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(54) Systems for cooling motors for gas compression applications

(57) A gas compression system that includes an
electric motor (108) that drives a compressor (112), a
gas treatment device (104), and a gas cooling device
(106). The electric motor (108) may be cooled by a cir-
culating flow of gas that is cooled by the gas cooling de-
vice (106) and had been treated by the gas treatment
device (104). The gas compression system may further
include a gas feed (102) that provides a supply of raw

gas and a valve (122) connected to the gas feed (102)
that controls a flow of raw gas from the gas feed (102)
to the gas treatment device (104). The valve (122) may
control the flow of raw gas from the gas feed (102) to the
gas treatment device (104) such that any of the circulating
flow of gas that is lost due to leakage is replaced. The
gas treatment device (104) may remove corrosive or
abrasive impurities from the supply of raw gas.
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Description

TECHNICAL FIELD

[0001] The present application relates generally to
systems for cooling motors used in gas compression ap-
plications. More specifically, the present application re-
lates to integrated systems for cooling electric motors
used in gas compression applications with gas.

BACKGROUND OF THE INVENTION

[0002] Gas compression is required in the chemical,
oil and gas industry for pumping natural gas from on-
shore or off-shore wells to processing plants, for gas
transmission, for collecting gas in storage facilities for
use in peak hours, and other similar applications. Gas
compression also is needed for downstream applications
in the hydrocarbon processing and chemical industries,
as well as for gas distribution to end-users. The natural
gas compressors used in these applications generally
are driven by gas turbines, low-speed synchronous mo-
tors with a gearbox, or high-speed directly coupled in-
duction or synchronous motors.
[0003] In these applications, electrically driven motors
have certain advantages over mechanically driven mo-
tors such as gas turbines. These advantages including
greater operational flexibility, i.e., the ability to operate
more efficiently at variable speeds, maintainability, reli-
ability, lower capital investment and operational cost, bet-
ter efficiency, and being more environmentally friendly.
[0004] In addition, high-speed electric drive motors
have certain advantages over low speed electric drive
motors with a gearbox. These advantages include a
smaller footprint, greater simplicity, with the elimination
of the gearbox, more efficient integration of cooling sys-
tems with the compressor, and higher reliability. A small-
er footprint and greater simplicity may be achieved by
integration of the motor and compressor casing, which
provides the additional advantage of eliminating external
gas seals.
[0005] In conventional low speed electric motors, the
coupling of the compressor to the motor via the gearbox
requires a seal system (such as dry gas seals) to seal
the process gas against the environment. These seal
systems generally result in leakages either to the process
gas (i.e., contamination) or to the environment (i.e., vent-
ing). Further, the complexity of the sealing system gen-
erally leads to reduced availability and increased main-
tenance costs.
[0006] In the absence of a gearbox, the high-speed
motor may be connected directly to the compressor. In
such cases, the motor generally is ventilated via a cooling
circuit that uses high-pressure gas from the compressor.
Accordingly, the sealing system between the motor and
the compressor is required to handle only the pressure
difference between the two components. Such a system
also is an internal seal. As such, any leakage is contained

within the motor-compressor casing system and not re-
leased to the environment.
[0007] However, natural gas, such as raw gas in up-
stream applications, often contains significant amounts
of harmful gas elements, such as H2S or CO2, that will
corrode motor materials, such as magnetic and nonmag-
netic steel, electrical conductor materials, and electrical
insulation. Thus, there is a need to develop an integrated
motor/compressor system that is either corrosion resist-
ant or which can make use of an alternative cooling me-
dium.

BRIEF DESCRIPTION OF THE INVENTION

[0008] The present application thus describes a gas
compression system that may include an electric motor
that drives a compressor, a gas treatment device, and a
gas cooling device. The electric motor may be cooled by
a circulating flow of gas that is cooled by the gas cooling
device and had been treated by the gas treatment device.
The gas compression system may further include a gas
feed that provides a supply of raw gas and a valve con-
nected to the gas feed that controls a flow of raw gas
from the gas feed to the gas treatment device. The valve
may control the flow of raw gas from the gas feed to the
gas treatment device such that any of the circulating flow
of gas that is lost due to leakage is replaced. The gas
treatment device may remove corrosive impurities or
abrasive from the supply of raw gas.
[0009] The gas compression system may further in-
clude a cooling gas compressor that is driven by the elec-
tric motor. The cooling gas compressor may compress
the circulating flow of gas before the circulating flow of
gas passes through the electric motor. The electric motor
and the compressor may be located within a motor-com-
pressor casing. The electric motor and the cooling gas
compressor may be located within an internal casing,
which is located within the motor-compressor casing. The
internal casing may be sealed within the motor-compres-
sor casing by a plurality of internal seals. The internal
seals may withstand the pressure differential between
the pressure maintained within the internal casing and
pressure maintained between the internal casing and the
compressor-motor casing.
[0010] In some embodiments, any of the circulating
flow of gas that leaks from the internal casing may be
directed by a maintained pressure differential to the com-
pressor for compression. The electric motor may be a
high-speed electric motor. In other embodiments, a drive
train of the compressor, the electric motor, and cooling
gas compressor comprises a single shaft or common
multi-piece shaft. The circulating flow of gas may be a
flow that circulates from the cooling gas compressor to
the electric motor, through the electric motor to the gas
cooling device, through the gas cooling device to the cool-
ing gas compressor, then through the cooling gas com-
pressor to begin the circulation again.
[0011] The present application further describes a gas
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compression system that may include an electric motor
that drives a compressor and a gas treatment device.
The electric motor may be cooled by a flow of cooling
gas that is treated by the gas treatment device. The gas
compression system may further include a gas feed that
provides a supply of raw gas from which the flow of cool-
ing gas is taken. The flow of cooling gas may be directed
through the electric motor and, after the flow of cooling
gas passes through the electric motor, the flow of cooling
gas may be returned to the supply of raw gas, which then
is directed to the compressor.
[0012] The gas compression system may further in-
clude a valve connected to the gas feed that controls the
flow of cooling gas from the gas feed to the gas treatment
device. The valve may control the flow of cooling gas
such that there is a flow rate available to adequately cool
the electric motor. The gas treatment device may remove
corrosive or abrasive impurities from the flow of cooling
gas and the electric motor may be a high-speed electric
motor.
[0013] The gas compression system may further in-
clude a cooling gas compressor that is driven by the elec-
tric motor. The flow of cooling gas may be directed from
the gas treatment device to the cooling gas compressor
where the flow of cooling gas is compressed before it
passes through the electric motor. In some embodi-
ments, a drive train of the compressor, the electric motor,
and cooling gas compressor may include a single shaft
or common multi-piece shaft.
[0014] The gas compression system may further in-
clude a treated gas bypass. The treated gas bypass may
enable the flow of cooling gas that is directed to the elec-
tric motor to bypass the gas treatment device when de-
sired. The supply of raw gas may contain a level of cor-
rosive or abrasive impurities. The flow of cooling gas may
bypass the gas treatment device when it is determined
that the level of corrosive or abrasive impurities in the
supply of raw gas is below a predetermined level. These
and other features of the present application will become
apparent to one of ordinary skill in the art upon review of
the following detailed description of the preferred embod-
iments provided by way of example only when taken in
conjunction with the drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is a schematic diagram of an embodiment of
the present application.

FIG. 2 is a schematic diagram of an alternative em-
bodiment of the present application.

FIG. 3 is a schematic diagram of an alternative em-
bodiment of the present application.

DETAILED DESCRIPTION OF THE INVENTION

[0016] Referring now to the figures, where the various
numbers represent like parts throughout the several
views, Fig. 1 illustrates an exemplary embodiment of the
present application, a gas cooled electric motor gas com-
pressor 100. The gas cooled electric motor gas compres-
sor 100 may include a gas feed 102, a gas treatment
device 104, a gas cooler 106, an electric motor 108, a
cooling gas compressor 110, and a compressor 112.
[0017] The electric motor 108 may be connected to a
shaft 114, which may impart mechanical energy from the
electric motor 108 to the compressor 112 and the cooling
gas compressor 110. The shaft 114 may include a single
shaft or a common multi-piece shaft such that the electric
motor 108, the compressor 112 and the cooling gas com-
pressor 110 rotate together on a common drive train. The
multi-piece shaft may be connected by a combination of
flexible and rigid couplings, including, for example, a hirth
serration. The electric motor 108 may be any of several
electric motors known in the art that are used for gas
compression applications. These motors may include,
for example, induction motors, synchronous motors, per-
manent magnet motors and the like. In some embodi-
ments, the electric motor may be a high-speed electric
motor. As used herein, the term "high-speed electric mo-
tor" is defined to include electric motors that are capable
of operating at speeds in excess of those used for con-
ventional operation at 50 or 60 Hz. The electric motor
108 and the compressor 112 may be located within a
motor-compressor casing 116. The electric motor 108
and the cooling gas compressor 110 may be located with-
in an internal casing 117, which may be located within
the motor-compressor casing 116. The internal casing
117 may be sealed within the motor-compressor casing
116 by a plurality of internal seals 118, which are known
in the art.
[0018] The compressor 112 may be in fluid communi-
cation with the gas feed 102. The compressor 112 may
be a compressor known in the art that is used for gas
compression applications, such as axial compressors,
radial compressors, axial-radial compressors and the
like. The gas feed 102 may provide a supply of gas, such
as natural gas or other types of gas for which compres-
sion may be necessary, to the compressor 112. The com-
pressor 112 may be in fluid communication with a gas
outlet 120, through which compressed gas may exit the
compressor 112.
[0019] The gas feed 102 also may be in fluid commu-
nication via a valve 122 with the gas treatment device
104. The gas treatment device 104 may treat an incoming
supply of gas to remove corrosive materials, such as H2S
or CO2, or other contaminants per methods known in the
art. Gas treatment by the gas treatment device 104 may
be accomplished through the use of absorption or ad-
sorption or other similar processes. The gas treatment
device 104 may be in fluid communication with the gas
cooler 106. The gas cooler 106 may be any type of heat
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exchanger known in the art that may be used to remove
heat from a flow of gas. The gas cooler 106, for example,
may be a shell and tube, fin type, or other similar heat
exchanger.
[0020] The gas cooler 106 also may be in fluid com-
munication with the cooling gas compressor 110. The
cooling gas compressor 110 may compress a flow of gas
it receives from the gas cooler 106 and then may direct
the flow of compressed gas through the electric motor
108 per methods know in the art such that the flow of
compressed gas removes excess heat from the electric
motor 108 during operation. After the flow of compressed
gas has moved through the electric motor 108, it may be
directed from the electric motor 108 to the gas cooler 106.
[0021] In use, the gas cooled electric motor gas com-
pressor 100 may operate as follows. A supply of gas may
enter the gas cooled electric motor gas compressor 100
through the gas feed 102. A majority of the supply of gas
may be directed to the compressor 112. The remaining
portion of the supply of gas may be directed to the valve
122. The valve 122 may control the flow of gas to the gas
treatment device 104.
[0022] The electric motor 108 may drive the shaft 114,
which may transfer mechanical energy to the compressor
112 and the cooling gas compressor 110. The compres-
sor 112 may use the mechanical energy to compress the
supply of gas pursuant to methods known in the art. The
compressed gas then may exit the compressor through
the gas outlet 120.
[0023] A treated gas cooling circuit 124 may supply
cool, non-corrosive gas to the electric motor 108 so that
excessive heat may be removed from the electric motor
108 as it operates. The treated gas cooling circuit 124
may start at the cooling gas compressor 110 where a
supply of treated gas is compressed. The supply of treat-
ed gas from the compressor then may be directed to the
electric motor 108 where it may pass through the electric
motor 108 to remove excessive heat per methods known
in the art. Upon leaving the electric motor 108, the heated
gas may be directed to the gas cooler 106, where it may
be cooled by a heat exchanger within the gas cooler 106.
The cooled supply of gas then may be directed to the
cooling gas compressor 110, where the circuit may begin
again.
[0024] The treated gas used in the treated gas cooling
circuit 124 may include gas that has been treated by the
gas treatment device 104. Thus, the gas used in the treat-
ed gas cooling circuit 124 may first be directed to the gas
treatment device 104. In the gas treatment device 104,
corrosive and/or abrasive impurities may be removed or
greatly reduced such that when the gas is used within
the electric motor 108 for cooling, sensitive parts within
the electric motor are substantially protected from the
corrosive and abrasive effects of exposure to untreated
gas.
[0025] Because the electric motor 108 and the com-
pressor 112 both may be located within the compressor-
motor casing 116, the internal seals 118 are required

only to seal against the pressure differential between the
pressure within the internal casing 117 and pressure
maintained between the internal casing 117 and the com-
pressor-motor casing 116. This operational advantage
allows the internal seals 118 to be of simpler design and
generally require less maintenance. However, even with
this reduced pressure differential, some gas leakage
through the internal seals 118 from the treated gas cool-
ing circuit 124 likely will be experienced during operation.
Because the internal seals 118 are located within the
motor-compressor casing 116, the gas generally should
not leak to the environment. Instead, the pressure differ-
ential maintained between the motor-compressor casing
116 and the internal casing 117 (i.e., the internal casing
is maintained at a higher pressure) will direct the leaked
gas to the compressor 112, where it may be compressed
and exit through the gas outlet 120.
[0026] Because gas may leak through the internal
seals 118, the system may have a supply of treated
make-up gas for the treated gas cooling circuit 124. Thus,
control methods known in the art may periodically deter-
mine when make-up gas is needed due to leakage and
may operated the valve 122 so that a supply of raw gas
may be directed to the gas treatment device 104 and in
turn, the gas cooler 106. In the gas treatment device 104,
the raw gas may be treated so that a supply of treated
make-up gas then may be directed to the gas cooler 106
where it may be added to the supply of the gas in the
treated gas cooling circuit 124. In this manner, make-up
gas may be added to the supply of gas used in the treated
gas cooling circuit 124 to replace gas that is lost due to
leakage. Further, only the small amount of gas that is
periodically lost due to leakage has to treated by the gas
treatment device 104, which efficiently reduces the usage
of the gas treatment device 104.
[0027] Fig. 2 illustrates an alternative exemplary em-
bodiment of the present application, a gas cooled electric
motor gas compressor 200. Similar to the embodiment
described above, the gas cooled electric motor gas com-
pressor 200 may include a gas feed 102, a gas treatment
device 104, an electric motor 108, a cooling gas com-
pressor 110, and a compressor 112. The gas cooler 106
may be omitted in this embodiment.
[0028] In this embodiment, the electric motor 108 also
may be connected to a shaft 114, which may impart me-
chanical energy from the electric motor 108 to the com-
pressor 112 and the cooling gas compressor 110. The
electric motor 108 and the compressor 112 may be lo-
cated within a motor-compressor casing 116. The electric
motor 108 and the cooling gas compressor 110 may be
located within an internal casing 117, which is located
within the motor-compressor case 116. The internal cas-
ing 117 may be sealed within the motor-compressor cas-
ing by a plurality of internal seals 118.
[0029] The compressor 112 may be in fluid communi-
cation with the gas feed 102. The compressor 112 may
be in fluid communication with a gas outlet 120, through
which compressed gas may exit the compressor 112.
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The gas feed 102 also may be in fluid communication via
a valve 122 with the gas treatment device 104. The gas
treatment device 104 also may be in fluid communication
with the cooling gas compressor 110, which may com-
press a flow of gas it receives from the gas treatment
device 104 and then direct the flow of compressed gas
through the electric motor 108 such that the flow of com-
pressed gas removes excess heat from the electric motor
108 as it operates. After the flow of compressed gas has
moved through the electric motor 108, it may be directed
from the electric motor 108 to the supply of gas that is
directed to the compressor 112.
[0030] In use, the gas cooled electric motor gas com-
pressor 200 may operate as follows. A supply of gas may
enter the gas cooled electric motor gas compressor 200
through the gas feed 102. A majority of the supply of gas
may be directed to the compressor 110. The remaining
portion of the supply of gas may be directed to the valve
122 which may control the flow of gas to the gas treatment
device 104 per methods known in the art.
[0031] The electric motor 108 may drive the shaft 114,
which may transfer mechanical energy to the compressor
112 and the cooling gas compressor 110. The compres-
sor 112 may use the mechanical energy to compress the
supply of gas pursuant to methods known in the art. The
gas then may exit the compressor through the gas outlet
120.
[0032] A treated gas cooling circuit 224 may supply
ambient, non-corrosive gas to the electric motor 108 so
that excessive heat may be removed from the electric
motor 108 as it operates. The treated gas cooling circuit
224 may start at the valve 122. Control methods known
in the art may operate valve 122 such that an appropriate
amount of raw cooling gas is bled from the raw gas sup-
plied by gas feed 102. The supply of gas through the
valve 122 then may be directed to the gas treatment de-
vice 104. In the gas treatment device 104, the raw gas
may be treated such that corrosive and/or abrasive im-
purities may be removed or greatly reduced. Thus, this
supply of cooling gas may be used to cool the electric
motor 108 such that the electric motor 108 is substantially
protected from the corrosive and abrasive effects of ex-
posure to untreated gas.
[0033] From gas treatment device 104, a supply of
treated gas may be directed to the cooling gas compres-
sor 110 where it may be compressed. The supply of treat-
ed gas from the cooling gas compressor 110 then may
be directed through the electric motor 108 where it re-
moves excessive heat per methods known in the art. Up-
on leaving the electric motor 108, the heated gas may
be directed back to the supply of raw gas that is directed
to the compressor 112.
[0034] Fig. 3 illustrates an alternative exemplary em-
bodiment that is similar to the embodiment of Fig. 2, a
gas cooled electric motor gas compressor 300. The gas
cooled electric motor gas compressor 300 may include
all of the components described in relation to the gas
cooled electric motor gas compressor 200, including a

gas feed 102, a gas treatment device 104, an electric
motor 108, a cooling gas compressor 110, and a com-
pressor 112. In addition, the gas cooled electric motor
gas compressor 300 may include a treated gas bypass
302. Note that the treated gas bypass 302 also may be
used in the system illustrated in Fig. 1 to bypass either
the gas treatment device 104 prior to entering the gas
cooler 106 or to bypass both the gas treatment device
104 and the gas cooler 106.
[0035] In use, the gas cooled electric motor gas com-
pressor 300 may operate similarly to the gas cooled elec-
tric motor gas compressor 200. The exception to this is
that the treated gas bypass 302 may be used so that raw
gas that is essentially clean, i.e., free from a significant
level of impurities that could harm the internal compo-
nents of the electric motor 108, may bypass the gas treat-
ment device 104 when being used in the treated gas cool-
ing circuit 224. As such, when it is determined that the
supply of raw gas is clean, the gas treatment device 104
may be bypassed such that the treated gas cooling circuit
224 is made more efficient. To accomplish this, the valve
122 may be closed and a second valve 306 may be
opened. In other embodiments where it is determined
that the raw gas is essentially clean, the gas treatment
device 104 and the valve 122 may be omitted altogether.
[0036] It should be apparent that the foregoing relates
only to the preferred embodiments of the present appli-
cation and that numerous changes and modifications
may be made herein without departing from the spirit and
scope of the invention as defined by the following claims
and the equivalents thereof.

Claims

1. A gas compression system comprising:

an electric motor (108) that drives a compressor
(112);
a gas treatment device (104); and
a gas cooling device (106);

wherein the electric motor (108) is cooled by a cir-
culating flow of gas that is cooled by the gas cooling
device (106) and had been treated by the gas treat-
ment device (104).

2. The gas compression system of claim 1, further com-
prising a gas feed (102) that provides a supply of
raw gas and a valve (122) connected to the gas feed
(102) that controls a flow of raw gas from the gas
feed (102) to the gas treatment device (104).

3. The gas compression system of claim 2, wherein the
valve (122) controls the flow of raw gas from the gas
feed (102) to the gas treatment device (104) such
that any of the circulating flow of gas that is lost due
to leakage is replaced.
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4. The gas compression system of claim 2, wherein the
gas treatment device (104) removes corrosive or
abrasive impurities from the supply of raw gas.

5. The gas compression system of claim 1, further com-
prising a cooling gas compressor (110) that is driven
by the electric motor (108);
wherein the cooling gas compressor (110) com-
presses the circulating flow of gas before the circu-
lating flow of gas passes through the electric motor
(108).

6. The gas compression system of claim 5, wherein the
electric motor (108) and the compressor (112) are
located within a motor-compressor casing (116);
the electric motor (108) and the cooling gas com-
pressor (110) are located within a internal casing
(117), the internal casing (117) being located within
the motor-compressor casing (116); and
the internal casing (117) is sealed within the motor-
compressor casing (116) by a plurality of internal
seals (118).

7. The gas compression system of claim 6, wherein the
internal seals (118) withstand the pressure differen-
tial between the pressure maintained within the in-
ternal casing (117) and pressure maintained be-
tween the internal casing (117) and the motor-com-
pressor casing (116).

8. The gas compression system of claim 6, wherein
any of the circulating flow of gas that leaks from the
internal casing (117) is directed by a maintained
pressure differential to the compressor (112) for
compression.

9. The gas compression system of claim 1, wherein the
electric motor (108) comprises a high-speed electric
motor.

10. The gas compression system of claim 5, wherein the
circulating flow of gas comprises a flow that circu-
lates from the cooling gas compressor (110) to the
electric motor (108), through the electric motor (108)
to the gas cooling device (106), through the gas cool-
ing device (106) to the cooling gas compressor (110),
then through the cooling gas compressor (110) to
begin the circulation again.
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