SKID ARCHITECTURE FOR A POWER AUGMENTATION SYSTEM
TECHNICAL FIELD [0001]The present disclosure relates to power
augmentation of gas turbines. More specifically, a fluid delivery skid with a
pre-fill system adapted for a power augmentation system supplies fluid to
an injection apparatus for saturating and cooling intake air as it enters a
gas turbine to augment power of the gas turbine. BACKGROUND [0002]A
power augmentation process for a gas turbine in which the intake air is
huieified eIt POREIR IR A POVCAROATCMENTR A ORSY SaTENE
gas turbine. Water is added to the intake air to saturate and cool the air as
it enters the gas turbine. The cooler, and thus denser, air augments the
power of the gas turbine. AH‘B Jrididh system may include a
cont ller, a fluid delivery ski n injection apparatus with multi
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inside the gas turbine intake. The high pressure from the pump limits the pump’s range of
operation if only one spray array is used. A single spray array typically has a water flow range
of operation of 1.3 times its minimum flow. However, a water flow range of 2-3 times its
minimum flow is necessary to cover the temperature and humidity conditions needed for power
augmentation. To meet the water flow range of 2-3 times the spray array’s minimum flow, some
power augmentation systems employ multiple stages. Each stage includes one pump and is
independently turned on and off to allow different flow ranges to cover the necessary flow range.
Each pump is held at a constant speed and receives the unused amount of the flow at its entrance
as part of a recirculation process. Such a system, however, requires multiple pumps, which
increases the cost of the power augmentation system as well as adds to the size of the fluid
delivery skid. For example, a system may require as many as six or more pumps. Moreover, the

multiple pumps create difficulty in adding redundancy. The recirculation process, which is



necessary to make use of the unused flow, requires recirculation valves
that may typically erode and prove to be unreliable. Thus, a system is
needed to more efficiently and effectively provide high pressure fluid for
power augmentation of a gas turbine. SUMMARY [0004]A fluid delivery
skid with a pre-fill system adapted for a power augmentation system
includes one or more stages that have active and inactive states. Each of
the stages includes a first and second valve, with each valve having an
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connected to the stages of the system. [J006]A method for delivering fluid
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the stages. Activation includes opening the pre-fill valve of the stage, filling the stage with fluid
and pressurizing the fluid, closing the pre-fill valve, and opening the main valve to allow for the
discharge of the fluid, while inactivation requires the closing of the main valve. An injection

apparatus to distribute the discharged fluid is connected to the stages of the system.

[0006] A method for delivering fluid from a fluid delivery skid to an injection apparatus
includes activating a stage of the skid. A stage includes a first and second valve each having
open and closed positions. Activating the stage includes, with the first valve in an open position
and the second valve in a closed position, filling the stage with fluid and pressurizing the fluid of
the stage to a first desired level. The fluid is released with the first valve in a closed position and

the second valve in an open position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a diagram illustrating details of an exemplary fluid delivery skid.



BRIEF DESCRIPTION OF THE DRAWINGS [0007]FIG. I is a diagram
illustrating details of an exemplary fluid delivery skid. 100081FIG. 2 is an
diagram illustrating details of an exemplary fluid delivery skid. [0009]FIG.
3 is a diagram illustrating details of an exemplary power augmentation
system. [0010]FIG. 4 is a flow chart illustrating an exemplary method for
delivering fluid from an exemplary fluid delivery skid to an injection
apparatus. [0011]FIG. 5 is a diagram illustrating details of an exemplary

[0008]POWRI UGN AN RYRIRMLHAZRMI Y 2983 HFRRuid delivery skid.

[0009] FIG. 3 is a diagram illustrating details of an exemplary power augmentation system.
[0010] FIG. 4 is a flow chart illustrating an exemplary method for delivering fluid from an
exemplary fluid delivery skid to an injection apparatus.

[0011] FIG. § is a diagram illustrating details of an exemplary power augmentation system

utilized with a gas turbine.

DETAILED DESCRIPTION

[0012]  The present disclosure relates to a fluid delivery skid for supplying fluid to an
injection apparatus. The injection apparatus provides the fluid to, for example, cool and

humidify intake air of a gas turbine for power augmentation of the gas turbine.

[0013]  FIG. 1 illustrates an exemplary fluid delivery skid 10, with pre-fill system 100, for
supplying fluid. With reference to FIG. 2, an additional exemplary fluid delivery skid 10 for
supplying fluid is shown.

[0014] The fluid delivery skid 10 includes one or more stages 160 with each stage 160
having active and inactive states. Each stage 160 has a first valve, such as a pre-fill valve 140 of
the pre-fill system 100, and a second valve, such as a main valve 120. Each pre-fill valve 140
and each main valve 120 has an open position and a closed position. A pre-fill valve 140 and a

main valve 120 of a stage 160 are connected in parallel to a common point to supply fluid from

the fluid delivery skid 10.

[0015] In an active state, fluid is received within a stage 160, pressurized to a first desired
level, and discharged. As fluid is received within the stage 160 and pressurized, the pre-fill
valve 140 is in an open position and the main valve 120 is in a closed position. In certain
embodiments, a small portion of the fluid may leak from a spray apparatus connected to the fluid
delivery skid 10 before the first desired pressure is reached. The leaking may occur as soon as
an amount of fluid enters the stage 160. As fluid is discharged from the stage 160 , the pre-fill

valve 140 is in a closed position and the main valve 120 is in an open position.



DETAILED DESCRIPTION [0012]The present disclosure relates to a fluid
delivery skid for supplying fluid to an injection apparatus. The injection
apparatus provides the fluid to, for example, cool and humidify intake air
of a gas turbine for power augmentation of the gas turbine. [0013]FIG. 1
illustrates an exemplary fluid delivery skid 10, with pre-fill system 100, for
supplying fluid. With reference to FIG. 2, an additional exemplary fluid
delivery skid 10 for supplying fluid is shown. [0014]The fluid delivery skid
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160, “ﬁﬁ%@g’ﬁ%’[}ump or group of pumps feeding each stage 160. The pump may include

one or more pump units.

[0018] In the exemplary fluid delivery skid of FIG. 1, an exemplary second pump indicated
as variable frequency drive (VFD) pump unit 110 is connected by a valve line 150 to each stage
160 for feeding the main valves 120. The VFD pump unit 110 operates to supply additional fluid
and/or increase pressure to the fluid in the stages 160, to a second desired level. A frequency of
the VFD pump unit 110 governs the pump speed and may be adjusted. The VFD pump unit 110
may be capable of pumping the additional fluid to a high pressure level. For example, the VFD
pump unit 110 may pressurize the additional fluid to levels of approximately 100 bar (1500 psi)
or higher. The VFD pump unit 110 may pressurize the additional fluid to a level that may be
based upon, for example, ambient weather conditions. Other factors may be taken into account
to determine the level at which to pressurize the additional fluid. A high pressure
advantageously produces fluid droplets with a small diameter. For example, the fluid droplet

diameter may be less than 40 microns.

[0019] An exemplary first pump, for example, pre-fill pump unit 130, is connected by a
valve line 150 to each stage 160 of the pre-fill system for feeding the pre-fill valves 140. The
pre-fill pump unit 130 may be, for example, a low-pressure pump that pressurizes the fluid to a
first desired level. For example, in an active state, the pre-fill pump unit 130 may pressurize

fluid to a first desired level with the pre-fill valve 140 in an open position and the main valve 120



[00161Moreover, in an active state, with the pre-fill valve 140 in a closed
position and the main valve 120 in an open position, additional fluid is
received within the stage 160, pressurized to a second desired level, and
discharged. Similar to the above, in certain embodiments a portion of the
fluid may be discharged before the second desired pressure level is
reached. In an inactive state of the stage 160, at least the main valve 120
is in a closed position, so that a substantial portion of the fluid is not

in a cl6ligFPasaRA framethRStra ORI BBt Nl VaR HAQMAKRESTeE may be

by a first pump, and the main valves 120 may be fed by a second pump,
reg‘”“ﬁﬁﬁ%ﬁﬁl‘f’ﬁ?‘bﬂ?é‘r“@ﬁwbodlments a single pump may be utlllzed for the

same purpose. One or more pumps may be groupe aral | so that
100201, PSR e BB AP I MER AP SRR B (IR VR Skid 10 with
pre-fil s gsitinsyste ia ﬂ»ﬂﬂ'ﬂdb’ﬁ/mlmﬁdafﬂiﬂf alifin if stages A@ﬁltwﬁhltﬁetﬁélﬂlﬁd delivery

sid B S LR B N OY . The

pressuﬁszaxempl&ryimmrﬂopumm md}caﬁaﬂsahavgsmﬁkaﬁmm@ﬁdwdrm)(‘dﬁ@)lo and
%]to is connected b a valve line 150 t(E') each sta e

surpiGh SO o SORAE Sor R S apramE ecom pnye o ne

main vatliaitiona| dhnnldmatﬂdrbmdreaaSQ)plreaweltoPﬁié fluiflan diomqih:ge&clh@ﬂa,m 1860 may
deswed level. Afre of the VFD pum ver
be connectegq: Spray darra g; ect lénﬂ;l)ge\ﬂj__lﬁ R o 1{} 9y ap ing trom each

pump spee pump unit may
main vafyealile. of pumping the addltlonal fluid to a high pressure level. For
example, the VFD pump unit 110 may pressurize the additional fluid to

[0021]levelshof Bpprokinges|jhe00itwe( KB0D SO highisieatina BBt thahire being
uilized LAARERS PaRUSER, S, RUFTERB GO fulree] 8024 B BRSBHOVRRR: of the

for example, ambient weather conditions. Other factors may be taken into
pressugiged iidotadhsrAisiectheprayaust wntmdﬁﬁlméwzmhe(hwmomneﬂﬂmx\l@ is

activatBiof QTW‘AFP@H‘%%%@W%WFQQUWIQWQ Wé&@ﬁdﬁ'%%ﬁ%‘?%ore stages 160

diameter. For example, the fluid droplet diameter may be less than 4

allowsyficAspreapo0abika Pty Hie pEReRInEo thex ARipYe dpﬁt@hmlsnmwtbmt allowable

paraméSfd: '%C%?@CISQ by %M&%tlé&‘%%%@i@g’lﬁl?esﬁﬂ% 160WRf 1% REE-filk stage 160.
system for feeding theggre fill valves 140 Ese fill pump unit 130 may

Actlvasenfgf 22870100 ns\Ndspess aps RS itsptsrEYsyalyed 4Aeqidrd tbﬁaﬁtﬁg& 160 with
fluid af@38 PrllavalAE THATPIRtdPears QY ierRtaiRs iR H’é@ef'l') UMW pEEQhe pre-fill

may pressurize fluid to a first desired level with the pre- f| ‘valve 140 in an
pump B%A%%SE%% Phthasiass AR maxbe pressurized to, for example, 6 bar. Once the

stage 160 is filled and pressurized, the pre-fill valve 140 is closed and the main valve 120
opened. Activation of a stage 160 further includes additional fluid being received within the
stage 160, pressurized to a second desired level by, for example, the VFD pump unit 110, and
discharged, with the pre-fill valve 140 in a closed position and the main valve 120 in an open
position. The fluid begins to be discharged before the second desired pressure level is reached.
Additionally, a small amount of fluid may leak from the pre-fill valve 140 and the main valve
120 prior to the opening of the valves 140 and 120 in certain embodiments. Thus, when a stage
160 is empty after not being utilized, the pre-fill pump unit 130 fills the stage 160 with fluid
from, for example, a fluid source and pressurizes the stage 160 to a first desired level prior to the
main valve 120 of the stage 160 being opened. An amount of air remaining in the stage 160 will
be quickly pressurized. This ensures that the flow of fluid from the fluid delivery skid 10

continues evenly when a stage 160 is activated or deactivated. Without the inclusion of a first
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in a closed position. After the first desired level has been reached, the

pre-fill valves 140 may be regulated to a closed position. [0020]In

operation, a fluid delivery skid, such as the exemplary fluid delivery skid

10 with pre-fill system 100, is provided with fluid from a fluid source.

Additionally, the fluid delivery skid 10 with pre-fill system 100 provides

pressurized fluid at a desired flow rate. The pressurized fluid at the
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the desired flow range and pressure range are achieved with one pump
unit and n valves instead of with n pump units. As valves are much more
cost effective than pumps, and as on-off valves such as pre-fill valves 140
and main valves 120 are more cost effective than re-circulation valves, a
great cost benefit is introduced by the pre-fill system 100. [0023]An
accumulator 170 may be connected to each stage 160 of the fluid delivery
skid 10 at the main valves 120. The accumulator 170 operates to assist in
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turbirie to saturate and cool the air as it enters the gas turbine, thus
skid 1@udrfientrity shierpehiequtpiarestagey 46 isiiliid may be discharged at a new flow

rate, which can by changed throughout operation.

[0027] The control unit 210 may be controlled from a control room or from a panel, for

example. The control unit 210 may comprise manual controls as well as programmable controls



100261The power augmentation system 200 includes a control unit 210

for providing control signals to a fluid delivery skid, such as, for example,

the exemplary fluid delivery skid 10 with pre-fill system 100. The control

unit 210 is connected, via signal feeds 215, to the VFD pump unit 110 and

the pre-fill pump unit 130 to control the operation of the units 110 and 130.

In particular, the control unit 210 operates to activate and inactivate the

various stages 160 of the fluid delivery skid 10 to provide or discharge

luid at ireq.f te fr i ivery skid 10. After activation g
that end O Y Ay S The S P LR IR, ROV ecas
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provided to the operator. In an event the actual pressure is lower than the
may bg,peadded ExheQBeEraPEheck for leaks warning may be provided to the

operator. [0028]In operating to activate stages 160, the contro] unit 21
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[0029]Based upon the determined flow rate in which to deliver fluid from
the fluid delivery skid 10, the control unit 210 determines the necessary
stages 160 to activate to attain the determined flow rate from the skid 10.
For example, a certain flow rate may require that three stages 160 be
activated. If the determined flow rate then decreases, the new flow rate
may necessitate the inactivation of one or more stages 160, for example,
to reach the new flow rate. [0030]The control unit 210 operates to activate

[0029]2 St%e%l%@/ tﬂg%t@m%&)fﬁ)\ml‘é@l}f?ﬂ{ﬁghqgthal%@%gcﬁﬂo;ﬁnﬁmlglhellvery

valve 140 may alternatively be manually opened. The pre-fill pump unit

skid 193thg; eeakteghibtelbgetiEniBerrHIcuRRCOION VRSB dPatesafity fife il attain the

determPEAMENIEA3Aririththecriage 16P wilhflichareadm m&&%@ﬁl&m&}aﬂ@ it three
a first desired level, which may be a low pressure. The fluid may be

stages 00 he periyaied riuih LS detsaned M mis Bencasfrennss ﬁbetwg%ofh%vate may

necessitiié tkiachiavisiedhenpompdiitapdin folicbratienfling thecstagmihiandate.
pressurizing the fluid of the stage 160, the pre-fill valve 140 of the stage

[0030]160 Eheloaaebbynifio? xapepies theadniioh um'ge’zm)cbya)mamgahewaﬂdmalve 140
£ th mﬁ#} ve 120f fth g 160| manua ened |so 31
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pump unit 230@ IH)tpen\mmlkaml }bglrﬂ'pt addtttﬂnailﬂmd) mh&hadtivatestﬂe fhugekill pump unit
d de red ressure Iev | necessar |det
130 to g e R e L e e SR T AR e (645 Which may
be a layppretssdo Tectiviel omey de mm;dlsth@em 26uf sherém%@,ewhmiy siewllfcocbycrolled
by theCIBRIRG 8hIPITh e MAMYANCARD, ilie $1A0A5i4 SNRRGIMAG YA SHlec 160 and

e control unit may rece S|gnal to Initiate the Inactivation
pressutiaimgcheotmdosfathapleeatdblo thb el oklweitl 20® hthy degerififastised by, for

exampleeetg %dH@g fvgte ﬁétglgg HaRudl I‘heegpfi'{lgnvalfﬁe]lﬁ%m@e]fﬁl@%?%%y IQ& 160 is

control unit 210 or may be manually closed by an operator, for examp

manugit gpgnedl infdeipangdpar shas e ldisdiectdbad/fHe puiepdulivéhp diseudated by
the cofitfS1 HAMRIE L] %?kam?én%%ﬁﬂ?‘xm}%‘f%ﬁ RERe 'Ueﬁyﬁlﬁmﬂé)ﬁﬁ@%&}%e 260, at

main valves 120 to the injection apparatus 225. An individual feed line 230
a secopdadepiEcdtirestsol emak Becepsatyde neyide the Mdiiaesl Bujdsaidhegiptermined flow
rate. connected to the injection apparatus 225. [0033]The injection apparatus

225 may include one or more spray arrays that deliver the

[0031] The control unit 210 operates to inactive one or more stages 160 of the fluid delivery

e pre-fill

skid 10 by closing at least the main valve 120 of the stages 160 to be inactivated. The control
unit 210 may receive a signal to initiate the inactivation from a control room or an operator, or
the control unit 210 may determine the need to inactivate a stage 160. The main valve 120 may

be closed by the control unit 210 or may be manually closed by an operator, for example.

[0032] An injection apparatus 225 is connected to the fluid delivery skid 10. For example,
feed lines 230 may connect the pre-fill system 100 and the main valves 120 to the injection
apparatus 225. An individual feed line 230 may be utilized so that each stage 160 of the fluid

delivery skid 10 is connected to the injection apparatus 225.

[0033] The injection apparatus 225 may include one or more spray arrays that deliver the
fluid at the determined flow rate as provided by the skid 10, which may be adjusted after
activation of one or more stages. Each spray array may comprise one or more nozzles. The one

or more nozzles of the injection apparatus 225 may inject a spray of atomized fluid, such as



fluid at the determined flow rate as provided by the skid 10, which may be
adjusted after activation of one or more stages. Each spray array may
comprise one or more nozzles. The one or more nozzles of the injection
apparatus 225 may inject a spray of atomized fluid, such as water or
other liquid, into an air stream of a gas turbine inlet duct, thereby
increasing the mass flow of the air stream, wherein the power output from
the gas turbine engine is augmented. [0034]A weather monitoring unit 240

water SPRYHBEIRRNNERIBhOAPRAAITE HE2A0IR MRioBaldaRe-&5ilRRENIE e mass

updated ambient conditions that may affect performance of a gas turbine
flow OB@ma&ﬁ&fawmhﬂélﬁémommé%ﬁW@aaﬁ BinssngsipEmsated.

ambient conditions may b sured and reported to the coptraol nrt 210
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pressure me er monitoring unit may comprise

measuiigeder it popen exemplay combihakbhslbfodernplieraaty svem basiments the weather
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he weather information is processed by the control unit 210, where the

anothe&@rmraw«m embeduncablither wsahen peeatoriveyubEctAB IRAY ipdBIAGEE oh barometric

pressurielR A8 fIoWakie. eﬁ?‘mﬁa&ﬁé‘rWﬁ%d%@ﬂthofc(iﬂﬁ)féﬁkﬂ%&d@%agﬁéﬂrems the
embodiment, a computing system 250 is connected to the control unit 210

weathgsy BOfHAEN G B 1344 RO BIMT Sy 4t SSORPAERE appcapoipgnbinations of
compoRBAIOTMANag 8t &5 aRiaingd diemthe CRIMMAbHNIA@AP- measure ambient weather

conditions. The weather information is processed by the control unit 210, where the control unit
210 may deliver to an operator key operational information such as allowable evaporation water

quantity, icing risk, etc.

[0035] In an embodiment, a computing system 250 is connected to the control unit 210 by a
signal feed 215. The computing system 250 tracks and reports performance data as obtained

from the control unit 210.

[0036] Referring now to FIG. 4, a flow chart is shown of a method for delivering fluid from
a fluid delivery skid, such as the exemplary skid 10 with pre-fill system 100, to an injection

apparatus, such as the injection apparatus 225.

[0037] At 405 of the method, an activate or deactivate signal is received by the fluid delivery
skid 10 indicating the need to activate or inactivate a stage of the skid 10, such as an exemplary
stage 160. The signal may be, for example, generated by the control unit 210. Alternatively, the

signal may be specified by a control room or operator and provided to the control unit 210. The
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[0036]Referring now to FIG. 4, a flow chart is shown of a method for
delivering fluid from a fluid delivery skid, such as the exemplary skid 10
with pre-fill system 100, to an injection apparatus, such as the injection
apparatus 225. [0037]At 405 of the method, an activate or deactivate
signal is received by the fluid delivery skid 10 indicating the need to
activate or inactivate a stage of the skid 10, such as an exemplary stage
160. The signal may be, for example, generated by the control unit 210.

signal /t\lteafaﬁié\(@ g thegigaRl Qf‘%@@ 15@@91{5%11 sl?é/n?f§Qquw&0% QBBQ%;@@{ decrease,

and provided to the control unit 210. The signal to activate or inactivate a

respectiysye 16d Aesy iigrigs thsumpbuaprierecdseerpier 84kk, respectively, fluid

flow in order to supply a preferred amount of fluid. [0038]If the signal is an
[0038]in o cHvh SRRy AR 225 AR SIRNphIFeFO0raP AL iabe 168 & &85 160 1 closed

to inactivate the stage 160. The main valve 120 may be manually closed by an operator or may

be closed by the control unit 210.

[0039] If the signal is an activation signal, at 410, activation of a stage 160 is initiated by
opening a pre-fill valve 140 of the stage 160. The pre-fill valve 140 may be manually opened or
opened by the control unit 210.

[0040] At 415, the stage 160 is filled with fluid and the fluid is pressurized to a first desired
level. A pre-fill pump unit 130 may pump the fluid to pressurize the fluid to the first desired
level as indicated and controlled by the control unit 210. At 420, the pre-fill valve 140 is closed.
Thus, the stage 160, comprised of the pre-fill valve 140 and main valve 120, is filled and

pressurized to allow for the main valve 120 to supply the pressurized fluid.

[0041] At 425, the main valve 120 is opened. The main valve 120 may be manually opened
or opened by the control unit 210.

[0042] At 430, a VFD pump unit 110 supplies additional fluid to the stage 160 and
pressurizes the additional fluid to a second desired level. The pressure may be a high level, for
example 100 bar, as indicated and controlled by the control unit 210. At 435, as the additional
fluid is being supplied and pressurized, the fluid is discharged to be injected to an apparatus,

such as the exemplary injection apparatus 225.

[0043] Following activation or inactivation of a stage 160, the method returns to receiving an
activation/inactivation signal to respectively activate or inactivate a stage 160 to meet a required

fluid flow rate.

[0044] Referring now to FIG. 5, a diagram illustrating details of an exemplary fluid delivery
skid and an exemplary power augmentation system utilized with a gas turbine is shown. The
exemplary fluid delivery skid 10, pre-fill system 100, and power augmentation system 200,
described above with relation to Figures 1-4, may be utilized with a gas turbine to augment the

output power of the gas turbine. A typical gas turbine may comprise a turbine inlet duct, a
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to inactivate the stage 160. The main valve 120 may be manually closed
by an operator or may be closed by the control unit 210. [0039]If the signal
is an activation signal, at 410, activation of a stage 160 is initiated by
opening a pre-fill valve 140 of the stage 160. The pre-fill valve 140 may be
manually opened or opened by the control unit 210. [0040]At 415, the
stage 160 is filled with fluid and the fluid is pressurized to a first desired
level. A pre-fill pump unit 130 may pump the fluid to pressurize the fluid to

combullié M54 deinsshdenss! s ingigaiac and conpirlied Badae aonial W€ ¥30 may be
At 420, the pre-fill valve 140 is closed. Thus, the stage 160, comprised of

conned@® Ry enbiltyaiNg & 2ndlamaine/alvepd 4Qoiadd|egoasnd Rfo%ﬂiimgﬁqi@téﬂﬁ%re-ﬁll
for the main valve 120 to supply the pressurized fluid. [0041]At 425, the

systemMedayAlye-dd istRpenaeh LA Main valve 120 may be manually opened
or opened by the control unit 210. [0042]At 430, a VFD pump unit 110

[0045]SUPRiRStRACBGIAG! Tirdish tovhih Sta0 1dia0 Rk PressUnZagjthaaddijnals 225 as

fluid to a second desired level. The pressure may be a high level, for

provided by e sxsemplaryalyitieiienasd tdRremednelidre b o nghiimited jg those as

describkdShasithgsasishtianalifiuigl ip haing seppliednthiessunteedotidluid Gmbustor
discharged to be ir;jec%sd to an aé)Qaratus, such as the exemplary injection
flame 8?) N 38 Eﬁ){nple . hen over-saturating the air for power augmentation, air mass

input into the gas turbine and the gas turbine components are defined to place restrictions of the
water injection levels so that the air mass flow is within the acceptable limitations of the gas
turbine engine’s design. Subsequently, ambient weather conditions and gas turbine load
demands can be input into the control unit 210 for determination of a fluid flow rate and

pressurization level.

[0046] An evaporative cooling system, the point of use indicated by “A” in FIG. 5, is a
“fogging” system where water is sprayed at the air inlet as a mist of fine droplets (fog) that
evaporates. A compressor inter-cooling system, the point of use indicated by “B” in FIG. 5, is a
“wet compression” system for spraying water into a high density air stream at a compressor
inter-stage. A steam system, the point of use indicated by “C” in FIG. 5, is a system for spraying

water into the combustor.

[0047] In an exemplary evaporative cooling system (“A”), high pressure water is fed from
the fluid delivery skid 10 to an injection apparatus, such as the injection apparatus 225 which
may include as a nozzle holder, which is installed inside the duct and far upstream of the
compressor inlet face. The nozzle holder may comprises a tube having multiple nozzles which
atomize water into a spray of fine droplets, for example, typically ranging from about 10 to about
20 microns, and more typically ranging from about 10 to about 15 microns. The droplets are the
result of atomization, for example, typically at about 80 to about 140 bar pressure as provided by
the VFD pump unit 110. The droplets are carried/suspended with the air stream and evaporate
prior to entering the compressor as there is sufficiently long residence time for the air to travel
from the nozzle tip to the compressor inlet. The evaporation exchanges water’s latent heat for air
sensible heat so that the air temperature is lowered by the evaporation. A lower air temperature

corresponds to a higher density of the air, and therefore, a higher mass flow that results in a
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[0043]Following activation or inactivation of a stage 160, the method
returns to receiving an activation/inactivation signal to respectively
activate or inactivate a stage 160 to meet a required fluid flow rate.
[0044]Referring now to FIG. 5, a diagram illustrating details of an
exemplary fluid delivery skid and an exemplary power augmentation
system utilized with a gas turbine is shown. The exemplary fluid delivery
skid 10, pre-fill system 100, and power augmentation system 200,

higher (88" BGFRPOYR Mt IRIAIONIQ G eseli¢ say DB 218851 10. The

turbine to augment the output power of the gas turbine. A typical gas

evaporliysfeTHaY FRsrRGEdSLareA Ry rlrsing te MakpiabirsdLOarddnit radagnt No.

6,718, AV IROKA PRASII QLRI TBR ORI AP RIS afo i deSOB G Rg2ER @RV Rsdling gas turbine
connected to the control unit 210 and the pumps 110 and 130 for

operatigyys ahigh fRMPESAHE H B Bramerated bysrefieeteshs e A dndbhersigiit

210. [0045]Injection points from which the fluid flows from the injection
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injectiey appreaive Lolviichystaminehedpainteastuees indigkaetidey tix WFPIGUSpignit 110.
The atJeast one nozzle is installed to inject water into the compressor gas path (e.g., nozzles may
be installed to inject water in between two disks). The at least one nozzle atomizes the water
into a spray of small droplets, for example, ranging from about 10 to about 50 microns, and
preferably in the range of about 10 to about 30 microns. The small droplet sizes result from
atomization, preferably at about 80 to about 140 bar pressure, although other suitable bar
pressure may also be utilized. The small droplets will evaporate before exiting the compressor.
United States Patent No. 6,644,935 to Ingistov describes an exemplary nozzle assembly for inter-
stage compressor water injection, which is incorporated herein by reference in its entirety. The
evaporation cools the air and thereby increases the air density, which increases mass flow and
results in a higher power output. Additionally, the cooling of the compressor results in a lower
compressor exit temperature, which means that cooler air is delivered to the combustor. This
cooler air to the combustor means that more fuel can be fired while maintaining a constant firing
temperature thereby providing an increase in the power output. The required water flow rate is
set by the VFD pump unit 110. To shut down the wet compression, one or more main valves
120 are closed. Alternatively, nozzles for wet compression can be installed upstream of the

compressor inlet. The principal operation will be the same as for the inter-stage mounted nozzles

as per the description above.

[0049] An exemplary combustor cooling system (“C”) includes an injection apparatus, such

as the injection apparatus 225 which may include at least one nozzle, for injecting droplets of
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"fogging" system where water is sprayed at the air inlet as a mist of fine
droplets (fog) that evaporates. A compressor inter-cooling system, the
point of use indicated by "B" in FIG. 5, is a "wet compression" system for
spraying water into a high density air stream at a compressor inter-stage.
A steam system, the point of use indicated by "C" in FIG. 5, is a system
for spraying water into the combustor. [0047]In an exemplary evaporative
cooling system ("A"), high pressure water is fed from the fluid delivery skid

water ihf ABIAISEHON aRakAKSs IMehiaRdNR KSR ARRAALINS LASMDIEAL, thereby

may include as a nozzle holder, which is installed inside the duct and far
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duringi the compression work. The retention time for the air through a
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and/or QA RHIMMpRIG &3@ti anN AMhcalvech A NP & AN RiIgRE eSS RAEMIention.
ed to an injection apparatus, such as the injection apparatus 225 whic

f h
This disclgsiie, fciaaRdEd L SRESHG2¥I8IHRIH AR RS IRUioRD ChiPq FBPPHIENSR IR iseussed
herein.ONe nozzle is installed to inject water into the compressor gas path (e.g.,

nozzles may be installed to inject water in between two disks). The at

least one nozzle atomizes the water into a spray of small droplets, for
example, ranging from about 10 to about 50 microns, and preferably in the
range of about 10 to about 30 microns. The small droplet sizes result from
atomization, preferably at about 80 to about 140 bar pressure, although
other suitable bar pressure may also be utilized. The small droplets will
evaporate before exiting the compressor. United States Patent No.

6,644,935 to Ingistov describes an exemplary nozzle assembly for

inter-stage compressor water injection, which is incorporated herein by

reference in its entirety. The evaporation cools the air and thereby

increases the air density, which increases mass flow and results in a

higher power output. Additionally, the cooling of the compressor results in

a lower compressor exit temperature, which means that cooler air is

delivered to the combustor. This cooler air to the combustor means that

more fuel can be fired while maintaining a constant firing temperature
thereby providing an increase in the power output. The required water flow
rate is set by the VFD pump unit 110.,To shut down the wet compression,
one or more main valves 120 are closed. Alternatively, nozzles for wet
compression can be installed upstream of the compressor inlet. The
principal operation will be the same as for the inter-stage mounted nozzles

as per the description above. [0049]An exemplary combustor cooling
cvetem (M"C™) incliidece an iniectinn annaratiic <irich ac the iniectinn



water into the combustor. The water's latent heat is exchanged for flame

sensible heat, thereby suppressing the flame's temperature. A main valve

120 opens and allows the feeding of high pressure water to the at least

one nozzle, after the stage 160 is filled and pressurized. The at least one

nozzle atomizes the water into a spray. The spray comprises droplets

typically ranging in size from about 10 to about 50 microns, and more

. typically in the range of about 10 to about 30 microns. These droplets

Claimgoq 1t from atomizing at about 100 to about 200 bar pressure. As should

be understood, alternative size droplets and/or atomizing at other

pressure also be utilized as may be desired. The flame evaporates

e e L B B e s R e one o
more staatyibuting dotitreeamibss dlow sundsprovideacha powetagergmeting gtfelstast first and
secon u&’{b&t,\gtﬁl} Qﬁefﬁmeaﬁ%@gc%rna L\'/l:a Vlgsse%%H rl({:‘asvsigg ’ me%r Jclil %l(g: %H Bgsﬂ{g ds; wherein

while maintaining a constant firing temperature. |9IPIng more fuel'provides
in an gefeitioviibpower Butpiel vTthevrdauirbed sieger flossuaredsteeat bysthéewrep level, and
dischaRRDRMAILAL: 0 ahutdawndhe somMRKSIoEoRlng. dhesmaln valve 128 Sclosed

_closed. United States Patent No. 3,976,661 to Cheng is an example of
positiopefiiid e gereinesiviaprdees 1Bya et e HEL tHe BE MBGETBY Ariligdirst valve is in a
closedIPEQIRAratadHIeeinh by 48ferenceninits eotiiaty; ROPQIARMIBISREE i erein in an

_ . embodiments have been shown and described herein for purposes of )
inactivig yEHaAOIFAHANEXERBRACAYOHR, it %C&?f&érg%wwceﬁls@eab?ﬂamW%ﬁﬁhpomon
of fluidhe st thahthe-apaaiicembadiments shown and described may be

substituted for a wide variety of alternative and/or equivalent

implementations without departing from the scope of the present

irvamgdiuid dididis¢ldddref id dinte ndehktoi covefiany ddaptatibbg Ofirst pump and the

variationfsg the embodiments discussed herein. Claims 1. A fluid
second valve is ek %a secf‘o Bump. . .
delivery ski apted for a'‘power augmentation system, comprising: one

or more stages having active and inactive states, with each of the stages

C?.Wﬂ@?iﬂgﬂélfi%?g Uk %‘PQ@%?P&&%}'}{% ' "Xiﬁiuﬁgrtgféf ﬁﬁ;geie&%%in each of the

valves each having open and closed positions; w in in an active state,
pluralifyif iagseaiied Withintthie stageinphessumizedno Eftscadsitagelevel, and

discharged, wherein as the first valve is in an open position and the

second valve is in a closed position, fluid is received within the stage and

pteddGrizeld, Sty shekdthAsctmevitstnhavrandha BUeldseenpbisition HAY g and a

seconSpERAPdMaANR iSimdrenerunesitiomfwdi s dischargedicandwherginidp@nand the
inactive state, at least the second valve is in a closed ggsition, so that at

second p4Sim ST SARE AN HOTHM oA TS MO Uihrtd Y B B%e stage. 2.

The fluid delivery skid of claim 1, wherein the first valve is fed by a first

d.th valye is fed b s .. .. 3. The fluid . :
e SRR PUBa kSl provi
to the thepfuralityfbfistagesis fed by a pump, wherein the same pump feeds
each stage.

6. The fluid delivery skid of claim 1, wherein fluid discharged from the stage is delivered

to an injection apparatus.

7. The fluid delivery skid of claim 1, wherein in an active state, additional fluid is

received within the stage, pressurized to a second desired level, and discharged, wherein as
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4. The fluid delivery skid of claim 3, wherein the pump comprises a first

pump and a second pump, the first pump for feeding the first valve of each

of the plurality of stages, and the second pump for feeding the second

valve of each of the plurality of stages. 5. The fluid delivery skid of

claim 1, wherein fluid received within the stage is provided to the stage

from a fluid source. 6. The fluid delivery skid of claim 1, wherein fluid

.. discharged from the stage is delivered to an jnjection apparatus. . 7.

additiopgly ﬂtﬂa GRIFGERY Ekic SPETatRT 15 e rir AT v Stats OBl iRyl evel. and
dischafltid, indepeivad withindbk siagesipressutizeddcoadeaonds desiregde yekition.

and discharged, wherein as additional fluid is received within the stage,

pressurized to the second desired level, and discharged, the first valve is

i3 aldlogbd pdsitienyasiddhe second, vaheecis ithancopeh gositidnevel is8based upon

The f(lﬁlid deli(\fg%ngkid of claim 7, wherein the second desired level is

bient o . . .
M hase Sﬁg?lnam lent weather conditions. 9. The fluid delivery skid of

claim 7, wherein in an active state when fluid is released, an accumulator

fYrthal BIESSRIIZES e e and PresRutzes An_MRULETAILLSTAINNG I Msed, an

the stage. 10."The fluid delivery skid of claim 9, wherein a speed at
accumijlaieh it efcRIRFS HEFUTERI 8 pFbad AERs el ZRice agwynt of ajrreréningdn the stage.

delivery skid of claim 1, wherein as the first valve is in an open position

and the second valve is in a closed position, and fluid is received within

tH8- stagd ubdstessursib oL SRl amBe b Mlice s Ak dité tHio Ag inaal fluid is

pressuSeEONA MabiBed.

11. The fluid delivery skid of claim 1, wherein as the first valve is in an open position and
the second valve is in a closed position, and fluid is received within the stage and pressurized, a

small amount of fluid is leaked through the second valve.

12. The fluid delivery skid of claim 1, wherein in an inactive state when at least the
second valve is in a closed position, a small portion of fluid is leaked through the first and/or

second valve.

13. A power augmentation system, comprising a fluid delivery skid comprising one or
more stages having active and inactive states, with each of the stages comprising at least first and
second valves, with the first and second valves each having open and closed positions; a pump
connected to the fluid delivery skid that feeds each of the stages; a control unit connected to the
pump that regulates the pump and connected to the fluid delivery skid to regulate the first and
second valves; a fluid source that supplies fluid to the one or more stages; wherein in an active
state, fluid is received within the stage, pressurized to a first desired level, and discharged,
wherein as the first valve is in an open position and the second valve is in a closed position, fluid
is received within the stage and pressurized, and wherein as the first valve is in a closed position

and the second valve is in an open position, fluid is discharged; and wherein in an inactive state,
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12. The fluid delivery skid of claim 1, wherein in an inactive state when at

least the second valve is in a closed position, a small portion of fluid is

leaked through the first and/or second valve. 13. A power

augmentation system, comprising a fluid delivery skid comprising one or

more stages having active and inactive states, with each of the stages

comprising at least first and second valves, with the first and second

valves each having open and closed positions; a pump connected to the . .
at least i GENDE A7 Bt Fiete BIEHBY (e byds?sh LOMtEIIT RUHABQelquid is not
dischatgethérg@ummp thatregulates the pump and connected to the fluid delivery

skid to regulate the first and second valves; a fluid source that supplies

fluid to the one or more stages; wherein in an active state, fluid is received

withiTtiee [stage, pressorized teysidirstadesined |é¥elfiafiddisoharged; an injection

herejn as.the first valve is,ig an open position and the second valve is in

appara\glé%gér ([:)%\s’?tslcgirlf ﬁhsl%lag %%@R}Sd within the stage and pressurized, and
wherein as the first valve is in a closed position and the second valve is in
a[s0ReR POSIton diidis dischagedrang wherelhinan inagive,Staifpales a first

least the second valve is in a'closed position, so that at least a substantial
pump prstici SR nde distharge derdimets Stagualve of gachhed grswdprality of stages,
and th@¥gmentatignsysiemmelelam 13 fusineticomRESing. AR IRERL.
apparatus that receives the discharged fluid. 15. The power
augmentation system of claim 13, wherein the pump comprises a first
pumERNgdoa seeend fumpn thedirstipummieedingdhenfinstavalveef @aeh ffditional
.. .the plurality of stages, and the second pump feeding the ecor:ﬁfj valve of .
uid g R Bt g G GrBEBR 2 L8, AE A T B AT & Sy CHER o erein
as addilainallByuidhereiceineanvadiivietbéates gad ghittonal fdiddsthe ceived withiredhr vel, and
. . stage, pressurized to a second desired level, and discharged, wherein as
diseha g e S T T S e BB e L on
desired level, and discharged, the first valve is in a closed position and the

S e .Sa tOhPS i of ¢ - 1he. I al rises a firs
o e B AL AREIRART o ciad TSNS BRI Bfpises o fir

pump se¢aridqeuhpynte Mistiptimpopressimizingatectilicittotie first desirddidadkland the
seconcgﬁ\ﬂébgé%ﬂ%glﬂm%&ﬁﬁﬁﬁiiﬁhﬂa thenadditinnal.diid fe\the second
esire

level. 18. The power augmentation system of claim 16,
wherein the second desired level is based upon ambient weather

conditipnSower 49:MBQRRYN JUEMENAIRAN13YSIeR G GlaikeldadUltRBed level is
comprising an accumulator connected to each of the one or more stages,

based ypoa aibia A sifieh BB Ren fluid is released. the accumulator further

pressurizes the fluid and an amount of air remaining in the stage.
19. The power augmentation system of claim 13, further comprising an accumulator
connected to each of the one or more stages, wherein in an active state when fluid is released, the

accumulator further pressurizes the fluid and an amount of air remaining in the stage.

20. The power augmentation system of claim 19, further comprising a flow meter to

increase a speed at which the pump operates.

21. The power augmentation system of claim 13, wherein the control unit regulates the

pump by: determining a flow rate at which to discharge fluid; determining stages to activate to
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20. The power augmentation system of claim 19, further comprising a flow

meter to increase a speed at which the pump operates. 21. The power

augmentation system of claim 13, wherein the control unit regulates the

pump by: determining a flow rate at which to discharge fluid; determining

stages to activate to achieve the determined flow rate; regulating the

pump to achieve an active state for the determined stages by (i) opening

. the pre-fill valves; (ii) regulating operation of the pump to fill the stages

achievg;then G AR B e SQiZ8 the SR GIENE S RYBYS (& tHEHFSE ddSiASY Yoy apte for the
deternfifi}Clasiag bR ipraditlva e irEM) 10peiRing thersaainia\wesafi theostaggsimp to fill

and (v) regulating the operation of the pump to provide additiona] fluid to .
e s B T B e S g B e Sy cloine
the pradBBirediviavély) op22ndithe poiveraugmetitatiogesystentvofretalinifg the operation of

wherein determining the flow rate at which to, release fluid,is b upan.
e o IS IS D A i of e
stages ¢hairped@1dukttieaddereprising: a weather monitoring unit connected to the

control unit, wherein the weather unit provides ambient weather conditions

to the control unit. 24. The power augmentation system of claim 13,

fdrthéhedRprisMigME HoHpPuUtrE By SlefrtBrile ctéartdntdeteoriirbluie flow rate at

which WRIEIRtNGi GoMPYLINGRYSIRIM (FRGKS AR JGRRHperformance data.
25. The power augmentation system of claim 13, wherein the pump

comprises a low-pressure pump unit and a high-pressure pump unit.
263 AThethod dor dnigetingibaidsirasma duigidelivesy skithte abrigiasten a weather
. apparatus, the method comprjsing: activating at least one stage of the
monit i3 ik ARSI ARG SR Y WO PO SEAB AL AT iV & R sh AGtRignt weather

conditkiates witheadhiofithe stages comprising at least first and second valves,
with the first and second valves each having open and closed positions,
wherein activating comprises: with the first valve in an open position and
tRd. S8eomdwaluezmeatetoses) positid ] fithing t e stagemvthsfhgdaamanputing system
ssurjzi fluid. t ir ir l; Wi e first.v ' I
I"HK 155 RS S hiSYR! the T f
connedEGSR) [f?é%{lﬂ% ik Qaf%cf qRSShisy %‘;X#Iile JIstvalve %kgrﬁuﬁ B rmance

position a e second valve in an open position, discharging
data.

25. The power augmentation system of claim 13, wherein the pump comprises a low-

pressure pump unit and a high-pressure pump unit.

26. A method for injecting fluid from a fluid delivery skid to an injection apparatus, the
method comprising: activating at least one stage of the fluid delivery skid having one or more
stages having active and inactive states, with each of the stages comprising at least first and
second valves, with the first and second valves each having open and closed positions, wherein
activating comprises: with the first valve in an open position and the second valve in a closed
position, filling the stage with fluid and pressurizing the fluid to a first desired level; with the

first valve in a closed position and the second valve in an open position, discharging the fluid.

27. The method of claim 26, further comprising: receiving an indication from a control

unit to activate one or more stages.
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27. The method of claim 26, further comprising: receiving an indication
from a control unit to activate one or more stages. 28. The method of
claim 26, further comprising: receiving an indication from a control unit to
deactivate one or more stages. 29. The method of claim 28, further
comprising: inactivating the indicated stages by closing at least the
second valve so that at least a substantial portion of the fluid is not
discharged from the stage. 30. The method of claim 26, wherein
activatng'stedst &Lﬁé"é?é%efb?li’ﬁé R e 5 Sk AR A EeHpRdEun  control
unit towlithcthatfirstevatvweadit atofesed position and the second valve in an open
position, filling the stage with additional fluid and pressurizing the
additional fluid to a second desired level. 31. The method of claim 30,
wieréhe thethd«ﬂitiﬁmaiiﬂuimLsfprésswdmptﬂm@ levetthigher thanthiediest stages by
closin dgtsfegq ﬁg esle Ocl;r;[ h%zé%dso hat a leas %91‘[9 fl Cldafltrlrc])nz gf MS{Q %Iilele is not discharged
ressurizing the ?l toa |rst esire fevetl comprises pumping to achieve
from theptegsure at the first desired level indicated by a control unit.

30. The method of claim 26, wherein activating at least one stage of the fluid delivery
skid further comprises, with the first valve in a closed position and the second valve in an open
position, filling the stage with additional fluid and pressurizing the additional fluid to a second

desired level.

31. The method of claim 30, wherein the additional fluid is pressurized to a level higher

than the first desired level of the fluid.

32. The method of claim 26, wherein pressurizing the fluid to a first desired level

comprises pumping to achieve a pressure at the first desired level indicated by a control unit.
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