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Description

FIELD OF THE INVENTION

[0001] This invention relates generally to a motor-com-
pressor system, and more specifically, to a motor-com-
pressor system for acid gas compression.

BACKGROUND OF THE INVENTION

[0002] GB 2 416 806 A and JP 2002 064956 A disclose
a compression system with motor cooling. Typically, gas
extracted from natural gas reservoirs contains a high con-
centration of methane (CH4), the principal hydrocarbon
component of natural gas, and also contains a significant
concentration of hydrogen sulfide (H2S) and carbon di-
oxide (CO2) gases. The extracted natural gas is refined
to obtain relatively pure CH4, which may be delivered
through pipelines for residential and industrial use. The
main by-product of the natural gas refining process is
acid gas, which comprises principally a mixture of H2S
and CO2 together with a variable amount of moisture. A
standard industry practice has been to convert the acid
gas mixture into elemental sulfur, a solid, gaseous CO2
and water. The elemental sulfur is stored for later use or
disposal and the CO2 is discarded into the atmosphere.
However, such standard industry practice presents chal-
lenges associated with the generation, storage and dis-
posal of huge amounts of flammable elemental sulfur, a
substance presenting serious environmental risks in the
event of fire. The standard industry practice alluded to
also results in the discharge of significant amounts of
CO2 into the atmosphere, subjecting practitioners to op-
probrium among certain constituencies. Alternative
schemes for dealing with by-product acid gas include re-
injecting the acid gas mixture back into suitable subter-
ranean geologic formations such as depleted natural gas
reservoirs.
[0003] The acid gas re-injection process requires a
compressor to provide the necessary head pressure to
force the acid gas mixture into the suitable subterranean
geologic formation. Typically, the compressors used for
this purpose are multi-stage centrifugal compressors
with operating pressures in the range of 100 to 200 bars.
Such high pressures require high power and therefore,
high speed electric motors are used to drive these com-
pressors. However, high speed electric motors of this
type typically generate large amounts of heat which must
be managed in order to prevent damage to the motor
itself and other affected components of the compressor
system. Traditionally, several types of cooling systems
have been used to cool high speed electric motors. For
example, a process gas itself, or a component thereof,
may be used to cool a high speed electric motor associ-
ated with a compressor acting upon the process gas.
However, the efficiency of such cooling systems is apt
to suffer due to factors such as windage losses.
[0004] In acid gas re-injection operations, the gas mix-

ture which must be compressed prior to re-injection is
hazardous due to the high concentration of H2S, which
typically makes up between 25% and 65% of the mixture.
Although H2S is ubiquitous in nature due to an abun-
dance of non-anthropogenic sources (for example, bac-
teria, thermal vents, volcanoes and hot springs), it is rel-
atively toxic at higher concentrations. Large scale acid
gas re-injection, involves handling significant amounts of
hydrogen sulfide at high pressures and adequate pre-
cautions must be taken to avoid adventitious release of
the acid gas mixture into the atmosphere, to avoid danger
to re-injection plant personnel and the environment. As
a result, new, reliable and safer systems for the compres-
sion of acid gas are needed.
[0005] Accordingly, the present invention provides a
solution to these and other challenges associated with
acid gas re-injection. In one aspect, the present invention
provides specific motor-compressor system configura-
tions useful for the integration of one or more high speed
electric motors with one or more compressors which may
be used for acid gas compression.

BRIEF DESCRIPTION OF THE INVENTION

[0006] The present invention is defined in the accom-
panying claims.
[0007] In one aspect, the present invention provides a
method according to claim 1.
[0008] In an alternate aspect, the present invention
provides a system according to claim 6. Other embodi-
ments, aspects, features, and advantages of the inven-
tion will become apparent to those skilled in the art from
the following detailed description, the accompanying
drawings, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

FIG. 1 illustrates a part of a motor-compressor sys-
tem according to the invention featuring an electric
motor housed within a pressure vessel and mechan-
ically coupled to a compressor;

FIG. 2 is a schematic representation of a motor-com-
pressor system with a single high speed electric mo-
tor mechanically coupled to two compressors, ac-
cording to an illustrative embodiment of the inven-
tion;

FIG. 3 is a schematic representation of a motor-com-
pressor system with two high speed electric motors
each mechanically coupled to separate compres-
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sors, according to an illustrative embodiment of the
invention;

FIG. 4A is a plot of temperature versus entropy of
the overall compression process depicted in either
FIG. 2 or FIG. 3;

FIG. 4B is a plot of temperature versus pressure of
the overall gas compression process depicted either
FIG. 2 or FIG. 3; and

FIG. 5 is a flowchart illustrating the initial steps of a
method for achieving efficient cooling of an electric
motor, in accordance with an illustrative embodiment
of the invention.

[0010] The drawings themselves are not drawn to
scale and the actual relative sizes of the components
featured in the drawings may be different than depicted
herein.

DETAILED DESCRIPTION OF THE INVENTION

[0011] The present invention provides methods and
systems for gas compression which are particularly use-
ful for compressing an acid gas mixture. At the outset, it
should be noted that acid gas mixtures requiring com-
pression for re-injection are typically highly toxic gas mix-
tures containing significant amounts of hydrogen sulfide.
Moreover, the pressures required to achieve the efficient
re-injection of acid gas mixtures into deep and secure
geologic formations, are sufficiently elevated to require
stringent measures to prevent adventitious release of the
acid gas being processed by a surface re-injection unit.
Typically, an acid gas re-injection unit comprises a series
of compressors driven by high speed electric motors. The
present invention addresses the need to control and elim-
inate the escape of process gases from acid gas re-in-
jection units by locating the high speed motor used to
drive the gas compressor inside a pressure vessel con-
figured to receive the compressed acid gas from the com-
pressor. Such a configuration reduces reliance on seals
between the motor and the compressor since leakage
across any such seals would take place within the con-
fines of the pressure vessel itself. A disadvantage of in-
corporating the high speed motor within the pressure ves-
sel is that the compressed gas produced by the compres-
sor and being introduced into the pressure vessel is rel-
atively hot and is corrosive toward a variety of compo-
nents of a typical high speed electric motor. As will be
apparent to those of ordinary skill in the art after reading
this disclosure, the present invention provides novel sys-
tems and methods which reduce reliance on seals be-
tween the compressor and its drive motor while protect-
ing the drive motor from the corrosive effects of the acid
gas being processed.
[0012] High speed electric motors generate significant
amounts of heat during operation, and when disposed

within a confined space, are typically provided with a cool-
ing system to prevent damage to the motor due to high
operating temperatures. The placement of the electric
motor within the pressure vessel, while providing a sig-
nificant advantage in terms of gas leak prevention, poses
additional challenges in terms of controlling the temper-
ature of the electric motor during operation. In the prior
art, an external cooling system is integrated to the pres-
sure vessel, but this feature would add additional cost
and complexity to the system. The present invention ad-
dresses the need to cool the high speed electric motor
disposed within the pressure vessel and uses the proc-
ess gas itself, after appropriate treatment, to do so.
[0013] As noted, the first compressor is driven by a
high speed electric motor disposed within (also referred
to as "housed within") the pressure vessel itself. The elec-
tric motor is configured to drive the first compressor and
is said to be mechanically coupled to the first compressor.
As used herein, the term "mechanically coupled" includes
within its meaning the condition of coupled components
being co-rotatable by rotating a first coupled component
and effecting rotation of a second coupled component
thereby. In addition, the term "mechanically coupled" in-
cludes the condition where two or more components are
configured for coupling but are not actually coupled to
one another, as would be the case in which an end portion
of a drive shaft 112 (See for example FIG. 2) is fixed
within a first portion of a coupling element 116 by a first
set of coupling element set screws, and an end portion
of a rotor 118 is disposed within a second portion of the
same coupling element 116 possessing a second set of
coupling element set screws, the set screws being con-
figured to be tightened in order to fix the end portion of
the rotor 118 within the second portion of the coupling
element 116. However, the second set of coupling ele-
ment set screws has not yet been tightened, and the end
portion of the rotor 118 may rotate freely within the sec-
ond portion of the coupling element 116 without causing
either the coupling element 116 or drive shaft 112 to ro-
tate. The term "mechanically coupled" therefore includes
configurations wherein a drive shaft 112 and a rotor 118
are configured to be coupled by a detachable coupling
element 116 and the coupling element has been re-
moved. According to the invention, a rotor of the first com-
pressor is mechanically coupled to a rotor of the electric
motor. Various types of mechanical couplings are illus-
trated herein; see for example FIG. 2 and FIG 3. The
electric motor disposed within the pressure vessel is typ-
ically a high speed electric motor which operates at ro-
tation rates of from about 3000 to about 15000 revolutions
per minute (rpm). In one embodiment, the high speed
electric motor is a permanent magnet electric motor. In
one embodiment, the first compressor is a multi-stage
centrifugal compressor. According to the present inven-
tion, a compressed gas mixture produced by a first com-
pressor coupled to a pressure vessel is directed through
a flow path defined within the pressure vessel to a heat
exchanger where the compressed gas is cooled to pro-
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vide a cooled compressed gas. Another function of the
heat exchanger is to remove moisture from the com-
pressed gas. Those of ordinary skill in the art will under-
stand that gas mixtures such as acid gas, may be espe-
cially corrosive in the presence of moisture. Thus, in one
embodiment, the heat exchanger comprises a com-
pressed gas cooling unit and separate water knock-out
unit. In an alternate embodiment, the heat exchanger
comprises a unitary structure which both cools the com-
pressed gas while removing water from it. According to
the invention, the heat exchanger is used to treat essen-
tially all of the compressed gas produced by the first com-
pressor, and in various embodiments, it produces a
cooled compressed gas which is substantially free of wa-
ter. The cooled compressed gas emerging from the heat
exchanger is characterized by a pressure which is about
the same as the compressed gas produced by the first
compressor, namely from about 5 bar to about 20 bar,
but has a temperature substantially cooler than the com-
pressed gas produced by the first compressor. According
to the invention, the cooled compressed gas has a tem-
perature in a range from about 20°C to about 50°C. The
heat exchanger may be located within the pressure ves-
sel or outside of the pressure vessel. In either configu-
ration, the heat exchanger forms part of a gas flow path
for the gas being treated. Only a portion of the cooled
compressed gas is then brought into contact with the
electric motor disposed within the pressure vessel. The
electric motor is located within a gas flow path defined
by the pressure vessel and only a portion of the cooled
compressed gas is directed along this flow path and into
contact with the electric motor. In various embodiments,
the direction of flow and the mass of the cooled com-
pressed gas contacting the electric motor may be con-
trolled by a fan which may be remote from, attached to,
or integrated into the electric motor. The cooled com-
pressed gas contacts various components of the electric
motor and removes heat from them. The cooled com-
pressed gas having absorbed heat from electric motor
then travels further along the flow path defined by the
pressure vessel and out of contact with the electric motor.
According to the invention, only a portion of the cooled
compressed gas contacts the electric motor and the re-
maining cooled compressed gas is directed by an alter-
nate flow path to a location within the pressure vessel
downstream of the electric motor, see for example zone
4 illustrated in FIG. 2, where it is reunited with cooled
compressed gas having contacted the electric motor. The
recombined cooled compressed gas output of heat ex-
changer is then further compressed to a pressure suita-
ble for efficient re-injection of the acid gas into a secure
geologic formation. In one embodiment, this step of fur-
ther compressing the recombined cooled compressed
gas output of heat exchanger provides a further com-
pressed gas characterized by a pressure in a range from
about 60 bar to about 200 bar and a temperature of up
to 170°C. In one embodiment, this step of further com-
pressing the recombined cooled compressed gas output

of heat exchanger is carried out using a second com-
pressor driven by the same high speed electric motor
used to drive the first compressor. Thus, a single first
electric motor mechanically coupled to both the first com-
pressor and the second compressor may be used to drive
both compressors. In an alternate embodiment, a second
electric motor likewise disposed within the pressure ves-
sel is mechanically coupled to and drives the second
compressor. In one embodiment, the second compres-
sor is a multi-stage centrifugal compressor. In an alter-
nate embodiment, both the first compressor and the sec-
ond compressor are multi-stage centrifugal compres-
sors.
[0014] As noted, in one aspect, the present invention
provides a method for compressing a gas mixture com-
prising hydrogen sulfide (H2S) and carbon dioxide (CO2).
An initial gas mixture comprising hydrogen sulfide and
carbon dioxide is compressed by a first compressor
which is coupled to a pressure vessel. With respect to
the first compressor, the expression "coupled to a pres-
sure vessel" means that the output of the first compres-
sor, a "compressed gas stream" or simply a "compressed
gas mixture", is directed into the pressure vessel. The
pressure vessel is said to be configured to receive the
compressed gas from the first compressor. The gas mix-
ture being compressed contains from about 10 to about
95 percent by volume hydrogen sulfide and from about
90 to about 5 percent carbon dioxide, and the com-
pressed gas mixture necessarily comprises about the
same percent by volume of hydrogen sulfide and carbon
dioxide. The amount of hydrogen sulfide and carbon di-
oxide in either the initial gas mixture or the compressed
gas mixture, together corresponds to from about 90 to
about 100 percent by weight of the total weight of the
compressed gas mixture. In one embodiment, the gas
mixture to be compressed (the initial gas mixture) com-
prises from about 20 to about 70 percent by weight hy-
drogen sulfide. The initial gas mixture may contain water
and hydrocarbons such as methane, ethane, propane,
and like gases present in natural gas. As the initial gas
mixture is compressed from an initial temperature and
pressure, typically from about ambient temperature to
about 60°C and from about 1 to about 2 bar, the temper-
ature of the compressed gas is significantly increased.
In one embodiment, the gas mixture being compressed
by the first compressor increases in temperature from
about 60°C to about 170°C as the pressure is increased
from about 1 bar to about 10 bar.
[0015] In one embodiment, a first compressor com-
presses an initial acid gas mixture to provide a first com-
pressed gas having a temperature of from about 60°C to
about 170°C and a pressure of about 10 bar. This first
compressed gas is introduced into a pressure vessel and
directed to a heat exchanger where it is cooled to a tem-
perature in a range from about 20°C to about 50°C to
provide a cooled compressed gas mixture. Only At a por-
tion of the cooled compressed gas mixture is contacted
with a first electric motor disposed within the pressure
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vessel and mechanically coupled to the first compressor.
[0016] FIG. 1 is a partial view in cross section of an
electric motor 102 integrated with (mechanically coupled
to) a compressor 104 and shows a part of a motor-com-
pressor system 100 (hereinafter interchangeably re-
ferred to as system 100), wherein an electric motor 102
housed within a pressure vessel 106 is integrated with a
compressor 104. The electric motor 102 is located be-
tween two compressors: a first compressor (not shown
in figure) located at the inlet side of the electric motor
102, and a second compressor 104 located at the exit
side of the electric motor 102. In various embodiments
of the invention, the first compressor and the second
compressor 104 may be single or multi-stage centrifugal
compressors.
[0017] Referring to FIG. 1, the electric motor 102 in-
cludes a stator 108 and a rotor 110. In an embodiment
of the invention, the rotor 110 may be a permanent mag-
net rotor, and the electric motor 102 may be an Alternat-
ing Current (AC) synchronous motor. In another embod-
iment, the AC synchronous motor may not require an
exciter. Furthermore, the rotor 110 may form a part of a
drive shaft 112, which is rotatably journalled at both the
ends: a first end 112a and a second end 112b by mag-
netic bearings 114a and 114b respectively. These mag-
netic bearings reduce power loss by minimizing the wear
and tear in rotating shafts that operate over an extended
period of time. The drive shaft 112 is further connected
longitudinally via a coupling element 116 to a rotor 118
of the second compressor 104. The rotor 118 is rotatably
journalled within the magnetic bearings 120a and 120b.
[0018] During non-steady-state operation of the motor-
compressor system 100, for example during a fast start-
up and loading regime, different components of the sys-
tem 100 experience different levels of vibration. As a re-
sult, the different components of the system 100, for ex-
ample, the second compressor 104 and the electric motor
102, experience skewed axes of rotation with respect to
each other, and thus generate a bending moment in the
coupling element 116. In an embodiment of the invention,
the coupling element 116 may include one of a Hirth cou-
pling element or a rigid coupling element to make the
coupling element 116 longitudinally stiff and able to ac-
commodate bending moments. In one embodiment, the
Hirth coupling or rigid coupling is designed such that all
serrations are precisely machined with an orientation to
the centerline of shafts so that the individual shafts are
stiff longitudinally and free to rotate radially in a self-
centering manner relative to one another. As a result,
neither the rotor 118 nor the drive shaft 112 is over-
stressed during operation. Additionally, the Hirth or the
rigid coupling element is much easier to assemble and
disassemble compared to an axially flexible coupling el-
ement. Apart from the design aspects involved for a flex-
ible integration of the electric motor 102 with the second
compressor 104, the configuration of the system 100 also
necessitates robustness in design to handle the abrasive
nature of the acid gas mixture in contact with various

components of the system 100.
[0019] The presence of H2S in the acid gas mixture
being processed places restrictions on the materials that
can be used for components of the electric motor 102
because many metals are sensitive to sulfide stress
cracking. To protect the various components of the elec-
tric motor 102 from the corrosive effects of the gas mix-
ture, the stator 108 is enclosed in an encapsulation unit
122. In FIG. 1, the encapsulation unit 122 is a hermetic
can. Similarly, the rotor 110 may also be sealed against
the corrosive and abrasive effects of the acid gas mixture
by encasing a Halbach array of magnets (not shown) in
a corrosion resistant casing 124. In one embodiment, the
Halbach array of magnets forms a part of the rotor 110
of the electric motor 102, and is a special arrangement
of permanent magnets that augment the magnetic field
on one side of the rotor 110 and cancel the field to almost
zero on the other side. Thus, the configuration and design
of the motor-compressor system 100 is governed by the
composition and properties of the acid gas mixture. More-
over, the configuration and design of the system 100 is
based on the level of pressure to be applied to the gas
mixture as it flows through the motor-compressor system
100.
[0020] Where the system 100 is being used to re-inject
acid gas into a deep and secure geologic formation, the
head pressure required at the surface re-injection unit
are in a range of from about 60 bar to about 200 bar,
depending on the requirements associated with the par-
ticular geologic formation. As noted, large head pres-
sures typically require the use of high speed electric mo-
tors. In various embodiments disclosed herein the elec-
tric motor 102 (hereinafter interchangeably referred to as
high speed electric motor 102) rotates at very high
speeds, typically in a range of 3000-15000 rpm, to pro-
vide the necessary power to the second compressor 104
and in this process may generate a significant amount
of heat in the windings of the stator 108. Accordingly, to
cool the windings on the inside of the stator 108, the
encapsulation unit 122 may contain electric insulating oil
(not shown). The electric insulating oil not only cools, but
also provides electrical insulation between the internal
components of the stator 108. Even at relatively high tem-
peratures, the electrical insulating oil should remain sta-
ble, without flaring for an extended period of operation.
[0021] The stator 108 and other components of the
electric motor are cooled by a compressed acid gas flow
through the electric motor 102. In one embodiment, to
protect the encapsulation unit 122 against leakage, the
encapsulation unit 122 is designed to maintain a differ-
ential pressure between the electric insulating oil and the
compressed acid gas flowing through the electric motor
102. In one embodiment, the electric insulating oil is kept
at a slightly higher pressure than the compressed acid
gas, so that in case of leakage, the electric insulating oil
may flow outwardly from the inside of the encapsulation
unit 122 and thus prevent accidental absorption of H2S
into the encapsulation unit 122. Moreover, the pressure
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of the electric insulating oil keeps the stator 108 and the
electrical windings secure from corrosive and abrasive
effects of the acid gas mixture.
[0022] Further referring to FIG. 1, in an embodiment
of the invention, the pressure vessel 106, which houses
the electric motor 102, can be extended to include the
complete motor-compressor system 100. Due to the high
concentration of H2S in the acid gas mixture to be com-
pressed, one of the objectives of the illustrated configu-
ration of the motor-compressor system 100 is to prevent
the leakage of the acid gas mixture into the atmosphere.
Accordingly, the pressure vessel 106 encloses the elec-
tric motor 102 and prevents leakage through seals which
would be required if compressor system were driven by
an external electric motor. In one embodiment, the com-
pressed acid gas mixture received by the pressure vessel
106 from the first compressor is at an optimal first pres-
sure (i.e., a pressure that yields maximum efficiency of
cooling of the electric motor 102 by the acid gas mixture).
[0023] FIG. 2 is a schematic representation of a motor-
compressor system 200 comprising a single high speed
electric motor 102 mechanically coupled to two compres-
sors 204a and 204b, according to an illustrative embod-
iment of the invention. In the exemplary embodiment
shown in FIG. 2, the motor-compressor system 200 in-
cludes a first compressor 204a, disposed in serial flow
communication with a high speed electric motor 102, and
with a second compressor 204b. In the exemplary em-
bodiment, both the first compressor 204a and the second
compressor 204b are two-stage centrifugal compres-
sors. In one embodiments of the invention, the first and
second compressors 204a and 204b are multi-stage cen-
trifugal compressors. The first compressor 204a and the
second compressor 204b are mechanically coupled to
the high speed electric motor 102 via two coupling ele-
ments 116. The rotor 110 of the high speed electric motor
102 and the rotors 118 of the first compressor 204a and
the second compressor 204b are mechanically coupled
to drive shaft 112 and are supported on a plurality of
magnetic bearings 206. The pressure vessel 106 houses
the high speed electric motor 102 and maintains a con-
stant pressure inside it. The pressure is optimized such
that the acid gas mixture demonstrates efficient cooling
properties in the electric motor 102. In an embodiment
of the invention, the pressure vessel 106 may house the
complete motor-compressor system 200.
[0024] Use of the acid gas mixture as a coolant for the
high speed electric motor 102 lends compactness to the
motor-compression system 200 by removing the need
for a separate cooling system. This also improves the
cooling efficiency in the electric motor 102 by reducing
windage losses. The windage losses may become sig-
nificant when a separate cooling system is used because
continuous recirculation of the coolant may be required
in such a system. The use of acid gas mixtures as a
coolant in the system 200 necessitates the integration of
the high speed electric motor 102 with the compressors
204a and 204b in a configuration different from the typical

configuration used in integrated motor-compressor sys-
tems. The nature of the acid gas mixture accordingly
makes it necessary to discharge the compressed acid
gas mixture into the pressure vessel at a first pressure
and temperature range suitable for achieving the maxi-
mum cooling efficiency of the electric motor 102 disposed
within the pressure vessel.
[0025] As the acid gas mixture flows through the motor-
compressor system 200, different components of the sys-
tem 200 act on it at different stages in the compression
process. The gas undergoing compression passes
through a continuum of states starting from an initial state
of the acid gas mixture presented to the first compressor
at inlet 208 and ending at a final state of the gas exiting
the second compressor at outlet 210. The state of the
acid gas mixture may be defined by the pressure, tem-
perature and/or entropy of the mixture at a particular
stage of the compression process. Under steady state
conditions, each location along the gas flow path through
the motor-compressor system will be characterized by a
state which will remain constant while steady state con-
ditions prevail. Although there are potentially a very large
number of locations and associated states within the gas
flow path through the motor-compressor system it is con-
venient to denote zones within the gas flow path where
approximately the same conditions of pressure, temper-
ature and/or entropy prevail. The zones and their approx-
imate states of the acid gas mixture may be denoted by
numerals 1-5 shown in FIG. 2, FIG. 3, FIG. 4A, and FIG.
4B Thus, the numerals 1-5 may also refer to a zone within
or adjacent the motor-compressor system wherein the
acid gas mixture being processed has a particular tem-
perature, pressure and entropy. For example, in the em-
bodiment shown in FIG. 2, state 1 refers to the state of
the acid gas mixture at an inlet 208 of the first compressor
204a and state 5 refers to the state of the acid gas mixture
at an outlet 210 of the second compressor 204b.
[0026] During operation of the system 200, the acid
gas mixture is fed into the motor-compressor system from
an external processing plant (not shown in the figure)
that separates the acid gas mixture from natural gas. The
inlet 208 receives the acid gas mixture from the external
processing plant, the acid gas mixture being character-
ized by a state 1. The pressure and temperature of the
state 1 is typical of the refining process in the external
processing plant, from which the acid gas mixture is ob-
tained and are typically in a range from about 1 to about
2 bar and approximately 55°C respectively . The acid gas
mixture is subsequently compressed by the first com-
pressor 204a to a first pressure and temperature char-
acterized by a state 2 which state corresponds approxi-
mately to a location in the motor-compressor system cor-
responding to zone 2 in FIG. 2. According to the invention,
the first pressure is in a range from about 5 bar to about
20 bar. The compressed acid gas mixture gains heat dur-
ing the compression by the first compressor and may
reach a temperature as high as 170°C. Therefore, the
acid gas mixture is at a higher pressure and temperature
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in state 2 than in state 1. Thereafter, the hot compressed
acid gas mixture is directed by the flow path defined by
the pressure vessel to a heat exchanger 212 coupled to
the pressure vessel 106 via conduit 211. In the embod-
iment shown in FIG. 2, the heat exchanger 212 comprises
a cooling unit and a water knock-out unit. In one embod-
iment, the cooling unit of the heat exchanger 212 cools
the hot compressed acid gas mixture from a temperature
of approximately 170°C in state 2 to, as according to the
invention, a temperature in a range from about 20°C to
about 50°C in state 3/zone 3. The water knock-out unit
removes moisture present in the acid gas mixture. The
removal of moisture from the acid gas mixture reduces
the corrosiveness of the acid gas mixture to the high
speed electric motor 102 and other components of the
motor-compressor system 200. Thus, the acid gas mix-
ture contacts the electric motor 102 motor at a suitably
cool temperature for efficient cooling of the electric motor.
In addition, because water has been removed from the
acid gas mixture, the possibility of moisture condensation
inside the electric motor 102 is greatly reduced. Accord-
ing to the invention, only a first portion of the acid gas
passing through heat exchanger is directed to electric
motor 102 via gas return conduit 213. Acid gas returned
through the return conduit is contacted with motor 102
which is located in zone 3 and thereby serves to cool the
motor. A second portion of acid gas passes via by-pass
conduit 214 and into the inlet side of the second com-
pressor 204b located in zone 4.
[0027] As noted, as according to the invention, after
being cooled by the heat exchanger 212, the acid gas
mixture, now characterized by state 3, contacts the elec-
tric motor 102 at a pressure in a range from about 5 bar
to about 20 bar and a temperature in a range from about
20°C to about 50°C. The encapsulated stator 108 and
the rotor 110 and other components of the electric motor
102 are cooled by the acid gas mixture, which may be
guided around the encapsulated stator 108 and the rotor
110. The pressure inside the pressure vessel may be
controlled to provide for the most efficient cooling of elec-
tric motor 102 by the acid gas mixture. As noted, the
carbon dioxide present in the acid gas mixture varies in
concentration from about 5 percent to about 90 percent
by volume of the acid gas mixture. Generally, gaseous
carbon dioxide is a poor heat removal medium and as
such the effectiveness of the acid gas in removing heat
from the electric motor may vary inversely with the con-
centration of carbon dioxide in the acid gas. However,
by exercising temperature and pressure control of the
acid gas mixture coming into contact with the electric
motor, the heat removal capacity/cooling efficiency of the
acid gas mixture may be optimized for a particular acid
gas composition. The cooling efficiency in the electric
motor 102 may be defined as the ratio of the heat ex-
tracted by the acid gas mixture from the electric motor
102 to the work done by the first compressor stage 204a
on the acid gas mixture. For most acid gas mixtures en-
countered in acid gas re-injection operations, a good

tradeoff between the poor heat removal capacity of car-
bon dioxide present in the acid gas mixture and the work
done by the first compressor 204a may be achieved at
a pressure in a range of from about 5 bar to about 20
bar, and a temperature in a range from about 20°C to
about 50°C. Therefore, in the configuration of the inte-
grated motor-compressor system 200, the first compres-
sor 204a may be operated to provide the first compressed
gas at a pressure which is optimal to effect the cooling
of the electric motor 102 with greatest efficiency. As will
be appreciated by those of ordinary skill in the art, the
heat exchanger is configured and operated in order to
provide a cooled compressed gas having a temperature
in a desired temperature range.
[0028] The cooled compressed gas absorbs heat as it
cools the electric motor and thereafter passes into zone
4 where it is reunited with cooled compressed gas enter-
ing zone 4 via by-pass conduit 214. The cooled com-
pressed gas in zone 4 is characterized by state 4 wherein,
in the embodiment shown, the pressure is approximately
10 bar and the temperature is approximately 45°C. The
cooled compressed gas in zone 4 is then further com-
pressed by second compressor 204b. The compressed
acid gas mixture exiting the second compressor 204b at
the outlet 210 of the motor-compressor system 200, is
characterized by a final state 5, wherein, in the embodi-
ment shown, the pressure is in a range from about 60
bar to about 200 bar, and wherein the temperature is
approximately 170°C.
[0029] Typical acid gas re-injection operations involve
the compression of large quantities acid gas and are
characterized by high power requirements. Typically, the
power required by a compressor in a motor-compressor
system varies as the cube of the mass flow rate of the
acid gas mixture flowing through the compressor. There-
fore, a relatively small change in the mass flow rate may
change the power requirement significantly. To meet the
varying power requirements in the motor-compressor
system 200, the high speed electric motor 102 can be
configured to drive the compressors 204a and 204b rel-
atively high efficiency. Thus, the high speed electric mo-
tor 102 may be part of a frequency control circuit (not
shown in figure) to match the variable power require-
ments of the compressors 204a and 204b. Typically, mo-
tor-driven systems are designed to handle peak loads
with an additional safety factor built in. This often leads
to energy use inefficiency in systems that operate for
extended periods of time at a reduced load. The ability
to adjust motor speed enables closer matching of motor
output to load and saves energy. In this exemplary em-
bodiment, the operating speed of the high speed electric
motor 102 may be varied by changing the frequency of
the motor supply voltage, thus allowing an accurate and
continuous process control over a wide range of speeds.
In an embodiment of the invention, the high speed electric
motor 102 is designed to provide 15 MW of power. More
than one high speed electric motor 102 may be used in
applications that require more power. Such a configura-
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tion is detailed in the discussion of FIG. 3 which follows.
[0030] FIG. 3 is a schematic representation of a motor-
compressor system 300 comprising two high speed elec-
tric motors 302 and 304 mechanically coupled to com-
pressors 306a and 306b respectively, according to an
illustrative embodiment of the invention. In the embodi-
ment shown in FIG. 3, a motor-compressor system 300
consists of a first compressor 306a in serial flow commu-
nication with a first high speed electric motor 302 such
only a portion of the gas compressed by the first com-
pressor contacts the motor after appropriate treatment
by heat exchanger 308. A second compressor 306b in
is said to be serial flow communication with a second
high speed electric motor 304.
[0031] Still referring to FIG. 3, the gas flow path defined
by the pressure vessel 106 and allied components of the
motor-compressor system 300 (conduit 211, heat ex-
changer 308, return conduit 309, by-pass conduit 310)
is shown by arrows starting at inlet 208 of the first com-
pressor 306a, traversing the first compressor, being di-
rected in zone 2 to conduit 211 leading to heat exchanger
308. A cooled compressed gas treated by the heat ex-
changer is returned to zone 3 of the pressure vessel 106
via return conduit 309 where it contacts the first electric
motor 302 and the second electric motor 304. The cooled
compressed gas having contacted both electric motors
passes into zone 4 where it is reunited with cooled com-
pressed gas entering zone 4 via by-pass conduit 310.
The gas mixture in zone 4 is characterized by state 4
wherein the gas temperature is slightly elevated (in this
example 45°C) relative to the temperature in zone 3 due
to the heat removed from electric motors 302 and 304.
The gas mixture characterized by state 4 is then further
compressed by the second compressor 306b and exits
the motor-compressor system 300 at the outlet 210 of
the second compressor in state 5.
[0032] In one embodiment, the first compressor 306a
and the second compressor 306b may be single or multi-
stage centrifugal compressors. In the embodiment
shown in FIG. 3, the first compressor 306a may be a two-
stage centrifugal compressor, while the second com-
pressor 306b may be a three-stage centrifugal compres-
sor. The first compressor 306a and the second compres-
sor 306b may be coupled to the first high speed electric
motor 302 and the second high speed electric motor 304
respectively by rigid or flexible coupling elements 116.
However, in the embodiment shown in FIG. 3 the rotor
of the first electric motor 302 is not coupled to the rotor
of the second electric motor 304. This configuration al-
lows the first compressor 306a and the second compres-
sor 306b to operate at different speeds. In the embodi-
ment shown in FIG. 3, both the first electric motor 302
and the second electric motor 304 may be equipped with
frequency control circuits (not shown in figure) and hence
are capable of meeting the varying power requirements
of the first compressor 306a and the second compressor
306b respectively, resulting in significant energy savings.
Moreover, in the embodiment shown in FIG. 3, a smaller

number of magnetic bearings may be required to support
the rotors because of the absence of a coupling between
the rotors of the first and the second electric motors 302
and 304. Therefore, the embodiment illustrated in FIG.
3 is believed to represent a low cost and energy efficient
architecture that copes with high power requirements of
the motor-compressor system 300. The operation of the
motor compressor system 300 is similar to the motor-
compressor system 200 wherein the first compressor
306a compresses the acid gas mixture to a first pressure
in an appropriate pressure range for optimum cooling
efficiency of the electric motors 302 and 304. The initial
acid gas mixture heats up when compressed by the first
compressor 306a and subsequently passes through a
heat exchanger 308 coupled to the pressure vessel 106
via conduits 211, 309 and 310. The heat exchanger 308
cools the compressed acid gas mixture and also removes
moisture from the acid gas mixture. A portion of the
cooled compressed acid gas mixture treated by heat ex-
changer 308 is then returned to the pressure vessel 106
via return conduit 309 and contacts the electric motors
302 and 304 before being discharged to the inlet side of
second compressor 306b in zone 4. The acid gas mixture
is then further compressed by second compressor 306b.
The compressed acid gas mixture exits the motor-com-
pressor system 300 via outlet 210 and wherein, in one
embodiment, the acid gas exiting the system is charac-
terized by a state 5 wherein the temperature may be as
high as 170°C and the pressure is in a range from about
60 to about 200 bar.
[0033] In an alternate embodiment, to that illustrated
in FIG. 3, the heat exchanger 308 may be disposed within
the pressure vessel 106. In this embodiment also, a por-
tion of the acid gas passing through the heat exchanger
308 contacts each of the electric motors 302 and 304,
the gas initially contacting electric motor 302 being char-
acterized by state 3 (i.e. a temperature of about 40° and
a pressure of about 10 bar). The remaining portion of the
acid gas may be directed via a by-pass conduit 310 (or
other alternate flow path not bringing the gas into contact
with electric motors 302 and 304) to the inlet side of the
second compressor 306b.
[0034] FIG. 4A is a plot of temperature versus entropy
for an acid gas compression process 400 carried out in
a motor-compressor system such as 200 (FIG. 2) or 300
(FIG. 3). In FIG. 4a the entropies and temperatures as-
sociated with the various stages of the overall compres-
sion process are given as relative values and are not
intended in any way limit the scope of the process illus-
trated. Relative temperature is plotted on the vertical axis
and relative entropy on the horizontal axis. The entire
compression process may be defined by the states of
the acid gas mixture and states 1-5 identified in FIG. 4a
correspond to states 1-5 shown in FIG. 2 and FIG.3,
wherein state 1 refers to the state of the acid gas mixture
at the inlet 208 of the motor-compressor system; state 5
refers to the state of the acid gas mixture at the exit 210
of the motor-compressor system; and states 2, 3 and 4
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refer to intermediate states of the acid gas mixture inside
the motor-compressor system.
[0035] If reference is made to FIG. 2 when examining
the plot shown in FIG. 4A, the acid gas mixture starts at
the state 1 having a temperature of 55°C. The acid gas
mixture is then compressed isentropically by the first
compressor 204a from the state 1 (T=55°C) to the state
2 (T=170°C), which has the same entropy but a higher
temperature. Thereafter, the compressed acid gas mix-
ture is directed to the heat exchanger 212 where the mix-
ture is cooled isobarically from the state 2 (T=170°C) to
the state 3 (T=40°C). State 3 has higher entropy but a
lower temperature than at the state 2. The cooled com-
pressed acid gas mixture having state 3 is subsequently
contacted with the electric motor 102. The acid gas mix-
ture cools the electric motor 102 nearly isobarically and
reaches the state 4 (T=45°C), which has a higher tem-
perature and higher entropy than the state 3. The mixture
is subsequently fed to the second compressor 204b
where the acid gas mixture is isentropically compressed
to the final state 5 (T=170°C), which has the same entropy
but a higher temperature than the state 4.
[0036] FIG. 4B is a plot of temperature versus pressure
for the same acid gas compression process 400 shown
in FIG. 4A carried out in a motor-compressor system such
as 200 (FIG. 2) or 300 (FIG. 3). In FIG. 4B the pressures
and temperatures associated with the various stages of
the overall compression process are given as relative
values and are not intended in any way limit the scope
of the process illustrated. Relative temperature is plotted
on the vertical axis and relative pressure on the horizontal
axis. The entire compression process may be defined by
the states of the acid gas mixture and states 1-5 identified
in FIG. 4B correspond to states 1-5 shown in FIG. 2 and
FIG.3, wherein state 1 refers to the state of the acid gas
mixture at the inlet 208 of the motor-compressor system;
state 5 refers to the state of the acid gas mixture at the
exit 210 of the motor-compressor system; and states 2,
3 and 4 refer to intermediate states of the acid gas mixture
inside the motor-compressor system.
[0037] If reference is made to FIG. 2 when examining
the plot shown in FIG. 4B, the compression of the acid
gas mixture starts at the state 1(P=1-2 bar, T=55°C). The
acid gas mixture is then compressed isentropically by
the first compressor 204a to the state 2 (P=10 bar,
T=170°C). The compressed acid gas mixture is then di-
rected to the heat exchanger 212, wherein the mixture
is cooled isobarically from the state 2 (P=10 bar,
T=170°C) to the state 3 (P=10 bar, T=40°C). The cooled
compressed acid gas mixture is subsequently passed
through the electric motor 102. The acid gas mixture
cools the electric motor 102 nearly isobarically and reach-
es the state 4 (P=10 bar, T=45°C). The mixture is sub-
sequently fed to the second compressor 204b, where the
acid gas mixture is isentropically compressed to the final
state 5 (P=60-200 bar, T=170°C).
[0038] FIG. 5 is a flowchart illustrating the initial steps
of a method 500 for achieving efficient cooling of an elec-

tric motor used to drive a first compressor and a second
compressor in a motor-compressor system configured
as in FIG. 2. The method 500 begins at block 502 wherein
an initial acid gas mixture comprising hydrogen sulfide
and carbon dioxide is compressed to a first pressure.
The acid gas mixture comprising from about 10 to about
95 percent by volume of hydrogen sulfide and from about
90 to about 5 percent by volume of carbon dioxide is
isentropically compressed by a first compressor to the
first pressure in a range from about 5 bar to about 20 bar.
Maximum cooling efficiency of an electric motor by an
acid gas mixture may achieved in the when the acid gas
is contacted with the electric motor at a pressure in a
range from about 5 bar to about 20 bar. Thus the first
compressor provides the necessary head pressure to the
acid gas mixture for the efficient cooling of the electric
motor used to drive the first compressor. Following the
compression of the acid gas mixture to the optimum pres-
sure range at block 502, the method step corresponding
to block 504 is carried out.
[0039] At block 504, the compressed gas mixture
formed at block 502 is cooled to a temperature in a range
from about 20°C to about 50°C. The gas mixture com-
pressed at block 502 is directed through a heat exchang-
er. The heat exchanger may comprise two units: a cooling
unit that cools the hot compressed acid gas mixture to a
temperature in the approximate range from about 20°C
to about 50°C, and a water knock-out unit that removes
moisture from the hot compressed acid gas mixture. Both
the cooling process and the water removal process take
place isobarically and the resultant cooled compressed
gas emerges from the heat exchanger at a pressure in
a range from about 5 bar to about 20 bar. Cooling the
hot compressed acid gas mixture to the appropriate tem-
perature range of 20°C - 50°C improves the cooling ef-
ficiency of the cooled compressed gas in the electric mo-
tor, while the removal of moisture from the acid gas mix-
ture makes the acid gas mixture less corrosive.
[0040] In block 506 only a portion of the cooled gas
mixture is contacted with the electric motor. Windage
losses may occur as the cooled compressed acid gas
mixture contacts with the electric motor. By limiting the
amount of cooled compressed gas which contacts the
components of the electric motor, windage losses may
be controlled and minimized. When contact between the
cooled compressed acid gas mixture and the electric mo-
tor is carried out under isobaric conditions at a temper-
ature in a range from about 20°C to about 50°C, a rea-
sonable tradeoff between electric motor windage losses
and electric motor cooling can be achieved.
[0041] The motor-compressor system disclosed in the
application is specifically configured to compress an acid
gas mixture and also to use the compressed acid gas
mixture as a coolant for cooling a motor. The corrosive
nature of the acid gas mixture coupled with its poor heat
removal capacity makes it difficult for the existing motor-
compressor configurations to achieve a high cooling ef-
ficiency. The motor-compressor systems disclosed here-
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in enable safe and efficient handling of acid gas mixtures
generated during natural gas refining methods of obtain-
ing an optimum state of the cooled compressed gas mix-
ture at which the maximum cooling efficiency of the elec-
tric motor by the gas mixture can be achieved. Further,
the use of a pressure vessel to enclose the electric motor
prevents any possibility of a leakage of the acid gas mix-
ture in spite of the high pressures involved in the process.
[0042] While the invention has been described in con-
nection with what is presently considered to be the most
practical and various embodiments, it is to be understood
that the invention is not to be limited to the disclosed
embodiments, but on the contrary, is intended to cover
various modifications included within the scope of the
appended claims.
[0043] This written description uses embodiments to
disclose the invention, including the best mode, and also
to enable any person skilled in the art to practice the
invention, including making and using any devices or sys-
tems and performing any incorporated methods. The pat-
entable scope the invention is defined in the claims.

Claims

1. A method for compressing an acid gas mixture, said
method comprising:

(a) compressing a gas mixture comprising hy-
drogen sulfide and carbon dioxide to provide a
compressed gas mixture at a first pressure in a
range from about 5 bar to about 20 bar, said
compressed gas mixture comprising from about
10 to about 95 percent by volume hydrogen
sulfide and from about 90 to about 5 percent
carbon dioxide, said hydrogen sulfide and said
carbon dioxide together being present in an
amount corresponding to from about 90 to about
100 percent by weight of a total weight of the
compressed gas mixture, said compressing be-
ing carried out in a first compressor (204a), said
first compressor being coupled to a pressure
vessel (106) configured to receive the com-
pressed gas mixture;
(b) cooling the compressed gas mixture formed
in step (a) to a temperature in a range from about
20°C to about 50°C to provide a cooled com-
pressed gas mixture; and
(c) contacting only a portion of the cooled com-
pressed gas mixture with a first electric motor
(102), said first electric motor being housed with-
in the pressure vessel (106), said first electric
motor (102) being mechanically coupled to the
first compressor (204a); and directing the re-
maining cooled compressed gas to a location
within the pressure vessel (106) downstream of
the first electric motor (102) and reuniting it at
this location with cooled compressed gas having

contacted the first electric motor.

2. The method according to claim 1, further comprising
a step (d) wherein at least a portion of the com-
pressed gas mixture cooled in step (b) and at least
a portion of the cooled compressed gas mixture con-
tacted with the electric motor in step (c) are further
compressed to a pressure in a range from about 60
bar to about 200 bar.

3. The method according to claim 2, wherein said first
electric motor (102) drives a second compressor
(204b) used in step (d).

4. The method according to claim 2, wherein a second
electric motor drives a second compressor (204b)
used in step (d).

5. The method according to claim 3 or 4, wherein said
second compressor (204b) is multi-stage centrifugal
compressor.

6. A motor compressor system for acid gas compres-
sion, the system comprising:

a first compressor (204a);
a pressure vessel (106) configured to receive a
compressed gas from the first compressor;
a heat exchanger (212) coupled to the pressure
vessel (106) configured to cool the compressed
gas and provide a cooled compressed gas; and
an electric motor (102) housed within the pres-
sure vessel (106), wherein the electric motor is
mechanically coupled to the first compressor,
and wherein the pressure vessel (106) is con-
figured to receive at least a portion of the cooled
compressed gas from the heat exchanger (212)
and contact the electric motor (102); wherein
the electric motor comprises an acid gas resist-
ant encapsulation unit (122) enclosing a stator
(108) of the electric motor (102); and
wherein only a portion of the cooled compressed
gas is arranged to contact the electric motor
(102) and the remaining cooled compressed gas
is arranged to be directed by an alternative flow
path (214) to a location within the pressure ves-
sel (106) downstream of the electric motor (102)
where it is reunited with cooled compressed gas
having contacted the electric motor.

7. The system according to claim 6, wherein said first
compressor (204a) is a multi-stage centrifugal com-
pressor.

8. The system according to claim 6 or 7, wherein said
heat exchanger (212) comprises a cooling unit and
a water knock-out unit.

17 18 



EP 2 402 614 B1

11

5

10

15

20

25

30

35

40

45

50

55

9. The system according to claim 6, 7 or 8, wherein
said electric motor (102) comprises a frequency con-
trol circuit to match variable power requirements of
the first compressor.

10. The system according to any of claims 6 to 9, further
comprising a second compressor (204b) integrated
with the electric motor (102) at an exit side of the
pressure vessel (106).

11. The system according to claim 10, wherein said elec-
tric motor (102) comprises a frequency control circuit
to match variable power requirements of the first and
second compressors (204a,204b).

12. The system according to claim 10 or claim 11, further
comprising a coupling element (116) disposed within
the pressure vessel (106), wherein the coupling el-
ement connects a rotor of the second compressor
(204b) to a rotor of the electric motor (102).

13. The system according to claim 12, wherein the cou-
pling element (116) is a flexible coupling.

14. The system according to any of claims 6 to 13,
wherein the encapsulation unit (122) comprises a
hermetic can.

Patentansprüche

1. Verfahren zum Komprimieren einer sauren Gasmi-
schung, wobei das Verfahren umfasst:

(a) Komprimieren einer Gasmischung, die
Schwefelwasserstoff und Kohlendioxid enthält,
um für eine komprimierte Gasmischung bei ei-
nem ersten Druck im Bereich von etwa 5 bar bis
etwa 20 bar zu sorgen, wobei die komprimierte
Gasmischung etwa 10 bis etwa 95 Volumenpro-
zent Schwefelwasserstoff und etwa 90 bis etwa
5 Prozent Kohlendioxid enthält, wobei Schwe-
felwasserstoff und Kohlendioxid zusammen in
einer Menge vorhanden sind, die etwa 90 bis
etwa 100 Gewichtsprozent eines Gesamtge-
wichtes der komprimierten Gasmischung aus-
macht, wobei das Komprimieren in einem ersten
Kompressor (204a) ausgeführt wird, wobei der
erste Kompressor mit einem Druckbehälter
(106) verbunden ist, der zum Aufnehmen der
komprimierten Gasmischung ausgelegt ist;
(b) Kühlen der komprimierten Gasmischung, die
in Schritt (a) gebildet wurde, auf eine Tempera-
tur in einem Bereich von etwa 20 °C bis etwa 50
°C, um für eine gekühlte komprimierte Gasmi-
schung zu sorgen; und
(c) Kontaktieren nur eines Teils der gekühlten
komprimierten Gasmischung mit einem ersten

Elektromotor (102), wobei der erste Elektromo-
tor in dem Druckbehälter (106) untergebracht
ist, wobei der erste Elektromotor (102) mecha-
nisch mit dem ersten Kompressor (204a) ver-
bunden ist; und Leiten des restlichen gekühlten
komprimierten Gases zu einem Ort innerhalb
des Druckbehälters (106) stromabwärts vom
ersten Elektromotor (102) und Wiedervereini-
gen desselben an seinem Ort mit gekühltem
komprimiertem Gas, das Kontakt mit dem ersten
Elektromotor hat.

2. Verfahren nach Anspruch 1, das ferner einen Schritt
(d) umfasst, wobei zumindest ein Teil der kompri-
mierten Gasmischung, die in Schritt (b) gekühlt wur-
de, und zumindest ein Teil der gekühlten kompri-
mierten Gasmischung, die den Elektromotor in
Schritt (c) kontaktiert hat, weiter bis zu einem Druck
in einem Bereich von etwa 60 bar bis etwa 200 bar
komprimiert werden.

3. Verfahren nach Anspruch 2, wobei der erste Elek-
tromotor (102) einen zweiten Kompressor (204b) an-
treibt, der in Schritt (d) verwendet wird.

4. Verfahren nach Anspruch 2, wobei ein zweiter Elek-
tromotor einen zweiten Kompressor (204b) antreibt,
der in Schritt (d) verwendet wird.

5. Verfahren nach einem der Ansprüche 3 oder 4, wo-
bei der zweite Kompressor (204b) ein mehrstufiger
Zentrifugalkompressor ist.

6. Motor-Kompressor-System für die Kompression von
saurem Gas, wobei das System Folgendes umfasst:

einen ersten Kompressor (204a);
einen Druckbehälter (106), der zum Aufnehmen
eines komprimierten Gases vom ersten Kom-
pressor ausgelegt ist;
einen Wärmetauscher (212), der mit dem Druck-
behälter (106) verbunden ist, der zum Kühlen
des komprimierten Gases und zum Bereitstellen
eines gekühlten komprimierten Gases ausge-
legt ist; und
einen Elektromotor (102), der im Druckbehälter
(106) untergebracht ist, wobei der Elektromotor
mechanisch mit dem ersten Kompressor ver-
bunden ist und wobei der Druckbehälter (106)
zum Aufnehmen zumindest eines Teils des ge-
kühlten komprimierten Gases vom Wärmetau-
scher (212) und zum Kontaktieren des Elektro-
motors (102) ausgelegt ist; wobei
der Elektromotor eine Verkapselungseinheit
(122) umfasst, die beständig gegen saures Gas
ist und einen Stator (108) des Elektromotors
(102) umschließt; und
wobei nur ein Teil des gekühlten komprimierten
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Gases dafür vorgesehen ist, den Elektromotor
(102) zu kontaktieren, und das restliche gekühl-
te komprimierte Gas ist dafür vorgesehen, über
einen alternativen Strömungsweg (214) zu ei-
nem Ort innerhalb des Druckbehälters (106)
stromabwärts vom Elektromotor (102) geleitet
zu werden, wo es mit dem gekühlten kompri-
mierten Gas wiedervereint wird, das Kontakt mit
dem Elektromotor hatte.

7. System nach Anspruch 6, wobei der erste Kompres-
sor (204a) ein mehrstufiger Zentrifugalkompressor
ist.

8. System nach Anspruch 6 oder 7, wobei der Wärme-
tauscher (212) eine Kühleinheit und eine Wasser-
auswurfeinheit umfasst.

9. System nach Anspruch 6, 7 oder 8, wobei der Elek-
tromotor (102) eine Frequenzkontrollschaltung um-
fasst, um variablen Leistungsanforderungen des
ersten Kompressors zu entsprechen.

10. System nach einem der Ansprüche 6 bis 9, das fer-
ner einen zweiten Kompressor (204b) umfasst, der
in den Elektromotor (102) an einer Ausgangsseite
des Druckbehälters (106) integriert ist.

11. System nach Anspruch 10, wobei der Elektromotor
(102) eine Frequenzkontrollschaltung umfasst, um
den variablen Leistungsanforderungen des ersten
und zweiten Kompressors (204a, 204b) zu entspre-
chen.

12. System nach Anspruch 10 oder 11, das ferner ein
Kopplungselement (116) umfasst, das innerhalb des
Druckbehälters (106) angeordnet ist, wobei das
Kopplungselement einen Rotor des zweiten Kom-
pressors (204b) mit einem Rotor des Elektromotors
(102) zu verbinden.

13. System nach Anspruch 12, wobei das Kopplungse-
lement (116) eine flexible Kupplung ist.

14. System nach einem der Ansprüche 6 bis 13, wobei
die Verkapselungseinheit (122) eine hermetische
Dose umfasst.

Revendications

1. Procédé de compression d’un mélange de gaz aci-
des, ledit procédé comprenant :

(a) la compression d’un mélange gazeux com-
prenant du sulfure d’hydrogène et du dioxyde
de carbone pour fournir un mélange gazeux
comprimé à une première pression dans une

plage d’environ 5 bars à environ 20 bars, ledit
mélange gazeux comprimé comprenant environ
10 à environ 95 pour cent en volume de sulfure
d’hydrogène et environ 90 à environ 5 pour cent
de dioxyde de carbone, ledit sulfure d’hydrogè-
ne et ledit dioxyde de carbone étant conjointe-
ment présents en quantité correspondant à en-
viron 90 à environ 100 pour cent en poids d’un
poids total du mélange gazeux comprimé, ladite
compression étant réalisée dans un premier
compresseur (204a), ledit premier compresseur
étant couplé à une cuve sous pression (106)
configurée pour recevoir le mélange gazeux
comprimé ;
(b) le refroidissement du mélange gazeux com-
primé formé à l’étape (a) à une température
dans une plage d’environ 20 °C à environ 50 °C
pour fournir un mélange gazeux comprimé
refroidi ; et
(c) la mise en contact seulement d’une partie du
mélange gazeux comprimé refroidi avec un pre-
mier moteur électrique (102), ledit premier mo-
teur électrique étant logé dans la cuve sous
pression (106), ledit premier moteur électrique
(102) étant couplé mécaniquement au premier
compresseur (204a) ; et l’acheminement du gaz
comprimé refroidi restant à un emplacement
dans la cuve sous pression (106) en aval du
premier moteur électrique (102) et la réunion de
ce gaz à cet emplacement avec du gaz compri-
mé refroidi ayant été mis en contact avec le pre-
mier moteur électrique.

2. Procédé selon la revendication 1, comprenant en
outre une étape (d) dans laquelle au moins une partie
du mélange gazeux comprimé refroidi à l’étape (b)
et au moins une partie du mélange gazeux comprimé
refroidi mis en contact avec le moteur électrique à
l’étape (c) sont encore comprimées à une pression
dans une plage d’environ 60 bars à environ 200 bars.

3. Procédé selon la revendication 2, dans lequel ledit
premier moteur électrique (102) entraîne un second
compresseur (204b) utilisé à l’étape (d).

4. Procédé selon la revendication 2, dans lequel un se-
cond moteur électrique entraîne un second com-
presseur (204b) utilisé à l’étape (d).

5. Procédé selon la revendication 3 ou 4, dans lequel
ledit second compresseur (204b) est un compres-
seur centrifuge à étages multiples.

6. Système de compresseurs à moteur pour compres-
sion de gaz acides, le système comprenant :

un premier compresseur (204a) ;
une cuve sous pression (106) configurée pour
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recevoir un gaz comprimé venant du premier
compresseur ;
un échangeur de chaleur (212) couplé à la cuve
sous pression (106) et configuré pour refroidir
le gaz comprimé et fournir un gaz comprimé
refroidi ; et
un moteur électrique (102) logé dans la cuve
sous pression (106), dans lequel le moteur élec-
trique est mécaniquement couplé au premier
compresseur et dans lequel la cuve sous pres-
sion (106) est configurée pour recevoir au moins
une partie du gaz comprimé refroidi de l’échan-
geur de chaleur (212) et la mettre en contact
avec le moteur électrique (102) ;
dans lequel le moteur électrique comprend une
unité d’encapsulation résistant aux gaz acides
(122) enserrant un stator (108) du moteur élec-
trique (102) ; et
dans lequel seule une partie du gaz comprimé
refroidi est agencée pour venir en contact avec
le moteur électrique (102) et le gaz comprimé
refroidi restant est agencé pour être acheminé
par un trajet d’écoulement alternatif (214) à un
emplacement à l’intérieur de la cuve sous pres-
sion (106) en aval du moteur électrique (102) où
elle est réunie avec du gaz comprimé refroidi
qui a été mis en contact avec le moteur électri-
que.

7. Système selon la revendication 6, dans lequel ledit
premier compresseur (204a) est un compresseur
centrifuge à étages multiples.

8. Système selon la revendication 6 ou 7, dans lequel
ledit échangeur de chaleur (212) comprend une unité
de refroidissement et une unité d’éjection d’eau.

9. Système selon la revendication 6, 7 ou 8, dans lequel
ledit moteur électrique (102) comprend un circuit de
commande de fréquence pour répondre à des exi-
gences d’énergie variables du premier compres-
seur.

10. Système selon l’une quelconque des revendications
6 à 9, comprenant en outre un second compresseur
(204b) intégré au moteur électrique (102) sur un côté
de sortie de la cuve sous pression (106).

11. Système selon la revendication 10, dans lequel ledit
moteur électrique (102) comprend un circuit de com-
mande de fréquence pour répondre à des exigences
d’énergie variables du premier et du second com-
presseur (204a, 204b).

12. Système selon la revendication 10 ou la revendica-
tion 11, comprenant en outre un élément de coupla-
ge (116) disposé dans la cuve sous pression (106),
dans lequel l’élément de couplage connecte un rotor

du second compresseur (204b) à un rotor du moteur
électrique (102).

13. Système selon la revendication 12, dans lequel l’élé-
ment de couplage (116) est un couplage souple.

14. Système selon l’une quelconque des revendications
6 à 13, dans lequel l’unité d’encapsulation (122)
comprend une boîte hermétique.
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