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(57) Abréegée/Abstract:

The Invention concerns a high-pressure multi-stage centrifugal compressor containing at least two compressor elements (1, 4, 5)
which are arranged In series as compressor stages, and at least two electric motors (3, 7) to drive these compressor elements

(1, 4, 5), characterised In that, apart from at least one compressor element (1) forming a low-pressure stage and which Is driven by
an electric motor (3), It contains at least two compressor elements (4, 5) forming high-pressure stages and which are arranged In
series and are driven by one and the same second electric motor (7).
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(57) Abstract: The invention concerns a high-pressure
multi-stage centrifugal compressor containing at least two
compressor elements (1, 4, 5) which are arranged in series as
compressor stages, and at least two electric motors (3, 7) to drive
these compressor elements (1, 4, 5), characterised in that, apart
from at least one compressor element (1) forming a low-pressure
stage and which is driven by an electric motor (3), it contains
at least two compressor elements (4, 5) forming high-pressure
stages and which are arranged in series and are driven by one and
the same second electric motor (7).
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High-pressure multi-stage centrifugal cCompressor.

5O The present invention concerns a high-pressure multi-stage

- centrifugal compressor containing at least two compressor

elements which are arranged in series as compressor stages,

and at least two electric motors to drive these COMpressor

elements.

10

A centrifugal compressor element has a high efficiency when

1ts specific speed is situated close to the optimal value.

The specific speed Ns is defined as:

15 whereby:

N = the rotational speed of the blade wheel,
an‘ = the volumetric flow on the inlet,
C’ = a constant which 'is amongst others different as a

i
i

function of the units used,

20 DH = the adiabatic head of the compressor

k-1

i

DH =cp-T-(x * -1)

whereby:
J = the pressure ratio,
25 T = the inlet temperature,

Cp = the specific heat of the gas at a constant pressure,
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k = the ratio of the specific heat of the gas at the

constant pressure and the specific heat of the gas at a

constant volume.

In order to obtain a good efficiency, and thus a low

specific consumption or energy consumption per quantity of

compressed alr, 1t is necessary to select the parameters in

‘the design of a compressor element such that Ns 1s situated

close to the optimum.

In' fact, the equation for Ns indicates that for designs
having the same flow, the rotational speed has to rise for
a higher pressure ratio, and for designs with a constant
pressure ratio, the rotational speed has to rise for a

smaller flow.

Centrifugal compressors are known whereby the shafts of the
Compressor elements are driven directly by electric motors

at a high speed of rotation.

such centrifugal compressors require less stages to obtain
a high pressure ratio than the conventional centrifugal
compressors which are driven directly by high-speed motors

at a low speed.

High-speed motors are characterised by. a cCharacteristic
value M = P.N? which is larger than or equal to 0,1.10%?,
whereby P is the engine power expressed in kW and N is the

rotational speed expressed .,in rotations per minute.
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The fast drive allows for a higher pressure ratio per

stage. Less stages means less loss.

Such centrifugal compressors avoid the use of a gearpbox as
5 in conventional centrifugal compressors with a drive via a

gearbox which implies a great deal of losses, requires

oiling and occupies much space.

Moreover, a high-speed motor is much smaller than a

10 conventional, slow electric motor.

The high-speed motor is equipped with adjusted bearings for
these high rotational speeds. When air - bearings or
magnetic bearings are used, no oil is required, and the
1> compressor is entirely oll-free, which offers an additional

advantage in relation to compressors with bearings

requiring oil lubrication.

The problem resides in the restriction of the power and the
20 rotational speed of the high-speed motor, and the needs for

a centrifugal compressor for high pressure.

Electric high-speed motors are characterised by a small

volume and consequently a high energy density. Given the

25 small dimensions, the cooling causes a specific problem.

The ratio of the applied power P and the dischargeable
P/ (h.A). Hereby

1s A the reference heat-exchanging surface, . and h is the

power (h.A) is the dimensionless value M’

|

30 effective heat transfer coefficient between the hot motor
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and the colder environment, possibly via a cooling system

with heat exchanger. ?

The surface is proportional to the square of the specific
length of the motor, namely the radius of the rotor R.

Also the characteristic value M’ can be represented as:

The radius of -the rotor also is the relation of V to N,
whereby N is the rotational speed of the motor and V is the

Cip speed of the rotor. Thus, M’ can be represented as:

P-N?

M'=——
hev

For a giveﬁ type of heat exchange, h is a constant, and for
a given material, V is restricted as a result of

centrifugal tensions..

Consequently, the characteristic value M = P.N? is a value
which indicates the level of difficulty of the design and
the construction of the electric motor. The higher the
value M, the more difficult it is to cool the motor. A
high value M requires more efficiency (so that less losses
have to be discharged), a better heat transfer coefficient

and a higher strength of material.

In practice, this implies that a motor having a higher

Characteristic value M requires a more expensive design,
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and that the development will take longer than for a motor

having a lower characteristic value M.

For a turbocompressor, the power required is equal to:

k=1
k

P=Q'DH: PO cpT (7 —1)

7 7
5
whereby:
n = the adiabatic efficiency of the compressor,
© = the density of the gas,
Q = the mass flow.
10
The number of revolutions N is selected as a function of a
good specific rotational speed Ns
Nuxﬁk-EEfws
C'\/0,,
15
from which appears the following:
2 .25 _ 2,5 _ 2,5
M:P-Nz‘m]-\-f%%;-p-[r(z%lq)} =C-p-l:T-(7r%‘l—l)j]
20 C is hereby a constant. This equation indicates that an

electric motor for a centrifugal compressor which is driven
directly is more difficult to realise for a higher pressure
ratio (m) and for a high-pressure stage, this 1is with a
higher density at the inlet.

25
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It 1s clear from this argumentation that a compression to

high pressures in a single stage 1s extremely difficult to

reallise with a single drive.

That is why a solution must be found to nevertheless keep

the characteristic value M low.

than one stage, thereby using more than one motor, for
example one motor for the low-pressure stage and one motor

for the high-pressure stage.

However, from the last equation it is clear that the higher
pressure for the high-pressure stage is coupled with a much
higher characteristic value M. This 1is difficult to

realise.

Consequently, the designer has to be content with 'é lower

Ns and hence less efficiency.

A restricted improvement can be obtained by providing for
an optimal distribution of the pressure ratios of the low-~
and high-pressure stages, namely by setting the pressure
ratio in the first stages higher than the pressure ratios

of the last stages.

However, said improvement is restricted, since for pressure
4 , [
ratio’s which are larger than three, the Mach value losses

(shock losses) strongly increase.
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The invention alms to remedy the above-mentioned
disadvantages and it allows to restrict the characteristic
value M of the electric motor for the high-pressure stage
in a multi-stage compressor without the specific rotational

speed of the centrifugal compressor elements having tc

deviate much from the optimal specific speed.

According to the present invention, there is provided a high-pressure multi-stage
centrifugal compressor containing at least three compressor elements which are
arranged in series as compressor stages, and at least two electric motors to
drive these compressor elements, characterised in that, apart from at least one
of said compressor elements forming a low-pressure stage and which is driven
by an electric motor, said multi-stage centrifugal compressor contains at least
two of said compressor elements forming high-pressure stages and which are
arranged in series and are driven by one and the same second electric motor.

In fact, what 1t comes down to, is that the high-pressure
stage from a known multi-stage centrifugal compressor is
replaced by at least two high-pressure stages which are
driven by one and the.same high-speed motor, however. This
strongly reduces the pressure ratio for the high-pressure

stages, as a result of which the rotational speed can be

relatively low.

The compressor elements forming the high-pressure stages
can be mounted together with their rotors on one and the

same shaft which is driven by the second motor.

Moreover, the pressure ratios for these high-pressure
stages can Dbe selected such that the specific speeds of

these high-pressure stages do not deviate much from the

optimal specific speed.
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Preferably, the motors are identical to one another, which
implies that they have the same electromagnetic stator part
and/or the same electromagnetic rotor part and/or the same

bearings and/or the same cooling part.

The motors are preferably high-speed motors.

The centrifugal compressor may contain an intercooler for
the compressed gas between the compressor elements of the

above-mentioned high-pressure stages placed in series.

In order to better explain the characteristics of the

invention, the following preferred embodiments of a high-
pressure multi-stage centrifugal compressor according to
the 1invention are described as an example only without
being limitative in any way, with reference to the
accompanying drawing in which is represented such a

centrifugal compressor according to the invention.

The high-pressure centrifugal compressor represented in the
figure mainly consists of a low-pressure stage formed of a
filrst compressor element 1 whose rotor is driven wvia a
shaft 2 by a first electric high-speed motor 3 and two
high~-pressure stages formed by two compressor elements 4
and 5 arranged in series which are fixed with their rotors
on one and the same shaft 6, however, and which are thus
driven via one and the same shaft 6 by a single second

high~-speed motor 7.
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The compressor

element 1 onto which the intake pipe 8 is
connected, 1s connected to the compressor element 4 with
1ts compressed air line 9. 1In this compressed air line is

mounted an intercooler 10 cooled with ambient air or

cooling water.

The compressed air line 11 of the compressor element 4 is
connected to the compressor element 5 which is provided
with a compressed air line 12 on its outlet. In the first-
mentioned compressed air line 11, between the COMPressor

elements 4 and 5, is arranged an additional intercooler 13

cooled with ambient air or cooling water.

The i1ntercoolers 10 and 13 may consist of a radiator 14

through which flows the compressed gas and opposite to

which 1s erected a fan 15.

The pressure ratios of the two high-pressure stages and
thus of the two compressor elements are selected such that

their specific rotational speed Ns does not deviate much

from the optimal one.

Moreover, in the embodiment represented, these pressure
ratios are also selected such that the same motors can be
used. The high-speed motors 3 and 7 are thus equal. to one
another, which implies that they  have the same
electromagnetic stator pa‘rt and/or the same electromagnetic

rotor part and/or the same bearings and/or the same cooling

part.
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Gas which 1is sucked in by the intake pipe 8, for example

air, 1s first compressed at a low pressure by the low-

pressure compressor element 1, and subsequently brought at

the final pressure in two stages, by the compressor

elements 4 and 5 successively.

By splitting the high-pressure stage in two stages, the

pressure ratio m per stage or compressor element strongly

decreases, so that the required rotational speed N of the

high-speed motor 7 strongly decreases.

The three combined stages make it possible to go from
atmospheric conditions to an effective pressure of 7 to 8,6
par, without exceeding the pressure ratio of three per

stage. Consequently, the number of parts is limited and

the shock losses are restricted as well.

The additional intermediate cooling of the air between the
replacing stages placed in series offers an additional

advantage in that there is less consumption of electric

energy.

Although using identical motors implies an economic scale
advantage and offers the advantage of modularity with a
restricted number of different parts, the high-speed motors

3 and 7 can nevertheless be different from one another in

other embodiments.

Nor 1s it absolutely necessary that the number of high-

pressure stages driven by the same high-speed motor 7 is
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exactly two. There can be three or more high-pressure
stages.

Also, the centrifugal compressor can contain several low-

pressure stages 1n series which each contain a compressor

element driven by its own high-speed motor.

The i1nvention is by no means 1imited to the above-described
embodiments represented in the accompanying drawing; on the
contrary, such a high-pressure mﬁlti~stage centrifugal
compressor can be made in all sorts of variants while still

remaining within the scope of the invention.
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WHAT IS CLAIMED IS:

1. High-pressure multi-stage centrifugal compressor containing at least
three compressor elements (1,4,5) which are arranged in series as compressor
stages, and at least two electric motors (3,7) to drive these compressor
elements (1,4,5), characterised in that, apart from at least one of said
compressor elements (1) forming a low-pressure stage and which is driven by
an electric motor (3), said multi-stage centrifugal compressor contains at least
two of said compressor elements (4,5) forming high-pressure stages and which
are arranged in series and are driven by one and the same second electric

motor (7).

2. High-pressure multi-stage centrifugal compressor according to claim 1,
characterised in that the compressor elements (4,5) forming the high-pressure
stages are mounted with their rotors on one and the same shaft (2) which is
driven by the second electric motor (7).

3. High-pressure multi-stage centrifugal compressor according to claim 1 or
2, characterised in that pressure ratios for the high-pressure stages whose
compressor elements (4,5) are driven by one and the same motor (7) have been
selected such that specific speeds of these high-pressure stages are similar to
an optimal specific speed.

4. High-pressure multi-stage centrifugal compressor according to any one of
claims 1 to 3, characterised in that the motors (3,7) are identical to one another
and thus have the same electromagnetic stator part and/or the same
electromagnetic rotor part and/or the same bearings and/or the same cooling
part.

D. High-pressure multi-stage centrifugal compressor according to any one of
claims 1 to 4, characterised in that the motors (3,7) are high-speed motors.
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0. High-pressure multi-stage centrifugal compressor according to any one of
claims 1 to 5, characterised in that said high-pressure multi-stage centrifugal
compressor contains an intercooler (13) for the compressed gas which is
arranged between said at least two compressor elements (4,5).
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