particular application.

[0136] For example it is possible to eliminate at least one of the two bearings 11A or 11D or
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both of them, possibly replacing them with a rigid mechanical coupling, or with a single rigid
rotor, or other solution.

[0137] It is also possible to eliminate at least one of the bearings 11E or 11F or both of them,
for example, by reducing the number of stages of the compressor C or optimizing the design in
other ways.

[0138] Moreover, it is possible to provide different configurations for the compressor C and/or
for the pump P or for the cooling devices 13, 13A and 13B on the basis of the particular
application.

[0139] In accordance with a further advantageous embodiment, the casing 3 may be produced
(using a single shell or several shells) in such a manner as to permit the axial insertion and
extraction of the compressor C, of the pump P and the motor M, in order to facilitate the fitting
and maintenance of the said unit. It should be noted that in this last configuration, the passage
aperture 10 provides adequate clearance to permit such insertion and extraction, with a
molded wall that may be applied inside.
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PATENTKRAV

1. Integreret hgjtryks-komprimeringsenhed til en procesvaeske, der omfatter

mindst fglgende:

en komprimeringsanordning (C), der kan komprimere procesvaesken fra
en gasformig termodynamisk indledende tilstand (Pi, Ti) til en termodynamisk

mellemtilstand (P4, T1);

kendetegnet ved en pumpe (P), der er mekanisk forbundet til
komprimeringsanordningen (C) og kan komprimere procesvaesken fra den
termodynamiske mellemtilstand (P+, T+) til en termodynamisk endelig tilstand (Pf, Tf);

en ekstern kaleanordning, der er tilvejebragt i procesvejen mellem

komprimeringsanordningen (C) og pumpen (P);

et eksternt fgdekredslgb (16), der i det mindste delvist fylder pumpen (P)
med procesvaeske, hvor procesveesken har den samme termodynamiske tilstand
som den, der fgdes af komprimeringsanordningen (C) under aktivering af

komprimeringsanordningen (C) og, samtidig, pumpen (P);

en motoranordning (M), der kan drive komprimeringsanordningen (C) og

pumpen (P); og

et trykhus (3), som mindst indeholder komprimeringsanordningen (C) og

pumpen (P), der er mekanisk koblet til hinanden.

2. Komprimeringsenhed ifglge krav 1, kendetegnet ved, at

motoranordningen (M) er indeholdt i trykhuset (3).

3. Komprimeringsenhed ifglge krav 1 eller 2, kendetegnet ved, at
motoranordningen (M) er direkte koblet til komprimeringsanordningen (C) og

pumpen (P).

4. Komprimeringsenhed ifalge krav 1, 2 eller 3, kendetegnet ved, at
komprimeringsanordningen (C), pumpen (P) og motoranordningen (M) er
mekanisk koblet til hinanden pé en enkelt drivakse (X1).
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5. Komprimeringsenhed ifalge et hvilket som helst af de foregadende krav,
kendetegnet ved, at trykhuset (3) omfatter mekaniske forseglinger (2A, 2B, 2C,
2D) af kun den statiske type pa den udvendige side.

6. Komprimeringsenhed ifglge et hvilket som helst af de foregaende krav,
kendetegnet ved, at procesvaesken, i brug, er i en flydende eller superkritisk
tilstand i den termodynamiske mellemtilstand (P4, T1) og/eller i den
termodynamiske endelige tilstand (Pf, Tf).

7. Komprimeringsenhed ifalge et hvilket som helst af de forudgaende krav,
kendetegnet ved, at procesvaesken, i den termodynamiske mellemtilstand eller
endelige tilstand (P4, T1; Pf, Tf), har et tryk, der er starre end 80 bar, fortrinsvist

starre end 100 bar.

8. Komprimeringsenhed ifalge et hvilket som helst af de forudgaende krav,
kendetegnet ved, at pumpen (P) kan virke med den samme
omdrejningshastighed som komprimeringsanordningen (C).

9. Komprimeringsenhed ifalge et hvilket som helst af de forudgaende krav,
kendetegnet ved, at komprimeringsanordningen (C) og pumpen (P) er af
centrifugaltypen, der omfatter respektive centrifugalpumper (C1-C6; P1-P6), der er
forbundet med statorkanaler; hvor centrifugalpumperne (C1-C6; P1-P6) er
forbundet langs drivaksen (X1) og er drevet af mindst en rotor (7A, 7B), der er
koaksial med drivaksen (X1).

10. Komprimeringsenhed ifalge et hvilket som helst af de forudgaende krav,
kendetegnet ved, at den omfatter mindst en passageabning (10) til mindst en
rotor (7A; 7B), der er anbragt langs drivaksen (X1) mellem pumpen (P) og en af
anordningerne (C; M) i maskinen.

11. Komprimeringsenhed ifglge krav 10, kendetegnet ved, at
abningspassagen (10) er placeret mellem pumpen (P) og hajtrykssiden af

komprimeringsanordningen (C).

12. Komprimeringsenhed ifalge krav 10 eller 11, kendetegnet ved, at
abningspassagen (10) omfatter mindst en af falgende komponenter:
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mindst en fgrste indvendig dynamisk forsegling (19), der virker pa den
mindst ene rotor (7A; 7B) for at tilvejebringe et lille kalibreret tab eller laek, der er
nyttigt for den pageeldende enheds funktion;

mindst en mekanisk kobling (9), der mekanisk kan koble to dele af den
mindst ene rotor (7A; 7B);

mindst et farste mekanisk leje (11A) til den mindst ene rotor (7A; 7B).

13. Komprimeringsenhed ifalge et hvilket som helst af de forudgaende krav,
kendetegnet ved, at den omfatter mindst et kalesystem (21; 23) af en lukket type,
der kan kgle et eller flere mekaniske lejer (11A-11F) til den mindst ene rotor (7A;

7B) ved hjeelp af arbejdsveesken.

14. Komprimeringsenhed ifalge et hvilket som helst af de forudgaende krav,
kendetegnet ved, at den eksterne kgleanordning omfatter mindst en keler (13;
13A; 13B) til arbejdsvaesken i veeskeforbindelse mellem
komprimeringsanordningens eller pumpens (C; P) pa hinanden folgende trin.

15. Fremgangsmade til komprimering af en procesveaeske, der omfatter mindst
falgende trin:

tilvejebringe et trykhus (3), der er lukket mod maskinens yderside ved
hjeelp af statiske udvendige forseglinger eller pakninger;

i trykhuset (3) tilvejebringe mindst en komprimeringsanordning (C), der
kan komprimere procesvaesken fra en i det vaesentlige gasformig termodynamisk
indledende tilstand (Pi, Ti) til en termodynamisk mellemtilstand (P1, T1); T1);
mindst en pumpe (P), der er mekanisk forbundet til komprimeringsanordningen (C)
og kan komprimere arbejdsvaesken fra den termodynamiske mellemtilstand (P,
T1) til en termodynamisk endelig tilstand (Pf, Tf); en ekstern kaleanordning, der er
tilvejebragt i procesvejen mellem komprimeringsanordningen (C) og pumpen (P);
et eksternt fgdekredslgb (16), der i det mindste delvist fylder pumpen (P) med
procesvaeske, hvor procesvaesken har den samme termodynamiske tilstand som
den, der fodes af komprimeringsanordningen (C) under aktivering af
komprimeringsanordningen (C) og, samtidig, pumpen (P) og en motoranordning
(M), der kan drive komprimeringsanordningen (C) og pumpen (P); og
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at aktivere anordningerne og pumpen (C, P, M) for at komprimere

arbejdsvaesken.

16. Fremgangsmade ifalge krav 15, kendetegnet ved, at aktiveringsfasen
omfatter at aktivere komprimeringsanordningen (C) for at komprimere
arbejdsveesken til den termodynamiske mellemtilstand (P4, T1) i en superkritisk
veesketilstand og at aktivere pumpen (P) for yderligere at komprimere
arbejdsveesken fra den termodynamiske mellemtilstand (P1, T1) til den
termodynamiske endelige tilstand (Pf, Tf); til sidst efter afkaling af arbejdsvaesken

mindst én gang.
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