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(57)  Areductioninoverall power consumption and/or
anincrease in suction capacity fora compressor arrange-
ment comprising a driver (20) comprising a first drive
shaft (21) and a second drive shaft (30), a main air com-
pressor (11a, 11b) comprising a plurality of compression
stages (MAC1, MAC2, MAC3) and a booster air com-

pressor (12) comprising at least one compression stage
(BAC1, BAC2, BAC3, BAC4) is achieved where the first
stage (MAC1) of the main air compressor (11a) is driven
by the first drive shaft (21) and where the remaining stage
(s) of the main air compressor (11b) and the booster air
compressor (12) are driven by the second drive shaft (30)
in an integrally geared machine.
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Description

[0001] The present invention relates to a compressor arrangement suitable for use where high air flow rates are
required, for example in large cryogenic air separation units, and which are suitable to be driven by, for example, a steam
turbine or electric motor.

[0002] In cryogenic air separation units, air is typically compressed in two operations. Feed air is passed through a
main air compressor (MAC) to attain a desired pressure. Feed air is then cooled and water vapour and other gaseous
impurities such as carbon dioxide are removed. Part or all of the feed air stream may then be passed to a booster air
compressor (BAC) to attain a desired pressure before the compressed air stream(s) is/are passed to the cryogenic part
of the ASU for separation. The MAC and BAC usually each comprise more than one compression stage.

[0003] High flow rate process plant compressors typically comprise centrifugal (i.e. radial) compression stages. The
essential features of a centrifugal compression stage include an impeller mounted for rotation within a shaped housing
known as a volute or scroll. The compression stage also comprises an inlet and an outlet for the fluid being compressed.
Impellers may be arranged either on multiple shafts or on a single shaft. Where multiple shafts are used, a large diameter
bull gear drives meshing pinions (i.e. pinion gears) upon the ends of which compression impellers are mounted. The
multiple impellers within their own respective housings provide several stages of compression as desired. The bull gear
and its meshing pinions are usually contained within a common housing. Consequently, such compressors are known
as integral gear compressors. The meshing pinions may have different diameters to best match the speed requirements
of the compression impellers they drive. The compressed air between any two stages may be piped to an intercooler,
wherein it is cooled, thereby providing a more efficient compression process.

[0004] It is known to provide two or more compression duties on a single compressor. For example, US 5,901,579
discloses a compressor where the main air compression duty is combined on one machine with two compression wheels
that share the air coming off the MAC and compresses those streams to feed an air separation plant.

[0005] Atypicalknowncompression arrangementfor use in an air separation unitis depicted in Fig. 1. This arrangement
has been applied for MAC suction flow rates up to 550,000 m3/h. The number of booster stages is limited to four. The
compressor bull gear 46 of compression arrangement 10 is driven from steam turbine 20 by a drive shafts 30 and 45
and an intermediate gearbox 40. Both the MAC stages 11 and the BAC stages 12 are driven from this bull gear 46.
There are three MAC stages (MAC1, MAC2 and MAC3), with MAC1 and MAC2 being driven from a first pinion 50 and
MAC3 being driven from a second pinion 60. There are also four BAC stages (BAC1, BAC2, BAC3 and BAC4), with
BAC1 and BAC2 being driven from third pinion 70 and BAC3 and BAC4 being driven from fourth pinion 80. The numbering
of the MAC and BAC stages reflects the order in which fluid to be compressed will pass through the stages (i.e. fluid will
pass successively through MAC1, MAC2 and MAC3, for example). In order to improve the overall efficiency of the
compressor, intercoolers 90, 100, 110, 120 and 130 are provided between the stages to remove heat from the compressed
fluid. An aftercooler 140 is provided at the outlet of BAC4 to cool the compressed fluid to the temperature at which it is
desired that the fluid enters the air separation unit.

[0006] In use, the air to be separated is fed into first MAC compression stage MAC1 through inlet 150, is compressed
typically to about 0.2 MPa (2 bar absolute or "bara") and leaves MAC1 through pipeline 160 and passes through intercooler
90 before entering second compression stage MAC2 for further compression. The compressed air, typically at about
0.35 MPa (3.5 bara), then leaves MAC2 though pipeline 170 and passes through intercooler 100 before entering third
compression stage MAC3. The compressed air, typically at about 0.6 MPa (6 bara), is then passed to the ASU via outlet
180 for cooling and removal of water vapour and other gaseous impurities such as carbon dioxide.

[0007] After passage though the ASU, air is passed to the booster compression arrangement 12, entering first booster
stage BAC1 by inlet 190 and exiting, typically at about 1.1 MPa (11 bara), though pipeline 200. The compressed air is
then passed through intercooler 110 for temperature reduction, and enters second booster compression stage BAC2.
The air successively passes through BAC2 outlet pipeline 210, typically at about 2 MPa (20 bara), intercooler 120, third
compression stage BAC3, BAC3 outlet pipeline 220, typically at about 3.5 MPa (35 bara), intercooler 130, and fourth
booster compression stage BAC4. The compressed air, typically at about 5.5 MPa (55 bara) is then passed via pipeline
230 through aftercooler 140 to be brought to the desired temperature and enters the ASU for separation.

[0008] Itis known to use a double ended steam turbine to drive the MAC and the BAC stages. An example of a double
ended steam turbine driving the MAC and BAC stages of an ASU feed air compressor has been developed by Siemens.
A typical compressor and steam turbine arrangement is depicted in Fig 2. This arrangement has been applied for MAC
suction flow rates up to 550,000 m3/h. Steam turbine 20 drives an integrally geared three-stage MAC 11 through a
pedestal bearing 24 via a first drive shaft 21 and drive shaft 29. Drive shaft 29 is coupled to the free end of a first stage
pinion 50 on the other end of which is mounted the first stage (MAC1) of the MAC. The second and third stages (MAC2
and MAC3) of the MAC are provided on second pinion 60. The BAC 12 is an integrally geared design that may have up
to six stages, but an arrangement with only four stages is shown in the figure. Steam turbine 20 is connected to drive
shaft 30 and the integrally geared BAC 12 through a speed reducing gearbox 40 and drive shaft 45. The first and second
stages (BAC1 and BAC?2) of the BAC are driven by pinion gear 70, and the third and fourth stages (BAC3 and BAC4)
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of the BAC are driven by pinion gear 80. Intercoolers (not shown) are provided between the compression stages.
[0009] The design of the compressor arrangements of Figs. 1 and 2 limits the impeller diameter of the MAC1 stage
due to the impeller weight. The MAC1 volute size is limited to allow the first and second stage volutes to fit on to the
gearbox. The impeller of the MAC1 typically has a diameter of 1600 mm which provides the maximum suction flow
capacity of 550,000 m3/h.

[0010] For MAC suction flow rates up to 800,000m3/h, an arrangement as shown in Fig. 3 is known and has been
developed by Siemens. An integrally geared MAC 11 is driven by the first end of the steam turbine 20 through a first
drive shaft 21, an intermediate gearbox 25 and drive shaft 29. The required suction flow capacity is attained by installing
two first stage MAC1 on first pinion 50, each MAC1 comprising an impeller having a diameter of 1600 mm. The BAC
arrangement 12 is the same as that shown in Fig. 2.

[0011] The use of a double first stage MAC on a single pinion 50 requires a greater degree of complexity in the inlet
filter and silencer arrangement than for a single first stage. Ninety degree piping elbows are required and the MAC
suction pressure drop is increased resulting in higher power consumption. Further, inlet guide vanes are required on
both MAC1 stages with co-ordinated control.

[0012] Itis also known to use double ended steam turbines to drive the MAC and BAC stages where the MAC stages
are mounted on a single shaft. A double ended steam turbine driving such MAC and BAC stages of an ASU has been
developed by MAN Diesel and Turbo. A typical compressor and steam turbine arrangement is depicted in Fig. 4. The
steam turbine 20 drives the MAC stages 11 from a first drive shaft 21 at one end of the turbine and the BAC stages 12
from a second drive shaft 30 at the other end of the turbine. The MAC stages 11 are shown here as four stages MAC1,
MAC2, MAC3 and MAC4 provided as a single shaft centrifugal air compressor having four impellers. Intercoolers (not
shown) are provided within the MAC casing between the stages. This compressor can use a first stage impeller (for
MAC1) of a diameter of up to 1900 mm, which permits a maximum suction flow capacity of 670,000 m3/h. Since the
intercoolers are installed within the MAC casing, the maximum achievable flow rate for this MAC design is limited by the
casing weights and dimensions. The BAC stages 12 are arranged on an integral gear driven through a stub shaft
arrangement. Four BAC stages are shown, although up to six may be provided. The first and second stages (BAC1 and
BAC2) are driven by pinion gear 70 and the third and fourth stages (BAC3 and BAC4) are driven by pinion gear 80.
[0013] It would be desirable to reduce the cost and the steam consumption of compressor arrangements compared
with known compressor arrangements. In addition, it would be desirable to increase the suction capacity of compressor
arrangements, in particular where it is intended that the compressor arrangement is used at high altitude. Further, it
would be desirable to simplify the design of compressor arrangements.

[0014] Accordingto afirst aspect of the presentinvention, there is provided a compressor arrangement for compressing
air, said compressor arrangement comprising:

a driver comprising a first drive shaft and a second drive shaft;

a MAC comprising a first (compression) stage and at least one further (compression) stage, wherein the first stage
is driven by the first drive shaft;

a bull gear driven by the second drive shaft;

atleast one pinion gear engaging the bull gear, wherein the further (compression) stage(s) of the MAC is/are mounted
on and driven by the pinion gear(s);

a BAC comprising at least one (compression) stage; and

atleast one further pinion gear engaging the bull gear, wherein the (compression) stage(s) of the BAC is/are mounted
on and driven by the further pinion gear(s).

[0015] The first stage of the MAC may be driven indirectly by the first drive shaft, for example through an intermediate
gearbox. However, in preferred embodiments, the first stage of the MAC is mounted directly on the first drive shaft and
thus is driven directly by the first drive shaft.

[0016] The first drive shaft may also drive at least one other compression stage. However, in preferred embodiments,
the first drive shaft is dedicated to driving the first stage of the MAC. In other words, the first drive shaft preferably drives
the first stage of the MAC alone and does not drive any other compression stage.

[0017] The first stage of the MAC is preferably a centrifugal compression stage. Such a compression stage is also
known in the art as a radial compression stage. One advantage of the present invention is that an impeller of any size
may be used in the first stage of the MAC. That said, the diameter of the MAC1 impeller is usually at least about 1100
mm. In some preferred embodiments, the MAC1 impeller has a diameter greater than about 1900 mm, e.g. at least
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about 2000 mm, or even at least about 2100 mm. Theoretically, there is (within reason) no particular limitation on the
maximum diameter of the MAC1 impeller although the Inventor acknowledges that there are some practical concerns
that limit the size of the MAC1 impeller size. Typically, the MAC1 impeller does not have a diameter of more than about
3000 mm.

[0018] The compressor arrangement is capable of providing a wide range of maximum suction flow capacities de-
pending on the diameter of the MAC1 impeller. Preferred arrangements provide a maximum suction flow capacity of at
least about 200,000 m3/h, e.g. greater than 800,000 m3/h, or at least about 850,000 m3/h, or even at least about 900,000
m3/h. Typically, the maximum suction flow capacity is no more than about 1,100,000 m3/h_

[0019] Thecompressorarrangementpreferably comprises avolute supportand bearing housing for said first drive shaft.
[0020] Thecompressor arrangementmay be integrated with a cryogenic air separation plant for producing, for example,
at least about 1200 mt (metric tons) oxygen per day, e.g. at least about 2000 mt oxygen per day, or at least about 3000
mt oxygen per day, or even at least about 4000 mt oxygen per day. Typically, the maximum rate of production of oxygen
from a plant using the compression arrangement according to the present invention is about 5000 mt/day. In preferred
embodiments, the oxygen production is from about 4000 mt/day to about 4800 mt/day, depending on the altitude of the
ASU plant.

[0021] The MAC may comprise one, two, three or more stages. Where there is an even number of further stages, they
are usually mounted in pairs, each pair mounted on a single pinion gear with the further stages of the pair mounted at
opposite ends of the pinion gear. In preferred embodiments, the MAC comprises two further stages mounted on opposite
ends of a pinion gear.

[0022] The BAC may comprise from one to ten stages, e.g. from two to eight stages, and preferably either four or six
stages. The stages are usually mounted in pairs, each pair on a further pinion gear. In preferred embodiments, the BAC
comprises four or six stages arranged in either two or three pairs of stages respectively. Each pair of stages is mounted
on a further pinion gear, with the stages mounted on opposite ends of the further pinion gear.

[0023] There may not be any intercoolers to cool the compressed air between the compression stages. However,
there may be at least one intercooler, and in preferred embodiments, there is an intercooler after each stage and before
the next compression stage, usually with an aftercooler after the final stage. The arrangement of intercoolers depicted
in Fig. 1 would be suitable for the present invention, assuming appropriate modification to accommodate driving the first
MAC stage directly from the steam turbine 20 rather than the bull gear 46.

[0024] The driver may comprise any suitable prime mover, for example a steam turbine or an electric motor.

[0025] According to a second aspect of the present invention, there is provided a method of compressing feed air for
a cryogenic air separation plant, said method comprising:

compressing feed air in a first (compression) stage of a MAC driven by a first drive shaft of a driver to produce
compressed feed air;

further compressing the compressed feed air in at least one further (compression) stage of the MAC driven by at
least one pinion gear engaged with a bull gear driven by a second drive shaft of the driver to produce further
compressed feed air;

cooling the compressed feed air by indirect heat exchange against at least one fluid from a cryogenic separation of
air in the plant to produce cooled feed air; and

compressing the cooled feed air, or feed air derived therefrom, in at least one (compression) stage of a BAC driven
by at least one further pinion gear engaged with the bull gear to produce cooled, compressed feed air for separation
in the plant.

[0026] Preferably, water vapour and/or other gaseous impurities such as carbon dioxide are removed from the further
compressed feed air before compression in the BAC.
[0027] The invention will now be described by way of example only and with reference to the drawings. In the drawings:

Fig. 1 depicts a prior art compressor arrangement for use in an ASU;

Fig. 2 depicts another prior art compressor arrangement for use in an ASU in which the MAC stages are driven from
one end of a steam turbine and the BAC stages are driven from the other end of the steam turbine;

Fig. 3 depicts a further prior art compressor arrangement for use in an ASU in which there are two MAC first stages,
and in which the MAC stages are driven from one end of a steam turbine and the BAC stages are driven from the
other end of the steam turbine;
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Fig. 4 depicts a still further prior art compressor arrangement for use in an ASU in which the MAC stages are mounted
on a single shaft and driven from one end of a steam turbine and the BAC stages are driven from the other end of
the steam turbine;

Fig. 5 shows a first embodiment of the compressor arrangement according to the present invention; and
Fig. 6 shows a second embodiment of the compressor arrangement according to the present invention.

[0028] The prior art arrangements depicted in Figs. 1 to 4 are discussed above.

[0029] Referring to Fig. 5, a compressor arrangement 10 is shown in which a steam turbine 20 drives, via a first drive
shaft 21, a first MAC stage 11a (MAC1), and, via a second drive shaft 30, second and third MAC stages 11b (MAC 2
and MAC3) and a BAC 12 in four stages (BAC1 to BAC4).

[0030] The first MAC stage, MACA1, alone is directly driven from one end of the steam turbine 20. A volute support
and bearing housing 25 is provided to support the shaft and volute of the MAC 11a. The volute support may be of cast
or welded construction and is bolted directly to a concrete foundation. The casing of the volute support is designed to
locate and take the weight of the volute. The shaft within the volute support transfers the driver torque to the impeller
(not shown) and takes the weight of the MAC1 impeller that is bolted directly to the shaft. Radial bearings carry the rotor
weight. Thrust bearings locate the rotor axially and carry the impeller thrust loads. The second drive shaft 30 drives the
MAC 11b and the BAC 12. This is achieved by an integrally geared machine in which the MAC2 and MAC3 are provided
on pinion gear 50, BAC1 and BAC2 on pinion gear 70 and BAC3 and BAC4 on pinion gear 80, each pinion gear engaging
bull gear 46. A step-down gearbox 40 is provided between second drive shaft 30 and drive shaft 45 driving bull gear 46.
[0031] MACH1 is a compressor stage comprising an impeller having a diameter of 2100 mm which is larger than can
be accommodated on prior art compressor arrangements. This arrangement provides a maximum suction capacity for
a single impeller of 800,000 m3/h which is typically greater than the prior art arrangements known to the Inventor.
However, it is to be understood that the impeller of the MAC1 may have any suitable diameter to provide a desired
maximum suction capacity. For example, the diameter of the impeller may be as small as 1100 mm. Indeed, the diameter
of the impeller used in the Example below is 1600 mm.

[0032] MAC1 and MAC2 are in fluid communication connected by pipeline 160 in which is provided intercooler 90.
Similarly, MAC2 and MAC3 are in fluid communication connected by pipeline 170 in which is provided intercooler 100.
Fluid enters MAC1 through inlet 150 and leaves MAC3 to enter the ASU via outlet 180. The pipeline and intercooler
arrangement for BAC 12 depicted in Figure 5 is the same as that shown in Fig.1.

[0033] Inuse,thefluid to be compressed enters the MAC1 stage through inlet 150 and is compressed from atmospheric
pressure to about 0.2 MPa (2 bara). The compressed fluid exits MAC1 through pipeline 160 and is passed through
intercooler 90 to reduce its temperature prior to entry to MAC2 for further compression. The further compressed fluid,
typically at about 0.35 MPa (3.5 bara), exits MAC2 through pipeline 170 and is passed through intercooler 100 before
entering MAC3. After the third compression stage, the fluid is typically at about 0.6 MPa (6 bara) and is passed to the
ASU through outlet 180. The booster compression is as described for Fig. 1.

[0034] Fig. 6 shows an alternative compressor arrangement of the invention, in which the MAC 11b and BAC 12 are
driven via a pedestal bearing 41 provided in second drive shaft 45 and a stub shaft 90. The arrangement is otherwise
as described in Fig. 5 and in use operates in a similar manner.

[0035] Providing the MAC1 stage alone on the first drive shaft removes the size constraint on MAC1 of the prior art
arrangements in Figs. 1 to 4, and so a greater impeller diameter, and therefore greater suction capacity, can be achieved
for the MAC. For example, a MAC first stage impeller diameter of 2000mm or larger, e.g. up to 3000 mm, is envisaged.
In practical terms, the impeller diameter is limited only by the size of available machine tools used in manufacturing the
impeller.

[0036] A MAC suction flow rate of at least 800,000 m3/h is envisaged. This is of particular importance when operating
an ASU at high altitude, in which, due to the lower prevailing atmospheric pressure, a higher suction capacity is required
to provide the same ASU production as a similar plant located at sea level. A MAC suction flow rate of 800,000 m3/h
would provide an ASU with the air required to deliver an oxygen production of between 4000 mt/day and 4800 mt/day
depending on the ASU altitude.

[0037] It can be seen that the arrangements shown in Figs. 5 and 6 remove MAC1 from the gearbox shown in Figure
1. MACH1 is physically the largest stage and consumes approximately 40% of the total MAC power. Therefore, the gearbox
carrying the MAC and BAC stages in Figs. 5 and 6 is physically smaller and has a lower power rating than the gearbox
in Fig. 1. Additionally the intermediate gearbox used in the arrangements shown in Figs. 5 and 6 is physically smaller
and has alower power rating than the gearbox in Fig. 1. Thus, gear losses associated with the MAC1 stage are eliminated
and the cost of the apparatus is reduced.

[0038] It can be seen that the arrangements shown in Fig. 5 and Fig. 6 eliminate the MAC integral gearbox. Thus,
gear losses associated with the MAC1 stage in Fig. 3 are eliminated and the cost of the apparatus is reduced. It can be
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seen that the arrangements shown in Fig. 5 and Fig. 6 permit the MAC gearbox and intermediate gearbox to be omitted
that is present in the prior art arrangement of Fig. 3. Thus, gear losses associated with the MAC1 stage are eliminated
and the cost of the apparatus is reduced.

[0039] Further, the arrangements of Fig. 5 and Fig. 6 have a simplified structure compared with Figs. 2 to 4 which
permits easier installation and shaft alignment compared with the prior art arrangements of Figs. 2 to 4.

EXAMPLE

[0040] Figures for the performance (in terms of power consumption and loss) of the prior art arrangement depicted in
Fig. 1 and the embodiment of the present arrangement depicted in Fig. 5 have been calculated and are compared in
the following Table.

[0041] This comparison is based on:

» compression associated with an ASU having a nominal oxygen production rate of 3000 mt/day

* MAC1 impeller in both arrangements has a diameter of 1600 mm

« the MAC suction flow rate is assumed 530,000 m3/h and the air is assumed to be compressed in the MAC from 0.1
MPa (1 bara) to 0.611 MPa (6.11 bara)

« the BAC suction flow rate is assumed to be 40,000 kg/h and the air is assumed to be compressed from 0.56 MPa (5.6
bara) to 5.1 MPa (51 bara)

Arrangement Current Invention (Fig. 5) Notes
technology (Fig.
1)
Performance comparison kW
Power consumption MAC stage 1 kW 13750 13850 1
Power consumption MAC stages kW 20475 20475
2&3
Power consumption BAC stages kW 18900 18900
1,2,3&4
Stage power associated with kW 53125 39375
integral gear and intermediate
gearbox
Mechanical losses integral kW 1328 984
gearbox at 2.5% of stage power
Mechanical losses intermediate kW 664 492
gear at 1.25% of stage power
Stage power associated with kW 13850
pedestal bearing
Mechanical losses pedestal kW 139
bearing at 1 % of stage power
Total shaft power kW 55117 54840
Total power saving for invention kW 277
Note 1 Power forthe invention MAC stage 1 is higher than for the current technology due to higher pressure

drop between stage 1 and stage 2.

[0042] Where power has a cost of US$0.07 per kW, a power saving of 277 kW equates to a saving of US$775,600
over a 5 year period.
[0043] Preferred embodiments of the present invention are intended to meet at least one of the following objectives:

e anincrease in the maximum suction flow capacity of a compressor with a single first stage radial impeller
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a reduction in the size and power rating of the integral gearbox carrying MAC and BAC stages
a reduction in gear power losses and, as a result, a reduction in compression train power consumption
a reduction in the cost of the compression train

a simplified installation

[0044] It will be appreciated that the invention is not restricted to the details described above with reference to the
preferred embodiments but that numerous modifications and variations can be made without departing form the spirit
or scope of the invention as defined in the following claims.

Claims

1.

10.

1.

12.

A compressor arrangement (10) for compressing air, said compressor arrangement (10) comprising:

a driver (20) comprising a first drive shaft (21) and a second drive shaft (30);

a main air compressor (11a, 11b) comprising a first stage (MAC1) and at least one further stage (MAC2, MAC3),
wherein said first stage (MAC1) is driven by said first drive shaft (21);

a bull gear (46) driven by said second drive shaft (30);

at least one pinion gear (50) engaging said bull gear (46), wherein said further stage(s) (MAC2, MAC3) of said
main air compressor (11b) are mounted on and driven by said pinion gear(s) (50);

a booster air compressor (12) comprising at least one stage (BAC1, BAC2, BAC3, BAC4); and

at least one further pinion gear (70, 80) engaging said bull gear (46), wherein said stage(s) (BAC1, BAC2,
BAC3, BAC4) of said booster air compressor (12) are mounted on and driven by said further pinion gear(s) (70,
80).

A compressor arrangement (10) as claimed in Claim 1, wherein said first stage (MAC1) of said main air compressor
(11a) is mounted directly on said first drive shaft (21).

A compressor arrangement (10) as claimed in Claim 1 or Claim 2, wherein said first drive shaft (21) is dedicated to
driving said first stage (MAC1) of said main air compressor (11a).

A compressor arrangement (10) as claimed in Claims 1 to 3, wherein said first stage (MAC1) of said main air
compressor (11a) is a centrifugal compressor comprising an impeller having a diameter of at least about 1100 mm.

A compressor arrangement (10) as claimed in Claim 4, wherein the diameter of said impeller is greater than 1900 mm.

A compressor arrangement (10) as claimed in Claim 4 of Claim 5, wherein the diameter of said impeller is no more
than about 3000 mm.

A compressor arrangement (10) as claimed in any of the preceding claims having a maximum suction flow capacity
of at least about 200,000 m3/h.

A compressor arrangement (10) as claimed in Claim 7 wherein the maximum suction flow capacity is at least about
800,000 m3/h.

A compressor arrangement (10) as claimed in Claim 7 or Claim 8 wherein the maximum suction flow capacity is no
more than about 1,100,000 m3/h.

A compressor arrangement (10) as claimed in any of the preceding claims, comprising a volute support and bearing
housing (25) for said first drive shaft (21).

A compressor arrangement (10) as claimed in any of the preceding claims integrated with a cryogenic air separation
plant for producing at least about 1200 mt (metric tons) oxygen per day.

A compressor arrangement (10) as claimed in Claim 11, wherein the cryogenic air separation plant is suitable for
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producing at least about 4000 mt oxygen per day.

13. A compressor arrangement (10) as claimed in Claim 11 or Claim 12, wherein the cryogenic air separation unit is
suitable for producing up to about 5000 mt oxygen per day.

14. A method of compressing feed air for a cryogenic air separation plant, said method comprising:

compressing feed air in a first stage (MAC1) of a main air compressor (11a) driven by a first drive shaft (21) of
a driver (20) to produce compressed feed air;

further compressing said compressed feed air in at least one further stage (MAC2, MAC3) of said main air
compressor (11b) driven by at least one pinion gear (50) engaged with a bull gear (46) driven by a second drive
shaft (30) of said driver (20) to produce further compressed feed air;

cooling said compressed feed air by indirect heat exchange against at least one product fluid from cryogenic
separation of air in said plant to produce cooled feed air; and

compressing said cooled feed air, or feed air derived therefrom, in at least one stage (BAC1, BAC2, BAC3,
BAC4) of a booster air compressor (12) driven by at least one further pinion gear (70, 80) engaged with said
bull gear (46) to produce cooled, compressed feed air for separation in said plant.



EP 2 604 862 A1

ol

l Old

0C
aulgany
Wwes)g

001
19|0023]U]
06 09l
18000183} _ -
0/l 55T
- 38)14 YUl
¢ovi L VI AU! Iy Wol4
T~ 081
\nﬂVl NSy oL
¢ oviHC
S ] _
or / 0Sh
X0qI2a9) “_ \ “ Jajooosau]
JjelpauLisiu]
/ \ _I—\_z
T )——{vove ¢ ova (3 /
ol ] 0zZ
19j000I8U] \ _
bz~ 2> 0zl
0ee - Jajooasau]
¢ Jvd L Ovg 1AU|| NSY Woi4
] — /
— 002
oLl
J19]002JB| AHT

AN

b

cl



EP 2 604 862 A1

¢ Old

¢ OV

[
0

¢ OV

o~
Q
<X
o
o
P~

L Ove

I )

— ov
ve X0(]Jess)
= [ \_ _ \ \ _
L OV I _T Buiesg .__ __| SlRIDAULIBIU|

— [Elsopad

auIgan .

o
[ ¥9]

¥ Ovd € avd

Kl

10



EP 2 604 862 A1

¢ Old

2 ova—1oz—{1 ove
Sy
¢ QYW 0S¢ OvW _\__
% .__ I
X0(Je35)
62 e ajeipsuLIBu|
\ 1ean) |
““ “_K ajeipawuIaiy| ¥ Ovd 08 £ovd
| OYW—DGH— L OYW

1"




EP 2 604 862 A1

L

L OV

=1
M~

auIgun|

¥ Ovd

Kl
e8]

| Ovd

€ ovd

cl

12



EP 2 604 862 A1

G Old

06 A
13j00013| 1ﬂV
001 <01
129|000}y
att
091~
__ ¢ OvW—Iag—z ovw
08l
nsv .- J
Aw omm/
(o 3 /
oY T~ BuISnoH o ocl
oL< Bl ly L OV Buuesg + suiqun| X0qeab 18j002s8)U|
wol4 | 1% voddng Wwesls sleIpaLLa|
3INoA - i
¢ ova <
orl T~ Zl
19]00243)Y —
ocL |-
0 19100033
\\
| Ova - ——ngy woi
/
s 00z
18100213}y AHT \

13



EP 2 604 862 A1

0l

051
sei

BlLIIBu Iy

Wl

9

old

=7

VN

\

°r4
BuIsnoH
Buueag
B Loddng
3INJOA

06
19000181 mV ——
001 0l1
190003}y -~
- ¢ OvW—Iag}—z ovw
08l
NSy woi4 |AU
ONNJ
Sy ocl
m - _ \ 18]002J3)Y|
uleag __.I N\
[eysepad P~ v

v ove £ ove<

ovT T~
nsy oL —(—3— 1300233 \ 0cr
obz_~ lm - Jajoooseyu|
0le
7 Vg } Ova-C—nsy woi

\ S /

_ 00z
oLl A UI

19]002.1B)U|

4

14



des brevets

EP 2 604 862 A1

:utropiisc:les
o ) ::tr:ﬁteaonffice Application Number
Office européen EUROPEAN SEARCH REPORT

EP 11 19 3001

—

EPO FORM 1503 03.82 (P04C01)

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A US 5 485 719 A (WULF JAMES B [US]) 1-14 INV.
23 January 1996 (1996-01-23) Fo4D17/12
* column 4, line 1 - column 5, line 50; FO4D25/02
figures 1,4 *
A,D |US 5 901 579 A (MAHONEY KEVIN WILLIAM [US]|1-14
ET AL) 11 May 1999 (1999-05-11)
* column 4, line 10 - column 6, line 36;
figures 1,2 *
A DE 44 16 497 C1 (GUTEHOFFNUNGSHUETTE MAN |[1-14
[DE]) 12 January 1995 (1995-01-12)
* figures 1,2 *
A US 4 473 754 A (JOY JOHN R [US]) 1-14

25 September 1984 (1984-09-25)
* figure 1 *

TECHNICAL FIELDS
SEARCHED (IPC)

FO4D
F254
F16H

The present search report has been drawn up for all claims

Place of search Date of completion of the search Examiner

Munich 11 June 2012 Homan, Peter

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

15




EPO FORM P0459

EP 2 604 862 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 11 19 3001

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

11-06-2012
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5485719 A 23-01-1996  NONE

US 5901579 A 11-05-1999 BR 9900966 A 14-12-1999
CA 2264510 Al 03-10-1999
CN 1231415 A 13-10-1999
DE 69910478 D1 25-09-2003
DE 69910478 T2 08-07-2004
EP 0947789 A2 06-10-1999
ID 23611 A 04-05-2000
JP 11294945 A 29-10-1999
N 5901579 A 11-65-1999

DE 4416497 C1 12-01-1995 DE 4416497 C1 12-01-1995
EP 0686773 A2 13-12-1995
JP 8189494 A 23-07-1996
RU 2132971 C1 10-07-1999
us 5611663 A 18-03-1997

US 4473754 A 25-09-1984  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

16



EP 2 604 862 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 5901579 A [0004]

17



	bibliography
	description
	claims
	drawings
	search report

