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(67) A downhole compressor 1 includes: a casing
disposed inside a gas well; a rotor 2 built inside the cas-
ing; and an impeller 3 disposed at the rotor 2, and an
electromagnetic control unit that electromagnetically
controls a relative position of the rotor 2 inside the casing
is provided.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a downhole
compressor, and particularly relates to a downhole com-
pressor suitable for securing reliability at the time of high-
speed rotation.

2. Description of the Related Art

[0002] Since a downhole compressor installed inside
a natural gas well and adapted to assist production of
natural gas is installed inside a borehole having a diam-
eter of approximately several centimeters, size reduction
of the device is needed. When the size of the compressor
is reduced, a gas production amount may be reduced
because a flow passage cross-sectional area is reduced.
Further, in the case of adopting a centrifugal compressor
as a form of the compressor, centrifugal force used for
gas compression is reduced due to reduction of an outer
diameter size of an impeller due to size reduction of the
compressor. Therefore, there may be possibility that a
pressure ratio is reduced and sufficient pressure cannot
be obtained for gas production.

[0003] A rotational speed of a rotor is required to be
accelerated in the downhole compressor in order to com-
pensate such a reduced flow rate and reduced pressure
ratio caused by size reduction. In other words, a gas flow
rate is increased because a flow speed is increased by
accelerating rotation of the rotor. Further, the pressure
ratio is increased because the centrifugal force is in-
creased by acceleration. For instance, a downhole com-
pressor disclosed in US Patent No. 7,338,262, is oper-
ated at a high rotational speed of 20,000 rpm to 50,000
rpm.

[0004] In a general industrial turbo machine, an oil lu-
brication sliding bearing and a rolling bearing are widely
used. However, in a high-speed rotary machine such as
a downhole compressor, these general bearings are
hardly applied because an amount of heat generation at
the bearings is excessively large. As a countermeasure
to such a phenomenon, the above-described known art
adopts, for example, a static pressure gas bearing in
which natural gas is pressurized and then used. In the
gas bearing, heat generation of the lubricant can be kept
low because viscosity of the gas that is the lubricant is
extremely low compared to viscosity of liquid such as ail,
and it can be considered that reliability of the bearing can
be secured.

SUMMARY OF THE INVENTION
[0005] Innatural gasinside a borehole, foreign matters

such as liquid like water and oil and solids like earth and
sand may be mixed some times. In the case of using the
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natural gas as lubricant, such mixture of the foreign mat-
ters causes increase of heat generation and physical
damages, and reliability of the bearing may be degraded.
Suchforeign matters may be reduced by a structure using
a separator or the like, but there may be possibility that
the foreign matters cannot be completely removed and
reliability of the bearing may not be sufficiently secured.
[0006] On the other hand, when the foreign matters
are mixed inside the natural gas used as working fluid of
the compressor, properties such as density and viscosity
ofthefluid are changed. Therefore, when the compressor
is operated without considering such mixture of the for-
eign matters, there is concern that deterioration of oper-
ation efficiency, generation of excessive fluid force, oc-
currence of unstable phenomena in the fluid, and the like
may be caused by change of operating characteristics
of animpeller. In the downhole compressor using the gas
bearing, such change of the gas properties can be hardly
detected, and there may be possibility that sufficient re-
liability of a device cannot be secured.

[0007] Further, athrustload acting on the impeller may
be increased due to mixture of the foreign matters inside
the natural gas. In a high-speed bearing such as the gas
bearing, load capacity is generally small compared to an
oil bearing and the like. Therefore, it is difficult to design
a bearing that can handle a large thrust load caused by
mixture of the foreign matters.

[0008] In view of the above-described situations, the
present invention is directed to providing a downhole
compressor in which reliability can be secured at the time
of high-speed rotation even when natural gas properties
are changed due to mixture of foreign matters and the
like.

[0009] To achieve the above-described object, the
present invention provides a downhole compressor, in-
cluding: a casing disposed inside a well; a rotor built in-
side the casing; and an impeller disposed at the rotor,
wherein an electromagnetic control unit configured to
electromagnetically control a relative position of the rotor
inside the casing is provided.

[0010] Further, the present invention is the downhole
compressor characterized in including a bearingless mo-
tor as an electromagnetic control unit.

[0011] Furthermore, the presentinvention is the down-
hole compressor characterized in that the electromag-
netic control unit includes a magnetic bearing.

[0012] Furthermore, the presentinvention is the down-
hole compressor characterized in that a pressure regu-
lating chamber is provided at a back surface portion of
the impeller, a shaft sealing device is provided between
an outlet portion of the impeller and the pressure regu-
lating chamber, and a communication unit is provided
between the pressure regulating chamber and an inlet
portion of the impeller.

[0013] Furthermore, the presentinvention is the down-
hole compressor characterized in that a displacement
meter to measure axial displacement of the rotor is pro-
vided, and the displacement meter is disposed at the
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back surface portion of the impeller.

[0014] Furthermore, the presentinvention is the down-
hole compressor characterized in that a leakage amount
at the shaft sealing device is reduced when the rotor is
displaced to an axial upstream side.

[0015] Furthermore, the presentinvention is the down-
hole compressor characterized in that the shaft sealing
device includes axial clearance, and the axial clearance
is reduced when the rotor is displaced to the axial up-
stream side.

[0016] Furthermore, the presentinvention is the down-
hole compressor characterized in that a control device
for the electromagnetic control unit is disposed on the
ground.

[0017] Furthermore, the presentinvention is the down-
hole compressor characterized in that an operating con-
dition is determined by using a control signal of the elec-
tromagnetic control unit.

[0018] Accordingtothe presentinvention, the rotor can
be supported by electromagnetically controlling a posi-
tion of the rotor without using lubricant such as natural
gas. Therefore, deterioration of reliability of the bearing
caused by heat generation of the lubricant can be pre-
vented. Further, reliability of the device can be stably
secured because there is no effect on supporting char-
acteristics from change of the natural gas properties.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Fig. 1 is a cross-sectional view illustrating a main
portion of a downhole compressor according to a
first embodiment of the present invention;

Fig. 2 is a cross-sectional view illustrating an instal-
lation state of the downhole compressor according
to the first embodiment of the present invention;
Fig. 3 is a cross-sectional view illustrating a main
portion of a downhole compressor according to a
second embodiment of the present invention;

Fig. 4 is a cross-sectional view illustrating a main
portion of a downhole compressor according to a
third embodiment of the present invention; and

Fig. 5 is a cross-sectional view illustrating a main
portion of a downhole compressor according to a
fourth embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] Embodiments to implement the present inven-
tion will be described below using the drawings.

First embodiment

[0021] Fig. 1 is a cross-sectional view illustrating a
main portion of a downhole compressor according to a
first embodiment of the present invention.

[0022] Animpeller 3 is disposed at an end portion of a
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rotor 2, and natural gas is pressurized by rotation of the
rotor 2. A thrust load generated at the impeller 3 is sup-
ported by a thrust bearing not illustrated. A bearingless
motor 4 disposed at center of the rotor 2 generates drive
torque at the rotor 2 and simultaneously supports the
rotor 2 by generating electromagnetic force such that rel-
ative positions between the rotor 2 and a casing not il-
lustrated is kept substantially constant. Since the position
oftherotor 2is electromagnetically controlled, supporting
characteristics of the rotor 2 do not change even when
the natural gas properties are changed, and the rotor 2
can be stably supported.

[0023] Fig. 2 is a cross-sectional view illustrating an
installation state of the downhole compressor 1 accord-
ing to the present embodiment. The downhole compres-
sor 1 is installed inside a natural gas well 5. A controller
6 of the bearingless motor 4 is disposed on the ground
15, and the downhole compressor 1 and the controller 6
are connected via a cable 7. Since the controller 6 is
disposed on the ground 15, a control signal of the bear-
ingless motor 4 can be easily extracted and used for set-
ting an operating condition of the downhole compressor
1.

[0024] Electromagnetic control force to control the po-
sition of the rotor 2 inside the casing of the downhole
compressor 1 is proportional to the square of control cur-
rent. Therefore, dynamic fluid force that acts on the rotor
2 can be grasped by monitoring the control current. The
natural gas properties and unsteadiness thereof can be
estimated by collating the fluid force, operating charac-
teristics of the impeller 3, drive torque, rotational speed,
and so on. An operating condition such as the rotational
speed can be appropriately set by collating the estimated
gas properties and operating characteristics of the im-
peller 3, and excessive fluid force that may act on the
impeller 3 and unstable phenomena of the fluid can be
prevented. For example, in the case where the fluid force
is increased by increased liquid content inside the gas,
the fluid force can be decreased by reducing the rota-
tional speed of the rotor 2, and reliability of the device
can be secured.

Second embodiment

[0025] A second embodiment of the present invention
will be described using Fig. 3. Fig. 3 is a cross-sectional
view illustrating a main portion of a downhole compressor
1 according to the present embodiment. In a structure of
the present embodiment, a component denoted by a ref-
erence sign same as a first embodiment has the same
structure and effects. Therefore, a description therefor
will be omitted and only a different point from the above-
described first embodiment will be described.

[0026] In the present embodiment, a motor 8 is dis-
posed as a unit to generate drive torque at a rotor 2 in-
stead of a bearingless motor 4. Further, as an electro-
magnetic control unit for a position of the rotor 2, a mag-
netic bearing 9 disposed at a casing notillustrated is used
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instead of the bearingless motor 4. On both sides of the
motor 8, radial magnetic bearings 9a to support a load
in an axial orthogonal direction are disposed. Further, a
thrust collar 10 to transmit a thrust load is disposed be-
tween the motor 8 and the impeller 3, and thrust magnetic
bearings 9b are disposed on both sides of the thrust collar
10. A displacement sensor and an electromagnetic ac-
tuator are built inside the magnetic bearing 9, and elec-
tromagnetic force is controlled such the position of the
rotor 2 inside the casing is kept substantially constant.
Load capacity can be increased by using the magnetic
bearing 9 independent from the motor 8, and reliability
can be improved.

Third embodiment

[0027] Next, a third embodiment of the present inven-
tion will be described using Fig. 4.

[0028] Fig. 4 is a cross-sectional view illustrating a
main portion of a downhole compressor 1 according to
the present embodiment. In a structure of the present
embodiment, a component denoted by a reference sign
same as above-described embodiments has the same
structure and effects. Therefore, a description therefor
will be omitted and only a different point from the above-
described embodiments will be described. According to
the second embodiment illustrated in Fig. 3, pressure in
a flow passage portion of an impeller 3 is increased from
an inlet portion 3b to an outlet portion 3a, but pressure
on a back surface of the impeller 3 is substantially equal
to the pressure at the outlet portion 3a of the impeller 3.
Therefore, a thrust load is generated at the impeller 3 in
a direction from the back surface side to a flow passage
side. Load capacity of a magnetic bearing 9 is small com-
pared with a general oil lubrication bearing. Therefore,
in the case of applying the magnetic bearing 9 in the
downhole compressor 1, the thrust load is preferably re-
duced as much as possible.

[0029] Accordingtothe third embodiment, a shaftseal-
ing device 12 is disposed at a back surface portion of the
impeller 3 and forms a pressure regulating chamber 11.
Further, a communication unit 13 is provided between
the pressure regulating chamber 11 and the inlet portion
3b of the impeller 3 and decreases pressure at the pres-
sure regulating chamber 11. As a result, the thrust load
can be reduced by decreasing the pressure at the back
surface of the impeller 3, and reliability of a thrust mag-
netic bearing 9b can be improved.

[0030] Further, in order to stabilize the thrust load in
the present embodiment, axial clearance of the shaft
sealing device 12 is preferably kept constant. Therefore,
a position sensor 14 for an axial rotor 2 used to control
the thrust magnetic bearing 9b is provided at the back
surface portion of the impeller 3, and the thrust magnetic
bearing 9b is controlled so as to keep the clearance of
shaft sealing device 12 constant.

[0031] Additionally, according to the present embodi-
ment, an axial groove is provided as the communication
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unit 13 at a fixing portion of the impeller 3 of the rotor 2.
The axial groove may also be provided on the impeller 3
side and a communication hole may be provided at the
rotor 2 and the impeller 3.

Fourth embodiment

[0032] Next, afourthembodiment of the presentinven-
tion will be described using Fig. 5.

[0033] Fig. 5 is a cross-sectional view illustrating a
main portion of a downhole compressor 1 according to
the present embodiment. In a structure of the present
embodiment, a component denoted by a reference sign
same as above-described embodiments has the same
structure and effects. Therefore, a description therefor
will be omitted and only a different point from the above-
described embodiments will be described.

[0034] According to the present embodiment, a shaft
sealing device 12is disposed at an outer diameter portion
of an impeller 3. The shaft sealing device 12 includes a
so-called labyrinth seal 12a opposing to an outer periph-
ery of the impeller 3 and an axial clearance 12b projecting
to a flow passage side of the impeller 3. When a leakage
amount at the shaft sealing device 12 is increased, back
pressure of the impeller 3 is increased and a thrust load
is increased, thereby moving a rotor 2 to an axial up-
stream side. At this point, the axial clearance 12b at the
shaft sealing device 12 becomes small, and the leakage
amount is reduced at the shaft sealing device 12. There-
fore, the thrust load is reduced and the rotor 2 is pushed
back to an axial downstream side. Since the thrust load
is thus automatically adjusted in accordance with move-
ment of the rotor 2, the thrust load that acts on a thrust
magnetic bearing 9b can be properly adjusted and reli-
ability of the device can be improved.

[0035] Meanwhile, in the fourth embodiment also, the
thrust magnetic bearing 9b can be controlled so as to
keep the clearance at the shaft sealing device 12 con-
stant by providing a position sensor 14 at an axial rotor
2 illustrated in the third embodiment.

[0036] Features, components and specific details of
the structures of the above-described embodiments may
be exchanged or combined to form further embodiments
optimized for the respective application. As far as those
modifications are readily apparent for an expert skilled
in the art they shall be disclosed implicitly by the above
description without specifying explicitly every possible
combination, for the sake of conciseness of the present
description.

Claims
1. A downhole compressor (1), comprising:
a casing disposed inside a well;

a rotor (2) built inside the casing; and
an impeller (3) disposed at the rotor (2),
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wherein an electromagnetic control unit config-
ured to electromagnetically control a relative po-
sition of the rotor (2) inside the casing is provid-
ed.

The downhole compressor (1) according to claim 1,
wherein a bearingless motor (4) is provided as the
electromagnetic control unit.

The downhole compressor (1) according to claim 1, 170
wherein a magnetic bearing is provided as the elec-
tromagnetic control unit.

The downhole compressor (1) according to claim 1,
wherein 15
a pressure regulating chamber is provided at a back
surface portion of the impeller (3),

a shaft sealing device is provided between an outlet
portion of the impeller (3) and the pressure regulating
chamber, and 20
a communication unit is provided between the pres-
sure regulating chamber and an inlet portion of the
impeller (3).

The downhole compressor (1) according to claim 1 25
or 4, wherein

a displacement meter configured to measure axial
displacement is provided, and

the displacement meteris disposed ata back surface
portion of the impeller (3). 30

The downhole compressor (1) according to claim 4,
wherein aleakage amount at the shaft sealing device
is reduced when the rotor (2) is displaced to an axial
upstream side. 35

The downhole compressor (1) according to claim 6,
wherein the shaft sealing device includes axial clear-
ance, and the axial clearance is reduced when the
rotor (2) is displaced to the axial upstream side. 40

The downhole compressor (1) according to claim 1,
wherein a control device for the electromagnetic con-
trol unit is disposed on the ground.

45
The downhole compressor (1) according to claim 1
or 8, wherein an operating condition is determined
by using a control signal of the electromagnetic con-
trol unit.
50
55
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