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(57) A compressor system includes a compressor
(50) that includes a casing, a rotation shaft supported in
the casing and an impeller that rotates together with the
rotation shaft and compresses a gas. The compressor
system includes a compressed gas circulation unit (52)
in which the gas compressed by the compressor (50)
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prevents hydration of the gas to the compressed gas cir-
culation unit (52), and an internal hydrate anti freezing
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hydrate anti freezing agent to an internal flow path of the
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Description
[Technical Field]

[0001] The presentinvention relates to a compressor
system, a subsea production system provided therewith,
and a compressor cleaning method.

[Background Art]

[0002] Insubsea production systems configured to ex-
tract submarine resources, production fluids mixed with
crude oils and natural gases are drawn from production
wells drilled to a depth of several thousand meters in the
seabed. In the subsea production systems, the drawn
production fluids are separated into gases such as nat-
ural gases and liquids such as crude oils by a separator
such as a scrubber and are then sent to a ship on the
sea surface through flow lines that extend under the sea.
In this case, in order to send gases such as natural gases
to a ship on the sea surface, a compressor installed in
the seabed is used.

[0003] Inthe compressorinstalled in the seabed in this
manner, according to continuous operations, sediments
accumulate in internal flow paths through which natural
gases circulate. As a result, a flow rate of natural gases
that can circulate in the internal flow paths decreases
and efficiency of the compressor decreases.

[0004] Forsuch acompressor, for example, a cleaning
method in which some condensates that are hydrocar-
bons contained in liquids separated out in the separator
are supplied to the compressor for cleaning is disclosed
in Patent Literature 1. In the compressor cleaning meth-
od, the condensates decompose and remove sediments,
and internal flow paths of the compressor are cleaned.

[Citation List]
[Patent Literature]

[0005] [Patent Literature 1] PCT International Publica-
tion No. WO 2013/185801

[Summary of Invention]
[Technical Problem]

[0006] However, in the above-described cleaning
method, condensates harvested from production wells
are used. Therefore, in the cleaning method, there is a
risk of a necessary amount of condensates not being
reliably harvested from production wells. As a result, it is
difficult to reliably clean the compressor.

[0007] The present invention provides a compressor
system capable of reliably cleaning a compressor, a sub-
sea production system provided therewith, and a com-
pressor cleaning method.

10

15

20

25

30

35

40

45

50

55

[Solution to Problem]

[0008] In order to address the above problems, the
present invention proposes the following solutions. A
compressor system according to a first aspect of the
presentinvention includes a compressorincluding a cas-
ing, a rotation shaft supported in the casing, and an im-
peller that rotates together with the rotation shaft and
compresses a gas; a compressed gas circulation unit in
which the gas compressed by the compressor circulates;
a hydrate anti freezing agent supply unit configured to
supply a hydrate anti freezing agent that prevents hydra-
tion of the gas to the compressed gas circulation unit;
and an internal hydrate anti freezing agent supply unit
configured to supply part of the hydrate anti freezing
agent supplied from the hydrate anti freezing agent sup-
ply unit to an internal flow path formed of the impeller and
the casing.

[0009] In such a configuration, part of the hydrate anti
freezing agent supplied from the hydrate anti freezing
agent supply unit to the compressed gas circulation unit
for preventing hydration of the gas compressed by the
compressor is supplied to the internal flow path. There-
fore, the hydrate anti freezing agent flows in the internal
flow path together with the gas, and thus sediments ac-
cumulated in the internal flow path can be removed.
When the hydrate anti freezing agent is directly supplied
to the internal flow path, the hydrate anti freezing agent
is prevented from being diluted by the gas before reach-
ing the internal flow path, and it is possible to clean the
inside of the compressor by effectively using the hydrate
antifreezing agent. When part of the hydrate anti freezing
agent supplied from the hydrate anti freezing agent sup-
ply unit to the compressed gas circulation unit is used, it
is possible to reliably supply a necessary amount of the
hydrate anti freezing agent to the internal flow path.
[0010] The compressor system may include a control
unit configured to perform supply control such that, when
predetermined conditions are satisfied, the internal hy-
drate anti freezing agent supply unit starts supply of the
hydrate anti freezing agent to the internal flow path.
[0011] In such a configuration, when supply control of
the hydrate antifreezing agentis performed by the control
unit, it is possible to limit supply of the hydrate anti freez-
ing agent to the compressor that is in a state in which
cleaning is necessary. Therefore, the hydrate anti freez-
ing agent supplied from the internal hydrate anti freezing
agent supply unit can be efficiently used for cleaning the
compressor and it is possible to minimize a supply
amount of the hydrate anti freezing agent.

[0012] In the compressor system, the control unit may
include a first reference determination unit configured to
determine whether a difference between characteristic
values of the gas on an inlet side of the compressor and
an outlet side of the compressor satisfies a predeter-
mined first reference and a supply start instruction unit
configured to send an instruction to the internal hydrate
anti freezing agent supply unit to start supply of the hy-
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drate anti freezing agent to the internal flow path when
the first reference determination unit determines that the
first reference is satisfied.

[0013] In such a configuration, when a difference be-
tween characteristic values of the gas on the inlet side
and the outlet side of the compressor is calculated, the
calculated difference is compared with a predetermined
first reference and determination is performed in the first
reference determination unit, it is possible to easily de-
termine whether the internal flow path is in a state in
which cleaning is necessary. When the supply start in-
struction unit starts supply of the hydrate anti freezing
agent to the internal flow path based on the determination
result, it is possible to perform cleaning of the internal
flow path. Therefore, it is possible to determine whether
the compressor is in a state in which cleaning is neces-
sary with high accuracy and it is possible to further limit
supply of the hydrate anti freezing agent. Therefore, for
the internal flow path for which cleaning is necessary,
the hydrate anti freezing agent supplied from the internal
hydrate anti freezing agent supply unit can be used for
cleaning the compressor more efficiently and a supply
amount of the hydrate anti freezing agent can be further
minimized.

[0014] The compressor system may include a heating
unit configured to heat the hydrate anti freezing agent,
and the internal hydrate anti freezing agent supply unit
may supply the hydrate anti freezing agent heated by the
heating unit to the internal flow path.

[0015] In such a configuration, when the heating unit
is provided, a high temperature hydrate anti freezing
agent can be supplied to the internal flow path. It is thus
possible to improve solubility of sediments due to the
hydrate anti freezing agent that is heated to a high tem-
perature. Therefore, it is possible to increase a dissolu-
tion rate of sediments accumulated in the internal flow
path and effectively clean the internal flow path.

[0016] The compressor system may include a heating
unit configured to heat the hydrate anti freezing agent,
and the control unit may include a second reference de-
termination unit configured to determine whether a dif-
ference between characteristic values of the gas on the
inlet side of the compressor and the outlet side of the
compressor satisfies a predetermined second reference
after supply of the hydrate anti freezing agent to the in-
ternal flow path starts; and a heat supply instruction unit
configured to send an instruction to the internal hydrate
anti freezing agent supply unit to supply the hydrate anti
freezing agent heated by the heating unit to the internal
flow path when the second reference determination unit
determines that the second reference is satisfied.
[0017] In such a configuration, when a difference be-
tween characteristic values of the gas on the inlet side
and the outlet side of the compressor is calculated, the
calculated difference is compared with a second refer-
ence and determination is performed in the second ref-
erence determination unit, it is possible to easily deter-
mine again whether the internal flow path is in a state in
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which cleaning is necessary. Therefore, for example, it
is possible to easily determine a state of the internal flow
path that is different from the state determined using the
first reference. Based on the determination result, when
the heat supply instruction unit sends an instruction to
supply the hydrate antifreezing agentheated by the heat-
ing unit to the internal flow path, it is possible to perform
cleaning of the internal flow path more effectively using
the hydrate anti freezing agent that is heated to a high
temperature. Therefore, it is possible to perform greater
cleaning on the compressor as necessary. Therefore,
when the internal flow path is in a state in which greater
cleaning is necessary, it is possible to efficiently supply
the heated hydrate antifreezing agent and clean the com-
pressor more efficiently.

[0018] According to a second aspect of the present
invention, there is provided a subsea production system
that includes the compressor system and a separator
configured to separate a production fluid drawn from a
production well into a gas and a liquid and supply the
result to the compressor.

[0019] In such a configuration, it is also possible to re-
liably and efficiently clean the compressor that is installed
at a position at which maintenance is difficult, for exam-
ple, in the seabed. Therefore, it is possible to prevent
clogging due to sediments and it is possible to reliably
send the gas through the compressor.

[0020] According to a third aspect according to the
present invention, there is provided a compressor clean-
ing method in which a compressor including a casing, a
rotation shaft supported in the casing and an impeller
that rotates together with the rotation shaft and com-
presses a gas is cleaned, the method including: a first
reference determining process of determining whether a
difference between characteristic values of the gas on
an inlet side of the compressor and an outlet side of the
compressor satisfies a predetermined first reference;
and a supply start process in which, whenitis determined
that the first reference is satisfied in the first reference
determining process, supply of a hydrate anti freezing
agent that prevents hydration of the gas compressed by
the compressor to an internal flow path formed of the
impeller and the casing starts.

[0021] In such a configuration, when a difference be-
tween characteristic values of the gas on the inlet side
and the outlet side of the compressor is calculated, the
calculated difference is compared with a first reference
and determination is performed in the first reference de-
termining process, it is possible to easily determine
whether the internal flow path is in a state in which clean-
ingis necessary. When supply of the hydrate anti freezing
agent to the internal flow path starts in the supply start
process based on the determination result, it is possible
to perform cleaning of the internal flow path. Therefore,
it is possible to determine whether the compressor is in
a state in which cleaning is necessary with high accuracy
and it is possible to further limit supply of the hydrate anti
freezing agent. Therefore, for the internal flow path for
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which cleaning is necessary, the hydrate anti freezing
agent supplied from the internal hydrate anti freezing
agent supply unit can be used for cleaning the compres-
sor more efficiently and a supply amount of the hydrate
anti freezing agent can be further minimized.

[0022] The compressor cleaning method may include
a second reference determining process in which, after
supply of the hydrate anti freezing agent to the internal
flow path starts, it is determined whether a difference
between characteristic values of the gas on an inlet side
of the compressor and an outlet side of the compressor
satisfies a predetermined second reference; and a heat
supply process in which, when it is determined that the
second reference is satisfied in the second reference de-
termining process, the heated hydrate anti freezing agent
is supplied to the internal flow path.

[0023] In such a configuration, when a difference be-
tween characteristic values of the gas on the inlet side
and the outlet side of the compressor is calculated, the
calculated difference is compared with the second refer-
ence and determination is performed in the second ref-
erence determining process, it is possible to easily de-
termine again whether the internal flow path is in a state
in which cleaning is necessary. Forexample, itis possible
to easily determine whether the internal flow path is in a
state different from the state determined using the first
reference (for example, whether greater cleaning is nec-
essary for the internal flow path). Based on the determi-
nation result temperature, in the heat supply process,
when the hydrate anti freezing agent heated to a high
temperature is supplied from a hydrate anti freezing
agent spraying unit to the internal flow path, it is possible
to perform cleaning of the internal flow path more effec-
tively. Therefore, itis possible to perform greater cleaning
on the compressor as necessary. Therefore, when the
internal flow path is in a state in which greater cleaning
is necessary, it is possible to efficiently supply the heated
hydrate anti freezing agent and clean the compressor
more efficiently.

[Advantageous Effects of Invention]

[0024] Accordingtothe presentinvention, itis possible
to efficiently clean the compressor by supplying the hy-
drate anti freezing agent to the internal flow path.

[Brief Description of Drawings]
[0025]

Fig. 1 is a diagram schematically showing a subsea
production system in an embodiment of the present
invention.

Fig. 2 is a systematic diagram showing a subsea
module in an embodiment of the present invention.
Fig. 3is a cross-sectional view of a main part showing
an internal flow path of a compressor in an embod-
iment of the present invention.
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Fig. 4 is a flowchart describing a compressor clean-
ing method in an embodiment of the present inven-
tion.

[Description of Embodiments]

[0026] Hereinafter, embodiments according to the
present invention will be described with reference to Fig.
1 to Fig. 4. A subsea production system 1 according to
an embodiment of the present invention is a subsea pro-
duction system that is one for ocean oil and gas field
development methods. As shown in Fig. 1, the subsea
production system 1 includes a production well W for
harvesting a production fluid PF mixed with crude oil O,
natural gas G and the like extracted from an oil gas field
F thatis located several hundreds to thousands of meters
from the seabed, a manifold M for collecting and distrib-
uting the production fluid PF harvested in the production
well W, a flow line FL that is a pipe through which the
production fluid PF distribute by the manifold M is con-
veyed, and a subsea module SM configured to separate
the production fluid PF conveyed through the flow line
FL into a liquid and a gas and send them to the sea sur-
face. The subsea production system 1 includes a riser R
thatis a pipe through which the crude oil O and the natural
gas G are conveyed to the sea surface from the subsea
module SM, an umbilical line AL that is a cable through
which power is supplied to the subsea module SM and
the like, and a ship S to which the riser R and the umbilical
line AL moored in the sea are connected and in which
the crude oil O and the natural gas G are stored.
[0027] The manifold M is installed in the vicinity of the
production well W of the oil gas field F in the seabed. The
manifold M is a device configured to collect and distribute
the extracted production fluid PF and convey it through
a plurality of flow lines FL.

[0028] The flow line FL is a pipeline through which the
production fluid PF is pressure-fed from the manifold M
to the subsea module SM according to pressure energy
of the oil gas field F.

[0029] The riser R extends from the subsea module
SM of the seabed to the ship S on the sea surface. In the
riser R of this embodiment, an oil pipeline OR through
which the crude oil O sent from the subsea module SM
is conveyed to a storage tank (not shown) disposed in
the ship S on the sea surface and a gas pipeline GR
through which the natural gas G sent from the subsea
module SM is conveyed to the storage tank are sepa-
rately provided. The riser R includes the gas pipeline GR
through which the natural gas G is supplied such that the
natural gas G is prevented from freezing due to hydration
in the seabed and a pipeline for a hydrate anti freezing
agent AR through which a hydrate anti freezing agent is
supplied from the ship S.

[0030] The umbilical line AL is a composite cable in-
cluding a power cable, a hydraulic cable and a signal
cable for controlling the subsea module SM. The umbil-
ical line AL sends power and signals from a generator
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(not shown) in the ship S to the subsea module SM and
the manifold M.

[0031] The subsea module SM separates the produc-
tion fluid PF supplied through the flow line FL into a gas
and a liquid and pressure-feeds the gas and the liquid to
the sea surface. As shown in Fig. 2, the subsea module
SM of this embodiment includes a main heat exchanger
2 configured to cool the production fluid PF drawn from
the production well W, a separator 3 configured to sep-
arate the production fluid PF cooled in the main heat ex-
changer 2 into a gas and a liquid, a pump system 4 con-
figured to send the liquid separated out in the separator
3 to the riser R, and a compressor system 5 configured
to send the gas separated out by the separator 3 to the
riser R.

[0032] The mainheatexchanger?2 cools the production
fluid PF having a high temperature that is drawn from the
production well W and sent to the flow line FL to a tem-
perature at which the production fluid PF can be used in
the separator 3. The main heat exchanger 2 of this em-
bodiment cools the production fluid PF according to heat
exchange with low temperature seawater of the seabed.
[0033] The separator 3 separates the production fluid
PF into the natural gas G that is a gas and the crude oil
O that is a liquid. The separator 3 of this embodiment is
a scrubber. The separator 3 separates the natural gas G
and the crude oil O containing condensates from the pro-
duction fluid PF. The separator 3 sends the separated
crude oil O to the pump system 4. The separator 3 sends
the separated natural gas G to the compressor system 5.
[0034] The pump system 4 compresses the crude oil
O sentfrom the separator 3 and sends it to the oil pipeline
OR. As shown in Fig. 2, the pump system 4 includes a
pump 41 configured to compress the crude oil O, a liquid
circulation unit 42 configured to send the crude oil O from
the separator 3 to the pump 41, and a compressed liquid
circulation unit 43 in which the crude oil O compressed
by the pump 41 circulates.

[0035] The pump 41 compresses and sends out the
received crude oil O. The liquid circulation unit 42 sup-
plies the crude oil O from the separator 3 to the pump
41. Specifically, the liquid circulation unit 42 of this em-
bodiment is a pipe that is connected from the separator
3 to the pump 41. The crude oil O circulates inside the
liquid circulation unit 42. The compressed liquid circula-
tion unit 43 sends the crude oil O compressed by the
pump 41 to the oil pipeline OR. Specifically, the com-
pressed liquid circulation unit 43 of this embodiment is a
pipe thatis connected from the pump 41 to the oil pipeline
OR. The compressed crude oil O circulates inside the
compressed liquid circulation unit 43.

[0036] The compressor system 5 compresses the nat-
ural gas G sent from the separator 3 and sends it to the
gas pipeline GR. As shown in Fig. 2, the compressor
system 5 includes a compressor 50 configured to com-
press the natural gas G, a gas circulation unit 51 config-
ured to send the natural gas G from the separator 3 to
the compressor 50, a compressed gas circulation unit 52
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in which the natural gas G that is compressed by the
compressor 50 circulates, a hydrate anti freezing agent
supply unit 53 configured to supply a hydrate antifreezing
agent for preventing hydration of the natural gas G to the
compressed gas circulation unit 52, an internal hydrate
anti freezing agent supply unit 54 configured to supply
part of the hydrate anti freezing agent supplied from the
hydrate anti freezing agent supply unit 53 to the com-
pressor 50, a heating unit 55 configured to heat the hy-
drate anti freezing agent, and a control unit 60 configured
to perform supply control such that the internal hydrate
anti freezing agent supply unit 54 starts supply of the
hydrate anti freezing agent.

[0037] The compressor 50 is a multistage centrifugal
compressor including a plurality of impellers 503. As
shown in Fig. 3, the compressor 50 of this embodiment
includes a casing 501 on which an internal flow path FC
through which a gas flows from an upstream side to a
downstream side is formed, a rotation shaft 502 that is
supported in the casing 501 and rotates around an axis
SL, and the impellers 503 that rotate together with the
rotation shaft 502 and compress a gas.

[0038] The casing 501 is a stationary body and has a
tubular shape. In the casing 501, the rotation shaft 502
is disposed to penetrate the center. A bearing device (not
shown) is provided in the casing 501. The bearing device
rotatably supports the rotation shaft 502.

[0039] The rotation shaft 502 is a rotating body, has a
columnar shape and extends in an axis SL direction in
which the shaft line SL extends. The impeller 503 is a
rotating body. The plurality of impellers 503 are provided
at intervals in the shaft line SL direction of the rotation
shaft 502. The impellers 503 compress the natural gas
G (gas) using a centrifugal force according to rotation.
The impeller 503 includes a disk 503a, a blade 503b, and
acover 503c. The impeller 503 is a so-called closed type
impeller 503.

[0040] The disk 503a is formed in a disk shape whose
diameter gradually increases outward in a radial direction
of the rotation shaft 502 toward a downstream side that
is one side in the shaft line SL direction in the rotation
shaft 502. The blade 503b is formed to protrude toward
an upstream side in the shaft line SL direction which is
a side opposite to a downstream side in the shaftline SL
direction from the disk 503a. The plurality of blades 503b
are formed in the disk 503a at predetermined intervals
in a circumferential direction of the shaft line SL. The
cover 503c covers the plurality of blades 503b from an
upstream side in the shaft line SL direction. The cover
503c is formed in a disk shape that faces the disk 503a.
[0041] The internal flow path FC is formed by the im-
peller 503 and the casing 501 so as to connect the im-
pellers 503 so that the natural gas G is gradually com-
pressed. The internal flow path FC includes a compres-
sion flow path FC1 defined by the impeller 503 and a
casing flow path FC2 that is formed inside the casing 501
and in which a flow of the natural gas G is adjusted.
[0042] The compression flow path FC1 is defined by a
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surface that faces an upstream side in the shaft line SL
direction of the disk 503a, a surface that faces a down-
stream side in the shaft line SL direction of the cover
503c, and a surface that faces in a circumferential direc-
tion of the blade 503b. The casing flow path FC2 adjusts
a flow of the natural gas G to flow the natural gas G
through the compression flow path FC1 defined by the
impeller 503.

[0043] The gas circulation unit 51 supplies the natural
gas G from the separator 3 to the compressor 50. Spe-
cifically, the gas circulation unit 51 of this embodiment is
a pipe that is connected from the separator 3 to the com-
pressor 50 as shown in Fig. 2. The natural gas G circu-
lates inside the gas circulation unit 51. The gas circulation
unit 51 of this embodiment includes an inlet side charac-
teristic value measuring unit 511 configured to measure
a characteristic value of the natural gas G on an inlet side
of the compressor 50.

[0044] The inlet side characteristic value measuring
unit 511 measures a characteristic value of the natural
gas G that flows into the compressor 50. The inlet side
characteristic value measuring unit 511 is provided in the
vicinity of an inlet port of the compressor 50 of the gas
circulation unit 51. The inlet side characteristic value
measuring unit 511 of this embodiment is a pressure sen-
sor that measures a pressure value as a characteristic
value. The inlet side characteristic value measuring unit
511 transmits the measured pressure value of the natural
gas G to the control unit 60.

[0045] The compressed gas circulation unit 52 sends
the natural gas G compressed by the compressor 50 to
the riser R. Specifically, the compressed gas circulation
unit 52 of this embodiment is a pipe that is connected
from the compressor 50 to the gas pipeline GR. The com-
pressed natural gas G circulates inside the compressed
gas circulation unit 52. The compressed gas circulation
unit 52 of this embodiment includes an outlet side char-
acteristic value measuring unit 521 configured to meas-
ure a characteristic value of the natural gas G (gas) on
an outlet side of the compressor 50.

[0046] The outlet side characteristic value measuring
unit 521 measures a characteristic value of the natural
gas G discharged from the compressor 50. The outlet
side characteristic value measuring unit 521 is provided
in the vicinity of an outlet port of the compressor 50 of
the compressed gas circulation unit 52. Similarly to the
inlet side characteristic value measuring unit 511, the
outlet side characteristic value measuring unit 521 of this
embodiment is a pressure sensor that measures a pres-
sure value as a characteristic value. The outlet side char-
acteristic value measuring unit 521 transmits the meas-
ured pressure value of the natural gas G to the control
unit 60.

[0047] The hydrate anti freezing agent supply unit 53
circulates the hydrate anti freezing agent supplied from
the ship S on the sea surface through the pipeline for a
hydrate anti freezing agent AR to the compressed gas
circulation unit52. The hydrate anti freezing agent supply
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unit 53 of this embodiment is a pipe that is connected
from the pipeline for a hydrate anti freezing agent AR to
the compressed gas circulation unit 52. The hydrate anti
freezing agent circulates inside the hydrate anti freezing
agent supply unit 53. The hydrate anti freezing agent
supply unit 53 is connected downstream from a position
at which the outlet side characteristic value measuring
unit 521 of the compressed gas circulation unit 52 is pro-
vided. Also, as the hydrate anti freezing agent of this
embodiment, a fluid having lipophilicity and hydrophilicity
is preferably used. As the hydrate anti freezing agent, for
example, monoethylene glycol used for preventing hy-
dration by preventing hydration of the natural gas G is
particularly preferably used.

[0048] The internal hydrate anti freezing agent supply
unit 54 supplies part of the hydrate anti freezing agent
that flows in the hydrate anti freezing agent supply unit
53 to the internal flow path FC of the compressor 50.
Specifically, the internal hydrate anti freezing agent sup-
ply unit 54 of this embodiment includes a first supply pipe
541, a first supply valve 542 configured to adjust a flow
of a hydrate anti freezing agent that flows in the first sup-
ply pipe 541, a second supply pipe 543 that branches
from the first supply pipe 541, and a second supply valve
544 configured to adjust a flow of a hydrate anti freezing
agent that flows in the second supply pipe 543.

[0049] The first supply pipe 541 branches from the hy-
drate anti freezing agent supply unit 53 and is connected
to the casing 501 of the compressor 50. Specifically, the
first supply pipe 541 of this embodiment is connected to
pass through the inside of the casing 501 of the com-
pressor 50. The first supply pipe 541 branches at the
inside of the casing 501. At a distal portion of the first
supply pipe 541, a hydrate anti freezing agent spraying
unit 541 a configured to spray a hydrate anti freezing
agent toward the casing flow path FC2 is provided.
[0050] The first supply valve 542 adjusts supply of a
hydrate anti freezing agent into the first supply pipe 541.
Specifically, when the first supply valve 542 of this em-
bodiment is closed, supply of a hydrate anti freezing
agent into the first supply pipe 541 stops and when the
first supply valve 542 of this embodiment is opened, sup-
ply of a hydrate anti freezing agent into the first supply
pipe 541 starts. The first supply valve 542 is a solenoid
valve in which opening and closing operations are con-
trolled by the control unit 60.

[0051] The second supply pipe 543 branches from the
first supply pipe 541 and supplies a hydrate anti freezing
agent to the compressor 50. The second supply pipe 543
of this embodiment branches from the first supply pipe
541 on an upstream side relative to a position at which
the first supply valve 542 is provided and is connected
to the first supply pipe 541 again at a downstream side
relative to a position at which the first supply valve 542
is provided.

[0052] The second supply valve 544 adjusts supply of
a hydrate anti freezing agent into the second supply pipe
543. Specifically, when the second supply valve 544 of
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this embodiment is closed, supply of a hydrate anti freez-
ing agentinto the second supply pipe 543 stops and when
the second supply valve 544 of this embodiment is
opened, supply of a hydrate anti freezing agent into the
second supply pipe 543 starts. The second supply valve
544 is a solenoid valve whose opening and closing op-
erations are controlled by the control unit 60.

[0053] The heating unit 55 is provided in the internal
hydrate anti freezing agent supply unit 54 and heats a
hydrate anti freezing agent. The heating unit 55 of this
embodiment is provided at a position that is on a down-
stream side relative to the second supply valve 544 of
the second supply pipe 543 and at which the second
supply pipe 543 and the liquid circulation unit 42 cross.
The heating unit 55 heats a hydrate anti freezing agent
by using heat of the crude oil O that flows in the pump
system 4. Specifically, the heating unit 55 heats mo-
noethylene glycol which is a hydrate anti freezing agent
that flows in the second supply pipe 543 at an ambient
temperature of, for example, about 20 °C to 50 °C, to a
high temperature of 110 °C or more.

[0054] When predetermined conditions are satisfied,
the control unit 60 performs supply control such that the
internal hydrate anti freezing agent supply unit 54 starts
supply of a hydrate anti freezing agent into the internal
flow path FC of the compressor 50. When predetermined
conditions are satisfied, the control unit 60 of this em-
bodiment controls opening and closing operations of the
first supply valve 542 and the second supply valve 544,
and thus supply of a hydrate anti freezing agent into the
internal flow path FC is controlled.

[0055] Specifically, the control unit 60 of this embodi-
ment includes a first input unit 61 configured to receive
a characteristic value measured by the inlet side charac-
teristic value measuring unit 511, a second input unit 62
configured to receive a characteristic value measured by
the outlet side characteristic value measuring unit 521,
and a difference calculation unit 63 configured to calcu-
late a difference between the characteristic value re-
ceived by the first input unit 61 and the characteristic
value received by the second input unit 62. The control
unit 60 of this embodiment includes a first reference de-
termination unit 64 configured to determine whether the
difference calculated by the difference calculation unit 63
satisfies a predetermined first reference and a supply
start instruction unit 65 configured to send an instruction
to start supply of a hydrate anti freezing agent to the
internal flow path FC based on the determination result
of the first reference determination unit 64. The control
unit 60 of this embodiment includes a second reference
determination unit 66 configured to determine whether
the difference calculated by the difference calculation unit
63 satisfies a predetermined second reference, a heat
supply instruction unit 67 configured to send an instruc-
tion to supply the hydrate anti freezing agent heated by
the heating unit 55 to the internal flow path FC based on
the determination result of the second reference deter-
mination unit 66, and a cleaning termination instruction
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unit 70 configured to send an instruction to terminate sup-
ply of the hydrate anti freezing agent to the internal flow
path FC based on the determination result of the second
reference determination unit 66. The control unit 60 of
this embodiment includes a first supply valve instruction
unit 68 configured to open or close the first supply valve
542 based on an input signal and a second supply valve
instruction unit 69 configured to open or close the second
supply valve 544 based on an input signal.

[0056] The firstinput unit 61 receives a pressure value
of the natural gas G measured by the inlet side charac-
teristic value measuring unit 511. The first input unit 61
outputs information about the input pressure value to the
difference calculation unit 63. The second input unit 62
receives a pressure value of the natural gas G measured
by the outlet side characteristic value measuring unit521.
The second input unit 62 outputs information about the
input pressure value to the difference calculation unit 63.
[0057] The difference calculation unit 63 calculates a
difference by subtracting a pressure value on an inlet
side of a compressor input by the first input unit 61 from
a pressure value on an outlet side of a compressor input
by the second input unit 62. The difference calculation
unit 63 outputs the calculated difference to the first ref-
erence determination unit 64. After the calculated differ-
ence is output to the first reference determination unit
64, when information is input again from the first input
unit 61 and the second input unit 62, the difference cal-
culation unit 63 outputs the calculated difference to the
second reference determination unit 66.

[0058] The first reference determination unit 64 com-
pares information about the difference input from the dif-
ference calculation unit 63 with a first reference. Here,
the first reference is a value indicating a state in which
cleaning is necessary since sediments have precipitated
and the internal flow path FC of the compressor 50 is
narrowed. The first reference of this embodiment is set
to a value smaller than a value of arise a pressure of the
natural gas G that is compressed while circulating in the
compression flow path FC1 in a normal state in which
cleaning is not necessary. That is, the first reference of
this embodiment is a value of a difference between pres-
sures on aninletside and an outlet side of the compressor
50 while the internal flow path FC is narrowed due to
sediments and the natural gas G is hardly compressed.
[0059] The first reference determination unit 64 of this
embodiment determines whetherthe input difference val-
ue is less than the first reference. When it is determined
that the calculated difference is less than the first refer-
ence and satisfies the first reference, the first reference
determination unit 64 sends a signal to the supply start
instruction unit 65.

[0060] When the first reference determination unit 64
determines that the first reference is satisfied, the supply
startinstruction unit 65 sends an instruction to the internal
hydrate anti freezing agent supply unit 54 to start supply
of a hydrate anti freezing agent to the internal flow path
FC. When the signal is input from the first reference de-
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termination unit 64, the supply start instruction unit 65 of
this embodiment sends a signal to the first supply valve
instruction unit 68 and sends an instruction to the first
supply valve 542.

[0061] The second reference determination unit 66
compares information about the difference input from the
difference calculation unit 63 with the second reference.
Here, the second reference is a value indicating a state
in which sediments of the internal flow path FC of the
compressor 50 are not sufficiently removed and greater
cleaning is necessary. The second reference of this em-
bodiment is set to a value smaller than a value of a rise
of a pressure of the natural gas G that is compressed
while circulating in the compression flow path FC1 in a
normal state and is greater than the first reference. That
is, the second reference of this embodiment is a value
of a difference between pressures on the inlet side and
the outlet side of the compressor 50 in a state in which
cleaning has been performed once, but the result is that
this is not enough to satisfy the first reference, sediments
remain in the internal flow path FC, and the natural gas
G is not sufficiently compressed.

[0062] The second reference determination unit 66 of
this embodiment determines whether the input difference
value is less than the second reference. When it is de-
termined that the calculated difference is less than the
second reference and satisfies the second reference, the
second reference determination unit 66 sends a signal
to the heat supply instruction unit 67. When it is deter-
mined that the calculated difference is greater than the
second reference and does not satisfy the second refer-
ence, the second reference determination unit 66 sends
a signal to the cleaning termination instruction unit 70.
[0063] When the second reference determination unit
66 determines that the second reference is satisfied, the
heat supply instruction unit 67 sends an instruction to the
internal hydrate anti freezing agent supply unit 54 to sup-
ply the hydrate anti freezing agent heated by the heating
unit 55 to the internal flow path FC. The heat supply in-
struction unit 67 of this embodiment receives the signal
from the second reference determination unit 66. As a
result, the heat supply instruction unit 67 sends a signal
to the first supply valve instruction unit 68 and the second
supply valve instruction unit 69 after the signal is sent
from the supply start instruction unit 65, and sends an
instruction to the first supply valve 542 and the second
supply valve 544.

[0064] When the second reference determination unit
66 determines that the second reference is not satisfied,
the cleaning termination instruction unit 70 sends an in-
struction to the internal hydrate anti freezing agent supply
unit 54 to terminate supply of a hydrate antifreezing agent
to the internal flow path FC. The cleaning termination
instruction unit 70 of this embodiment receives a signal
from the second reference determination unit 66. As a
result, the cleaning termination instruction unit 70 sends
a signal to the first supply valve instruction unit 68 and
the second supply valve instruction unit 69 and sends an
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instruction to the first supply valve 542 and the second
supply valve 544.

[0065] When the signal is input from the supply start
instruction unit 65, the first supply valve instruction unit
68 sends an instruction to open the first supply valve 542.
When a signal is input from the heat supply instruction
unit 67, the first supply valve instruction unit 68 sends an
instruction to close the first supply valve 542. When a
signal is input from the cleaning termination instruction
unit 70, the first supply valve instruction unit 68 sends an
instruction to close the first supply valve 542.

[0066] When a signal is input from the heat supply in-
struction unit 67, the second supply valve instruction unit
69 sends an instruction to open the second supply valve
544. When a signal is input from the cleaning termination
instruction unit 70, the second supply valve instruction
unit 69 sends an instruction to close the second supply
valve 544.

[0067] Next, operations of the subsea production sys-
tem 1 of the above-described embodiment will be de-
scribed. The subsea production system 1 of this embod-
iment collects the production fluid PF that is harvested
from the oil gas field F through the production well W in
the manifold M, conveys the collected production fluid
PF into the flow line FL according to pressure energy
generated when the production fluid PF is extracted from
the oil gas field F, and supplies the production fluid PF
to the subsea module SM.

[0068] In the subsea module SM, power is supplied to
devices from a generator (not shown) in the ship S by
the umbilical line AL. The production fluid PF supplied to
the subsea module SM is cooled by the main heat ex-
changer 2 and flows into the separator 3. The production
fluid PF flowed into the separator 3 is separated into the
crude oil O that is a liquid and the natural gas G that is
a gas. Note that the crude oil O separated out in the
separator 3 includes condensates and the like.

[0069] The crude oil O separated out in the separator
3circulates inside the liquid circulation unit 42 and is sent
to the pump 41. The pump 41 compresses the crude oil
0, sends itto the oil pipeline OR through the compressed
liquid circulation unit 43 and supplies it to a crude oil O
storage tank (not shown) in the ship S.

[0070] The natural gas G separated out by the sepa-
rator 3 circulates inside the liquid circulation unit 42 and
is sentto the compressor 50. In the compressor 50, when
the natural gas G circulates in the internal flow path FC,
the impeller 503 rotates together with the rotation shaft
502 so that the natural gas G is compressed in the com-
pression flow path FC1 and sent to the compressed gas
circulation unit 52. A hydrate anti freezing agent is sup-
plied from the hydrate anti freezing agent supply unit 53
to the compressed gas circulation unit 52. The hydrate
antifreezing agentis sentto the gas pipeline GR together
with the compressed natural gas G. In the compressed
gas circulation unit 52, while preventing hydration using
the supplied the hydrate anti freezing agent, the natural
gas G is supplied to a natural gas G storage tank (not
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shown) in the ship S.

[0071] Next, a cleaning method of the compressor 50
of the above-described embodiment will be described.
In the compressor 50 configured to compress the natural
gas G and supply it to the ship S as described above,
when an operation continues, sediments are precipitated
and accumulate in the internal flow path FC in which the
natural gas G circulates. By the cleaning method of the
compressor 50, cleaning is performed on the compressor
50 in which such sediments accumulate. The cleaning
method of the compressor 50 of this embodiment will be
described with reference to Fig. 2 to Fig. 4.

[0072] Inthe cleaning method of the compressor 50 of
this embodiment, as shown in Fig. 4, for a characteristic
value of the natural gas G which is a gas separated out
by the separator 3 on the inlet side and the outlet side of
the compressor 50, a pressure value is measured and
acquired, and a state of the compressor 50 is measured
(a characteristic value acquiring process S100). Specif-
ically, in the characteristic value acquiring process S100,
the inlet side characteristic value measuring unit 511
measures a pressure value of the natural gas G that cir-
culates in the gas circulation unit 51 and acquires a pres-
sure value of the natural gas G on the inlet side of the
compressor 50. The outlet side characteristic value
measuring unit 521 measures a pressure value of the
natural gas G that circulates in the compressed gas cir-
culation unit 52 and acquires a pressure value of the nat-
ural gas G on the outlet side of the compressor 50.
[0073] Next, in the cleaning method of the compressor
50 of this embodiment, a difference between the acquired
pressure value on the inlet side of the compressor 50
and the acquired pressure value on the outlet side thereof
is calculated (a difference calculating process S200).
Specifically, in the difference calculating process S200,
information about the pressure value measured by the
inlet side characteristic value measuring unit 511 is input
to the first input unit 61 of the control unit 60. In the dif-
ference calculating process S200, information about the
pressure value measured by the outlet side characteristic
value measuring unit 521 is input to the second input unit
62 of the control unit 60. In the control unit 60, information
input to the first input unit 61 and the second input unit
62 is input to the difference calculation unit 63. In the
difference calculation unit 63, a difference between the
pressure value on the outlet side of the compressor 50
and the pressure value on the inlet side thereof is calcu-
lated by subtracting information input from the first input
unit 61 from information input from the second input unit
62.

[0074] Next, in the cleaning method of the compressor
50 of this embodiment, itis determined whether a hydrate
anti freezing agent has been supplied to the internal flow
path FC of the compressor 50 (a hydrate anti freezing
agent supply determining process S300). Specifically, in
the hydrate anti freezing agent supply determining proc-
ess S300, the difference calculation unit 63 determines
whether a hydrate anti freezing agent has already been
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supplied to the internal flow path FC. In the difference
calculation unit 63, when itis determined that information
has been input once from the first input unit 61 and the
second input unit 62, it is determined that a hydrate anti
freezing agent has already been supplied to the internal
flow path FC and information about the difference is out-
put to the second reference determination unit 66. On
the other hand, in the difference calculation unit 63, when
it is determined that information has not been input from
the first input unit 61 and the second input unit 62, it is
determined that a hydrate anti freezing agent has not
been supplied to the internal flow path FC, and informa-
tion about the difference is output to the first reference
determination unit 64.

[0075] When it is determined that a hydrate anti freez-
ing agent has not been supplied to the internal flow path
FC, it is determined whether the calculated difference
satisfies a predetermined first reference (a first reference
determining process S400). Specifically, in the first ref-
erence determining process S400, in the control unit 60,
the calculated difference is input from the difference cal-
culation unit 63 to the first reference determination unit
64. The first reference determination unit 64 determines
whether the input difference value is less than the first
reference. When it is determined that the calculated dif-
ference is less than the first reference, the first reference
determination unit 64 sends a signal to the supply start
instruction unit 65. On the other hand, when it is deter-
mined that the calculated difference is greater than the
first reference, the first reference determination unit 64
terminates cleaning of the compressor 50 without send-
ing a signal.

[0076] When the first reference determination unit 64
determines that the difference is less than the first refer-
ence and satisfies the first reference, supply of a hydrate
anti freezing agent to be supplied to a gas compressed
by the compressor 50 to the internal flow path FC starts
(a supply start process S500). Specifically, in the supply
start process S500, in the control unit 60, a signal is sent
from the first reference determination unit 64 to the supply
start instruction unit 65, and a signal is sent from the
supply start instruction unit 65 to the first supply valve
instruction unit 68. When a signal is sent from the supply
start instruction unit 65, the first supply valve instruction
unit 68 sends an instruction to open to the first supply
valve 542. When the first supply valve 542 that has re-
ceived the instruction is opened, part of the hydrate anti
freezing agent that circulates in the hydrate anti freezing
agent supply unit 53 flows into the first supply pipe 541.
The hydrate antifreezing agent flowed into the first supply
pipe 541 is sprayed from the hydrate anti freezing agent
spraying unit 541a provided inside the casing 501 toward
the casing flow path FC2 and is supplied to the internal
flow path FC. The hydrate anti freezing agent supplied
into the internal flow path FC circulates in the internal
flow path FC together with the natural gas G, flows into
the compressed gas circulation unit52, and is discharged
from the inside of the internal flow path FC.
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[0077] Then, pressure values of the natural gas G are
measured and acquired again on the inlet side and the
outlet side of the compressor 50, and a state of the com-
pressor 50 is measured (the characteristic value acquir-
ing process S100). Then, a difference between the ac-
quired pressure value on the inlet side of the compressor
50 and the acquired pressure value on the outlet side
thereof is calculated (the difference calculating process
S200). Next, itis determined whether a hydrate anti freez-
ing agent has been supplied to the internal flow path FC
of the compressor 50 (the hydrate anti freezing agent
supply determining process S300). In this case, informa-
tion has been already input once from the first input unit
61 and the second input unit 62. Therefore, in the hydrate
anti freezing agent supply determining process S300, the
difference calculation unit 63 determines that a hydrate
anti freezing agent is supplied to the internal flow path
FC and outputs information about the difference to the
second reference determination unit 66.

[0078] When itis determined that a hydrate anti freez-
ing agent is supplied to the internal flow path FC, it is
determined that the calculated difference satisfies a pre-
determined second reference (a second reference de-
termining process S600). Specifically, in the second ref-
erence determining process S600, in the control unit 60,
the calculated difference is input from the difference cal-
culation unit 63 to the second reference determination
unit 66. The second reference determination unit 66 de-
termines whether the input difference value is less than
the second reference. When it is determined that the cal-
culated difference is less than the second reference, the
second reference determination unit 66 sends a signal
to the heat supply instruction unit 67. On the other hand,
when it is determined that the calculated difference is
greater than the second reference, the second reference
determination unit 66 sends a signal to the cleaning ter-
mination instruction unit 70, closes the first supply valve
542 and the second supply valve 544 and terminates
cleaning of the compressor 50.

[0079] When the second reference determination unit
66 determines that the difference is less than the second
reference and satisfies the second reference, the heated
hydrate anti freezing agent is supplied to the internal flow
path FC (a heat supply process S700). Specifically, in
the heat supply process S700, in the control unit 60, a
signal is sent from the second reference determination
unit 66 to the heat supply instruction unit 67 and a signal
is sent from the heat supply instruction unit 67 to the first
supply valve instruction unit 68 and the second supply
valve instruction unit 69. When the signal is sent from
the heat supply instruction unit 67, the first supply valve
instruction unit 68 sends an instruction to close to the
first supply valve 542. When the signal is sent from the
heat supply instruction unit 67, the second supply valve
instruction unit 69 sends an instruction to open to the
second supply valve 544. When the first supply valve 542
that has received the instruction is closed, the hydrate
anti freezing agent flowing into the first supply pipe 541
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is stopped. When the second supply valve 544 that has
received the instruction is opened, flowing of the hydrate
antifreezing agentinto the second supply pipe 543 starts.
The hydrate anti freezing agent flowed into the second
supply pipe 543 passes through the heating unit 55 and
is thus heated through heat exchange with the crude oil
O that flows in the liquid circulation unit 42. The hydrate
anti freezing agent heated to a high temperature flows
into the first supply pipe 541 from a downstream side
relative to the first supply valve 542. The high tempera-
ture hydrate antifreezing agent flowed into the first supply
pipe 541 is sprayed from the hydrate anti freezing agent
spraying unit 541a inside the casing 501 toward the cas-
ing flow path FC2 and is supplied to the internal flow path
FC. The high temperature hydrate anti freezing agent
supplied into the internal flow path FC circulates in the
internal flow path FC together with the natural gas G,
flows into the compressed gas circulation unit 52, and is
discharged from the inside of the internal flow path FC.
[0080] According to the compressor system 5 de-
scribed above, part of the hydrate anti freezing agent that
is supplied from the hydrate anti freezing agent supply
unit 53 to the compressed gas circulation unit 52 for pre-
venting hydration of the natural gas G compressed by
the compressor 50 is sprayed to the casing flow path FC2
through the first supply pipe 541 when the first supply
valve 542 is opened. The hydrate anti freezing agent not
only prevents freezing of the natural gas G and prevents
hydration but also has lipophilicity and hydrophilicity.
Therefore, it is possible to remove oil contamination and
aqueous contamination by the hydrate anti freezing
agent. Therefore, when the hydrate anti freezing agent
sprayed to the casing flow path FC2 flows in the internal
flow path FC together with the natural gas G, itis possible
to effectively remove sediments that are precipitated on
a wall surface of the internal flow path FC. When the
hydrate anti freezing agentis directly supplied to the cas-
ing flow path FC2, the hydrate anti freezing agent is pre-
vented from being diluted by the natural gas G before
reaching the internal flow path FC, and it is possible to
clean the inside of the compressor 50 by effectively using
the hydrate anti freezing agent. When part of the hydrate
antifreezing agent supplied from the hydrate anti freezing
agent supply unit 53 to the compressed gas circulation
unit 52 is used, itis possible to reliably supply a necessary
amount of the hydrate anti freezing agent to the internal
flow path FC. Accordingly, the compressor 50 can be
reliably and effectively cleaned.

[0081] When the control unit 60 satisfies predeter-
mined conditions as in the first reference determination
unit 64 and the second reference determination unit 66,
the hydrate anti freezing agent flows into the first supply
pipe 541 and the second supply pipe 543 from the hydrate
antifreezing agent supply unit53. As aresult, the hydrate
anti freezing agent is ejected into the casing flow path
FC2 by the hydrate anti freezing agent spraying unit 541
a. Thatis, when supply of the hydrate anti freezing agent
to the internal flow path FC is controlled by the first ref-
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erence determination unit 64 and the second reference
determination unit 66, the hydrate antifreezing agent can
be limit supply to the compressor 50 that is in a state in
which cleaning is necessary. Therefore, it is possible to
efficiently use the hydrate anti freezing agent supplied
from the first supply pipe 541 and the second supply pipe
543 for cleaning the compressor 50 and minimize a sup-
ply amount of the hydrate anti freezing agent.

[0082] In the control unit 60, a pressure value of the
natural gas G on the inlet side of the compressor 50
measured by the inlet side characteristic value measur-
ing unit 511 of the gas circulation unit 51 is input to the
first input unit 61. In addition, in the control unit 60, a
pressure value of the natural gas G on the outlet side of
the compressor 50 measured by the outlet side charac-
teristic value measuring unit 521 of the compressed gas
circulation unit 52 is input to the second input unit 62.
Accordingly, it is possible to acquire pressure values of
the natural gas G on the inlet side and the outlet side of
the compressor 50. When the difference calculation unit
63 calculates a difference between the acquired pressure
values of the natural gas G on the inlet side and the outlet
side of the compressor 50 and the first reference deter-
mination unit 64 compares the calculated difference with
the first reference and performs determination, it is pos-
sible to easily determine whether the internal flow path
FC is in a state in which cleaning is necessary. Based
on the determination result, when a signal is sent from
the first reference determination unit 64 to the supply
start instruction unit 65 and the first supply valve 542 is
opened through the first supply valve instruction unit 68,
it is possible to start supply of the hydrate anti freezing
agent to the first supply pipe 541. As aresult, itis possible
to start spraying of the hydrate anti freezing agent from
the hydrate anti freezing agent spraying unit 541 a to the
internal flow path FC and itis possible to perform cleaning
of the internal flow path FC. Therefore, it is possible to
determine whether the compressor 50 is in a state in
which cleaning is necessary with high accuracy and it is
possible to further limit supply of the hydrate anti freezing
agent. Therefore, for the internal flow path FC for which
cleaning is necessary, the hydrate anti freezing agent
supplied from the first supply pipe 541 and the second
supply pipe 543 can be more efficiently used for cleaning
the compressor 50 and it is possible to further minimize
a supply amount of the hydrate anti freezing agent.
[0083] The heating unit55 configured to heat a hydrate
anti freezing agent is provided in the second supply pipe
543. Therefore, itis possible to supply a high temperature
hydrate anti freezing agent to the internal flow path FC.
Itis possible to improve solubility of sediments due to the
hydrate anti freezing agent that is heated to a high tem-
perature. Therefore, it is possible to increase a dissolu-
tion rate of sediments accumulated in the internal flow
path FC and effectively clean the internal flow path FC.
[0084] When the difference calculation unit 63 calcu-
lates a difference between the acquired pressure values
of the natural gas G on the inlet side and the outlet side
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of the compressor 50, and the second reference deter-
mination unit 66 compares the calculated difference with
the second reference that is set to a value greater than
the first reference and performs determination, it is pos-
sible to easily determine again whether the internal flow
path FC is in a state in which cleaning is necessary.
Therefore, for example, it is possible to easily determine
whether the internal flow path FC is in a state that is
different from the state determined using the first refer-
ence (for example, whether greater cleaning is necessary
for the internal flow path FC). Based on the determination
result, a signal is sent from the second reference deter-
mination unit 66 to the heat supply instruction unit 67,
the first supply valve 542 is closed through the first supply
valve instruction unit 68, and the second supply valve
544 is opened through the second supply valve instruc-
tion unit 69. Therefore, itis possible to start supply of the
hydrate antifreezing agentto the second supply pipe 543
in which the heating unit 55 is provided. As a result, it is
possible to spray the hydrate anti freezing agent heated
to ahigh temperature from the hydrate antifreezing agent
spraying unit 541 a to the internal flow path FC, and it is
possible to perform cleaning of the internal flow path FC
more effectively. Therefore, it is possible to determine
whether the compressor 50 is in a state that is different
from the state in which the first reference is used for de-
termination and cleaning is performed with high accuracy
and it is possible to perform greater cleaning on the com-
pressor 50 as necessary. Therefore, when the internal
flow path FC is in a state in which greater cleaning is
necessary, it is possible to efficiently supply the heated
hydrate anti freezing agent and clean the compressor 50
more efficiently.

[0085] When monoethylene glycol whose hydrocar-
bon part has lipophilicity and whose hydroxyl groups and
ether group have hydrophilicity is used as the hydrate
anti freezing agent, it is possible to effectively clean both
oil contamination and aquatic contamination in the inter-
nal flow path FC.

[0086] When part of the hydrate anti freezing agent
supplied from the hydrate anti freezing agent supply unit
53 to the compressed gas circulation unit 52 flows in the
internal flow path FC of the compressor 50 for cleaning,
there is no need to stop an operation of the compressor
50 in order to clean the compressor 50. Therefore, it is
possible to efficiently clean the compressor 50 without
causing a cleaning downtime.

[0087] According to the subsea production system 1
described above, it is also possible to reliably and effi-
ciently clean the compressor 50 that is installed at a po-
sition at which maintenance is difficult, for example, in
the seabed. Therefore, it is possible to prevent clogging
due to sediments and it is possible to reliably send the
natural gas G to the ship S through the compressor 50.
[0088] According to the cleaning method of the com-
pressor 50 described above, a difference between the
pressure values of the natural gas G on the inlet side and
the outlet side of the compressor 50 acquired in the char-
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acteristic value acquiring process S 100 is calculated in
the difference calculating process S200 and it is deter-
mined whether a hydrate anti freezing agent has been
supplied to the internal flow path FC in the hydrate anti
freezing agent supply determining process S300. Then,
in the first reference determining process S400, the cal-
culated difference is compared with the first reference
and determination is performed. Therefore, it is possible
to easily determine whether the internal flow path FC is
in a state in which cleaning is necessary. Based on the
determination result, the first supply valve 542 is opened
in the supply start process S500. Therefore, it is possible
to start supply of the hydrate anti freezing agent to the
first supply pipe 541. As a result, it is possible to start
spraying of the hydrate anti freezing agent from the hy-
drate anti freezing agent spraying unit 541 a to the inter-
nal flow path FC and it is possible to perform cleaning of
the internal flow path FC. Therefore, it is possible to de-
termine whether the compressor 50 is in a state in which
cleaning is necessary with high accuracy and it is possi-
ble to further limit supply of the hydrate anti freezing
agent. Therefore, for the internal flow path FC for which
cleaning is necessary, the hydrate anti freezing agent
supplied from the first supply pipe 541 and the second
supply pipe 543 can be more efficiently used for cleaning
the compressor 50 and it is possible to further minimize
a supply amount of the hydrate anti freezing agent.
[0089] After it is determined whether a hydrate anti
freezing agent has been supplied to the internal flow path
FC in the hydrate anti freezing agent supply determining
process S300, when the second reference determining
process S600 is performed in the first reference deter-
mining process S400 based on the determination result,
it is possible to determine a cleaning state of the com-
pressor 50. Therefore, it is possible to more efficiently
clean the compressor 50 according to the cleaning state
of the compressor 50.

[0090] Adifference between the pressure values of the
natural gas G on the inlet side and the outlet side of the
compressor 50 acquired in the characteristic value ac-
quiring process S 100 is calculated in the difference cal-
culating process S200 and the calculated difference is
compared with the second reference that is set to a value
greater than the first reference and determination is per-
formed in the second reference determining process
S600. Accordingly, itis possible to easily determine again
whether the internal flow path FC is in a state in which
cleaning is necessary. Therefore, for example, it is pos-
sible to easily determine whether the internal flow path
FC is in a state that is different from the state determined
using the first reference (for example, whether greater
cleaning is necessary for the internal flow path FC).
Based on the determination result, in the heat supply
process S700, the first supply valve 542 is closed and
the second supply valve 544 is opened. Therefore, it is
possible to start supply of the hydrate anti freezing agent
to the second supply pipe 543 in which the heating unit
55 is provided. As a result, it is possible to spray the
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hydrate anti freezing agent heated to a high temperature
from the hydrate anti freezing agent spraying unit 541a
to the internal flow path FC, and it is possible to perform
cleaning of the internal flow path FC more effectively.
Therefore, it is possible to determine whether the com-
pressor 50 is in a state that is different from the state in
which the first reference is used for determination and
cleaning is performed with high accuracy and it is possi-
ble to perform greater cleaning on the compressor 50 as
necessary. Therefore, when the internal flow path FC is
in a state in which greater cleaning is necessary, it is
possible to efficiently supply the heated hydrate anti
freezing agent and clean the compressor 50 more effi-
ciently.

[0091] Theembodiments ofthe presentinvention have
beendescribed in detail above with reference to the draw-
ings, but configurations and combinations thereof in the
embodiments are only examples, and additions, omis-
sions, substitutions and other modifications of the con-
figurations can be made without departing from the scope
of the presentinvention. In addition, the presentinvention
is not limited to the embodiments and is only limited by
the scope of the appended claims.

[0092] A characteristic value of a gas is not limited to
a pressure value of the gas as in this embodiment, and
may be a value at which there is a difference in a state
before and after the gas is compressed by the compres-
sor. For example, the characteristic value of the gas may
be a value obtained by measuring a temperature of the
gas, a value obtained by measuring a flow rate of the
gas, and a value obtained by calculating an efficiency of
the compressor 50.

[0093] The internal hydrate anti freezing agent supply
unit 54 of this embodiment has a configuration in which
there is branching into the first supply pipe 541 and the
second supply pipe 543, is not limited to such a structure
and may have any structure as long as the hydrate anti
freezing agent can be supplied to the internal flow path
FC of the compressor 50. For example, the internal hy-
drate antifreezing agent supply unit 54 may have a struc-
ture that includes only either the first supply pipe 541 or
the second supply pipe 543.

[0094] When it is determined whether the first refer-
ence or the second reference is satisfied, determination
of whether to supply the hydrate anti freezing agent may
not be based on a single determination result as in this
embodiment, but based on a plurality of determinations
of whether the first reference or the second reference is
satisfied. In such a configuration, it is possible to deter-
mine a contamination condition of the internal flow path
FC with higher accuracy.

[Industrial Applicability]

[0095] According to the above-described compressor
system, it is possible to efficiently clean the compressor
by supplying the hydrate antifreezing agentto the internal
flow path.
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[Reference Signs List]

[0096]

501
502
503
503a
503b
503c
FC
FC1
FC2
51
511
52
521
53
54
541
541a
42
543
544
55
60
61
62
63
64
65
66
67
68
69
70

Subsea production system

Ship

Oil gas field

Production well

Production fluid

Manifold

Flow line

Riser

Gas pipeline

Oil pipeline

Pipeline for a hydrate anti freezing agent
Umbilical line

Subsea module

Main heat exchanger

Separator

Pump system

Pump

Liquid circulation unit

Compressed liquid circulation unit
Compressor system

Compressor

Shaft line

Casing

Rotation shaft

Impeller

Disk

Blade

Cover

Internal flow path

Compression flow path

Casing flow path

Gas circulation unit

Inlet side characteristic value measuring unit
Compressed gas circulation unit
Outlet side characteristic value measuring unit
Hydrate anti freezing agent supply unit
Internal hydrate anti freezing agent supply unit
First supply pipe

Hydrate anti freezing agent spraying unit
First supply valve

Second supply pipe

Second supply valve

Heating unit

Control unit

First input unit

Second input unit

Difference calculation unit

First reference determination unit
Supply start instruction unit

Second reference determination unit
Heat supply instruction unit

First supply valve instruction unit
Second supply valve instruction unit
Cleaning termination instruction unit

10

15

20

25

30

35

40

45

50

55

13

S100  Characteristic value acquiring process

S200 Difference calculating process

S300 Hydrate anti freezing agent supply determining
process

S400  First reference determining process

S500  Supply start process

S600 Second reference determining process

S700 Heat supply process

Claims

1. A compressor system comprising:

acompressor including a casing, a rotation shaft
supported in the casing, and an impeller that ro-
tates together with the rotation shaft and com-
presses a gas;

a compressed gas circulation unit in which the
gas compressed by the compressor circulates;
a hydrate anti freezing agent supply unit config-
ured to supply a hydrate anti freezing agent that
prevents hydration of the gas to the compressed
gas circulation unit; and

an internal hydrate anti freezing agent supply
unit configured to supply part of the hydrate anti
freezing agent supplied from the hydrate anti
freezing agent supply unitto aninternal flow path
formed of the impeller and the casing.

The compressor system according to claim 1, com-
prising

a control unit configured to perform supply control
such that, when predetermined conditions are satis-
fied, the internal hydrate anti freezing agent supply
unit starts supply of the hydrate anti freezing agent
to the internal flow path.

The compressor system according to claim 2,
wherein the control unit includes

a first reference determination unit configured to de-
termine whether a difference between characteristic
values of the gas on an inlet side of the compressor
and an outlet side of the compressor satisfies a pre-
determined first reference; and

a supply start instruction unit configured to send an
instruction to the internal hydrate anti freezing agent
supply unit to start supply of the hydrate anti freezing
agent to the internal flow path when the first refer-
ence determination unit determines that the first ref-
erence is satisfied.

The compressor system according to any one of
claims 1 to 3, comprising

a heating unit configured to heat the hydrate anti
freezing agent,

wherein the internal hydrate anti freezing agent sup-
ply unit supplies the hydrate antifreezing agent heat-
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ed by the heating unit to the internal flow path.

The compressor system according to claim 3, com-
prising

a heating unit configured to heat the hydrate anti
freezing agent,

wherein the control unit includes

a second reference determination unit configured to
determine whether a difference between character-
istic values of the gas on the inlet side of the com-
pressor and the outlet side of the compressor satis-
fies a predetermined second reference after supply
of the hydrate anti freezing agent to the internal flow
path starts; and

a heat supply instruction unit configured to send an
instruction to the internal hydrate anti freezing agent
supply unit to supply the hydrate anti freezing agent
heated by the heating unit to the internal flow path
when the second reference determination unit de-
termines that the second reference is satisfied.

A subsea production system comprising:

the compressor system according to any one of
claims 1 to 5; and

a separator configured to separate a production
fluid drawn from a production well into the gas
and a liquid and supply the result to the com-
pressor.

A compressor cleaning method in which a compres-
sor including a casing, a rotation shaft supported in
the casing and an impeller that rotates together with
the rotation shaft and compresses a gas is cleaned,
the method comprising:

a first reference determining process of deter-
mining whether a difference between character-
istic values of the gas on an inlet side of the
compressor and an outlet side of the compres-
sor satisfies a predetermined first reference; and
a supply start process in which, when it is deter-
mined that the first reference is satisfied in the
first reference determining process, supply of a
hydrate anti freezing agent that prevents hydra-
tion of the gas compressed by the compressor
to an internal flow path formed of the impeller
and the casing starts.

The compressor cleaning method according to claim
7, comprising

a second reference determining process in which,
after supply of the hydrate anti freezing agent to the
internal flow path starts, it is determined whether a
difference between characteristic values of the gas
on an inlet side of the compressor and an outlet side
of the compressor satisfies a predetermined second
reference; and
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a heat supply process in which, when it is determined
that the second reference is satisfied in the second
reference determining process, the heated hydrate
anti freezing agent is supplied to the internal flow
path.
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