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(57) Abrégée/Abstract:
The Invention relates to a compressor system (1), particularly for conveying gases or gas/oll mixtures in the offshore area, with a
seawater-tight housing (2) with at least one access opening (3) for gases or gas/oll mixtures which are to be compressed, and with
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(57) Abrege(suite)/Abstract(continued):
at least one outlet opening (4) for the compressed gases or gas/oll mixtures. In the housing (2), a compressor (3) Is disposed,

which Is connected at the Inlet side to the access opening (3) and, at the outlet side, to the outlet opening (4). An electric motor (7),

which has a stator assembly (/1) and a rotor assembly (72) for driving the compressor (3), Is disposed In the housing (2).
According to the Iinvention, the stator assembly (/1) can be cooled over an inner side (Gl) of the housing (2) of the compressor

system (1).



CA 02686794 2009-11-06

ABSTRACT

The invention relates to a compressor system (1), particularly for conveying gases
or gas/oil mixtures in the offshore area, with a seawater-tight housing (2) with at least one
access opening (3) for gases or gas/oil mixtures which are to be compressed, and with at
least one outlet opening (4) for the compressed gases or gas/oil mixtures. In the housing
(2), a compressor (8) is disposed, which is connected at the inlet side to the access
opening (3) and, at the outlet side, to the outlet opening (4). An electric motor (7), which
has a stator assembly (71) and a rotor assembly (72) for driving the compressor (8), 1S
disposed in the housing (2). According to the invention, the stator assembly (71) can be
cooled over an inner side (GI) of the housing (2) of the compressor system (1).
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Description

Compressor system for underwater use 1n the offshore area

The 1invention refers to a compressor system, especially tor
transporting gases or gas/oll mixtures in the offshore area.
The compressor system has a seawater-proof housing with at
least one entry opening for gases or gas/oil mixtures which are
to be compressed and with at least one discharge opening for

—

the compressed gases or gas/oil mixtures. It has a compressor

which is arranged in the housing and which on the inlet side 1is
connected to the entry opening and on the outlet side 1s
connected to the discharge opening. An electric motor, with a
stator packet which can be cooled via an 1nner side of the
housing and with a rotor packet for driving the compressor, 18

arranged in the housing.

n compressor unit for transporting natural gas in the offshore
area, with drive by means a high-frequency motor for

compressing gases, and which is suitable for great depths of

water, 1s known from German patent DE 37 29 486 Cl. The high-
frequency motor of the compressar unit 1s magnetically mounted
and drives the compressor stages 1n a common, eXxternally
gastight housing. Cooling of the motor, of the bearings and
also of the compressor stages 1s carried out by means of the

liguid which surrounds the common housing.

A liguid-cooled electric machine, which 1s formed as an
underwater motor in a split-cageless type of construction and

1s completely filled with motor filling 1ligquid of low

viscosity, 1s known from German laid-open specification DE 196
Zz3 553 Al. For optimizing the heat distribution 1nside the
statcr, provision 1s made for cooling tubes which extend

alr gap between stator and rotor. The entire
motor fi2lling liguid which 1s used for cooling purposes flows

- —, -— —_— - g |~ . - ] o~ 10 = SO . 1 = i ~— ~ 3 -"\0-.. ~
‘n & parallel manner through the cooling tubes and the air gap.
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An electric motor with a motor pressurized housing and filled

wlth gas under high pressure, 1s known from German laid-open

specification DE 42 09 118 Al. In order to reduce the heat
loss which occurs i1n the electric motor, provision 1s made for
a Ccapsule which encloses the rotor bars on the drive side

and/or on the non-drive side.

A compressor which has a compressor unit ‘and an electric motor
which drives this via a common shaft 1s known from French

patent FR 1 181 680 A. The shaft 1s mounted on a liguid-cooled

axis.

Of fshore transporting, that 1s to say the transporting of oil
and gas 1n coastal waters, makes high demands on compressor
systems. They must stand wup to harsh climate, corrosive

environmental conditions and also to unpredictable gas

compositions. The compressor systems can be driven by an
electric motor or by a gas turbine. The electric motor 1is
preferably a brushless asynchronous motor. For compressing, a

high-speed turbine 1s customarily used, wherein 1n this case
the turbine and the electric motor are preferably arranged on a
common shaft. The brushless and gearless drive allows an
almost maintenance-free operation of such compressor systems.
Alternatively, screw compressors Or plston compressors can also

be used for compressing.

The  considere compressor  systems can be 1nstalled in
petrochemical facilities on the coast, on drilling platforms or
even under water. In the last case, driving the compressor is

tvpically carried out by an electric motor.

Supplying cof the gas or of the gas/cil mixture is customarily
e

pipeline which 1is flanged on the housing

a
SRR e ~ o~ £ - ) . ' — - — l
outer sSldas oI the compressor system. in a corresponding

mariner, Lhe ITurther Transporting ¢f the compressed gas or
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ripeline. Llternatively, a pressure hose can be used instead

of a pipeline.

The high electrical connected load of the electric motors which
are used 1in the region of more than 100 kW necessitates coocling
of the electric motors. An 01l cooling system, which as a
separate unit 1s connected tc the compressor system via oil
feed lines and oil return lines, 1s customarily used. Such
compressor systems are disadvantageouslyiextensive on account

of the externally arranged o1l cooling systems.

A further disadvantage 1s that the external oil cooling systems
can become unsealed with time. For one thing, the o1l feed
lines and the o0il return lines themselves can become unsealed,
especially as a result of seawater-induced corrosion oOr as a
result of mechanical actions, such as a result of the dashing
of waves. For another thing, connections, which are
constructed in a pressure-tight manner, of the pipelines on the

housing of the compressor system can also become unsealed with

time. Escaping o©il and also oil/gas mixtures constitute a
potential ecological hazard for the surrounding water 1n this

connection.

'

It 1s an object of the 1nvention to disclose a compressor

svstem 1n which the previously described disadvantages are

avolded.

The object of the invention 1s achieved by means of a
compressor system with the features of claim 1. Further
advantageous empodiments are disclosed 1n the dependent claims

Lo ©.

O

According to the invention, the stator packet i1s at a distance
from the inner side of the housing. In thils case, the stator

PR T S P + e | o . . I -
packet with at least one oppositely disposed part of the
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forme an annular cocling chamber.

(D

housino inner sid

medium 1s provided in the cooling chamber.

. ey
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The advantage 18 associated with the fact that the heat
transfer resistance from the stator packet to the housing 1s
dramatically reduced on account ot the complete embedding of
the stator packet 1in the cooling medium and on account of the
wetting of the housing 1nner side with the cooling medium. The
reason for this 1s that the stator packet with 1ts particularly
hot points, such as with 1ts axially projecting end windings,
1s completely immersed in the cooling medium. The cooling of

these hot and critical points 1s  therefore especially

effective., Directions which are parallel to the rotational

axls of the electric motor are referred to as “axial” .

The cooling medium is preferably a liguid, especially an oill,

such as a silicon o1l or mineral oil. In addition to the high
specific thermal capacity, this advantageously acts 1in an

electrically 1nsulating manner with regard to the live end

windings. Alternatively, other cooling liguids can be used,
such as cooling ligulds on a water base. The cooling medium
can alternatively be a refrigerant, such as Freon® R134a. In

this case, the cooling - medium 1s a solution, that 1s to say a

ligquid/gas mixture.

According to a further embodiment, cooling passages which
extend essentially axially to the rotational axis of the
electric motor are provided in the stator packet. As a result,

cooling inside the stator packet 1s advantageously possible.

According to a further embodiment, the compressor system has a
clrculating pump for the cooling medium. As a result of the
circulation, a more uniform and also higher cooling capacity is

achieved.

kccording to one preferred embodiment, the compressor svst

(D

m
Lcation 1s 1installed in such a way that
11y

1
-~ -— I —_ ] ~ ' . = ] . o~ 1 -, ' R — ~ 4 '
& rotational ax1lg Or the electric motor extends eggsential
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in the wvertical direction. The same applies to the cooling
passages. The current arrangement creates the eifect of a

cooling circuit being automatically established 1nside the

cooling chamber because heating of the coocling medium 1n the

respective coollng passages creates the
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and flowing out of the upper axial end
tace o0f the stator packet. Inflowing coolilng medium fOorcibly
transports the heated cooling medium to the housing inner side
which is cold in comparison to the cocoling medium temperature.
The subseguent cooling down brings about an increase of the
specific weight and sinking o©f the cooling medium. Having
reached the lower end of the cooling chamber, the cooled
cooling medium is drawn in in the direction towards the axial
lower end face of the stator packet. The cooling circuit is

rherefore closed. In this casgse, the cold seawater which washes

around the housing outer side, with typical temperatures 1n the
single-digit Celsius range, acts as a heat sink. The large
temperature gradient between heated cooling medium and cold

seawater brings about a large heat flow from the cooling medium

via the housing wall to the seawater.

For the purposeful guiding of the circulating ligquid flow which
develops 1in the cooling chamber baffle plates can also be

arranged for example on the axial ends of the stator packet.

According to a further advantageous embodiment, the housing has
a housing outer side on which a multiplicity of cooling fins
are arranged. The cooling fins bring about a significant
increase o0f the cooling surface towards the seawater. The
increased cooling surface, depending upon design and number of
available cooling fins, can be a multiple of the otherwise
ex1sting outer surface of the housing of the compressor system.
The cooling fins preferably point away from the outer side of

the housing.

The housing preferably has a cylindrical structural shape. In
this case, the cocling bodies point radially away from the
houging outer side. Directions towards the symmetry axils of
the c¢ylindrical housing and away from 1t are referred to as
“radial” The symmetry 3axi1s Lvplcally ccoincides with *“he
rotational axis of the electric motor.
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Further advantageous char

teristics of the 1invention result
f

"aC
from its exemplary explanation with reference to the figures.

In the drawing

FIC 1 shows a sectional view of a compressor system which 1s
not according to the 1invention along the rotational

a»x1s of an electric motor and of a compressor,

FIG 2 shows a sectional view of a compréssor system according
fto the invention, '

FIG 3 shows a sectional view of a compressor system according
to an embodiment of the invention, and

FIG 4 shows a side view of the compressor system according to

FIG 3 corresponding to the direction of wview IV which

18 marked in FIG 3.

FIG 1 shows a sectional view of a compressor system 1 which 1s

not according to the invention along the rotational axis DA of

an electric motor 7 and of a compressor 8.

The compressor systems which are shown in the figures FIG 1 to

FIG 3 are especially designed for transporting gases and/or

gas/0il mixtures 1n the offshore area. In particular, a

housing 2 1s constructed 1in a seawater-proof manner. The
housing 2 1s preferably produced from steel and can have a
protective coating of paint for avoiding corrosion. The steel
which 1s used can alternatively or additionally be stainless
steel. Alternatively, the housing 2 can be produced from a
seawater-proof aluminum. The housing is preferably constructed
in a pressure-tight manner, specifically corresponding to the
operating depth beneath the seawater surface or on the seabed
which 1s provided for the operation of the compressor system 1.
The pressure-tight regquirements affect not oniy the housing 2
itself but also bushings in the housing, such as for power and

O calbles for power supply and for controlliing and/or

ne compressory system .

T

mon2t-oring
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mixtures which are to be compressed,
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discharge opening 4 for the compressed gases or gas/oil
m

plurality of openings 3, 4 can aiternatively also

l.._!
he
-
-
b~
(D
)
J

be provided. Connecting elements, such as couplings or
flanges, are customarily attached at the two openings 3, 4 1n
order to be able to connect pipelines o©or pressure hcses LO
these. The connecting elements and also the pipelines, with
regard to the pressure-tightness which 1s reqguired 1in each
case, are to be correspondingly constructed 1n a technically

ropbust manner .

The compressor 8, which on the inlet side 1s connected to the
entry opening 3 and on the outlet side 1s connected to the
discharge opening 4, is arranged in the housing 2. The arrows

which are shown in the region of the openings 3, 4 1ndicate the

flow directions. In the example of FIG 1, the compressor 8 has
2 turbine 81 with turbine blades which are not 1dentified
further. Their diameter reduces in the axial direction, that
is to say in the flow direction, wherein the pressure 1ncreases
at the same time as a result of the compression. A high-
pressure outlet is identified by the designation 83. From
there, via a pipe connection, which is not identified further,
inside the housing 2, the transporting of the compressed gas tO

the discharge opening 3 1s carried out.

The electric motor 7 for driving the compressor 8 1S
furthermore arranged in the housing 2. The electric motor 7
has a stator packet 71 and also a rotor packet 72.
Furthermore, 1in the example of FIG 1 both the compressor 8 and

the electric motor 7 have a common shaft 5 which 1s guided in

bearings 6.

The stator packet 71 of the electric motor 7 can be cooled via

— - -~ - - , ' : y N - ' s L —

a housing inner gci1de GI o©f the housing 2 o©f tThe compressor
- 1 T E : " & ~

system 1 n the example of FIG 1, the cCooling 1is carried out

~7rn o —~ - 4 v S, aly) NI - -, ~ - ~ oy . —~ -

via a S8stator outer side SA which abuts 1in a 1tlush manner
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in 1n the contact region between stator outer gi1de SE ana

-

housing inner side GI represent the heat flow. In order tgo

increase the cooling capacity, &a substance with good thermal

conductivity, such as a paste,
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s grease or suchlike with good thermal conductivity, can be

introduced between the stator outer side SA& and the housing
I

The compressor system 1 which is shown 1s installed 1in such a
way that the rotational axis D& of the electric motor 7 extends
essentially in the vertical direction. It can alternatively
also be oriented in the horizontal position.

~

Furthermore, the housing 2 has a housing inner side GA on which

a multiplicity of projecting cooling fins 21 are arranged. In

the current case of a c¢ylindrical structural shape of the
housing 2 the cooling fins 21 point radially away Irom the

housing outer side GA. The compressor system 1 according tO

the invention and an embodiment of it according to FIG 2 and

FIG 3 also have such a cylindrical structural shape.

FIC 2 shows a sectional view of a compressor system 1 according

to the invention. The compressor system 1 which 1s shown 1s

again vertically installed with regard to the rotational axis

DA of the electric motor 7.

In contrast to the embodiment according to FIG 1, the stator

packet 71 according to the invention 1s at a distance from the

inner side GI of the housing 2. The average radial distance

lies preferably within a range of 5 cm to 15 cm. Dependilng
upon the electrical connected power of the electric motor 7,
the distance values can lie either above 1t, such as at 20 cm,
or below 1t, such as at 3 cm. The stator packet 71 with at
least one oppositely-disposed part of the housing 1nner side GI
forms an annular cooling chamber 9 in which a cooling medium 9
1s provided. The end windings 73 o©f the stator packet
which »nroject axially from the stator packet 71, also lie

within the cooling chamber 9. The cooling chamber 9 in the
1

b

S a 5 I T S < 7 . - - T - - . g
eyample of FIZ 2 has only one chamber. It can alternatively

= - , [, ~ 1 ——— 2 4'_“,: — . T
ity of chambers, wherein In thnis case adjacent
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chambers are separated from each other 1n each case bv m

a radlally-axially exxtending partition.
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he cooling chamber ¢ is formed by means oI two rings 91, SZ2
and a circular disk 94. The two rings 91, 92 have an inside
diameter which corresponds to the inside diameter of the stator
packet 71. The first ring °1 1s attached 1n a sealed manner,
such as welded, on a lower axial end face of the stator packet

71. The symmetry axis of this 1ring 91 aligns with the

rotational axis DA of the electric motor 7. The axial height
of the first ring 91 almost corresponds to the axial distance
of the stator packet 71 to a baseplate 22 of the housing 2.
J

The lower edge of the first ring 91 can be sealed via a sealln
ring 93 to the baseplate 22 or can be welded to the baseplates

22 with sealing eftfect.

The second ring 92 is attached in a corresponding manner on the
upper axial end of the stator packet 71. The circular disk 94
has an inside diameter which corresponds approxlimately to the
inside diameter of the rings 91, B92. The outside diameter
corresponds approximately to the inside diameter of the housing

5.  The second ring 92 and the circular disk 94 are preferably

welded to each other with sealing effect and together form &
flange 92, 94. The outer edge of the circular disk 94 or ot
the flange 92, 94 can be sealed via a further sealing ring 95

to the housing inner side GI or can be welded to the housing

inner side GI with sealing effect. The rings 91, 92, the

circular disk 94, a radial inner side of the stator packet 71

and the housing inner side GI therefore form a hollow cylinder.

A cooling medium, preferably an oil, 1s provided as cooling
liguid in the cooling chamber 9. L so-called transformer o1l

on a mineral oil base or silicon o©il base especially comes 1nto

congideration. The entire cooling chamber 9 1s preferably
filled with the cooling liguad. Irn the housing 2 and outside
rhe cocling chamber 9, a compensating vessel for the cooling
ligquid can be provided in order to compensate a temperature-
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rthe cooling medium

as Freon® .
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refrigerant, su
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free Freon®, such as Freon® RlZ4a, 1is particular
advantageous with regard to environmental Iriendlines
this case, the cooling chamber 9 is filled with a solution,

that ig to say with a liguid/gas mixture.

Furthermore, cooling passages 75, which extend essentially

axlally to the rotational axis DA c¢f the electric motor 7, are
provided in the stator packet 71. On account of the embedding

of the stator packet 71 1in the cooling medium, these passages

are likewise filled with the cooling medium. During operation
of the compressor system 1, a circulation of the cooling medium

inside the cooling chamber 9 18 established. This 1s

represented by means of flow arrows. During this, the cooling
medium which 1s heated in the cooling passages 75 riseg upwards
and 1s cooled down again in the reverse direction from the top

- —

downwardgs along the cold housing 1inner side GI. In so doing

the thermally egpecially critical end windings 73 are washed
around by the circulating cooling medium and effectively cooled

as a result.

The horizontal arrows symbolize the transporting of heat from
the cooling medium, continuing via the wall of the housing 2
into the seawater which washes around the outer side GA of the
housing 2. The cooling circult which 1s established in the
cooling chamber 9 can also be referred to asg the primary
cooling circult, while on the housing outer side, but only in
the case of still water, a counterflow is established which
sweeps from the bottom upwards along the housing outer side G2&.
The cooling by means of the seawater can also be referred to as
secondary cooling.

For further increase of the cooling capacity, the compressor
system 1 can have a circulating pump for the cooling medium.

v

The circulating pump for example is a centrifugal pump which is

]

cttached in or on the cocling chamber .

1)

{
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Tn comparison to FIG 1, the cooling fins 21 on the outer side

ca of the housing 2 are formed shorter with regard to thelr
length. The fins extend only in the axial “hot” region of the

housing 2 which lies opposite the cocling chamber 9.
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Cooling of the compresscr & 1n this connection 1s carried out
via the gases or gas/cil mixtures tThemselves which are to be

compressed.

FIG 3 shows a sectional view of a compressor syvstem 1 according

ro a third embodiment of the invention.

In comparison to FIG 2, the cooling <champber 9 1s formed
essentially with a toroidal shape, wherein the coocling chamber
9 has curved cooling chamber walls Y96, 97 which on account of
their shape have a positive influence on the circulating flow
characteristic. The coolling capacity of this embodiment is
therefore greater 1in comparison to the second embodiment with
the same structural volume. The cooling chamber walls 96, 97,
in addition to forming the cooling chamber 9, also fulfill a

flow guiding function. Further sealing rings for sealing the

cooling chamber walls 96, 97 to the housing inner side GI are
identified by the designations 98, 29. Alternatively, the

cooling chamber walls 96, 97 can be welded to the housing inner

side GI with sealling effect.

FIG 4 shows a side view of the compressor system 1 according to

FIG 3 1n accordance with the direction of view IV which is

marked in FIG 3.

FIG 4 shows the wview into the entry opening 3, that is to say

1n the direction of the compressor. As FIG 4 further shows,
the stator packet 71 has a multiplicity of cooling passages 75
which are arranged in a uniformly distributed manner in the
circumferential direction. The cocling passages 75 are
arranged on the two sides of the end windings 73 with regard to
thelr radial position in relation to the end windings 73 (also

compare FIG 2 and FIG 3 with this). The arrangement of the

cocling passages 75 is preferably c d out in the

h—

=] &
" > R G ‘; iy —l - r ml r = -~ +- 'r - - ; - ] _— -~ - i
magrietiCally Le€s5s acllve region of the stator packet 71 The
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multiplicity of cocling passages 75 enables effective cooling

of the stator packet 71 virtually from the inside.

2 multiplicity of cooling fins 21, which are arranged in a
manner 1n which they point radially away from the housing outer

side, are to be seen on the housing outer side G&.
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The c¢ooling fins 21 bring about a dramatic increase of the
cooling surtface which 1s available for cooling the seawater.
The cooling fins 21 are preferably an integral component part
of the housing 2 of the compressor system 1. The housing 2 1is

especially produced from a casting.

The compressor system according to the i1nvention 1s also
suitable for high-speed compressor systems wilth speeds of up to
15000 rpm and outputs from several hundred kW up to 10 MW and

more.
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1. A Compressor system, e cially for transportling gases or

spe
gas/o01l mixtures in the offshore area, with a seawater-proof
housing (2) with at least one entry opening (3) for the gases
or gas/oll mixtures which are to be compressed, and with at
least one discharge opening (4) for the compressed gases oOr
gas/oil mixtures, with a compressor (8) which 1s arranged 1in

) and which on the inlet side is connected to the

X

the housing |

entry opening (3) and on the outlet side 1s connected to the

discharge opening (4), and with an electric motor (7), which 1is
arranged 1in the housing (2), with a stator packet (71) which
can be cooled via an inner side (GI) of the housing (2), and

with a rotor packet (72) for driving the compressor (8),

characterized in that
- the stator packet (71) 1s at a distance from the inner side

(GI) of the housing (2},
- the stator packet (71) with at least one oppositely

disposed part of the housing i1inner side (GI) forms an

annular cooling chamber (9), and

- a cooling medium 18 provided i1n the cooling chamber (9).

2. The compressor system as claimed 1n c¢laim 1, characterized

1n that the cooling medium 1s an oil.

3. The compressor system as claimed 1n c¢laim 1 or 2,

characterized 1n that cooling passages (75) which extend

essentially axially to the rotational axis (DA) of the electric

motor (7) are provided in the stator packet (71) .

4 . The compressor system as claimed in one of the preceding
claims characterized n that I ~ e < e
claims, characterize In that the compressor system has &

circulating pump for the cooling medium.
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intended application is installed in such & way that the
rotational axis (D&) of the electric motor (7) extends
essentially in the vertical direction.

G . The compressor system as claimed in one of the preceding

claims, characterized 1in that the housing {2) has a housing
outer side (CGA) and a multiplicity of cocling fains (21) are

arranged on the housing outer side (GA).

Fetherstonhaugh
Ottawa. Canads
FPatent Agents
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