2 2 JUL 2004 1 TITLE OF THE I NVENTI ON GAS TURBI NE BACKGROUND OF THE

| NVENTI ON The present invention relates to a gas turbine and 5 nore
particularly, to a gas turbine which injects water droplets intbldnZllht ake
air of a conpressor of the gas turbine. A conventional gas turbine is
caused to drop its output in a sunmer season when the tenperature

I ncreases, 10 therefore, various arrangenents have been proposed as a

met hod to re8df&E Ofe THEoAPYFENDIOMUL . JP- A Lai d- Open No. 7-97933, JU

No. 61- 37794, or JP--A Laid-QOpen No. 5-195809 disclose that the intake air
of the conpressor | SASOTUBBINES Further, JP--A Laid-Open No. 61-283723

di scloses that water is supplied fromthe inlet of the conpressor .and from
t he i nt er redBACEGROHYD OF THE CHNVENIION in a conbined system of a
gassification furnace and a gas turbine. Further, JU A No. 56-43433

di scl oses that a supphg p2éspatt ihbeatdbnwrethtes tuppl yawaterbdneplagids is
provided in its conpressor, and JP-A No. 2-211331 discloses a gas turbine

whi ch i s 5pr ombedparticudarilypesoofa gazpresddne @hiah hjrglécﬂfseW&‘ and a
| ow pressure, and an internedi ate cooler which is provided between these

two types of dzoppeessdhso 3h Shithlkel whitrherf, alRompriieserl@f0Znd seisoses a
technique to -inject water into an internedi ate secti on between an upper-
stream conpr eagbinstage and a down-stream conpressor stage
A conventional gas turbine is caused to drop its
output in a summer season when the temperature increases,

10 therefore, various arrangements have been proposed as a
method to recover the dropped output.

JP-A Laid-Open No. 7-97933, JU No.61-37794, or JP-A
Laid-Open No. 5-195809 disclose that the intake air of the
compressor 1s cooled.

15 Further, JP-A Laid-Open No. 61-283723 discloses that
water is supplied from the inlet of the compressor and from
the intermediate stage of the compressor in a combined
system of a gassification furnace and a gas turbine.

Further, JU-A No. 56-43433 discloses that a supply

20 port through which to supply water droplets is provided in
its compressor, and JP-A No. 2-211331 discloses a gas
turbine which is provided with two types of compressors of a
high pressure and a low pressure, and an intermediate cooler
which is provided between these two types of compressors.

25 Still further, JP-A No.6-10702 discloses a technique to
inject water into an intermediate section between an upper-

stream compressor stage and a down-stream compressor stage



Z 2 JUL 2004 2 in a conpressor group having a plurality of conpressor
stages in order to reduce power consunption. However, what are dkggbpiﬁﬂ'by
these related arts of JP-A No. 7-97933, JU No.61-37794 or JP-A No.
5-195809 are 5 addressed sinply to dropping tenperatures of intake air to
be admitted into the conpressor so as to he able to inprove its output.
JP-A No. 61-283723 nerely discloses vaporization of water droplets in the
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thermal effio%i %J%C erusdrrf]:)%l%tssiirﬂjlt%earcroa}nn&eensesnotr' and utilization thereof
as a medium to cool the turbine blades, and as a
10 consequence, improvement of turbine cycle characteristics.

Further, JP-A No.2-211331 discloses the gas turbine
which is provided with an intermediate cooler which is
provided between the two types of compressors of high
pressure and low pressure, and wherein means for detecting a

15 temperature and a humidity at the inlet of the high pressure
compressor are provided, and a feed water flow to the
intermediate cooler is controlled. However, this control
does not teach nor suggest water injection intec the
compressor itself, and is not concerned with control of

20 humidity at the inlet of the compressor.

In consideration of an actual operation of a gas
turbine or a combined cycle using a gas turbine and a steam
turbine, there is required a development of a system which
can realize a safety operation of the gas turbine while

25 always ensuring protection of the gas turbine itself, and

which can improve its output and thermal efficiency using a

simple arrangement.



22 JUL 2004 3 SUMVARY OF THE | NVENTI ON An object of the invention,is, to
provide a gas turbine which can realize inprovenents both on itszéuWLdmm
and thermal efficiency through injection of liquid droplets 5 into intake
air introduced to the inlet of the conpressor wusing sinple facilities
suitable for actual application, and alsq a safety operating system using
the sanme. A first present invention is a gas turbine having a conpressor

for conpresgi ' | ein and 10 di scharging a conpressed
LA

air, a conbus conpressed gas fromthe conpressor and

2 fuel and a gas tyrbifedd b Ay e A SN qRandrondde

conbust or, char act conprising an’injection-unit, arr
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i njection unit on theeggsis of a signal, fromithe 25 detection unit. For
exampl e, it S%Gs SR FROGATHI AT UhtBhe TS T Che 1 quid dropl ets

according to the de%?%%%%t present invention is a gas turbine having a

compressor for compressing an air supplied therein and

10 discharging a compressed air, a combustor for combusting the
compressed gas from the compressor and a fuel and a gas
turbine to be driven by a combustion gas from the combustor,
characterized by comprising an injection unit, arranged at a
upstream side of the compressor and constructed so that

15 water droplets are sprayed into the air to be supplied to
the compressor to lower the temperature of the air to be
supplied into the compressor than an atmospheric temperature
and the sprayed water droplets introduced into the
compressor with the air having lowered in temperature are

20 evaporated during passage through the compressocr, a
detection unit for detecting the humidity of air to be
supplied to the compressor, and a controlling unit for
controlling a gquantity of water droplets to be sprayed from
the injection unit on the basis of a signal from the

25 detection unit.

For example, it is possible to control a spray

quantity of the liguid droplets according to the detected



2 2 JUL 2904 4 signal. The humidity of intake air at the upstream side of
the injection unit, for exanple, is detected and a spray quantthZQMHtm&
liquid droplets is controlled to be nore 5 when the humdity is |ow than
when it is high. Further, it is preferable for the control unit to have a
detection unit for detecting the tenperatyre and humdity of air supplied
to the conpressor and control a spray quantity of water droplets sprayed
fromthe injectiaon 10 unit on the basis of the detection signal. By
detecting tt“f’é‘gr}ag'wperature of air at the upstream side of the inj ection

unit, the spray qua ité} cil]\]/Tager idro %Saluf contrdéllfeétt‘loea&?esﬂg L€
np re
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humidity of air supplied to the compressor and control a
spray quantity of water droplets sprayed from the injection
10 unit on the basis of the detection signal. By detecting the
temperature of air at the upstream side of the injection
unit, the spray quantity of water droplets is controlled to
be more at a lower temperature than at a higher temperature,
and the spray quantity of water droplets is controlled to be
15 more when the humidity of air at the upstream side of the
injection unit is lower than when the humidity is higher
than when low.
Further, it is possible to control the above-
mentioned spray quantity on the basis of output, etc. and
20 use it as a limit value of the spray quantity on the basis
of the above-mentioned detection signal. The control unit
has a limit value set for a spray gquantity of water droplets
from the injection unit on the basis of the detection signal
and controls the spray quantity to be within the above-
25 mentioned limit value.
For example, a spray quantity of water droplets is

determined according to output, for example. In this case,




2 2J UL 2004 5 the tenperature of intake air at the upstream side of the
injection unit is detected, the above-nentioned linit value is nad2 /i @fer
when the tenperature is | ower than when high, the above-nentioned limt
val ue i s made hi gher when the 5 humdity of intake air at the upstream of
the injection unit is lower than when high, and a spray quantity of the
water droplets is controlled (corrected) not to exceed the limt val ue.

Ther eby, the < s s r mt value
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oper ation of e executed. Since a water spray quantity
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when detecti enpe re-an am di gas at
t he upstreagéiég.of t he

Thereby, the soundness of the compressor is secured
10 and a high output operation of the gas turbine can be
executed. Since a water spray quantity is adjusted by
considering the humidity of intake air when water droplets
are injected into the intake air, a guantity of water
droplets introduced into the compressor without evaporating
15 until the injected water droplets reach the compressor inlet
can be controlled to be a proper guantity, and a quantity of
water droplets having been evaporated until they reach the
compressor inlet and a guantity of water droplets having
been evaporated within the compressor can be suitably
20 controlled. Therefore, the gas turbine can be operated at a
high output while securing the soundness of the plant, takin
into consideration an influence on the compressor.
Thereby, it is possible to practice water injection
while securing a safety operation of the gas turbine main
25 body.
For example, when detecting means for detecting the

temperature and humidity of gas at the upstream side of the



2 2 JUL 2004 6 conpressor is provided, a water spray quantity limt val ue
related to the tenperature and humdity is set and the water quanﬁit i L
controlled so that a real effective water spray quantity does not g%ﬁk&@
t he above-nentioned water spray 5 quantity |limt value during a water
sprayi ng operation, such cases can be copsidered that the effective water
spray quantity is calculated fromthe humdity of gas at the conpressor

di scharge peidnigdeat the dreviidy, of WaseAtsphey Upsdseany sl drief vabee

injection unit "and that it is 10 calculated froma water quantity

indi cation valiug &f & ndatdipStPRlYe SYSd @@ By d &I SeOCEHAT ERE ewatBHNt
in the intake air duct of the upstream side of the conpressor. However,

any case Caralcuté%ﬁi Ns WEh iRt kd Vs O £ 6OPPE eS8L1 ef'fé@f'%ﬁewé’:cércag_rbﬁ _
measured by contindously drafting air 15 into a tank for sanpling ichis
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turbine, having a “conpressor for conpressing an air supplied therein and

di schar@g n ; ed .ai o) : ; d
¢ ng g%cag%g){ég%&ﬁ@ Walde G andc} 5 (0tef iRg bper2PisANPEEsHE

gas fromth sor an a gas turbine t0 be driven by a
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I njection u at an upstream side of the conpressor an

construct edﬁ%nt,ﬁac rw[agoq{aﬂ'rﬂpé $ ﬂ&nspﬁgyﬁgm%@%ﬁ%tgf Ght he bgesuppli ed

to 25 the ¢ Iess ower the tenperature o alr"to be supplied
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upstream side of the injection unit and that it is

10 calculated from a water quantity indication value of the
water supply system and a drain occurrence amount in the
intake air duct of the upstream side of the compressor.
However, any case can be taken. The humidity of compressor
discharge air can be measured by continuously drafting air

15 into a tank for sampling which is provided with a humidity
detecting means.

A second invention is a gas turbine, having a
compréssor for compressing an air supplied therein and
discharging a compressed air, a combustor for combusting the

20 compressed gas from the compressor and a fuel and a gas
turbine to be driven by a combustion gas from the combustor,
and characterized by comprising an injection unit, arranged
at an upstream side of the compressor and constructed so tha
water droplets are sprayed into the air to be supplied to

25 the compressor to lower the temperature of the air to be

supplied into the compressor than an atmospheric temperature

and the sprayed water droplets introduced into the



2 2 JUL 104 7 conpressor with the air having lowered in tenperature are
evapor ated during passage through the conpressor, a detection unit??dlL 2004
detecting the opening of a conpressor inlet vane, arranged in the
conpressor, and a controlling 5 unit for controlling a quantity of water
droplets to be sprayed fromthe injection unit on the basis of a signal
fromthe detection unit. For exanple, it Is possible to set alimt value
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construction, it isp posghRl 10, iniiect A Sultale QAN il YL of
ing to
a quantity of water droplets sprayed from the injection unit
10 on the basis of the above-mentioned detection signal and
control the spray qguantity to be within the limit value. It
is possible to set the above-mentioned limit value to be
larger when the above-mentioned compressor vane opening is
larger than when small. Since a guantity of air decreases
15 according to a change in the guide vane angle or opening, a
gquantity of water is decreased as well. |

Thereby, it is possible to inject a gquantity of
water‘corresponding to a quantity of air at the compressor
inlet at the time of partial load operation. Further, it is

20 possible to secure the soundness of the apparatus and device:
of the plant at the time of partial load operation.

There are cases such that a quantity of air
introduced into the compressor is decreased by throttling
the guide vane of the compressor and that the guantity of

25 air decreases because of rising in atmospheric temperature,

however according to the present construction, it is

possible to inject a suitable guantity of water according to



2 2 JUL 20N 8 an increase or decrease in an intake air quantity at the

time of a partial |oad operation. it is possible to suppress a %&Eﬂhrhﬁp
such as an excessive anmount of water spray, and operate the gas i at

a high output while 5 protecting the apparatus and devices. Further, it is
preferable to detect the above- nentionedgconpressor inlet guide vane angle
and the conpressor inlet air quantity and [imt the spray quantity of

vat er ropl g pECOLdiNng.d addieds ake Al oA ik dukd i cage, it s

further prererable to have rm ne wat er droplet spray quantity

acoor ding t9;0al Lo o BaRAdlall Qodd1e RATIRRSOT el idsthintidy because

it Is possib o influence, on th ter droplet spray quantity,

difference Jgryeen LdiyAualomashines, ofy Ui ST diburk deergase i n 15

conpressor I'n € air quantity due to age erioration and a scale ratio

i n machi necghggzgofanﬁi gilpleq_ratfé q:q{ee'zjglggr}:t%briq)é ré\fle_rg 3&?&# SR anc}gﬁ{{fg ne

havi ng a SOr f OF "conpr essi rsupplie ere

di schar gi nﬁg@'o%%%ri% S%%eai?rpga?a ergt;lr%lgltd)rdequrcecsonbusti ng the 20 conpressed

gas fromt conpreéessor an ue a gas turbine to be driven by a

conbustion gas fro%hggg%%tr’mg%t (?LL , gr%li%rr%%tl%; ito%]?gl[ Vo O d SN

I njection unit, arran pstréam Si e conpressor and

construct edyaq R AR AL LS e SAAYLADIANE Al 4 be suppl | ed

6sSsor to-Iower the ure o air to supplied
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of water droplets according to the intake air quantity. 1In
10 this case, it is further preferable to have determined the
water droplet spray quantity according to ratios thereof to
the compressor inlet air gquantity because it is possible to
influence, on the water droplet spray quantity, difference
beﬁween individual machines of the same kind, a decrease in :
15 compressor intake air guantity due to aged deterioration and
a scale ratio in machine kinds of similar figures.

A third invention is a gas turbine having a
compréssor for compressing an air supplied therein and
discharging a compressed air, a combustor for combusting the

20 compressed gas from the compressor and a fuel and a gas
turbine to be driven by a combustion gas from the combustor,
characterized by comprising an injection unit, arranged at a
upstream side of the compressor and constructed so that
water droplets are sprayed into the air to be supplied to

25 the compressor to lower the temperature of the air to be

supplied into the compressor than an atmospheric temperature

and the sprayed water droplets introduced into the



[
2 2 Jul 2004 9 conpressor with the air having lowered in tenperature are
evapor at ed during passage through the conpressor, and a controlling unit
for controlling the injection unit so as to stop injection of wafeériUl 2004
droplets fromthe injection unit at 5 tinme of starting of the gas turbine
and start injection of water droplets frgmthe injection unit after the
gas turbine has cone into a rated operation. A shift of an operation of

the gas turé'bfoa BrkQs®r wt%dt%erﬁtf %ﬁg@ heristeast B Rimpe A EsE | head

openi ng of he conpressor inlet gui vane (an opening at tinme of

nor mal  oper ai,LeR. 52 eluldy XARGNIHAS s L thr dt Hrﬁﬂé ddm 5, agiecd ed by
i Sort

comng into an operatlon (0] constant ustion t nperature After the

shift to the Lated 9Rer Ahi@N.foOlkg g Khethial & did] GANCeOHI &
output

bet ween a required output val ue an a rea alue, it is possible to

operate by QQB%ug.ane%gzltorﬁeo%va\é%e'fe@f gﬂ‘i‘edcé"’afl% drapl &1 écPrffa/nClH‘?‘f‘E'éﬁ’ SO

that the real comes a required output hereby I's possible to
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spray whil e “protecti as tur VEN un I on the gas
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so as to execu ter spray opera

ef ficiency a t%%m%' Tﬁt%f a pard td %l?érq&qoqperatl_on can be inproved. A
in

fourth |nven%|on I'S & gas % dar aving a
A shift of an operation of the gas turbine to a

rated operation can be detected by a prescribed opening of

10 the compressor inlet guide vane (an opening at time of
normal operation, a full opening, etc.). Further, it can be
detected by coming into an operation of a constant
combustion temperature.

After the shift to the rated operation, for example,

15 when a difference occurs between a regquired output value and
a real output value, it is possible to operate by
controlling the above-mentioned water droplet spray quantity
so that the real output becomes a required output.

Thereby, it is possible to provide a gas turbine

20 with a safe output increasing mechanism by water spray while
protecting the gas turbine.

Even under the condition the gas turbine is operated
at a constant partial load, it 1s possible to control so as
to execute a water spray operation. Thereby, the thermal

25 efficiency at the time of a partial load operation can be
improved.

A fourth invention is a gas turbine having a




2 2 JUL 2904 10 conpressor for conpressing an air supplied therein and

di scharging a conpressed air, a conbustor for conbusting the congqqggq%L
gas fromthe conpressor and a fuel and a gas turbine to be driven by a
conmbustion gas fromthe conbustor, 5 characterized by conprising an
injection unit, arranged at an upstream;gi de of the conpressor and
constructed so that water droplets are sprayed into the air to be supplied

to the conppRssaALshe lrRWeLdME ds@ MRS Al 0fsupifl Aid difehein sl i ed into
t he conpressor "than an atnospheric tenperature and the sprayed wat er

dropl ets inaigéﬂgggaihg,t% S r YT &530" MBI G M dRVd dibd OB P e i

tenperature are por ated during passage through the conpressor, the
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droplets, an controll1ng uni controlling the injection unit so
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a prescribed quantity of water ets becones more than the nunber of
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suppl yi ng wa romthe water s apparatus, a water supply header
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supplied into the compressor than an atmospheric temperature

10 and the sprayed water droplets introduced into said
compressor with the air having lowered in temperature are
evaporated during passage through the compressor, the
injection unit having a plurality of spray nozzles for
spraying water droplets, and a controlling unit for

15 controlling the injection unit so that the number of the
spraying nozzles spraying water droplets more than a
prescribed gquantity of water droplets becomes more than the
number of the spraying nozzles spraying water droplets less
than the prescribed quantity of water droplets.

20 For example, the above-mentioned injection unit has
a water supply apparatus, a water supply main pipe line for
supplying water from the water supply apparatus, a water
supply header distributing water supplied from the water
supply main pipe to a plurality of water supply pipes, and

25 nozzles arranged on water supply pipes in which water
distributed by the header flows for spraying the water

droplets, and it can be further provided with a control unit




2 2 JUL 2004 11 which control so that the nunber of water supply pipes for
supplying the water when the water droplet spray quantity is |arger EQmm a
prescri bed amount becones nore than the nunber of water supply p?gég
supplying the water when the water 5 droplet spray quantity is smaller than
the prescribed quantity. Further, in the case where the above-nenti oned
spray nozzle is a two-fluid nozzle, the Spray nozzle can be arranged so
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branch pipes to.a.plurality of water supply pipes, and nozzles, arranged
on the mateﬁ%ﬁﬁﬁﬂ i pes in which 25 water branched by the auxiliary water
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nozzle is a two-fluid nozzle, the spray nozzle can be
arranged so as to communicate with an air supply main pipe

10 supplying air from the air supply apparatus, an air supply
header distributing the air supplied from the air supply
main pipe and air supply pipes in which air distributed by
the header flows.

Further, for example, the construction of the above-

15 mentioned water supply header of the injection unit can be
constructed as follows:

The injection unit comprises a water supply
apparétus, a water supply main pipe supplying water from the
water supply apparatus, a main water supply header

20 distributing water supplied from the water supply main pipe
to a plurality of water supply branch pipes, an auxiliary
water supply header distributing water flowing the water
supply branch pipes to a plurality of water supply pipes,
and nozzles, arranged on the water supply pipes in which

25 water branched by the auxiliary water supply header flows,
for spraying water droplets.

Thereby, even when the spray guantity of water




2 2 Jul 2004 12 droplets increases and decreases, it is possible to stably
spray water droplets and an operation of high output can be «carried out
with the stable water spray. Further, it is possible to suppress 717 JUL 2004
non-uniformty it 5 the water quantity supplied to the spray nozzles, etc.
A fourth invention is characterized by prﬁwiding a water supply flow

regul ation val ve on an upstream side of ‘the water supply header or water

supply mai ndggg%&sagg.cr%%ferso'a'nid?%e%yéeaﬁseers SBIaY; gitm%)iyte%mecaw,ﬁr

supply fl ow regul atron valve. Thereby, water can “be supp
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regul ation valve according’to a"requiréd water spray quantity.
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controlling a water spray quantity by the water supply flow
10 regulation valve. Thereby, water can be supplied
simultaneously to the water spray nozzles at a fixed flow
rate.
Further, with respect to a control of a flow rate, it
is possible to provide a feed water flow regulation valve
15 each between a downstream side of the feed water main header
and the upstream side of the feed water auxiliary headers,
and control a water spray quantity by the feed water flow
regulétion valve according to a required water spray
gquantity. It also is possible to control the water spray
20 qgquantity by changing the number of the operating feed water
auxiliary headers according to the water spray quantity.
Further, it is possible to provide a feed water regulation
valve between a downstream side of the feed water main
header or feed water auxiliary header and an upstream side

25 of the spray water piping and control a water spray gquantity

thereby. Further, it is possible to provide a feed water

flow regulation valve between a downstream side of the spray




2 2 JUL 2004 13 water piping and an upstream side of the spray nozzles and
-control the water spray quantity fromthe spray nozzles thereby. A fﬁh&%
invention is a gas turbine having a 5 conpressor for conpressing anzgi 00
supplied therein and discharging a conpressed air, a conbustor for
conbusting the conpressed gas fromthe c ressor and a fuel and a gas
turbine to be driven by a conbustion gas fromthe conbustor, characterized

3 to ven by D . Char e
compressor SRR eRET ShAa e RS Gl A SR RS T e i
to be supbl ied gl AL QIS MU P J MR YN AP A apTndhEL AL tO be

supplied into the conpressor n* at nospheric tenperature and the
sprayed wat g q%gg)ets i ntroduced into the 15 conpressor with the air
havi ng | overed in t'enperature are evaporated during passage through the

conpressor, the injAe 'if‘E'?l Q%genqi\gnngsaa@é%rwmr{eeﬁyﬁl Aan air supply

system and a spray nozzle for being suppl alr fromthe

t | ' syst . i | ets,
R e C A e T e R

and a controlT'rng uni't g ti - 'supply quantity and air
SuPPLY SO haR  1 HRBIENRA UL LB, S0Pt o YR SEpand
oL R MU AR AR i B g Fpien (he
quantity isﬁﬂ%ﬁfﬁglégjbe driven by a combustion gas from the combustor,
characterized by comprising an injection unit, arranged at ar
10 upstream side of the compressor and constructed so that
water droplets are sprayed into the air to be supplied to
the compressor to lower the temperature of the air to be
supplied into the compressor than an atmospheric temperature
and the sprayed water droplets introduced into the
15 compressor with the air having lowered in temperature are
evaporated during passage through the compressor, the
injection unit having a water supply system, an air supply
system and a spray nozzle for being supplied with water and
air from the water supply system and air supply system and
20 spraying water droplets, and a controlling unit for
controlling the water supply quantity and air supply
guantity so as to suppress variation between a ratio of
water and air supplied to the spray nozzle when the water
droplet supply gquantity is small and a ratio of water and

25 air supplied to the spray nozzle when the water droplet

supply quantity is large.

In this manner, an air supply guantity is controlled




2 2 JUL 2904 14 according to a change in a water supply quantity so that a

ratio of air and water becones constant (so that variation in thqz@ﬂggm1s
suppressed) according to a water spray quantity. 5 Thereby, it is possible
to obtain water droplets of prescribed dianeter while keeping the air
quantity small (it 1is preferable in a cagge where a water quantity is
relatively small). In a case where air i's taken fromthe conpressor

it
s possi bl e L0, 34RRALY 3 gaegspg%pg NG Q@S &&%{P&Q&#@i ¥ Aad G Lhe

conbustor, and an operation o out put or I CI €ncy can

carri ed outcgyel b LIS Wheha HLORLRLA 3 UaN tibd LIERANASG s X1 1

I nvention is a gas tu essor rrconpressing an alr

supplied therein a 1 IS i C r i I, for
conbusti ng ?Hekﬂ80§%Fé§sga %ggﬁgF%%F?He%ggﬁggéglo?kgﬁh%gﬁgﬁggigﬁ{ a gas
turbine to beag£5§en by a conbustion gas fromthe conbustor, and

y

characteriz%ﬂ gﬁprising an injection unit, arranged at an upstream
T, oot o e SRR, SRR ELEY 51520t kAt S it B o
TP AUt o gL N BT oA orsHARLEE A N T SRR LA (5
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it is possible to supply a larger amount of air from the
10 taken air to the combustor, and an operation of high output
or high efficiency can be carried out even if the water
droplet spray gquantity is changed.
A sixth invention is a gas turbine, having a
compressor for compressing an air supplied therein and
15 discharging a compressed air, a combustor for combusting the
compressed gas from the compressor and a fuel and a gas
turbine to be driven by a combustion gas from the combustor,
and characterized by comprising an injection unit, arranged
at an upstream side of the compressor and constructed so
20 that water droplets are sprayed into the air to be supplied
to the compressor to lower the temperature of the air to be
supplied into the compressor than an atmospheric temperature
and the sprayed water droplets introduced into the
compressor with the air having lowered in temperature are

25 evaporated during passage through the compressor, the

injection unit having a water supply system, an air supply

system and a spray nozzle for being supplied with water from




22 JUL 2004 15 the water supply system and sprayi ng water dropleiigﬁagm
spraying water droplets, and a controlling unit for <controlling br

supply quantity and air supply quantity as to increase a ratio of water to
air, supplied to 5 the spray nozzle when a spray quantity of water droplets
Is nore, as conpared with a small spray %uantity. Thereby, it is possible

to obtain water droplets of prescribed dianeter whi |l e keeping the air

SO Y SRR et DY R S VA i3 9 kg

small). 1 n a case e conpressor, 1t iIs

i bl I, I foair f ; gl h
e L R

conbustor, a e ion "o 1g ficiency can be

carried out _even _i.f .the t r.opl ti.t 1 5 A seventh
Bhot1ah iR Sl Fo1a Bty i LTI 0 A OF)

inven;ion igog_ Ine, haylng _
conbust i ng THE"CATHr 85548 qREHEPES Fha apras dat e A ik HpF Elehso
char act Br | 2B0ob) PEBTOPLEERG Ao PesEtaY At Shoar et S Areas i ae
Che ai v o BExEapfti SoE08 i S 8880 bt R emerature of the.
and 1 he.sprayed wat BPCIPBErciE TRt PORGIEAS, o CPE HoRBresosr AR ATH e &1 ¢
S ssor e bEegt b Hidhc e, Wh 1% WAL Y 1S RRARSASRY ke e

is preferable when the water quantity is relatively small).

10 In a case where air is taken from the compressor, it is
possible to supply a larger amount of air from the taken air
to the combustor, and an operation of high output or high
efficiency can be carried out even if the water droplet
spray gquantity changes.

15 A seventh invention is a gas turbine, having a
compressor for compressing an air supplied therein and
discharging a compressed air, a combustor for combusting the
compressed gas from the compressor and a fuel and a gas
turbine to be driven by a combustion gas from the combustor,

20 and characterized by comprising an injection unit, arranged
at an upstream side of the compressor and constructed so
that water droplets are sprayed into the air to be supplied
to the compressor to lower the temperature of the air to be
supplied into the compressor than an atmospheric temperature

25 and the sprayed water droplets introduced into the

compressor with the air having lowered in temperature are

evaporated during passage through the compressor, said




2 2 JUL 2004 16 injection unit having a water supply system an air supply
system and a spray nozzle for being supplied wwth water and air fromthe
water supply systemand air supply systemand spraying water droplefgy 20§
a controlling unit for 5 controlling the water supply quantity and air
supply quantity so as to increase and decrease the water supply quantity
according to an increase and a decrease a spray quantity of water

droplets and _maintain th i r_.suppl uantity to _be constant. 10 Thereby,
't 15 possi BPASES G DA GuMRCT GRERI Y Ty Vel S KPR o
keepi ng the soundness, of the apparat and devices,. with sinpl e control .
An 6 ghth | AYBHETOATT 2 SPIEY QR ATE TR HRE SRR B OF b R 881 ng
an air suppli,ed therein and 15 dischargi ng a coypressed air, a conbustor
for combust Prg EHEM dbifpMEssEd SRS 1Y G S SRR YRR P & gas
turbine to be dri,ven by a conbustion fromthe conbustor,_ and

char act er i zEBTBY IOGHALEIn G P 'erﬁsecta\q%z %rﬂ"t‘ftm&m@ﬁ £ upst r eam

si de of5the conpr§130r and constructed so 20 that water. droplets are
sprayed i nt §°PRE O NG W HFHAE &FPR tc-’r‘r\é“l:rolgﬁr @s%%ralt% g Ythe

tenperature of the air to be supplied into the conpressor than a

at nospher i c F@R%EAt F% 3P tlﬁ‘é:prg’ﬁ’rsfyéad“{/\ﬁe&r?ﬁstf’plt&% ‘f%ﬁ?’ﬁoﬂé‘éﬂly nto the

conpressor wth the air having lowered in tenperature are evaporated 25
e A o

during passa§&HtduGraard & nGGfR 5 ibrATMI2SHRA iy PR er

| g | _
Suppl Y SySUell, a8 SUpRlY LMD G SPLRL LA L8 Rejpg, supel e

guantity to be constant.

10 Thereby, it is possible to execute a high output
operation by water spray while keeping the soundness of the
apparatus and devices, with a simple control.

An eighth invention is a gas turbine, having a
compressor for compressing an air supplied therein and

15 discharging a compressed air, a combustor for combusting the
compressed gas from the compressor and a fuel and a gas
turbine to be driven by a combustion gas from the combustor,
and characterized by comprising an injection unit, arranged
at an upstream side of the compressor and constructed so

20 that water droplets are sprayed into the air to be supplied
to the compressor to lower the temperature of the air to be
supplied into the compressor than an atmospheric temperature
and the sprayed water droplets introduced into the compressos
with the air having lowered in temperature are evaporated

25 during passage through the compressor, the injection unit

having a water supply system, an air supply system and a

spray nozzle for being supplied with water and air from the




2 2 JUL 2004 17 ~water supply system and air supply system and spraying
water droplets, and a controlling unit for controlling the injeqq[mp ﬂ;it
so as to start supplying of air to the spray nozzle first and then star

to supplying of water to the 5 spray nozzle, thereby to start spraying of
water droplets. A ninth invention is a gas turbine, having a conpressor
for conpressing an air supplied therein d di scharging a conpressed air,
a conbustor for conmbusting the conpressed gas fromthe conpressor and a
fuel and a YaseXoSHEPBYNEYEESRe 386 Pdf HPPR 1Yo MyFHE o gh S By dater
conbustor, and characterized by conprising an injection unit, arranged at
an upst r eanfisPRe§E t RBAc ANFPEITEL LdR@ fedt &FoUANI Wdt%er dropl et s
are sprayed into the air to be supplied to the conpressor to |ower the

t enper at ur elpfeckdoni pnis e 85 $GpFitiddd SRR LHE T Sfprdds & tHigh shfay

at nospheric tenperature and the sprayed water droplets introduced into the
conpressor N@EERSt ATt apgdvithen Swardd Hon semderdadud Jad ey dpbridted
during passage through the conpressor, the injection unit having a water
suppl y gyst ERTa¥n NARELeupheIephst &9 SIATE SPSPHEAP 2 Had e[ duRa i s -
supplied with water and air fromthe water supply systemand air supply
system and sprayi ngAwBiath dpEpnEaen &d 2a 9I86nthgbingg BFViE%r2 control i ng
the injection unit so that the water droplet spraying is stopped by

decr easi ng GCHRERSSOY SPracOIPEGSISied @ tH W%ﬁﬁgﬂl@%’—w i and t hen
decreasing a quantity of water supplied to the spray nozzle. Thereby, it

i s possi bl ediECHEEGLBGt Re COBRPF@FESS Flr, a combustor for combusting the

compressed gas from the compressor and a fuel and a gas

10 turbine to be driven by a combustion gas from the combustor,
and characterized by comprising an injection unit, arranged
at an upstream side of the compressor and constructed so
that water droplets are sprayed into the air to be supplied
to the compressor to lower the temperature of the air to be

15 supplied into the compressor than an atmospheric temperature
and the sprayed water droplets introduced into the compressor
with the air having lowered in temperature are evaporated
during passage through the compressor, the injection unit
having a water supply system, an air supply system and a

20 spray nozzle for being supplied with water and air from the
water supply system and air supply system and spraying water
droplets, and a controlling unit for controlling the
injectipn unit so that the water droplet spraying is stopped
by decreasing a quantity of air supplied to the spray nozzle

25 first and then decreasing a guantity of water supplied to

the spray nozzle.

Thereby, it is possible to secure the soundness of




2 2 JUL 2004 18 the apparatus and devices at a tinme of starting the water
spray operation or at a tine of stopping the water spray operation, and it
i s possible to provide a gas turbine which outputs a high output by Jthall
wat er spray operation. 5 Further, it is possible to suppress occurrence of
wat er dropl ets having an undesired dia %er at the time of starting and
stopping. Atenth invention is a gas turbine having a conpressor for

conpressing,an air _supplied . therein _and 10.di sc i a .cC e ir, a
combust or fBrecgggﬁgFgﬁa Pﬂg %%8§§%§s§6d3g§g- rgﬁigﬂQQEHJ‘ gg%%ﬁﬁg%a a fuel
and a gas urbine to _be driven.b .combystjon _gas_ fr.omthe o&ggﬁ;or,

and char act PF?gdogﬁrégﬁBPigfnata% % 'gbfﬁgﬁtSBQ%n FF%%Q&%Xﬂgt an “upstream
side of the_conpressor _and.constructed.so, 15 that. water ts areg .

pr ayed | ntGEERBDR 1 80he 1Euph PR TRIY e EhoidE o 98 [ fathicn
tenperature ressor. than an

t h it.to b | i intg th
atnnsphericogéﬁﬂégﬁghﬁéggﬁﬁgtPﬁ p% L%&ghn %5}%ﬁ¥§ﬂiﬁaﬁﬁ%ﬁ ©Yuced into the
conpre ] t he.air. ' I din.t t d 20
dur ngfl aSSEETPRFOGh LR BEoAIPaGser AP BRI S 1 (R ©

ntr [ the.injecti it to fj.rst .i i,gnal f [
the vat er GRERPLETERPAYINg A “TRER 10k (U P TR Fu DL &eir ease Lhe.
conpr essor inle%.%uide vane qpening on the basis of a gas turbine trip
signal, 25 GUPFhG gpgpgtﬁ%ﬁpgﬁnﬁhe injection unit. Thereby, a high out put

can be obtained by Lhe ehelnveRt34noR" 3520 (ADsHUERA1ddy GRS turbine

compressor for compressing an air supplied therein and

10 discharging a compressed air, a combustor for combusting the
compressed gas from the compressor and a fuel and a gas
turbine to be driven by a combustion gas from the combustor,
and characterized by comprising an injection unit, arranged
at an upstream side of the compressor and constructed so

15 that water droplets are sprayed into the air to be supplied
to the compressor to lower the temperature of the air to be
supplied intc the compressor than an atmospheric temperature
and the sprayed water droplets introduced into the compresso:
with the air having lowered in temperature are evaporated

20 during passage through the compressor, and a controlling
unit for controlling the injection unit so as to first issue
a signal for stopping the water droplet spraying and then
issue an instruction to decrease the compressor inlet guide
vane opening on the basis of a gas turbine trip signal,

25 during operation of the injection unit.

Thereby, a high output can be cobtained by the water

spray operation, and even if a gas turbine trip occurs during




Z 2 JUL 2004 19 the water spray operation, it is possible to provide a gas
turbine of a high safety which can effect a snooth trip, securing 2
soundness of the apparatus and devices. An eleventh invention is azé @-2W4
turbine having a 5 conpressor for conpressing an air supplied therein and
di scharging a conpressed air, a conbustor, for conbusting the conpressed
gas fromthe conpressor and a fuel and a H%s turbine to be driven by a

i ecti on uSTE, "ARFIngRE 0 ARG AN | T oo B oas “RUEEOUR% MLt e
Che air to RETBIRR a3 o e mrocttich o' SareqRe it BPSYT  he °
the spr ayed TR Wibo oot GRhucdy (TR THA Lot CRSHSETTh the air
Comprassor, and & cO FOEMETE Uiy Gt & i TS et e der ar ur e
the i nj et | BRIPEERAE dotad PRRRT L &b Aa R 67 v ere Shr &0 unen a
devi ation i ide ected val ue reacQgs %P.a prea&&ngq val ue, qyrig an
operation oa SHPAFHT It SOTRGH RS 2 - ur thSOTRYS T oo FPE0Y % g%%t‘f%?
the water spra uantity so as to decrease when the a set t erature set
by 25 taki RGTREESHAT GF% ATAR AP SO Badedd BrEaeti #AE ViR, when
it Egr\ggtsg,r Zgé%%&%%gr{tog% ifriqveecnr %%;sead’ccgn%bdssti r?sgsei\sblterén? %gtéglhbggtgf, to
characterized by comprising an injection unit, arranged
10  within an intake air duct at an upstream side of the
compressor and constructed so that water droplets are
spraved into the air to be supplied to the compressor to
lower the temperature of the air to be supplied into the
compressor than an atmospheric temperature and the sprayed
15 water droplets introduced into the compressor with the air
having lowered in temperature are evaporated during passage
through the compressor, and a controlling unit, having a
plurality of air temperature detectors arranged in the duct
in a peripheral direction, for controlling the injection
20 unit so as to decrease a quantity of water spray when a
deviation in detected value reaches to a prescribed value,
during an operation of spraying water droplets.
Further, it is possible to control the water spray
guantity so as to decrease when the a set temperature set by

25 taking account of icing and so on exceeds a prescribed

value. When the water spray gquantity is decreased, it is

possible to control so as to increase, according to a




2 2 JUL 2604 20 detection value, a flowrate of water flowing in 2 Egrﬁy
nozzl e portion corresponding to a position in which a detection vl e 2004

changes largely by a prescribed value form an average val ue of the other

detection values, or it is 5 possible to decrease the water spray quantity
of the whole spray nozzles. A twelfth iqﬁfntion IS a gas turbine having a
conpressor for conpressing an air supplied therein and discharging a

d aif, . f ' t th
comressed Aot SAMAERL LOTCRAMYN Uk 1840 PRIPLES SR Bsplgom (he
from the coghusthoy pa %Lx?%ﬁf%ﬁ%ﬁ%r@% 2! Kk A 44 fr?tv!il?ﬁc}l{mét ’

arranged wthin an 1 ntake n upstteam si de of e  conpressor

d ' ' b
Suppl i od 1 o e o S Fh G AR B M h R A (e
lied i GRS | G, & PRI
:Bfgyég .:Ngiaglr %37%():& ets a?'Ln ?(r)odtfjg:zge ?grhhgéﬁdz&gegér#pir:%ﬁssor vmé%ﬁr(%'ugfgi {r'@ehavi ng
| oweredgn E’S’n %Eiteurtt% gch%xf‘e"aas%ort@{%e%adc% %gﬁff@%ﬁ%&# 4% etnt}?ol? <o

conpr essor, a contr I'ng uni or ~¢co njecti on un
as to nonit I te by weight of air introduced into the conpressor
and decreagér%%ﬁla\r%#ltaeys'of wat er spray when the flow rate reaches to a

prescri bed val ue, dyri rati f.sprayin 5 wat er .dropl ets. Thereby,
si nce the change ca%‘ gg’%&%&glcgky%%&?ﬁotnorlgd,a (&Sa%u]‘)a%ﬁl Gl'cl}ar?@lncgana be '

precisely supphes36%r WY Yt ¥@ing an air supplied therein and

discharging a compressed air, a combustor for combusting the
10 compressed gas from the compressor and a fuel and a gas
turbine to be driven by a combustion gas from the combustor,
characterized by comprising an injection unit, arranged
within an intake air duct at an upstream side of the
compressor and constructed so that water droplets are
15 sprayed into the air to be supplied to the compressor to
lower the temperature of the air to be supplied into the
compressor than an atmospheric temperature and the sprayed
water droplets introduced into the compressor with the air
having lowered in temperature are evaporated during passage
20 through the compressor, and a controlling unit for
controlling the injection unit so as to monitor a flow rate
by weight of air introduced into the compressor and
decrease a quantity of water spray when the flow rate
reaches to a prescribed value, during operation of spraying
25 water droplets.

Thereby, since the change can be directly monitored,

stall and icing can be precisely suppressed, whereby a gas




2 2 JUL 2004 21 turbine which can carry out a high output operation by

wat er spray can be provided whil e keeping the soundness of the apparatus
and devices. In a case where a device for neasuring an air 5 quardi b A
the conpressor inlet is provided and a water quantity is controlled
relative to the air quantity at the co essor inlet during the water
spray operation, any of the operations n be effected in one of which one

arbitrary t.ant val ue | i.h advance as .an .allowabl e vari,ati

range and t%gg\%’éf?r RRES icta?}1 ?“%E:é;c]_roeuasea r%'oltg ooue%ueteqoq%eaetja# ol%;ab‘?gelcélro
water quant By caBIEs RECITIB S S A Sting P he i RE e R 1T

st oppi ng of _water .supply, .any nethods can be taken one of which is a nethod
of 15 st opBPRGTRECEr aé%lpgl ®3n operation of the feed water stopping

val ve of the water ;upplﬁ S\ést%m when jt .exceeds the allowable variation
range and other is &"nBt KB§ColeLEofpiasy Five FEASWORE RP &%ppi ng t he

feed water pu aof the ter supply system .20 Further, this control unit
is pref rabﬁ@%&lﬁg akn i 'ee&c}lmﬁlfeﬁfé%gaﬂj\ﬁiyeﬁes s‘ifc"n“af?%tae‘?é HrftYuantity
Is injected that, sone of the quantity thereof has not been . evaporated and
renai ns as e Woﬁsngrﬁtﬁcllﬂr(?anlﬁ%chEO &H}Ftarfercﬁ]%ﬁﬂ'%v oEFt t%ée

not - evaporated |iquid drqQplets are 25 introduced into the conpressor,. For
exampl e, t hE°RES -Sﬁénﬁ“gﬁé?dd&étlé‘&i e tel SRR SRR 1R erd of

several mnutes (for exanple, : . .
the o© erat%ongpcan %e effected in one of which one arbitrary

constant value is set in advance as an allowable variation

10 range and the water guantity is decrease not to exceed the
allowable variation range, in the other of which water
supply is stopped when the water quantity exceeds the
allowable variation range. 1In a case of stopping of water
supply, any methods can be taken one of which is a methoed of

15 stopping water supply by an operation of the feed water
stopping valve of the water supply system when it exceeds
the allowable variation range and other is a method of
stopping the water supply by stopping the feed water pump of
the water supply system.

20 Further, this control unit is preferable to be
applied in the case where such a water spray quantity 1is
injected that some of the quantity thereof has not been
evaporated and remains as water droplets in the intake duct
and the guantity of the not-evaporated liquid droplets are

25 introduced into the compressor.

For example, the above-mentioned detection is

executed at an interval of several minutes (for example, 2



2 2 JUL 2004 22 to 3 mnutes), and it is possible to judge after
nmonitoring at the detection interval. Since an air quantity deciéd8edlls
the atnospheric tenperature rises, in order to distinguish it froman 5
decrease of the air quantity due to stall, it is preferable to calculate
an air quantity change by detecting the gbr tenperature. Further, the air
tenperature is preferable to be detected™at a conpressor inlet portion

(for exanpl et wee 0 a_downst.ream si. of__the jnjectiaon _unit and the
conpr essor ERIQtT}nF¥eF ’p8§si%Fel§oppgﬁﬁg§§ Fﬁéjﬁgﬁgéfﬁ%ﬁﬁﬂmQQfﬁqﬁﬁﬁg air

flowrate by, detection of a conpressor discharge pressure by providing a
det ection dégigéed8F§8F%ﬁSDalfgggg ressor di scharge pressure on a

conpr essor di sch . al fl Al.t tively, it i i bl.e t
orovi de means for —BRGEt PRgATgaBARrbYnEeFRFARE aPF FREpATIRERPEHIE o
contr ol nit controlling so as to i,nject ter . th ir 20
tenperatu$e£8388ﬁ€§uﬁegﬁg§?ﬁmt19apﬁé ar ﬁoagﬁ%ﬂfégﬁg%lSRﬁ&Fongfﬁ%gugh a gas
t enperature _at an upstr i.d f th i.njecti it .and

| emmer aeby caBbrBaR0ALt FBT, A e e o Bt Rhlhs o0 st s
gas tenperature to be detected for the contraol, a as .te rat ure can be
used. 25 | ntq EaLEUNAEReaN: 3l gueRLidy SDARGE B3 ﬁéﬁ%ﬁ@ﬁ % tthe

injection unit, it is possible to detect the air tenperature at a
plurality ofSBBPRESUFR-the same plane in a flow

Further, the air temperature is preferable to be

detected at a compressor inlet portion (for example, between
10 a downstream side of the injection unit and the compressor
inlet).

It is possible to replace the detection of an inlet
air flow rate by detection of a compressor discharge
pressure by providing a detection device detecting a

15 compressor discharge pressure on a compressor discharge air
flow passage.

Alternatively, it is possible to provide means for
detecting a gas turbine intake air temperature and a control
unit controlling so as to inject water spray when the air

20 temperature becomes a constant value or more. At this time,
although a gas temperature at an upstream side of the
injection unit and a gas temperature at a downstream side of
the injection unit are considered as a gas temperature to be
detected for the control, any gas temperature can be used.

25 In a case where it is detected at the downstream side of the

injection unit, it is possible to detect the air temperature

at a plurality of points in the same plane in a flow



2 2 JUL 2004 23 direction. When the air tenperature |owers than agjf\gmr l
limt value, a water spray injection quantity is limted accordin H@
air tenperature. Otherwise, it is possible to stop the water supply. 5

Ther eby,

a stable operation of the gas turbine can be achieved while

avoi di ng an icing phenonenon on the conpressor inlet guide vanes. Further,
by providing neans for detecting the ternperature and humdity of a gas

turbine intake air and a. 10 cal culator for calculatin

i g we
potential teHpeFELGRe fWBﬁ?tﬁEehG&FdF??PeEPtBFSV'8Wﬁ§5n§§ﬁ§ fort¥&fect i ng

t-hul b

an air wet-bulb potential tenperature, it is %ossible to,prﬁéﬁde %
MtEdpul b

control uni +1Bbht F3FFEng2s¥2hert BPFAYeeP IRELEP

pot enti al

s BREP Bt dn 15t

tenperature is a constant value or 15 nore. In this case,

al t hough a ¥EOBALRIpbPchPPaRir( ERPEEARLFECat RTHEEMWIESEm ditqdSoposRdble

injection unit and a wet-bulb potential tenperature at a downstream side
of the injEetFbAPURNE WRESEORYPBREYed as a wet-bul b potential tenperature

used for the control, any of which can be used. 20 In a case_where the

wet-bul B potential T

gas turbine can

conpressor Fanpregapdelnhabsgupdenvanesnth invention is a gas turbine

havi ng a

10

15

20

25

Further, by providing means for detecting the
temperature and humidity of a gas turbine intake air and a
calculator for calculating a wet-bulb potential temperature
from the humidity, or providing means for detecting an air
wet-bulb potential temperature, it is possible to provide a
control unit controlling so as to inject water spray when
the wet-bulb potential temperature is a constant value or
more. In this case, although a wet-bulb potential
temperature at a upstream side of the injection unit and a
wet-bulb potential temperature at a downstream side of the
injection unit are considered as a wet-bulb potential
temperature used for the control, any of which can be used.
In a case where the wet-bulb potential temperature lowers
than a lower limit value, the water spray injection quantity
can be limited according to the temperature or it is
possible to stop the water supply.

Thereby, a stable operation of the gas turbine can
be achieved while avoiding an icing phenomenon on the
compressor inlet guide vanes.

A thirteenth invention is a gas turbine having a

kepelbYt uR eSTRREESCPERAR1IAN BhetDRi ARE FHFRANS R8T wat er
spray injection quantity can be |imted according to the tenperature or

i s possibleetachigpedhBhideepvaigpng. anhéFépy, PRESOHSINOTO RS &N of the
25 be achi eved whil e avoiding an icing phenonenon on the

it



2 z JUL 200k 24 conpressor for conpressing an air supplied therein and

di scharging a conpressed air, a conbustor for conbusting the conpressed
gas fromthe conpressor and a fuel and a gas turbine to be drivenzﬁmualmk
conmbustion gas fromthe conbustor, 5 characterized by conprising an
injection unit, arranged wthin an intake air duct at an upstream side of
the conpressor and constructed so that ter droplets are sprayed into

the air to be supplied_to the conpressor taq_|ower .t.he t er.at ure, of the
air to be sGEPPFEASPRL dOFhE oS SEBTpRe B0 h N PR Ao RE T 1

&ri'e a[nerrper ature
and the sprayed, water droplets introduced into the c ressor with the air
havi ng IomegiﬁcpﬁrﬁéﬁﬁePaFﬁpgrgﬁée@véﬂgra?e&0@%P§ﬁ§rbgggéé§m&Fﬁ¥%ﬂﬁ%1¥H%
conpressor, a detection unit for detecting the essure of casi ng wal |
of an inl et CGBPIESFERe I35 EFGR &P E15TRE S 5ﬁﬁf€§§gﬂ, %ot 19 i ng unit
for controlling.,a quantity of ter spr n the basis of the detected
wal | pr essEPE,%lHGr iRy P&n dEF¥eR: P3n aopaw%gﬁlgpogaa ﬁrﬁ]nb&r}em?_om tor,
exanpl e, the_above-nentioned control,L unit nonitor,s the .casing wall, pressure
at a conpr eS8ararkead zesy by CORPFdfd ion A8 BHECEIMY A tyo AR aNFfhcr ease
the water spray quantity when the flow rate becones g prescribed value or
nore, duri n§ithdnnaneindgkey adge G oRt ?WbP@ﬁ?qumi%%%%xﬂﬁ%ﬁ%?to noni t or
the casing pressure of the conpressor inlet guide vane inlet and 25
appr oxi mat eCARPAES SPLoRNth CONSHANGE ch &Ce P twiid &y dPRLE S ,8E hi e to

easily detect a condition change, and neke _t he ouaﬂyt hi gh Qy t he water
spray injeCFP§ﬁYWﬁiP@t€a§m@yalr to be supplied to e coﬁ%re sor to

lower the temperature of the air to be supplied into the
10 compressor than an atmospheric temperature and the sprayed
water droplets introduced into the compressor with the air
having lowered in temperature are evaporated during passage
through the compressor, a detection unit for detecting the
pressure of a casing wall of an inlet guide vane portion of
15 the compressor, and a controlling unit for controlling a
guantity of water spray on the basis of the detected wall
pressure, during an operation of water droplet injection.
For example, the above-mentioned control unit
monitors the casing wall pressure at a compressor inlet
20 guide vane inlet and controls so as to decrease the water
spray quantity when the flow rate becomes a prescribed value
or more, during the water spray operation.
Thereby, it is possible to monitor the casing
pressure of the compressor inlet guide vane inlet and
25 approximate an air flow rate change thereby, whereby it is
possible to easily detect a condition change, and make the

output high by the water spray injection while easily



2 Z JUL 72004 25 securing the soundness of the apparatus and devi ces.
Further, other than it, it is possible to detect the pressure insg@d(t 78
conpressor and control so as to decrease the water injection quantity on
the basis of rising in the 5 pressure nore than a prescribed val ue.
Thereby, the detecting device is easily jnstalled and the air quantity
can be easily detected. Further, it is pdssible to detect a change in

pressure |n5|de t he conpress and t ontrol sq as to 1 decrease t he
wat er sprayS§ ﬁﬁﬁﬂpﬁyt%ﬁeﬁoFﬁgnﬁﬁgs§G$555h5ﬁ§§’ orfid % han a

prescribed value. There SSIb|e t.Q direct bnaqr mal
condition and det egPrﬁBéEi' té?etrhg %f d&r tpé’é:'r?{lllf’qteenac@ntq%h (ﬁs Qas
turbine having a 15 conpressor for co eSSI an air supplie herei n_and
(i Sohar gi noPACEaHEFod 880t Lhen CETFSRIB Foi g’&ﬂi}’s‘t' M 8 sprieadk
gas fromthe conpressqr and .a fuel and a as r bine t e drlven :
combusti on §B& FESRLt H%}J(?Gﬁ'ﬁ@é‘t Grantetyy gﬂa &)"TOT]:ﬁJrsSJrI}% Jarh
injectign unit, arranged 20 within an |nt%¥ duct at an _Bétreantslde
of the corrBF8§§Blreaﬁ‘6’r@oﬁ§*@|nu@t eF eseLibg &Y &M% prayed into
the air to be supplied tqo the conpressor to Iomer the tenperature, of the

air to be sOEPELEANENCEVERE 1So®iSdddorinstal kef Antbdie T (®Rtitire and

the sprayed 25 water droplets introduced into the conpressor with the air
havi ng | onef88 P§ €afpgeVal@tectes -evaporated during passage through the

conpressor, and a controlling unit for
Further, 1t is possible to detect a change in

pressure inside the compressor and to control so as to

10 decrease the water spray guantity when the pressure change
becomes larger than a prescribed value. Thereby, it is
possible to directly measure an abnormal condition and
detect precisely the event.

A fourteenth invention is a gas turbine having a

15 compressor for compressing an air supplied therein and
discharging a compressed air, a combustor for combusting the
compressed gas from the compressor and a fuel and a gas
turbine to be driven by a combustion gas from the combustor,
characterized by comprising an injection unit, arranged

20 within an intake air duct at an upstream side of the
compressor and constructed so that water droplets are
sprayed into the air to be supplied to the compressor to
lower the temperature of the air to be supplied into the
compressor than an atmospheric temperature and the sprayed

25 water droplets introduced into the compressor with the air
having lowered in temperature are evaporated during passage

through the compressor, and a controlling unit for



2 2 JUL 2004 26 controlling the injection unit so as to nonitor a

di scharge -pressure of the conpressor and decrease a quantity of waten 7
spray when the di scharge pressure becones | ess a prescribed value, during
operation of spraying water droplets. 5 For exanple, the above-nentioned
control unit nonitors a conpressor discgﬁrge pressure and control so as
to the water spray quantity when the di scharge pressure becones |ess than

b I duri . A : Con .

s posst bl e LF ATy F%adratetas R ® Ehart O (TR T
I I h i Ci L1, . Ther ef oAt i. bl

O foct a hi BRSO CooiPst CONEESRRE AvErtarare 1 et ada

early occurrence o '

icing, ,stakl . etc. and intain t squn ss..Qf 1 he
appar at us aff*8&vi", ?Q.t%% WETIET9E §eﬁgﬁr§ét§%¥%ﬁ% &Q%ghpré§£%¥§ﬁ§§% ar ge
pressure is B ovided and a water. injection quantity is, cantrolled
according t& ﬁH?'c r&gs OPS P?&ﬁ&r&gcﬁﬁg?g “ ﬁﬁu?ﬁﬂ? %&ﬁ%ﬁ spr ay
i njection operation,, a constﬁnt |l ue, is set .i.n a%yanc% as an.al | owabl e
variatign range and™PE FEBBIRestPE EPPYCGPEREIETEs 5876 delddse not Lo

exceed the _all.owabl e variation r%P e.or to oPerate S0 as _tq stop. the
- éZ'OI'l

wat er suppl JORAERTFL 2 XCEEF FHETa IS 5SS 9 tEerith

Suppl i o0t hEPOTHEAHATES APONAFHPR 4 Tc oM ooty o Pl doo RS or

combust 19 e nedTEsS T 25 LAl AG P eaeory S a  Uel. S 4P
injection operation. Thereby, it is possible to rapidly

10 detect an abnormal condition which is high in pressure level,
such as icing, stall, etc. Therefore, it is possible to
effect a high output operation by the water spray injection
and detect early occurrence of icing, stall, etc. and
maintain the soundness of the apparatus and devices.

15 When a means for detecting a compressor discharge
pressure is provided and a water injection quantity is
controlled according to the compressor discharge pressure
during the water spray injection operation, a constant value
is set in advance as an allowable variation range and it is

20 possible to operate so as to decrease not to exceed the
allowable variation range or to operate so as to stop the
water supply when it exceed the allowable variation range.

A fifteenth invention is a gas turbine having a
compressor for compressing an air supplied therein and

25 discharging a compressed air, a combustor for combusting the

compressed gas from the compressor and a fuel and a gas

turbine to be driven by a combustion gas from the combustor,




2 2 JUL 7004 27 characterized by conprising an injection unit, arranged
within an intake air duct at an upstream side of the conpressor a?2 ?
constructed so that water droplets are sprayed into the air to be JHLIP%d
to the conpressor to 5 lower the tenperature of the air to be supplied into
the conpressor than an atnospheric tenpﬁﬁature and the sprayed water
droplets introduced into the conpressor Wi'th the air having lowered in

et e BRI, I RISERGE, (NG o RO 8550l a2

conpressor and. .contrqlling a.quantity of water spray on th asis of the
adi abati ¢ eﬂli’d‘é'ﬁ'@n@{/’, 15‘E|aik%g a&%eﬁj{qtor‘?tofawpeqrtr#&blse&é}e icfﬁ?e%{“? on. For
exanpl e, the above-nentiaoned contrqol unit 15 nonitors. a conpressor

adi abat | ¢ oFPRBFEREYTaRRI-CROEETSd 20 (ite il THRP Vet braktr ay
guantity when the adiabatic efficiency |owers |ess than a prescribed

val ue, duri BETEKED water tO§ AT rﬁoegﬁ G RRIeEs it(?n.thﬁé%‘@'ﬁgfe% 59 an

at nospheri c_tenperature changes, 20 the tenperature can be detected, and
an ici ng, sLQWEr &N tepReIfduF&t &% &é‘.e Mer @Po&@ Sé'\iggurqdetll‘fét%t%pheri c
tenperature changes, it _is possible to easily protect the 1Sﬂgaratus nd
devi ces frofPPREEFEPRghana@n A SRIT 1% TSGR LE R tiftDi TRFBEShi gh

out put by the water spray 25 injection. Further, nisnatchinqy?etmeen,stages

i nsi de the WBSRPr 8EOBL €EEn HETPAEGRI TR G KOTRLESS Pt &ith o ¢ dhtbe

effected. having lowered in temperature are evaporated during passage
through the compressor, and a controlling unit for
10 monitoring an adiabatic efficiency of the compressor and
controlling a quantity of water spray on the basis of the
adiabatic efficiency, during operation of water droplet
injection.
For example, the above-mentioned control unit
15 monitors a compressor adiabatic efficiency and controls so
as to decrease the water spray quantity when the adiabatic
efficiency lowers less than a prescribed value, during the
water spray injection operation.
Thereby, even if an atmospheric temperature changes,
20 the temperature can be detected, and an icing, stall, etc.
can be detected. Therefore, even if the atmospheric
temperature changes, it is possible to easily protect the
apparatus and devices from the icing, stall, etc. and to
provide a gas turbine of high output by the water spray
25 injection. Further, mismatching between stages inside the
compressor can be detected, a further safe operation can be

effected.



2 2 JUL 2094 28 when a nmeans for neasuring a conpressor adiabatic
efficiency is provided and a water quantity is controlled accordiﬂd 18 e
conpressor adiabatic efficiency during the water. spray injection
operation, a constant value is set in 5 advance as an allowabl e variation
range, and any of an operation in which the water quantity is decreased not
to exceed the allowable variation range d an operation in which the

wat er supply is stopped when it zxceeds t he al | owabl e vari ati on range can
be practiced. 10 A FgfeniFeived iEﬁ%ﬁ?%&ﬂﬂmﬁIﬁﬁmﬂﬁﬁ§ﬁﬂ£HQé}%Pa *

conpr essor f%

r_.conpressing an .air. s lied therein and Jdischar
T L i dSt B O SRRt At o U Ho S6 SBt GRIL 17 rfd he

conpressed &

conpressor and a fuel and_a gas turbine to be driven by a copbustion gas
fromthe coﬁﬁ&é’tr&l,nglé:ocﬂﬁﬁg‘toélﬂrfegﬁoﬁy RS qlrﬁr&ificg‘tﬁmcﬁﬁtghg

arranged w thin an intake air, duct at an upstream side of. the, conpressor

and const r UM SRS IRAHEST IO PRSES LD+ SrSRRRFaTH A e &F $9° be?

supplied to the conpressor to |lower the tenperature of the air_to be

suppl i ed i nBEVEREE BF APHILIHP e MR TR Mo TS ¢ & %t nd t he

sprayed water droplets introduced into the conpressor with the air having
| owered in CESEETAOH é%w@%mt@&%ﬂwtﬁg\gd@ dg Sty to

conpressor, and a contralling _unit for _nmonitoring an exhaust gas .

t enper at ur e SF¥FESo Ao ALY AR 1S VRFdRG QN ARk NG FMPRIT AT Hat s of

t he exhaust gas_  tenperature, during an operation of water drqPIet

i nj ecti on. W%%%H?pl“@tecrhéme-%rﬁqw 8K oIt (fgeeds the
allowable variation range can be practiced.

10 A sixteenth invention is a gas turbine having a
compressor for compressing an air supplied therein and
discharging a compressed air, a combustor for combusting the
compressed gas from the compressor and a fuel and a gas
turbine to be driven by a combustion gas from the combustor,

15 characterized by comprising an injection unit, arranged
within an intake air duct at an upstream side of the
compressor and constructed so that water droplets are
sprayéd into the air to be supplied to the compressor to
lower the temperature of the air to be supplied into the

20 compressor than an atmospheric temperature and the sprayed
water droplets introduced into the compressor with the air
having lowered in temperature are evaporated during passage
through said compressor, and a controlling unit for
monitoring an exhaust gas temperature and controlling a

25 guantity of water spray on the basis of the exhaust gas

temperature, during an operation of water droplet injection.

For example, the above-mentioned control unit




2 2 JUL 2004 29 nonitors an exhaust gas tenperature and control so as to
decrease the spray water quantity when the exhaust gas tenperaturjl Hictiies
a prescribed value or nore, during the water spray injection operation. 5
Thereby, it is possible to rapidly detect a change in event and suitably
protect the apparatus and devices from %ﬁ abnormal condition, and achieve
a high output operation of the gas turbi“ie by the water spray injection.

B i di . f tecti nbust i 0 t

Comper at ur SHORAEREEnE G Rt Sadirt § T OS BB HEPolAEh TR 16 1 (e
combusti on haust t enper at duri th t I nj ecti
oper;tign, §é86%§?§gﬁiﬁaﬁﬁggyéw r%iﬁ%éhggﬁ e%géghﬁﬁﬁfﬁéaéﬁ#£43§¥%g?ion
range and any of an opetation in which tEF wat er quantity is, 15 decreased
hot Lo excebiMBREAAPFEEELENTE PabPERCFARES 4d % Bpdicka oRYHAMITIF ¢ ho

wat er supply is stopped . when it exceeds the allowable variation range, can
be ef f ect ed¥3LRYs EPEAY e dRIRCTAPENCPERELLCR ‘gas t ur bi ne having a conpressor

for conpressing an ajr supplied therein and 20 di schargi ng a conpressed
air, angonbustor fo?h€6ﬁg§stFﬁglﬁhBosﬁé PesCedagdd Wr%ﬁF%ﬁé @ogﬁﬁgﬁg%r and
a fuel and a gas turbine to bg driven by % conbustion gas, fyomthe
combust or, *BhEVEBtersed 20 ﬁpPF?Fﬁ&taﬁi%UQBBﬁ§ﬁ¥qﬁﬁAQdaﬁé%%ﬁﬁﬁjfﬁﬂqrnn
an intake air duct at _an upstream side of .the 25 conpressor and caonstructed

so that wat 8P 8PBPFERd §PEA1EAPByedNHNAGIRY Sid HEH RIS iRFRAF 1

r r | r th [ i i i
compressor 19 218 st B8 bIMRELY 4he Shedl® siay AR o0 Tnto the

By providing a means for detecting a combustion
10 exhaust gas temperature, when the water quantity is
controlled according to the combustion exhaust gas
temperature during the water spray injection operation, a
constant value is set in advance as an allowable variation
range and any of an operation in which the water quantity is
15 decreased not to exceed the allowable variation range and an
operation in which the water supply is stopped when it
exceeds the allowable variation range, can be effected.
A seventeenth invention is a gas turbine having a
compressor for compressing an air supplied therein and
20 discharging a compressed air, a combustor for combusting the
compressed gas from the compressor and a fuel and a gas
turbine to be driven by a combustion gas from the combustor,
characterized by comprising an injection unit, arranged
within an intake air duct at an upstream side of the
25 compressor and constructed so that water droplets are
sprayed into the air to be supplied to the compressor to

lower the temperature of the air to be supplied into the




2 2 JUL 2064 30 conpressor than an atnospheric tenperature and the sprayed
wat er droplets introduced into the conpressor with the air having 1?%@;§ﬁ
in tenperature are evaporated during passage through the conpressor; g
controlling unit for 5 nonitoring vibrations of a gas turbine bearing and
controlling a quantity of water spray on the basis of the vibration value,
during an operation of water droplet inj3ction. For exanple, the
above-nmentioned control unit 10 nonitors vibrations of a gas turbine
beari ng andce®REEEFSrsshasafoadEeEPRASE iChd SRESR YT AP NGuAMNE SPEHES t he
vi brations exceeds a prescribed value, during the water spray injection
oper ati on. Wakesbgropletaniperadneed yingér édce §oMpEESSOFoM S Fh&u ALt
partially in a peripheral direction, and partial stall and icing can be
directly deheeind. lpversdpdsstbmperatugeortds eViPOZadatdlid 1Hed RASHAS
fromabnormality by detection of partial stall and icing, and provide a
hi gh out puthopueght tbe cbmpaessorhi aadby Ceatwgtlddngpudy t2damj ecti on
Further, it is possible to detect suitably vibrations due to unbal ance of
a gas tbrbimenibratinggviboetions odusedasy tuxlpiinobeiagyindan anst er dropl ets
i ntroduced in the conpressor and carry out a high safety operation. In a
case where bynprotidnggaaqueans tivop fdewaden $eprays on Fhgt ?{Z@I’i’slsofoﬁ Hé1Qas
turbine bearing, and the water injection quantity is controlled according
to the vibruibovatioof veigebednragad@n wpexad inat of swtey dycsddton
operation, a

injection.

For example, the above-mentioned control unit
10 monitors vibrations of a gas turbine bearing and controls so
as to decrease the water spray quantity when the vibrations
exceeds a prescribed value, during the water spray injection
operation.
Thereby, it can be directly detected that stool
15 occurs partially in a peripheral direction, and partial stall
and icing can be directly detected. It is possible to
protect the apparatus and devices from abnormality by
detection of partial stall and icing, and provide a high
output operation of gas turbine by the water spray
20 injection. Further, it is possible to detect suitably
vibrations due to unbalance of a gas turbine‘rotating
portion, caused by ununiformity in water droplets introduced
in the compressor and carry out a high safety operation.
In a case where by providing a means for detecting
25 vibrations of the gas turbine bearing, and the water
injection guantity is controlled according to the vibrations

of the bearing during the water spray injection operation, a




2 2 JUL 2004 31 constant value is set in advance as an allowabl e variation
range, it is possible to effect an operation that the water quantity.i
decreased not to exceed the allowable variation range or an operatié@-@kéwm
the water supply is stopped when 5 it exceeds the all owable variation

range. A eighteenth invention is a gas t%rbine having a conpressor for
conpressing an air supplied therein and &ischarging a conpressed air, a

nbust f nbust i th d f t : d f
o0 5 gas 160RBRBRe veaUse 18, FERIAy BAVRORBLES G G IS N R or
h terized b 1 S i nj_ect it, d it hi i.nt.ak
air duct at T8RGEpstrodh SPAE TBREL I8 CEREFealh PSTHE Has (Rt ChS AR

t d | et . dintg th ir tob li,ed tqQ .th .
to 15 | over GUREtiENpAraBREE SGP S nEoki FO SXGETUTHY e JAP e AL sor
;han an atnDtheric tenperature ang th% sprayed water droplets i tﬁPduced
into the cofpP8EsGF &Mt RPERETACH TRAL A4S &d SUPRhS AtRRPSt hen

evapor ated quri ng passage rou t he compressor, and a controlling unit
For 20 fioni 161 PREBanEte: ABdarERg i ATt drHS of the gas |t urbine

and controlling a quanti of ter spray i,njection_on .the basis of the
Thrust beari ng et ah CSHPEPSRGFaInUGRRIG 47 GpRg: it DM ndtori Tt Gpl et
injection. For exanple, the above-nentioned contr%y upit 25 nmonitors a
metal t enpeFRPRFESEOTa f9Es COMPEERE 106 Gt APariuRy ]éerfﬁtﬂﬁﬁ‘?’d} fH as to

decr ease | he water spray quantity uhen, e ELAL SIS, RERTLR

compressed gas from the compressor and a fuel and a gas
turbine to be driven by a combustion gas from the combustor,
characterized by comprising an injection unit, arranged
within an intake air duct at an upstream side of the
compressor and constructed so that water droplets are
sprayed into the air to be supplied to the compressor to
lower the temperature of the air to be supplied into the
compressor than an atmospheric temperature and the sprayed
water droplets introduced into the éompressor with the air
having lowered in temperature are evaporated during passage
through the compressor, and a controlling unit for
monitoring a thrust bearing metal temperature of the gas
turbine and controlling a quantity of water spray injection
on the basis of the thrust bearing metal temperature, during
an operation of water droplet injection.

For example, the above-mentioned control unit
monitors a metal temperature of a gas turbine thrust bearing
and controls so as to decrease the water spray quantity when

the metal temperature exceeds a prescribed value, during the




2 2 JUL 2004 32 water spray injection operation. Thereby, a tenper?;wﬂggmg
change in the thrust bearing can be detected and if an unbal ance in e
thrust bearing occurs, it can be surely detected. It is possible to 5
protect the apparatus and devices fromabnormality caused by the

unbal ance, and provide a hi gh out put ope%@tion of gas turbine by the water
spray injection. In a case where by provi‘tting a neans for detecting a

nmet al tenpera%ure of the %as t.urbi ne thrust bearing, and the 10 water
quantity is"@5htr SPEEY FCIETNTT COFTHRE 18al tenperature of the thrust
beari ng during the ter spray, injection operatiaon, a cqnstant value is
set in advance as ﬁﬁe£PPXWaBI§aW§%§%FP5ﬁ = e i the, JYsie R %t
an operation that the water quantity is decreased not to exceed 15 the

al | onabl e v&fPa |oﬁeF§ﬁ§€d0P4§1 e et%ﬂa%&ﬁeﬁhr%ﬁﬁ) 525 5"%t opped
when it exceeds the allowable variation range. A njneteenth invention is a
gas turbi ne®REVERg &t E&FpPEs S Sior i ngt lant SRS P ¢ P t herei n

[ conmbustor for coanﬁiing t he
o

and 20 di scharging a_conpressed air,
conpr esSed Qé@gﬁFgmtﬂ’ﬁea@&ﬁ?@&@ora%%eé’lﬁ?@l R fRpgm A DHLY

driven by a conbustion gas fromthe conbystor, characterized by conprising
an inj ect i oRREnPRPaAPSRYe @ PRIV § ﬁﬁ&@aQHWPQﬁnﬁP%ﬁaEﬂPQuékr si de
of the 25 conpressor and constructed so that water droplets are sprayed
into the ai FUESIHE SYpfliCeFAEL FPTAINPIEESH A | ower the tenperature of

the air to be supplied into the . )
In a case where by providing a means for detecting a

metal temperature of the gas turbine thrust bearing, and the

10 water quantity is controlled according to the metal
temperature of the thrust bea;ing during the water spray
injection operation, a constant value is set in advance as
an allowable variation range, it is possible to effect an
operation that the water guantity is decreased not to exceed

15 the allowable variation range or an operation that the water
supply is stopped when it exceeds the allowable variation
range.

A nineteenth invention is a gas turbine having a

compressor for compressing an air supplied therein and

20 discharging a compressed air, a combustor for combusting the
compressed gas from the compressor and a fuel and a gas
turbine to be driven by a combustion gas from the combustor,
characterized by comprising an injection unit, arranged
within an intake air duct at an upstream side of the

25 compressor and constructed sc that water droplets are
sprayed into the air to be supplied to the compressor to

lowexr the temperature of the air to be supplied into the




2 2 UL 2004 33 conpressor than an atnospheric tenperature and the spjialiéd
wat er droplets introduced into the conpressor with the air having | owered
in tenperature are evaporated during passage through the conpressor, and a
controlling unit for 5 nonitoring an axial flow velocity of fluid flow ng
in the conpressor and controlling a quantity of water spray on the basis
of the axial flow velocity, during an opetration of water droplet

i njection. For exanple, the aboye-nentiaoned control unit noni tors, an
axi al 11 ow GEMBEFES o0t thRdh AT ALTIEE BORE L SRS et 4n A EoritYo Py 55 1 o
decrease the water, spra uantity en the axial flow velacity |lowered to
2 bt osor | bUATR! d0BM ket Ag Y ROt SO SOt S on.
Since it is _determned irrespective of such 15 conditions, as atnospheric

t enper at ur eP2¥ERY, LPHETEGN L ot SRR T M TE SISy SVARALEF SSutd Hid % %%
control can be effected wth respect to this int. Further, it is
possi bl e t othgeBgPnthE SOMPHESSPE u@NGF 2a CRE FﬁéﬁngqﬁﬂéhF¥F9 on the

basi s oé this value and make it a control ground, wherehy 20 direct control
can be &f f eBPBALOFRBReBP, AL ails I30%s i"lﬂlgctlgyprodft &t ich & LoD HiR
devices fromabnormality caused by .an icing and so on and rovi de a high
out put oper SPTBEC§F OFa &y FHITE OBy 1Ne Andiem ™ 14y AF WHTER isg’rf.aﬁ§q € case
where by providing a nmeans for calculatin an axial flow velocity jnside
the conpresBBfisaRd the f¥dé! Ide¥nviedPGityeofIdN%@ratRSTR PR £ he

axial flow vel ocity L. .
water droplet injection.

For example, the above-mentioned control unit

10 monitors an axial flow velocity of fluid inside the
compressor and controls so as to decrease the water spray
quantity when the axial flow velocity lowered to a
prescribed value or less, during the water spray injection
operation. Since it is determined irrespective of such

15 conditions as atmospheric temperature, etc., the control can
be easily carried out and a precise control can be effected
with respect to this peoint. Further, it is possible to
determine a limit value of a water spray gquantity on the
basis of this value and make it a control ground, whereby

20 direct control can be effected.

Thereby, it 1is possible to protect the apparatus and
devices from abnormality caused by an icing and so on and
provide a high output operation of gas turbine by the water
spray injection.

25 In a case where by providing a means for calculating
an axial flow velocity inside the compressor, and the water

guantity is controlled according to the axial flow velocity



2 2 JUL 2004 34 of fluid in the conpressor during the water sprz 0
I njection operation, although the axial flow velocity can be ¢ %épbg“éd
to be calculated at any stage, it is possible to calculate an axial flow
velocity at the final stage of the 5 conpressor froman air quantity at the
conpressor inlet, a conpressor discharge pressure and a conpressor

di scharge tenperature. ' An operation methhod in which a constant value is

set in advance as .an .allowabl e variation range, and the water. quantity is
docreased nBt £0 SRt it COMPGRISOS LU AT g RARY ot Sper 31T on
that the water supply in:ectioq I s stopped when it exceeds the all owable

variation PREFELACE ¢SGR Fho , ekt ohet2R iRhs can be

used. Further, \Wen the water su ply is stopped, although. there, are a
met hod of sEBPFLAGLRs &° HFH 5 8% fdr &MYor? I Jr‘géoF v%?%?l@:ﬁltt%ff

val ve of a feed water system.and a nethod of st ! ter supply b

st oppi ng a fFeegudat® am @k alady oyt e Tdthdds tﬁ%’ﬁ fb’gw\l,ﬁe%t.agﬁt% n %lvel Y,
it is possible to provide a nmeans for detecting a drain quantjty in the
conpresSor FRMPEEHSOE LR Ae 33dr GG EHY & dits cﬂor‘lﬁﬁqsq%ﬁtjr’bi’?tr nf t he
water quantity according to the drain quantjty. An operation nethod in
whi ch an ar BPRP&SP SO StimRharge #LeS Wi iaPd £\ FHRRF <5 An LTI
variation range, and the water quantity i s decreased not to exceed tﬂe
al | onabl e vAERREGTYIS ¢ andd SRETAT IPeMRERAT gt MG AT URS TR Wak eve

supply is stopped when it exceeds the allowable varjation range gre
consi der ed, YHoR&@Ferin &AVadca R GFertiVRME nodsiadPherange, and the

water quantity is decreased not to exceed the allowable

10 variation range and an operation that the water supply
injection is stopped when it exceeds the allowable variation
range are considered, however, any of the operations can be
used. Further, When the water supply is stopped, although
there are a method of stopping water supply by an operation

15 of feed water shut-off valve of a feed water system and a
method of stopping water supply by stopping a feed water
pump, any of the methods can be used.

Alternatively, it is possible to provide a means for

detecting a drain gquantity in the compressor inlet air

20 intake portion and a control unit controlling the water
quantity according to the drain quantity. An operation
method in which an arbitrary constant value is set in
advance as an allowable variation range, and the water
quantity is decreased not to exceed the allowable variation

25 range and an operation method in which the water supply 1is
stopped when it exceeds the allowable variation range are

considered, however, any of the operation methods can be




Z 2 JUL 2004 35 wused. The drain quantity can be detected by arr gpgmm.
high I evel switch in the drain tank. Wen the water supply is st &,

al though there are a method of stopping water supply by an operation of
feed 5 water shut-off valve of a feed water system and a nethod and an
operation nethod of stopping water supply by stopping the feed water punp
of the feed water system any of the net hPds can be used. Ther eby, since
the conpressor is made not, to suck 10 water droplets of |arge dianmeter, it
i s possi bl e %$&%car ripe SRl GuaRte toheiadt iRsh Wt IAEL MprAFSHIH Yas
turbine and_ to avoid wear of the conpressor bhlades. A twentieth invention
is a gas tufBighe YeRAINFWEtLorigy &%l Tom d@fRfr-essing an air supplied
therein and 15 di scharging a conpressed air, a combustqr for conbusting the
conpressed gas from 6%@pﬁé§ﬁﬁ‘%%ﬂf¥§ fife(stopped gad ¢ S Fge
driven by a conbustion gas fromthe conbustor, characterized by conprising
an injecti o M§thodofaffEPPifa Matem SURRe ¥ Ry RReTRT A0 Lﬁgt si de
of the 20 conpressor and constructed so that water droplets are sprayed
into the ai Watemehpmsifedalye v Gorfisies SRt ek SN ank & dipdied @ of
the air to be supplied into the conpressor than an atnospheric tenperature
and the spr @Pe@PaFRtdo MHias 9intSTRRRIEE RIEE FORRI ik SOrORR 1P tHEE ai r
25 having lowered in tenperature are evaporated during passage thrqugh

sai d conpreds6d wat®ra UM A 1Hhey faRd Waler EftaR iy f &herthets

unit so as to increase a quantity
can be used.

Thereby, since the compressor 1is made not to suck
10 water droplets of large diameter, it is possible to carry
out a stable operation of the compressor and gas turbine and
to avoid wear of the compressor blades.
A twentieth invention is a gas turbine having a
compressor for compressing an air supplied therein and
15 discharging a compressed air, a combustor for combusting the
compressed gas from the compressor and a fuel and a gas
turbine to be driven by a combustion gas from the combustor,
characterized by comprising an injection unit, arranged
within an intake air duct at an upstream side of the
20 compressor and constructed so that water droplets are
sprayed into the air to be supplied to the compressor to
lower the temperature of the air to be supplied into the
compressor than an atmospheric temperature and the sprayed
water droplets introduced into the compressor with the air
25 having lowered in temperature are evaporated during passage
through said compressor, and a controlling unit for

controlling said injection unit so as to increase a gquantity




2 2 JUL 7TOR 36 of fuel supplied to the conbustor at time of water drlofillelllt
spraying, as conpared with a quantity of fuel supplied to the conbustor at
time of stopping of water droplet spraying. Further, it is preferable to
have a control unit 5 controlling so as to increase a fuel supply quantity
supplied to the conbustor nore than beforesnt he water spray injection
starting on the basis of the water spray 3 jection starting and decrease

it:ﬁpé?‘ﬁg f%héfu%iim'ﬂeﬁleﬁescfo% ST e 1][%%5% KR AL O
cont ol -uni EPEGREPG g CBERT <4 STt P A YK refofnfe?.%w%&rﬁ%% 22 (e
Chan 15 whokbE %@%gip“%irmee%@ R ST T T

referable to control rregt Qqr e) the fuel uantit
gCCOI’dI ng to the EH‘F&F’H iy &sc£’§ %@ig%)té’aglaﬁﬁlﬂ ﬁ&’g%f%]uq{ J&a y20
tenperature i s used.to control as turblne | erature constant, a
ot hod Gf CGPPEEAIAdTS $21 G8- toaidinar %assqrcﬁlo\f”prfé“ae%la‘i%t gas

tenperature ardin t he humdlty antlt the as turbine inlet
and a net ho&u@P?'ﬂﬁ%régt tgl(j O?ﬁfd %{g R a‘??ﬁ%“’
control line accordln to the hum %Eﬂyantl at the gas_turbine i t
are consi der®dEEIM t@lr}lnﬁoro”efg’r?p % 9 s"f%?eertstf”rr%rje%%%c

starting and decrease the fuel supply guantity less than
before the water spray injection stopping on the basis of the
10 water spray injection stopping.

Further, at the time of water spray injection also,
it is preferable to provide a control unit controlling so as
to increase a fuel injection amount to the combustor more
when the water droplet spray injection guantity is more, thai

15 when the water spray injeetion guantity is small.

Further, it is preferable to control (correct or
compensate) the fuel supply quantity according to the
humidity.

In a case where a gas turbine exhaust gas

20 temperature is used to control a gas turbine inlet
temperature constant, a method of correcting a value
detected of the gas turbine exhaust gas temperature
according to the humidity gquantity at the gas turbine inlet
and a method of correcting a predetermined exhaust gas

25  temperature control line according to the humidity quantity

at the gas turbine inlet are considered.

Concretely, for example, it is possible to increase




2 2 JUL 2004 37 a fuel injection amobunt by correcting the exhaust gas
tenperature control |ine set based on water droplet spray not pra ﬁimQWNM
toward a high tenperature side during the water spray injection ogeration
5 Alternatively, it is possible to increase the fuel injection amount by
correcting a neasure val ue of exhaust gas_ tenperature. In a case where
detection of the humdity around the coﬁﬁressor Is practiced at an
upstream side of the 10 conpressor, a nethod qof calculating.it fromthe
humi dity of@ §u8ladniRetapst ABINNS BY GPIERE AT HiC R NAEY WitSer spray

I njection quantity fromthe injection unit and a drain amount occurred in
the intake AFMPEGALUEENCRBtEGAsidBEeBCtTRE S deic Mot ol IRt (SPYEh be
practiced at the conpressor 15 di scharge portion. Thereby, an operation of
the gas turBPhePFRELiGPHafOvaKEep Pﬂéhc&r%ﬁ%ﬁafyﬁr@eﬁﬂ&%dﬁré%ﬁieant

w t hout influence of the water spray injection is possible and it is
possi bl e tWaheRi EPEa¥n IBULFELOPEPSFietd O8-f ect by water spray 20 injection
to the maxi mum Thereby, the conbustion tenperature i s suitabl corrected
(for exanple, correblEBTPAtAVRLYneitt éfpBPaEdLPde SPddPctrdsE i Hael

| nprovenent on output can be achieved during the water spray injection
oper ation. 2BIACtAEAt pmPURSt byn FOFTESH 1Ny & @&@ﬁﬁﬁQNWﬁ§qﬁnﬂﬁ%f%HauSt gas
conpressor for conpressing an air supplied therein and discharging a

conpr essed hPMpeyagsiBust or for combusting the

In a case where detection of the humidity around the

compressor is practiced at an upstream side of the

10 compressor, a method of calculating it from the humidity of
gas at the upstream side of the injection unit, water spray
injection guantity from the injection unit and a drain amount
occurred in the intake air duct can be considered. The
detection of humidity can be practiced at the compressor

15 discharge portion.

Thereby, an operation of the gas turbine that always
keep the combustion temperature constant without influence
of the water spray injection is possible and it is possible
to achieve an output improving effect by water spray

20 injection to the maximum.

Thereby, the combustion temperature 1s suitably
corrected (for example, corrected to a higher temperature
side) and a further improvement on output can be achieved
during the water spray injection operation.

25 A twenty-first invention is a gas turbine having a

compressor for compressing an air supplied therein and

discharging a compressed air, a combustor for combusting the




2 2 JUL 2004 38 conpressed gas fromthe conpressor and a fuel and a gas
turbine to be driven by a conbustion gas fromthe conbustor, cqﬁtgﬁFgmized
by conprising an injection unit, arranged wthin an intake air an
upstream side of the 5 conpressor and constructed so that water droplets
are sprayed into the air to be supplied to the conpressor to |ower the
tenperature of the air to be supplied i nt® t he conpressor than an

at nospheric tenperature and the sprayed water droplets jntroduced into the
conpr essor WOMRLEFS S [9afo TEaR 119 SRERFPSTPT éfbratihel 4% R aJR5 at ed
during passage through the conpressor, an detection unit for detecting NOx
concent r at i G-I e e BRa R VRS PYarfd COMIRT T i9RP Jniam fidie IR P ng a
guantity of water spray on the basis of the detected NOx concentration. 15
As conpar ed SHARYGT 1&Sith thdr MOFRISI Y afat’d) St 1t i sprafA FRPTht o t he
conbustor, a mxing condition of water and air is better because a gas
that air an®ikdddy am intpke igudust dte an MRFHFERRYSHERIFY $ows in the
conmbustaor. Therefore, it is possible realize a | ow NOx 20 em ssion while
suppr essi ng CORMBESSBN ARG FidchHE & fidat PR eRHBusIT o, with a
simpl e apparatus. _ Based on a val ue detected of NOx concentration of gas
turbi ne exh&PIRYSss ingandihg agidaria B iSRRI DI 12 IR 7595 tO

di fference between a target NOx concentration 25 and the above-nenti oned

gas turbi ne lopesudtheydemgsr ao@ ml dhoraltR Panstriblied IRtPosEblie to

decrease the NOx concentration to the t,argtet val ue.
compressor than an atmospheric temperature and the sprayed

water droplets introduced into the compressor with the air

10 having lowered in temperature are evaporated during passage
through the compressor, an detection unit for detecting NOx
concentration in the exhaust gas, and a controlling unit for
controlling a guantity of water spray on the basis of the
detected NOXx concentration.

156 As compared with NOx countermeasures by water or
steam spraying into the combustor, a mixing condition of
water and air is better because a gas that air and water in
the combustor are mixed homogenecusly flows in the
combustor. Therefore, it is possible realize a low NOx

20 emission while suppressing combustion vibrations and
effecting stable combustion, with a simple apparatus.

Based on a value detected of NOx concentration of
gas turbine exhaust gas, a water guantity is controlled
according to difference between a target NOx concentration

25 and the above-mentioned gas turbine exhaust gas NOx
concentration value, whereby it is possible to decrease the

NOx concentration to the target value.




2 2 JUL 2004 39 A twenty-second invention is a gas turbine having a
conpressor for conpressing an air supplied therein and dischargingzajyL 2004
conpressed air, a conmbustor for conbusting the conpressed gas fromthe
conpressor and a fuel and a gas 5 turbine to be driven by a conbustion gas
fromthe conbustor, characterized by cog?rising a prem xer provided in the
conbustor for burning prem xed gas forne 9by prem xing fuel and air, an

i njection unit, arran%ed within an intake air , duct at an _ypstream si de of
the conpressor and SoRr¥ENITEFCLRsdNVERL RS 65 & GRStV PR it o
the air to be supplied to the conpressor to |ower. the tenperature of the
air to be sGFPPIrES SOt & AhEFRHRSSESIG atrha?nlrar%%t%s%etrh%%%r?d&} ature and
t he sprayed water droplets introduced into the conpressor with the air

havi ng | oweFa8cihangdmse PalGHP TasS erb dap & SR W PaSRITHHIgH'E he
conpressor, and a controlling unit for nmonitoring an adi abatic efficiency
of the conBPBRSESSHYI IEEntireM ithe £HPIRSIQF Mdvat drvsslprale ¢h 93%he basi s
of the adiabatic efficiency, during an operation of water droplet

inj ecti &n. 20rPdMendo, he drevigmefdt dblcomstdRn dasEEHhtt e RARRPSTHRT 1 yel
to air in a prem xed gas becones higher when the water spray quantity is
nore. A var CReres et ikade bYs ompIdfaitd 3 érsrww‘gé@rcgﬂégqq Vi Thdition of
fluid. However, it is possible to 25 suppress the conbustion condition
beconi ng unSEABIUE teFT | hura g TSRS 1995 D R RTTMPING Hgrel

P
i nvention. Therefore, it is possible to provide a gas, turbine which has
and air, an injection unit, arranged within an intake air

duct at an upstream side of the compressor and constructed

10 so that water droplets are sprayed into the air to be
supplied to the compressor to lower the temperature of the
air to be supplied into the compressor than an atmospheric
temperature and the sprayed water droplets introduced into
the compressor with the air having lowered in temperature are

15 evaporated during passage through the compressor, and a
controlling unit for monitoring an adiabatic efficiency of
the compressor and contrelling a quantity of water spray on
the basis of the adiabatic efficiency, during an operation
of water droplet injection.

20 Further, it is preferable to control so that a ratio
of fuel to air in a premixed gas becomes higher when the
water spray quantity is more.

A variation in water spray quantities changes
greatly a condition of fluid. However, it is possible to

25 suppress the combustion condition becoming unstable during
the water spray injection operation by the invention.

Therefore, it is possible to provide a gas turbine which has




2 2 JUL 2004 40 a high stability of conbustion and is able to carry out a
hi gh out put operation by water spray injection. Further, in Stea?Z%%L%ﬁﬁ
above-nmentioned control unit, it is possible to provide a NOX
concentration detection 5 device for detecting a NOx concentration of the
conbusti on exhaust gas, a pressure variation detection device for

detecting pressure variation inside the cHhbustor, and a control unit
controlling so as to increase the above- nentjoned water droplet spray
quantity whén bdgd NGabid idgh &GP YUk S ablf 0§ Vattue? or
nore, and decrease the water droplet spray qruant,it when the pressure

vari ati on b&d@he U Bt MRS A RYe Yt SRore aﬁhé‘r%ﬁt%ﬁpoperation that an
output is nade higher by the water spray . injection, an emtted
concentration in 15YSHEE radd §LESh & itdhe SRAYa-M8RGLONFYHEPLRY t her
by providing a nmeans for detecting the NOx concentration of, gas_turbinpe
exhaust gas WHE it HE pre RAFE L ARNRRIGY 398 thd' Qo RRGRtratien 9okerbie® to

control the water spray quantity at the upstream side_ of the congressor 20
so as t§ supisvass tigr gﬁ%’:eﬁﬁ%%@ M RN RSO die R S PBAUERECR he
pressure variation in the conbustor wthin allowable values. Further, in a
case where $PORWSH dRfterd IRFYSHEE SRTIFHIER LT FHeVEFR0iFn the
simlar manner, it is 25 possible to control, the water injection quantity
at the upstedaftsing eSS ¢ IR iadsnn Af tdR Wi Goust®am ardjction
guantity to the conbustor so that, the gas turbjne

control unit contrelling so as to increase the above-

mentioned water droplet spray quantity when the NOx

10 concentration reaches to a prescribed value or more, and

decrease the water droplet spray quantity when the pressure

variation becomes a prescribed value or more.

Thereby, an operation that an output is made higher
by the water spray injection, an emitted NOx concentration 1i:

15 lower and a combustion stability is higher.

Further, by providing a means for detecting the NOx
concentration of gas turbine exhaust gas and the pressure
variation in the combustor, it is possible to control the
water spray quantity at the upstream side of the compressor

20 SO as to suppress the gas turbine exhaust gas NOX
concentration and the pressure variation in the combustor
within allowable values.

Further, in a case where steam or water is injected
into the combustor, also, in the similar manner, it is

25 possible to control the water injection guantity at the

upstream side of the compressor and the water or steam

injection quantity to the combustor so that the gas turbine
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2 2J UL 2004 41 exhaust gas Nox concentration and the conbustor _inside
pressure variation during an operation of the water spray injecti o Jt Ble
upstream si de of the conpressor each beconme wthin an all owabl e val ue.
Thereby, it is possible to 5 achieve a stable operation of the conbustor.
Further, by providing a neans for nonitoring the gas turbine exhaust gas
NOx concentration and the combustor insidde pressure variation, it is

possi ble to control a prem xed conbustion ratio so that the gas_turbine
exhaust 10 §¥BaNek e8fic #RKr SONEENARALLeE @dsh Fieo Comiisde prigssife
variation each do not exceed a constant value set in advance during the
wat er sprayPrffesreonaspetaonofUrineGr @iy Oper jtsionedsithiee wad e iRAY a
stabl e operation of the conbustor. Wth respect to the gas turbine

expl ai ned abdiectien a8 thepopsitiean ¢ idek e thitdifeconpafs T apah thadsitifes
already nmade and installed in addition to gas turbines newy installed.
In this cas¥ithha anr eddpwabde yadueur biheredaoh itards pogFidd® WA h t he
above-nmentioned injection unit, any of the above-nentioned control units
accordi Ag t achhews] acstebleo operandon ofatde SIS PS -and devices if
necessary, as a gas turbine output augnmenting system In this manner, the
above- nenti oned opeFartbaref byeathvéflingea meamsi d9¢ goniferddy &l InF
provi ding the above-nentioned injection unit, control unit, or, further 25
necessary rthabédeapphpasts gasd Ngavicoss earad tiipralandadhenspmbyddsL ur bi nes.

Further, if it is accepted that there may be sone
inside pressure variation, it is possible to control a

premixed combustion ratio so that the gas turbine exhaust

10 gas NOx concentration and the combustor inside pressure
variation each do not exceed a constant value set in advance
during the water spray injection operation. Thereby, it is
possible to achieve a stable operation of the combustor.

With respect to the gas turbine explained above, it

15 is possible to make higher output of gas turbines already
made and installed in addition to gas turbines newly
installed. In this case, the already made gas turbines each
are pfovided with the above-mentioned injection unit, any of
the above-mentioned control units according to an object or

20 demand, related apparatus and devices if necessary, as a gas
turbine output augmenting system.

In this manner, the above-mentioned operatiocn of
each of the inventions can be achieved by providing the
above-mentioned injection unit, control unit, or, further

25 necessary related apparatus and devices even in already made
gas turbines.

Further, if it is accepted that there may be some




2 2 JUL 2004 42 cases wherein the above-nentioned operation and effect are
not sufficiently presented, instead of the above-nentioned injeckian ymit.
arranged within an intake air duct at an upstream side of the conpressor
and constructed so that 5 water droplets are injected into the air to be
supplied to the conpressor to |ower the tenperature of the air to be
supplied into the conpressor than an atnmdgpheric tenperature and the
sprayed water droplets introduced into the conpressor with the air having
| oner ed i n EBEEEr whereisr Eheo abpygorgnddodsd rpepaddsade amgy sfdieathere
conpressor, or in_addition to the above-nmentioned injection unit, the
above- nent PBhesUESACAEN AN PrEgRNBEenpiNSFEd% 6 AD§y fhOveomendpiPaest us
provided with a cooling device for cooling air supplied to the conpressor
t o i ncreaselpiepionTHalEeoPrAgnEddeiiitddncan Batakgewiide dUSE &ff @dt i ng
direct or indirect heat exchange with air supplied to the injection unit
and the conpetgsom sidiengfatbel gonpaessedr eads gomsagucted |sioqtibdtair,

etc. BRILEF DESCRI PTION OF THE DRAWNG 20 Fig. 1 is a schematic bl ock

di agr anPof wWager dgepiless efeadndesddcndmtootthehairnEenbicorupElgedAd s a
di agram i ndi cating gas turbine output characteristics versus atnospheric

t enper at ur eSheFcgmpzZBsisoratei dgwem ithe campey akarer afnjtéiet iagw tzs be
quantities versus atnospheric tenperatures; Fig. 3 is a diagramindicating
al | owabl e watupplied] éaticothguarmpiriess ore tdEiny@n @ tAOAPNSFS ¢ FERFEtas es

and the sprayed water droplets introduced into the
compressor with the air having lowered in temperature are
10 evaporated during passage through the compressor, or in
addition to the ébove—mentioned injection unit, the above-
mentioned control unit can be employed for a system or
apparatus provided with a cooling device for cooling air
supplied to the compressor to increase output. The cooling
15 device can be a device for effecting direct or indirect heat
exchange with air supplied to the injection unit and the
compressor, using a cold heat source such as ice, liguid air,
etc.
BRIEF DESCRIPTICN OF THE DRAWING
20 Fig. 1 is a schematic block diagram of a gas turbine
of an embodiment of the invention;
Fig. 2A is a diagram indicating gas turbine output
characteristics versus atmospheric temperatures;
Fig. 2B is a diagram indicating water injection
25 guantities veréus atmospheric temperatures;
Fig. 3 is a diagram indicating allowable water

injection guantities relative to atmospheric temperatures



2 2 JUL 2604 43 and angles of conpressor inlet guide vanes (1GV); Fig. 4
Is a diagramindicating allowable water injection quantities rela%zi Z@%
at nospheric tenperatures and relative humdities; 5 Fig. 5Ais a @F
indicating a limt value for quantities of water droplets to be introduced
into the conpressor; Fig. 5B is a diagramindicating operation status
along a wet air curve; 10 Fig. 6 is a scHématic bl ock diagram of a gas
turbine of another enbodi nent of the invention;, Fig. 7 is a block diagram
i ndi cati ng BRE @8plesl CicERMPAESser dmlatbadiisfentagres HEGviention; Fig. 8
is a diagramindicating relationship of water 15 injection quantities wth
particle dianeter aRd%ai# lguandéiegsamiadigaziipdnaddeviadlieo wadeonst ant ;
Fig. 9 is a schematic block diagramof a gas turbine of another enbodi ment
of the inveaRdEAtiPngquadtiiyigsdirggdedmviendioc atMe§ Phelraia SRR BIreR0
water spray quantities with auxiliary header water supply quantities; Fig.
11A is a di agfamelpdiivet hngidataeisonshi ps of water spray quantities with
air water ratios and air quantities when the particle dianeter is
constan®; 25 Fig. 1EBgi-s5a& dbagr athipgdipatindgcasiag endimid ofalugatf@r spray
gquantities wth particle dianeter and air water ratios when air quantity
is constantguantities of water droplets to be introduced into the

COMpPressor;

Fig. 5B is a dia§ram indicating operation status
along a wet air curve;

10 Fig. 6 is a schematic block diagram of a gas turbine
of another embodiment of the invention;

Fig. 7 is a block diagram indicating the control
contents of an embodiment of the invention;

Fig. 8 is a diagram indicating relationship of water

15 injection guantities with particle diameter and air
quantities when a air water ratio is constant;

Fig. 9 is a schematic block diagram of a gas turbine
of another embodiment of the invention;

Fig. 10 is a diagram indicating relationships of

20 water spray quantities with auxiliary header water supply
guantities;

Fig. 11A is a diagram indicating relationships of
water spray quantities with air water ratios and air
guantities when the particle diameter is constant;

25 Fig. 11B is a diagram indicating relationships of
water spray quantities with particle diameter and air water

ratios when air quantity is constant;



2 2 JUL 2004 44 Fig. 12A is a schematic block diagramof a gas turbine of
anot her enbodi nent of the invention; Fig. 12B is a section taken al ”ﬂgaﬂmn
line B-B of Fig. 12A; 5 Fig. 13 is a diagramindicating water injection
limts relative to conpressor inlet tenperatures when atnospheric
tenperature is low, Fig. 14 is a schematic bl ock diagramof a gas turbine
of anot her enbodi nent of the invention; 18 Fig. 15 is a diagramindicating
operational status of the gas turbine under occurrence of icing phenonena
in the inlet of th&igonPrddssidy a Hhemedics Hafadiagramichd dps
operational status of the gas turbine under occurrence of stall phenonena
15 wit hi n t Fadoms esc@Enotfier ampodinentiahride i Havertiony: a change in
velocity triangles of a conpressor rotor blade due to injection of water
droplets into the cdig-ed<dy ;iFiqy,secrdans takiraglomd ridikene frB e¢hdhige i n
20 incident angles of the conpressor rotor blade with respect to a
quantity of hMiser droplets to be injected into the conpressor; Fig. 18 is
a block diagramindicating a nethod for calculating an axjial velocity at
the findl stage of g .28 cdmpreeskigrgrfanr iblqalrigus eratfematrereqfukn i ty
limtation; Fig. 19 is a schematic control bl ock diagram indicating a
control contlrolitisng dlediivienjmrt¢amprpeany tirket temperatures when
atmospheric temperature is low;
Fig. 14 is a schematic block diagram of a gas
turbine of another embodiment of the invention;
10 Fig. 15 is a diagram indicating operational status
of the gas turbine under occurrence of icing phenomena in
the inlet of the compressor;
Fig. 16 is a diagram indicating operational status
of the gas turbine under occurrence of stall phenomena
15 within the compressor;
Fig. 17A is a diagram indicating a change in
velocity triangles of a compressor rotor blade due to
injecﬁion of water droplets into the compressor;
Fig, 17B is a diagram indicating a change in
20 incident angles of the compressor rotor blade with respect
to a quantity of water droplets to be injected into the

COMPIressor;
Fig. 18 is a block diagram indicating a method for
calculating an axial velocity at the final stage of the
25 compressor for the purpose of water quantity limitation;
Fig. 19 is a schematic control block diagram

indicating a control controlling fuel injection guantities




2 2 JUL 2004 45 into a conbustor; Fig. 20 is a schematic control bl ock
diagram indicating a control controlling fuel injection quantities?j7 oG
conmbustor; 5 Fig. 21A is a diagrans indicating relationships of gas

t ur bi ne exhaust gas NOx concentrations and water injection quantities in
the conpressor inlet; Fig. 21B is a diagranms indicating relationships of
conbustion vibrations and water injectiontquantities in the 10 conpressor
inlet; Fig. 22A is a diagrans indicating a relationship of gas turbine
exhaust gas 495 GorRAMUHGns and prem xture conbustion ratios in the
conbustor; and Fig. 22A is a diagranms indicating a relationship of 15
conbustion vi brati ofsi%nd Gridmi X tSFheramst st ¢ athback Ai3weBonbust or .
DESCRI PTI ON OF EMBODI MENTS OF THE I NVENTION A first enbodi ment of the

i nventi on widndismt iges cr igEtt ¥ek eortRe bhieg t Buel ginlechiem 2quant A yas
turbine according to this enbodi nent of the invention as indicated in Fig.
1 conpri ses idtEoprewsystior whi ch conpresses and di scharges a gas, a
conbustor 2 to which the gas conpressed by the conpressor is supplied, a
turbine® 3 which is Ridvéilfyis achingtanh Hpaioitite ousenshes Bt and a
generator 4 which is connected to the shaft of the turbine 3. A gas
turbi ne exh@sst gubine ierhavvifcedhs MOX prneahbrdt ipeatar@cededy boiler 72

for heat exchange with a
injection quantities in the compressor inlet;

Fig. 21B is a diagrams indicating relaticnships of
combustion vibrations and water injection quantities in the

10 compressor inlet;

Fig. 22A is a diagrams indicating a relationship of
gas turbine exhaust gas NOx concentrations and premixture
combustion ratios in the combustor; and

Fig. 22A is a diagrams indicating a relationship of

15 combustion vibrations and premixture combustion ratios in
the combustor.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

A first embodiment of the invention will be
described with reference to Figs. 1 and 2.

20 A gas turbine according to this embodiment of the
invention as indicated in fig. 1 comprises a compressor 1
which compresses and discharges a gas, a combustor 2 to whic!
the gas compressed by the compressor is supplied, a turbine
3 which is driven by a combustion gas of the combustor 2,

25 and a generator 4 which is connected to the shaft of the
turbine 3. A gas turbine exhaust gas is introduced into an

exhaust heat recovery boiler 72 for heat exchange with a




2 2 Jul 2004 46 steamor water which becones a working nediumto drive a
steamturbine 73, then it is discharged to the atnosphere. The sheay 2004
turbine 73 which is driven by the steamwhich is heated through the gq
exchange with the gas turbine 5 exhaust gas is directly coupled with the
generator 4. A steamdischarged fromthe steamturbine 73 is cooled by a
condenser 74 to be condensed into water. %h air suction chanber 11 takes
in air to be supplied to the conpressor 1. Further, a louver 10 is

normal |y pr §¢FAEd OFn WHETL I Eh RERPMESIA J1Ot S RETIGHR cHarfbetVa 2 The

| ouver 10 is provided with an air filter which is installed on the side of
the conpre§§6AM tAHAE dvrs ttheimis de) diGGhar 392 R tHS 13 8RO ReIR vy ded
i medi atel y downstream of |ouver 10, its illustration is omtted. An

i ntake duct Thg PEegshidgbdde J A1 5hidh sifttd o Phdibdrhel 15 HRa% HE Akt r eam
side thereof, and a silencer 12 is installed within the intake duct.
Further, whERtEd AdrowEk&hdudieats exghiafgaatidh it Hpa s v zing air
pi ping 16 and a spray nozzle or nozzles 17 are provided in the downstream
si de of % hee¥bpaftedar isTHE 1aRtdie CRIRI DS e FANREE LY ot a
conpressor intake portion 14 for introducing air, into the conpressor 1.
Furt her, thétepmadisgdiagiasst fiuer Mhenfdadie QWS n? a4 F cﬁﬁ"g}% HY% are
arranged as a plurality of systens. In Fig. 1, a single systemis

i | | ust rat edcopgegsesy Matter hes conspnsed (oM FFeet vt &% afikCaBPlo a
feed water header 25 via a foreign matter renoval strainer 19, a feed

wat er punp ghampefedd wetkds siutaldi fta e Syppliged to the compressor 1.

Further, a louver 10 is normally provided in the upstream

10 side of the suction chamber 11. The louver 10 is provided
with an air filter which is installed on the side of the
compressor (in the downstream side). Since the air filter i:
provided immediately downstream of louver 10, its
illustration is omitted. An intake duct 13 is connected to

15 the suction chamber 11 at the downstream side thereof, and a
silencer 12 is installed within the intake duct. Further,
within the intake duct 13, spray water piping 15, atomizing
air piping 16 and a spray nozzle or nozzles 17 are provided
in the downstream side of the silencer 12. The intake duct

20 13 is connected to a compressor intake portion 14 for
introducing air into the compressor 1. Further, the spray
water piping 15 and the atomizing air piping 16 are arranged
as a plurality of systems. In Fig. 1, a single system is
illustrated.

25 Spray water is supplied from a feed water tank 18 to
a- feed water header 25 via a foreign matter removal strainer

19, a feed water pump 20, a feed water shut-off valve 21, a



2 2 JUL 2004 47 feed water supply regulating valve 22, a water flowreter
23, and a foreign matter renoval filter 24. Water is supplied froqléﬂg
feed water header 25 to the spray water piping 15 via a feed water 4 Ak
outlet flow regulating valve 26. 5 In a case where two-fluid spray nozzles
are used, a water droplet atom zing air system becones necessary. As a

wat er droplet atomizing air, an air extratted fromthe conpressor is
supplied to a spray air header 32 via an air shut-off valve 27, an air

pressure redélest wefaralswerdy, requd Ftoing grakes B4, rematiery Eyewmeleer 23,
separator 29, an air flow neter 30 and an air flow regulating valve 31.
Air is supplnided ficomigpr matdiar headera 32X 1lx eacit spiateni ¥s pspppbied s
di sposed within intake duct 13. In Fig. 1, its air is indicated to be
extracted froom the feedi swt@mydgeeian ¢ib dfo dompraay Watenvevringi s my
be extracted froman internedi ate stage of the conpressor. Signals of a
feed wat er quanta tieeshdvadesprimadenr owulatt | fyovmessgrlat byg thelvwat 26 - f | ow
nmeter 23 the and air flow neter 30 are transmitted to a control unit 35.
The control 20 unit I35acomset edexa aggi—fdo Watsprauadzhesaricaivsefian ity
from operating conditions of the gas turbine itself, and controls the feed
wat er fl ow medueratdonogled] \ag 0dD zdmy tdier aystdn dyveqammps aiecessalye 3As a
Further, through conmputation by conparing with the operation limts of the
gas turbi new2& ent shidpl ethe tearitzaiglg Wi, sendsiopsciosed opeemtthd signal s
to the feed water punp 20 and the feed water shut-off valve 21.
compressor is supplied to a spray air header 32 via an air
shut-off valve 27, an air pressure regulating valve 28, a
10 foreign matter removing cyclone separator 29, an air flow
meter 30 and an air flow regulating valve 31. Air is
supplied from spray air header 32 to each spray air piping
16 disposed within intake duct 13.
In Fig. 1, its air is indicated to be extracted from
15 the discharge portion of compressor 1, however, it may be
extracted from an intermediate stage of the compressor.
Signals of a feed water quantity and a spray air
quantity measured by the water flow meter 23 the and air flox
meter 30 are transmitted to a control unit 35. The control
20 unit 35 computes a required water quantity and air quantity
from operating conditions of the gas turbine itself, and
controls the feed water flow regulating valve 22 and the air
flow regulating valve 31. Further, through computation by
comparing with the bperation limits of the gas turbine
25 itself, the control unit sends open/close operation signals

to the feed water pump 20 and the feed water shut-off valve

21.



2 2 JUL 2004 48 G(Gas turbine output argunentation according to water spray
I njection quantities wll be explained hereunder. water droplﬁiﬁ mgzmyed
or injected fromthe water spray nozzle 17 each are about 10u } tor
average 5 particle dianmeter (S.MD.). Water droplets sprayed fromthe

wat er spray nozzle 17 are partly vaporized during flowing down within the
I ntake duct 13 until they enter the conptéessor 1. The water droplets are
m xed with air introduced fromthe suction chanber 11. Suction air 10

i ncl udi ng sprayed walaey tondplre ovitputtampdueed & tritan tdmeondipg ess oratleand
the introduced water droplets evaporate during flowng within the

conpr essor Ispriyen,n panprees sprhrwi it iek sehbY dedl éxpha ihed chapeesder- 1 and
fuel are supplied to the conbustor 2 and burn. Conbustion gas is supplied
to the 15 gas turbi matranritablietss sgrayeEte drurin jectedhatsem gase iwater

I ntroduced into the exhaust heat recovery boiler 72 as a heat source, and
st eam gener atpathyt heyzz Iy | Veeddie steabodturld ne By Saettair edrexggdeanati on
will be given hereunder. By introducing liquid droplets to be evaporated 20
Wit hin thhe gamiriesisordilanetaethi . 8 ITe. pbowes tnentdomebets xs pgaygdsffoérowshand
by evaporation of the water droplets, it is possible to further inprove an
efficiency waderr et irdzzloal tdwn parthe whove: nedt donieog pfloviagt s.
When the water droplets entered the inside of the conpressor evaporate and
25 the vapordazai ivbithin cdipl Bitetkev duutn Iheiconpresspredter hehegas within
the conpressor 1 is subjected further to an adiabatic conpression. At that
tinme, a specidnprdesir dl. The water droplets are mixed with air

introduced from the suction chamber 11. Suction air

10 including sprayed water droplets is introduced into the
compressor 1 and the introduced water droplets evaporate
during flowing within the compressor 1. Then, compressed air
discharged from the compressor 1 and fuel are supplied to
the combustor 2 and burn. Combustion gas is supplied to the

15 gas turbine 3 and drives it. The turbine exhaust gas is
introduced into the exhaust heat recovery boiler 72 as a
heat source, and steam generated there drives the steam
turbine 73. Detailed explanation will be given hereunder.

By introducing liquid droplets to be evaporated

20 within the compressor 1 in which the above-mentioned mixing
gas flows and by evaporation of the water droplets, it is
possible to further improve an efficiency under a partial
load than in the above-mentioned prior arts. When the water
droplets entered the inside of the compressor evaporate and

25 the vaporization is completed within the compressor 1, the
gas within the compressor 1 1s subjected further to an

adiabatic compression. At that time, a specific heat at



2 2J UL 2004 49 constant pressure of water vapor has a val ue of
approximately two-fold of that of air in the vicinity of a typicaL
tenperature (300C) within the conpressor, therefore, there is suc 7 WL 2004
advantage that, in terns of 5 thermal capacity conversion of the vapor to
air, its operating fluid is assunmed to increase by an addition of air
which is equivalent to twice the weight @P water droplets to have been
vaporized. That is, there is an effect to lower an outlet m xed gas (air
and vapor) tenpeaatupeesburkeoiOwadesr yspor, has a vedper #tfure ri se
suppression effect. By vaporization of water droplets within the
conpressor apprdesmatbdg &bovdpld difsthatged wilredngahe eripuirstty e fata t he
outl et of the conpressor is caused to drop. Since a power of the
conpr essor tgpéqail tempardthicer ¢366°Ch enthahptke obmpFertred gas between
inlet and outlet of the conpr essor, and since enthal py of mxed gas is
proportionathesetenmper aheres is wheh ians adwianetgs thdtgasn ergparsatafr e of t he
conpressor iis decreased, the power of the conpressor can be reduced and an
ef ficiebcy caerhallappaaedy 20nAssgiiong otfhahea vepopr ess@in nligts sucti on
tenperature is Ti; a conpressor outlet tenperature, T2; a conbustion
t enper at ur eppéBatdng flgdd tisr bissemet [tet inerpeasat biye anT4dda tigas dfurdiime
ef ficiency n can be approxinated by the follow ng equation: 25
1] =1- (T4- T1)h(E8B- 12) egbiinadehhe toecorid e ehm omiight wifghtatsd driafelalfs to
equation becones small when the conpressor inlet tenperature T2

have been vaporized. That is, there is an effect to lower an

outlet mixed gas (air and vapor) temperature of the

10 compressor, or a temperature rise suppression effect. By
vaporization of water droplets within the compressor as
described above, a discharged mixed gas temperature at the
outlet of the compressor is caused to drop. Since a power of
the compressor is equal to a difference in enthalpies of

15 mixed gas between inlet and outlet of the compressor, and
since enthalpy of mixed gas is proportional to temperatures,
when its outlet mixed gas temperature of the compressor is
decreésed, the power of the compressor can be reduced and an
efficiency can be improved.

20 Assuming that a compressor inlet suction temperature
is Tl; a compressor outlet temperature, T2; a combustion
temperature, T3; and a gas turbine outlet temperature, T4, a
gas turbine efficiency 77 can be approximated by the
following equation:

25 n=1-(T4-T1)/(T3-T2).

Since the second term on the righthand side of eguation

becomes small when the compressor inlet temperature T2



22 JUL 2004 50 lowers to T2' (<T2) by m xing and evaporation of the
sprayed water, it is understood that the efficiency inproves by, er
injection. In other words, a heat energy Cp (T4-Tl1l) to be disc 2004
outside a thermal engine of gas turbine does not 5 change substantially
before and after the application of the invention, however, an input fuel
energy Cp (T3-T2') is caused to increasebby Cp (T2-T2'), i.e.,
corresponding to a portion of drop in the conpressor's work. On the other
hand, as dessrdused-@bitd/e, ( SFhicdy heixpiond i omd ofvapopaton hef 10he onpr&@ssdr ' s
work is equivalent to the augnented output, all of this fuel increnental
portion substedred.ality ontrddnatased tithatn g nefif &t iencyf inpr@oes oby thatemas
turbine. That is, an augnmented output portion has a thermal efficiency of
100 % Thedefsrd;idrhe aothehiveds t ermedt edriexgenty Bh-De) 16cilgroved.
Since the conbustion tenperature is kept constant, an efficiency of
bott om ng cydlsehargguautsaidaa thefmrle applineatf opeoftutieipe edeat not
i nvention, so that a total thermal efficiency of the conbined cycle can be
i nproved. FahEnge sabetartte gldnt iked oree zndfafiter sphayappidat i@0 of ophet s
Is large, the droplets inpinge on blades and casing of the conpressor 1
and recei ve imgaintfircom thwevenetal 4o irgwapaiet e, eserdghalp afT2fT2c) o
reduci ng the tenperature of working fluid may be prevented. Therefore,
formthis poausedftoiiawrddme: |hygudp ER4TZ1 e, size. | scqaredspatd endg otdea
small. 25 The spray liquid droplets have a distribution of particle size.
From t he poipairtafony icefiv dafops uipp rdss icumpgs smenentook. Qnetld ashedseanitkdisi ng
of the conpressor 1 and preventing the

as described above, since the portion of drop in the

10 compressor's work is equivalent to the augmented output, all
of this fuel incremental portion substantially contributes
to an augmentation of output of the gas turbine. That is, an
augmented output portion has a thermal efficiency of 100 %.
Therefore, the gas turbine's thermal efficiency can be
improved. Since the combustion temperature is kept
constant, an efficiency of bottoming cycle is equal to that
before application of the present invention, so that a total
thermal efficiency of the combined cycle can be improved.
Further, when the particle size of the spray liguid
droplets is large, the droplets impinge on blades and casing
of the compressor 1 and receive heat from the metal to
evaporate, so that an effect of reducing the temperature of
working fluid may be prevented. Therefore, form this point
of view, the liquid particle size is preferable to be small.
The spray ligquid droplets have a distribution of particle
size. From the point of view of suppressing impingement on

the blades and casing of the compressor 1 and preventing the




2 2 JUL 2004 51 Dblades fromerosion, main sprayed liquid size is nade into
di aneter of 50, umor less. Froma point of view of naking |ess an 2 juL
i nfluence of action on the blades, it is preferable to be a maxi mum
particle diameter of 50, Umor less. 5 Further, liquid particles of finer
particle size can be distributed uniformin intake air and suppress
occurrence of a tenperature distributiomWithin the conpressor 1. From
this point of view, the particle dianeter is preferable to be 309mor |ess
by Sautor avdrgRs faran GOihetiEin GHRBMYLaGiheeli 39 gbf dnadeplete
jetted fromthe spray nozzle have a distribution of particle size, it is
not easy t@&iamehifte athed Qam P&l desisze ByoRari POANY afevdrev RHemFlong
practically, the size nmeasured by the above-nentioned S.D.M is used. The
particle siZess gy dinfflamnce ehadiaen onFhinielades sikeels Brghepreeesi on
manuf acturing technique is required for the spray nozzle making fine
liquid dropltst e @ napiarun pAstite dirmeimn iaf & &iFe ogad €58 ni ni i zed
technically is a practical range of the particle size. Therefore, for
exanpl e,5 a | ower |i Murtihen,hd iapove -pesitlicdesd A0 fidiar Ratt ke s k22 e3R
maxi mum particle size or the average article size is 1y m Further, the
finer the pamaidistridivied sumelien tire intaks air INbrIPPPHoOes FaRpyrrence
particles of such size beconmes, so that the lower |imt can be determ ned
consi deri ng adthes crempgrapue fovs tpridaicioromwidgihin fehe-qrpresses. 1 wat EFom
droplets of such a size that they float in the air and are difficult to
drop have a tjuicl moindi téhrvidw, ddmr aarsig¥acblanetrineirsl preferable to

be 304m or less by Sautor average particle diameter

10 {S.D.M.). Since liquid droplets jetted from the spray
nozzle have a distribution of particle size, it is not easy
to measure the particle size by maximum diameter. Therefore
practically, the size measured by the above-mentioned S.D.M.
is used. The particle size is preferable to be small,

15 however, since a high precision manufacturing technique is
required for the spray nozzle making fine liqguid droplets, a
lower limit that the particle size can be minimized
technically is a practical range of the particle size.
Therefore, for example, a lower limit in the above-mentioned

20 main particle size, the maximum particle size or the average
particle size is 1 gm. Further, the finer the particle
size is made, the larger the energy for making particles of
such size becomes, so that the lower limit can be determined
considering the energy used for production of fine

25 particles. Water droplets of such a size that they float in
the air and are difficult to drop have a good condition of

contact surface in general.




2 2J UL 2004 52 Air passes through the conpressor 1 for a small tine,
and fromthe poit of viewthat liquid droplets are caused to be well jUL 2004
evaporated for this time and an evaporation efficiency is raised thereby,
S DM is 5 preferable to be 30umor less. Further, since a spray nozzle
for making small dianeter liquid droplets requires a manufacturing
technique of high precision, alinmt thdt the droplets can be made snal
beconmes a lower |imt of the particle size or 10 dianmeter. For exanple, it
is 1 aim Wen the &iZepefsesqlngouabptdes compressiodr de fox & $madilficul t
for the liquid droplets to be evaporated well in_the conpressor 1. The
quantity of tiimerodunded riomgrh¢ Pavitti Qfeyicah et l5agd P Ricorafitg to a
tenperature, a humdity or an extent of output argunentation as described
| ater. For eraspidetoobe waldh GvaperatsEd £o3udiiign Wime fanslv it e by wei ght
can be introduced, taking into consideration an evaporation quantity of
sprayed wat evagogpitdon efdpiorisnioyy iduriaigdd deeint.of -2 -9br add ng position
to the conpressor inlet. An upper Ilimt of introduced water droplets is
det ermi hed prefexabds mo & Bilewwmobrmiiessai ning wel |l the function of
conpressor as described |ater. For exanple, the upper Iimt is determ ned
to be 5 wt % and an Futrtbeuct sdmceargspofayquamzliey 23 glakiqiersiibbl et s can
be determ ned that value or less. |In the intake duct 13, a quantity of air
taken in tHeagetearudbigudd siriopdredas etbdirasold MANUTAdHERg df eChihedue

of high precision, a limit that the droplets can be made
small becomes a lower limit of the particle size or
10 diameter. For example, it is 1 Mm.
When the size of liquid droplets is too large, it 1is
difficult for the liquid droplets to be evaporated well in
the compressor 1.
The quantity of introduced ligquid particles can be
15 adjusted according to a temperature, a humidity or an extent
of output argumentation as described later. For example, 0.:
wt% or more of a suction air flow rate by weight can be
introduced, taking into consideration an evaporation
quantity of sprayed water droplets evaporating during flow
20 from a spraying position to the compressor inlet. An upper
limit of introduced water droplets is determined from a
point of view of maintaining well the function of compressor
as described later. For example, the upper limit is
determined to be 5 wt% and an introduction range of quantity
25 of water droplets can be determined that value or less.
In the intake duct 13, a guantity of air taken in

the gas turbine is increased by cooling the intake air and




Z Z JUL 2004 53 nmaking the density of the air higher. Inside the . UL 200
conpressor 1, conpressed air is cooled and the power for the conpré;sgr q
is decreased. Further, a working fluid for the turbine increases by
evaporating water droplets within the 5 conpressor 1. Therefore, since the
power for the conpressor 1 can be decreased while increasing a turbine
shaft output, a high output in the turbif®e can be obtained. Further, it
can contribute to an i nprovenent of the efficiency. 10 When a water spray
quantity fr amkihey spreaydeneziziye dif7 thie dincridagiann., dindidettliascanfresior
stage) a conpressor inlet air quantity increases as a conpressor inlet
t enper at ur e 1l,owenmprededmian outqguited rordedses . pdien for vidierceEmress sor
gquantity is being increased further, as a second 15 stage, an increasing
rate of an dutiputdesrgrasesd at irfonrthedn 0 a cltarigiesy fiheigofvar flor tuwbine
conpressor decreases due to |owering of a conpressor inside tenperature,
and the out dwicrduses Hyeradayr dta nnoveEse dpyomEietisoredsien ofhe gas turbi ne
wor ki ng fluid due to evaporation of water droplets. 20 This output
augnent isSng retmpacssor He i nvention can be applied not only to the conbined
cycle of the gas turbine and the steamturbine as indicated in Fig. 1, but
also to a power pl anerkefdntg & iSiceglthegauterr Hiare tHeurddrgrresdver spraamred
water is not limted to pure 25 water, and any nmixture solution with
anti-freezi ng@ sWattda¥ed e/hile dhdresaxcings neittaired | shden diepwt os gyl ¢
tenperature is low, or wwth other materials nmay be used.

output in the turbine can be obtained. Further, it can

contribute to an improvement of the efficiency.

10 When a water spray guantity from the spray nozzle 17
is increasing, at first (as a first stage) a compressor
inlet air quantity increases as a compressor inlet
temperature lowers, whereby an output increases. When a
water spray quantity is being increased further, as a second

15 stage, an increasing rate of an output argumentation ratio
changes, the power for the compressor decreases due to
lowering of a compressor inside temperature, and the output
has a.tendency to increase by an increase of a gas turbine
working fluid due to evaporation of water droplets.

20 This output augmenting method of the invention can
be applied not only to the combined cycle of the gas turbine
and the steam turbine as indicated in Fig. 1, but also to a
power plant having a single gas turbine.

Further, the sprayed water is not limited to pure

25 water, and any mixture solution with anti-freezing solution

or alcohol such as methanol, when the atmospheric

temperature is low, or with other materials may be used.




Z2 JUL 2004 54 Wen a gas turbine output is increased by water Spr??dUPZ%k
wat er spray quantity is within a range in which evaporation of the

i njected water droplets are conpleted at an upstream side of the
conpressor, and water droplets are 5 not introduced inside the conpressor
1, whereby output argunentation can be effected only by |Iowering of the
conpressor inlet tenperature. In this ca®d only an output increase until
t he above-nentioned first stage can be obtained. Wen the_ atnospheric
tenperature is | ow Bhephg B@SaltHsdpRer PEtREF dist yncT Sfisqe B9 medSan
evaporation quantity of water droplets within the intake duct at, the
upstream sPRE2YF Bh¥WaEEApESFSYr FUandidY 1sawiddigud draigfehtiMHFD anount
is small, however, a gas flow in the conpressor is not deviated froma
desi gned f| 8¥aperaitipsncdndhe dngisicd ets velaTadIsP st s R & SRR @& be
carried out. Further, when an output of the gas turbine is increased by
wat er sprayanaupptaganosilde ot ithepcoripdassar, and Wakenfdrqrleehpe®sor 1
as in the conpressor intake portion 14, in the downstream side of the

i nt ake &uct @B, ipgraduesd dins iggantia wosmpRass Sprlay s eRgy GUEERMH: r oduced
in the conpressor | at a condition of water droplets, and the water
dropl et s ar argvapbtatdgndgainmge lefifiasFed omly tie loxsies <OF  ththereby the
heat of anmbient air is absorbed, the tenperature within the conpressor is
| over ed andCPRPIEsRer 1B 1lfdr teR@areEssorln §hdéc Cafd . Omie ButPikput
argunentation also can be carried out thereby. In this case, an output

ar gument at i 8ACERBERt UNG idmihiee AbeyY ssunenta® Firsthatage can be

obtained. When the atmospheric temperature is low or the
10 atmospheric humidity is high, since an evaporation guantity
of water droplets within the intake duct at the upstream
side of the compressor is small, an output argumentation
amount is small, however, a gas flow in the compressor is
not deviated from a designed flow condition and a stable
15 operation of the compressor can be carried out.

Further, when an output of the gas turbine is
increased by water spray, a spray nozzle 17 is provided at
an inlet of the compressor 1 as in the compressor intake
portion 14, in the downstream side of the intake duct 13,

20 almost all quantity of the sprayed water is introduced in
the compressor 1 at a condition of water droplets, and the
water droplets are evaporated during flowing within the
compressor, whereby the heat of ambient air i1s absorbed, the
temperature within the compressor is lowered and the power

25 for the compressor is decreased. The output argumentation
also can be carried out thereby. 1In this case, an output

argumentation amount is smaller by such an amount that an




12 JUL 2004 55 output increase can be obtained by |owering the conpressor
I nl et tenperature, and the output increase can be achieved by an acflilabL otk
wat er droplets within the conpressor. In this nethod, a control is sinple
because the water spray 5 conditions are not related to the atnospheric
hum dity, and the nunber of the spray nozzl es can be reduced because the
wat er droplet size can be relatively Iaré@. Therefore, this can be

achi eved by the nost sinple equipnment as a gas _ turbine out put augmenting
mechani sm b WRLEr 1BGTHRS e § 3t Penicdtgiped TR SN WP ISOPIESSPIF g.
2A, under normal operation w thout application of water spray, = outputs of
the gas tur BRAETEEMPRE 33T Eho Ry I¢ |IGUP ULk iIRCIgafe TR N AGHEVET bs
quantity at the inlet of the conpressor which is the working nedium,

decr eases wRfhaghkioRcPLa¥atsr GROPLStE MESHHEY ithe SHRTERSHE - Helfe, thif
order to recover the drop of the gas turbine's output, when water is
sprayed i n PR&Ehodpser €8mtaiode 16f SLAP leoMACIES the Fated||ISRRY gas turbi ne
out put increases with respect to _a sane atnospheric tenperature as

i ndi cat 8d b§orRisigns, areg nogpredatedygichddie 20nsrsphardc imecitoh, and
predetermning line B, until an output of the generator 4 arrives at an
out put val uhfegimpes ofothg §Préy ACFESISHeGad { beaga s rithel
unit 35 sends an open operation signal to the feed water flow regulating
val ve 22 t oWRhEredZOPLEY RdZer Copy Hp FedRUIMElYAlarge he eke fqufy, S
order to maintain atom zed particle sizes constantly, the control unit
al so sends 8ANopenaghaeyedoRy $ihgnaOsito saimPlig RURFIENT iafy &vdafe 31 in
proportion to an ) )

turbine output augmenting mechanism by water spray.

10 In this time, as indicated by line A in Fig. 2A,
under normal operation without application of water spray,
outputs of the gas turbine decline as shown by a line A in
Fig. 2A since the air guantity at the inlet of the compresso:
which is the working medium decreases with an increase of the

15 atmospheric temperature. Here, in order to recover the drop
of the gas turbine's output, when water is sprayed in the
upstream side of the compressor 1, a resultant gas turbine
output.increases with respect to a same atmospheric
temperature as indicated by line B in Fig. 2B. As a method

20 of water injection, by predetermining line B, until an
output of the generator 4 arrives at an output value require
for a given atmospheric temperature, the control unit 35
sends an open operation signal to the feed water flow
regulating valve 22 to increase its water spray gquantity. At

25 the same time, in order to maintain atomized particle sizes

constantly, the control unit also sends an open operation

signal to air flow regulating valve 31 in proportion to an
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Alternatively, as indicated in Fig. 2B, by determ ning an injectiogz
pl anned quantity line having a predetermined margin with respect t QULZ%‘
water droplet limt 5 quantity |line which has been set relative to
at nospheric tenperatures and humdities, water is sprayed correspondi ng
to the injection planned quantity. In t hi% case where a water dropl et
spray limt quantity (limt line) and a_ planned injection quantjty are
i ndi cat ed, &RGAS2EEELWAECT0IFANPIHEYNES ARCHERRTe HR iBH &F RN @¥F espondi ng
to the atnospheric tenperature and humdity during operation and the
inj ection water quaftteynatinedy, ggt godicRacsdcidr Fsd-c2Bf % g. 2A and
quantities of water injection (water spray) of Fig. 2B may b( . 15 set with
respect to fREerAiaingde dPeldGréd ot HFENESh SIS GLY I DTEFE they are
set up with respect to the atnospheric tenperature, the tenperature,
det ect or 38PARECLREMLALLy M@ECeHt WLLYS IespEcdedd R ME Up OBkl aTHIT t he
water injection unit as indicated in Fig. 1 will be used. In 20 the case
they aré@ sefugptiitih liaspwdicho h@ge Hagneset gipdatdiia &ofatmRs Y essor,
the tenperature detector 36 and humdity detector 61 which are proyvjded
bet ween t hetgBmerasuresmedt hHBigkitdesi njwateon sufRr R (IR TP &t%eam
of the conpressor are used. In order to inprove precision of 25
neasur enent $0 §b8LedNijgrtirna pRlaBngd @pagit iddi-ntl i Heasmdde®ird her, in
shift to a normal operation (for

water droplet spray limit guantity (limit line) and a

planned injection guantity are indicated, a gas turbine
10 output has an argumentation value corresponding to the
atmospheric temperature and humidity during operation and
the injection water quantity.
Also, output characteristics of Fig. 2A and
guantities of water injection (water spray) of Fig. 2B may b«
15 set with respect to the inlet temperatures of the
compressor. In the case they are set up with respect to the
atmospheric temperature, the temperature detector 38 and
humidity detector 75 provided in the upper stream of the
water injection unit as indicated in Fig. 1 will be used. In
20 the case they are set up with respect to the inlet
temperature of the compressor, the temperature detector 36
and humidity detector 61 which are provided between the down
stream of the water injection unit and the upper stream of
the compressor are used. In order to improve precision of
25 measurements, detection at a plurality of points may be

made.

Further, in shift to a normal operation (for




2 2 JUL 2004 57 exanple, a rated operation) of the gas turbine frg
starting by rising r.p.m of the gas turbine and increasing a tur%fh@-zw£
| oad froma partial |oad operation, an output argunmentation by water spray
at the upstream side of the conpressor | is 5 carried out by stopping the
water spray injection in atime fromthe starting to the |oad raising, and
starting the water spray after shifting5/o the normal operation. For
exanpl e, water spray fromthe water spray nozzle 17 is stopped during the
time from sesamphg,oh rhsedaspeatiobiineft dhe gast italrbised fojpar &tiagit.ingnd
the water spray is practiced by detecting the condition that the gas
turbi ne rebghedsangopepami.onfothe gesstarbicennst iiow reagicrgataurtarhimger
the conditions that the conpressor inlet guide vanes are fully opened and
t he conbust Loadt émpar at prethedodesdl pemaitmem, Ant @wmwtv@lrwuntem@am
spray is stopped by detecting the conpressor inlet guide vane opening
until the byl watgui deragnes tdachpistraamosddieng fatthe mmmpmeaﬂﬂnzklxﬂw
fromstarting, and the water spray fromthe spray nozzle 17 20 is started
when t hé i ntarrgeddeutabys stepphinghdheperitey &prayhd mcatdlorogar & itome
Thereby, msfire at the tine of starting is prevented and the starting of
hi gh st abi | Ergmi $hecatrarédngute Eiet load aadisdang n@nd edagft inge tdeds t ur bi ne
in which a water spray operation is carried out can be 25 shortened.
ot herwi se, watarcapeaghafternshidgddnigurte ndenmiosinalc empsriadd®rae conpr essor
1, a conbustor 2 and a turbine 3, and

For example, water spray from the water spray nozzle

17 is stopped during the time from starting of the gas

10 turbine to a partial locad operation, and the water spray is
practiced by detecting the condition that the gas turbine
reached an operation of a constant combustion temperature
under the conditions that the compressor inlet guide vanes
are fully opened and the combustion temperature becomes

15 maximum.

Alternatively, the water spray is stopped by
detecting the compressor inlet guide vane opening until the
inlet'guide vanes reach to an opening at a normal operation
from starting, and the water spray from the spray nozzle 17

20 is started when the inlet guide vanes reach the opening at
the normal operation. Thereby, misfire at the time of
starting is prevented and the starting of high stability is
carried out. Further, a starting time of the gas turbine in
which a water spray operation is carried out can be

25 shortened.

Otherwise, in a case where in a gas turbine which

comprises a compressor 1, a combustor 2 and a turbine 3, and




2 2 JUL 2004 58 is provided with a spray nozzle 17 for water spray??7 JUuL 2004
I njection as nentioned above, the above-nentioned conbustor 2 has a pilot
burner for diffusion conbustion of fuel and a main burner for prem xed
conbustion of prem xture of fuel and an 5 oxidizer such as air, after the
gas turbine has reached to a rated r.p.m at the tinme of starting, water
spray injection is started at a predetemdi ned quantity by the spray nozzle
1; before aload is output, and it is possible to effect a conbustor

oper ati on byst propiiletl Withen apdayhewzgiar fl 7a flogawal@roparEyi dm ine tilvn
main burner. And it may be possible to increase to a rated |oad. Further,
in a case waerweatiphedakboyeoef tini abbywermestaoaedr owimdegtdnt 2 higs ef er abl e
to conduct the water spray injection even at the switching tinme at which
t he nunber pfilohebbuneer §ousddfifusinor easbdstarnt o fiell iakel aByain
controlling the spray nozzle 17 in this manner, even in the gas turbine
whi ch i s debigned forbprenixed NGubusancenbifapiremicinineg oforfredl Ger & on,
it is possible to suppress occurrence of NOx at the switching tinme from
the 20 pil ovxbdimer bychhashall®x sdiyerscthe gespauakiine dtast heacdtest itog & i ne
to the main burner. Therefore, it is possible to execute | ow NOx

conbusti on. radddt repainl yatstheettihe ofastarspngy majteat isprays istisdtadn
before a load is output, it 1is possible to stably and snmoothly increase
the | oad. 25sAbterhedi atl §, predesepodisedl quahati tiyhdywather sgpragy ndzylectliion
Is started at a predeterm ned quantity by the spray nozzle 17 after an
oper ati on bpetheepkrl dbbauisepouspatt and it is possible to effect a

combustor operation by the pilot burner and then start a loac
10 operation by the main burner. And it may be possible to

increase to a rated lcad. Further, in a case where a

plurality of main burners are provided, it is preferable to

conduct the water spray injection even at the switching time

at which the number of the burners used is increased, or the
15 like.

By controlling the spray nozzle 17 in this manner,
even in the gas turbine which is designed to be low in NOX
concentration during normal operation, it is possible to
suppress occurrence of NOx at the switching time from the

20 - pilot burner by which NOx may occur temporarily at the
stating time to the main burner. Therefore, it is possible
to execute low NOx combustion. Additionally, since the
water spray injection is started before a load is output, it
is possible to stably and smoothly increase the load.

25 Alternatively, it is possible that the water spray
injection is started at a predetermined gquantity by the

spray nozzle 17 after an operation by the pilot burner start




22 JUL 2004 59 to ooutput a load, and then it is shifted to a | oad

operation to outpu load by igniting the nmain burner, and so ggnhﬁ %
even with the gas turbine which is designed to be low in th con a p%n

during normal operation, it is 5 possible to suppress occurrence of NOx at
the switching time fromthe pil ot burne{f,,hgby whi ch NOx may occur
tenporarily at the stating tinme to the I n burner. Therefore, it is

possi bl e tot%x%%lﬁc utékhl OVXO'EQ( Q& aétﬂeonn £ Qst astciul%tebéel nme oflogéartl ng.

Addi tional ly,” sin e wat er’ spray 1's ihje it & using the main

bur ner after tr%tr élor}]g ttoo O%T%I utloagd %ad Jrggrégtlhngq | O;gt bur r}?] rné}: |§m§)o§§| bl e

to surely geﬁbra pi 1ot ahe and

preferable f or spra zzIe prOV| tr ner
for capturi ﬁg "Si r&g:’ etbsvy %3’ l(l)tu%nc}:%e oqrasCa lr}e ‘@'bjfﬁ) un£d @%S%n%é &%
in the spra referab rov1de aftrglner

f or ﬁ?ptrr.#aéa H@a%mﬁ%a'v%%%r g HOkNad, TRETTAGY 18 o1 enove
t h k f eed 18

conotrudt 1 ReSRTHE 56 vkt TR R L 4 ”fhbef%vrf%&yigt e

t he above rEEﬂtl ned strﬁ:lner for .the etc. Thereb i bl e

to suppress afd 50T SHNEe Ry Wd’fl‘%’}mg?odwai{ HE He %I%%?Iéﬁ’ﬂblfos

Phe comr ess 8{:‘3 STy st B ae AL TR et e T Lf%ée'd”?ﬁ

S 00 1% A g A S e L
starting. Additionally, since the water spray is injected

10 before using the main burner after starting to output a load
by the pilot burner, it is possible to surely generate piloct
flame and increase a load.

Further, it is preferable for the spray nozzle 17 to
provide a Si strainer or Ca strainer for capturing Si or its

15 compounds, or Ca or its compound in feed water in the spray
water piping 15. It is more preferable to provide a
strainer for capturing Si and Ca and their compounds. It
also is possible to remove roughly foreign matters in the
make-up feed water tank 18, and to construct the above-

20 mentioned foreign matter removing filter 24 to be the above-
mentioned strainer for the Si, Ca, etc. Thereby, it is
possible to suppress a decrease in efficiency of the gas
turbine according to time passage, which decrease 1is caused
by introduction of water droplets into the compressor, which

25 droplets include fine Si, Ca, etc. included in feed water

and are injected from the spray nozzle 17, and by adhesion

and accumulation of Si, Ca, etc. on the compressor blades,
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mai ntai ning of the efficiency of gas turbine. Alternatively, feedypayergs
caused to be supplied to the spray nozzle 17 through a desalting apparatus
and the 5 Si strainer or Ca strainer. For exanple, it is preferable to
cause feed water to be supplied to the s AY nozzle 17 after purifying the
feed water in the desalting apparatus, and then further purifying it in

the Si straper oo G StiaidierThe desald i, anparalys. L eppves Na,

etc. in the _'fee ter, _ rainer captures and Tenoves Si, etc.
i oh 2 O RS ARk deb ey e B sl |1 1S consi dered
Compounde. of smal| P IEREASTITRITS. F508 PRSI CRIRRh S aburtvdr B abl e
o ovi de a {1 SPeor PR RREHA T, s BRGH 4 et AR © Stk s T4 ger
of the PaveRt RN Cos SHBARSH 1 h B SRR G0 i g6 HEGHEEbLen the
SO oo e L L i e S o AR,
DT etk RS ER R I IR OB R R e AR

and then further purifying it in the Si strainer or the Ca

strainer. The desalting apparatus removes Na, etc. in the

10 feed water, and the strainer captures and removes Si, etc.
which is difficult to dissolve in the water.

For example, it is considered to provide the Si
strainer and/or the Ca strainer with a filter of mesh which
captures Si or its compounds of lium or larger and causes

1o Si, its compounds of smaller than lum to pass through.
Taking account of a stable operation of the gas turbine for
a long time, it is more preferable to provide a filter of
mesh éapturing of Si, its compounds of 0.3 4m or larger and
passing through of them smaller than the size.,

20 A second embodiment of the invention will be
described with reference to Figs. 1 and 3.

In the second embodiment, a water spray gquantity is
controlled according to an opening of inlet guide vanes of
the compressor 1. Concretely, a water spray quantity is

25 made more when the compressor inlet guide vane opening is

larger than when small.

The present embodiment has basically the same
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enbodi nent is provided with a control unit in which signals of oqﬁggngn Pf
the conpressor inlet guide vanes are inputted in the control unit Ag
wat er spray quantity is controlled 5 according to the signals, in addition
to the construction of the first enbodinent. Fig. 3 shows planning |ines
for water injection (spray) quantities controlled according to atnospheric
t enperature er, La %ﬂg! I

differ accoéanggrpgkgggn%%ggﬁ%ffl%% %F%% gUI T%Es égkﬁﬁt€%@ﬁ%ressor

In this enbodi S er, 3Rt |nje xecut ed when the ni ng
of its inl e?g ggaé’ix‘?gﬁeé”\ﬁ%b n?oé ré@:l :chh e(rjlme f' ep(:'\onp'{é'p
nanel y, und artlal oad con |t|on. Accord 0 r denand
fromine pbintnéacBRpe sPOFo&aﬂs%er% 5 AR (T | te%dﬁgfmé%&e
constant is co ﬂfred s_cas

g t hi wat er by. the .spr ozzl e
17 at the uﬁgp EP&E g Pﬁg &o E@gé Py %&%ﬁﬁlﬁ % 1T Sor 1 s
d d d luid 20 f the tu 3 th
a1 o8d opeFAERsRS tanthe ﬁ&gﬁ%é.sﬁeﬁwﬁfl%%&ah“éierﬁmq""sesﬁﬂ MR Fhat
s, a therﬂgl gffl |enﬁ¥8at a partlal | oad can be inproved by the water
c

spray. Int $&5kt SPRPEMIED AL € openlngs of the 25 conpressor inlet
gui de vanes, a spra

decrease in a conpré%gg T%hé?s B&Pnpﬁ8® &S

wat er spray

rreased propqrtianally to a
% Iéﬁlf%%ﬁq%)of t he

(spray) quantities controlled according to atmospheric

temperatures, in which its water spray quantity is

10 controlled so as to differ according to openings of the inlet
guide vanes of the compressor.

In this embodiment, its water spray injection is
executed when the opening of its inlet guide vanes of the
compressor is at an intermediate opening, namely, under a

15 partial loading condition. According to a power demand from
the plant, a partial load operation with the load being kept
constant is considered. 1In this case, by water spray by the
spray'nozzle l? at the upstream side of the compressor 1,
power for the compressor 1 is reduced and a working fluid

20 for the turbine 3 increases, whereby the same load operation
can be maintained with a smaller amount of fuel. That is, a
thermal efficiency at a partial load can be improved by the
water spray.

In the case of intermediate openings of the

25 compressor inlet guide vanes, a spray quantity also is

decreased proportionally to a decrease in a compressor inlet

air flow rate. For example, a ratio of the water spray




2 2 JUL 2004 62 quantity to a conpressor inlet air quantity is set or
corrected, corresponding to an angle of the conpressor inlet gb]&ﬂ.ﬂmhes,

i ndependently of a rated |oad operating condition. Thereby, a stable
operation can be executed 5 according to changes in characteristics of the
conpressor and turbine froma partial I%éd operating condition to a rated
| oad operating condition. Fig. 3 indicateS that a larger ratio of water

SPray  QUantily:920. be aPBLRBAeEBothSGase ql. Aulgiger qeRg gl 10 Lhe

conpr essor € vanes omever sincCe it e F'ypes of gas

mount oa- a“g°£98°5?9ra85?%e§§ oS358, BT, T RS b R

nount ed t her éon

L of < indiyi dual e fItd15Fth
§ﬂ?$£w%"a%$°?ﬁﬁﬁﬁ%ﬁﬁmg%%§@%m

2s "not (o SanashinrneRelEBye “hastabes R ¥@§#§5&§% B8R le vane
baced o tE%és?ﬁﬁiﬁﬁeFPLQB%ﬁﬁsé?ig Shafafbe e stagSoaini e, PRy o
uant iy of PgrusRing ARER. Adparhia) anta. PeRk s Ammat Fihdch oF £
Coray quant TEyR APed, GPRESF P BoE B ARRGA - ho-cont rol uni 1 35 sends

signals controlling_the openin of feed_wat er equl t|n val ve 22 and
the atonizing air frbﬂrag ﬁg?Fg +8 th&:'¢ farger ratig of water spray

guantity can be applied in the case of a larger opening of

10 the compressor inlet guide vanes, however, since it depends
on the types of gas turbines and the characteristics and
operation methods of the combustors mounted thereon, it may
be set so that the characteristics of each component of
individual type of machines are reflected.

15 Further, a water spray gquantity of the spray nozzle
17 is contreolled on the basis of output, atmospheric
pressure, etc, the spray guantity may be controlled so as
not to exceed a limit value based on the compressor inlet
guide vane openings. For example, in the case of contrcl of

20 water spray quantities based on the atmospheric pressure, a
water spray quantity for each compressor inlet guide opening
in Fig. 3 is set as a water spray limit gquantity of Fig. 2B,
and water spray injection planned line with a prescribed
margin can be set. 1In an actual operation, when a water

25 spray quantity limit value is determined, the control unit
35 sends signals contrelling the openings of the feed water

regulating valve 22 and the atomizing air flow adjusting
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does not exceed the Iimt value. Thereby, in the case of control based on
the water spray injection planned line, even if a rapid increaseli il HJthe
spray quantity occurs because of a rapid | oad change or for any other
reasons, the gas turbine itself can be Q%*zot ected by using the water spray
quantity limt line. A third enbodi nent of the present invention will be

descri bed hgpeyndan, so Leh gt MGhd (}e'élgi o f ek i x?erB’wa% 1% Pa}"ay norggzllf e3617 is

the present enbodi nent, a water spray quantlty rom

controlled ggetshgolga@x%e%fd the 1 | c tenperature and hum dity.
Concretely, a water spray quantl y |s ma de nore when the at nospheri c

tenperature 15 is h;rgB? &haq_n\/\/%%%t ﬁg\ge\,\% Ie)%t\}/]l\%tl?r U LY, Auant |V$%é§ made

| arger when the hu $ ower Sresént” enbo

has basi cal Eértap %?]h%tl s |dori %s tt;%efl rs%t ng i Od-ldTB- nﬁ)r%’%eaglrﬁsent

enbodi nent enpera e

nuri gl E%a&éh%ﬁttﬁm%s“%%f% 45 Sag S LA 1,
cont ral un F235308n ﬁ%f?'ra%%p'riyft&%?ﬁh“?}de TR Ve S hozzl e 17 is
I AT M e e
hum dity. A third embodiment of the present invention will be
described hereunder, referring to Figs. 1, 2A, 2B, 4, 5A, 5!
10 and 6.

In the present embodiment, a water spray gquantity
from the spray nozzle 17 is controlled on the basis of the
atmospheric temperature and humidity. Concretely, a water
spray quantity is made more when the atmospheric temperature

156 is higher than when low and the water spray quantity is made
larger when the humidity is lower than when high.

The present embodiment has basically the same
construction as the first embodiment. The present
embodiment is provided with a temperature detecting device

20 38 and humidity detecting device 75 at the upstream side of
the spray nozzle 17, for example within the intake chamber
11, in addition to the construction of the first embodiment.
Signals from the detectors are input in the control unit 35
and a water spray quantity of the water spray nozzle 17 is

25  controlled according to the signals. Fig. 4 indicates a
water spray quantity limit line with respect to the

atmospheric temperature and humidity.




7 2 JUL 2004 64 In a nmethod of water spraying, a Bline in Fig. 2A has
been set in advance, and a water spray quantity is increased untfl JBL 2004
required output is output. However, in a case where an extent of aged
deterioration due to 5 contam nation of the conpressor of the gas turbine
itself is large, and a case where a difference between individual

machi nes, caused by machining tol erance i'tr the sanme kind of machines is

| arge, in order to take qut.of. o uts of the B line, a lot. of water is
needed to be inj ecté&'. avﬂl?&fhgﬁl F %%sis‘?éagﬁﬂ%t B ettt 3% Fi§ ectied
into the gas _turbine, condition of flowin the conpressor js deviated
froma des?‘&ﬁe Fow Lorndi AVRICE eyl P MR SRYRY EEEEYEE Bhd  an
unst abl e operation of the_conmbustar is caused., Therefore, it is protected
by the vt e “CHFACE ORIt B HEROLIRS R i CHBHd ndiee e 10 2

at nospheric tenperature and, humdity, indicated by Fig, 4. In this case,
in a case (RHEFe IFE PR EXTERNY Sfe FIa5k A TEEATH D AU ERIi f f er ence
bet ween_i ndi_ vi dual, machi nes are |arge, a water spray quantity may reach
the wat 8 i APEEARIRALIN Of F28)SOFRE ess Buuit iR Fasadieb e Brtgrl Y
the B line, ;so that % target output can not be obtained, however, the gas
turbine is pPEBEet 839 fr GRSRaiteTienjde QLT rsmncs hatuaan vidiuaiiyal,
Further, in _a ywater spray nethod, in the case where  a planning water

i nj ection q@éﬁmgpfsha§aﬁégﬁ ¥t ERGNEE-Noh TR ranGenh det \iheh saRgdetnd @ he
at nospheric tenperatyre, as shown in Fi%@ 2B, also, the gas turbine itself

can be proR8EEASRi 2F r8LP&ct 1o X RIIT® TR AV e QWFRIS of the B

line, a lot of water is needed to be injected. When an

10 excessive amount of water is injected into the gas turbine, :
condition of flow in the compressor is deviated from a
designed flow condition, a margin for surging decreases and
an unstable operation of the combustor is caused.
Therefore, it is protected by the water injection limit line

15 determined according to the atmospheric temperature and
humidity, indicated by Fig. 4. 1In this case, in a case
where the above-mentioned aged deterioration and difference
between individual machines are large, a water spray quantity
may reach the water injection limit line before an output

20 reaches the output of the B line, so that a target output
can not be obtained, however, the gas turbine is protected
from water injection of an excessive quantity.

Further, in a water spray method, in the case where

a planning water injection quantity has been determined in

25 advance with respect to the atmospheric temperature, as
shown in Fig. 2B, also, the gas turbine itself can be

protected with respect to a rapid increase due to any



2 2 JUL 2004 65 reasons. As shown in Fig. 4, the water spray quantity limt
line is determined according to the atnospheric tenperature and huni dilt 9004
As itens limting a spray quantity, there may 5 be a water droplet quantity
i ntroduced inside the conpressor, a quantity of humdity introduced in the
conbustor, a conpressor inlet tenperature,_a punp capacity in the feed
wat er system designed pressure of the fe@% wat er piping, a feed water

apparatus s Exngapacity, etc. 10 The punp capacity of the feed water
system the desi gnse'd pressure of the feed water piping, the feed water

capacity, etc. of them.are not g,r.eferred t o because usual | their

capacities are assufid TSavd Bédr drudis “alss SRAAY ISR HHE LML of

desi gn. Therefore, restricting copnditions 15 given by the gas turbine
itself, a W%I?Lélre d‘rsogqseécter ‘%ﬁfgcc?]ﬁ’{}r%&%dj}%t%tnﬂﬁw eseppergture

hum dity quant flawi ng _into the conmbustor and a conpressor inlet
tenperature® e%[“&cgitiYZ'ed A%y A0S b MY Gt SR BhrBAREERE i tYhereiBaY i ne
as Tndi%ate% in Fig. 4. 20};35 wat er, dropl ets_introduced inside the
conpressor & & EEhSTr SrEPIRh iYW doWTdnGes elde ihessor, wher eby
heat is absorbed fromthe anbient air and the tenperature inside the
conpressor FEMPORESES . § FUE 1 Tde Gle AV i tive igtiriadeed nigh ddses t he
density of the air, 25 axial flow velocity inside the conpressor decreases,
a vel oci t y PPPRSEOE /i & FOMPHESE O G letdaMpRIR ot HPYMe CIRAFLEY eam

stage. Durin ual_ operation, the axial flow
9 1% %%e feé% water system, designed pressure of the feed

water piping, a feed water apparatus supply capacity, etc.

10 The pump capacity of the feed water system, the designed
pressure of the feed water piping, the feed water capacity,
etc. of them are not referred to because usually, their
capacities are assumed to have been studied sufficiently at
the time of design. Therefore, as restricting conditions

15 given by the gas turbine itself, a water droplet quantity
introduced into the compressor, a humidity quantity flowing
into the combustor and a compressor inlet temperature are
totalized to determine the water spray gquantity limit line
as indicated in Fig. 4.

20 The water droplets introduced inside the compressor
are evaporated during flow-down inside the compressor,
whereby heat is absorbed from the ambient air and the
temperature inside the compressor is lowered. Since a
decrease in temperature increases the density of the air,

25 axial flow velocity inside the compressor decreases, a
velocity triangle is deviated from a designed point at the

downstream stage. During usual operation, the axial flow



2 2 JUL 2004 66 velocity of conpressor after stage decreases when the

at nospheric tenperature is low Therefore, an operating condition inside
t he conpressor changes, by water spray, to E condition close to xhsl 2004
condition of normal operation at a 5 | ow at nospheric tenperature w thout
wat er spray. Therefore, when the at rmsp%gric tenperature is |low, an
operating condition within the conpressor has exceeded an inherently

al | owabl e S\ﬁé%g?%r&9ng@ B¥ﬂé’?§f§%0.&nja%%tei ogt%%gaids%r%eéﬁe%u%tént Yo, O t he

contrary, at moSpheéri'c tenpérature a Wat er  spray

quantity cagtggﬁgﬂggg@?gg%géﬁgggggr§%iﬂ%wpon%%%&p ﬁgevi%&pgg%%%gya desi gn

point in thrs nner as msmatchi Ng Wi iy 't 156 oo, it

has reducedcgng§£955 %Rgiégrghggboﬁkg%%ﬁ%hecﬁ%ﬁg tChE&?wﬁ@éEhk%r%ﬁg to ¢

conpressor IS cause y évapdoratiro er del S Withi

, uang | | et.s . havi b d i h
ke duct SRR e Rge BT B CBRE At oot L SR BNEY Bride &

probl e angd_th ) t gi is_not infl.uenced by conpressor jnl et
i i 03 onevt §eREb LT a, SR b iRk RieE TR ey T o5
quantity of gapgﬁathgn of wat er drogle%s in.thﬁ | nt ake ductt.13 I S
det er ni ned %6 PhEPGt ABUBRBRPFELF e FFRPEEAFETENGS HEMirdPRY CPEEE 4 Sonpr essor
inlet tenmperatyre.is determped by the quantity of evaporat,ion of ter
aropl et s | rCoRE EiiRaREERLE: ChEy roler e s AP eu B G ah A 5 RGO Y wat et
25 droplets %?trogfceg intg the co ressar Es.de erninﬁf b tq§] conpr essor
nl et tenpePhi QPRI EcIPRAT: AR, PYaNAKES: BPEF Tousth Py  1ine with
respect to éggngggyfe8§0£héscontrary, when the atmospheric temperature
10 is high, a water spray gquantity can be increased. An
operating condition deviated from a design poiht in this
manner is called as mismatching within the compressor, it
has reduced a margin for surging. Since the mismatching
within the compressor is caused by evaporation of water
15 droplets within the compressor, a gquantity of water droplets
having been not evaporated in the intake duct 13 and having
entered the inside of the compressor cause a problem, and the
mismatbhing is not influenced by compressor inlet humidity
due to water evaporated in the intake duct 13. However, a
20 gquantity of evaporation of water droplets in the intake duct
13 is determined by the atmospheric temperature and
humidity, and a compressor inlet temperature is determined
by the quantity of evaporation of water droplets in the
intake duct. Further, an allowable guantity value of water
25 droplets introduced into the compressor is determined by the

compressor inlet temperature, so that finally, a water spray

guantity limit line with respect to the compressor is



2 2 JUL 2004 67 determ ned by correlation of the atnospheric tenperature
and humdity. On the other hand, a quantity of humidity flow ng inZ flHe2d
conmbust or causes an unstable operation. Further, since 5 the tenperature
of an air flowng in the conpressor decreases by evaporation of water
droplets within the conpressor, when th as turbine is operated at the
sane tenperature, a quantity of injected fuel increases and backfire of

fl ames becopgs r.ef ore, .Si 0 ).t f | dity

flowed in the ggﬂ%ﬁ]se:dgrb%ic%rtfee}%gts}%nor?efaﬁ%ﬁ;%&a |s§%léo§féég%ﬁﬁ%’%%upag%€%r

spray quanthh%ihﬁ ] line with respect to the conbustor is determ ned by
t

correlation o e“at mospheric tenperature and humidity. A conpressor inlet

Lemperature my cause el Seidr ASHACHOURANR AL Lhe \SEIRISSP A lhe] phen

the atnospheric tenperature 1's W such as 1n seasof, °cing
ooeurr ence \RelShREIIE BUie SRR, |GIBEI S AN i i, The
Lhe sho¥e.TEAL SRR o, MUSU £ TGR0RL0 AR RS- Blgns ur b nes
L ST BBl B BBRAR I LR LR G L oo
Com oY, BRI EES M b B 34 Sl S e
temperature, a quantity of injected fuel increases and
backfire of flames becomes easy to occur. Therefore, since
10 all quantity of humidity flowed in the combustor influences
on an operation of combustor, a water spray quantity limit
line with respect to the combustor is determined by
correlation of the atmospheric temperature and humidity.
A compressor inlet temperature may cause an icing
15 phenomenon at the compressor inlet when the atmospheric
temperature is low such as in winter season, icing
occurrence is determined by the atmospheric temperature and
humidity.
The water spray quantity limit line is set by
20 associating or synthesizing the above-mentioned matters.
However, according to types of gas turbines, considered are
the case where the characteristics of the compressor are
influential over all over operational atmospheric
temperatures, the case where the characteristics of the
25 combustor are influential on the contrary, and the case
where the characteristics of the compressor are influential

when the atmospheric temperature is low and the
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at nospheric tenperature is high. In any of the cases, the water sp QU I

gquantity limt line is determ ned by the atnospheric tenperature and

hum dity. 5 After the water spray quantity limt line is determ ned based

on the atnospheric tenperature and humdigdy at the tinme of a gas turbine

operation, the control unit 35 of Fig. 1 sends signals controlling

openi ngs of ¢ *&?‘ca%%%‘h@ih s rcﬁ_guékﬂ% '&9@@6’& 22 @ngh £ 1160 2 P41 290 R £nd | ow 10

regul ating valve 31 so that a real efrective water spray quantity does not

exceed the Limt Lve quant i i t I aYh

quantity obtaa??r?eg\ﬁ%lfigcutﬁhﬁgaﬁﬁ}faé/gu%ﬁﬁ@' o?lﬂ:i:lre;aﬁl/% 5%2-%11{1\?#25 ié% t hee

i ntake duct 13 f l&Hg' M--Pf f.ery 15 s P Lntake duct 13 at

t he upstream ?ieére%roaflaaﬂe cdoé%r};e)sls%?ltei.l e %%%%@l%?eﬂr)yquant ity is

I ndicated b g%@ 1N :F uantity evaporated within

t he intake )élﬂttl:nt ?e(r)ffldt ﬁ:een%%recﬁ%/%egv%q S}M@%}%‘Eft y GM3 is OGa2. A renmining

water quantity GM i %, 1t redu | Nt 1 e in: form of water

dropletg.ir1a.met-gﬁFégéé#%%&ﬂg?pfﬁﬁ%ﬂgﬁﬁﬁéﬁi xé%p Jﬁ#}éétége where a

condition of . I of 1.nl e | ' L 0 A
ett*é?:mr?ﬁ%l’q) sasel dd tﬁ%l ﬁagé & £ é&ﬁé%%%&lﬁ%hﬁ&%@lﬁ%gke

wat er dropPet qua y "correspon 'S ‘evapor

duct b t I I : h ' ' d
the. cond 11 8% 31 Aot doeil® TR Tt lod ko SERGHL S L.

opray quant ity gy, INYSEAREE TN cof WA A Yo i 0 s VEE SEndr PBLET S

water requlating valve 22 and the atomized air flow
regulating valve 31 so that a real effective water spray
guantity does not exceed the limit value.

An effective water qguantity is a water spray
quantity obtained by subtracting a quantity of drain
occurred in the intake duct 13 from a guantity of water
sprayed in the intake duct 13 at the upstream side of the
compressor 1. The effective watef quantity is indicated by
Gw3 in Fig. 5B. Further, a water quantity evaporated within
the intake duct 13 of the effective water quantity Gw3 is
Gw2. A remaining water gquantity Gwl is introduced into the
compressor in form of water droplets. In a wet-air diagram
of Fig. 5B, for example in a case where a condition of the
compressor inlet before water spraying 1s a point A, a water
droplet quantity corresponding Gw2 is evaporated within the
intake duct by water spraying to lower a temperature of the
ambient air, and the condition of the compressor inlet
shifts to a point B. When the water spray quantity is

increased further, a guantity Gwl of water droplets which
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conpressor. Therefore, the effective water spray quantity can be
calculated froman indication value Xs3 of a humdity detection ddvi b B
for a conpressor discharge air, an 5 indication value Xs1l of a humdity
detection device 75 at the wupstream side,0f the injection unit upstream of
the conpressor, as shown in Fig. 6. The 1 ndication value of the humdity

det ect | on dfee Ry s R MY e DONRNE! 1Y Y e dlv' co

so as to put out abso effective water spr quantity

can be cal cul ated or_yg)éll@fo “btt'h@“eif%:aﬁ?‘{eh”g}aﬁ%tf';%?ﬁr‘éﬁ ﬁ%ﬁﬁ%@m%&ﬁ? be

humi dity detection device /5 upstream o

ndi oati on wahug X3Pl e mlhilon deheqidion, de 6 35 iiliq SapPr essor

di scharge air. i'on"signals are 15 sent to ol unit

35 and an LRGBS, A i Ol SRS et BRI Sl ng b0 Fg. 6,

an exanple o et éctor € explai'ne reunder.” I n the

case uhgr e 3,83Ehage Aad LD Wi 20 GATNSA S AR MSCI ALY Elat cne

atom zing spray air, ranches ownistream'side of the air

shut - of f vahg)%t éama%%%”q ' e rgi?@%rg%#oﬁfl{" tti n Is\r%?e\z;agrgzqaf &granch pi pe

59 is connected to a sanpling asu ol'ute” " humdity at

the bot fom Aflow ad ustd 1 (el G5, SATORNt el 28.11G Beneh gl ne. aghus

a sanpling air at’ an a t ratur € humdity senso

does not T 56,300V & e ARl ol MRS §e1 VIS HIP, GR5SePLr,

occurrence
by setting the device so as to put out absolute humidity, an

10 effective water spray quantity can be calculated only by
subtracting an indication value Xsl of the humidity
detection device 75 upstream of the injection unit from an
indication value Xs3 of the humidity detection device 55 for
compressor discharge air. Humidity detection signals are

15 sent to the control unit 35 and an effective water quantity
Gw3 is calculated.

Referring to Fig. 6, an example of the humidity
detector will be explained hereunder.
In the case where a discharge air from the

20 compressor is used for water atomizing spray air, the piping
branches at the downstream side of the air shut-off valve 27
and an air pressure regulating valve 28. A branch pipe 59
is connected to a sampling tank 56 for measuring absolute
humidity at the bottom. A flow adjusting valve 58 mounted or

25  the branch pipe adjust a sampling air so that an ambient
temperature of the humidity sensor 55 does not rise above a

durability temperature. Considering the case of occurrence
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| oner side of the sanpling tank 56. Air supplied to the sanpling2 a E ﬁﬁ
rises in the tank to reach a ventilation hole 76. The above- nent|3n®

hum dity sensor 55 is inserted 5 to the position of the ventilation hole 76
so that supplied air always contacts w ta the hum dity sensor 55. During
an operation, air is always continuously flowed into the sanpling tank 56

under this e@nsgér&ln and g Sld%%ch% é;teh%ra’lvé %7t NG MR &exifaction

air fromthe m e stage o the conpressor is u as water atom zing

spray air, i‘ow@%%b%f%&% %‘%}ﬁ el n%;o%%%(l‘é 8¢ L0 Ayt gﬂ NP Sagidg of
nti ng r y

t he conpressor or mbust or casing fo measuri ng

o di 1y Fugf et oo araa%ﬁ(f%%t'gr SUALE! CHY RhrHIAY 'ffadwva Qponlfy £l gl at ed

by subtracting a q dant ainin nt ake t froman I ndication

val ue of thg vateg fl%We”%%%Qe h,PtH%h% C%ﬁﬁldﬁﬁ?nééﬁgdﬁ’sﬂtlé ﬁgéfﬁéﬁnt

to detect I nst ant aneous val ues raln quantities occurre

i nt ake ucttosehghgbﬁm%' | panintegianed il yers AD detagtedadherafore,

it is effective I n case mhere conti nuous operation |s e

to 2 hours E?Qeélhggs. %%@dgag%n thid %%%ﬂﬁfﬂ@ @%ﬂ?ﬂ' ‘ﬁ%ﬁfﬁé;aﬁ“c

and the perfornanc ecte time-averaging

s not sult gRLE,Lob mo'btrrorl'sngl%g, R % e sqeﬁrﬁdv{yangl tigns. In

order to so carri ed out unction of a

drain quant Lty )0Geurred sy LAAdEKE diGhha ok YalE R e Ui tNed N

in the case where extraction air from the middle stage of

10 the compressor is used as water atomizing spray air, a
measuring pipe may be connected to the discharge casing of
the compressor or a combustor mounting casing for directly
measuring humidity.

Further, an effective water spray gquantity may be

15 calculated by sﬁbtracting a gquantity of drain in the intake
duct from an indication value of the water flow meter. 1In
this case, practically, it is difficult to detect
instantaneous values of the drain quantities occurred in the
intake duct, so that usually an integrated value is

20 detected. Therefore, it is effectiﬁe in the case where a
continuous operation is effected for 1 to 2 hours under the
same condition in gas turbine performance test, etc. and the
performance is detected by time-averaging the value.
However, it is not suitable for monitoring gas turbine

25 operating conditions. 1In order to solve this problem, it is
carried out by making a function of a drain quantity

occurred in the intake duct to a water spray guantity in




2 2 JUL 2004 71 advance. For exanple, such a function is fornmed that a
drain occurrence quantity increases as a water spray quantity increase. A
fourth enbodi ment of the invention will be 5 described hereunder,?tdfle?ling
to Figs. 1, 5A, 5B and 6. In the present enbodi nent, a water droplet
quantity frontthe wat er spray nozzle 17 jg controlled on the basis of the
tenperature of an inlet air entering the conpressor. Concretely, for

exanpl €, a wRhand&P! Ardiaiiddyi d ] Wldhes 10 W& &5n SIY Ao REd | €nd? 4S nade
nore when the conpressor inlet tenperature is higher than when | ow

Al ternati velgha i |ddBdrretftd @ubn WAL PT i SPF Ss SBIAIN 1 Yod Se FBSISr f‘ %@91'1@1@0
as to becone higher when the conpressor inlet tenperature 1's ghe t han
when |ow. 15 Japdigr, by inputting the conpressor inlet tenperature,

conpressor discharge humdity and humdity of conpressor di scharge air, a

wat er spray quantltﬁffo%rﬁtﬁtﬂteem%l eI &Y {}fézzl e]n7tlo'3n Qﬁﬁi%ée‘j on the

basis of the val ues hi s enbo ment , baS|c y, can ve a siml ar

const r uet | Oltd i 118lg e difadds St %@ﬂﬁeemertﬁ 5, 34, 9@%%0@ to the

construction of t irst e re 'sensor 36 and a

humi dity sensor 61 etglro\r?g%fg J’O Qﬁi il ke adl#étt%xg dfbﬁﬂ-ﬂ;

the conpressor 25 in reantslde of t I nj ectlo un|t %7 A

hum dity sensq 3hd ! f%@ézié)Sng”I‘%e"E&ﬂheoﬂéé‘ Sh CRAPEESSO of

di scharge air. signals form sensor
the temperature of an inlet air entering the compressor.

Concretely, for example, a water spray quantity from the

10 water spray nozzle 17 is made more when the compressor inlet
temperature is higher than when low. Alternatively, a limit
value of water spray guantity 1is made variable so as to
become higher when the compressor inlet temperature is highe:
than when low.

15 Further, by inputting the compressor inlet
temperature, compressor discharge humidity and humidity of
compressor discharge air, a water spray quantity from the
water spray nozzle 17 is controlled on the basis of the
values.

20 This embodiment, basically, can have a similar
construction to that of the first embodiment. That is, in
addition to the construction of the first embodiment, a
temperature sensor 36 and a humidity sensor 61 are provided
on the intake duct 13 in the vicinity of the compressor

25 inlet, on the downstream side of the injection unit 17. A
humidity sensor 55 is provided so as to communicate with a

compressor discharge air. Signals form the sensor 55 are




2 2 JUL 2004 72 input into the control unit 35 and a water quantlt of the
wat er spray nozzle 17 is controlled on the basis of the signals. a0l
ki nds of gas turbines, the stability of 5 conbustors is very excellent and
in some cases, a factor influential to determining the water spray quantity
limt line is msmatching wthin the conpyessor. For exanple, in a case

where the conbustor is a type of oil-burning diffusion conbustion of which

the construgkjRi '1%1&59'@}% & e Sjr{q{l[ &35 t ey conast pr ﬁéﬂt?@ cgpsidered

to exhibit a stable operatlon bei itt1% influenced y a q antity of
steam cont gjzned i M%@tlﬁr‘;@'éon &b ¢ dﬁecsa@ SLQEStRE

oi | -burni ng pre-ev po ation/prem xing co ustlon and gas- urnlng prem xi ng
| ean conbusty;en,ildn this case, a water 15 spray quantity is limted by

m smat ching wthin the conpressor and | owness of conpressor inlet

temperature in a Wl Qoseasons Ad Igd diAs Ale 2 ALY, o

droplets introduced insi e conpressor r'espect” to conp sso - 20

i nl et t%ﬁperc%fr&ﬂu%aﬂcﬁ;ss%?s 3%y %é&rﬁ.gﬂ@ arnd™ 1Jh§5rﬁ£’y¢a¥\€§ aSPad¥or

quantities are nade variable-accordi'hg to conpressor inlef tenperatures

Th by, it SRt
caﬁggdybylcongggﬁﬁl ?&%?dﬁgggﬁﬁgﬁhéfgn(ﬁé%E§%r¥%£%%|%ts F%??D%S@E r|n
the 25 conprgggor d %rmaaccﬁﬁk'}gj hmfhl ﬁ’}?éeéorﬂﬁé’é o5, Wik-Gh Lemmbile W fhout

bei ng evaporated T her eby, gas turbine 1tself can

be protected d%é@“aﬁgfé/éﬂgngdﬂﬁﬁstor is a type of oil-burning

diffusion combustion of which the construction is relatively

simple, the combustor can be considered to exhibit a stable
operation, being little influenced by a quantity of steam
contained in the combustion air, compared with combustors of
cil-burning pre-evaporation/premixing combustion and gas-
burning premixing lean combustion. In this case, a water
spray quantity is limited by mismatching within the
compressor and lowness of compressor inlet temperature in a
winter season.

A limit line of a quantity of water droplets
introduced inside the compressor with respect to compressor
inlet temperature is set as shown in Fig. 5A. Thereby, wate
spray quantities are made variable according to compressor
inlet temperatures. Thereby, it is possible to suppress
mismatching within the compressor, caused by compressor
inside evaporation of water droplets introduced in the
compressor under a condition of water droplets which remain
without being evaporated in the intake duct. Thereby, the

gas turbine itself can be protected. A humidity quantity




7 2 JUL 2004 73 corresponding to GM indicated in Fig. 5Bis limted on
the basis of a conpressor inlet tenperature. Further, in the same anhier(it
as in the second enbodinent, the conpressor inside water dropl et
introduction 5 1limt line my be set as a function based on the conpressor
inlet tenperature and angle of the conpregsor inlet guide vanes 7. Wen
the systemis really operated, the conpressor inside water droplet

i ntroducti on Qyantidyailddde |duhe itradeg%{rrj%& ggr{n'o%hgfh%t{@ PasiSe@on the

conpressor inlét tenperature at tion of the gas turbine,

the control unit 5¥5grégﬁé%eggépgﬁggﬁg%Q%#?gé{ufgptroIIing openi ngs of

the feed water flowre I ng v wat er atom zing air flow

regul ating valve 31p60.biat & e WARRL I ORRt S AUAN idaed i roduced in

t he conpressor during operdti'on does not exceed the linmt va

conpr essor ierﬁllb%tdi%rﬁemer q:thL% ec‘;@ldeg%glt g’%‘%ﬁé ngat&?sdf@%?gg al N ?ﬁg@%n 36

arranged between e downstirea e injectionunit an
conpressor i ) es | s t.) '

quant i Ty Gt dash YRR e A B in Bt oh HEEWohpbRs sor

I ndi cation val f 1 di sgggp %%EP r: H sch air
and an i ndi é‘g‘(]ﬁ%%nocveéq%%%aw%e&y%um |%yé€e€11§%rc séé§§(g]gtl\7\£%%€tﬁ% ©
dommstreanlg% %pe.;S injection unit and the conpressor inlet. The

i ndi cati on ‘ValUe 'of the hunmidity sensor may be relative humdity, by

setting it in advange so.3s Ostg}g%ﬁn ai@cilégle].);]%gfsfﬁ'ed,a’%he compressor

inside water droplet introduction gquantity limit line is

10 determined on the basis of compressor inlet temperature at
the time of operation of the gas turbine, the control unit
35 in Fig. 1 sends signals for controlling openings of the
feed water flow regulating valve 22 and water atomizing air
flow regulating valve 31 so that a true water droplet

15 quantity introduced in the compressor during operation does
not exceed the limit value.

A compressor inlet temperature is detected by the
gas témperature sensor 36 arranged between the downstream
side of the injection unit and the compressor inlet.

20 A compressor inside water droplet introduction
guantity Gwl indicated by Gwl in Fig. 5A, 5B can be computed
from an indication value of the hﬁmidity sensor 55 for
compressor discharge air and an indication value of the
humidity sensor 61 set between the downstream of the

25 injection unit and the compressor inlet. The indication
value of the humidity sensor may be relative humidity, by

setting it in advance so as output absolute humidity, Gwl




2 2 JUL 2004 74 can be obtained by subtracting an indication value Xs2 of
the humdity sensor 61 downstreamof the injection unit from an iqqiﬂmtmmp
val ue Xs3 of the hum dity sensor 55 for conpressor discharge air.
Detection signals of the humdity 5 are sent to the control unit 35 in

whi ch a conpressor inside water droplet ,}4ntroduction quantity GM is
conputed. Referring to Fig. 6, an exanple of a neasuring device of

absol ute hum_di t h i nt.ak ti 4, ' '
225?$E Eam‘iE}aag%%u%fb&iae%fe%ﬁ%&éﬁ??e}%[rﬁﬁ%qeh P tion VIuEReL 680 Pune
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.nt.q e sa ing ./ _ and. the hum di ty.is.measure
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the tank 62 and led to,.th ]ggluumigu froq}Ihe qﬁ%ﬁ% %or%ioa gg1séﬁgt§ank
5 because EPRRFERERY Aty St el® LSk actihg Wi
) , a sa ing air w 20, r ating. val ve .
ne et i batsBhandd Byl winfl ottt il U
| an n abso e, ) t
i nt ake porf""r"‘(’iﬁrlg% Agrreguahian &F%qthtﬂg%‘gjr eJ\s/%o‘?‘”PP?‘é'f%%?ngmn/g{ gfsor
dropl et introduction quantity GuM canépe neasured b cont i nuous
g

. |
air to the sanplingREEAETIPTe *ocEhFredeor®t MAHP eo?/cfﬁ dh MZFDEONES

negative pressyre to g . :
d P deéice of absolute humidity of the compressor intake portion

fl ow ng

14.

10 A measuring pipe 60 for sampling humidity is
connected to the bottom side of a sampling tank 62. The
measuring pipe from the upper portion of the sampling tank
62 is connected to a vacuum pump 66. Air inside the
compressor intake portion 14 is introduced into the sampling

15 tank 62 and the humidity is measured. The reason that the
measuring pipe 60 is connected to the bottom side of the
tank 62 and led to the vacuum pump from the upper portion of
the tank is because of preventing the humidity sensor 61
from contacting with drain. Further, a sampling air flow

20 regulating valve 63 is mounted on the measuring pipe 60 and
a drain discharge valve 64 is provided on the bottom of the
sampling tank 62.

An absolute humidity Xs2 of the compressor intake
portion 14, used for calculation of a compressor inside

25 water droplet introduction guantity Gwl can be measured by
continuously flowing air to the sampling tank. The

compressor intake portion 14 becomes negative pressure to




22JUL2U4 75 the atnospheric pressure because of pressure | oss of th?zj L 2004
I ntake duct 14. Use of the neasuring neans of this construction prevenps
that an air flows back fromthe atnosphere into the conpressor intake
portion 14 and 5 nmeasurenment of the absolute humdity of the conpressor
I ntake portion 14 is inpossible, and nmake it possible to execute a
suitabl e neasurenent. Further, as for a c®apressor inside water droplet
i ntroduction quantity GM, an effective water spray quantity 10 is
directly obttdicmezthyssheriacpregsardrbénagaancit preasubne lossakd dhet from
an indication value of the water flow neter, and the quantity GM can be
conput ed by utakacduey 14 heréseonf athigameasyrohgwmeenseedipthdised wit hin
the intake duct. In this case, the quantity of water evaporated within 15
t he i ntake durmistisuchicuol predebysstbatasghi ajrafilowdi batkofiromalthbe Xsl of
the humdity sensor 75 upstreamof the injection unit froman indication
val ue Xs2 ofatnmspiverei igtosthsocoliressnst inhakef pbheipn) édt ikad unit. The
gquantity of drain occurred within the intake duct can be nade, in 20
advance, i ntmesuntemefunct i thet dlasolutenbnradiétyasfathet eompg@saprquantity
I ncreases, for exanple. Further, it is preferable to provide a node swtch
by whi ch watiartalse spraykdn at4oisli igptss ibhehsanddmdiygs itapdsstibie. tAs for a
condition of nonths and days and tinme, from25 April to Novenber, from nine
o' clock to xetwteck ssithkletmemsofemehtitge el ectric demand or the tinme
when a gas turbine output |lowers according to elevation of the

Further, as for a compressor inside water droplet

introduction quantity Gwl, an effective water spray quantity

10 is directly obtained by subtracting a drain guantity in the
intake duct from an indication value of the water flow
meter, and the gquantity Gwl can be computed by subtracting
therefrom a quantity of water evaporated within the intake
duct. In this case, the guantity of water evaporated within

15 the intake duct is calculated by subtracting an indication
value Xsl of the humidity sensor 75 upstream of the
injection unit from an indication value Xs2 of the humidity
sensor 61 downstream of the injection unit. The quantity of
drain occurred within the intake duct can be made, in

20 advance, into such a function that it increases as a water
spray quantity increases, for example.

Further, it is preferable to provide a mode switch
by which water is sprayed according to months and days, and
time. As for a condition of months and days and time, from

25 April to November, from nine o'clock to 18 o'clock as the
time of a large electric demand or the time when a gas

turbine output lowers according to elevation of the




2 2 JUL 2004 76 atnospheric tenperature are taken as the condition.
Thereby, the tinme for use of the output augnenting apparatus cant¥?ﬂgd@m
clear, so that it is easy to maintain and manage the equi pnent, etwc.
fifth enbodi ment of the present invention will be described hereunder,
referring to Figs. 1, 8, 9, 10, 11A and 11B. In this enbodinent, the
I ntake duct 13 is provided with a pluraliéy of water spray nozzles 17, and
it further 10 conprises a water feed apparatus, nmain feed water piping in
whi ch wat er timoveplienic tthenfpesat vt earappakanuss théeedndwatien-header
causing water fromthe main feed water pipe to branch into a plurality of
feed water [ipmsebyn the tthse Ddrtuwefdfii theozutpst aiugmsopphigedpperatBst he
wat er spray nozzles, and a construction therefor conprises an air supply
appar at us, acarnibe anadgiqkean, who cbhati itfisneéhy aormaippkynappdr abnsge
flows and an air supply header causing air supplied fromthe main air pipe
to branch ittie® eqpipmettt yetod. air supply pipes in the sanme manner as 20 in
the case of water. The air supply pipes are connected to the water spray
nozzl es.51n this mammerifithemnmidimeapt ayf noze | psedéntar énventidadwiniobe
plurality of systens, and the systens ( the nunber of the water spray
nozzl es) usedexer doed riodtednder 25rébatrihg tonbegsof 14 hé,sPst éfs 1A Anainch
water is supplied beconmes |arger when a water spray quantity is nore than
when |ess. 11B.
In this embodiment, the intake duct 13 is provided
with a plurality of water spray nozzles 17, and it further
10 comprises a water feed apparatus, main feed water piping in
which water flows from the feed water apparatus, a feed
water header causing water from the main feed water pipe to
branch into a plurality of feed water pipes.
In the case of two-fluid nozzles, air supplied to
15 the water spray nozzles, and a construction therefor
comprises an air supply apparatus, a main air pipe in which
air from the air supply apparatus flows and an air supply
headef causing air supplied from the main air pipe to branch
into a plurality of air supply pipes in the same manner as
20 in the case of water. The air supply pipes are connected to
the water spray nozzles.
In this manner, the water spray nozzles 17 are
divided into a plurality of systems, and the systems ( the
number of the water spray nozzles)used are controlled so
25 that the number of the systems in which water is supplied

becomes larger when a water spray quantity is more than when

less.




2 2 JUL 2004 77 The control unit controls so as to change the nunber of
the water spray nozzles 17 used for water spray, corresponding tqzm&ﬂqmm
spray quantities. The present enbodi nent, basically, may have a 5 sim|ar
construction to that of the first enmbodinment. That 1is, in addition to the
first enbodi ment construction, a tenpera%yre detector 36 and humdity
detector 35 are provided, for exanple, oh the intake duct 13 in the

vicinity of the conpressor inlet at the downstream of the water spr 0
noz2les” 17, The: huni B1S y et o s ST el 66 58 TBAPDrTiR RULE T t h
conpressor discharge air. Signals formihe hunpdit getectors are input
into the corﬂfc}} 3t SR cﬂﬁ?%fe% &?ﬁﬂ%ﬂﬂ% oF PRE®Water spray
nozzles 17 on the basjis of the signals. 15 Vgter spray characteristics in
a case wher EXMEESRIMPHIL RS SRERY WROEHOWR®in Fig. 8. A water/air

ratio i s defined by vol une ratiqQ of. atom zi ng. ai J. quantity and_water

Zpray quanti'&y. ?Lné%ﬁiﬁﬁﬁ%ﬁ%@@m%a%%gh%aiyvﬁﬂ ‘éﬁt?%y {1

ecreas under, the condition, tha ajr water ratio i.s_cops

parti ol & si oL RNSH T BN DR onRAt | &F GENE P § Fbr STRRARMERE: 1 | HRAC

nozzl es are used, a|so,.since spray, pressure.decreases as a _water_quantity

decr eases, p‘a'ar’ti:'c‘Peaécflz Gt %tfetﬁ)edgbg?%t‘%murb%‘ablﬁ‘é%tl%?Bﬁgr‘&\ﬁgﬁoﬁ/at%r

dropl ets sprayed fromthe water sgéa%? 5 noézles 17 beco | arge, erosion
[ %5? gggo

occurs by i MFMRFFAMISIAetet at WpLALhY ( REL EOhPF PIBI ades,

there is the ossibility that the perfornmance of .the ressor i.s. .
pré%ided, for example, on thenghtake duct fgnyn %Be vicinity

of the compressor inlet at the downstream of the water spray

10 nozzles 17. The humidity detector 55 is provided so as to
communicate with compressor discharge air. Signals form the
humidity detectors are input into the control unit 35 to
control a water quantity of the water spray nozzles 17 on
the basis of the signals.

15 Water spray characteristics in a case where two-
fluid nozzles are used are shown in Fig. 8. A water/air
ratio is defined by a volume ratio of atomizing air quantity
and water spray guantity. Since spray pressure decreases as
a water guantity decreaseé under the condition that an air

20 water ratio is constant, particle size of water droplets
becomes large. Further, when one-fluid nozzles are used,
also, since spray pressure decreases as a water quantity
decreases, particle size of water droplets becomes large.

When water droplets sprayed from the water spray

25 nozzles 17 becomes large, erosion occurs by impingement of

the water droplets on the compressor blades, there is the

possibility that the performance of the compressor is




Z Z JUL 7004 78 worsened. However, when the size of the water droplets is
sufficiently small, the droplets do not inpinge on the conpressor ﬁﬂﬂﬂ??
but they flowwith flowng air and evaporate within the conpressor® [
order to pass water 5 droplets through between the conpressor bl ades

wi t hout 1 npingenent on the conpressor blades, although there is a
difference by a design condition such as r flow velocity and shape

i nsi de the conpressor, the above-nentioned, average particle di ter is
smal | et hatol SFESLr | IRV o, UH (0 0yaHAT o4 NENE| UHEEEr AFSPREHS 5 be
2011mor less._ In the  intake air humdification cooling syste even if a
Water  sprap MR OhaAkL - e CIFRISHSIAR Refar TERENGS, PRCFRS di anet or
of the water spray droplets is a rescriaed value _or |ess. 15 In order to
solve the p SSRr §¢1Q3{;tQEY WitRi BtoesRAy A dtaflfty i s
smal |, the flow requlating valves 26 connunicati&g with the sprag wat er

pi pes are GRAFATE i HuERE RATMPIRSIMe- f Bl WLRY VA DRSS2BALPE
opened d the others are clqsed so as to supply wate 0 a 20 prescribed
part of%?heQ§ﬁE%FR&ﬂRQIQHQQa %Ey?ﬁﬂnﬁﬁﬁcﬁﬁmﬁikgéﬁ¥rPi?é@?egatﬁgPEr header
25. In the sanme manner, air distributed by the atom zi ng aié header 32 is
control | ed BEPINALmENt (QTh e JIABRT $REVA 2% PheReuINatBEFEpLy2
guantity is jncreased, the nunber of the opened flow 25 regulatingcvalves

communi cat i F-SASTPRIRe BibraydeRi B RPREEIOL $Heh 638 31T ThECKUKBEPCHEY he

air flowregulating valves, 33 also is increased corresgondLng.to t he
nunber of t KOS sdfpe inside the compressor, the above-mentio ed average

particle diameter is smaller than a prescribed size. For

10 example the diameter is made to be 20u4m or less. In the
intake air humidification coocling system, even if a water
spray quantity changes, it is preferable that the particle
diameter of the water spray droplets is a prescribed value
or less.

15 In order to solve the problem, as shown in Fig. 1,
when a water spray quantity is small, the flow regulating
valves 26 communicating with the spray water pipes are
controlled so that a part of the feed water valves 26 are
opened and the others are closed so as to supply water to a

20 prescribed part of the spray water pipes 15 communicating
with the feed water header 25. 1In the same manner, air
distributed by the atomizing air header 32 is controlled by
the air flow regulating valves 33. When a water spray
gquantity is increased, the number of the opened flow

25 regulating valves communicating with the spray water pipes
is increased. The number of the air flow regulating valves

33 also is increased corresponding to the number of the feed




2 2 JUL 2004 79 water flow regulating valves 26. Further, a construction
until the spray nozzles may be made by increasing the nunber of feed water
headers as shown in Fig. 9, constructing a main feed water header} 77}j15208nd
auxiliary feed water headers 78,79, and providing feed water flow
regul ati ng val ves 80 and 81 and feed matez flow neters 82 and 83 on feed
wat er |ines connected to the auxiliary f 2d water headers 78, 79. in this

Figure, also,_,only_one spr wat er__pj pe branched fromthe auxiliary

header 78,'ﬂ?ﬁ%fiq#ﬁ%t?éﬁiﬁ%th%é%ggyﬁ%t% ‘spray quantity is small, only
one auxiliary feed ter. header 78 is used and s n, whereb ter is
sprayed by a part oﬁ@’{rﬁé’%nt?erc%rfsﬁ%q P PRt rgh%p?%aiﬁo%??ﬁeiﬂay

hereby. SRR LESSE & Rl LIe SR Sle 18022 €8 FanaCE. R hRIREA A",
oL oo A % T OPLELE, Becorte, 8, CELLEL L pLEop bl es3 1 e
T easgs Mt WSRO S B ABLEL SELAL 20U Lo MBSt BeRicer
RO T ELE T AN AT e
T Lo Tt o % BN A o2y LR SERSenglg JUTBEE o 11
ﬁggg:;;?ns %ﬂfﬁ&f?gé;m%ee X1 tum égéeggayéltyg_the nunber of water spay
In this Figure, also, only one spray water pipe
10 branched from the auxiliary header 78, 79 is illustrated.
When a water spray gquantity is small, only one
auxiliary feed water header 78 is used and so on, whereby
water is sprayed by a part of the number of installed water
spray nozzles 17. Thereby, spray pressure of the spray
15 nozzles can be maintained high, whereby such control is
possible that water supply is in a water spray quantity rang
in which water droplets become a certain size or less in the
nozzlé spray characteristics of Fig. 8. Further, the spray
pressure increases with increase in the water spray
20 quantity, however, in order not to exceed the designed
pressure in the feed water system,'two of the auxiliary feed
water headers 78, 7% are used and so on when the spray
pressure becomes higher than a certain value, whereby the
number of the water spray nozzles 17 used for spray is
25 increased. The number of the installed auxiliary feed water

headers is determined by the design conditions such as the

maximum water guantity, the number of water spay nozzles,
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2 2 JUL 2004 80 the m ninmum and maxi num water spray pressures, etc. In
Fig. 9, the feed water systemis illustrated in which two auxiliary feed
wat er headers are used. Further, even in the case where the wateqzsRﬁamU%S
guantity is small as a whole, a stable output augnenting operation can be
effected by increasing a water spray quantity per one nozzle and
suppressing variation in average particl&0dianeter of the water droplets,
caused by variation of the water spray quantity. 10 An operation nethod in
which two ausd® iBipinegsdangahaxineadertesr 8PUSEIPrSSSNERR /i RLFi.g. IROFipn
the case of the maxi mumwater quantity 100% one auxiliary feed water
header is ustd theifeedewaheBrsySbemi iy tbhupbsatedsdn whdchatwai t chi ng
point at a water_ quantity of 50% by using the 15 second auxiliary feed

wat er headerduthkiagy feedecvater chesderssapel yeag-water of the sane
gquantity to then until the water quantity reaches to 100% In this manner,
according to the prdsurthefhbrNeRntn thepase vhere theveatari spray water
spray quantity, water 20 droplets of desired particle size can be stably
obtai neP aibantbiperssionabl 3ar2 apheleut pustabganentritoaugmenbangcarri ed
out while keeping the soundness of the apparatus and devices. Further, by
provi di ng t PRkt ean headeffegted by 2Enpreaalingyaovatecdsparyr pi pes 15
w thout installing auxiliary feed water header, and by arranging a feed

wat er flow FHENNEEY rReYaPVe ReRizi¢ candeseppresshngdvansatéam sndevetage

particle diameter of the water droplets, caused by variation
of the water spray guantity.

10 An operation method in which two auxiliary feed
water headers are used is shown in Fig. 10. 1In the case of
the maximum water quantity 100%, one auxiliary feed water
header is used until the water quantity reaches to 50%. As
a switching point at a water quantity of 50%, by using the

15 second auxiliary feed water header, the two headers are used
supplying water of the same quantity to then until the water
quantity reaches to 100%.

‘ In this manner, according to the present embodiment,
even if there is variation in water spray quantity, water

20 droplets of desired particle size can be stably obtained,
and an operation of variable output argumentation can be
carried out while keeping the soundness of the apparaths and
devices.

Further, by providing the feed water header with a

25 plurality of feed water pipes 15 without installing auxiliar
feed water header, and by arranging a feed water flow

regulating valve and flow meter at the downstream side of



2 2 JUL 2004 81 the main feed water header of the feed water system it is
possi bl e to change the nunber of water spray nozzle pipes being O@ﬁ @ge@
Further, by providing a feed water flow regulating 5 valve for

spray nozzle of the feed water system and providing air flow regulating
val ve for each water atom zing air nozzl e80f the air supply system w thout
provi di ng auxiliary feed water header, §s possible to change the nunber

f t I d. 1 t h. embodi t,of th t
"nvent | on” WiTHE BB LGRSH BT Hor i fe"ﬁb AT (R RrRSY IR, 8T Ti1A
d 11B. th odi t t tit | d t
the wat er sﬁpsf'%aﬁ"“ceo el AR R el e L e SHEBRbLSY O

quantity. The .present %pb dlnent, basically, may have a simlar

constructio rﬂtlc')"gt IPRETS S e first enbodi mant In addition to the
construction of the fir dlrrent the ed. water outlet flo

regul ati ng val ve 26 élt’r'&" | R ¥ i r?e f"fa&'ﬁrr Bt TR ?%?%%933

decr oao€ anVEVE dapIgh %ﬂumnqary“ﬁ%ea{ma? i ud oo Natteongecon.

const ant (so as to suppress a.variatiaon Thereb wat er dro |l ets of a

certain par &n¢ é’rﬂ"zléi”g% g e "bb?%ﬂ‘ﬁé%“(r?‘-h ‘Eah]e @ akQF ofagh (WakETvel y

!{grgg \évarr;talelr at%%g%“ t‘ilqlsf ![nzqg;zre;@fa:ql}?nbl whi | e%ééjﬁfresm%g a‘glglé flow rat(
providing auxiliary feed water header, it is possible to
change the number of water spray nozzles being operated.

10 A sixth embodiment of the present invention will be
described hereunder, referring to Figs. 1, 5, 6 , 11A and
11B.

In this embodiment, a water gquantity or alr quantity
supplied to the water spray nozzles 17 are controlled

15 according to a water spray quantity.

The present embodiment, basically, may have a
similar construction to that of the first embodiment. 1In
addition to the construction of the first embodiment, the
feed water outlet flow regulating valve 26 and atomizing air

20 header flow regulating valve 33 are controlled, according to
a water spray quantity, so as to increase and decrease an ai:
supply quantity so that an air water ratio becomes constant
{so as to suppress a variation).

Thereby, water droplets of a certain particle size

25 can be obtained (in the case of a relatively large water
quantity it is remarkable) while suppressing an air flow rate

to be small. When air is taken from the compressor, a lot



2 2 JUL 2004 82 of air anong the intake air can be supplied to the
conbustor, and an operation so as to inprove output and efficiency %ggzﬁﬁ
carried out. Further, the feed water outlet flow regulating valve % d
atom zing air header flow regulating valve 33 are controlled, according to
a water spray quantity, so as to increasg and decrease an air supply
quantity so that a variation of an air er ratio may be suppressed and,
preferably, ai.r_water ratio hecones, constant. 10 Concretel an air water
ratio is coﬁ’%r &Hrec?“lod’%et%%rf‘d} a ea?f'ra‘?/%‘fgf‘e sﬁﬂ%&lh‘?fin??t‘i/%‘?s | ar ger than
when small. _ Thereb ma&gr droplets, of a certain, particle size can be

obt ai ned (i FOMPRSERR G, GTLICHERAN 1P iy et BrLMRRANE | TYLRYT |1

r emar kabl e) ile suppressing an air_flowrat( 15 to be small. Wen air is
taken from ’é'dr?&‘&gﬁﬁn BF IR T¥*4iMmong the intake air can be
supplied to the conbustor, and an operation sqo as to inprove output and
efficiency can be cAMGI®IgutlandLA® vahey et tiegnlat diplve
particl§ size 20 of water droplets is nmade constant are indicated in Fig.
11A. Since 40 PRHELAANG G Halieadrhi R FIP AT 1R HEF S @F%ing to
decrease in the water spray quantity in order to make the particle size
constant, f&PIEEAFIEE, f2CGAHNDAhiID TS TP WA shrdy A 1t and
an atom zing 25 air quantity or an air, water ratio, for nakiqg the particle
si ze const anPCURARE HEh d§FRR2SS ARVEHCSYRRYY AR RAei? ctidhid, and

then by neasuring a water spra quantitg Qy t he
variation of an air water ratio may be suppressed ang,

preferably, a air water ratio becomes constant.
10 Concretely, an air water ratio is controlled to be
small when a water spray quantity is larger than when small.
Thereby, water droplets of a certain particle size
can be obtained (in the case of a relatively large water
quantity it is remarkable) while suppressing an air flow rate
15 to be small. When air is taken from the compressor, a lot
of air among the intake air can be supplied to the
combustor, and an operation so as to improve output and
efficiency can be carried out.
Nozzle spray characteristics in which particle size
20 of water droplets is made constant are indicated in Fig.
11A. Since it is necessary to make an air water ratio
larger according to decrease in the water spray quantity in
order to make the particle size constant, for example, a
relationship between a water spray quantity and an atomizing
25 air quantity or an air water ratio, for making the particle
size constant, have been input in advance into an arithmetic

unit, and then by measuring a water spray quantity by the



2 2 JUL 2004 83 feed water flow neter and cal cul ati ng a necessary
atomzing air quantity, the atomzing air quantity is contro“lgﬂ_.n i
Thereby, variation of particle size according to water spray ? ty can
be suppressed. Therefore, erosion occurrence 5 on the conpressor bl ades by
| mpi ngenent of the water droplet., on't bl ades can be prevented and a
vari abl e out put augnenting operation can e executed while naintaining t he

and docr eastTr 5 Y 2%1@%%6"133%5@.% R R pa i
b SRS A 45 :@paﬁgﬂ% Crithaf B o o
header rowTre ulatin vahye 33 1is conir to be const Thereb
Vari abl e outBE e S B e e Bt T® SRA SR A ¥ f—'ﬁtaﬁ%g
exarpl o SpER I b dh T S uh e EE S S SFPES S r CCEARFPES® <
rrde Conot a0 e R A e PP AT e B e R
or TSR e, BTGt R N T
TR A e 258Rhek e g
?gfgﬁtltilce)lnycan b%élexec%rigq: V\Aﬂgpepé)rraeé/uesntér{\g c?é:\?féése.nce of erosion by
Alternatively, even by increasing and decreasing a
10 feed water gquantity, even by changing the feed water header
outlet flow regulating valve 26 so as to make the air supply
quantity constant, according to a water spray quantity, the
atomizing air header flow regulating valve 33 is controlled
to be constant. Thereby, a variable output augmenting
15 operation can be executed while maintaining the soundness of
the apparatus and devices by a simple control.

For example, spray nozzle characteristics when an
atomiéing air quantity is made constant is indicated in Fig.
11B. As indicated in Fig. 11B, an air flow quantity has be

20 determined on the basis of the air water ratio at a water
guantity of 100% of the water nozzle, air of a constant
guantity is supplied to the water spray nozzle irrespective
of variation in the water spray gquantity. Thereby, the
particle size of sprayed water droplets becomes always a

25 rated size or less, and a variable output augmenting

operation can be executed while preventing occurrence of

erosion by relatively simple control.




2 2 JUL 2004 84 A seventh enbodi ment of the present invention wll be
described hereunder, referring to Fig. 1 and 9. In this enbodi mergj jiwheg,
wat er spray starts, a control is carried out so that first, supply of
atomzing air 5 is started, and then supply of atom zed water is started.
Further, when the water spray is stopped,4yhe control is executed so that
first, the supply of atom zed water is é%opped, and then the atom zing air

Control 10 devices fof oranen, Ambiinieed sheHrincit S My
(rip o gnal PerRestrales hekbuimin, P HBu B AP e e
Cont rol i execut ed PRt RECRRLEE s A ek SRR (TR S of &
of the at omP oGOl r% Feraat Bers AT (T L1 PR o by g 2
1w redul atFng CHTE" S19 E ST AAPIY 42 ) PHh Dy At % | SACRRet ow
b ough t he PaEseE 11 Piee T MEAT SHRY clu SRSt o LR AT b TRd. The
(e veter RUIB20J S Stated e 254 sedanter igall alag 2 ls
feed water .l O¥SLIY L Ane Sn 5% U0 4ty Sid &Ss5eal M
Further, at the time of a water spray operation, control
10 devices for feed water and feed air supplied to the spray
nozzles are controlled so as to be throttled on the basis of
a gas turbine trip signal.
The present embodiment, basically, may have a
similar construction to that of the first embodiment.
15 Concretely, the following control is executed.
When the water spray is started on the basis of a
water injection instruction, first, the extraction air shut-
off valve 17 of the atomizing air system is opened. At this
time, air flows by a gquantity of the air exhausted from a
20 cyclone separator 29. Next, the air flow requlating valve
84 is opened so as to flow by an initial set flow rate and
the air flows into the spray nozzle 17. After the air
passage through the nozzle 17 is completed, the feed water
system is started. The feed water pump 20 is started, the
25 feed water shut-off valve 21 is opened, and water of an

initial set flow rate is flowed by operation of a feed water

flow regulating valve 80. According to this process, the




Z 2 JUL 2064 85 spray water is atom zed by water atom zing air sprayed,
and sprayed fromthe spray nozzle 17. Then, a spray water quantif@qULsmﬂL
gradually increased until the water quantity reaches A water injection
instruction value. 5 Further, in the case where a plurality of auxiliary
feed water headers and auxiliary atom zi air headers are used as shown
in Fig. 9, a swtching operation is executed al a water quantity of 50%in

regul ati g AR Ve LR el T e S0Ldiad PRLE fute¥ Aot
the Teed Vit DION (fSOUAL I AGNIYS, Bl |5 0PRALED £ 0 008D WLOct i

manner, by O\Rﬂngalr set -fl'owrate first .

Moreast ng. SUREATY oo S A A S L E TR B U BT, 1

VAl ve 21| s TERSTEE BAE Tt Tee TRl W OF TSbtTat ing val ves 80, 81

et er 15w rogul ati RGN 0 J0S RRATed S f G DY S i Y For

several DR o R DRI Ll e A S 00%08,

(e ol 11 UL AU Y00 B ALl ShORgfiodTyd IhReROETy "

SLoPPeU o LS1 IS ISENELEY 2 SHEPREth e P et Lo AR ML AL e
in water quantity, the air flow regulating valve 84 is openex

10 to flow air of a set flow rate, and then the feed water flow
regulating valve 81 is operated to open. In this manner, by
flowing air of a set flow rate first, it is possible to
maintain a water droplet atomizing characteristics even in
the process of increasing a guantity of water.

15 A process of stopping the water spray is explained,
referring to Fig. 9. First of all, the feed water shut-off
valve 21 is closed, and then the feed water flow regulating
valveé 80, 81 are fully closed. Here, since in some cases,
water downstream of the feed water flow regulating valve is

20 sprayed by injection of atomizing air for several minutes,
after time passage for a certain time after stopping of
supply of feedwater, the extraction air shut-off valve 27 is
closed, and the air flow regulating valves 80, Bl are fully
closed. 1In this manner, in the water spray stopping

25  operation process, also, the air spraying is stopped after

the feedwater is stopped, whereby the water atomizing

characteristics can be maintained after the stopping.




Z 2 JUL 2004 86 Thereby, water spray starting or stopping operation gaﬂ_%ﬁ
executed while maintaining the soundness of the apparatus and devic% ; 4
Further, at the tinme of gas turbine trip during the 5 water spray
operation, the feedwater shut-off valve 21 and the extraction air shut-off
valve 27 are fully closed by a trip sig . In this case, although

atom zing air sprayed is |lacked and water of |large particle dianmeter in

the feed t d ' ; | | e 19,

weraht 1t acour s 1 SSF gy Faie SR R PR Bl o
the ‘conpr essa, BlAdgs. da Pl AU ol Ll Sbing I IISELafo0ET Skelye 1Tt
an 1 nstruction or stopplng water spray |I'sS 1Ssued on e basi S of "a signal

of gas turhj rd Q. |nstruction of decreasing the 15 conpressor
i nl et guideg$§%%£%%§hF%gfﬂggﬁggﬁid. Thereby, the soundness of the plant

can e seoured (U1 e dlod IS0 S Qim0 WD AP C MY @iy cn
G st r bt | oNESP AP R o1 d ot eeh TR T VaRYE Al B 1 °
ot _exceed 115 dakhass SRR Sl He il S b ATt LR R PD. B Thave
cmbodi mont - T SHENAY ort T et AR AT SEBTEY f PRt PAFY S ge
on the int akl% q%(%tkeldg ahd Siwha 243 iorf tlhaerge particle diameter in the feed
water duct is sprayed or the water drops by difference in
10 weight, it occurs for a short time, so that such a problem
as erosion of‘the compressor blades is not caused thereby.
Further, concretely, first, an instruction of
stopping water spray is issued on the basis of a signal of
gas turbine trip. Then an instruction of decreasing the
15 compressor inlet guide vane opening is issued. Thereby, the
soundness of the plant can be secured further at the time of
gas turbine trip.
An eighth embodiment of the present invention will
be described hereunder, referring to Figs. 1, 12A and 12B.
20 In this embodiment, by detecting a temperature
distribution of air at the inlet of the compressor 1 in a
peripheral direction, a control is carried out so that a
temperature deviation does not exceed a prescribed value.
The present embodiment, basically, may have a
25 similar construction to that of the first embodiment. In

this embodiment, a plurality of temperature detectors 36 are

further arranged on the intake duct 13 as shown in the
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40 injected frominjection nozzle 17 are partly vaporized within thiZJUL2W4
i nt ake duct 13 thereby dropping the tenperature of anbient air, and are

i ntroduced 5 into conpressor 1. At this tine, when a water quantity

supplied fromsonme of a series of water ay pipes 15 is insufficient due
to clogging or the like of spray nozzle 17, a difference in neasured

t enperature : i.nt dJuct, ai r rat4 € detectors 36 are
%ae%gtg‘&gfl}ra h d1 1t B To £ SRET a3
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duct air temperature detectors 36 are provided at a
10 plurality of positions. Since nonuniformity of flow at the
intake portion will normally cause unstable operation of the
compressor, uniformity in the temperatures is also required
to be ensured. Nonuniformity or deviation of temperature in
the circumferential direction at the intake portion of the
15 compressor implies that correcting revolution numbers of the
compressor differ in the circumferential direction, which
causes mismatching between stage characteristics within the
compréssor.
Further, in the case where the temperature deviation
20 at the inlet of the compressor is due to the above-mentioned
deviation of water flow, there occurs a difference in
amounts of water droplets to be introduced into compressor 1
without having been vaporized within intake duct 13 in the
circumference direction of the intake portion. Since water
25 droplets introduced into compressor 1 serve to drop ambient
temperatures of a main air stream within compressor 1 by

being vaporized therein, when a deviation of water droplet
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there occurs that a tenperature drop in a particular portion wthyn jghepg
conpressor becones |arge whileas a tenperature drop in another portion
beconmes snall, thereby further 5 deteriorating the circunferential
tenperature deviation wthin the conpre r. Therefore, there may be
considered such a case where an excess zﬁpft wat er exceeding the limt
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al t hough the o eratlon within the'injée i'mt eis

L(Etfgpgggor " ri %L?é‘sbr?m erecsf(:éfmg3 hcgnlcé;lrfﬁl (ﬁl eﬂ%ej \?éat eré;uant & Qic%]r}’ o
above- ment i Qﬁ% tnle%%r al O\ At L 14 &t 16 COM Efbe
. su\(gn ?ﬁBt V oqpéwat er

quantity, cause case mher an excess quant

over the Wat Ip \%h r.];\nioltl:éﬁelrr.{a ort u%écs nHH es%a% Of_l’h&o%}g%afﬁ]l_. IllJ adequat e

anount of mate U|re dal ni ng a targe |ne

output gannal. e il gt ed 5@ caitr%%xdfs nsdskerned SLUL ey,

a:lom?ble : ' Fatur & devi a I ons, ure srgnal's at a

t t tect

Figs. 12A T 3%%'” Sﬁioﬁﬁﬁ sP45 EhEr “rt%%%%gn PoopEeRel LN
t t t th de I

control uni £4 %Xh?ar;q%%%ﬁf%eswe e P R S HORES e 1R

regulating gie 26 Sush dhaloa Pl Oc;@tqer t'ﬁg&&%wﬂm e om
compressor although the operation within the injection water
10 limit line is intended.

Further, when use of the inlet temperature and
humidity of compressor 1 is considered for the control of
water quantity, the above-mentioned temperature deviation
will affect the control of water quantity, and will cause

15 such a case where an excess quantity of water over the water
guantity limit value is injected, or contrarily an adeguate
amount of water which is required for obtaining a target gas
turbine output cannot be injected.

A value is predetermined arbitrarily as an allowable

20 value for temperature deviations, temperature signals at a
plurality of points detected by air temperature detector 36
indicated in Figs. 12A, 12B are transmitted to control unit
35, then in the case when a temperature deviation exceeds
the predetermined allowable value, the control unit controls

25 the opening of the feed water header outlet flow regulating
valve 26 such that a supply water quantity to be supplied

from each water spray pipe 15 to its spray nozzle 17 becomes
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al | owabl e val ue. For exanple, in such a case where injection nozZlilelll7lis
cl ogged by foreign matters such as rust accunulated in the piping, since a
feed water pressure 5 in each water spray piping 15 is the sane, and since
a water quantity to flowinto a particulgr water injection piping having
many cl ogged nozzl es decreases than quantities in other water spray
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deviation. Therefore, in order to balance water flows among

10 the water spray piping, openings of the feed water header
outlet flow requlating valves 26 of other water spray piping
without being subjected to clogging are decreased. Thereby,
the temperature deviation at the inlet of the compressor is
eliminated upon balancing of flows in respective water spray

15 piping 15. However, since the feed water quantity drops due
to the decreased opening of the feed water header outlet flov
regulating valve 26, the control unit 35 sends an open valve
operaﬁion signal to the feed water flow regulating valve 22
to raise the pressure of the feed water header such that an

20 indication by water flowmeter 23 increases to a target water
flow. Further, when the feed water pressure is raised, a
quantity of water droplet atomizing air becomes
insufficient, thereby, the control unit 35 sends an open
valve operation signal also to the air flow regulating valve

25 31 to raise its supply pressure and control the air flow to
become at a target value.

Thereby, partial occurrence of icing or stalling is



I I JUL 2904 90 suppressed and a hi gh output operation will be possible
whi | e securing the soundness of the apparatus and devi ce. Further,zgqggqgm
of the construction shown in the .section of A-A of Fig. 12A, an air
tenperature detector 37 5 can be arranged at the upstream side of the
conpressor inlet guide vanes as shown iQK;he section B-B of Fig. 12B. The
section B-B is a section upstream of the ‘Conpressor inlet guide vanes 7.
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guide vanes 7. This construction can have a similar effect
to the construction shown by the section A-A. The air

10 temperature defectors 37 are arranged at the inlet of the
compressoxr inlet guide vanes 7 at an interval in the
peripheral direction, preferably, at an equi-interval,
whereby more precise temperature deviation can be detected,
abnormality of the apparatus and devices can be detected

15 precisely and maintenance of the apparatus and the devices
can be effected.

Although an allowable value of preset temperature
deviation should be set to different values according to
types or kinds of gas turbines, in the present invention, it

20 can be set to 15C or lower.

An example of operation of the present invention will
be described hereunder, referring to Figs. 1 and 13.

Fig. 13 indicates icing limit at the inlet of the
compressor 1.

25 For example, in the case of atmospheric condition
being 10°C and relative humidity being 30%, it is located at

point A in Fig. 13. Upon vaporization of a portion of
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I njection unit and the upstream side of the conpressor, an inlet
tenperature of the conpressor 1 drops theoretically to 3.5C at pqinfy Q04
with a relative humdity of 100% However, 5 an air velocity in the
vicinity of the conpressor inlet guide vgne 7 is accelerated to
approximately 200 m's. Thereby, a static tenperature of air drops, and a
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oper ati on,
decreases by 2-3 ‘C. Therefore, there is a possibility for

10 water droplets introduced into the compressor to freeze on
the wall surface of casing and on the compressor inlet guide
vane 7.

wWhen an icing phenomenon takes place, the output of
the gas turbine drops due to a decrease in quantity of

15 intake air to the compressor 1. Further, there is a
possibility that the compressor blade is damaged by
periodical scattering of grown-up ice. Still further, in the
case where partial icing in the circumferential direction at
the inlet of the compressor takes place, intake air

20 quantities sucked into the compressor become uneven in the
circumferential direction, thereby causing unbalanced
vibrations of a rotating portion of the gas turbine or
unstable operation of the compressor.

In actual operation, it is required to preset a

25 lower limit value of temperatures, which should be

determined with an adequate margin in consideration of an

opening of compressor inlet guide vane 7 under operation, a
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the inlet of conpressor 1, and respective variations and precision of
nmeasurenents of the air tenperature detectors 36. IntmseW? eMt, it is
preset at 15C. exanple, the lower limt value is set at 5C mklch S
lower than 5C is defined as a water regiogy, Therefore, in the case of Fig.
13, allomable region is until point B in mhich tenperature of the

compressor LGt ol i i fd i dhnd Qenelih s L pgLOTOR 1507 2
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At this tine, SI'nce any par
which is lower than 5°C is defined as a water spray prohibit

region. Therefore, in the case of Fig. 13, a water spray

allowable region is until point B in which an inlet

temperature of the compressor 1 is 5°C and a relative humidit
10 is 75%.

In Fig. 13, in the case where an atmospheric
condition is located in region 1, it does not occur
theoretically that any inlet temperature of the compressor 1
becomes lower than 5°C, thereby eliminating any water spray

15 limitation against icing. Further, in the case where its
atmospheric condition is located in region 2, since it is
possible for the inlet temperature of the compressor 1 to
drop below 5°C and enter region 3, the water quantity is
controlled such that the inlet temperature of the compressor

20 1 will not drop below 5°C. At this time, since any partial
icing at the inlet of the compressor should not be allowed,
the same water flow control as in the first embodiment of
the invention is executed such that every detected values of
temperature signals of air temperature detectors 36 will not

25  drop below 5°C.

When the atmospheric condition enters region 3 of

Fig. 13 during operation, namely, when a dry bulb




icing at the inlet of the conpressor should not be allowed, the sanme water
flow control as in the first enbodinment of the invention is executngﬁP?ML
that every detected values of tenperature signals of air tenperatu
detectors 36 will not 25 drop below 5C . Wen the atnospheric condition
enters region 3 of Fig. 13 during operaiépn, nanely, when a dry bulb 2 ?
JUL 2004 93 tenperature of the atnospheric condition becones bel ow 5C,

si nce i ci ng agA0IRAGN YRAKLS el LI AT heddnedIOIES 5,

necessary to stop water supply speedily, thereby, the contr
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suction Cha%birs Jﬂu 'r%g'ilo% 2%’ tth@ec %qunsaowj} %ulb temperature of the
atmosphere is below 5°C, since a water spray guantity for
10 control in actual operation becomes small, an increase in
output of the gas turbine to be augmented is limited,
thereby providing less advantage. Therefore, without
allowing the water contrel to be executed to the verge of
icing, when the wet bulb temperature drops below 5°C, the
15 control unit 35 sends a closing valve operation signal to
the feed water shut-off valve 21. Otherwise, the feed water
pump 20 is subjected to emergency stoppage. In this case, the
possibility of icing is completely eliminated, thereby
ensuring a safer operation.
20 In the suction chamber 11 in Fig. 1, the atmospheric
condition detector 38 and atmospheric humidity detector 75
are installed. The atmospheric condition detector 38 and
atmospheric humidity detector 75 may be placed anywhere in
the upstream side of the water injection unit provided that
25 they are not affected by rain drops. As a result of

detection by the atmospheric temperature detector 38 and

atmospheric humidity detector 75, it is found in which




condition detector 38 and atnospheric hum dity detector 75 are installed.
The atnospheric condition detector 38 and atnospheric humidity defédtibrlilks
may be placed anywhere in the upstreamside of the water injection unit
provi ded that 25 they are not affected by rain drops. As a result of
detection by the atnospheric tenperaturesﬁgtector 38 and atnospheric

hum dity detector 75, it is found in which 2 2 JUL 2004 94 region of Fig.
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14, a wall E%%§§%h¢u9§5p%%gr 43 is provided in an inlet casing of the
conpressor 1 nlet "guide vane 7, a conpressor wall pressure variation
p

detecting 20 pressuhe §eR30tnbddiheltOV et d Drtlbddt SR ik SiAge
described hereunder, referring to Fig. 1, 14, 15 and 16.

10 Fig. 14 is a schematic diagram showing an example of
operational condition detectors surrounding the gas turbine
itself relating to the water flow control.

The present embodiment, basically, may have the
construction of the first embodiment. In addition to the

15  construction, as shown in Fig. 14, a compressor inlet total
pressure gauge 39 is provided in the upper portion of the
compressor air intake portion 14, a wall pressure detector
43 is.provided in an inlet casing of the compressor inlet
guide vane 7, a compressor wall pressure variation detecting

20 pressure sensor 44 is provided in an intermediate stage of
the compressor, a compressor discharge portion temperature
detector 45 and a compressor discharge pressure detector 46
are provided at a discharge portion of compressor 1, a gas
turbine exhaust gas temperature detector 47 is provided in a

25 gas turbine exhaust diffuser 8, a bearing vibration detector
42 is provided on compressor frontal bearing 6, a bearing

vibration detector 52 is provided on a turbine exhaust side




the conpressor, a conpressor discharge portion tenperature detector 45 ?nﬂ
a conpressor discharge pressure detector 46 are provided at a dischiﬁgw 04
portion of conmpressor 1, a gas turbine exhaust gas tenperature detector 47
is provided in a 25 gas turbine exhaust diffuser 8, a bearing vibration
detector 42 is provided on conpressor frgnhtal bearing 6, a bearing

vi bration detector 52 is provided on a turbine exhaust side 2 2 JUL 2004 95

bearing 9, %éé‘%tdig{g tgermaerrfé&hle {;%ﬁfﬁ%%rﬂfe}séété’é{?&} deg Sr?lé't ob Mgt oREZN 1 NG

5, and a drain ect’ion Teve provi ded i e conpressor air

t ake POrtisdlhudst iichilg S1CERFA Yalor P o e ALl e pOOREgRNE OnEC

detectors, etc. indicates G I ng” condrtions of

the entire ?)%‘}il%%%i vy A@W%é_s%}é?a%ﬂid&fé19&££@£‘95'F?a- I?‘ﬁi%%mé?ray

injection starts poi n n accor dance w

|nNCreasi NG GUARLId Al PLer, A0e SPT A @ SOIPLERSREs LHLEL L EBRELBLUT Ee o

decr eases. wever, a condition ere | nospneri c embera ure

is too 5| ow, an ici r%quhqgo%erbraf%teasr tcﬁlgno%‘%saﬁ %Ha%\c%%fr%%%&i nt B,

t hereby affecting thé-overa or nance When i ci ng

phenorrenon (aes Aldige Jn e il Blo ofod S ie, SOTHESSOtecLoEeRERYS 0N the

surfaces of i guide ~ vane e casing, thereé ecreasing

frontal annIdﬁigegﬁg%éqeﬁggaconpressor, and thereby decreasing a
conpressor "in airr ow.” When the conpressor inlet air flow decreases, a

gas turbine output ¢.QRS. FUILLNEG 3 IGH TR QSN Rl {n oY 15t he
I nl et of the conpressor drébs, a
and in accordance with an increasing quantity of water
10 spray, a compressor inlet temperature decreases. However, in
such a condition where its atmospheric temperature is too
low, an icing phenomenon starts to takes place from point B,
thereby affecting the overall performance of the gas
turbine. When icing phenomenon takes place in the inlet of
15 the compressor, ice grows on the surfaces of inlet guide
vane 7 and the casing, thereby decreasing a frontal annulus
area of the compressor, and thereby decreasing a compressor
inlet air flow. When the compressor inlet air flow
decreases, a gas turbine output drops. Further, since a
20 velocity of air flow in the inlet of the compressor drops, a
pressure on the wall of casing in the inlet portion of
compressor inlet guide vane 7 increases. A decrease in
amounts of air flow at the inlet of the compressor will
result in a decrease in amounts of air flow at the inlet of
25 the gas turbine, thereby decreasing a discharge pressure of

the compressor so far as the operation is maintained at a

constant combustion temperature. When the discharge pressure




pressure on the wall of casing in the inlet portion of conpressor inlet
guide vane 7 increases. A decrease in ampunts of air flow at the igizejy) oy
the conpressor will result in a decrease in amounts of air flow at the
inlet of 25 the gas turbine, thereby decreasing a discharge pressure of

t he conpressor so far as the operation isggrai ntained at a constant
conbustion tenperature. When the discharge pressure 2 2 JUL 2004 96 of the

conpressor @R Wdnior @eatd @b atadhien$ Uisd Pt i o b Ush é ook pder at ur e,
an exhaust gas tenperature of the gas turbine increases. In the case where
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conpressor. Fig. 16 indicates changes in overall operational conditions of

the gas tur lﬁii@ndﬁlﬁ?ﬂn@%&dﬁ”%t@firﬁ ﬁi@'éomﬁ@eﬁ@f‘%@%ré\@tl@i tRéection
Is started frompoint /Ain Fig. 16. Wth an increasing quantity of water
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distribution of water dropl'ets 1ntroduced into the conpressor in the

ci rcunfer entdedfpe i IO der@Mprayiodi Nterstage msmatching within the

conpressor due to excess water injection therein or the 20 like, there is a

possibility that a Bljgde 15 aljdiRGhtes changes in overall operational
conditions of the gas turbine under occurrence of a stall

10 phenomenon.

Water injection is started from point A in Fig. 16.
With an increasing gquantity of water injection, the inlet
temperature of the compressor decreases, and its output
starts to increase. However, in the case there is a non-

15 uniform temperature distribution at the inlet of the
compressor, a non-uniform distribution of water droplets
introduced into the compressor in the circumferential
direction thereof, any interstage mismatching within the
compressor due to excess water injection therein or the

20 like, there is a possibility that a blade stalling
phenomencn within the compressor may result in. When there
occurs a stalling phenomenon of blades, a variation of wall
pressures of the compressor increases due to an unstable
flow by the stalling. Since a stalled blade region inhibits

25 its air flow, the guantity of inlet air of the compressor

decreases. The decrease in the quantity of the inlet air of

the compressor causes to decrease the gas turbine's output.




phenonmenon within the conpressor may result in. Wien there occurs a

stal ling phenonenon of bl ades, a variation of wall pressures of the
conpressor increases due to an unstable flow by the stalling. Sing?@1
stalled blade region inhibits 25 its air flow, the quantity of inl i L00bs
the conpressor decreases. The decrease @Q the quantity of the inlet air of
the conpressor causes to decrease the gas turbine's output 2 2 JUL 2004 97
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20 lines, i ong run ére may be consi
the compressor is decreased under operation at a constant

10 combustion temperature, an exhaust gas temperature of the
gas turbine increases. The adiabatic efficiency of the
compressor drops remarkably due to the stalling phenomenon,
thereby increasing the discharge temperature of the
compressor. Along with a rise of variation level of

15 compressor wall pressures, a vibration in a rotating portion
of the gas turbine increases as well thereby increasing a
value of vibration of its bearing.

Although, as mentioned above, the gas turbine itself
is essentially protected by the spray water quantity limit

20 lines, in the long run there may be considered such a case
where use of the same limit lines alone may not be able to
ensure the protection of the gas turbine itself in
consideration of influences such as decreases in surge
margins due to ageing deteriorations of the compressor and

25 the like. Therefore, it becomes necessary for the
operational conditions in the circumference of the gas

turbine inclusive therecf to be detected and monitored for




where use of the same limt lines alone may not be able to ensure the
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as decreases in surge nargins due to ageing deteriorations of the
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operational conditions in the circunferenge of the gas turbine inclusive
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(1) Since the sta phenonenon within the conpressor and the icing
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operation, in case the compressor inlet air guantity drops
lower than the predetermined allowable value within a
10 predetermined period of time, the control unit 35 sends a
signal to the feed water flow regulating valve 22 to decreas:
its opening so as to decrease the water injection guantity.
Further, in case the allowable value for variation 1is
exceeded, water supply may be shut off to protect the gas
15 turbine. In this case, the control unit 35 transmits a
closing operation signal to the feed water shut-off valve 21
Otherwise, the feed water pump 20 may be stopped in
emergency.
Here, the compressor inlet air guantity is
20 calculated, for example, using signals from the compressor
inlet total pressure gauze 39 installed in the upper portion
of the compressor intake portion 14, the inlet portion casin:
wall pressure detector 43 in the inlet of compressor inlet
guide vane 7, and a temperature signal from the intake duct
25 air temperature detector 36.
Thereby, the icing or stalling phenomena can be

surely detected, so that the soundness of the gas turbine




20 cal cul ated, for exanple, using signals fromthe conpressor inlet total
pressure gauze 39 installed in the upper portion of the conpressorji il a}g
portion 14, the inlet portion casing wall pressure detector 43 in the

inlet of conpressor inlet guide vane 7, and a tenperature signal fromthe

I ntake duct 25 air tenperature detector . Thereby, the icing or stalling
phenonena can be surely detected, so that the soundness of the gas turbine
2 2 JUL 200499 gans $?J$§ ur ed. (2) Monitoring of the inlet portion
casing wall pressure 1 t of conpressor inlet guide vane 7 is
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For example, at stoppage of the gas turbine, a compressor

10 inlet flow guantity becomes 0, at this time, its casing wall
pressure is in the condition of atmospheric pressure which
is a maximum value. With an increasing speed of the gas
turbine and with an increase in the quantity of the inlet
air flow, a velocity of air increases, thereby decreasing
_15 its static pressure, or its casing wall pressure drops.

The above-mentioned compressor guide vane inlet
casing wall pressure is used for calculation of the
compréssor inlet air.quantity. Both of them can be
approximated in a linear function with an adequate precision

20 being ensured in an actual extent of the gas turbine
operation. Therefore, there is such an advantage that when
the operational condition of compressor 1 becomes unstable,
feed water can be shut off immediately only by referring to
the compressor guide vane inlet casing wall pressure,

25 without need of executing the result of calculation of the

compressor inlet air quantity.

In an actual operation, the casing wall pressure




20 being ensured in an actual extent of the gas turbine operation,.
Therefore, there is such an advantage that when the operational cgﬁdW£ﬂ@m
of conpressor 1 becomes unstable, feed water can be shut off imrediately
only by referring to the conpressor guide vane inlet casing wall pressure,
25 wi thout need of executing the result 9 0calculation of the conpressor
inlet air quantity. In an actual operation, the casing wall pressure 2 2
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Further, in the case of exceeding the allowed value for
variation, water supply may be shut off to protect the gas
10 turbine itself. In this case, the control unit 35 sends a
closing operation signal to the feed water shut-off valve 21
Alternatively, the feed water pump 20 may be stopped in
emergency.
Thereby, the detectors can be easily installed, the
15 phenomenon of icing or stalling can be easily detected and
the soundness of the gas turbine can be secured.
(3) _Monitoring of the compressor discharge pressure is
executed in order to detect the phenomena of stalling within
the compressor and icing on the compressor inlet guide vane,
20 and achieve the safety operation of the gas turbine. When
the compressor inlet flow quantity decreases, the above-
mentioned compressor discharge pressure drops so long as
under operation at a constant combustion temperature. A
relationship between the compressor inlet air flow and the
25 compressor discharge pressure can be approximated by a

linear function with an adequate precision in the case of

operation at the constant combustion temperature. Therefore,




the conpressor and icing on the conpressor inlet guide vane, 20 and achi eve
the safety operation of the gas turbine. Wen the conpressor inIetLglmmeL
guantity decreases, the above- nentioned conpressor discharge press é
drops so long as wunder operation at a constant conbustion tenperature. A
rel ati onshi p between the conpressor inletoiir fl ow and the 25 conpressor

di scharge pressure can be approxi mat ed bQ | i near function with an
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discharge pressure drops below the predetermined limit value
10 within a predetermined period of time, the control unit 35 it
caused to send a signal to the feed water flow regulating
valve 22 to decrease its opening so as to decrease the
guantity of water injection. Further, in case the allowable
value of variation 1s exceeded, water supply may be shut off
15 for protection of the gas turbine. In this case, the control
unit 35 sends a closing operation signal to the feed water
shut-off valve 21. Otherwise, the feed water pump 20 may be
stoppéd in emergency.
Since the pressure level is high and a change in the
20 level can be rapidly detected, the soundness of the gas
turbine can be rapidly secured upon occurrence of an icing o
stalling phenomencon.
(4) Monitoring of the compressor discharge temperature
is executed in order to detect the phenomena of stalling
25 within the compressor and icing on the compressor inlet

guide vane, and to ensure the safety operation of the gas

turbine. In case there occurs a stall or icing phenomena




Since the pressure level is high and a change in the 20 |evel can ﬁt |
rapi dly detected, the soundness of the gas turbine can be rapidly @Hr@@
upon occurrence of an icing of stalling phenonmenon. (4) Monitoring of the
conpressor discharge tenperature is executed in order to detect the
phenonena of stalling 25 within the conpressor and icing on the conpressor
I nl et guide vane, and to ensure the safetlp2operati on of the gas turbine.
In case there occurs a stall or icing phenonena Z 2 JUL 2004 102 with an

i ncreasi ng wetttdr amj buerens iarwatey snijectide gqesnebayj csehéectkacy of the
conpressor decreases, the conpressor discharge tenperature does not drop
but remai ns addoatstaint of finteray est daspidanphessorréaseeasesntthy of 5
water. Inherently, the inlet tenperature of the conpressor should decrease
by wat er i njceniposssamndisclashdye | oempet atoere tdees enper dtop ebof tdeaimsn air
streamis to be decreased by vaporization of water droplets having been

i ntroduced icunstdite conpiessates tdes EOnPridss oi nclf saved gguartpey abfir e
shoul d 10 drop approximately in a linear relationship with the quantity of
i nj ect ed watmerterTherierent by, i tisd ailrcket hadmpdeat eoaps£ssioe chmphes ger
tenperature does not drop indicates that the conpressor efficiency has

dr opped due sthults tddit wea P asntwarem 1dy ecd fen £oapd ebsoidd 16idm, asined
operation, the conpressor discharge tenperature detector 45 is installed
in the di schrggetemmetatoureofot hehe apiressir dtrean 19 taskee tdecreased by
above-nenti oned conpressor discharge pressure drops bel ow the

predet er m netporization of water droplets having been introduced into

the compressor, the compressor discharge temperature should

10 drop approximately in a linear relationship with the
quantity of injected water. Therefore, an instance that the
compressor discharge temperature does not drop indicates
that the compressor efficiency has dropped due to unstable
operation within the compressor.

15 In actual operation, the compressor discharge
temperature detector 45 is installed in the discharge
portion of the compressor 1, and in case the above-mentioned
compréssor discharge pressure drops below the predetermined
limit value within the predetermined period of time, the

20 control unit 35 is caused to send a signal to the feed water
flow regulating valve 22 to decrease its opening so as to
decrease the guantity of water injection. Further, when in
excess of the allowable value of variation, water supply may
be shut off for protection of the gas turbine itself. In

25 this case, the control unit 35 sends a close operation
signal to the feed water shut-off valve 21. Otherwise, the

feed water pump 20 may be stopped in emergency.




limt value within the predeterm ned period of tine, the 20 control unit 35
is caused to send a signal to the feed water flow regulating valyg 22?2800
decrease its opening so as to decrease the quantity of water injection.
Further, when in excess of the allowable value of variation, water supply
may be shut off for protection of the gas turbine itself. In 25 this case,
the control unit 35 sends a close operatildd@ signal to the feed water
shut-off valve 21. O herwise, the feed water punp 20 may be stopped in
emergency. U3 JuL Momitgming HE NPk temipreson Hd kv €6 sof L @i eney | &5
efficiency is executed in order to detect the stall phenonmenon within the
conpressor &A¥EFrieR) PhedrARNoe ctet et copretasbl pheremegendeivhnn, the
wel|l as to detect the interstage msmatching 5 within the conpressor, and
to attain tRORRIessoppridtiompiphenemepen e bihe. cEhpresshe tbhpressor

di scharge tenperature drops with an increasing quantity of water

i nj ection, Hpsie ANy, ahaebhprestordetkabathe biterseagy nhemabshing
However, where there occurs any stall or icing phenonena 10 with an

i ncreaséd quekithiy Wie veanpresgect i vl theatidhbibathe safétyi epeyadionhef
conpressor decreases. Further, a subtle m smatching between interstages
within the ddprassdiunining. Hoeee rivhe apprepressomrdbdtyaftgentenperature
detection of the above-nentioned conpressor inlet flow quantity, discharge
15 pressure dnpslivicHarae inrpersing equaphite cbtected imjectidmarly by the
conpressor adi abatic efficiency. The conpressor discharge tenperature
which is si pirRIrcblke the chmpresgoncadilabatit fbiciterroincradseso be
affected by a

However, where there occurs any stall or icing phenomena

10 with an increased quantity of water injection, the adiabatic
efficiency of the compressor decreases. Further, a subtle
mismatching between interstages within the compressor which
does not appear remarkably from a mere detection of the
above-mentioned compressor inlet flow guantity, discharge

15 pressure and discharge temperature, can be detected more
clearly by the compressor adiabatic efficiency. The
compressor discharge temperature which is simple because it
does ﬂot need calculation thereof tends to be affected by a
drop of the compressor discharge pressure when detecting

20 deterioration of performance of the compressor. Therefore,
there is such a case where the drop of performance of the
compressor cannot be detected after all without calculation
of the compressor adiabatic efficiency.

In practical application, on the basis of

25 measurements by the compressor inlet total pressure gauge 39

and intake duct air temperature detector 36 which are

installed in the upper portion of compressor intake portion




drop of the conpressor discharge pressure when detecting 20 deterigﬁﬂii@m
of performance of the conpressor. Therefore, there is such a casg r

the drop of performance of the conpressor cannot be detected after al

wi t hout calculation of the conpressor adiabatic efficiency. In practical
application, on the basis of 25 neasurenents by the conpressor inlet total
pressure gauge 39 and intake duct air téfperature detector 36 which are
installed in the upper portion of conpressor intake portion 2 2 JUL 2004
104 14, and4by arske bgormdres syorp 1k ssohardfs clemee at empe et ece odedsctandss
conpressor discharge pressure detector 46 which are installed in the
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above-nmenti oned conpressor adiabatic 5 efficiency has dropped nore than the
pr edet er mi nedstatilted vial ushenididghartpe edetes o Hhecomeréessionf 1t i weent e
control unit 35 is caused to send a signal to the feed water flow

regul ati ng val e @Rl tihade drieasshoves-nreioned ccaspt s siec radsebahec quant ity
of water injection. Further, in case 10 it is in excess of the allowable
val ue ofd varifftiicirenoyatters dungmped maordeisEnttiod fpfedepeonined chieitt he
mai n body of the gas turbine. in this case, the control unit 35 sends a

cl osi ng opemwatliven wsiitgnial tthe tgredasdmatead sutodfdf valme, €ie Giered se,
the feed water punp 20 nay be stopped of its 15 operation in energency.
Ther eby, evemitd IhdsatcmsEieriac deanper atigmal changes, foed uwaeecef bbwi ci ng
or stalling phenonena can be detected easily, whereby the soundness of the
gas turbi neregulating valve 22 to decrease its opening so as to

decrease the quantity of water injection. Further, in case
it is in excess of the allowable value of Qariation, water
supply may be shut off for protectiocn of the main body of
the gas turbine. In this case, the contreol unit 35 sends a
closing operation signal to the feed water shut-off valve
21. Otherwise, the feed water pump 20 may be stopped of its
operation in emergency.

Thereby, even if the atmospheric temperature
changes, occurrence of icing or stalling phenomena can be
detected easily, whereby the soundness of the gas turbine
can be easily secured.

(6) Monitoring of gas turbine exhaust gas temperatures
is executed for detection of the stall phenomenon within the
compressor and the icing phenomenon on the compressor inlet
guide vane, and for attainment of the safety operation of
the gas turbine. Upon lowering of the compressor inlet flow
quantity, the above-mentioned compressor discharge pressure
drops and the gas turbine exhaust gas temperature rises so

long as the operation at a constant combustion temperature




can be easily secured. 20 (6) Mnitoring of gas turbine exhaust ga?7 UL 2004
tenperatures is executed for detection of the stall phenonmenon within the
conpressor and the icing phenonenon on the conpressor inlet guide vane,
and for attainment of the safety operation of the gas turbine. Upon

| owering of the conpressor inlet flow 25 quantity, the above-nentioned
conpressor discharge pressure drops andl®he gas turbine exhaust gas
tenperature rises so long as the operation at a constant conbustion

t enper at ur e 1 Majptaiges -1 FHesedymitdtatinds SOl ey, advanage thah bn
advantage that in any case where the operating condition of conpressor 1
becones uns@i €asfedthefs dh e Hpgatsing coid itwadi ek gMPYRE$L¥ e erence to
the gas turbine exhaust gas tenperatures. 5 In practical application, the
gas turbi ne beaeaes uwgsd abl@wpdeadimatda sanobey Bhut (gt almeediatele gas
turbi ne exhaust diffuser 8, and in case said exhaust gas tenperature

ri ses nore &l Fefed@ice ronddd gas twabiaenediianst predeenpesaedreeri od
of time, the control unit 35 is caused 10 to send a signal to the feed
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the quantity of water injection. Further, in case in excess of its
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predetermined period of time, the control unit 35 is caused
to send a signal to the feed water flow regulating valve 22
to decrease its opening so as to decrease the gquantity of
water injection. Further, in case in excess of its allowable
value for variation, water supply may be shut off for
protection of the main body of the gas turbine. In this
case, the control unit 35 sends a closing operation signal
to the feed water shut-off valve 21. Otherwise, the feed
water pump 20 may be stopped its operation in emergency.
Monitoring of fluctuations of gas turbine exhaust
gas temperatures is executed for detection of non-uniform
distribution of water droplets having been introduced into
the compressor in the circumferential direction thereof,
unstable operation of the combustor and for attainment of
the safety operation of the gas turbine. In the case of non-
uniform distribution of the compressor inlet temperatures,
and non-uniform distribution of water droplets having been
introduced inteo the compressor in the circumferential

direction thereof, since there occur variations in




gas tenperatures is executed for detection of non-uniform 20 distribution
of water droplets having been introduced into the conpressor in thz WL 2004
circunferential direction thereof, unstable operation of the conb gt and
for attainnment of the safety operation of the gas turbine. In the case of
non- uni formdistribution of the conpres @6 inlet tenperatures, 25 and

non-uni formdi stribution of water droplet'sThaving been introduced into t he
conpressor in the circunferential directian there sjnce, there oc
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exhaust gas temperature exceeds the predetermined limit
10 value, the control unit 35 sends a signal to the feed water
flow regulating valve 22 to decrease its opening so as to
decrease the guantity of water inijection. Further, in case
in excess of the allowable value for variation, water supply
may be shut off for protection of the main body of the gas
15 turbine. In this case, the control unit 35 sends a closing
operation signal to feed water shut-off valve 21. Otherwise,
the feedwater pump 20 may be stopped immediately.
Thereby, upon occurrence of icing or stalling
phenomena, they can be rapidly detected, so that the

20 soundness of the gas turbine can be rapidly secured.

(7) Monitoring of bearing vibrations is executed for
detection of non-uniformities of compressor inlet air
guantities and water droplets having been introduced into

25 the compressor in the circumferential directions thereof due
to the stall phenomena within the compressor or the icing

phenomena on the compressor inlet guide vane, and for




phenonmena, they can be rapidly detected, so that the 20 soundness of the
gas turbine can be rapidly secured. (7) Monitoring of bearing vibra&%ons | S
executed for detection of non-uniformties of conpressor inlet air JUL 2004
guantities and water droplets having been introduced into 25 the conpressor
in the circunferential directions thereof due to the stall phenonena
within the conpressor or the icing phené na on the conpressor inlet guide
vane, and for 2 2 JUL %894 107 attainment of the safety operation of the
gas tur bi ne ANFIIMEHe A JAEr R L ARSTRT I e, 987 T p1Re - j Ehen
rotating stall such as to induce forced vibrations on the conpressor,
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bl ades, it causes vibration levels of the rotating body to increase.
Therefore, tHérled (SNUEF &P NARGR SR 9tV WHEH IS dPerEi e oFaMPEE3E T of
conpressor | _ beconmes unstahle, water supply.can be shut off_jnmediately
responsi ve t3-a4R8 h&Fr ihF Al fLWHer &P IHiPiertd SBlbpReat! batlepeot
bearing vibration detector 42 is provided on the conpressor frontal

beari ng %, COTPUSERHAT P IAIR St i o TFBITRS FFLEER G O IR et ©h ¥H@ turbine
exhaust side bearing 9, and when a vibration value of sajd bearings rises
in excess off 3 iddetRAd F& INGHESA Jhersens IMRFIL1UFIcR52 s caused
to send a signal to the feed water flow regulating valve 22 to decrease
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when an all owabl e value for variations is exceeded, water supply ma
becomes unstable, water supply can be shut off immediately

responsive to the bearing vibrations.

10 In practical operation, the bearing vibration
detector 42 is provided on the compressor frontal bearing 6,
and bearing vibration detector 52 is provided on the turbine
exhaust side bearing 9, and when a vibration value of said
bearings rises in excess of a predetermined limit wvalue, the

15 contreol unit 35 is caused to send a signal to the feed water
flow regulating valve 22 to decrease its opening so as to
decrease the guantity of water injection. Further, when an
allowable value for variations is exceeded, water supply may
be shut off for protection of the main body of gas turbine.

20 In this case, the control unit 35 sends a closing operation
signal to the feed water shut-off valve 21. Otherwise, the
feed water pump 20 may be stopped immediately.

Thereby, partial occurrence of icing or stalling
phenomena can be directly detected. The soundness of the gas

25 turbine can be secured against such phenomena.

(8) Monitoring of metal temperatures of the thrust

bearings is executed for detection of changes in thrust




be shut off for protection of the main body of gas turbine. 20 In this
case, the control unit 35 sends a closing operation signal to the feaf 70
wat er shut-off valve 21. otherwise, the feed water punp 20 may be stoppe

i nmedi ately. Thereby, partial occurrence of icing or stalling phenonena
can be directly detected. The soundness qf the gas 25 turbine can be
secur ed agai nst such phenonena. (8) nnniﬂ8§ing of netal tenperatures of the

t hrust beariings is executed for detectio f changes in thryst. 2 2 JUL.
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surface pressure on the thrust bearing to increase, and

thereby causing the metal temperature of the bearing likely
10 to increase.
In actual operation, the metal temperature detector
4] is installed on the thrust bearing 5, and when the thrust
bearing metal temperature rises more than a predetermined
limit wvalue, the control unit 35 is caused to send a signal
15 to the feed water flow regulating valve 22 to decrease its
opening so as to decrease the quantity of water injection.
Otherwise, when in excess of an allowable wvalue for
variation, water supply may be shut off for protection of
the main body of gas turbine. In this case, the control unit
20 35 sends a closing operation signal to the feed water shut-
off valve 21. Otherwise, the feed water pump 20 may be
stopped of its operation immediately. Unbalance between the
compressor 1 and the turbine 3 can be surely detected, so
that the soundness of the gas turbine can be surely secured.
25 (9) Monitoring of fluctuations in compressor wall
pressures is executed for detection of stalling phenomena

within the compressor and for achievement of the safety




variation, water supply may be shut off for protection of the main body of
gas turbine. In this case, the control unit 20 35 sends a closingﬁgfgﬂammpn
signal to the feed water shut- off valve 21. Qtherw se, the feed punp
20 may be stopped of its operation inmedi ately. Unbal ance between the
conpressor 1 and the turbine 3 can be surely detected, so that the
soundness of the gas turbine can be sureﬂ99secured. 25 (9) Monitoring of
fluctuations in conpressor. wall pressures is, executed for detection of

stal | i ng phéRFFEELOMI2hi the R dpretedr Bhdt$ oiibEHrelen®ft of the safety
z 2 a 2004 109 operation of the gas turbine, It is difficult to

di scri mi nat d1iSfHeninatey FRPheltt TERFRIGHLICHFIRABOHRR FRLIRERPRAS POor 3
in Fig. 6 described with reference to the  second enbodi ment of the

i nvention, WRAHES 2 95 H 51 195 pHiesmeHed ovith refereprenbtehbd sinmply
froma conpressor inlet air quantity, a conpressor inlet guide vane_inlet
casi ng wal | S rembed ideeik €af okheli SRR HEOhr sdhteitler ait dischafbell
tenperature, a conpressor adiabatic efficiency, and a gas turbine exhaust
gas tenper atRileNOoMRNATh&?r ath Lty heneeronheiirthebeonra GaRpresser
regions, and in addition, these stall regions are disposed uniformy in
the circunfiérl@f sl divantitdhe,a tIRPTRSS ot inkpeguideardyeasnlekari ng

vi brations. Upon occurrence of a stall phenomenon, and when it is such a
forced vi br RACGMNDVHOHRESIDIT D] RIcZOMBrR/CY HIRRATHY RYGFFULSinge its
stall region is caused to shift toward the circunferential direction, a
pressure fldiga@nsh teMRRRANTey thCRTES $ah ddiakakis Al H1¢ ey,

and a gas turbine exhaust gas temperature. Further, in such
10 a case where there are many stall regions, and in addition,
these stall regions are disposed uniformly in the
circumferential directions, they may not appear clearly as
bearing vibrations. Upon occurrence of a stall phenomenon,
and when it is such a forced vibration on compressor blades
15 due to rotating stall, since its stall region is caused to
shift toward the circumferential direction, a pressure
fluctuation involved in the stall can be detected directly.
In actual operation, the compressor wall pressure
variation detection pressure sensor 44 is installed in an
20 intermediate stage of the compressor 1, and when a
fluctuation value of the compressor wall pressure rises more
than a predetermined limit value, the control unit 35 is
caused to send a signal to the feed water flow regulating
valve 22 to decrease its opening. Otherwise, when in excess
25 of an allowable value for variations, water supply may be
shut off for protection of the main body of gas turbine. In

this case, the control unit 35 sends a closing operation




R

In actual operation, the conpressor wall pressure variation detection
pressure sensor 44 is installed in an 20 internedi ate stage of the
conpressor 1, and when a fluctuation value of the conpressor wall pregsus
rises nore than a predetermined Iimt value, the control unit 35 is
caused to send a signal to the feed water flow regulating valve 22 to
decrease its opening. O herw se, when inlé%cess 25 of an all owabl e val ue

for variatians, ter supply Jray be hut of f far proiection of the main
boty of gas SaPBIngs the Hrbd AT Sh ot o5 L 2 bs SURET LSSl dkhag
operation 2 JUL 2004 110 signal to the feed water shut-off valve 21.

Ot hervi se, {REQ MEESFTARIEP SUmPa0 Bfay HHPRE b EIST S Hency. S nce ¢ he
stal li ng phenonenon _can be_ directly detected, the soyndness of_ the gas
turbi ne can be surefyRcs $BEUFERLLIARG) PRSROMETATy & g?eséjrﬂa‘ieg‘"et]t%rrper at ur es
of the conpressor atﬁ$ plurality of points is executed for  detection of

non- uni f or nPETESTEA it kS SANPELESS Of dheyiFa s e CamPHat BFSHY opl et s

havi ng heen introduced into 10 the conpressor in the circunferenti al
directi 8ns BREMESA-due to icing phenonena on the conpressor inlet guide
vane, and for attainnent of the safety operation of the gas turbine.
Merely from&Conpr ¥8BAFOFANGt CfefPEFARFEE HTRETIRULSS f fflieult to
detect a circunferential distribution of the 15 water droplets havi ng been

i ntroduced FROBTEFECLoRr &sBIralift Kdy POINLS e X eIt bt BR¥ i ng

circunferential naon- uniformties within the conpressor, this method is
mor e detection of non-uniformities of the compressor inlet air

quantities and water droplets having been introduced into

10 the compressor in the circumferential directions thereof due
to icing phenomena on the compressor inlet guide vane, and
for attainment of the safety operation of the gas turbine.
Merely from a compressor inlet temperature alone, it is
difficult to detect a circumferential distribution of the

15 water droplets having been introduced into the compressor.
Further, as a means for detecting circumferential non-
uniformities within the compressor, this method is more
direct than by the gas turbine exhaust gas temperature and
the bearing vibration.

20 In actual operation, a plurality of compressor
discharge portion temperature detectors 45 are installed
uniformly in the circumferential direction on a same plane
in the discharge portion of the compressor 1, and when a
variation in temperatures of the compressor discharge

25 temperature detectors rises more than a predetefmined limit
value, the control unit 35 is caused to send a signal to the

feedwater flow regulating valve 22 to decrease its opening




direct than by the gas turbine exhaust gas tenperature and the bearin
vibration. 20 In actual operation, a plurality of conpressor dlSCﬁ&dabZML
portion tenperature detectors 45 are installed wuniformy in the
circunferential direction on a sanme plane in the discharge portion of the
conpressor 1, and when a variation in tenperatures of the conpressor

di scharge 25 tenperature detectors riseslibre than a predeternmned |imt
value, the control unit 35 is caused to send a signal to the feedwater

fl ow regul asingsvaiov slezx eas elddreap@nttist o pehiwak e Zigctiony. Hurtheras to
decrease the quantity of water injection. Further, when in excess of an

al | onabl e vahea din wexdess ofs,ametlerowahipp|ve g afe whiitatofdng orwaiken ect i on
of the main body of gas turbine. in this case, the control unit 35 sends a
5 cl osi ng opup@liyomagi dgrealshut tafef el ertadrecgian off the Ve 21 body Hef wi se,
the feedwater punp 20 may be stopped of its operation inrediately in

emer gency. Baer gwrbige. dimdlors stadd i rithehmronsrbmnit ctd srds sApartial ly
can be suitably detected. 10 (11) Msmatching within the conpressor is

det ect ed basdésioy mpexvdtdlorn |sognadl dod thheatfeddwatapravsoroff mealvwe abl,

t hereby executing a safety operation of the gas turbine. Fig. 17A depicts

each vel oci Dyhtemiversg e tove dmeshvessr punpr20 Mayidse istqueykele Bl absence
of water injection in the 15 upper stream of the conpressor. Fig. 17B

depicts a pegleamitdnghiimmediatotldenin amgaperofy £+ he conpressor rotor bl ades
versus quantities of water droplets introduced into
Thereby, an icing or stalling phenomenon which
occurs partially can be suitably detected.

10 (11) Mismatching within the compressor is detected based
on an axial flow velocity at the compressor final stage,
thereby executing a safety operation of the gas turbine.
Fig. 17A depicts each velocity triangle on compressor rotor
blades in presence and absence of water injection in the

156 upper stream of the compressor. Fig. 17B depicts a
relationship of incident angles of the compressor rotor
blades versus quantities of water droplets introduced into
the cdmpressor.

The water droplets having been introduced into the

20 compressor are vaporized therein, absorbing heat from
ambient main air stream, and lowering the temperature of the
main air stream, thereby resulting in a reduced volume flow
rate of air. This reduced volume flow rate means that the
axial flow velocity of the main air flow is reduced, and its

25 effect appears most significantly in the final stage of the

compressor. When the axial flow velocity drops, an incident

angle of a rotor blade in the inlet of compressor rotor




the conpressor. The water droplets having been introduced into the Zﬁﬂﬂ.mm
conpressor are vaporized therein, absorbing heat from anbient main air
stream and |lowering the tenperature of the nmin air stream thereby
resulting in a reduced volune flow rate of air. This reduced volune fl ow
rate nmeans that the axial flow velocity é the main air flowis reduced,
and its 25 effect appears nost significaﬁf y in the final stage of the

. t ial fl | Qci ¢, , i ncj t I f
7ot or bl adzDLROPRePRPBECof AC BifpPBs GBI FALGR 1 TG S0 145 hdes

becomes large as indicated in Fig. 17A, thereb t.endi.ng easily to cause a
positive st gFPgtlHSr @615.13\%59 §3USE,8 POSHIYE Z*/?tsa&ﬁst 'eé?ag'dr Fi i t he

he' bl ade dGEaTQ. BRARFSY | Bt PUPS-Entamiod oy (dké 1 ARNET QIRES or 0. this
Tt val ucoR BACIRNEH| SREBIEST Sihof i LAWAREE A0 1 o RS Ry SRS R
comDr =30 PRGNSR B R SRS SHIASLS 38 B PR 12,
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t he conpressor, when an incident 15 angle of a conpressor rotor blade in

the rear st B§EEAERPPEEELIMES naxi numis when its at nospheric tenperature

becones lowest. In_this _enbodi nt .of the invention _depicted in Fig..
Therefore, anﬁimit value for an afid%é%le regloélln

which the incident angle of the compressor rotor blades is

10 allowed to change is set up, and it is ensured that the
changes of its incident angle are restricted within a range
of incident angles which is applicable corresponding to
changes of atmospheric temperatures under normal operation.
In normal operation of the compressor, when an incident

15 angle of a compressor rotor blade in the rear stage thereof
becomes maximum is when its atmospheric temperature becomes
lowest. In this embodiment of the invention depicted in Fig.
17B, an incident angle at 0°C of atmospheric temperature is
defined to be a limit value for the time of water injection.

20 The axial velocity within the compressor may be calculated
at any stage thereof. However, since the mismatching is most
likely to occur in the final stage thereof, the final stage
is selected in this embodiment.

Fig. 18 indicates a control unit for detecting a

25 mismatching in the final stage of the compressor by

detecting an axial flow velocity at the compressor final

stage, and controlling a water spray gquantity of the spray




17B, an incident angle at 0 C of atnospheric tenperature is defined to be
alimt value for the time of water injection. 20 The axial vel ocityl iilithilf
t he conpressor may be cal cul ated at any stage thereof. However, since the
m smatching is nost likely to occur in the final stage thereof, the final
stage is selected in this enbodinment. Fig. 18 indicates a control unit for
detecting a 25 mismatching in the final 148age of the conpressor by
detecting an axial flow velocity at the conpressor final stage, and
control | i ngr@zwditeerl 7s pmayt hgudamts itsy aof thee dgregtedd WWIu@004 113 nozzle 17
on the basis of the detected value. The incident angle depicted in Fig. 17B
may be considered fhebdndddemnt @exylep prepdiatede|in Wid+ sl 7@kindy fheow
vel ocity al one provided that the nunber of revolutions is 5 constant at its
rat ed val uecoTisedsftsmde ta he qetainined appterinataiphtbolitesl ubhl thavwt he
axial flow velocity of the final stage of the conpressor is ensured not to
drop bel ow velegirtadetlems newbvided thetudhenammiber faf mExelteionhels axi al
flow velocity at OC of atnospheric tenperature under 10 nornmal operation.
| nst ead Sof clomsdyand] afd dwesyetadEd wadfue héThdriefarest dgee cfuameitonpf essor, a
calcul ated incident angle or flow efficiency may be used for control of
the water @admr tis doantamlleaseswth tttmabthe awtdbodslowaleldaitprobithe he
axial flow velocity beconmes necessary. 15 The axial flow velocity at the
final stagefohalhetagemmiedsdtn denpmasadatisd emsuted bast stofdror omplessor
outlet flow quantity Gcd, a conpression outlet gas density p, and

the predetermined limit value, namely, for example, the

axial flow velocity at 0°C of atmospheric temperature under

10 normal operation. Instead of the axial flow velocity of the
final stage of the compressor, a calculated incident angle
or flow efficiency may be used for control of the water
quantity. In any case of the above methods, calculation of
the axial flow velocity becomes necessary.

15 The axial flow velocity at the final stage of the
compressor is calculated on the basis of a compressor outlet
flow quantity Gecd, a compression outlet gas density 0, and
a comﬁressor outlet annulus area. The compressor outlet
annulus area among them is a constant value which is

20 determined by dimensions of each type of machines,
therefore, it is only required to calculate compressor
outlet flow quantity Gcd and compression outlet gas density
0.

Compression outlet gas density © can be calculated

25 if a pressure, temperature and gas constant at the outlet of
the compressor are known. As 1its pressure and temperature,

detected values of compressor discharge pressure Pcd and




a conpressor outlet annulus area. The conpressor outlet annulus area anong
themis a constant value which is 20 determ ned by di nensi ons of qqcﬂutmmp
of machines, therefore, it is only required to calcul ate conpressor

outlet flow quantity Gcd and conpression outlet gas density p Conpression
outl et gas density p can be calculated 25 if a pressure, tenperature and
gas constant at the outlet of the conpredddr are known. As its pressure and
tenperature, detected values of conpressor discharge pressure Pcd and 2 2
JUL 2004 11£CMRSRIeyssHisilatag denranatat erECd dir Yrehe heSed ed?s AECF 092 as
constant Rwet, since conponents of the conpressor outlet gas slightly

di ffer fromSCOMTRTENRVYS, i HRIe ASMRARCRive @5 LRRAPHFIRESS DAL oPuhwaterdas
droplets within the conpressor, gas 5 constant Rwet may be obtai ned by
conpensat i n§ g tdah st dinker Hargm gfompgnents £ hinkabl dfe aikhi dueytXs3 of
the conpressor discharge air. Further, in case a ratio of the quantity of
wat er i nj ecVid@PTidaiidne eb e chinrkeler whtlin gthe fCOPTESSQKnl §2Ssi nce
its gas constant is |ess influenced, gas 10 constant Rdry of the dry air
may be Wsed MRINSHARt dretediarbe sibtained thy teorpeptating ngagarenshanbn.
Conpressor outlet flow quantity Gcd is calculated by adding water dropl et
quantity GMRATAVIdy dPeemiapbrtily absahute nhwkkdtenpiedsof the copPpPESSSPL
inlet wet-state air 15 quantity Gaet. This is because that since the entire
portion of difchaias aklopl Bisthri ngd bease i hr¥dvdie el | e gnentébyipPéssor

wll be fully vaporized while flow ng down to the ) . ,
water injection relative to the compressor inlet air flow is

small, since its gas constant is less influenced, gas
10 constant Rdry of the dry air may be used without correction
of humidity to simplify the calculation.

Compressor outlet flow quantity Gcd is calculated by
adding water droplet quantity Gwl having been vaporized
within the compressor to compressor inlet wet-state air

15 quantity Gwet. This is because that since the entire portion
of the water droplets having been introduced into the
compressor will be fully vaporized while flowing down to the
outlef portion of the compressor, in order to calculate an
axial flow velocity at the final stage of the compressor, it

20 becomes necessary to take into account an increase in its
working gas flow quantity due to vaporized wet contents.
Further, in the case where extraction of the gas from the
intermediate stage of the compressor is executed for use of
cooling the turbine blades, sealing the bearing and the

25 1like, an extracted amount of the gas is subtracted.

Water droplet guantity Gwl having been vaporized

within the compressor refers to the intra compressor water




outl et portion of the conpressor, in order to calculate an axi all & JBd00¢
velocity at the final stage of the conpressor, it 20 becones necessary to
take into account an increase in its working gas flow quantity due to
vaporized wet contents. Further, in the case where extraction of the gas
fromthe internediate stage of the conpressor is executed for use of
cooling the turbine blades, sealing the Bd&ring and the 25 |ike, an
extracted anpunt. of the gas is subtracted. Mater droplet quantity GM
havi ng been ARGtz dd J&FHINTH U teoiprdesofibed ein tletFRUTHRra conpressor
water 2 2 JUL 2004 115 droplet injection quantity described in the fourth
enbodi nent GMbsEMENteRy dile WinvEnt ralwhieh etF ierl¢iel 3bed iPakhersasen
the fourth enbodinent. Further, this may be substituted by the effective
wat er i nj ecMagmequa® iy Heldayntdedenbodinenthi rinebivedi nehis opay hee
invention, or an indication by water flowreter 23 may be used directly for
si npl i fi cat isy®stSitnded bigrewiredtive water | byeot ben camantiterd by a
normal neasuring instrument is in a dry-state, wet- 10 state conpressor
inlet air qé@Manipeditn ithe ditvindatatbddinenp et dihagineenkiari gt an
difference in gas conponents due to vaporization of water droplets within
t he conpresgadicadrion thys wediRiefdavwiet eabsbInae Primeked ydeechhby weeh t he
bottom stream of the conpressor water injection unit and the upper 15

stream of t Bemedrigriesddgion.s detected, and wet-state compressor inlet flow

quantity Gwet is calculated using a specific gravity of the wet air. In
order to sinplify i®dnce a compressor inlet air flow to be calculated

by a normal measuring instrument is in a dry-state, wet-

10 state compressor inlet air guantity Gwet is calculated by
compensating for a slight difference in gas components due
to vaporization of water droplets within the compressor. For
this compensation, absolute humidity Xs2 between the bottom
stream of the compressor water injection unit and the upper

15 stream of the compressor is detected, and wet-state
compressor inlet flow guantity Gwet is calculated using a
specific gravity of the wet air. In order to simplify its
calcuiation, a dry-state compressor inlet flow guantity Gdry
may be used as it is without compensation.

20 The control unit 35 calculates an axial flow
velocity at the final stage of the compressor from
compressor outlet flow quantity Ged and compressor outlet
gas density © which have been calculated, then, in the case
where its axial flow velocity is lowered more than a

25 predetermined limit value, the control unit 35 sends a
signal to the feedwater flow regulating valve 22 to decrease

its opening so as to reduce the guantity of water injection.




calculation, a dry-state conpressor inlet flow quantity Gdry may bd lulbledlili
as it is without conpensation. 20 The control unit 35 cal cul ates an axi al
flow velocity at the final stage of the conpressor from conpressor outl et
flow quantity Gcd and conpressor outlet gas density P which have been
cal cul ated, then, in the case where itsl?gial flow velocity is | owered
nore than a 25 predetermned Iimt value,"the control unit 35 sends a

sone L, LRGSR e 1B SR By ST SN 11 e D,
Shut of T on A icetioon o SR, TP S o ik o b 9. BT e RrAdR B, "The
C ot o o B B ot A hd Dol e
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R T e o R
and avoidan§36$f wear, or .erosion of conpressor blades. In the case where

t he intake OPLL AT e Wh AVEFHF i de of the gas turbine's conpressor is

out et valvel 55, YPTREOR 08 0F GHe AR 1yl (iR Do by R unct | on
or the likeb&%éf@ﬁﬂofﬁtﬁgwgéhéfgégg}(ﬁgngfggﬁged to prevent an overflow
of drain into the compressor when by any reason the drain
10 within the intake duct fails to be discharged, and to ensure
the safety operation of the gas turbine and avoidance of
wear or erosion of compressor blades.
In the case where the intake duct 13 in the upstream
side of the gas turbine's compressor is located in the upper
15 direction as indicated in Fig. 14, if the drain outlet valve:
53, 54 1in a drain discharge system are closed by
malfunction or the like, a level of drain in the compressor
intake portion will rise as high as it overflows into the
compressor unless some measure is taken. If drain is allowed
20 to overflow into the compressor, it may cause a serious
problem such as wear of the compressor blades, unstable
operation of the compressor, an increased combustion
vibration, a blow-off of flame in the combustor, increased
bearing vibrations and the like, and thereby resulting in a
25 failure which damages the gas turbine itself.

An example of drain detection according to the

invention is depicted in Fig. 14. In the bottom portion of




I ntake portion will rise as high as it overflows into the conpressor

unl ess sone neasure is taken. If drain is allowed 20 to overflow i tzﬁ
conpressor, it may cause a serious problem such as wear of the cdﬁ%ﬁgs ¢
bl ades, unstable operation of the conpressor, an increased conbustion
vibration, a blowoff of flane in the COEE stor, increased bearing

vi brations and the |like, and thereby res ing in a 25 failure which

d th t ur bi tself I f.d det ect di t
the fnvent FOR FORREEREER 1 % Polr}a%eta?éﬂr@&ari T S S a0

2004 117 the caonpr.essor_ i nt ake porti.on, di schar, ol e

provi ded, aR§® é(lgpfe& n 35 :E‘etdél 1[5§ Oéﬂgllest pPrJtRﬁ ?eon Jval tH’FOé’l%%cglwtst} ght to
easily disc e drain. Th |n havi n been di s d
T o nbR53ee B A sy e ke S e A s ST o,
drain outle I pe s pravi ded th | evel . s tch 48. When th dr n

| evel r| se 2%15‘8\53&5 ?‘ﬁrr&?git é‘\r‘lslmI?‘?é’cﬂjv‘\ﬁli‘Eirrﬁc{Jl %Y%éﬂrg{mlﬁ’e T RpR o alls

caused nd a signal to the feed water fl regul at val ve 22 to
decr oas® | t SebEERITg Pepead % i Kt ﬁr&%ww%ﬁe’c&? on.
Furt her, mhen i.n excess, of an e val ye of ri ations I
may be shut °8f fiS P&Pvtlﬁl@dpr“ﬁttébﬁ &r‘?v li nqagocﬁ‘ Tt U qlif’rjbt? ﬁj;gvefulﬁp g

wat er shut - SR SFa@PeVE @ ETFShRIngt Fdduataeie 5
stopped in energency. A tenth enbodi nent of th vention . wl| be
descri bed wifh€ %é’ﬁ@rdeﬁ@e sy Sianaly o fd Ofeee‘P water flow regulating

valve 22 to decrease its opening so as to decrease the

this case, the control unit 35 sends close 0 erathﬁh5|gg to Igm%geed

10 gquantity of water injection. Further, when in excess of an
allowable value of variations, water supply may be shut off
for the protection of the main body of gas turbine. In this
case, the control unit 35 sends a close operation signal to
the feed water shut-off valve 21. Otherwise, the feedwater

15 pump 20 may be stopped in emergency.

A tenth embodiment of the invention will be
described with reference to Figs. 1, 19 and 20.

Control unit controls so as to increase a fuel
injection quantity to the combustor 2 when water spray

20 quantity from the spray nozzle is more than when small.

Fig. 19 shows an example of detecting the humidity
of air supplied to the compressor and a water spray quantity
of the spray nozzle 17, and controlling {(or compensating) a
fuel injection gquantity to the combustor 2 based on the

25 detected values. Fig. 20 shows an example of detecting the
compressor discharge humidity and controlling (or

compensating) a fuel injection guantity to the combustor 2




Control unit controls so as to increase a fuel injection quantity to the
conbustor 2 when water spray 20 quantity fromthe spray nozzle is r

than when small. Fig. 19 shows an exanple of detecting the hunicﬁ&ﬁmoﬁmﬁir
supplied to the conpressor and a water spray quantity of the spray nozzle
17, and controlling (or conpensating) a fuel injection quantity to the
combust or 2 based on the 25 detected val Ué8. Fig. 20 shows an exanpl e of
detecting the conpressor discharge humdity and controlling (or

conpensat i nased uen thg cdetentediaraiusgs t o A @agokibtkine oXIRPSYHEaL004 118
based on the detected val ues. A gas turbine exhaust gas tenperature
accordi ng t c-eeeRBowl &t CeeFd 1 d tofthomheeboie hrmidieany brooBPESS SPF ay
gquantity of the conmbustor is conpensated. By changing of setting an
exhaust gas @nd eFHpRATMt Q¥ SVTLRE rIPray rpnant ey M Hhdhe gomyugeppensat i ng an
exhaust gas neasurenent value, a fuel injection quantity is increased. It
i s nornal foronprengpied ur B eChaping ehtsettbag an edkawpergaed at a
constant combustion tenperature. 10 However, a direct neasurenent of a
combust ion tlamperatiee iconthdljkine & ke higheomushy crripepeabing ealls
extrenely high. Therefore, a gas turbine exhaust gas tenperature is
measur ed i nstx@iust ghg deeaswrenenheralud, thef vohblrl ¢ohion capenbity eis | n
order to maintain the conbustion 15 tenperature at a constant val ue, an
exhaust gas iregrasedwe control line related to conpressor discharge

pressures or conpressor conpression ratios is predetermned, and a
It is normal for the gas turbine under a rated load

to be operated at a constant combustion temperature.

10 However, a direct measurement of a combustion temperature is
difficult since its combustion temperature is extremely
high. Therefore, a gas turbine exhaust gas temperature is
measured instead of direct measurement of the combustion
temperature. In order to maintain the combustion

15 temperature at a constant value, an exhaust gas femperature
control line related to compressor discharge pressures or
compressor compression ratios is predetermined, and a
quantity of fuel flow is controlled so that measured values
are on the control line. In a gas turbine of such a type

20  wherein water injection is carried out in the upstream side
of its compressor, an absolute humidity of air discharged
from the compressor increases more than normal due to
vaporization of water within the intake duct 13 and
compressor 1, thereby resulting in a change of components of

25 the turbine inlet gas due to its increased moisture
component, and thereby changing a ratio of specific heat of

the gas serving as a working medium within the turbine. In




quantity of fuel flowis controlled so that neasured values are on the
control line. In a gas turbine of such a type 20 wherein water injection is
carried out in the upstreamside of its conpressor, an absolute h?WUG%QWL
of air discharged fromthe conpressor increases nore than normal due to
vapori zation of water within the intake duct 13 and conpressor 1, thereby
resulting in a change of conponents of 25 18he turbine inlet gas due to its
i ncreased noi sture conponent, and thereby changing_a ratio of specific

heat of thélyes %39 nglBROWINoR R BELREH; oM W npAdeRemP4FBRAE. CPREENS Juy
2004 119 this case, although an effect of its added noisture content on
the turbi ne ¥ ke sHeybine sehficiangy opsi smahd, rat#50Bf inspBei FREIRSE due
to the changes in the gas conponents becones_ predom nant, and an attenpt
to mai ntai n IPREEE @ ipeRE | dne t BApehat changdnsianthg Fa8uFPBPPRERASI ncrease
in its exhaust tenperature. Therefore, in actual operation of the gas
turbine, ifPegRNeIRIeIPALRADE enpRd a2 0ir 2LESAPE oFC | PAaENT3insERe
irrespective of a difference in ratios of specific_heat, 10 gperation,at a
conbustiQw1tQ9ﬁk#%ﬁ¥9% Tomeer2 Hake .CoRST Rt LY areeubesutB IMeANFESAR/BI dBure
content in the inlet of the turbine becones |arge, thereby preventing the
ut nost  uti 13t eTt t HANPeX PERIE pr ovenent effect of the invention from
bei ng denonstrated. 15 Therefore, a control is executed so as to increase
an inection quantit\TREreiRIe; nid AGIFbrRRREBEiION \PENtREe GRAE cFUFR{iBBLI on
quantity fromthe spray nozzle is |arger ) )

if the samé exhaust temperature control line is used

irrespective of a difference in ratios of specific heat,

10 operation at a combustion temperature lower than a design
value occurs when its moisture content in the inlet of the
turbine becomes large, thereby preventing the utmost
utilization of the output improvement effect of the
invention from being demonstrated.

15 Therefore, a control is executed so as to increase
an inection quantity of fuel into the combustor 2 when a
water injection quantity from the spray nozzle is larger
than when small.

Therefore, as indicated in Fig. 20, by measuring an

20 absolute humidity of a discharged air from the compressor,
an exhaust gas temperature correction quantity is calculated
corresponding to a change in combustion temperatures
depending on its moisture content. By subtracting the above-
mentioned exhaust gas temperature correction quantity from

25 an actual exhaust gas temperature having been measured, an

exhaust gas temperature correction value for use in the

control of combustion temperatures is calculated. Thereby,




than when small. Therefore, as indicated in Fig. 20, by nmeasuring an 20
absolute hum dity of a discharged air fromthe conpressor, an exhaust gas
tenmperature correction quantity is calculated corresponding to &/cHardds i n
conbustion tenperatures depending on its noisture content. By subtracting
t he above- nentioned exhaust gas tenperature correction quantity from 25 an
actual exhaust gas tenperature having beddneasured, an exhaust gas
tenperature correction valug for use in the control of, conbustion

t enper at ur est PEEARGTF RUF &ﬁff’ertecbﬁp?raife Jehe 29 Y9EPing dbcdnenHHRLt bl e
to operate the gas turbine at a constant conbustion tenperature for any
quantity of SRRRISHIGRRAGRREL 2%t R Y Rt B e Sht pugection,
argunentation effect. Further, depending on a type of conpustor, a steam 5
inj ection or*REHERY i3GHRVHIP i% QKPQQPuFt%QERWﬁﬁEﬁEﬁOHi%f%?ﬂEr to
reduce NOx. Also in _this case, its wet content in the inlet of the turbine
i ncreases, thereby dRATdiSTy AeRERGINDORRGFRE HeHOMUSIRT gR 83 ng as
t he morﬁgng. nediumin the turbjne, and when an attenpt is made to 10

mai ntai P i t SSTEHRAURT GF (BT akeF @O %r@%wt%% 113 CORARSEPT
tenperature jncreases. Therefore, by calculating a net, absolute humdity
at the turbikfe AFHHE 49 FRIPUMNGF- ALY btn BRLINFATE i nfERLYSR ERRREREY to
t he conbustor and an _ absol ute hum dity of conpressor outlet air, then, an
exhaust 15 gds YRSpdHRtrt ddie di RN QU T @35 @0r rigsiofhll gP2B89and change

I n conmbustion tenperatures resulting fromits wet  content is cal cul ated.
By subtracti?ﬁf%QKPQHﬁﬂﬂg#ﬁ%ﬂiQﬁﬂﬁjOf the gas serving as the working

medium in the turbine, and when an attempt is made to
10 maintain its combustion temperature at a constant value, its
exhaust temperature increases. Therefore, by calculating a
net absolute humidity at the turbine inlet from a sum of a
steam or water injection quantity to the combustor and an
absolute humidity of compressor outlet air, then, an exhaust
15 gas temperature correction guantity corresponding to a
change in combustion temperatures resulting from its wet
content is calculated. By subtracting the above-mentioned
exhaust gas temperature correction quantity from an actual
exhaust gas temperature having been measured, an exhaust gas
20 temperature correction value for use for controlling
combustion temperatures is calculated. Thereby, it becomes
possible to operate the gas turbine at a constant combustion
temperature for any quantity of water injection into the
compressor, and for any quantity of steam or water injection
25 into the combustor, thereby achieving a maximum output
argumentation effect.

Further, the exhaust gas temperature control line




exhaust gas tenperature correction quantity froman actual exhaust gas

t enperature havi ng been neasured, an exhaust gas 20 tenperature correction
val ue for use for controlling conmbustion tenperatures is cal cul al édiL 2004
Thereby, it beconmes possible to operate the gas turbine at a constant
conbustion tenperature for any quantity of water injection into the
conpressor, and for any quantity of steamdr wat er I njection 25 into the
conbustor, thereby achi eving a maxi num output argunentation effect.
Further, the™@%naGstoyasctefperattie ebnfPbrerthenoof mepsyged exhbaughy pe
corrected instead of correction of neasured exhaust gas tenperatures. A
det ecti on ne®® ¥ePPEBRBPLER- humidities of conpressor di scharge air may be
the same as in the third 5 enbodi nent. Further, the noisture content in the
gas flowing into the ¢ohpEkion Me3npeienl ehtatebeakushdibies ffg. 19,
instead of the direct detection of the absolute humdity of the conpressor
di schar ge ai fOMP¥ofsan dbsehargehaht dpay bf thResamfpaphénethgdéhird
operational conditions and an effective 10 water injection quantity. In
this case, ceMeedimenh- of Ferikherf ke neiskese captentoanqthat gey ifdowin
executed in the sane manner as in the third enbodi nent of the invention.
An el event h Eabodthentopbusher presche ¢alentiabadwias| shpendascFiiBedl?,
referring to Figs. 1, 21A and 21B. 15 The present enbodi nent, basically,
may have a IRft¢ad ebnsheudirenttdetpotion ofietherabsedbvddi hemidity of

addition to the construction, a detector for detecting NOx
the compressor discharge air, from an absolute humidity of

the atmosphere under operational conditions and an effective

10 water injection quantity. In this case, calculation of the
effective water injection quantity is executed in the same
manner as in the third embodiment of the invention.

An eleventh embodiment of the present invention will
be described, referring to Figs. 1, 21A and 21B.

15 The present embodiment, basically, may have a
similar construction to that of the first embodiment. In
addition to the construction, a detector for detecting NOx
concentration is provided on the exhaust flow passage of
the turbine 3.

20 By detecting NOx concentration, a water spray
injection quantity from the spray nozzle 17 is controlled
not to exceed a limit value. B2n example of the control is
indicated in Fig. 7-d. In Fig. 7-d, when the NOx
concentration at the gas turbine inlet is higher than a

25 target NOx concentration, water spray is injected to
decrease the NOx concentration to the target value. In this

case, a water spray injection guantity is within a range



concentration is provided on the exhaust flow passage of the turbine 3. 20
By detecting Nox concentration, a water spray injection quan%iti f t he
spray nozzle 17 is controlled not to exceed a limt value. A 1&n§ﬁ of
the control is indicated in Fig. 7-d. In Fig. 7-d, when the Nox
concentration at the gas turbine inlet is higher than a 25 target NOx
concentration, water spray is injected td22decrease the NOx concentration
to the target value. In this case, a water spray injection quantity is
within a rafgelelt fulorg uen sparinem | wider t hareet heki Fst fageion
I njection instruction value of Fig. 7-c. Water spray injection increases a
hunmidity of V@luSid &5kbr Ti%charge air which is a conbustion air for the
5 conbustor, and has the sane effect as a Nox decreasing effect due to an
i ncrease of huni di ty Waiiedh SBF a¥a udERP WA CTWaINIT 7S & e UMl &ty o it o t he
conbustor. However, the nethod of water spray injection into the
conpr essor [COMPLELESSAT disahanag air eviiahi ks thecombukieien ragucfornnthe s
able to 10 increase an output of the gas turbine by decreasing a power for
the conpr es$GMbUEQtherandhhasoriphe 2N tf fert afove-Nevntdepeeanoxd en ssion
reduction executed by the water or steaminjection into the conbustor, in
the present effissdi fuw ta ajasinteaass eftlymixhicwnivhioki de chesednbtyist or
are honogeneously mxed flows in the conbustor, so that a mxing condition
of water am@t®ln dx sf@amerinjErtdnratiNGhedaiuitean bkovedetedthe
method of water spray injection into the compressor lowers
an air temperature within the intake air duct and is able to

10 increase an output of the gas turbine by decreasing a power
for the compressor.

Further, as compared with the above-mentioned NOx
emission reduction executed by the water or steam injection
into the combustor, in the present embodiment, a gas that

15 water and air inside the combustor are homogeneously mixed
flows in the combustor, so that a mixing condition of water
and air is better. Therefore, NOx emission can be reduced
with éimple construction, suppressing combustion vibrations
and maintaining a stable combustion.

20 Further, In addition to the water spray injection by
the spray nozzle 17, a case where a mechanism for injecting
steam into the combustor is provided is shown in Figs. 21A
and 21B.

Fig. 21A indicates a relationship between water

25 injection gquantities and NOx concentrations in gas turbine's

exhaust gas, and Fig. 21B indicates a relationship between

water injection guantities and combustion vibration.



W th sinple construction, suppressing conbustion vibrations and
mai ntai ning a stable conbustion. 20 Further, In addition to the water spray
injection by the spray nozzle 17, a case where a nmechani sm for inj/egtig
steaminto the conbustor is provided is shown in Figs. 21A and 21B. Fig.
21A indicates a relationship between water 25 injection quantities and NOx
concentrations in gas turbine's exhaust lgds, and Fig. 21B indicates a
rel ati onship between water injection quantities and conbustion vibration.
21 JUL 2004 123 | n T @Big21 R B 1 Bn aperpelanbdnabnetbnd onion twitker o
quantity of water injection in the upper streamof the conpressor is
defined to Ferm Quintity dhemteruanmedtyial isttlhen oppentetreanecfi bhei nt o
t he conbustor is constant, and 5 when the quantity of water injection in
t he upstreamaipiessor tie dhpredsty he dngebsedd. WINX zomqeantiayiof in
the exhaust gas fromthe gas turbine decreases, however, conbustion
vi brati ons @ftaawe apmaistnrin jertehse. iMterdieoreonbisreor ois robnshaht 35ahd
caused to send a signal to the 10 feedwater flow regulating valve 22 to
decreasé i t s'heperiig quant rgduek watenuaniedtyiad imtehe i mpsctean sbdéhaf
the NOx concentration and conbustion vibrations wll be within allowable
val ues, respdat icmipres@deriva simcrierordiera tNOhotanddret canborst iwntébr at i on:
15 constant while increasing the quantity of water injection in the
upstr eam si axhafustheyeaconfiras sdre dare tpuening yedrsdeasn diowssaeéer i nj ection
Into the conbustor may be reduced. However,

combustion vibrations of the combustor increase. Therefore,

the control unit 35 is caused to send a signal to the
10 feedwater flow regulating valve 22 to decrease its opening
and reduce the guantity of water injection so that the NOx
concentration and combustion vibrations will be within
allowable values, respectively.
Otherwise, in order to hold the combustion vibrations
15 constant while increasing the guantity of water injection in
the upstream side of the compressor, the gquantity of steam o3
water injection into the combustor may be reduced. However,
there exists a contradicting relationship that reduction of
the guantity of steam and water injection into the combustor
20 will increase NOx concentration in the gas turbine's exhaust
gas. Therefore, by monitoring both the above-mentioned
combustion vibrations and the NOx concentration in the
exhaust gas, and suppressing both of them within their
allowable values, the guantity of steam and water injection
25 into the combustor is controlled such that the point of
operation in Fig. 21A, 21B is caused to shift from point A

to point B, then to point C with an increasing guantity of



there exists a contradicting relationship that reduction of the quantity
of steam and water injection into the conbustor 20 will increase NOx
concentration in the gas turbine's exhaust gas. Therefore, by ngni Jorijitg
bot h the above-nenti oned conbustion vibrations and the NOx concentration
in the exhaust gas, and suppressing both of themwthin their allowable
val ues, the quantity of steam and water il@flection 25 into the combustor is
controlled such that the point of operation in Fig. 21A, 21B is caused to
shift from pHYRT AlnjechpbPht B, then to point C with an increasing quantity
of 1/ JUL 100 124 water injection. A twelfth enbodi nent of the invention
will be described tfer‘éiﬁﬂd’lefrl} e inent tof Aikp . inverpbiomidipPbEeln this
enbodi nent, a control is executed so as to 5 change a prem xed ratio of
the gas turSiefczideest dieewrder, trekenfingiee Bhgay 1nj ki ando?22B.| arge
guantity and a tinme of water spray injection of a small quantity. The
control is executedsdiass tembodinente & reanitrof i féxedwred cambastion
when the water spray injection is larger than whet 10 small. The present
enbodi nent , dwdigsld ypremixedveatio shhithe gansturxkinenaceordingototae
first enbodinent. In addition to the construction, a detector for
detecti ng NOimeorcemter ispray prbedtdesh orf thel axdaugtant by pasdaget he 15
the turbine 3, and signals are input into the control unit 35. Further,
conmbust i on Whmatieonspray denpetebami thesmal jrghansitnput Thatoonheol
control unit 35. For exanple,

is executed so as to increase a ratio of diffusion

combustion when the water spray injection is larger than whe:
10 small.

The present embodiment, basically, may have a
similar construction to that of the first embodiment. In
addition to the construction, a detector for detecting NOx
concentration 1is provided on the exhaust flow passage of

15 the turbine 3, and signals are input into the contrecl unit
35. Further, combustion vibrations are detected and the
signal is input into the control unit 35. For example,
under the normal cperational condition after starting has
been completed, the control unit 35 controls so that a

20 diffusion combustion ratio becomes more at the time of water
spray injection than at the time of water injection stoppage
so as to decrease a NOx emission quantity, preferably to
suppress combustion vibrations in addition thereto.

Further, the control is executed so as to increase the

25 diffusion combustion ratio when a water injection quantity

is larger when small.

Fig. 22A indicates a relationship of combustor's



under the normal operational condition after starting has been conpleted,
the control unit 35 controls so that a 20 diffusion conbustion ra;g9
beconmes nore at the tinme of water spray injection than at the ti &#L?M&
wat er injection stoppage so as to decrease a NOx em ssion quantity,
preferably to suppress conbustion vibrations in addition thereto. Further,
the control is executed so as to increasd2bhe 25 diffusion conbustion ratio
when a water injection quantity is larger when small. Fig. 22A indicates a
rel ati onshi PIEMIGEHIUS tamb L Torg Ula t20ms Vessuprend xturleirondbikaush gasi os
versus gas turbine exhaust gas NOx concentrations, and Fig. 22B indicates
a rel ati onsHgx cfonagnet paiang urand dbusth indiosteerasusetanbosshop of
vibrations. 5 Wien a gas fuel such as a liquidified natural gas or the
like i s usedhas premisityme cdmbwoinnustiat iehevqrans xtemeus tbobust i on and
di ffusion conbustion are used in conbination generally. Wen its
prem xture ocumustiarssratio is increased wth an increasing | oad of the
gas turbine, its gas turbine 10 exhaust gas NOx concentration is caused to
drop, hdwever, themhesxiastgnsa fuaintswath geratl g iwhiefied trea toondlisja®or
vi bration increases. Therefore, in actual operation of the gas turbine, an
opti mal preribe Urikedrbustadmy & ifnels Sat tle odninistmt h the pxémistugas
NOx concentration and the 15 conbustion vibration can be suppressed within
their al | owsinlbe sialare sand\at infief u snici mtcaibwpeiat | are ivsddelgasomb imdt deni s
i ndicated by point Ain Fig. 22A, 22B. However,

generally. When its premixture combustion ratio is increased

with an increasing load of the gas turbine, its gas turbine

10 exhaust gas NOx concentration is caused to drop, however,
there exists a point of operation where its combustion
vibration increases. Therefore, in actual operation of the
gas turbine, an optimal premixture combustion ratio is set
at which both the exhaust gas NOx concentration and the

15 combustion vibration can be suppressed within their
allowable values. Normal point of operation in the gas
turbine is indicated by point A in Fig. 22A, 22B. However,
in the case where water injection is conducted in the
upstream side of the compressor, the combustion vibraticn

20 tends to occur more easily than in normal operation under
the same premixture combustion ratio, thereby shifting its
point of operation to point B. Therefore, in order to
suppress its combustion vibration to the same level as point
A of the normal operating point of the gas turbine, it

25 becomes necessary to decrease its premixture combustion
ratio and to increase its diffusion combustion ratio.

However, when 1its premixture combustion ratio is decreased



in the case where water injection is conducted in the upstreamside of the
conpressor, the conbustion vibration 20 tends to occur nore easilyzghgpsz
normal operation under the same prem xture conbustion ratio, thereby
shifting its point of operation to point B. Therefore, in order to
suppress its conbustion vibration to the sane |level as point A of the
normal operating point of the gas turbingg26it 25 beconmes necessary to
decrease its prem xture conbustion ratio and to increase its diffusion
conbusti on rtatd csmaHomelleg | exlbenst t gapriedx xtemeegonbusononil it incrsase.
decreased 12 J U L 2004 126 too small, the exhaust gas NOx concentration
will increastherdfmref ores premxamatocrrbesubust rtahivcais odesrdesedased to
operating point C at which both of the conbustion vibration and the
exhaust gas dy@cztohoempoati dh at evehshrledt ik cobetbe scppbessednwihratioei r
al l owabl e val ues. Fluid conditions change greatly by whether or not water
spray injectamsh tlse cextthucd tedgandidy cemdcettoansion st eensungéctoohe
gquantities. However, according to the present enbodinent, it is possible
to cause t heswgsressdad neitloin Ot logir ad Bl @avalal di gdil weis put whi | e nai nt ai ni ng
t he soundness of the plant by suppressing the conbustion condition to cone
into instability andlstippreesslitgi oy icHdmois diedQy lspneieat iat | on @
conbustor pressure. Water spray injection quantities or water droplet 15
atom zi ng aiwatgpmnipitaesioiedtibonpsd reamd st ted odnd ey canpatssns anewate:
approximately in proportion with supply pressures of water or atom zing
air. injection guantities. However, according to the present

embodiment, it is possible to cause the gas turbine to
10 operate at a high output while maintaining the soundness of
the plant by suppressing the combustion condition to come
into instability and suppressing variations in NOx
concentration and combustor pressure.
Water spray injection quantities or water droplet
15 atomizing air guantities on the upstream side of the
compressor are approximately in proportion with supply
pressures of water or atomizing air.
From the characteristics of the spray nozzle 17, a
water spray injection gquantity and water supply pressure,
20 and atomizing air quantity and air supply pressure can be
determined univocally. However, in case where the spray
nozzle 17 is choked, an opening area reduces, so that in
order to inject the same water spray gquantity, the supply
pressure becomes higher. In an actual operation, it is
25 impossible to monitor choking of the spray nozzle by eyes
during continuous operation, a choking rate of the spray

nozzle is calculated con the basis of deviations of supply



Fromthe characteristics of the spray nozzle 17, a water spray injection
quantity and water supply pressure, 20 and atomi zing air quantity and air
supply pressure can be determ ned univocally. However, in case wher e &hdlL 2004
spray nozzle 17 is choked, an opening area reduces, so that in order to
I nject the sane water spray quantity, the supply pressure becones higher.
In an actual operation, it is 25 inpossi k& to nonitor choking of the spray
nozzl e by eyes during continuous operation, a choking rate of the spray
nozzl e i s caredsatred foron Hhebabdsigrfedlerd late onsltofisupptfeddb e Lt 2004 127
pressure fromthe designed value. It is preferable to exchange the spray
nozzl e wit h exdishere ithee aper dyheradwla ngithr atreotehaoeeds «a g eded ecing hieng
al l owabl e val ue of choking rate. 5 Referring to Fig. 14, a drain
preventing amar abitsedsora reskatrear ndigtest td drowslgiengra suexpt aclnekingX t he
pressure detecting piping around the gas turbine nmain body, the follow ng
needs the dmate.preventing neans, that is, a conpressor inlet total
pressure pipe 39 10 installed on an upper portion of the conpressor intake
portion?5l4, a wall mefFesurimgdatcedtioy. 43 ,0fa alreasi g eofertthing iapmdratfud he
conpressor inlet guide vane 7, and a conpressor discharge pressure
det ect or 46 falr threginehalgedqardd giping tie expimassbr 1. in Fig. 14, only
the conpressor inlet 15 total pressor pipe 39 is shown. The neasuring
pi ping 67 has a dr@m t@eadirentisise aketer firey enipidiaiar durin tlesragas ng on
the way, and it is provided wwth a drain recovery tank 69 at

turbine main body, the following needs the drain preventing

means, that is, a compressor inlet total pressure pipe 39

10 installed on an upper portion of the compressor intake
portion 14, a wall pressure detector 43 of a casing of the
inlet of the compressor inlet guide vane 7, and a compressor
discharge pressure detector 46 at the discharge portion of
the compressor 1. In Fig. 14, only the compressor inlet

15 total pressor pipe 39 is shown. The measuring piping 67 has
a drain gradient so as to prevent drain from remaining on
the way, and it is provided with a drain recovery tank 69 at
the lower portion thereof. The measuring piping 67 and 68
are connected to an upper portion of the drain recovery tank

20 69. The measuring piping 68 connects the drain recovery
tank 69 to a pressure transducer 71. A drain discharge
valve 70 is provided on the lower portion of the drain
recovery tank 69. This embodiment also is applied for the
humidity detection piping 59 at the compressor inlet and the

25 humidity detecting piping 60 for compressor discharge air.

According to the present invention, a gas turbine

and a control unit which are able to improve both output and



the | ower portion thereof. The measuring piping 67 and 68 are connected to
an upper portion of the drain recovery tank 20 69. The neasuri ng dﬂpmhgmﬁe
connects the drain recovery tank 69 to a pressure transducer 71. A drain
di scharge valve 70 is provided on the |ower portion of the drain recovery
tank 69. This enbodinent also is applied for the humdity detection piping
59 at the conpressor inlet and the 25 hupddity detecting piping 60 for
conpressor discharge air. According to the present invention, a gas

t ur bi ne andthecortlr @f fumiilendy dy areecablspriay iimgreoca dotimtouttpgs iarchKey JUL
2094 128 thermal efficiency by water spray injection into the intake air

i ntroduced iadtro inte odapdessan ithleetcomplresg o rdett calomper gidaartalcal
control nethod can be provided. 5 12 JUL 2094 129 WHAT IS CLAIMED IS 1. A
gas tur bi neopavriangonadorpngssdr metthodomamneds pyoanideai.s supplied therein
and di scharging a conpressed air, a conbustor for conmbusting the
conpressed gas fromsaid 5 conpressor and a fuel and a gas turbine to be
driven by a conbustion gas fromsaid conbustor, characterized by
conprisiong: an injection unit, arranged at an upstream side of said
conpressor and constructed so that water droplets are 10 sprayed into the
air to be supplied to said conpressor to |lower the tenperature of the air
to be supplied into said



conpressor than an atnospheric tenperature and the sprayed water droplets
i ntroduced into said conpressor with the air having |owered in tenpenatype
are evaporated during passage 15 through said conpressor; a detection unit
for detecting the humdity of air to be supplied to said conpressor; and a
controlling unit for controlling a quantity of water to be sprayed from
said injection unit on the basis of 20 &2%ignal fromsaid detection unit.
2. A gas turbine having a conpressor for conpressing an air supplied
t her ei n andWdiagcTsr giLag MEDCAI®r essed air, a conbustor for conbusting the
conpressed gas fromsaid 25 conpressor and a fuel and a gas turbine to be
driven by al.conbushi gasgasrbiom haivdngorbosingressioar dotre o dsysing an
conprising: 2 2 JUL 2004 130 an injection unit, arranged at an upstream
si de of sai dicomupedsed auheredns tand tdecd cha ridiatg watcampdresdest saiare a sprayed
into the air to be supplied to said conpressor to |ower the tenperature of
the air to kembwsploredormicomaist i d esaprdssen aasatimspheid
tenperature and the sprayed water droplets introduced into said conpressor
with thé ai comparessgr aner ed fiuelt enperaatgase tad imeapor deddirémdpassage
t hrough said conpressor; a detection unit for detecting the opening of a
10 conpr essepbmbiulsetionargs droanged d readusgteanpr essor; and a controlling
unit for controlling a quantity of water to be sprayed fromsaid injection
unit on thechasiastefrized by comprising:
an injection unit, arranged at an upstream side of
said compressor and constructed so that water droplets are
10 sprayed into the alr to be supplied to said compressor to
lower the temperature of the air to be supplied into said
compressor than an atmospheric temperature and the sprayed
water droplets introduced into said compressor with the air
having lowered in temperature are evaporated during passage
15 through said compressor;
a detection unit for detecting the humidity of air
to be supplied to said compressor; and
a controlling unit for controlling a quantity of
water to be sprayed from said injection unit on the basis of

20 a signal from said detection unit.

2. A gas turbine having a compressor for compressing an
air supplied therein and discharging a compressed air, a
combustor for combusting the compressed gas from said

25 compressor and a fuel and a gas turbine to be driven by a
combustion gas from said combustor,

characterized by comprising:




a signal fromsaid detection unit. 15 3. A gas turbine having a co ,eifor
for conpressing an air supplied therein and discharging a conpress U§W4
a conbustor for conbusting the conpressed gas fromsaid conpressor and a
fuel and a gas turbine to be driven by a conbustion gas fromsaid
conbustor, 20 characterized by conprising: an injection unit, arranged at
an upstream side of said conpressor andlébnstructed so that water droplets
are sprayed into the air to be supplied to said conpressor to |ower the
tenperature of the &y 1NJesd1OFppNidd iA@Y A5 ado HISEIERAT thidf it
at nospheric tenperature and the sprayed water droplets introduced into
sai d conpre§&dd GoMprasEsa G BANSF IuhadEq it hathed 1 rdr ap ketes apof at ed
during passage Z | JUL /ud4 131 through said conpressor; and a controlling
unit for cofPréYEchg s dhenjaddt iteh baurfupiloied t Sish FORESS ML oFC wat er
droplets fromsaid_ injection unit at the tine of starting of said gas
turbi ne andostear ithenjtempesm irevaifert i gplett fhormurplied) B ot idni t
after said gas turbine has cone into a rated operation. 4. A gas turbine
havi ng & coFPREISESSXort egniTe EINAFRYEr & rtenpsplatare i thantprayed
di scharging a conpressed air, a 10 conbustor for conbusting the conpressed
gas from sawategosimogslsts amtrpduesd it Sfaisd (QAMPTRE QX beltdh | Ve dir a
conmbustion gas from said conbustor, characterized by conprising: an
i nj ection umiavingr dowgsedatinartenpanadamisiake (@vaporated during passage
through said compressor;
a detection unit for detecting the opening of a
10 compressor inlet vane, arranged in said compressor; and
a controlling unit for controlling a quantity of
water to be sprayed from said injection unit on the basis of

a signal from said detection unit.

15 3. A gas turbine having a compressor for compressing an
alr supplied therein and discharging a compressed air, a
combustor for combusting the compressed gas from said
compressor and a fuel and a gas turbine to be driven by a
combustion gas from said combustor,

20 characterized by comprising:

an injection unit, arranged at an upstream side of
sald compresscr and constructed so that water droplets are
sprayed into the air to be supplied to said compressor to
lower the temperature of the air to be supplied into said

25 compressor than an atmospheric temperature and the sprayed
water droplets introduced into said compressor with the air

having lowered in temperature are evaporated during passage




15 said conpressor and constructed so that water droplets are sprayed into
the air to be supplied to said conpressor to |ower the tenperaturg af e
air to be supplied into said conpressor than an atnospheric tenperature
and the sprayed water droplets introduced into said conpressor with the
air 20 having lowered in tenperature are evaporated during passage through
said conpressor, said injection unit havilAy a plurality of spray nozzles
for spraying water droplets; and a controlling unit for controlling said
injection dmirouwyh tdeaitd tdvempuadsmr ofarsdi d sprayi ng nozzles spraying 25
wat er droplets nore than a prescribed quantity of water droplets becones
nore than the nunber eforgaiod lsiprgayamigs fivoz daest reprlayni g anad ern tkoplat s | ess
than the prescribed 2 2 JUL 2004 132 quantity of water droplets. 5. A gas

t ur bi ne haviung.ta scorqy ass @tdpricpapriession vatenidroplppt s effréhes®id and

di scharging a conpressed air, a 5 conbustor for conbusting the conpressed
gas from saiichjecommmessairt atd thd uelmeandt sigast ing bhesd d bgagrtwemiby a
conmbustion gas from said conbustor, characterized by conprising: an

i njecti ®n uwrind artaartgeich pctE@oUpst veaesidesmlet €l 0f 1sem ds £0dpi e$sor i@nd
constructed so that water droplets are sprayed into the air to be supplied
to said conurdss@fter daiwkergadedrdnpser didy eaie tiret@ia tatdd Speypatdshi nto
said conpressor than an atnospheric tenperature and the sprayed water
droplets introduced into said conpressor with the air 15 having |l owered in

tenperature are evaporated during passage
4. A gas turbine having a compressor for compressing an

air supplied therein and discharging a compressed air, a
10 combustor for combusting the compressed gas from said
compressor and a fuel and a gas turbine to be driven by a
combustion gas from said combustor,
characterized by comprising:
an injection unit, arranged at an upstream side of
15 said compressor and constructed so that water droplets are
sprayed into the air to be supplied to said compressor to
lower the temperature of the air to be supplied into said
compressor than an atmospheric temperature and the sprayed
water droplets introduced into said compressor with the air
20 having lowered in temperature are evaporated during passage
through said compressor, said injection unit having a
plurality of spray nozzles for spraying water droplets; and
a controlling unit for controlling said injection
unit so that the number of said spraying nozzles spraying
2b water droplets more than a prescribed quantity of water
droplets becomes more than the number of said spraying

nozzles spraying water droplets less than the prescribed




t hrough said conpressor, said injection unit having a water supply system
an air supply systemand a spray nozzle for being supplied with water and
air fromsaid water supply systemand said air supply system and &prbly i
water 20 droplets; and a controlling unit for controlling the water supply
quantity and air supply quantity so as to suppress variation between a
ratio of water and air supplied to said $p4ay nozzle when the water
droplet supply quantity is small and a 25 ratio of water and air supplied
to said spraypapsitive ofh@aterhdr@ptletsdr opl et supply quantity is large. 2 2
JUL 2004 133 6. A gas turbine having a conpressor for conpressing an air
supplied therein and discharging a conpressed air, a conbustor for
conbusting the conpressed gas.fromsaid conpressor and a fuel and a %Fs
turbine to be-driveft B#SatBIRIRBUBEVIRIgAs SPABRESSCE COFh FMBressing an
characterized by conprising: an injection unit, arranged at an upstream
side of saPdTcEMPPL&sr thFEeddn &N HEF IS IS IS BPIEHR Bt Tar &
sprayed_into the air to be supplied to the conpressor to 10 | ower the

t enper aPur eCBPPRFECE| Lo CHBPESEANTe F e COTRLIEF S &hFie SFH™ 1373 an

at nospheric tenperature and the sprayed water droplets infroduced into

sai d conpr eSSBPLRSERLt REdarr TuRdyvieRg 1BoWde dFULh HEher &teu e areh R¥apdr at ed
during passage.  through said conpressor, said injection unit having a water
15 supply s§SMERStARNaPRSsEERMy SSyisk SATNE t®spray nozzle for being

supplied with water and air fromsaid water supply
characterized by comprising:

an injection unit, arranged at an upstream side of
10 said compressor and constructed so that water droplets are
sprayed into the air to be supplied to said compressor to
lower the temperature of the air to be supplied into said
compressor than an atmospheric temperature and the sprayed
water droplets introduced into said compressor with the air
15 having lowered in temperature are evaporated during passage
through said compressor, said injection unit having a water
supply system, an air supply system and a spray nozzle for
being supplied with water and air from said water supply
system and said air supply system and spraying water
20 droplets; and
a controlling unit for controlling the water supply
guantity and air supply gquantity so as to suppress variation
between a ratio of water and air supplied to said spray
nozzle when the water droplet supply quantity is small and a
25 ratio of water and air supplied to said spray nozzle when

the water droplet supply quantity is large.




system and said air supply systemand spraying water droplets; and a
controlling unit for controlling the water supply 20 quantity and ai# JUL 2004
supply quantity as to increase a ratio of water to air, supplied to said
spray nozzle when a spray quantity of water droplets is nore, as conpared
with a small spray quantity. 25 7. A gas turbine having a conpressor for
conpressing an air supplied therein and Idscharging a conpressed air, a
conmbustor for conmbusting the conpressed gas fromsaid 2 2 JUL 2004, 134
conpressor dhd a fudt HFR WA Y Hed td BRMBFETRAT b{Oh CeBRHESTIDH HAs
fromsaid conpustor, characterized by conprising: an injection unit,
arranged at % UPSRRERSA stlrrein anddyschapgiBsor GABPESRSEAUBLEd 20 t hat
wat er droplets are sprayed into the air to be supplied to the conpressor
to lower tHEUESRIPE FMbpeting thepecrppprred FafofEaMdS2é8npr essor
than an atnospheric tenperature and the sprayed water droplets introduced
into sai d coiRMRERDIONH pdthefvpt andhaviay Fenkied t@ PenfeideldrbYare
evapor at ed during passage through said conpressor, said injection unit
havi ng & wat@MPRHHY 335t BFeM o2 3 r Cepps yO5yst em and a spray nozzle for
being supplied with water and air fromsaid water supply system and said
air supply SSPREFERIER S BY PDRYEF1NS: dropl ets; and a controlling unit

for controlling the water supply quantity and air supply quantity so as to
an injection unit, arranged at an upstream side of

said compressor and constructed so that water droplets are
sprayed into the air to be supplied to the compressor to

10 lower the temperature of the air to be supplied into said
compressor than an atmospheric temperature and the sprayed
water droplets introduced into said compressor with the air
having lowered in temperature are evaporated during passage
through said compressor, said injection unit having a water

15 supply system, an air supply system and a spray nozzle for
being supplied with water and air from said water supply
system and said air supply system and spraying water
dropléts; and

a controlling unit for controlling the water supply

20 guantity and air supply gquantity as to increase a ratio of
water to air, supplied to said spray nozzle when a spray
quantity of water droplets is more, as compared with a small

spray quantity.

25 7. A gas turbine having a compressor for compressing an
air supplied therein and discharging a compressed air, a

combustor for combusting the compressed gas from said




i ncrease and decrease the water supply quantity according to an increase
and a decrease of a spray quantity of water 20 droplets and mai nt a&ilnlUt H804
air supply quantity to be constant. 8. A gas turbine having a conpressor
for conpressing an air supplied therein and di scharging a conpressed air,
a 25 conbustor for conbusting the conpressed gas fromsaid conpressor and
a fuel and a gas turbine to be driven by1%4 conbustion gas fromsaid
conmbustor, 2 Z JUL 2004 135 characterized by conprising: an injection unit,
arranged at CRAPESSELEaRNS de ol SAY ac GRS SR - ARt UL 186 & hat
water droplets are sprayed into the air to be supplied to the conpressor
to 5 | ower CREPUSHIONaGESe IEPM F& 14 comPusdupplied into said conpressor
than an atnospheric tenperature, the sprayed water droplets introduced
into sai d cGRFFESIEE Lgiech byh &P LsH®Fng | owered in tenperature are

evapor ated during passage through said conpressor and said injection unit
having a 10 water s@pphRlsgddem Ladtai ArF@psied SfstEdmunsdreadpridfandsz] e
for being supplied with water and air fromsaid water supply system and
said aiP sufpiifl SPTPERSERET SPdaFiong twarcdred dofittats Walir AXmte™ol 13%]) uni t
for controlling said injection 15 unit so as to start to supply air to said
spray nozz| preyed 1ak@ thénadfarte e SuRRliemhiter the SAMPLFSBL ozl e,
thereby to_start spraying of water droplets. 9. A gas turbine having a
conpr essor ﬂ@wegoﬁﬁpe§§m@@rgﬁure of the air to be supplied into sai

compressor than an atmospheric temperature and the sprayed
water droplets introduced into said compressor with the air

10 having lowered in temperature are evaporated during passage
through said compressor, said injection unit having a water
supply system, an air supply system and a spray nozzle for
being supplied with water and air from said water supply
system and said air supply system and spraying water

15 droplets; and

a controlling unit for contrelling the water supply

guantity and air supply quantity so as to
increase and decrease the water supply quantity according to
an increase and a decrease of a spray quantity of water

20 droplets and maintain the air supply quantity to be

constant.

8. A gas turbine having a compressor for compressing an
air supplied therein and discharging a compressed air, a
25 combustor for combusting the compressed gas from said

compressor and a fuel and a gas turbine to be driven by a

combustion gas from said combustor,




20 air supplied therein and discharging a conpressed air, a conbustor for
conbusting the conpressed gas fromsaid conpressor and a fuel andzd.@é§mﬂ
turbine to be driven by a conbustion gas from said conbust or
characterized by conprising: 25 an injection unit, arranged at an upstream
side of said conpressor and constructed so that water droplets are
sprayed into the air to be supplied to tHé%conpressor to 1 2 JUL 2004 136
| ower the tenperature of the air to be supplied into said conpressor than
an at nosphefFhéreshssriaas &YariPiHel siskayed wat er dropl ets introduced into
said conpressor with the air having lowered in tenperature are evaporated
during passage 5 t hPBudh IS&tdBPomiridssGrrraguiad iat) &t ivnsturgan vdaPh
water supply system an air supply systemand a spray nozzle for being
suppl i ed w ER 1R COMPIRFSAT MdRYEEWREed supdat vwaserrdEepl 6bs daBe r
supply system and spraying water droplets; and 10 a controlling unit for
control | i ngSP&RY &chj1add de @it o hehaAupd ahiter thopr@tPEp?esgr il s
stopped by decreasing a quantity of air supplied to said spray nozzle
first afd t Rewededheadiomper afui iafy tdie i rt e | $urPled stito spr by
nozzle. 15 10. A gas turbine having a conpressor for conpressing an air
suppl i ed t h€PsipFess® rditdeiaragl M mpsadfpties Samnperatere copbristprayed
conmbusting the conpressed gas fromsaid conpressor and a fuel and a gas
turbine to bat@x @awpdpts introduced into said compressor with the air

having lowered in temperature are evaporated during passage
through said compressor and said injection unit having a

10 water supply system, an air supply system and a spray nozzle
for being supplied with water and air from said water supply
system and said air supply system and spraying water
droplets; and

a controlling unit for controlling said injection

15 unit so as to start to supply air to said spray nozzle first

and then start to supply water to said spray nozzle, thereby

to start spraying of water droplets.

9. A gas turbine having a compressor for compressing an
20 air supplied therein and discharging a compressed air, a
combustor for combusting the compressed gas from said
compressor and a fuel and a gas turbine to be driven by a
combustion gas from said combustor,
characterized by comprising:
25 an injection unit, arranged at an upstream side of

salid compressor and constructed so that water droplets are

sprayed into the air to be supplied to the compressor to




20 conmbustion gas from said conbustor, characterized by conprising: an
injection unit, arranged at an upstream side of said conpressor apd JuL 20l
constructed so that water droplets are sprayed into the air to be supplied
to the conpressor to 25 lower the tenperature of the air to be supplied
into said conpressor than an atnospheric tenperature and the sprayed

wat er droplets introduced into said conpié8sor with the air Z ? JUL 2904
137 having _|owered in tenperature are evaporated during passage through
sai d conpredS¥er e EWMATHIGE P furkihe faokr dontrol YRRl ko8 LR e22idn

unit so as to first issue a signal for stopping the water 5 dropl et
sprayi ng anFoMRERSseIud TR i3 RASRIRRIE demreaird Ui alshprles sepr 3 vedt
gui de vane opening on the basis of a gas turbine trip signal, during

oper ati on ofad&ird drgrd@GSonntymiducer) iMto & ajigh QLIRS Haw Hegh atk@®npiessor
for conpressing an_air supplied therein and discharging a conpressed air,
a conbust oMaveng dremiestachdgnt W@mﬂﬁﬂw@eﬁr@sewamﬁ@aecg dohpd esaDFadnd a
fuel and a gas turbine to be driven by a conbustion gas from said

conmbust or %slr@waha@ta@d FENERPSESTpr iSSiify 1raieq et tUIokt U Yingra dnjjeer
within an intake air duct at an upstream side of said conpressor and

const r uct ed SUPELYh &Y Ste@br ady GltetS3 PRy Srsdha and & t9rray rnesz ke for
supplied to the conpressor to |lower the tenperature of the 20 air to be

suppl i ed i nPE18E FurdEprask sttt at egh alxdhosiphdiiam said water supply

system and said air supply system and spraying water
droplets; and
10 a controlling unit for contrelling said injection
unit so that the water droplet spraying is stopped by
decreasing a quantity of air supplied to said spray nozzle
first and then decreasing a quantity of water supplied to
said spray nozzle.
5
10. A gas turbine having a compressor for compressing an
air supplied therein and discharging a compressed air, a
combustor for combusting the compressed gas from said
compressor and a fuel and a gas turbine to be driven by a
20 combustion gas from said combustor,
characterized by comprising:
an injection unit, arranged at an upstream side of
salid compressor and constructed soc that water droplets are
sprayed into the air to be supplied to the compressor to
25 lower the temperature of the air to be supplied into said

compressor than an atmospheric temperature and the sprayed

water droplets introduced into said compressor with the air




tenperature and the sprayed water droplets introduced into said conpressor
with the air having lowered in tenperature are evaporated during passage

t hrough said conpressor; and a controlling unit, having a plurdliy 88 air
25 tenperature detectors arranged in said intake air duct in a peripheral
direction, for controlling said injection unit so as to decrease a
quantity of water spray when a deviationlfh 1 i JUL 2004 138 detected

val ue reaches to a prescribed value, during operation of spraying water
dropl ets. 1BavAngad aW§siche haABMHRE R OB rass RVIRAT T opphrIdEing BRSSEIQ r
supplied therein and discharging a conpressed air, a conbustor for

conbusti ng & WEpregsise FPET IS s conpressor and a fuel and a gas
turbine to be driven by a conbustion gas from sai d conbustor, ]
characteri zed by compcositdgllimaamnid) dan eenknall s el WWierwieh
intake air duct at an upstream side of said conpressor and constructed so
that water &ndfl s 3 dosdriayadd igRue thesanal ofve steppiredthe vaker
conpressor to lower the tenperature of the air to be supplied into said
conpr es$or GH&Plat AN iand 5-hemhperstaran ahh thectipryed dpgepase
droplets introduced into said conpressor with the air having |owered in

t enper at ur e ther ecnpRsed gt P e SEafe t9puEe sei dtkempresso?f and a
controlling unit for controlling said injection wunit so as to nonitor a
fl ow rate bygageitginbigle &inrip e ignalodbEdngteres tiewnpf esa3bd hhjedeteRase

a quantity of water spray when the flow rate reaches to a prescribed
unit.

10 11. A gas turbine having a compressor for compressing an
air supplied therein and discharging a compressed air, a
combustor for combusting the compressed gas from said
compressor and a fuel and a gas turbine to be driven by a
combustion gas from said combustor,

156 characterized by comprising:

an injection unit, arranged within an intake air
duct at an upstream side of said compressor and constructed
so that water droplets are sprayed into the air to be
supplied to the compressor to lower the temperature of the

20 air to be supplied into said compressor than an atmospheric
temperature and the sprayed water droplets introduced into
said compressor with the air having lowered in temperature
are evaporated during passage through said compressor; and

a controlling unit, having a plurality of air
25 temperature detectors arranged in said intake air duct in a

peripheral direction, for controlling said injection unit so

as to decrease a quantity of water spray when a deviation in




val ue, during operation of spraying water droplets. 13. A gas turbine
havi ng a conpressor for conpressing an 25 air supplied therein and £/ JUL 2004
di scharging a conpressed air, a conbustor for conbusting the conpressed gas
fromsaid conpressor and a fuel and a gas turbine to be driven by a 2 2

JUL 2004 139 conbustion gas from said co%‘gustor, characterized by
conprising: an injection unit, arranged\ﬁ hin an intake air duct at an
upstrean1siQf of sajd conpressor and constructed .5 so that water droplets

are sprayed erﬁeiftteﬁie VA TU§ FERCREDHPTT e Ef%eﬁ%ﬁﬁ%%\l $or ¢9°+8%er the
tenperature of the air_to be supplied ipto said conpressor than an
atnnsphericoﬁﬁﬁﬁﬁﬁeﬂlﬂia%ﬁﬁ?¥+ﬁ§2ﬁﬁ%?%d£ﬂ%ﬁi$t%ropIets i ntroduced into

said conpressor with the air having lowered in tenperature 10 are
evapor at ed during passage through said conpressor; a detection unit for

detecting t pressuyre_qf casl wal | of an inlet | de_van ortion of
said conpr g?s'or ; a'rill‘d ac)Scc?‘n rrboJTr}el %vulnr}gt & St nt ol ?ﬁogldaccaﬁ?iﬁ?%vl%fan 15

rater S ey o LR BRRLE Lol UEo PELARLLLR oF Ul o tATg groL Rt o
Conpr o531 Ml PRl SIS0 BF ALREDALALIGA CIBnceEd A1 2 20
(10l 2092 SAIRIE P SNy o TR S5 AEINER B
combustion gas from said combustor,
characterized by comprising:
10 an injection unit, arranged within an intake air
duct at an upstream side of said compressor and constructed
so that water droplets are sprayed into the air to be
supplied to the compressor to lower the temperature of the
air to be supplied into said compressor than an atmospheric
15 temperature and the sprayed water droplets introduced into
said compressor with the air having lowered in temperature
are evaporated during passage through said compressor; and
a controlling unit for controlling said injection
unit so as to monitor a flow rate by weight of air
20 introduced into said compressor and decrease a gquantity of

water spray when the flow rate reaches to a prescribed

value, during operation of spraying water droplets.

13. A gas turbine having a compressor for compressing an
25 air supplied therein and discharging a compressed air, a
combustor for combusting the compressed gas from said

compressor and a fuel and a gas turbine to be driven by a




an injection unit, arranged within an intake air 25 duct at an upstri 31
side of said conpressor and constructed so that water droplets are @ @y@@‘
into the air to be supplied to the conpressor to | ower the tenperature of
the 2 ~ JUL 104 5 10 140 air to be supplied into said conpressor than an
at nospheric tenperature and the sprayed water droplets introduced into
sai d conpressor with the air having | oweréd in tenperature are evaporated
during passage through said conpressor; and a controlling unit for

control | i ng SORRPSHCEC 19860 Lns tS&E LB it or a di scharge pressure of
said conpressor and decrease a quantity of water spray when the discharge
pressure befHRERAtEI a8 Ya SHHECHI YEYF val ue, during operation of

sprayi ng water droplets. 15. A gas turbine having a conpressor for,
conpressing an ai r aupgHiiesd e Ma T rafd dreSsh MG Ty ot R PRI r, a
conmbustor for combusting the conpressed gas fromsaid conpressor and a

fuel and a §a€T @hiade WRSBEaR iSicde BE Faigl HRREITINT fFs SaEgred
conbustor, characterized by conprising: an injection unit, arranged wthin
an intake aiS© @l wated drsRtitdn S ra%ed ey SDFT dF Rdnst ruct ed
so that water droplets are sprayed into the air to be 20 supplied to the
conpressor SHHRED H9e HEMFOMRURSS BT thelOWET &he HeeRRpA Heee | i o-R&i d

conpressor than an _atnospheric  tenperature and the sprayed water droplets
i ntroduced i&iffo to be supplied into said compressor than an atmospheric

temperature and the sprayed water droplets introduced into
said compressor with the air having lowered in temperature
10 are evaporated during passage through said compressor;

a detection unit for detecting the pressure of a
casing wall of an inlet guide vane portion of said
compressor; and

a controlling unit for controlling a guantity of

15 water spray on the basis of the detected wall pressure,

during operation of spraying water droplets.

14. " A gas turbine having a compressor for compressing an
air supplied therein and discharging a compressed air, a

20 combustor for combusting the compressed gas from said
compressor and a fuel and a gas turbine to be driven by a
combustion gas from said combustor,
characterized by comprising:

an injection unit, arranged within an intake air

2b duct at an upstream side of said compressor and constructed

so that water droplets are sprayed into the air to be

supplied to the compressor to lower the temperature of the




said conpressor with the air having lowered in tenperature are evaporated
during passage through said conpressor; and 25 a controlling unit for
monitoring an adi abatic efficiency of said conpressor and controlling7ailjf 44
guantity of water spray on the basis of the adiabatic efficiency, during 2
2 JUL 2004 141 operation of spraying matir droplets. 16. A gas turbine
havi ng a conpressor for conpressing an P supplied therein and

di scharging_a._c ressed ai.r,.a 5 conbustor for combusting the conpressed
gas from said”® c(r"}Pn’;?reesss”‘é:iP A 2 elsaa]rffj YT U bi etk oaq‘beaﬁ?‘?%&ﬁeﬂc a
conmbustion gas fromsaid c ustor, characterized conprising: . an

i nj ection u iefrﬂpegrarrpélr{geec?r‘faot h sﬁrﬁyrﬁd:wta?l? ci’ﬁ?%f%’fs (i Ocifb‘g‘f‘i‘ e i de
of said conpressor and constrqﬁi so. tﬂgt Mataé?dro efs are sprayed into
the air to BETSSHSHR"EFIT tHe ggﬁréas]sro DTV e t Bhp e R T & e t he
air to be supplied intq s kg{coqﬁressor t han an atnospheric tenperature
and the sprgﬁgde\}&é'tpé)rragiﬁégl TN BGRAE TTHYE 20 Y CUMRFRIIOr 7 v the
air haviing lowered in tenperature are evaporated during passage through
S o coplessor and CETIGTLIING g im0t GO Lo AL e
tenperature and controlling a quantity of water spray on_the _basis of the
exhaust gas¥éip&Patifr &° &ﬂ“ﬂlr%roﬁeéﬁcg‘r?rcﬁe ﬁ%’g?‘h‘?jl?rfbfv%ﬁlé? dropl et s.
17. A gas turbine havin conpressor for conpressing an air suppli.ed
therei n and COTEERSFGIGTS CRMRFESEd QR NGE3h G T (R BOMIUSE T t he
conpr essed gas fromsaid

ischarge pressure becomes less than a prescribed value,
during operation of spraying water droplets.
10
15. A gas turbine having a compressor for compressing an
air supplied therein and discharging a compressed air, a
combustor for combusting the compressed gas from said
compressor and a fuel and a gas turbine to be driven by a
15 combustion gas from said combustor,
characterized by comprising:
an injection unit, arranged within an intake air
duct at an upstream side of said compressor and constructed
so that water droplets are sprayed into the air to be
20 supplied to the compressor to lower the temperature of the
alr to be supplied into said compressor than an atmospheric
temperature and the sprayed water droplets introduced into
said compressor with the air having lowered in temperature
are evaporated during passage through said compressor; and
25 a controlling unit for monitoring an adiabatic

efficiency of said compressor and controlling a quantity of

water spray on the basis of the adiabatic efficiency, during




25 conmpressor and a fuel and a gas turbine to be driven by a conbu{i/dn 2004
gas from said conbustor, characterized by conprising: | ? Ift 2094 142 an
injection unit, arranged within an intake air duct at an upstream side of
sai d conpressor and constructed so that water droplets are sprayed into
the air to be supplied to the conpr essor, t 0 | ower the tenperature of the 5
air to be supplied into said conpressor tfdn an at nospheric tenperature

and the spr%yed w@{er dro Iets.int&oducq&ainio said conmpressor with the
air havi ng I"RerEd-9h ¢ 2P YArer VEPRTatRd during passage through

said conpressor; and a controlling unit for nmonitoring vibrations of a 10
gas turbine bearing and controlling a quantity of water spray on the basis

of the Vibratg on valwie,s Sulng ROYALAD o oAl aNLAg Yol Slofiipolels 4. A

gas turbine 'having a npressor for conpressi rs erein
Gas 11 om sarth ORPDREEORERALS o AIMIARLA] n COHREPRE R0 P TE, T2
o oot i o uncmB SRS oter RRHT Elng R 25 S af S TREQ R Radm < de of
the air o BetRinmdR i 7B hd o o8 L R SRR B " e

air to be s%%q#"gjﬁicmo égifj{&ﬁwéfé?ém a0, AN at nospheric 25 tenperature
and the sprayed water dﬁople s introduced 1nto
characterized by comprising:
an injection unit, arranged within an intake air
10 duct at an upstream side of said compressor and constructed
so that water droplets are sprayed into the air to be
supplied to the compressor to lower the temperature of the
air to be supplied into said compressor than an atmospheric
temperature and the sprayed water droplets introduced into
15 sald compressor with the air having lowered in temperature
are evaporated during passage through said compressor; and
a controlling unit for monitoring an exhaust gas
temperature and controlling a quantity of water spray on the

basis of the exhaust gas temperature, during operation of

20 spraying water droplets.

17. A gas turbine having a compressor for compressing an
air supplied therein and discharging a compressed air, a
combustor for combusting the compressed gas from said

25 compressor and a fuel and a gas turbine to be driven by a

combustion gas from said combustor,

characterized by comprising:




said conpressor with the air having lowered in tenperature are evaporated
duri ng passage through said conpressor; and 2 2 J UL 2004 143 a
controlling unit for nonitoring a thrust bearing netal tenperaturb2$ﬂ.aﬂﬁd
gas turbine and controlling a quantity of water spray on the basis of the
thrust bearing netal tenperature, durin peration of spraying water 5
droplets. 19. A gas turbine having a congr ssor for conpressing an air

supplied therein and dischaqghﬁg a conpressed
r

' . nb f
combusting the conpréssety gas Wﬁ%ﬁﬂcﬁﬁfﬁ%%ﬁ%?%%%@f“gﬁﬁ gﬁ%g%? g%ﬁ a gas
rom sai d_conbust

t urbi to b [ b nbust i f
char act er i 781y LorBti STHG Cah T} €cvT ofe b COMAF PRRGEA= Rt RPRSERUFAEdke
[ duct at t | de of id d t t 15
that vater (IopStS % E R TRORIFT Ra S HEPRIYSL o BEOSHRRI Fei £8 PRe
to | the t t f th ir tob lied i id

Conpr essor (HIEE A ospRoN TP Set atr bo4RH FRB CRTHBEACUAPCPIdFBRI et s
20 are. Guapdi i dUF | S ELESa gt Y hr R SAPRrCoRpF cSRep: *anacngeBherid !¢

trolli it f i tori ial f locjty. fluid flow
cai d corpr eI LE ERC 111G SHE Gkh v yobrNER P Ee i BbrBeRg paEPe of |
the axial flow .velocit duri eration of spra ing mateE droglgts. 25
20. A gas t GFIhEURATEY ¢ é@ﬁ%ra¥5rhﬁ%ﬁ59e£§¥ﬂ5 qnin temperature

are evaporated during passage through said compressor; and
a controlling unit for monitoring vibrations of a
10 gas turbine bearing and controlling a quantity of water
spray on the basis of the vibration value, during operation

of spraying water droplets.

18. A gas turbine having a compressor for compressing an

15 air supplied therein and discharging a compressed air, a
combustor for combusting the compressed gas from said
compressor and a fuel and a gas turbine to be driven by a
combustion gas from said combustor,
characterized by comprising:

20 an injection unit, arranged within an intake air
duct at an upstream side of said compressor and constructed
so that water droplets are sprayed into the air to be
supplied to the compressor to lower the temperature of the
ailr to be supplied into said compressor than an atmospheric

25 temperature and the sprayed water droplets introduced into
sald compressor with the air having lowered in temperature

are evaporated during passage through said compressor; and




air supplied therein and di scharging a conpressed air, a 2 2 Jul 206£JQQZML
conbustor for conbusting the conpressed gas fromsaid conpressor and a
fuel and a gas turbine to be driven by a conbustion gas fromsaid
conbustor, characterized by conprising: 5 an injection unit, arranged
wWithin an intake air duct at an upstreag1$ide of said conpressor and
constructed so that water droplets are % ayed into the air to be

supplied to the conpressor. Q. ower .t he tenper.atur.e of the ir_tao.he
suppl i ed i nto said EorgPEEEn TRARTAT ACTOSRRETCE 16 CerpdritutE i ne

sprayed water .droplets introduced i.nfo _ said,conpressor 'tgHEhe ai r having
| onered in ?‘grif'ﬁ&r z%telfflrpéera%ruéceevo posra e@a&u?ﬁ%&lﬁgsa C[C}‘]}V)éo]i? Y £
conpressor; and.a.controlling unit for control.in id.jnjecti,on_unit so
as to incr egggné:lcﬂar?té twft(%rgstPéiaYSL%‘plt&‘eed a@?aic% %%59 COHOIRYT %Y ne of
wat er dropl et sprayin s.compared wth a quantity of fuel s lied to

sai d conbusf%gﬁ:ag“t %tei LS 'oﬁﬁﬁ%d’gofogﬁﬁaéﬂo&r § éstprs"’k%]éﬁ ﬁ”éa@% A gas
turbine5havhn% GQnpr essor for conpressing an 20 air supplied therein and
di schar gi ng 4 Cofpressed air, a conmbustor for conbusting the conpressed gas

fromsaid conpressor and a fuel and a gas turbine to be driven by a
conbustion gas from said conbustor, characterized by conprising: 25 an

P D R A e
the air to bg, supplied therein and discharging a compressed air, a
combustor for combusting the compressed gas from said
10 compressor and a fuel and a gas turbine to be driven by a
combustion gas from said combustor,
characterized by comprising:
an injection unit, arranged within an intake air
duct at an upstream side of said compressor and constructed
15 so that water droplets are sprayed into the air to be
supplied to the compressor to lower the temperature of the
ailr to be supplied into said compressor than an atmospheric
temperature and the sprayed water droplets introduced into
said compressor with the air having lowered in temperature
20 are evaporated during passage through said compressor; and
a controlling unit for monitoring an axial flow
velocity of fluid flowing in said compressor and controlling
a quantity of water spray on the basis of the axial flow
velocity, during operation of spraying water droplets.
25

20. A gas turbine having a compressor for compressing an

air supplied therein and discharging a compressed air, a




2 2 JUL 2006 145 supplied to the conpressor to | ower the tenperature of
the air to be supplied into said conpressor than an atnospheric
temperature and the sprayed water droplets introduced into saldJdodfkessor
with the air having lowered in tenperature 5 are evaporated during passage
t hrough said conpressor; an detection unit for detecting NOx concentration
In the exhaust gas; and a controlling uditt for controlling a quantity of
wat er sprayco%ﬂd% baigs %&)Hpﬁﬁgetected NOx concentration. 10 22. A gas
turbine havictg A S réss SO WthrdiSsi HPREFS 55T 3ppt TRl $REfein and

di schargi ng _a_conpressed &ai ust or_for_.conmbustin c%;ge conpr essed

gas from salCdEompres Ot szcFLge]f %@ﬁcﬁaﬁ AR eI e k LY By a 15

conmbustion gas.frogmsaid c ustor,. characterized by conprising: a
preni xer pr%\c/)l“}t}i)élc?ocilr?%ﬁaﬁ %g?b%'hsstao]rd Mg premi xed gas fornmed by

prem xi ng fuel_ _an aLE;éPn injection unit, arranged within an intake air 20
duct at an UPSFPELRTSIARE & SAPRGh%ssor and constructed so that water
droplet% are sprayed inta the air %8:be su kted t.o. the conpressor to
| over tHKe tenperatuf@ RIERELOH M0t 'b@%’gﬂp‘? Y & &8 &50r t han
an atnospherjc . tenperature and the sprayed, water_droplets_ introduced into
25 said comIPEsG Wt REE AT T 1y 19k GPTRF Sener i onsr puc ted
evapor at ed durin assage thraugh said conpressor; and a, controlling unit
for monitor isﬁ’g té%tgd’ia;ﬁg:t idcropql. 5 are sprrg)ye into the air to be
supplied to the compressor to lower the temperature of the
air to be supplied into said compressor than an atmospheric
10 temperature and the sprayed water droplets introduced into
sald compressor with the air having lowered in temperature
are evaporated during passage through said compressor; and
a controlling unit for controlling said injection
unit so as to increase a guantity of fuel supplied to said
15 combustor at time of water droplet spraying, as compared

with a quantity of fuel supplied to said combustor at time

of stopping of water droplet spraying.

21. A gas turbine having a compressor for compressing an
20 air supplied therein and discharging a compressed air, a
combustor for combusting the compressed gas from said
compressor and a fuel and a gas turbine to be driven by a
combustion gas from said combustor,
characterized by comprising:
25 an injection unit, arranged within an intake air

duct at an upstream side of said compressor and constructed

so that water droplets are sprayed intoc the air to be




1U JUL 2104 146 efficiency of said conpreséor and controlling a quantity
of water spray on the basis of the adiabatic efficiency, during OBeration
of spraying water droplets. 17 JUL 2004

145
supplied to the compressor to lower the temperature of the
air to be supplied into said compressor than an atmospheric
temperature and the sprayed water droplets introduced intg
sald compressor with the air having lowered in temperature
5 are evaporated during passage through said compressor;

an detectioﬁ unit for detecting NOx concentration in
the exhaust gas; and

a controlling unit for controlling a guantity of
water spray on the basis of the detected NOx concentration.

10

22. A gas turbine having a compressor for compressing an
air supplied therein and discharging a compressed air, a
combustor for combusting the compressed gas from said
compressor and a fuel and a gas turbine to be driven by a
15 combustion gas from said combustor,
characterized by comprising:
a premixer provided in said combustor for burning
premixed gas formed by premixing fuel and air;
an injection unit, arranged within an intake air
20 duct at an upstream side of said compressor and constructed
so that water droplets are sprayed into the air to be
supplied to the compressor to lower the temperature of the
air to be supplied into said compressor than an atmospheric
temperature and the sprayed water droplets introduced into
25 said compressor with the air having lowered in temperature
are evaporated during passage through said compressor; and

a controlling unit for monitoring an adiabatic
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efficiency of said compressor and controlling a quantity of
water spray on the basis of the adiabatic efficiency, during

operation of spraying water droplets.




