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(54) GAS COMPRESSION DEVICE AND METHOD OF CONTROLLING GAS COMPRESSION DEVICE

(57) In a gas compression device that compresses
gas by a compression means that is arranged in a plu-
rality in series with respect to the flow direction of the
gas, controlling the flow rate of the gas that is drawn into
the gas compression portion in accordance with the de-
mand amount of the gas of the demand end and, in the
case of the flow rate of each compression means falling

below a set value that is set based on the surging value,
circulating and supplying at least a portion of the gas that
is discharged from the gas compression portion to a dif-
fuser of the compression means. For this reason, it is
possible to sufficiently reduce the load of the driving
means while suppressing the occurrence of surging in
the compression means, and it is possible to reduce the
consumption of energy.
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Description
TECHNICAL FIELD

[0001] Thepresentinvention relatestoagas compres-
sion device that is provided with a plurality of compres-
sion means that are driven by a single drive means, and
a method for controlling the gas compression device.
[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2007-188093, filed July 19, 2007, the content of
which is incorporated herein by reference.

BACKGROUND ART

[0003] A turbo compression device (gas compression
device) that is provided with a plurality of centrifugal com-
pressors (compression means) that are linked by a shaft
that is driven by a single motor (drive means) has con-
ventionally been employed.

[0004] In such aturbo compression device, the plural-
ity of centrifugal compressors are arranged in series in
the flow direction of the gas, so that the gas is gradually
compressed in each centrifugal compressor.

[0005] In a device (demand end) to which gas that is
compressed (hereinbelow referred to as compressed
gas) is supplied from the turbo compression device in a
typical factory, the amount of compressed gas that is
required (demand amount) changes with time. That is,
the amount of the compressed gas that is supplied from
the turbo compression device to a device at the demand
end changes with time.

[0006] Itis conceivable to respond to a decrease in the
demand amount of the compressed gas by a method that
decreases the amount of compressed gas by decreasing
the intake amount of gas to the turbo compression device,
and a method that always compresses a fixed amount
of gas and supplies only the required amount to the de-
vice at the demand end and exhausts the remainder, but
it is preferable to respond by a method that decreases
the amount of compressed gas thatis capable of reducing
energy consumption in the turbo compression device
(that is, capable of reducing the load on the motor).
[0007] Inorderto decrease the amount of compressed
gas, it is necessary to decrease the flow rate of gas that
flows in the turbo compression device. However, de-
creasing the flow rate of gas that flows in a centrifugal
compressor beyond a certain limit gives rise to surging.
In greater detail, when gas that is accelerated by an im-
peller in a centrifugal compressor is decelerated by a
diffuser, the flow of this gas stalls, and this becomes a
trigger of an occurrence of surging.

[0008] Therefore, inaconventional turbo compression
device, by using a method that avoids surging in a cen-
trifugal compressor such as disclosed in Patent Docu-
ments 1 to 4, the load on the motor is reduced while
suppressing surging in the centrifugal compressor.

[Patent Document 1] Japanese Examined Patent
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Application Publication No. H02-61640

[Patent Document 2] Japanese Examined Patent
Application Publication No. H02-59317

[Patent Document 3] Japanese Unexamined Utility
Model Application Publication No. S59-99196
[Patent Document 4] Japanese Unexamined Patent
Application Publication No. H10-252696

[0009] However, in a conventional centrifugal com-
pressor, even if the art that is disclosed in Patent Docu-
ments 1 to 4 is employed, sufficiently suppressing surg-
ing is difficult in an environment in which the flow rate of
the gas that is drawn into the centrifugal compressor is
low, and it is not possible to decrease the flow rate of gas
that is drawn into the centrifugal compressor to 60 to 70%
orless. Forthisreason, it has not been possible to reduce
the load on the motor to 60 to 70% or less.

[0010] The present invention was achieved in view of
the above circumstances, and has as its object, in a gas
compression device that compresses gas by a plurality
of compression means that are arranged in series with
respect to the gas flow direction, to reduce the energy
consumption by sufficiently reducing the load of a drive
means while suppressing the occurrence of surging in
the compression means.

DISCLOSURE OF THE INVENTION

[0011] In order to achieve the aforementioned object,
the gas compression device that is the first embodiment
of the present invention is a gas compression device that
arranges a plurality of compression means provided with
impellers that impart velocity energy to a gas, and a dif-
fuser that converts the velocity energy to pressure energy
in series in the flow direction of gas, and supplies the gas
that is compressed via the plurality of the compression
means to a predetermined demand end, provided with a
drive means that supplies power to the impeller; a flow
rate adjusting means that adjusts the flow rate of the gas
that is drawn into the compression means that is posi-
tioned furthest upstream with respect to the flow direction
of the gas; a circulation and supply means that is capable
of circulating and supplying at least a portion of the gas
that is discharged from the compression means that is
positioned furthest downstream with respect to the flow
direction of the gas to the diffuser or is positioned be-
tween the diffuser and the impeller of each compression
means, and a control means that controls at least the
drive means, the flow rate adjusting means, and the cir-
culation and supply means, in which the control means
controls the flow rate adjusting means in accordance with
a demand amount of the gas of the demand end, and in
each compression means, in the case of the flow rate of
the gas that is drawn in falling below a set value that is
set based on a surging limit in the compression means,
controls the circulation and supply means to circulate and
supply a portion of the gas in the compression means.

[0012] According to this gas compression device, the
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flow rate adjusting means is controlled in accordance with
the demand amount of gas of the demand end. That is,
in the case of the demand amount of gas of the demand
end decreasing, the flow rate of gas that is drawn into
the gas compression device is reduced in accordance
with this decrement.

[0013] In each compression means, in the case of the
flow rate of the gas that is drawn in falling below a set
value that is set based on a surging limit in the compres-
sion means, a portion of the gas in the compression
means is circulated and supplied to the diffuser or be-
tween the diffuser and the impeller of each compression
means.

[0014] The gas compression device may be provided
with a pressure detecting means that detects the pres-
sure of the gas that is discharged from the compression
means that is positioned furthest downstream, and a flow
rate detecting means that detects the flow rate of the gas
that is discharged from the compression means that is
positioned furthest downstream, and the control means
may perform control of the flow rate adjusting means with
at least the detection result of the pressure detecting
means serving as the demand amount of the gas of the
demand end, among the pressure detecting means and
the flow rate detecting means.

[0015] The control means may start circulation and
supply of the gas by the circulation and supply means in
stages from the compression means that is positioned
furthest downstream toward the upstream compression
means.

[0016] The set value may be a value that matches the
flow rate of the surging limit in the compression means
and a predetermined margin.

[0017] The control means, in the case of the demand
amount of the gas of the demand end being zero, may
maintain the intake of the gas in the compression means
that is positioned furthest upstream with respect to the
flow direction of the gas, and exhaust a portion of the gas
that is discharged from the compression means that is
positioned furthest downstream with respect to the flow
direction of the gas without supplying it to the demand
end.

[0018] Next, a method of controlling a gas compres-
sion device thatis the second embodiment of the present
invention is a method of controlling a gas compression
device that arranges a plurality of compression means
provided with an impeller that imparts velocity energy to
a gas and a diffuser that converts the velocity energy to
pressure energy in series in the flow direction of gas, and
supplies the gas that is compressed via the plurality of
the compression meansto a predetermined demand end,
comprising the steps of: adjusting the flow rate of gas
that is drawn into the compression means that is posi-
tioned furthest upstream with respect to the flow direction
of the gas in accordance with a demand amount of the
gas atthe demand end, and in each compression means,
circulating and supplying at least a portion of the gas that
is discharged from the compression means that is posi-
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tioned furthest downstream with respect to the flow di-
rection of the gas to the diffuser or between the diffuser
and the impeller of each compression means in the case
of the flow rate of the gas that is drawn in falling below a
set value that is set based on a surging limit in the com-
pression means.

[0019] According to this method of controlling a gas
compression device, in accordance with a demand
amount of the gas at the demand end, the flow rate of
the gas that is drawn into the gas compression device is
controlled. That is, in the case of the demand amount of
the gas at the demand end device having decreased, the
flow rate of the gas thatis drawn into the gas compression
device is reduced in proportion to this decrement.
[0020] In each compression means, in the case of the
flow rate of the gas that is drawn in falling below a set
value that is set based on a surging limit in the compres-
sion means, in the compression means, a portion of the
gas that is discharged from the compression means that
is positioned furthest downstream is circulated and sup-
plied to the diffuser or between the diffuser and the im-
peller of each compression means.

[0021] Detecting the pressure and the flow rate of the
gas that is discharged from the compression means that
is positioned furthest downstream and, among the de-
tection result, controlling the flow rate of the gas that is
drawn into the compression means that is positioned fur-
thest upstream may be performed with at least the pres-
sure serving as the demand amount of the gas at the
demand end.

[0022] The circulation and supply of the gas may be
started in stages from the compression means that is
positioned furthest downstream toward the upstream
compression means.

[0023] The set value may be a value that matches the
flow rate of the surging limit in the compression means
and a predetermined margin.

[0024] In the case of the demand amount of the gas
at the demand end being zero, maintaining the intake of
the gas in the compression means that is positioned fur-
thest upstream with respect to the flow direction of the
gas, and exhausting a portion of the gas that is dis-
charged from the compression means that is positioned
furthest downstream with respect to the flow direction of
the gas without supplying it to the demand end may be
performed.

Effect of the Invention

[0025] According to the gas compression device and
the method of controlling the gas compression device of
the present invention, the flow rate of gas that is drawn
into the gas compression device is controlled in accord-
ance with the demand amount of gas at the demand end.
That is, in the case of the demand amount of the gas at
the demand end device having decreased, the flow rate
of the gas that is drawn into the gas compression device
is reduced in proportion to this decrement.
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[0026] In each compression means, in the case of the
flow rate of the gas that is drawn in falling below a set
value that is set based on a surging limit in the compres-
sion means, in the compression means, a portion of the
gas that is discharged from the compression means that
is positioned furthest downstream is circulated and sup-
plied to the diffuser or between the diffuser and the im-
peller of each compression means.

[0027] Here, the gas that is circulated and supplied
flows to the diffuser without being supplied to the impeller.
For this reason, it is possible to supply gas of a sufficient
flow rate to the diffuser without increasing the load on
the impeller, and itis possible to suppress the occurrence
of stalling and the occurrence of surging without increas-
ing the load to the drive means. That is, however low the
flow rate of the gas that is drawn into each compression
means, it is possible to cause a flow of gas with a flow
rate that enables suppression of surging to the diffuser
of the compression means.

[0028] Accordingly, according to the presentinvention,
in a gas compression device that compresses gas by a
plurality of compression means that are provided in se-
ries with respect to the flow direction of gas, it is possible
to reduce energy consumption by sufficiently reducing
the load of the drive means while suppressing the occur-
rence of surging in the compression means.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

FIG 1 is a block drawing that shows the outline con-
stitution of a turbo compression device that is one
embodiment of the present invention.

FIG 2 is a cross-sectional view of a centrifugal com-
pressor that is provided in the turbo compression
device that is one embodiment of the present inven-
tion.

FIG. 3 is a table that shows the flow distribution of
gas in the turbo compression device that is one em-
bodiment of the present invention.

FIG. 4 is a graph that shows the load changes of a
motor that is provided in the turbo compression de-
vice thatis one embodiment of the presentinvention.
FIG 5 is a schematic drawing that shows a modifi-
cation of the turbo compression device that is one
embodiment of the present invention.

FIG. 6 is a schematic drawing that shows a modifi-
cation of the turbo compression device that is one
embodiment of the present invention.

FIG. 7 is a schematic drawing that shows a modifi-
cation of the turbo compression device that is one
embodiment of the present invention.

Description of Reference Numerals

[0030] 1 inlet guide vane (flow rate adjusting means,
2 gas compression portion, 21 first centrifugal compres-
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sor (compression means), 22 second centrifugal com-
pressor (compression means), 23 motor (drive means),
3first circulation and supply control valve (circulation and
supply means), 4 second circulation and supply control
valve (circulation and supply means), 5 discharge valve,
6 flow rate detector (flow rate detecting means), 7 pres-
sure detector (pressure detecting means), 8 control de-
vice (control means), 21a, 22aimpeller, 21h, 22h diffuser,
s turbo compression device (gas compression device)

BEST MODE FOR CARRYING OUT THE INVENTION

[0031] Hereinbelow, an embodiment of a gas com-
pression device and a method of controlling the gas com-
pression device according to the present invention shall
be described with reference to the drawings. In the fol-
lowing drawings, the scale of each member shall be suit-
ably changed in order to make each member a recogniz-
able size.

[0032] FIG 1 is a block drawing that shows the outline
constitution of a turbo compression device S (gas com-
pression device) of the present embodiment.

[0033] As shown in the drawings, the turbo compres-
sion device S of the present embodiment is provided with
an inlet guide vane 1 (flow rate adjusting means), a gas
compression portion 2, a first circulation and supply con-
trol valve 3 (circulation and supply means), a second cir-
culation and supply control valve 4 (circulation and supply
means), an exhaust control valve 5, a flow rate detector
6 (flow rate detecting means), a pressure detector 7
(pressure detecting means), and a control unit 8 (control
means).

[0034] The inlet guide vane 1 is for adjusting the flow
rate of gas that is drawn into the gas compression portion
2, and is controlled by the control unit 8. Although de-
scribed in full detail below, the gas compression portion
2 has a constitution in which two (a plurality of) centrifugal
compressors 21 and 22 (compression means) are ar-
ranged in series in the flow direction of the gas. The gas
that is drawn into the gas compression portion 2 via the
inlet guide vane 1 is first drawn into the centrifugal com-
pressor 21 that is positioned on the upstream side (fur-
thest upstream) with respect to the flow direction of the
gas. That is, the inlet guide vane 1 adjusts the flow rate
of gas that is drawn into the centrifugal compressor 21
that is positioned furthest upstream with respect to the
gas flow direction.

[0035] This inlet guide vane 1 imparts a twist to the
gas in the same direction as the rotation direction of an
impeller 21a (refer to FIG. 2) that the centrifugal com-
pressor 21 is equipped with. Thereby, the workload of
the impellor of the centrifugal compressor 21 is de-
creased.

[0036] As a substitute for the inlet guide vane 1, it is
also possible to use a butterfly valve. In this case, the
flow rate of the gas thatis drawn in is adjusted by applying
resistance to the gas without imparting a twist to the gas.
[0037] The gas compression portion 2 is provided with
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two centrifugal compressors 21 and 22 (compression
means) that are arranged in the gas flow direction, a mo-
tor 23 (drive means) that supplies rotation power to the
impellers 21a and 22a that are provided in the centrifugal
compressors 21 and 22, an intercooler 24 that cools the
gas that is discharged from the centrifugal compressor
21 (hereinbelow referred to as the first centrifugal com-
pressor 21) located on the upstream side with respect to
the flow direction of the gas, and an aftercooler 25 that
cools the gas that is discharged from the centrifugal com-
pressor 22 (hereinbelow referred to as the second cen-
trifugal compressor 22) located on the downstream side
with respect to the flow direction of the gas.

[0038] Thefirst centrifugal compressor21 and the sec-
ond centrifugal compressor 22 compress and discharge
the gas that is drawn in. FIG 2 is a cross-sectional view
for describing the outline constitution of the first centrif-
ugal compressor 21 and the second centrifugal compres-
sor 22. Since the first centrifugal compressor 21 and the
second centrifugal compressor 22 have the same con-
stitution, in FIG. 2, only one centrifugal compressor is
shown. Also, in FIG 2, reference numerals without pa-
rentheses refer to the first centrifugal compressor 21,
while reference numerals with parentheses refer to the
second centrifugal compressor 22.

[0039] AsshowninFIG. 2, the centrifugal compressor
21 (22) is provided with a casing main body 21c¢ (22c)
that has a scroll flow path 21b (22b) of which one side
opens and extends in the circumferential direction toward
the portion in the vicinity of the inner peripheral edge, a
gas discharge pipe 21d (22d) that is provided at a pre-
determined location of the casing main body 21c so as
to continue to the scroll flow path 21b (22b), a rotor shaft
21f(22f) that rotatably passes through a seal member
21e (22e) that is provided in the center of the other wall
portion of the casing main body 21c (22c), an impeller
21a (22a) that is positioned in the center in the inner
portion of the casing main body 21c (22c) and that is
coupled to the rotor shaft 21(22f), a ring-shaped casing
lid 21i (22i) that fits in the opening portion of the casing
main body 21c (22c¢) so as to cover thisimpeller 21a (22a)
and that forms a diffuser 21h (22h) that continues from
a gas inflow port 21g (22g) that heads from the outer
portion to the distal end of the impeller 21a (22a) and
from the circumferential edge portion of the impeller 21a
(22a) to the scroll flow path 21b (22b), and a plurality of
diffuser vanes 21j (22j) that are disposed at equal inter-
vals in the circumferential direction in the diffuser 21h
(22h).

[0040] The rotor shaft 21f of the first centrifugal com-
pressor 21 and the rotor shaft 22f of the second centrif-
ugal compressor 22 are each connected with the motor
23 via a gearwheel acceleration mechanism. Then the
impeller 21a (22a) rotates at a rotation speed corre-
sponding to the output of the motor 23.

[0041] Also, the diffuser vane 21j (22j) is integrally
formed with respect to the ring-shaped vane support seat
211 (221) that is installed in a cavity portion 21k (22k)
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that is provided so as to surround the impeller 21a (22a)
in the interior of the casing main body 21c (22c).

[0042] Also, the flow path cross-sectional shape of the
scroll flow path 21b (22b) is formed so as to become
larger as the gas discharge pipe 21d (22d) is approached.
[0043] Moreover, in the centrifugal compressor 21
(22), a plurality of bypass flow passage holes 21m (22m)
that are positioned between the impeller 21a (22a) and
the diffuser vane 21j (22j) are formed in the casing lid 21i
(22i). This bypass flow passage hole 21m (22m) is a flow
passage for flowing gas from the outside of the centrifugal
compressor 21 (22) toward the front edge side of the
diffuser vane 21j (22j) of the diffuser 21h (22h). The plu-
rality of bypass flow passage holes 21m (22m) are formed
in the rotation direction of the impeller 21a (22a). That is,
the diffuser 21h (22h) and the outside are connected by
the plurality of bypass flow passages 21m (22m).
[0044] In this kind of centrifugal compressor 21 (22),
velocity energy is imparted by the rotatively driven im-
peller 21a (22a) to the gas that has flowed in from the
gas inflow port 21g (22g). Then, the velocity energy that
is imparted to the gas is converted to pressure energy
by the diffuser vane 21j (22j). Thereby, the gas is com-
pressed, and the compressed gas is discharged to the
outside of the centrifugal compressor 21 (22) via the scroll
flow path 21b (22b). Then, the gas that flows in via the
bypass flow passage holes 21m (22m), without being
supplied to the impeller 21a (22a), is supplied to the dif-
fuser vane 21j (22j) along with the gas to which the ve-
locity energy has been imparted by the impeller 21a
(22a).

[0045] AlthoughFIG 1 shows the diffuser vane 21j(22j)
and the scroll flow path 21b (22b) only on one side of the
impeller 21a (22a) for convenience, they exist in reality
along the entire periphery. The bypass flow passage
holes 21m (22m) are formed at equal intervals between
the impeller 21a (22a) and the diffuser vane 21j (22j) that
exists along the entire periphery, and are constituted
such that gas is uniformly supplied to each bypass flow
passage hole 21m (22m).

[0046] Returning to FIG. 1, the motor 23 is connected
to the impeller 21a and the impeller 22a, and the impeller
21a and impeller 22a are made to rotate at a constant
rotational frequency. As this kind of motor 23, itis possible
to use an induction motor, for example.

[0047] The first circulation and supply control valve 3
serves to enable circulation and supply of a portion or all
of the gas that is discharged from the gas compression
portion 2 to the bypass flow passage holes 21m of the
first centrifugal compressor 21 (that is, between the im-
peller 21a and the diffuser vane 21j).

[0048] The opening degree of the first circulation and
supply control valve 3 is made to be controllable by the
control unit8. As the opening degree of the first circulation
and supply control valve 3 is adjusted, the flow rate of
gas that is supplied to the bypass flow passage holes
21m is adjusted.

[0049] The second circulation and supply control valve
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4 serves to enable circulation and supply of a portion or
all of the gas that is discharged from the gas compression
portion 2 to the bypass flow passage holes 22m of the
second centrifugal compressor 22 (that is, between the
impeller 22a and the diffuser vane 22j).

[0050] The opening degree of the second circulation
and supply control valve 4 is made to be controllable by
the control unit 8. As the opening degree of the second
circulation and supply control valve 4 is adjusted, the flow
rate of gas that is supplied to the bypass flow passage
holes 21m is adjusted.

[0051] The exhaust control valve 5 serves to exhaust
a portion or all of the gas that is discharged from the gas
compression portion 2 to the outside of the turbo com-
pression device S, and its opening and closing can be
controlled by the control unit 8.

[0052] The flow rate detector 6 has a measuring in-
strument that measures the flow of the gas that is dis-
charged from the gas compression portion 2, and a trans-
mitter that outputs the measurement result of the meas-
uring instrument as a signal that shows the flow rate of
the gas that has been discharged from the gas compres-
sion portion 2 (that is, the flow rate of the gas that has
been discharged from the second centrifugal compressor
22).

[0053] The pressure detector 7 has a measuring in-
strument that measures the pressure of the gas that is
discharged from the gas compression portion 2 (that is,
the pressure of the gas that has been discharged from
the second centrifugal compressor 22), and a transmitter
that outputs the measurement result of the measuring
instrument as a signal that shows the pressure of the gas
that has been discharged from the gas compression por-
tion 2.

[0054] The control unit 8 is electrically connected with
the inlet guide vane 1 (or the butterfly valve), the motor
23 of the gas compression portion 2, the first circulation
and supply control valve 3, the second circulation and
supply control valve 4, the exhaust control valve 5, the
flow rate detector 6, and the pressure detector 7.
[0055] In this kind of turbo compression device S of
the present embodiment, the gas that is drawn in from
the outside via the filter f or the like is compressed and
discharged by the gas compression portion 2. Then, of
the gas that is discharged from the gas compression por-
tion 2, the gas that excludes the gas that is supplied to
the first centrifugal compressor 21 via the first circulation
and supply control valve 3, the gas that is supplied to the
second centrifugal compressor 22 via the second circu-
lation and supply control valve 4, and the gas that is ex-
hausted to the outside via the exhaust control valve 5 is
supplied to the device at the demand end.

[0056] The control unit 8 first compares the detection
result of the pressure detector 7 and a set value that is
determined in advance, and controls the inlet guide vane
1.

[0057] Described in greater detail, in the case of the
pressure of the gas after the gas compression portion 2
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being a desired pressure set value that is set in advance,
the flow rate of the gas that is supplied from the turbo
compression device S to the demand end device and the
flow rate of the gas that the demand end device requires
are shown to be the same. In the case of the gas flow
rate that the demand end device requires having
changed, the balance between the gas flow rate that is
supplied from the turbo compression device S to the de-
mand end device and the gas flow rate that the demand
end device requires is disturbed, and the pressure of the
gas that is discharged from the gas compression portion
2 changes.

[0058] For this reason, the control unit 8 compares the
detection result of the pressure detector 7 and the set
value that is determined in advance, and controls the
inlet guide vane 1 so as to become the aforementioned
desired pressure. As a result, the flow rate of the gas
supplied from the turbo compression device S to the de-
mand end device can be matched to the gas flow rate
that the demand end device requires.

[0059] Thus, the pressure of the gas after the gas com-
pression portion 2 (the pressure of the gas that is dis-
charged from the compression means that is located fur-
thest downstream) relates to the flow rate of the gas sup-
plied from the turbo compression device S to the demand
end device. That is, controlling the inlet guide vane 1
based on the detection result of the pressure detector 7
is controlling the inlet guide vane 1 based on the flow
rate of gas that is supplied from the turbo compression
device S to the demand end device.

[0060] When the detection result of the pressure de-
tector 7 has become the desired pressure, the control
unit 8 checks the flow rate of the gas discharged from
the gas compression portion 2, from the detection result
of the flow rate detector 6. In addition to the detection
result of the pressure detector 7, control of the inlet guide
vane 1 may be performed using the detection result of
the flow rate detector 6.

[0061] When rapid control of the inlet guide vane 1 is
not required, it is also possible to directly measure the
flow rate of the gas that is supplied to the demand end
device, and to change this measuring result to the de-
tection result of the pressure detector 7.

[0062] As a result of the control of the inlet guide vane
1, in the case of the flow rate of the gas that is drawn into
the centrifugal compressors 21 and 22 falling below the
set value that is set based on the surging limit in the
centrifugal compressors 21 and 22 that is stored in ad-
vance, by controlling the first circulation and supply con-
trol valve 3 and/or the second circulation and supply con-
trol valve 4, the control unit 8 circulates and supplies a
portion of the gas that is discharged from the gas com-
pression portion 2 to the first centrifugal compressor 21
and/or the second centrifugal compressor 22.

[0063] First, in the second centrifugal compressor 22,
when the flow rate of the gas that is drawn in via the first
centrifugal compressor 21 falls below the set value that
is set based on a surging limit, the control unit 8 controls



11 EP 2 180 192 A1 12

the second circulation and supply control valve 4 to cir-
culate and supply a portion of the gas that is discharged
from the gas compression portion 2 between the impeller
22a and the diffuser vane 22j of the second centrifugal
compressor 22 (that is, the diffuser 21h (22h). Then, in
the first centrifugal compressor 21, when the flow rate of
the gas that is drawn in via the inlet guide vane 1 falls
below the set value that is set based on a surging limit,
the control unit 8 controls the first circulation and supply
control valve 3 to circulate and supply a portion of the
gas that is discharged from the gas compression portion
2 between the impeller 21a and the diffuser vane 21j of
the first centrifugal compressor 21 (that is, the diffuser
21h (22h).

[0064] In the turbo compression device S of the
present embodiment, the set value that is set based on
the surging limit is a value that matches the flow rate of
the surging limit and the predetermined margin. Moreo-
ver, the flow rate of the surging limit shows the minimum
limit gas flow rate at which surging does not occur in each
centrifugal compressor S.

[0065] The flow rate of the gas that is drawn into the
first centrifugal compressor 21 corresponds to the open-
ing of an inlet guide vane 1. Moreover, the flow rate of
the gas that is drawn into the second centrifugal com-
pressor 22 corresponds to the opening of the inlet guide
vane 1 and the opening of the first circulation and supply
control valve 3. The opening of the first circulation and
supply control valve 3 is controlled based on the opening
of an inlet guide vane 1. For this reason, the flow rate of
the gas drawn into the centrifugal compressors 21 and
22 is uniquely determined corresponding to the opening
of an inlet guide vane 1.

[0066] Moreover, the control unit 8 exhausts gas to the
outside by opening the exhaust control valve 5 while
maintaining the drawing in of the gas in the gas compres-
sion portion 2 via the inlet guide vane 1 in the case of the
quantity of gas demanded by the demand end device
being zero.

[0067] That is, even if the demand amount of gas of
the demand end device is zero, the control device 8 main-
tains the operation of the turbo compression device S at
the minimum energy consumption without completely
closing the inlet guide vane 1.

[0068] In the turbo compression device S of the
present embodiment that is constituted in this manner,
the gas that is drawn in from the outside is drawn into
the turbo compression device S via the inlet guide vane
1, and is drawn into the gas compression portion 2. In
the gas compression portion 2, the gas is compressed
in the first centrifugal compressor 21, is subsequently
cooled by the intercooler 24, and is further compressed
in the second centrifugal compressor 22, and thereafter
cooled and discharged by the aftercooler 25.

[0069] The gas that is discharged from the gas com-
pression portion 2 is distributed corresponding to the
opening of the first circulation and supply control valve
3, the second circulation and supply control valve 4, and
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the exhaust control valve 5, with the remainder being
supplied to the demand end device.

[0070] The gas thatis distributed by the first circulation
and supply control valve 3 is supplied as required be-
tween the impeller 21a and the diffuser vane 21j of the
first centrifugal compressor 21. Also, the gas that is dis-
tributed by the second circulation and supply control
valve 4 is supplied between the impeller 22a and the
diffuser vane 22j of the second centrifugal compressor
22. Also, the gas that is distributed by the exhaust control
valve 5 is exhausted to the outside.

[0071] Next, the specific operation (control method) of
the turbo compression device S of the present embodi-
ment constituted in this manner shall be described with
reference to FIG 3and FIG. 4. In the following description,
(flow rate %) refers to the weight flow rate % of the gas,
and the flow rate at each place is assumed to be 100 flow
rate % in the case of the inlet guide vane 1 being opened
to its maximum extent.

[0072] Also, FIG 3 is a table that shows the (flow rate
%) at each position A to | in correspondence with the
(flow rate %) of the gas supplied to the demand end de-
vice. FIG. 4 is a graph that shows the relationship be-
tween the demand flow amountto the demand end device
and the motor load. As shown in FIG 1, Ais the upstream
side position of the inlet guide vane 1, B is the position
between the inlet guide vane 1 and the first centrifugal
compressor 21, C is the position between the centrifugal
compressor 21 and the second centrifugal compressor
22, Disthe position on the downstream side of the second
centrifugal compressor 22, E is the position on the down-
stream side of the second centrifugal compressor 22 and
the position after the removal of the gas to be exhausted
via the exhaust control value 5, F is the position on the
downstream side of the second centrifugal compressor
22 and is the position that is divided to the side of the
first circulation and supply control valve 3 and the second
circulation and supply control valve 4, G is the position
on the downstream side of the of the exhaust control
valve, H is the position between the first circulation and
supply control valve 3 and the first centrifugal compressor
21, |l is the position between the second circulation and
supply control valve 4 and the second centrifugal com-
pressor 22, and J is the position just before the demand
end.

[0073] Also, in the present embodiment, the set value
based on the surging limit of the first centrifugal compres-
sor 21 is 60 flow rate %, and the set value based on the
surging limit of the second centrifugal compressor 22 is
70 flow rate %.

[0074] First, in the case of the demand flow rate of the
demand end device being 100 flow rate % (that is, in the
case of the flow rate at J being 100 flow rate %), the inlet
guide vane 1 is opened to a maximum, and thereby the
flow rate at A to D becomes 100 flow rate %. Then, the
control unit 8, in the case of the demand flow rate of the
demand end device being 100 flow rate %, makes the
output of the motor 23 100% and puts the first circulation
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and supply control valve 3, the second circulation and
supply control valve 4, and the exhaust control valve 5
in a closed state. As a result, the flow rate at E becomes
100 flow rate %, while the flow rates at F to | become 0
flow rate %. That is, in the case of the demand flow rate
of the demand end device being 100 flow rate %, all of
the gas is supplied to the demand end device, and there
is no circulation and supply to the first centrifugal com-
pressor 21 and the second centrifugal compressor 22.
[0075] Then, inthe case of the demand flow rate of the
demand end device being 100 flow rate %, since the flow
rate of the gas that is drawn into the first centrifugal com-
pressor 21 and the flow rate of the gas that is supplied
to the second centrifugal compressor 22 become 100
flow rate %, the load of the motor 23 also becomes 100%
as shown in FIG. 4.

[0076] In the case of the demand flow rate of the de-
mand end device being 70 flow rate % (thatis, in the case
of the flow rate at J being 70 flow rate %), the control unit
8 restricts the opening of the inlet guide vane 1 to make
the flow rate at A 70 flow rate %. In this case, the flow
rate at B to D also becomes 70 flow rate %. Then, the
control unit 8, in the case of the demand flow rate of the
demand end device being 70 flow rate %, puts the first
circulation and supply control valve 3, the second circu-
lation and supply control valve 4, and the exhaust control
valve 5 in a closed state. As a result, the flow rate at E
becomes 70 flow rate %, and the flow rate at F to | be-
comes O flow rate %. That is, in the case of the demand
flow rate of the demand end device being 70 flow rate
%, all of the gas is supplied to the demand end device,
and there is no circulation and supply to the first centrif-
ugal compressor 21 and the second centrifugal compres-
sor 22.

[0077] Then, inthe case of the demand flow rate of the
demand end device being 70 flow rate %, since the flow
rate of the gas that is drawn into the first centrifugal com-
pressor 21 and the flow rate of the gas that is draw into
the second centrifugal compressor 22 become 70 flow
rate %, the load of the motor 23 also becomes 70% as
shown in FIG 4.

[0078] In the case of the demand flow rate of the de-
mand end device being 60 flow rate % (that s, in the case
of the flow rate at J being 60 flow rate %), the control unit
8 restricts the opening of the inlet guide vane 1 to make
the flow rate at A 60 flow rate %. In this case, when the
second circulation and supply control valve 4 remains
closed, since the flow rate of the gas that is drawn into
the second centrifugal compressor 22 is less than 70 flow
rate % that is the set value, the control unit 8 opens up
the second circulation and supply control valve 4 so that
a 10 flow rate % portion of the gas that is discharged from
the gas compression portion 2 is circulated and supplied
to the second centrifugal compressor 22. The first circu-
lation and supply control valve 3 and the exhaust control
valve 5 remain closed. As a result, the flow rate at B and
C becomes 60 flow rate %, the flow rate at D and E be-
comes 70 flow rate %, the flow rate at F and | becomes
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10 flow rate %, and the flow rate at G and H becomes 0
flow rate %.

[0079] In the second centrifugal compressor 22, since
the flow rate in the diffuser 22h becomes 70 flow rate %,
itis possible to suppress the occurrence of surging in the
second centrifugal compressor 22.

[0080] Meanwhile, since the flow rate in the impeller
22a and the flow rate of the impeller 21a of the first cen-
trifugal compressor 21 are 60 flow rate %, it is possible
to reduce the load of the motor 23 to approximately 60%
as shown in FIG. 4.

[0081] In the case of the demand flow rate of the de-
mand end device being 50 flow rate % (thatis, in the case
of the flow rate at J being 50 flow rate %), the control unit
8 restricts the opening of the inlet guide vane 1 to make
the flow rate at A 50 flow rate %. In this case, when the
first circulation and supply control valve 3 and the second
circulation and supply control valve 4 remain closed,
since the flow rate of the gas that is drawn into the first
centrifugal compressor 21 and the second centrifugal
compressor 22 respectively falls below 60 flow rate %
and 70 flow rate %, which are the set values, the control
unit 8 opens up the first circulation and supply control
valve 3 and the second circulation and supply control
valve 4 so that, of the gas that is discharged from the gas
compression portion 2, 10 flow rate % is circulated and
supplied to the first centrifugal compressor 21 and a 10
flow rate % portion is circulated and supplied to the sec-
ond centrifugal compressor 22. The exhaust control valve
5 remains closed. As aresult, the flow rate at B becomes
50 flow rate %, the flow rate at C becomes 60 flow rate
%, the flow rate at D and E becomes 70 flow rate %, the
flow rate at F becomes 20 flow rate %, the flow rate at G
becomes 0 flow rate %, and the flow rate at H and | be-
comes 10 flow rate %.

[0082] In the first centrifugal compressor 21, since the
flow rate in the diffuser 21h becomes 60 flow rate %, and
in the second centrifugal compressor 22, the flow rate in
the diffuser 22h becomes 70 flow rate %, it is possible to
suppress the occurrence of surging in the first centrifugal
compressor 21 and the second centrifugal compressor
22.

[0083] Meanwhile, since the flow rate in the impeller
21a becomes 50 flow rate % and the flow rate in the
impeller 22a becomes 60 flow rate %, the load on the
motor 23 is further reduced compared to the case of the
demand flow rate of the demand end device being 60
flow rate % as shown in FIG. 4.

[0084] In the case of the demand flow rate of the de-
mand end device being 10 flow rate % (thatis, in the case
of the flow rate at J being 10 flow rate %), the control unit
8 restricts the opening of the inlet guide vane 1 to make
the flow rate at A 10 flow rate %. In this case, when the
first circulation and supply control valve 3 and the second
circulation and supply control valve 4 remain closed,
since the flow rate of the gas that is drawn into the first
centrifugal compressor 21 and the second centrifugal
compressor 22 respectively falls below 60 flow rate %
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and 70 flow rate %, which are the respective set values,
the control unit 8 opens up the first circulation and supply
control valve 3 and the second circulation and supply
control valve 4 so that, of the gas that is discharged from
the gas compression portion 2, 50 flow rate % is circu-
lated and supplied to the first centrifugal compressor 21
and a 10 flow rate % portion is circulated and supplied
to the second centrifugal compressor 22. The exhaust
control valve 5 remains closed. As a result, the flow rate
at B becomes 10 flow rate %, the flow rate at C becomes
60 flow rate %, the flow rate at D and E becomes 70 flow
rate %, the flow rate at F becomes 60 flow rate %, the
flow rate at G becomes 0 flow rate %, the flow rate at H
becomes 50 flow rate %, and the flow rate at | becomes
10 flow rate %.

[0085] In the first centrifugal compressor 21, since the
flow rate in the diffuser 21h becomes 60 flow rate %, and
in the second centrifugal compressor 22, the flow rate in
the diffusers 22h becomes 70 flow rate %, it is possible
to suppress the occurrence of surging in the first centrif-
ugal compressor 21 and the second centrifugal compres-
sor 22.

[0086] Meanwhile, since the flow rate in the impeller
21a becomes 10 flow rate % and the flow rate in the
impeller 22a becomes 60 flow rate %, the load on the
motor 23 is further reduced compared to the case of the
demand flow rate of the demand end device being 50
flow rate % as shown in FIG 4.

[0087] In the case of the demand flow rate of the de-
mand end device being 0 flow rate % (that is, in the case
of the flow rate at J being 0 flow rate %), the control unit
8, similarly to the case of the demand flow rate of the
demand end device being 10 flow rate %, opens up the
first circulation and supply control valve 3 and the second
circulation and supply control valve 4 so that, of the gas
that is discharged from the gas compression portion 2,
50 flow rate % is circulated and supplied to the first cen-
trifugal compressor 21 and a 10 flow rate % portion is
circulated and supplied to the second centrifugal com-
pressor 22. Then, it is opened via the exhaust control
valve 5, and the output of the motor 23 is maintained at
10%. As a result, the flow rate at B becomes 10 flow rate
%, the flow rate at C and E becomes 60 flow rate %, the
flow rate at D becomes 70 flow rate %, the flow rate at F
becomes 60 flow rate %, the flow rate at G becomes 10
flow rate %, the flow rate at H becomes 50 flow rate %,
and the flow rate at | becomes 10 flow rate %.

[0088] In the turbo compression device S of this em-
bodiment, the circulation and supply of gas is started in
stages from the second centrifugal compressor 22 that
is positioned furthest downstream to the first centrifugal
compressor 21 that is upstream.

[0089] According to the turbo compression device and
the control method of the turbo compression device of
the present embodiment, the flow rate of gas that the
turbo compression device S draws in is controlled in pro-
portion to the gas demand flow rate (demand amount) of
the demand end device. That is, in the case of the gas
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demand flow rate of the demand end device having de-
creased, the flow rate of the gas that the turbo compres-
sion device S draws in is reduced in proportion to this
amount of decrease.

[0090] In each centrifugal compressor 21 and 22, in
the case of the flow rate of the gas that is drawn in falling
below a set value that is set based on the surging limit
in the centrifugal compressor 21 and 22, a portion of the
gas that is discharged from the gas compression portion
2 in the centrifugal compressors 21 and 22 concerned is
circulated and supplied to the diffusers 21h and 22h of
the centrifugal compressors 21 and 22, respectively, so
that surging is suppressed.

[0091] Here, the gas that is circulated and supplied
flows to the diffusers 21h and 22h without being supplied
totheimpellers 21aand 22a. For this reason, itis possible
to supply gas at a sufficient flow rate to the diffusers 21h
and 22h without increasing the load on the impellers 21a
and 22a, and it is possible to suppress the occurrence
of surging without increasing the load on the motor. That
is, however low the flow rate of the gas that is drawn into
the first centrifugal compressor 21, it is possible to cause
a flow of gas with a flow rate that enables suppression
of surging to the diffusers 21h and 22h of the respective
centrifugal compressors 21 and 22.

[0092] Accordingly, according to the present embodi-
ment, in the turbo compression device that compresses
gas by the centrifugal compressors 21 and 22 that are
arranged in a plurality in series in the flow direction of the
gas, it is possible to reduce energy consumption by suf-
ficiently reducing the load of the motor while suppressing
the occurrence of surging in the centrifugal compressors
21 and 22.

[0093] Also, according to the turbo compression de-
vice and the method of controlling the turbo compression
device of the present embodiment, in the case of the gas
demand flow rate of the demand end device being zero,
in addition to maintaining the drawing in of the gas in the
gas compression portion 2, a portion of the gas that is
discharged from the gas compression portion 2 (that gas
that is not circulated and supplied among the gas that is
discharged from the gas compression portion 2) is ex-
hausted without supplying to the demand end device.
For this reason, even in the case of the gas demand flow
rate of the demand end device being zero, it is possible
to maintain the operation of the turbo compression device
S with minimal energy consumption without completing
closing the inlet guide vane 1. Therefore, it is possible to
reopen the supply quickly in the case of the supply of gas
to the demand end device once again being required.
[0094] Also, according to the turbo compression de-
vice and the method of controlling the turbo compression
device of the present embodiment, a value that relates
to the centrifugal compressor 21 and the centrifugal com-
pressor 22 that is stored in advance in the control unit 8
is made a value that matches the flow rate at the surging
limit in the centrifugal compressors 21 and 22 and a pre-
determined margin. For this reason, after imparting a
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margin to the flow rate of the surging limit, since the gas
is circulated and supplied to the centrifugal compressors
21 and 22, it is possible to reliably suppress the occur-
rence of surging.

[0095] Also, generally in the gas compression portion
2, since the centrifugal compressor that is positioned on
the downstream side with respect to the gas flow direction
has a smaller flow rate coefficient, gas is circulated and
supplied first to the centrifugal compressor that is posi-
tioned on the downstream side. However, for example
by setting the margin in the set value that relates to the
first centrifugal compressor 21 to be greater than the mar-
gin in the set value that relates to the second centrifugal
compressor 22, it becomes possible to start the circula-
tion and supply of the gas to the centrifugal compressors
21 and 22 simultaneously, and so it becomes possible
to streamline the control.

[0096] Hereinabove, a preferred embodiment of a gas
compression device and a method of controlling the gas
compression device according to the present invention
were described with reference to the drawings, but need-
less to say the present invention is not to be considered
as being limited by the aforementioned embodiment. The
shapes and combinations of the constituent elements
shown in the abovementioned embodiment are but one
example, and various modifications based on design re-
quirements are possible without departing from the spirit
or scope of the present invention.

[0097] For example, in the aforementioned embodi-
ment, the case was described of the turbo compression
device being provided with two centrifugal compressors.
[0098] However, the present invention is not limited to
this, and there may be three or more centrifugal com-
pressors. In this case as well, for example, by suitably
setting a margin in the aforementioned set value that re-
lates to each centrifugal compressor, a constitution may
be adopted that circulates and supplies gas simultane-
ously to a number of centrifugal compressors.

[0099] Inthe case of three centrifugal compressors be-
ing provided, specifically, as shown in the schematic
drawing of FIG 5 the circulation and supply of gas may
be started in stages in the order of a centrifugal compres-
sor X3 that is furthest downstream, a centrifugal com-
pressor X2 that is mid stream, and a centrifugal compres-
sor X1 that is furthest upstream, as shown in the sche-
matic drawing of FIG. 6, the circulation and supply may
be simultaneously started to the centrifugal compressor
X3 that is furthest downstream, the centrifugal compres-
sor X2 that is mid stream, and the circulation and supply
may be subsequently started to the centrifugal compres-
sor X1 that is furthest upstream, and as shown in the
schematic drawing of FIG 7, the circulation and supply
may be simultaneously started to the centrifugal com-
pressor X2 that is mid stream and the centrifugal com-
pressor X1 that is furthest upstream after starting the
circulation and supply to the centrifugal compressor X3
that is furthest downstream.

[0100] Since the pressure means thatis furthest down-
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stream has a small flow rate coefficient and enters a
surge first, in any event the circulation and supply to the
centrifugal compressor thatis located on the downstream
side is started first, and thereafter the circulation and sup-
ply to the centrifugal compressor that is located on the
upstream side is started.

[0101] Also, in the aforementioned embodiment, the
constitution was described of directly measuring the flow
rate of the gas discharged from the gas compression
portion 2 by the flow rate detector 6 and, based on this
measurement result, the control unit 8 acquiring the de-
mand amount of gas of the demand end device.

[0102] However, the present invention is not limited to
this, and in place of the flow rate detector 6, the current
consumption or power consumption of the motor 23 may
be measured, and thereby the flow rate of the gas dis-
charged from the gas compression portion 2 may be in-
directly measured. With such a constitution, it is possible
to acquire the demand amount of gas of the demand end
device based on the measurement result.

[0103] Also, in the aforementioned embodiment, a
constitution provided with the centrifugal compressors
21 and 22 as the compression means of the present in-
vention was described.

[0104] However, the present invention is not limited
thereto, and it is possible to use an axial flow compressor
as the compression means of the present invention.
[0105] Also, in the above-mentioned embodiment, a
constitution provided with a motor as a driving means of
a present invention was described.

[0106] However, the present invention is not limited
thereto, and it is possible to use an engine, such as a
diesel engine, or a turbine, such as a steam turbine, as
the driving means of the present invention. In such a
case, it is possible to acquire the demand amount of gas
of the demand end device by detecting the engine or
turbine torque in place of the flow rate detector 6.
[0107] Also, in the aforementioned embodiment, the
constitution was described in which the rotational fre-
quency of the motor 23 is constant. However, the present
invention is not limited thereto, and for example the ro-
tational frequency of the motor 23 may be changed in
accordance with the intake amount of gas of the gas com-
pression portion 2. In such a case, an inverter motor is
often used as the motor 23.

[0108] Also, in the aforementioned embodiment, the
constitution was described in which the diffusers 21h and
22h are disposed just after the impellers 21a and 223,
respectively, and the gas is circulated and supplied to
the diffusers 21h and 22h.

[0109] However, the present invention is not limited
thereto, and for example, in the case of a throttle channel
or the like existing between the impeller 21a and 22a and
the diffuser 21h and 22h, it is possible to circulate and
supply gas to the diffusers 21h and 22h, or between the
diffusers 21h and 22h and the impellers 21a and 22a
(that is, the throttle channel).

[0110] Also, the present invention can be applied to a
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multi-stage compressor with a single shaft and multiple
stages, in which a plurality of centrifugal compressors
are disposed in multiple stages on a single shaft, and a
multi-stage compressor with multiple shafts and multiple
stages, in which a centrifugal compressor is disposed on
each shaft of the plurality of shafts via a gear type speed
increasing mechanism.

[0111] Also, as the gas of the present invention, for
example it is possible to use air, nitrogen, oxygen, or
carbon dioxide gas.

INDUSTRIAL APPLICABILITY

[0112] According to the gas compression device and
a method of controlling the gas compression device of
the present invention, while suppressing the occurrence
of surging in a centrifugal compressor, it is possible to
sufficiently reduce the load of a motor, and it is possible
to reduce the consumption of energy.

Claims

1. A gas compression device that arranges a plurality
of compression means provided with impellers that
impart velocity energy to a gas, and a diffuser that
converts the velocity energy to pressure energy in
series in the flow direction of gas and supplies the
gas that is compressed via the plurality of the com-
pression means to a predetermined demand end,
comprising:

a drive means that supplies power to the impel-
ler;

a flow rate adjusting means that adjusts the flow
rate of the gas thatis drawn into the compression
means that is positioned furthest upstream with
respect to the flow direction of the gas;

a circulation and supply means that is capable
of circulating and supplying at least a portion of
the gas that is discharged from the compression
means that is positioned furthest downstream
with respect to the flow direction of the gas to
the diffuser or is positioned between the diffuser
and the impeller of each compression means,
and

a control means that controls at least the drive
means, the flow rate adjusting means, and the
circulation and supply means;

wherein, the control means

controls the flow rate adjusting means in accord-
ance with a demand amount of the gas of the
demand end, and

in each compression means, in the case of the
flow rate of the gas that is drawn in falling below
a set value that is set based on a surging limit
in the compression means, controls the circula-
tion and supply means to circulate and supply a
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portion of the gas in the compression means.

The gas compression device according to claim 1,
provided with a pressure detecting means that de-
tects the pressure of the gas that is discharged from
the compression means that is positioned furthest
downstream, and a flow rate detecting means that
detects the flow rate of the gas that is discharged
from the compression means that is positioned fur-
thest downstream,

wherein, the control means performs control of the
flow rate adjusting means with at least the detection
result of the pressure detecting means serving as
the demand amount of the gas of the demand end,
among the pressure detecting means and the flow
rate detecting means.

The gas compression device according to claim 1,
wherein the control means starts circulation and sup-
ply of the gas by the circulation and supply means
in stages from the compression means that is posi-
tioned furthest downstream toward the upstream
compression means.

The gas compression device according to claim 1,
wherein the set value is a value that matches the
flow rate of the surging limit in the compression
means and a predetermined margin.

The gas compression device according to claim 1,
wherein the control means, in the case ofthe demand
amount of the gas of the demand end being zero,
maintains the intake of the gas in the compression
means that is positioned furthest upstream with re-
spect to the flow direction of the gas, and exhausts
a portion of the gas that is discharged from the com-
pression means that is positioned furthest down-
stream with respect to the flow direction of the gas
without supplying it to the demand end.

A method of controlling a gas compression device
that arranges a plurality of compression means pro-
vided with an impeller that imparts velocity energy
to a gas and a diffuser that converts the velocity en-
ergy to pressure energy in series in the flow direction
of gas, and supplies the gas that is compressed via
the plurality of the compression means to a prede-
termined demand end, comprising the steps of:

adjusting the flow rate of gas that is drawn into
the compression means that is positioned fur-
thest upstream with respect to the flow direction
of the gas in accordance with a demand amount
of the gas of the demand end, and

in each compression means, circulating and
supplying at least a portion of the gas that is
discharged from the compression means that is
positioned furthest downstream with respect to
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the flow direction of the gas to the diffuser or
between the diffuser and the impeller of each
compression means in the case of the flow rate
of the gas that is drawn in falling below a set
value that is set based on a surging limit in the
compression means.

The method of controlling a gas compression device
according to claim 6, characterized by detecting
the pressure and the flow rate of the gas that is dis-
charged from the compression means that is posi-
tioned furthest downstream and, among this detec-
tion result, controlling the flow rate of the gas that is
drawn into the compression means that is positioned
furthest upstream with at least the pressure serving
as the demand amount of the gas at the demand end.

The method of controlling a gas compression device
according to claim 6, characterized by starting the
circulation and supply of the gas in stages from the
compression means thatis positioned furthest down-
stream toward the upstream compression means.

The method of controlling a gas compression device
according to claim 6, characterized by the set value
being a value that matches the flow rate of the surg-
ing limit in the compression means and a predeter-
mined margin.

The method of controlling a gas compression device
according to claim 6, characterized by, in the case
of the demand amount of the gas at the demand end
being zero, maintaining the intake of the gas in the
compression means that is positioned furthest up-
stream with respect to the flow direction of the gas,
and exhausting a portion of the gas thatis discharged
from the compression means that is positioned fur-
thest downstream with respect to the flow direction
of the gas without supplying it to the demand end.
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