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(54) Axial compressor and gas turbine having axial compressor

(57) An axial compressor that can remove an attach-
ment within a groove of a casing and recover an effect
of suppressing stall on rotor blades, and a gas turbine
provided with the axial compressor, are provided. The
axial compressor includes a compressor body 6 and a
sprayer 9 for spraying droplets in suction gas of the com-
pressor body 6 so that the droplets are introduced into

the compressor body 6 and evaporate. The compressor
body 6 includes a casing 11, a rotor 12, rotor blades 13,
and stator vanes 14. A groove 21 is formed in an inner
circumferential surface of the casing 11 so as to be po-
sitioned around rotor blades 13 arranged on a front stage
side. A purge system 23 is provided that supplies high-
pressure air to the groove 21 through communication
holes 22.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an axial com-
pressor that sprays a droplet in suction gas, and a gas
turbine provided with the axial compressor.

2. Description of the Related Art

[0002] A gas turbine generally includes an axial com-
pressor for compressing air, a combustor for mixing a
fuel with the compressed air generated by the axial com-
pressor and burning the fuel and the compressed air, and
a turbine that is rotationally driven by combustion gas
generated by the combustor. Increase in air temperature
(or increase in temperature of suction air of the axial com-
pressor), as in summer, reduces the density of the suction
air and output of the gas turbine. To deal with this, a
method for spraying droplets such as water droplets in
the suction air of the compressor has been proposed
(refer to, for example, JP-2010-48213-A).
[0003] When droplets are sprayed in the suction air of
the compressor, the droplets evaporate on an air intake
side of the compressor thereby depriving the air of heat.
Thus, the temperature of the suction air is reduced, and
the density of the suction air is increased. This inlet air
cooling effect can improve the output of the gas turbine.
Moreover, if the rate of spraying droplets is increased to,
for example, 2% or more of a mass flow rate of the suction
air to introduce droplets into the compressor (or the drop-
lets that are not gasified on the air intake side of the com-
pressor are introduced into the compressor), the droplets
evaporate in the compressor, thereby depriving the air
of heat. Thus, the temperature of air in the compressor
is reduced. This intermediate cooling effect causes a
compression characteristic to be close to isothermal
compression, and reduces compression work. This en-
ables the efficiency of the gas turbine to be improved.
[0004] As described above, when the droplets are in-
troduced into the compressor and evaporate, a stage
load on a front stage side (specifically, blade loading on
the upstream side with respect to an evaporation com-
pletion position at which the droplets completely evapo-
rate) is reduced, and a stage load on a rear stage side
(specifically, blade loading on the downstream side with
respect to the evaporation completion position) increas-
es. It is, therefore, preferable that the compressor be de-
signed such that the stage load on the front stage side
is relatively high in expectation of the reduction in the
stage load and the stage load on the rear stage side is
relatively low in expectation of the increase in the stage
load, so that an operation is to be optimized when drop-
lets are sprayed in the suction air of the compressor (or
when the droplets are introduced into the compressor).
If, however, the compressor is designed in the aforemen-

tioned manner, when droplets are not sprayed in  the
suction air of the compressor (or the droplets are not
introduced into the compressor), for example, upon ac-
tivation of the gas turbine, a high load is applied to the
blade cascade arranged on the front stage side. Further,
in general, a high load is easily applied to the blade cas-
cade arranged on the upstream side of the compressor
during a low-speed rotation in an initial state of the acti-
vation of the gas turbine. For highly loaded rotor blades,
a separation region may become larger due to interfer-
ence of leaking flow occurred in a space between the
rotor blades and a casing with a shock wave generated
between the rotor blades. This raises a problem about a
stall.
[0005] As a measure to suppress the stall on the highly
loaded rotor blades, a casing treatment that has an an-
nular groove (rectangular slit) formed in an inner circum-
ferential surface of the casing so as to be positioned
around the rotor blades has been disclosed (refer to, for
example, JP-2009-236069-A). The groove suppresses
the interference of the leaking flow occurred in the space
between the rotor blades and the casing with the shock
wave generated between the rotor blades.

SUMMARY OF THE INVENTION

[0006] If the casing treatment is used for the compres-
sor into which droplets are introduced by spraying drop-
lets in the suction air (or the groove is formed on the inner
circumferential surface of the casing so as to be posi-
tioned around the rotor blades on the front stage side),
the  following problems arise.
[0007] Fine droplets, which flow with airflow among
droplets introduced in the compressor, evaporate while
passing through a space between rotor blades and a
space between stator vanes. On the other hand, large
droplets, which do not flow with the airflow, collide with
rotor blades, stator vanes, and the like. Then, the droplets
that collide with the rotor blades are blown to an outer
side in a radius direction by centrifugal force caused by
rotations of the rotor blades and reach the inner circum-
ferential surface of the casing. Thus, droplets may be
accumulated to be attached to the groove of the casing
as a liquid membrane (drain). With the attachment of the
liquid membrane in the groove of the casing, an impurity
within the liquid membrane and an impurity (dust) within
the atmosphere may be attached to the groove. Thus, if
the compressor operates for a long time, the liquid mem-
brane and the impurities may be attached to the groove
of the casing, thereby reducing an effect of suppressing
the stall on the rotor blades.
[0008] An object of the invention is to provide an axial
compressor capable of removing an attachment within a
groove of a casing and recovering an effect of suppress-
ing a stall on rotor blades.
[0009] In order to accomplish the aforementioned ob-
ject, according to the invention, an axial compressor in-
cludes a compressor body that compresses gas and a
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sprayer that sprays a droplet in the suction air of the com-
pressor body so that the droplet is introduced into the
compressor body  and evaporates. The compressor body
includes a casing, a rotor rotatablly arranged in the cas-
ing, a plurality of rotor blades arranged on an outer cir-
cumferential side of the rotor, a plurality of stator vanes
arranged on an inner circumferential side of the casing,
a groove arranged in an inner circumferential surface of
the casing so as to be positioned around rotor blades
arranged on a front stage side. In the axial compressor,
a communication hole communicating with the groove is
formed in the casing, and a purge system for supplying
high-pressure gas to the groove through the communi-
cation hole is provided so as to remove an attachment
within the groove.
[0010] According to the invention, the purge system
supplies high-pressure air to the groove through the com-
munication hole of the casing, for an example, when drop-
lets are not sprayed in the suction air of the compressor
(or not introduced in the compressor) before stop of the
compressor. It is, therefore, possible to remove attach-
ments (specifically, a liquid membrane, an impurity, and
the like) within the groove of the casing and recover the
effect of suppressing the stall. Thus, it is possible to sup-
press the stall on the rotor blades upon activation of the
compressor and stabilize the activation of the compres-
sor. As a result, the reliability can be improved.
[0011] According to the invention, it is possible to re-
move attachments within the groove of the casing and
recover the effect of suppressing the stall on the rotor
blades.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 is an outline diagram illustrating an overall con-
figuration of a gas turbine according to a first em-
bodiment of the invention.
Fig. 2 is an axial-direction cross section view of a
structure of an axial compressor according to the
first embodiment of the invention.
Fig. 3 is a diagram illustrating axial-direction distri-
butions of stage loads of the axial compressor ac-
cording to the first embodiment of the invention.
Fig. 4 is a diagram illustrating axial-direction distri-
butions of stage loads of a general axial compressor
according to a comparative example.
Fig. 5 is a diagram illustrating a groove and commu-
nication hole of a casing of the axial compressor ac-
cording to the first embodiment of the invention, ac-
companying with a purge system, and a control de-
vice.
Fig. 6 is a plan view of the axial compressor when
the axial compressor is viewed from a direction of
an arrow VI of Fig. 5.
Fig. 7 is a diagram illustrating a groove and commu-
nication hole of a casing of an axial compressor ac-

cording to a second embodiment of the invention,
accompanying with a purge system, a suction sys-
tem, and a control device.
Fig. 8 is a diagram illustrating a groove and commu-
nication hole of a casing of an axial compressor ac-
cording to a modified example of the invention.
Fig. 9 is a diagram illustrating a purge system ac-
cording to another modified example of the invention,
accompanying with a structure of the axial compres-
sor.
Fig. 10 is an outline diagram illustrating an overall
configuration of a gas turbine according to a third
embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] A first embodiment of the invention is described
with reference to Figs. 1 to 6.
[0014] Fig. 1 is an outline diagram illustrating an overall
configuration of a gas turbine according to the first em-
bodiment. Fig. 2 is an axial-direction cross section view
of a structure of an axial compressor according to the
first embodiment. In Fig. 2, a part of rotor blades and
stator vanes is omitted and indicated by dotted lines.
[0015] The gas turbine according to the first embodi-
ment includes an axial compressor 1, a combustor 2, a
turbine 3, and a power generator 4. The axial compressor
1 compresses air (gas) serving as a working fluid. The
combustor 2 mixes a fuel with the compressed air (com-
pressed gas) generated by the compressor 1 and burns
the fuel and the compressed air. The turbine 3 is rota-
tionally driven by high-temperature combustion gas gen-
erated by the combustor 2. The power generator 4 is
driven by rotational power of the turbine 3. The compres-
sor 1, the turbine 3, and the power generator 4 are con-
nected to each other through a rotary shaft 5. After caus-
ing the turbine 3 to rotate, the combustion gas is  dis-
charged as exhaust gas to the outside of a system.
[0016] The axial compressor 1 includes a compressor
body 6, an intake air filter (not illustrated), an air intake
duct 7, and an air inlet plenum 8. The compressor body
6 compresses air. The intake air filter, the air intake duct
7, and the air inlet plenum 8 are arranged on an air intake
side of the compressor body 6. In addition, the axial com-
pressor 1 also includes a sprayer 9 and a liquid supply
system 10. The sprayer 9 is arranged in the air intake
duct 7. The liquid supply system 10 supplies a liquid such
as water to the sprayer 9. In the first embodiment, the
sprayer 9 is arranged in the air intake duct 7, but may be
arranged in the air inlet plenum 8 or in both air intake
duct 7 and air inlet plenum 8.
[0017] The compressor body 6 includes a casing (sta-
tionary body) 11 and a rotor (rotating body) 12. The rotor
12 is rotatablly arranged in the casing 11. A substantially
circular main flow path (working fluid path) is formed be-
tween an inner circumferential surface of the casing 11
and an outer circumferential surface of the rotor 12. The
compressor body 6 further includes rotor blades 13 and
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stator vanes 14. The rotor blades 13 are arranged on the
outer circumferential side of the rotor 12, while the stator
vanes 14 are arranged on the inner circumferential side
of the casing 11. The rotor blades 13 arranged in a cir-
cumferential direction of the rotor 12 form a blade cas-
cade. The stator vanes 14 arranged in a circumferential
direction of the casing 11 form a vane cascade. The  cas-
cades of the rotor blades 13 and the cascades of the
stator vanes 14 are alternately arranged in an axial di-
rection (left-right direction in Fig. 2) while a pair of a cas-
cade of the rotor blades 13 and a cascade of the stator
vanes 14 form a single stage. In other words, the rotor
blades 13 are arranged at a plurality of stages on the
outer circumferential side of the rotor 12, while the stator
vanes 14 are arranged at the plurality of stages on the
inner circumferential side of the casing 11.
[0018] A strut 15 and an inlet guide vane (IGV) 16 are
arranged on the upstream side of the rotor blades 13
arranged at the initial stage. The inlet guide vane 16 is a
variable stator vane provided with a variable mechanism
17. The flow rate of suction air can be controlled by chang-
ing an angle of the inlet guide vane 16. Thus, a load of
the gas turbine can be controlled by changing the angle
of the inlet guide vane 16. In addition, the stator vanes
14 arranged at the initial stage (or the stator vanes 14
arranged at multiple stages on the upstream side, which
include the stator vanes 14 arranged at the initial stage)
are variable stator vanes that are each provided with a
variable mechanism 17. Rotating stall upon activation of
the gas turbine can be suppressed by changing angles
of the stator vanes 14 arranged at the initial stage. In
addition, an outlet guide vane 18 is arranged on the down-
stream side of the stator vanes 14 arranged at the last
stage.
[0019] The sprayer 9 has a plurality of spraying nozzles
that spray droplets such as water droplets in the suction
air of the compressor body 6. Since the fine droplets
evaporate to deprive the air of heat on the air intake side
of the compressor body 6, the temperature of the suction
air is reduced and the density of the suction air is in-
creased (inlet air cooling effect). Thus, the output of the
gas turbine is improved. In addition, the sprayer 9 intro-
duces droplets into the compressor body 6 while the rate
of spraying droplets from the sprayer 9 is 2% or more of
the mass flow rate of the suction air. Thus, as the droplets
that are introduced in the compressor body 6 evaporate
to deprive the air of heat, the temperature of the com-
pressing air is reduced (intermediate cooling effect). This
intermediate cooling effect causes a compression char-
acteristic to be close to isothermal compression, reduces
compression work, and improves the efficiency of the
gas turbine. The droplets that are introduced in the com-
pressor body 6 completely evaporate until the droplets
reach a discharge side of the compressor body 6.
[0020] As described above, when droplets are intro-
duced into the compressor body 6 and evaporate, a stage
load on the front stage side (or a blade loading on the
upstream side with respect to an evaporation completion

position at which the droplets completely evaporate in
the compressor body 6) is reduced, and a stage load on
the rear stage side (or a blade loading on the downstream
side with respect to the evaporation completion position)
is increased. Thus, in the first embodiment, the compres-
sor is designed such that the stage load on the front stage
side is to be relatively high  in expectation of the reduction
in the stage load and the stage load on the rear stage
side is to be relatively low in expectation of the increase
in the stage load, so that an operation is to be optimized
when droplets are sprayed in the suction air of the com-
pressor body 6 (or introduced into the compressor body
6). Details of the stage loads are described with reference
to Figs. 3 and 4.
[0021] Fig. 3 is a diagram illustrating axial-direction dis-
tributions of stage loads of the axial compressor accord-
ing to the first embodiment. Fig. 4 is a diagram illustrating
axial-direction distributions of stage loads of a general
axial compressor according to a comparative example.
In each of Figs. 3 and 4, the abscissa indicates a position
(number of stages) in the compressor in the axial direc-
tion, and the ordinate indicates a load (stage load) to be
applied to a stage.
[0022] As indicated by an alternate long and short
dashed line in Fig. 4, the general axial compressor is
designed such that a stall and choking hardly occur and
blade cascades arranged at all stages efficiently operate
during a rated operation on the assumption that droplets
are not sprayed in the suction air of the compressor (or
not introduced into the compressor). Specifically, the
general axial compressor is designed such that the stage
loads are in a range from a lower line obtained by adding
a certain margin to a limit line on a choking side (low-
load side) to an upper line obtained by subtracting the
certain margin from a limit line on a stall side (high-load
side).
[0023] For example, if a stage load reaches the limit
line on the choking side, a probability that a separation
occurs on a pressure surface side of a blade cascade
increases. Further, if the stage load reaches the limit line
on the stall side, a probability that a separation occurs
on a negative pressure surface side of a blade cascade
increases. If the separation occurs, the performance
(specifically, a pressure ratio, the efficiency, and the like)
of the compressor is reduced. Especially, if the stage
load reaches the limit line on the stall side and the sep-
aration occurs on the negative pressure surface side of
the blade cascade, a rotating stall occurs and surging
may occur. An increase in the margin of the stage loads
for the limit line on the stall side increases a surge margin
that is a margin for the occurrence of the surging.
[0024] As indicated by a solid line in Fig. 4, in the gen-
eral axial compressor, when droplets are sprayed in the
suction air of the compressor (or introduced into the com-
pressor), a stage load on the front stage side (specifically,
a blade loading on the upstream side with respect to the
evaporation completion position) is reduced and a stage
load on the rear stage side (specifically, a blade loading

5 6 



EP 2 669 489 A2

5

5

10

15

20

25

30

35

40

45

50

55

on the downstream side with respect to the evaporation
completion position) is increased. Thus, a probability of
occurrence of a stall increases on a blade cascade lo-
cated on the rear stage side. Specifically, the surge mar-
gin may be reduced and surging may occur. Especially,
when the amount of sprayed droplets is large, the de-
crease rate of the surge margin is large and a probability
of occurrence of the surging increases.
[0025] As indicated by a solid line in Fig. 3, the axial
compressor according to the present embodiment is de-
signed such that a stall and choking hardly occur and
blade cascades arranged at all the stages efficiently op-
erate during a rated operation while droplets are sprayed
in the suction air of the compressor (or introduced into
the compressor). Specifically, the compressor is de-
signed such that the stage load on the front stage side
is relatively high in expectation of the reduction in the
stage load upon the spraying of the droplets and the stage
load on the rear stage side is relatively low in expectation
of the increase in the stage load upon the spraying of the
droplets. As indicated by an alternate long and short
dashed line in Fig. 3, a high load is applied to the rotor
blades arranged on the front stage side when droplets
are not sprayed in the suction air of the compressor (or
not introduced into the compressor).
[0026] Returning to Fig. 1, the liquid supply system 10
includes a flow rate control valve 19, and a control device
20 variably controls an opening degree of the flow rate
control valve 19. In the present embodiment, when the
gas turbine is activated and reaches a rated load oper-
ation, the control device 20 switches the state of the flow
rate control valve 19 from a closed state to an open state
so as to cause the sprayer 9 to start spraying droplets.
This is due to the fact that since a blade loading on the
downstream  side of the compressor body 6 increases
during a partially loaded operation of the gas turbine in
general, if droplets are introduced into the compressor
body 6 under the condition, the blade loading on the
downstream side further increases and the surge margin
is reduced. In addition, for the same reason, the control
device 20 switches the state of the flow rate control valve
19 from the open state to the closed state so as to cause
the sprayer 9 to stop spraying droplets during the rated
load operation before stop of the gas turbine.
[0027] When droplets are not sprayed in the suction
air of the compressor body 6 (or not introduced into the
compressor body 6), for example, upon the activation of
the gas turbine, a high load is applied to the rotor blades
13 arranged on the front stage side as described above.
A region in which a separation occurs may become larger
due to interference of leaking flow occurred in a space
between the highly loaded rotor blades 13 and the casing
11 with a shock wave generated between the highly load-
ed rotor blades 13, and a probability of occurrence of a
stall increases. Especially, since a stall on the rotor
blades 13 arranged at the initial stage largely affects the
downstream side, problems about occurrence of rotating
stall, surging and the like increase as well as a problem

about reduction in efficiency of the compressor 1.
[0028] As illustrated in Figs. 5 and 6, in the present
embodiment, an annular groove 21 is formed in the inner
circumferential surface of the casing 11 so as to be  po-
sitioned around rotor blades 13 arranged at the first
stage. The groove 21 suppresses the interference of the
leaking flow occurred in the space between the rotor
blades 13 arranged at the initial stage and the casing 11
with the shock wave generated between the rotor blades
13 and suppresses a stall of the rotor blades 13 arranged
at the initial stage.
[0029] When droplets are sprayed in the suction air of
the compressor body 6 (or introduced into the compres-
sor body 6), as in a rated load operation of the gas turbine,
a liquid membrane or an impurity may be attached to the
groove 21 of the casing 11. Specifically, fine droplets,
which flow with airflow among the droplets introduced in
the compressor body 6, evaporate while passing through
a space between the rotor blades 13 and a space be-
tween stator vanes 14. On the other hand, large droplets
(specifically, large droplets generated by interference of
the droplets or large droplets generated by scattering of
a part of a liquid membrane formed by droplets attached
to the strut 15 or to the inlet guide vane 16), which do not
flow with the airflow, collide with the rotor blades 13 ar-
ranged at the initial stage or the like. Then, the droplets
that collide with the rotor blades 13 arranged at the initial
stage are blown to the outer side in a radius direction by
centrifugal force caused by rotations of the rotor blades
13 and reach the inner circumferential surface of the cas-
ing 11. Thus, droplets may be accumulated to be at-
tached to the groove 21 of the casing 11 as a liquid mem-
brane (drain). With the  attachment of the liquid mem-
brane in the groove 21 of the casing, an impurity within
the liquid membrane and an impurity (dust) within the
atmosphere may be attached. Thus, with a long-term op-
eration of the gas turbine, an effect of suppressing a stall
on the rotor blades 13 arranged at the initial stage is
reduced, since the liquid membrane or impurities are at-
tached to the groove 21 of the casing 11 of the compres-
sor body 6.
[0030] In the present embodiment, as illustrated in
Figs. 5 and 6, a plurality of communication holes 22 are
formed in the casing 11. The plurality of communication
holes 22 open on an outer circumferential surface of the
casing 11 and communicate with the groove 21. Further,
in order to remove attachments (specifically, a liquid
membrane and an impurity) within the groove 21, a purge
system 23 that supplies high-pressure air to the groove
21 through the communication holes 22 is provided.
[0031] The purge system 23 has a purge compressor
24 and supplies the high-pressure air (specifically, air
with higher pressure than the compressed air present
near the rotor blades 13 arranged at the initial stage)
generated by the purge system 24 to the groove 21
through the communication holes 22. The purge system
23 also has a purge control valve 25 whose opening and
closing motions are controlled by the control device 20.
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[0032] As described above, the control device 20 caus-
es the sprayer 9 to stop spraying droplets during the rated
load operation before the stop of the gas turbine (or in
the  state in which a rated load is applied while a rated
speed is maintained). After that, the rated load operation
is changed to a no-load operation (specifically, a state in
which a load is not applied while the rated speed is main-
tained). Then, the purge compressor 24 is driven, the
purge control valve 25 is changed from the closed state
to the open state, and the high-pressure air is supplied
from the purge system 23 to the groove 21 through the
communication holes 22 (purge control).
[0033] The plurality of communication holes 22 are ar-
ranged at predetermined intervals in a circumferential
direction of the casing 11. In the present embodiment,
the communication holes 22 have a circular cross section
as illustrated in Fig. 6. In the present embodiment, each
of the communication holes 22 is arranged for each of
spaces between the rotor blades 13 as illustrated in Fig.
6. A plurality of the communication holes 22 may be ar-
ranged for each of spaces between the rotor blades 13.
[0034] As illustrated in Fig. 5, the communication holes
22 are inclined toward the downstream side (right side
in Fig. 5) with respect to the axial direction of the com-
pressor body 6 and extend to the groove 21. Thus, the
high-pressure air can be supplied to a downstream-side
side surface of the groove 21 through the communication
holes 22. Thus, an attachment that is easily attached to
the downstream-side side surface of the groove 21 due
to main flow within the compressor body 6 can be effi-
ciently removed. In addition, the flow of the high-pressure
air can hit the downstream-side  side surface of the
groove 21 so as to enable a swirling flow (or turbulence
of the flow) to be formed in the groove 21 and enable
attachments within the groove 21 to be efficiently re-
moved from the groove 21.
[0035] As illustrated in Fig. 6, the communication holes
22 are inclined in the rotational direction (bottom-to-top
direction in Fig. 6) and extend to the groove 21. Thus,
the flow of the high-pressure air supplied to the groove
21 through the communication holes 22 and the leaking
flow at ends of the rotor blades 13 interact with each other
and can efficiently remove attachments within the groove
21. If the communication holes 22 are inclined toward
the reverse direction (lower side in Fig. 6) of the rotation
of the rotor blades 13, the flow of the high-pressure air
supplied to the groove 21 through the communication
holes 22 and the leaking flow at the ends of the rotor
blades 13 interfere with each other and may cause fluid
exciting at the rotor blades 13 arranged at the initial stage.
This adverse effect can be avoided in the present em-
bodiment.
[0036] In the present embodiment, when droplets are
not sprayed in the suction air of the compressor body 6
(or not introduced into the compressor body 6) before
the stop of the gas turbine (or before the stop of the com-
pressor 1), the purge system 23 supplies the high-pres-
sure gas to the groove 21 through the communication

holes 22 of the casing 11 (purge control). This makes it,
therefore, possible to remove attachments (specifically,
a liquid membrane and an impurity) within the groove 21
of the casing 11 and recover  the effect of suppressing
the stall on the rotor blades 13 arranged at the initial state.
Thus, the stall on the rotor blades 13 arranged at the
initial state upon the activation of the gas turbine (or the
activation of the compressor 1) can be suppressed, and
the activation of the gas turbine (or the activation of the
compressor 1) can be stabilized. As a result, the reliability
can be improved.
[0037] In the present embodiment, since the purge
control is executed during the no-load operation before
the stop of the gas turbine (or in the state in which a load
is not applied while the rated speed is maintained), a
droplet and an impurity that are blown from the groove
21 of the casing 11 can be removed, unlike the case
where the purge control is executed after the stop of the
gas turbine. Specifically, this is as follows. If the purge
control is executed after the stop of the gas turbine, drop-
lets and impurities, which are blown from the groove 21
of the casing 11, are highly likely to be attached to the
stator vanes 14 arranged on the downstream side and
the rotor blades 13 arranged on the downstream side. If
an impurity is attached to any of the stator vanes 14 ar-
ranged on the downstream side and the rotor blades 13
arranged on the downstream side, the efficiency of the
compressor 1 and the surge margin may be reduced. In
the present embodiment, however, since the gas turbine
operates at the rated speed (or the flow rate is high), a
droplet and an impurity that are blown from the groove
21 can be removed for a short time, and an attachment
to the stator vanes 14 arranged on the downstream side
and  the rotor blades 13 arranged on the downstream
side can be suppressed. In addition, the amount of a fuel
to be consumed can be reduced, compared with the case
where the purge control is executed during the rated load
operation before the stop of the gas turbine (or in the
state in which the rated load is applied while the gas
turbine operates at the rated speed). During the no-load
operation of the gas turbine, the temperature of gas to
be discharged from the compressor body 6 is 200°C or
higher, and a droplet blown from the groove 21 can be
completely evaporated in the compressor body 6.
[0038] The first embodiment describes the example in
which the communication holes 22 are inclined toward
the downstream side (right side in Fig. 5) with respect to
the axial direction of the compressor body 6 and inclined
in the rotational direction (bottom-to-top direction in Fig.
6) of the rotor blades 13. The communication holes 22,
however, are not limited to this and may be modified with-
out departing from the spirit and technical ideas of the
invention. For example, the communication holes 22 may
not be inclined although the effect of removing attach-
ments from the groove 21 is reduced. In this modified
example, the effect described above can be obtained.
[0039] In addition, the first embodiment describes the
example in which the communication holes 22 have the
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circular cross section as illustrated in Fig. 6. The com-
munication holes 22, however, are not limited to this. The
communication holes 22 may have a rectangular cross
section or an elliptical cross section. In addition, an an-
nular manifold (not illustrated) may be formed on the out-
er circumferential side of the casing 11, the plurality of
communication holes 22 may extend between the man-
ifold and the groove 21 and communicate with the groove
21, and the purge system 23 may supply the high-pres-
sure air to the groove 21 through the manifold and the
communication holes 22. In this modified example, an
effect that is the same as the effect described above can
be obtained.
[0040] A second embodiment of the invention is de-
scribed with reference to Fig. 7. In the second embodi-
ment, a suction system 26 is added. In the second em-
bodiment, parts that are the same as those described in
the first embodiment are indicated by the same reference
numerals as the first embodiment, and a description
thereof is omitted.
[0041] Fig. 7 is a diagram illustrating the groove 21 and
communication hole 22 of the casing 11 of an axial com-
pressor according to the second embodiment, accompa-
nying with the purge system 23, the suction system 26,
and a control device 20A.
[0042] In the second embodiment, the suction system
26 that suctions attachments within the groove 21
through the communication holes 22 is arranged as well
as the purge system 23. The suction system 26 has a
vacuum pump 27 and suctions attachments within the
groove 21 through the communication holes 22 by suc-
tion force generated by the vacuum pump 27. The suction
system 26 also has a suction control valve 28 whose
opening and closing motions are  controlled by the control
device 20A.
[0043] When the gas turbine is activated and reaches
the rated load operation, the control device 20A causes
the sprayer 9 to start spraying droplets. After that, at set
time intervals, the control device 20A causes the vacuum
pump 27 to drive, the suction control valve 28 to switch
from the closed state to the open state, and the suction
system 26 to suction an attachment within the groove 21
(suction control).
[0044] In addition, the control device 20A causes the
sprayer 9 to stop spraying droplets during the rated load
operation (or in the state in which the rated load is applied
while the rated speed is maintained) before the stop of
the gas turbine in the same manner as the control device
20 according to the first embodiment. After that, the op-
eration is changed to the no-load operation (or the state
in which a load is not applied while the rated speed is
maintained). Then, the purge compressor 24 is driven,
the purge control valve 25 is changed from the closed
state to the open state, and the purge system 23 supplies
the high-pressure air to the groove 21 (purge control).
[0045] In the present embodiment, the suction system
26 suctions attachments within the groove 21 through
the communication holes 22 of the casing 11 while drop-

lets are sprayed in the suction air of the compressor body
6 (or introduced into the compressor body 6) during the
operation of the gas turbine (or during the operation of
the compressor 1). In addition, the purge system 23 sup-
plies  the high-pressure gas to the groove 21 through the
communication holes 22 of the casing 11 while droplets
are not sprayed in the suction air of the compressor body
6 (or not introduced in the compressor body 6) before
the stop of the gas turbine (or before the stop of the com-
pressor 1) in the same manner as the first embodiment.
Thus, an attachment within the groove 21 of the casing
21 can be removed, and the effect of suppressing the
stall on the rotor blades 13 arranged at the initial state
can be recovered. It is, therefore, possible to suppress
the stall on the rotor blades 13 arranged at the initial stage
upon the activation of the gas turbine (or the activation
of the compressor 1) and stabilize the activation of the
gas turbine (or the activation of the compressor 1). As a
result, the reliability can be improved.
[0046] In the present embodiment, since the suction
system 26 suctions a liquid membrane attached to the
groove 21 of the casing 11 while droplets are sprayed in
the suction air of the compressor body 6 during the op-
eration of the gas turbine, erosion of the stator vanes 14
arranged on the downstream side and the rotor blades
13 arranged on the downstream side can be suppressed.
As described above, when droplets are sprayed in the
suction air of the compressor body 6, droplets may be
accumulated to be attached to the groove 21 of the casing
11 as a liquid membrane over time during the operation.
Further, a part of the liquid membrane formed in the
groove 21 of the casing 11 may be split, scatter while
forming a large droplet, collide with  the stator vanes 14
arranged on the downstream side and the rotor blades
13 arranged on the downstream side, and may acceler-
ate the erosion. In addition, the liquid membrane formed
in the groove 21 of the casing 11 may interfere with the
rotations of the rotor blades 13 and increase motive pow-
er. In the present embodiment, since the suction system
26 suctions the liquid membrane attached to the groove
21 of the casing 11, it is possible to suppress splitting of
the liquid membrane attached to the groove 21 and scat-
tering of the liquid membrane as a large droplet, and to
suppress the erosion. In addition, it is possible to sup-
press the increase in motive power.
[0047] In the present embodiment, the communication
holes 22 are inclined toward the downstream side (right
side in Fig. 7) with respect to the axial direction of the
compressor body 6 and extend to the groove 21 in the
same manner as the first embodiment. Thus, an attach-
ment that is easily attached to the downstream-side side
surface of the groove 21 due to the main flow within the
compressor body 6 can be efficiently suctioned and re-
moved.
[0048] The second embodiment describes the exam-
ple in which the groove 21 of the casing 11 has a rectan-
gular cross section (or an upstream-side side surface
and the downstream-side side surface of the groove 21

11 12 



EP 2 669 489 A2

8

5

10

15

20

25

30

35

40

45

50

55

are not inclined) as illustrated in Fig. 7. The groove, how-
ever, is not limited to this. For example, as illustrated in
Fig. 8, an upstream-side side surface and downstream-
side side surface of a groove 21A may be inclined toward
the  downstream side (right side in Fig. 8) in a depth
direction (upward direction in Fig. 8) of the groove. In this
modified example, it is possible to suppress splitting and
scattering of a droplet from a liquid membrane that is
easily attached to the downstream-side side surface of
the groove 21A due to the main flow within the compres-
sor body 6.
[0049] The first and second embodiments describe the
example in which the purge system 23 supplies the high-
pressure air generated by the purge compressor 24 to
the groove 21 through the communication holes 22 as
illustrated in Figs. 5 and 7. The purge system, however,
is not limited to this and may be modified without depart-
ing from the spirit and technical ideas of the invention.
For example, as illustrated in Fig. 9, the compressor body
6 may include an air extractor 29 for extracting air from
a space between the stator vanes 14 and the rotor blades
13, which are arranged on the downstream side with re-
spect to the evaporation completion position. A purge
system 23A (purge path) may be arranged, which sup-
plies the compressed air (specifically, the air with higher
pressure than the compressed air present near the rotor
blades 13 arranged at the initial stage) extracted by the
air extractor 29 of the compression body 6 to the groove
21 through the communication holes 22. In this modified
example, the purge compressor 24 and auxiliary parts
(specifically, a filter for suppressing introduction of a for-
eign substance, a drain separator, and the like) are not
necessary, and there are advantages regarding the  op-
erability, the arrangement, and the cost.
[0050] The first and second embodiments and the
modified examples describe the example in which the
single groove 21 is formed so as to correspond to the
rotor blades 13 arranged at the initial stage. The groove
structure, however, is not limited to this and may be mod-
ified without departing the spirit and technical ideas of
the invention. Specifically, a plurality of grooves 21 may
be formed so as to correspond to the rotor blades 13
arranged at multiple stages on the upstream side with
respect to the evaporation completion position. A plurality
of communication holes 22 may be formed for each of
the grooves 21, and the purge system 23 may supply the
high-pressure air to the plurality of grooves 21 through
the communication holes 22. In addition, the suction sys-
tem 26 may suction attachments within the grooves 21
through the communication holes 22. In this modified ex-
ample, an effect that is the same as the effect described
above can be obtained.
[0051] A third embodiment of the invention is described
with reference to Fig. 10. In the third embodiment, an
advanced humid air gas turbine is used. In the third em-
bodiment, parts that are the same as those described in
the first and second embodiments and the modified ex-
amples are indicated by the same reference numerals

as the first and second embodiments and the modified
examples, and a description thereof is omitted.
[0052] Fig. 10 is an outline diagram illustrating an over-
all configuration of the gas turbine according to the third
embodiment.
[0053] The gas turbine according to the third embodi-
ment includes the axial compressor 1, the combustor 2,
the turbine 3, a humidifier 30, and a recuperator 31. The
humidifier 30 humidifies the compressed air generated
by the axial compressor 1. The recuperator 31 heats the
compressed air (highly humid air) humidified by the hu-
midifier 30 by heat exchange with the exhaust gas of the
gas turbine 3. The combustor 2 mixes the fuel with the
compressed air heated by the recuperator 31 and burns
the fuel and the compressed air. The exhaust gas of the
turbine 3 is subjected to heat recovery by the recuperator
31 and discharged to the outside of the system.
[0054] The advanced humid air gas turbine recovers
energy of the exhaust gas of the turbine 3 to use for the
compressed air for burning. Thus, the flow rate of the fuel
of the combustor 2 can be reduced, and the efficiency of
the gas turbine can be improved. In addition, since the
humidity of the compressed air is increased by the hu-
midifier 30 or the mass flow rate of the working fluid is
increased, the output of the gas turbine can be improved.
Furthermore, since the amount of heat recovered by the
recuperator 31 is increased by increasing the mass flow
rate of the compressed air by the humidifier 30 and re-
ducing the temperature of the compressed air, the effi-
ciency of the gas turbine can be further improved.
[0055] For the advanced humid air gas turbine, pres-
sure loss in a compressed air system ranging from the
compressor 1 to  the combustor 2 (specifically, the com-
pressor 1 → the humidifier 30 → the recuperator 31 →
the combustor 2) is large, as compared with a gas turbine
generally used. This means that the high pressure side
receives the compression ratio for the whole compressor
1. Accordingly, a stall is likely to occur on the rotor blades
13 arranged on the front stage side upon activation of
the gas turbine, which raises a problem with a rotating
stall.
[0056] In the present embodiment, the annular groove
21 is formed in the inner circumferential surface of the
casing 11 so as to be positioned around the rotor blades
13 arranged on the front stage side in the same manner
as the first embodiment. In addition, the casing 11 has
the plurality of communication holes 22 that communi-
cate with the groove 21 in the same manner as the first
embodiment. Furthermore, the purge system 23A that
supplies the high-pressure air to the groove 21 through
the plurality of communication holes 22 is arranged in
the same manner as the above modified example illus-
trated in Fig. 9. The purge system 23A supplies the com-
pressed air extracted by the air extractor 29 of the com-
pressor body 6 to the groove 21 through the communi-
cation holes 22. The purge system 23A has the purge
control valve 25 whose opening and closing motions are
controlled by a control device 20B.
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[0057] Operations that are executed before the stop of
the gas turbine according to the present embodiment are
described below. First, the control device 20B switches
the state of the flow rate control valve 19 from the open
state  to the closed state to cause the sprayer 9 to stop
spraying droplets during the rated load operation of the
gas turbine (that is, in the state in which a rated load is
applied while a rated speed is maintained). After that, the
control device 20B switches, from an open state to a
closed state, a flow rate control valve (not illustrated) of
a system for supplying a liquid to the humidifier 30 in
order to cause the humidifier 30 to stop humidifying the
compressed air. Then, the operation is maintained until
the output of the gas turbine is stabilized after the stop
of the humidifier 30. In this case, the state of the purge
control valve 25 is changed from the closed state to the
open state, and whereby the purge system 23A supplies
the high-pressure air to the groove 21. This enables at-
tachments (specifically, a liquid membrane and an impu-
rity) within the groove 21 of the casing 11 to be removed,
whereby the effect of suppressing the stall on the rotor
blades 13 arranged at the initial stage can be recovered.
Then, when the output of the gas turbine is stabilized and
the attachments are completely removed, a flow rate con-
trol valve (not illustrated) that is included in a system for
supplying a fuel to the combustor 2 is changed from an
open state to a closed state, whereby the combustor 2
stops burning. As a result, the gas turbine stops.
[0058] In the configuration according to the present
embodiment, attachments within the groove 21 of the
casing 11 can be removed and the effect of suppressing
the stall on the rotor blades 13 arranged on the front stage
side can be  recovered before the stop of the gas turbine
(or before the stop of the compressor 1), like the first
embodiment. It is, therefore, possible to suppress the
stall on the rotor blades 13 arranged on the front stage
side upon the activation of the gas turbine (or the activa-
tion of the compressor 1) and stabilize the activation of
the gas turbine (or the activation of the compressor 1).
As a result, the reliability can be improved.
[0059] The third embodiment describes the example
in which the purge system 23A supplies the compressed
air extracted by the air extractor 29 of the compressor
body 6 to the groove 21 through the communication holes
22 in the same manner as the above modified example
illustrated in Fig. 9. The third embodiment, however, is
not limited to this. In the third embodiment, the purge
system 23 that supplies the high-pressure air generated
by the purge compressor 24 to the groove 21 through
the communication holes 22 may be arranged in the
same manner as the first embodiment. In the third em-
bodiment, the suction system 26 may be arranged in the
same manner as the second embodiment. In these cas-
es, an effect that is the same as the effect described
above can be obtained.
[0060] The axial compressor for the gas turbine is de-
scribed above as an apparatus to which the invention is
applicable. The invention, however, is not limited to this,

and is applicable to an industrial axial compressor.
[0061] Features, components and specific details of
the structures of the above-described embodiments may
be  exchanged or combined to form further embodiments
optimized for the respective application. As far as those
modifications are apparent for an expert skilled in the art
they shall be disclosed implicitly by the above description
without specifying explicitly every possible combination.

Claims

1. An axial compressor comprising:

a compressor body (6) that compresses gas;
and
a sprayer (9) that sprays a droplet in suction gas
of the compressor body (6) so that the droplet
is introduced into the compressor body (6) and
evaporates,
the compressor body (6) including a casing (11),
a rotor (12) rotatably arranged in the casing, a
plurality of rotor blades (13) arranged on an out-
er circumferential side of the rotor (12),
a plurality of stator vanes (14) arranged on an
inner circumferential side of the casing (11), and
a groove arranged in an inner circumferential
surface of the casing (11) so as to be positioned
around rotor blades (13) arranged on a front
stage side,
wherein a communication hole (22) communi-
cating with the groove is formed in the casing
(11),
wherein a purge system for supplying high-pres-
sure gas to the groove through the communica-
tion hole (22) is provided so as to remove an
attachment within the groove.

2. The axial compressor according to claim 1, wherein
the communication hole (22) extends to the groove
and is inclined toward a downstream side with re-
spect to an axial direction of the compressor body (6).

3. The axial compressor according to claim 2,
wherein the communication hole (22) extends to the
groove and is inclined in a rotational direction of the
rotor blades (13).

4. The axial compressor according to at least one of
claims 1 to 3,
wherein the purge system supplies high-pressure
gas extracted by an extractor of the compressor body
(6) to the groove through the communication hole
(22).

5. The axial compressor according to claim 1, wherein
the purge system supplies high-pressure gas gen-
erated by a purge compressor to the groove through
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the communication hole (22).

6. The axial compressor according to at least one of
claims 1 to 5, further comprising:

a suction system that suctions an attachment
within the groove through the communication
hole (22); and
a control device that selectively executes purge
control in which the high pressure gas is sup-
plied from the purge system to the groove and
suction control in which a attachment within the
groove is suctioned by the suction system.

7. The axial compressor according to claim 6,
wherein the control device executes the purge con-
trol  while a droplet is not sprayed in the suction gas
of the compressor body (6), and executes the suction
control while a droplet is sprayed in the suction gas
of the compressor body (6).

8. The axial compressor according to claim 6,
wherein the groove has a downstream-side side sur-
face that is inclined toward a downstream side in a
depth direction of the groove.

9. The axial compressor according to claim 6,
wherein the suction system suctions an attachment
within the groove through the communication hole
(22) by suction force generated by a vacuum pump.

10. The axial compressor according to at least one of
claims 1 to 9,
wherein the sprayer (9) sprays a droplet of water in
the suction gas of the compressor body (6).

11. A gas turbine comprising:

the axial compressor according to at least one
of claims 1 to 10;
a combustor (2) that mixes a fuel with com-
pressed gas generated by the axial compressor
and burns the fuel and the compressed gas; and
a turbine (3) that is rotationally driven by com-
bustion gas generated by the combustor (2).

12. The gas turbine according to claim 11, further com-
prising:

a humidifier that humidifies the compressed gas
generated by the axial compressor; and
a recuperator that heats the compressed gas
humidified by the humidifier using exhaust gas
of the turbine (3);
wherein the combustor (2) mixes the fuel with
the compressed gas heated by the recuperator
and burns the fuel and the compressed gas.
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