SPRAY SYSTEM, POWER AUGMENTATION SYSTEM FOR ENGINE
CONTAINING SPRAY SYSTEM AND METHOD OF HUMIDIFYING AIR
FIELD OF THE INVENTION [0001] The present invention relates to a liquid
spray system, a power augmentation system that contains the spray system
and method for more effectively humidifying air and increasing the output of
an engine. The spray system and power augmentation system may be used
to increase the output of an engine. BACKGROUND [0002] A gas turbine
engine includes a compressor that provides pressurized air to a combustor.
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power the compressor and provide use as powering an
aircraft. [0003] Turbine output decreases in proportion to increases in
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often comes demand for more power generation, for example, due to high air
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the compressor bell mouth. These systems attempt to humidify the air at a
InCreaR& IS IRhBERRGRIBE it enters the gas turbine. A lower air temperature
corresponds to a higher density of the air, and therefore, a higher mass flow
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[0004] One auxiliary system for increasing power input hazzles that spray small droplets
of liquid, usually water, toward the inlet duct thie compressor or the compressor bell mouth.
These systems attempt to humidify the air at a f@mer temperature, as it enters the gas
turbine. A lower air temperature corresponds toigher density of the air, and therefore, a
higher mass flow that results in a higher turbinafsoutput. The amount of liquid that must be
added to the air to sufficiently lower the temperatis determined by the gas turbine air flow
rate, the ambient temperature and humidity conaktio

[0005] Liquid spray systems are a relatively cheap andav-tiech” method for producing
more power. However, liquid in the compressor damage the compressor blades. For
example, bombardment of a metal surface with ligiroplets can lead to the development of

micro-fractures in the metal’s surface and can eausface pitting. To avoid liquid hitting the
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the air temperature and density. To increase the likelihood that the liquid
droplets evaporate before hitting the blades, droplets having small diameters
must be produced. Small diameters are generally less than about 40
microns. Spray liquid having such small diameters is often said to be
"fogged" and systems producing many small diameter droplets are often
called fogging systems. [0006] Droplets of such small size may be produced
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have a relatively small area of operation. [0008] To attempt to solve this
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General Electric S system; a conventional system, contains five
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microm& @%B?Qﬁéﬁ%{s%éﬁfm stage one and liquid is sprayed from only those
nozzles:.”Other stages may then be activated with or without deactivating
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activated versus the required water flow rate. Conventional arrays are
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Further, most conventional systems run each stage at a constant pressure,

[0008]yhichasadiaMmp} 4a ke dfisnIGRIem., AKistPse30RZREb SBaloRASVRYGRIR Stages.
Each NgURRKHMIRJIMpERLS. i@ array may havelaraiity of nozzles for spraying the liquid
mist. A number of pipes are manifolded togetheam in communication to form a stage. A
stage is simply a number of nozzles connected dmgle liquid source that are independently
controllable. The General Electric SPRIt'Ssystem; a conventional system, contains five
stages. In that system, when stage one is adlivigeid runs to the pipes manifolded together
to form stage one and liquid is sprayed from omhlgse nozzles. Other stages may then be
activated with or without deactivating stage one.

[0009] Conventional systems often suffer from local ovensdion and under humidification.
These problems result from too many nozzles aei/atersus the required water flow rate.
Conventional arrays are designed in a way suchttietir/water ratio is balanced only with
respect to the entire cross-sectional area ofdlcear flow area of the air.



example, at half flow, approximately half the pipes flow rather than all of the

pipes flowing at half potential. Thus, a subsection of air may become

saturated, which means that any additional water is not evaporated and is

free to contact the blades. Moreover, the larger; i.e., 40 micron drops as

opposed to the smaller; i.e., humidifying the air. The un-evaporated larger

drops can coagulate to form streaks of liquid in the compressor, which can
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that can be created in a "mixing zone" near the array, the more even
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evap&lél?étBBFW@/r?éQﬂ%EfFﬁatﬁgH@sqear!ng the turbine. [0012]. In one

embodiment, the present invention is a power augmentation system. The

system comprises a passage hawipgaigasy one air inlet. The passage is

configured to allow the passage of air through the passage. A turbine is
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downstream of the air inlet and upstream of the turbine, The nozzle array
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maximizes the time available for evaporation. Tetter mixture that can be created in a
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“mixing zone” near the array, the more even thetomx will be downstream and the greater
likelihood that the air will substantially evapadiefore nearing the turbine.

[0012] In one embodiment, the present invention is a poswggmentation system. The
system comprises a passage having at least oimdedir The passage is configured to allow the
passage of air through the passage. A turbinesgipned downstream of the air inlet. A nozzle
array is positioned downstream of the air inlet apdtream of the turbine. The nozzle array
comprises a plurality of stages and defines a [uraf subsections of a cross section of the
passage through which air passes as it moves thrtwegnozzle array toward the turbine. Each
stage comprises a plurality of nozzles configuredhumidify the air moving through the
subsections by spraying liquid. Each stage isigardéd to spray varying amounts of liquid and



[0013] In another embodiment, the present invention is a method of

humidifying air for increasing output of an engine. The method comprises

providing an air passage having at least one air inlet and a total

cross-sectional area through which air flows, providing a plurality of stages of

nozzles, each stage comprising a plurality of nozzles configured to inject

liquid into the air, each stage having a water flow operating range, dividing
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system for augmenting power to a turbine engine used in a power service _
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of at least two different, typical stages in the conventional array shown in. .
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of nozzles adjacent each subsection, the nozzlgfgyaoed to inject liquid into air, providing to
each subsection, an amount of a liquid requiresutzstantially equally humidify the air flowing

through each particular subsection, across aneemtiter flow operating range.
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] For the purpose of illustration, the drawings shfowns that are presently preferred.

However, it should be understood that the inventtonot limited to the precise arrangements
and instrumentality shown in the drawings.

[0016] FIG. 1 is a side plan view of a system for augnmnpower to a turbine engine used
in a power service station.

[0017] FIG. 2Ais plan view of a conventional nozzle arfayaugmenting power of a turbine

engine.



[0019] FIG. 3 is a perspective view of one embodiment of the nozzle array of
the present invention, positioned relative to a silencer. [0020] FIG. 4Ais a
perspective view of one unit of the nozzle array shown in FIG. 3. [0021] FIG.
4B is a rear plan view of the unit shown in FIG. 4A. [0022] FIG. 4C is a
bottom plan view of the unit shown in FIG. 4A. [0023] FIG. 5 is a plan view of
a portion of the nozzle array shown in FIG. 3. [0024] FIG. 6 is a graph

howing Ecagt . - ) .

o WS B SRR TS 8 SRR orenionn

a”aY_DE%RiIPH_’IGI\Q[@OQE'HPN@@rTQQ glauiio the drawings wherein like numerals

[oo10jdeng{ylike @e%ﬁ@@pgl‘?ﬁ?e'svié@PWo@'@ﬁ%@&ﬁ%ﬁﬂ@@%@éazﬂqay of the present
c efficiently

_ \pparatus, such as a nozzle array, for more effectively an
invengenveasiingeid telaiivedrestentake into an engine. Also shown is a power
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embodiment of a system 10 for augmenting power to a gas turbine. The
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passage or duc duct 12" comprises an upper wall 14 and a lower
convepsipnal arayanchensrRimedimenteicthesaafde peespposiyRNseRwalls (not

shown in FIG. 1). Duct 12 may have virtually any cross-sectional shape such

as square, rectangular, o5 TéMdiiry, @@@%Uﬁ’ Ys a cross-sectional area
at m(%é{o_r may not be unjform. Duct 12 alsqg comprises an.inlet section 20,
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28. Downstream of the silencer 28 and within the duct 12.is an apparatus 30,
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augn{@@tt)%ﬁoﬁowﬁ@ﬁﬁmda; gne ﬁ@m@tuwﬁpﬁ%@ogﬁpmﬁgwet AeAOpaisous aspects of
turbine or englne sucn.as a ga turpine. Gas turbine engines are .
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of enditeshidite @fopipEasRArtiéd poweoanmsasasialRsSeaotRRsehgRelo
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The system 10 is described with respect to a petation service, however, the system 10 may
be used in other environments. The system congpp@aseassage or duct 12. The duct 12
comprises an upper wall 14 and a lower wall 16, anttast one bend 18. Duct 12 also has
opposing sidewalls (not shown in FIG. 1). Ductm&y have virtually any cross-sectional shape
such as square, rectangular, oval, circular, &act 12 has a cross-sectional area that may or
may not be uniform. Duct 12 also comprises art isgetion 20, which may comprise a weather
louver 22. Downstream of the inlet section 20 wiitthin the duct 12, may be a trash screen 24,
air filter 26 and silencer 28. Downstream of thienser 28 and within the duct 12 is an
apparatus 30, 100 for cooling inlet air 40a. Sactapparatus may be a nozzle array.

[0027] Downstream of the apparatus 30, 100 for coolingtialr 40a is a turbine or an engine

32 such as a gas turbine. Gas turbine engindsaren in the art and may comprise a rotor with



air is delivered to a combustor 38. Fuel (not shown) is fired in the combustor

38. The hot combustion gases expand through the turbine 33 and leave the

plant through an exhaust duct (not shown). Since the turbine power output is

greater than the compressor power requirement, surplus power is available

on the shaft. The surplus power is used for driving loads such as a

generator, a pump, a compressor, a propeller or alike (not shown). [0028] As
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air isCHIRRAERI"Bler S5 RdkaRtana iGACRiGEaG fRl ShAREIEBARR 3. The hot

past the weather louver 22, trash scree 26 an encer
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ete 40a th
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apparatus 30, 100 or nozzle array umi
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least a portion 40b of the air 40a may have a second humidity level, which
[0028mayAse sfeuterithimGail 40 Meaai aﬂ@@rf‘@ﬁlﬁﬂtﬁef@"w&fﬁ?bwhmh is generally

amblm&jrémﬂ@%irdm%&?q{ﬁﬁm Rk ?rﬂ@'ihf&%‘%ﬁ (fiﬂl‘BY‘ﬁfr%blent air 40a

area B and into area C while generally maintaining its velocity. The air 4

then pagseStHy avab NeHARREEAREHSELeS 7 SHiRE B@enrﬂétqﬂdnqurzahm&erw@r 28. The
flow SNaRfsteR aiPelbnpidl: thallgwdieraeeiccrtaR RdbRaH 490 fifbinss and silencer 28,

compressor 34 inlet face, the air velocity typically ranges from about 0.4
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velocity required by the compressor to accomplish the compression work

Wher@jlpﬁﬁpﬁﬂne(é&%ﬂ@é@]&ﬁfh%ﬁ@yﬂ%@ gisfegho ihe: Qp@ad%lﬁ 36t1legsica portion 40b of
air 4085KEINPSONREES AR tdRTHRIAVRE NIt Rstikiath %ﬁ@ff#ﬁiqwfrgﬂﬁrb'gh%ddmon at

denS|ty resulting from compression. The compressed air (not shown) is then

least genogien e HIRRIsHaTBN LA FhReMHEItdavslsidrieRdRrMepe greater than

air 408/0CKiER38 HPKAHLIESS D aP0405rRE) PHeRi M RIoGHig8. ManBecooled and
provided as desired. [0030] The apparatus 30, 100 for providing a generally

hum'%@ﬂh@f &@aFPB@féP@‘éﬁsrér&éﬂe%rfiﬁean%l(bﬂ@ﬁ%ac&n‘ﬁm@s&e@%ﬁ@h grpintaining its

velocAfayrRENAZ46E- éisRaNe IRIEI BichUhfRR Rty SRyite19. iSilet plenum 42 may

communication with at least one liquid inlet conduit 44%e liquid inlet
be shapafpgaipell mouth to allow for acceleratiothe air 40b. At the compressor 34 inlet

face, the air velocity typically ranges from ab&ut mach to about 0.6 mach; more typically, a
velocity that is about half the speed of soundlmua 180 m/s. The air is accelerated to obtain
the high velocity required by the compressor tooagalish the compression work. Typical air

compression ratios range from about 9:1 to about.3@nce inside the compressor, the air
velocity is reduced as a function of the higher siignresulting from compression. The

compressed air (not shown) is then delivered to dbmbustor. When passing into the
combustor chamber velocities are typically less1ith@0 m/s, although other velocities may be
provided as desired.

[0030] The apparatus 30, 100 for providing a generallyl tigaid to air before air reaches

the inlet of the compressor is often an array afzhes. As shown in FIG. 1, the nozzle array 30,



in communication with at least one skid (not shown) via an optional valve 46.
The valve 46 may be configured to control a flow or flow rate of liquid being
fed to at least one nozzle of the apparatus 30, 100. [0031] The skid has at
least one pump 48. In one embodiment, there may be two pumps, each
being a variable frequency drive (VFD) pump where the speed is governed
by frequency and where the appropriate frequency is set by a frequency

100 i§‘?ﬁ‘t&8'tlﬁﬁ}ﬂfﬁiﬁaﬂﬂ??m ?%E&”&ﬁ@ﬁ@éi HilRteR2 e @Hmﬂﬁnf&f conduit 44 is
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set ation to the rated gas turbine's air flow. e pump
appaigioades M¥er pressure liquid than many existing pumps. In particular, it
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temperature of the liquid into the pump and prevent debris from re- entering
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one control unit or controller 50 via a signal feed, which controls
may ke &eurgEration of the pump or pumps. The control unit 50 may be located
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analysis to form a control model baSed on at least one defined parameter
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is also in communication with a liquid source 52. The liquid source
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can be measured and reported to the control unit for engine-cycle-based

[0033kcheth@imy BREARIMRYISR H1 FRIYFPUEAIRMIIb Al deREt SYRliiob HRitageentroller 50
via a EyRLPTEEat ARBHREIHIEAEARe $peed/opamati the pump or pumps. The control unit 50

may be located on the skid. The control unit 50y menploy predetermined engine cycle
analysis to form a control model based on at least defined parameter comprising ambient
weather conditions, turbine geometry, velocity dief air movement and specifications of
particular turbine components.

[0034] The pump 48 is also in communication with a ligaalrce 52. The liquid source 52
is preferably located on the skid. Preferably, ltheid source 52 comprises a source of water,
however, other liquids may be used depending upermaooling operation.

[0035] The system 10 may also comprise a weather mongtaniit (not shown) connected to
the control unit by a signal, where ambient condi that affect the gas turbine’s performance
can be measured and reported to the control unit efiogine-cycle-based scheduling

determination of the proper quantity of liquid teligler a target level of inlet air humidification.



The ambient conditions comprise environmental factors that may influence
the operation of the gas turbine, including but limited to, temperature,
humidity and air pressure. The ambient temperature, humidity and air
pressure may be determined at predetermined times. In one embodiment,
each of temperature, humidity and air pressure are then monitored;
preferably continuously The weather monitoring unit (details not shown)

The a}ﬁ?g ﬁé’[{%@'ﬁb CBHQYI%%QWH&R& M ﬁcxfmgﬁéﬂrmg %gﬁé{ﬁﬁnon of the

odiments, the weather monitoring unlt car comprise a dr

gas tthéinfoniecdiding @Wehwmdm@rrﬁ@m@%atm@mh@ndmnm@mgwmt mEye ambient
tempg%@%am?dm@mm RAL(REC % [ %%'t‘é?r?ﬁd@&”ﬂﬁ%s. In one

I measure ‘ambient wi ather CO ns. The weath r information is

emboglinteisceas) thé teonpiatinie, V\hwmotﬁy: eoRtreIsmIf et ibien theasyierer preferably
contirfGYUZR f%w&%@%ma?ﬂarﬁt&mg uﬂEP@Q@SVW%QnMeF f‘f{ﬁfe?gg’ a dry bulb

icing risk, etc. This information , for example, be presented fo

thermgyaesesr andhamishlayiioidéoWHagutetkrifvid Aloetheahedimentiuitie weather
monit3k .nurum%a%%mﬁeénar&@ﬁsmﬂer%,%m SW&E%M@tHEﬁ%%%%?“?he weather

maythen be determined. [0036] The air cooling apparatus 30, 100 or nozzle
monitgitag u@nwv@yg?@ﬁ@mw)eamegmp@s@mmthmmwfaqem@la@nts to monitor

and/o?%ﬁ@%ﬂﬂﬁ%ﬂ%ﬂ%@éfo?&tm C?Hhﬁé“e%i?ﬁdﬂﬁéﬁb% ﬁ%”}ﬂ%??é%%d by the

of the liquid, immediately after it leaves a nozzle, is lower than the

contresupibrathRs e s entiobyBis defvarg e BRssne kryiopasatiorat ifaemaion such as
aIIowH’kﬁe’né?fagfo%&ﬁ'ﬂpo{%?saﬁdﬁtlﬁihﬁﬁWHQ&”&‘FHE mﬂfﬂatﬂﬁ%ip%? %99'mp|e be

but may be the same temperature or warmer than the awflowég throu

presegiigs [90@7? W@We%ﬁb@46%&”%9@9]@5@@?@”@0@!'@? fhﬂrﬁl’@%@t of liquid
or huPHRRY POYRR P4d0intie Aoz arcelgeitbr iRy igrid inlejeendwibtm: THRy then be

nozzles are configured to atomize the water into a spray of fine droplets.
determiRgfdroplets typically range from about 3 to about 50 microns, and more

[0036fYPICAH¥ féﬁ%@&ﬁ\‘% PR AR 39 MigtPas-18238] AGiversSRWerlly as a spray, cool

conventional nozzle array 30 that may be used in a system such as "that

liquiddadiia MMBieNLais 4R a8 drRapSesiairBezgpRITAYTRP sI8Rkm @8l means that the
temp& SRRELE BRI Uit SneRIRE RN AR 2R AN L RNV ILGRIPRASS S temperature of

plurality of horizontally-extending pipes 54 supported by vertically-extending
the apHtcof!Eadihpifauid rasla Pieralin ObBetitseashpsipminlabig shgacompressor. In

other|8RBBdihegzHesighiam a9 HIEUE L i FREPIM TR A VRIH SRAE@IBr Harmer than

larger than 50 microns in diameter. The nozzles 56 are those generally

the a'lEﬁWﬁi@u RO dahihe st be
[0037] When the valve 46 opens, high pressure liquid dsffem liquid supply source 52 to

the nozzle holder 30, 100 via liquid inlet cond4dt The nozzles are configured to atomize the
water into a spray of fine droplets. Such droplgscally range from about 3 to about 50
microns, and more typically from about 3 to aboin@crons.

[0038] FIG. 2A shows a conventional nozzle array 30 thay itme used in a system such as
that shown in FIG. 1. Such an array 30 may beSRRITS™ system from General Electric.
The conventional nozzle array 30 shown comprisgsirality of horizontally-extending pipes 54
supported by vertically-extending bars 60. Eage@4 has a plurality of nozzles 56 along the
horizontal length. The nozzles 56 are configuedgdray droplets of water, generally no larger

than 50 microns in diameter. The nozzles 56 avsettgenerally known in the art and may be



8 supplied by Parker Hannifin. As provided above, spray liquid having such
small diameters is often said to be "fogged" and systems producing many
small diameter droplets are often called fogging systems. The goal of the
conventional system 30 is to humidify the air passing from the inlet (see FIG.
1) so that it is cooler before it enters the engine without over-saturating the air
so that the liquid can evaporate before contacting the blades and damaging

. hou P L0 T . . .
supp e A s B e wBe PR R M ek B, ciameters is
often iﬁﬁédd_@rnl@@it‘f%qué and Ea@emﬂmiw)ﬂmglbd'@m@ o eidety aeeroften called
foggii@Eﬁf?ﬁﬁsS.A'ﬂ?é'@?}ﬁ BlfJfﬁ&gt}f \%ﬁ%ﬁamg%%ﬂﬁ’ﬁ&,% ﬁ’{éa?ﬁrzgassing from the

_ y comprisesfive stages. The SPRITS system may comprise fiv _ _
inlet (segddGatlor01th8E itomraelendsferriitEgsdhei e ainsouihssitpresmRiUTENg the air so

that tﬁ&a@%?@f&ﬁfseglep%kafm%dmgc RO EHA R RAGR3hE BRine.
[0040] The nozzles 56 are fed by a constant pressure source. Therefore, the
[0039%ropbhgorherizenialeBiBES Sray /i€ i$dieesan gropaiionwitiotaeatizcednligtidesupply

condits SEEGRIIRUAIR WithiniGesIEH _\‘Mth{HfMt BSRLRUI 99t ARG duit 58

conditions. For example, at half maximum flow, half the nozzles 56 in the

suppligregnerstaanatdiopypieing heuipes Felrididrally esigatediryentional nozzle
array S3OSRL LI e G frudaairaighde theples phgRseAn SRS niiSeative stages; about

around the injecting pipes or those stages that are activated, is often -
1456 ¢otal-ansziasd ceeb-arer alifigeah SPLE PSR M ataiestate eated by manifolding or

coupl%@é@?&ﬂ?'ﬂ@i%ﬁ%&l ?yé'ggi_ified, saturated or oversaturated areas cannot
hus d

mix with dryer areas, istributing the liquid thereto. As a result, local _
[0040kreathst HREZIeatbiaficn frd Ber waYSHBtREesYearidhBatafdiqthe proportion of

nozzlﬁg@@@ﬂ%iﬁﬂ“iﬁhcﬁg@ggﬁé BrifsIHN o [ﬁ%ﬂiblﬁgﬁz‘i’ﬂérféﬁ@ﬂ%@ﬁ\ Fflf@@/'o‘l?ﬂ‘te that is

~of a conventional arra Is shown in FIG. 2B. FIG. 2B _shows a simplifie .
feqU'@déQi@WﬁW&Hﬁféﬁéﬁﬁ dhgyivly -anrhaiabiemidigons . ERlcR@mpIgemehalf maximum
flow, PdSthBasol¥5eR056!63 ﬁﬁé’?"&g@&y!Qr%r@&ﬂ%egbﬁ%/iﬁ%zl?dﬁﬁﬁ%elﬁ% f8Gid may be
~ 56e are activated; i.e., spraying liquid 72 into air 40a. Nozzle 56c is _
injectith figatett PRGLEEHI MY ACYHIG IHOHBINEe 5881 566 AreQERAEAGR tHe air around the

injecti PEBS i Sro¥¥8TAHR IANGRMRH GdetiieRlypEpEatlPiRd8SWE cHuse of the nozzle's

over-saturation just downstream of 56a, 56b and 56d, 56e. A portion of spray
location AAhthe-S1RgINSEREMIISEERS. WisaihrugbaltrAiest AbRMataainiaied areas cannot

mix WRFZRyRECaldayeYRsPaRAHBARY2ERMiNAkEIRSD 631 S8D.ra8dit SR8l Careas of over-
spraying at the same time and because there is relatively little air )
saturation find their way into the engine withobe tliquid evaporating, which damages the
engine.
[0041] The over-saturation problem of a conventional aB@ys shown in FIG. 2B. FIG. 2B
shows a simplified side view of two different stagjiarrangements 62, 64. Each arrangement
62, 64 has five nozzles 56a-56e. In arrangemenhé2zles 56a, 56b, 56d, 56e are activated,;
i.e., spraying liquid 72 into air 40a. Nozzle 56dnactivated. Adjacent nozzles 56a, 56b and
56d, 56e are activated at the same time; i.e., iremrrangement 62 is activated. This results
in over-saturation just downstream of 56a, 56b %6d] 56e. A portion of spray 72 from nozzles
56b and 56d mix with “drier” air 40a just downstmeaf nozzle 56¢c. However, because adjacent
nozzles 56a, 56b, 56d, 56e are spraying at the fameeand because there is relatively little air

movement, saturated or humidified air from noz#e,5or example, tries to mix with saturated



movement, saturated or humidified air from nozzle 56a, for example, tries to
mix with saturated 9 or humidified air from 56b. Similarly, spray 72 from
nozzle 56e tries to mix with saturated or humidified air 40a just downstream
of 56d. This results in local over-saturation just downstream of 56a, 56b and
56d, 56e. In other words, saturated or humidified air immediately downstream
of the activated nozzles cannot easily mix with dry air. [0042] The

or N e r ot et Sg% BB saturated or

humigiiiectisdr difer jaistatwvnsireaiariy addwn Sisstis ioflaeakrvestalbaisye st downstream
tUrat . "

of 563%%%05@?5‘#]8\/@6%? nggﬁsl?:ﬁ@gg%%%ﬁﬂfé%&ﬁ%ﬁm% gl rﬂﬁgﬂ%@k‘?ﬂownstream

56c-_56e, or the reasons _ 'above. 3| Conventional nozzle arrays
of thesaeiératethnbezigsooantobkanty imigamibaxiuse they attempt to balance the

[00421;%%0%' afdhes W&a?ﬂgg%‘hoﬁfﬁdt}%ﬁrggﬁmiﬁcwﬁﬂ‘eﬂﬁ&ﬁén@”%. Here,

uct. As air flows through and within the e duct covers _
spraysuBstantiadiataly eletyasreasisetioneat et »6f (HeE ean aohvavitibrileaftgs air 40a

immeiSERSIERASIR LA heo2irmEdo DBIEE ARFaR I F& &itRation are produced

cross-sectional area of the duct with a single global staging strategy. In other

by ad\i@@ﬁj!if ﬂ*@?’ﬁ@drﬁgﬁﬁi@ﬁﬁg@ﬁaﬁ@é@mgﬂﬁé@ﬂﬁéﬂ@%treqm of air to
[004311Um@('ﬁf\)érﬁBﬂ&?rﬁS%I@%ﬂ%é'%@f@%ﬁ%me{%eéﬁawbﬁ'?ﬁmr?"ﬁ'&lﬁ,s Jeause they

entire cross- sectional array into a plurality of sub-divisions. It is designed to

attemgiietatrIceeeaymitiiemjoaaiHie eirtliow ovair haemidiigiras-sectional area of
the dBEFOSRLAN ABHIS WRNBHACKNHSIMAN fRBARaERNRAiIMNHE AIRTEBVE O substantially, the

~ saturate or humidify the entire air flow at one time. The level of water in each
entiresQIRsCRBAtSMAL MaR BE gatvely drpRYaREaRRYSWSHRRINped EPatal they attempt to

humidf94He it d\Riome AiRMBAENsE AR ARRAFEYSRE SYRIER hRPYMbal staging

aif 100 according to the present invention. The apparatus 100 is generally in

strateg fdmPBINEHES. dhRY ASesMEHN e FIBRHA RCERRSy econtitu ey stream of air to
humidiRyay. sreashdeaBlals hlaHishaengrally sreisidewaidvagtdHesRidbs Qﬁél entire cross-

_turbine compressor (FIG. 1). In other words, it may be a fogging system. In o
sectignatialfay, He FoRHEaliR8f 158 ndyisiieildeRIBIEH {9 thdbstantigllyreanally humidify
each Ratkehitaon o) AN dodesediDrr 8PV acloalie dngieo NaBHARR| ERVRriPBange, rather

nozzles of the present array ma&o erate at less than about 2000 psi. It has

than %@%W%i@ﬂdwt&ﬁ@%ﬁﬁ@%"ﬁ edﬁifﬁ@ﬁ\f@éémé H@t?ra&_ébe {ﬂlé‘?(ﬂt‘%fp)’vater in each
subs&ﬁ%i%r‘i‘@%“ﬁ%‘ﬁ%%éﬁ%@v@%%F%@Bﬁ%ﬁﬁﬁﬂaﬁl&%mé’t@@o psi but

roduces less stress on the system. _ _ _
[0044 FIG. 3 shows one embodiment of an apparatus oersyg&ir cooling air 100 according
to the present invention. The apparatus 100 ismgdly in the form of an array of nozzles. Each
nozzle of the array is configured to spray smatipits of liquid, generally water, toward the
inlet of the gas turbine compressor (FIG. 1). theo words, it may be a fogging system. In
particular, the nozzles may be those generally knmathe art (e.g., from Parker Hannifin) and
described above. Unlike the conventional arrays,nozzles of the present array may operate at
less than about 2000 psi. It has been found thatading the nozzles at this pressure degrades
the drop size distribution very little from nozzlegerating at about 3000 psi but produces less
stress on the system.
[0045] FIG. 3 shows the spray apparatus downstream ofcandled to a silencer 28. The

spray apparatus may be positioned adjacent and dde@m of a silencer because the silencer

10



[0045] FIG. 3 shows the spray apparatus downstream of and coupled to a
silencer 28. The spray apparatus may be positioned adjacent and
downstream of a silencer because the silencer 10 elements often generate
the majority of the flow-induced mixing in a direction normal to the plane of
the vertical nozzle arrays. The spray apparatus may be positioned virtually
anywhere along the length of the duct and may not be coupled to a silencer.

elemé%) @T@ rUcaF%rmézm )9r0?t Sr&%da{jzprhat@ n4 é@c??gﬁ%rmal to the

alon |rect|on Yy vertica It IS meant t e Nnozz e stages are
planesgbﬁr@martgcpbwidm:aram a Hméiam@mmerrmytmgmwmenrtuaﬂy anywhere

| bstantiall
s T WA R o
[0046brouhd3|préhb' 0 Boariersakeonciagestd§dsihah el 6Rydfhizeutens @longalhg vertical
direct?)(glir'n'ﬁé#%’rmmta@ A datoRUbHR 1%&%% &F@%@%ﬁfﬁi&@e ?L'QrWchular to a
it nicatio

he array 100 is comprised of a plura stages, In comm

substattiad e ErgN 6 Igaknsupislyesohtyie VEBOURRZIA sirdescBIAyhexieatdtonaantally; i.e.,
substg}‘?( Eﬂyyﬂé%ﬁe‘?%%&g G- p@ngaﬁgﬁiﬂgéﬁ SRYBHERA Wi tﬁtr@ﬁ?éc? to the ground

plurality of nozzles for delivering liquid to r. In each’stage, the nozzles

planeardreagiifinad ieannagin G esngame e Wrasirif s Rty sitiatits ok Ofhewhich are
dwudéH’ﬁ*Ft@%&\B‘RWtéhﬁ)%“ JoPtriuEop I SRRAiefoRch stage may also comprise at

least one liquid distribution’ conduit (FIGS 4A-4C). Each liquid distribution _
[0047Eondiieiirraoka imieativtiserhofhe plurality ef AsdespaHauRCaar Witeta plurality

of qu&%”él%rplg QRBLREPRINGIIS oFEH SRR ERNN WAIAVE RVRYIEISERIRN44 (FIG.

conduit. Rather, liquid may be supplied to each nozzle in the stage

1). Eagpesiaeg. iEaeMareRs of abhegthed I&B'éﬁf*é&@?/é@%@hﬁ‘ﬁiwgf& [aviehtsthe air. In

each 'éqag%p?rw%zme 4@@%}1?_98@%]“1'9 Q'§f@|ﬁ@@e‘?ﬁ@ﬁy'tﬁrﬁéﬁﬂé@%®% positions of
liquid supply conduits 200. The i UId su E)}lcondwts 200 may run in the

the nﬁéﬁ@ﬁnﬁpame@tﬁ)ﬁmamwa% gostagewadyr alse IRRIMPEeEpR} least one
liquid SRBEHERBACBIMUIL (FYEE Callya B9riZERA i Y AARRRIY Bh@AEidan, 8fmunication

liquid supply conduits 200 may be at the top of the liquid distribution conduits

with the RlHGAIIH el etz ARSI eR i HCIABENS Wie cleptean s mimRI BRIIAS aCh stage may
not h&¥e'a liguid MayibatisRrayREUONRANFRLIRPMS)SERISSIMIHEROIOERRIS R 25Eith the stage

may be sprayed from all or none of the stages:. [0049] In the embodiment
separgigin iFaq SEYRS tageafiete ad dp RRIMIDBRBAIRMYSRficalymes of liquid per unit

time.

[0048] The liquid distribution conduits extend from theuid supply conduits 200. The
liquid supply conduits 200 may run in the horizérdaection along the top of the array 100.
However, the liquid supply conduits 200 may runtieaily, horizontally or diagonally. In
addition, the liquid supply conduits 200 may behet top of the liquid distribution conduits or
may run along the bottom. Each stage is indepdlydeperable. As such, liquid may be
sprayed from one or some stages but not otheigwdImay be sprayed from all or none of the
stages.

[0049] In the embodiment shown in FIG. 3, the stages aeanged substantially vertically, in
a series extending along the horizontal directibnother words, the vertically-extending stages
are lined up along the horizontal direction. Inestembodiments, the stages of nozzles may be

horizontal and, therefore, substantially paraleiite ground plane.
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a series extending along the horizontal direction. In other words, the
vertically-extending stages are lined up along the horizontal direction. In
other embodiments, the stages of nozzles may be horizontal and, therefore,
substantially parallel to the ground plane. 11 [0050] Each liquid distribution
conduit may be coupled to at least one support column 114. The support
column 114 may be virtually any structure that provides support for the

000 I B R BRIl P XS RR 208 S b Tplumn 114.
The sspnesFasdiimh 1k My brve dalyang SarEtiahgraidesauprrt for the nozzles and
the lIGIRFIRGABARCMALAGLRS RS ﬁt@sén ﬂ@&?dﬂﬂsf@%ﬂm‘ Gl 314 may be a

‘the support columns 114 extend substantially vertically because the stages
four-iagfe AipmetRralol\mapidthe Stayeyextdhel autisalInmadddomalyhaus, aheectangular,

triangRHRP YYSOILANE bL4- l’iéitﬁe?ﬂ;%y%‘it%b%r&l@.ioﬂ?tﬁé’% ’i’rﬁel’{’(*%fl?ﬂ&/m‘%n FIG. 3,

stages extend horizontally, pport columns may extend horizontally as

the swmoMtheolemizallldxexiang suppdalmasichecaagodharagasiesend vertically.
WhersSfifes &langsthas Bpnzg HHﬁ@'HBr%Q%{,%@%@B&H%ﬁEHﬁ% QHACHPEY extend in

to about the top of the elements of the silencer 28. Preferably, the support
other (dligeiiNs14Fee epivelee Uhgitamersiro emedirentalhetheriamart columns may

extendESH28n AP A AT L NS Ry e B e UBR AL 8 Hﬁi?ill)der arranged in a

below, the particular configuration of stages on each support column’l

serieg gippasée hetipontal dractionmad Anplueignhedeetical eiestiong ionporgzhe top of
the elSAeFREDI SR EfeAtay 290 PRRALINY bR SURRAHS CAUBRS dd4ded %ﬁ%i\distant from

having different stages each may comprise one unit 102 of the array 100. As
one asiiRT iR the herigyaldisestiofort columns 114a, 114b may be coupled

[00s1fo9eRerskARH YAt i8S Man brcoupied e dhpsientshdr: 'aQiditiv, the particular

_embodiments, the support columns 114 may be not be coupled to the
configieaitest 28 5tagray 2@ ellofEPRPEAGRIGA thEdRRELS0a- BubHNgr f9dms 1020 of a

pluragy%m@fﬂi%f‘%'ﬁéa GNP eEOHRISREARUPROH EAORS IAhBHIETRY, two support

and alone or be coupled to another structure. [0052] FIGS. 4A-4C show
colungie Liea d1 AP thauRg A KIRSR i1 RUES SaaNI0RPIISS iRNeoirited of e array 100.

As sHN 18238, # ks SUPPOr E6lmAS 1i4aplhdl B@(gfgﬁ]éet?&g%\%r. Each unit

first cross-bar 116. Each subunit 102a, 102b is comprised ree stages
102 raay ha@pupleddo ihecsiprssdds At orimenigethasuprAthGalrns, 114 may be

not bgﬁg?#]%f%% %qr%l%ne%é%@@%%m%ﬁ%aa%ﬁmﬁ9&%@@&5@%@ ®08-112Db, or liquid
distribution conduits, may not be coupled to suppotumns 114 but may stand alone or be
coupled to another structure.

[0052] FIGS. 4A-4C show one unit 102 of the array showrFiG. 3. The unit 102 is
comprised of two subunits 102a, 102b. The suppmumns 114a, 114b are connected by a first
cross-bar 116. Each subunit 102a, 102b is compridethree stages and each unit 102 is
comprised of a total of five stages. As shownl@%. 4A-5, the two subunits 102a, 102b may
be spaced equidistant from one another.

[0053] Subunit 102a comprises a first stage 104. As showkIG. 4B, the first stage 104
may comprise two first liquid distribution condui®®4a, 304b. In the embodiment shown in
FIG. 4B, the two first liquid distribution conduiB94a, 304b extend along the vertical direction.

The two first liquid distribution conduits 304a,40are attached to a first support column 114a.

12



[0053] Subunit 102a comprises a first stage 104. As shown in FIG. 4B, the

first stage 104 may comprise two first liquid distribution conduits 304a, 304b.
In the embodiment shown in FIG. 4B, the two first liquid distribution conduits
304a, 304b extend along the vertical direction. The two first liquid distribution
conduits 304a, 304b are attached to a first support column 114a. 12 The two
first quuid distribution conduits 304a, 304b run parallel to each other down the

The t{ﬁ? @&qu erg SIBO%?H g'[8'@168 [)H}?J mug%eﬁ%hntlﬁo%rcon%ﬂ%ggg %ﬂ@v# the left and
right-hangttaisiesdaditeavirae sidenal the st dappaiumn dd&iﬂonltcywlyl@eneunqar@tood that the

first lig(Ft P?&lﬂﬂ LS HaRLS dBtW??nf%Za ffed ¢ d?é}ﬁﬂ’é}énd: riRaybe stand alone. In

coupled tot e first support column 114 oss-bar 118 is a first
additipguiardidppne bewidustisolputasrcenthdttvdgrusrguia therdisstistaendisshown in FIG.

4A, Cgv@n BB hara % %?J’[E&W&ﬁﬁpr{h ‘ﬂ‘ﬁ&hﬁéﬁﬂ'ﬂ‘%ﬂﬁgﬁﬂy f?gdigtzg%st liquid supply

may run in the 'horizontal direction and m e substantially

condyjepi¥hdicaett &f the fir Iitqaﬁdl@@mdmﬁm@mﬁmwsw&c&%t{mmeﬁgﬂunlcatlon
with e fﬁgaﬁaﬁ’ifdt%a@ 'L%HH&{SE&UW@.&?%% P AR SER AN Und may be

first nozzles 404. These first nozzles are arranged in a first staging

substaptalRRspENchRWA theritst Hauigidndioneoniviss @ 0dthe liquid
[0054jj|5trJQB%%f‘tﬁ8f]gH5§n3Qﬁﬂqe?ﬁ@{ YR o B EB R REs 96420408 are a Plurallty of

particular, nozzles 404a correspond to 304a and nozzles 404b correspond
first Wlﬁ%é%oﬁh@ﬁ&if@u@zéﬂ@%ﬁé@ freagseofitae FingiadienabagivRMnsAS shown in
FIG. 28 heAhGATReNe0 LAY RBAT pRAAqARMaWHIGD SHRANIIEUEBA 0 §©Eﬂ:¥ fia a first

fine mist or fog of liquid therefrom. The first extension portions 504 may b

extengiffle@QBON: RIPG-fivie dearécdalith psee ASEesropthrie. Wé&lrgﬂgpwﬂes 404b

correg'ﬁé't%f £0484604bsragyRriFNH Qe dffRImiie frsb EHBNR Qe REANBS BBRions 504 is
and are substantially perpendicular to the Ilgwd distribution conduits 304a,

at leasp e [ishspPraysheamh 694aco04) wBig tUSPERY R HpRiSBIEhERfPY Of liquid
therefﬂeﬁ?'e‘w&‘ﬁﬁé’ﬂt@%@hm Bt ARASReN I MG tﬂ@é‘%q%@éjwth respect

304a and ten nozzles 404 extendlng along liquid distribution condu
to therkez igbres 102 sy BRrayheadmeR4s. exteredarupediioaméngefiishextension

portlﬁi@@@%ﬂ\ﬂ%ﬁ%@u'@é“’%ﬁf?&%!}eﬁe‘}ﬁéﬂﬂ%ﬁﬁéﬂﬂﬂ%glgﬁlﬁﬂﬂﬁﬁ RLMELIESBO4a, 304D,

liquid distribution conduits 304b and different spacing may be used. As

0055k 0A¥% Mol 4 FiSanitBndeidesiiagie 306 sTmYi AYSEROMBRNLRRFEESAPH with ten

nozzIB¥ YodEeeliRhant SABKYAGUI L aREiPiavHABIPS0Ma ePRINIABA1E3€404b extending
nozzles 404 in each stage is optimized for fully humidifying the air %assm

alongiirslig tpeRIFGN GRRd afliatiFA R asheendboldslate e Akgut 10 inches

apart in the vertical direction. More or less nezz404 may be included on either of the first

liquid distribution conduits 304a, 304b and difigrepacing may be used. As shown in FIG. 4B,
some nozzles 404 are substantially aligned witpaeisto the y-direction and some are not. As
provided below, the position of the nozzles 40&ach stage is optimized for fully humidifying
the air passing through the array, without ovewsding that air. The nozzles 404 are also
configured to provide a substantially even distiitnu of liquid. In addition, as shown in FIG.
4B, the first nozzles 404 are substantially in-limgh one another along an imaginary vertical
line. In other words, each first nozzle 404a, 4@4idl, therefore, each first spray head 604a,
604b is aligned along the Y-direction if a vertitiale is drawn along the Y-direction, through
each first spray head 604a, 604b.
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configured to provide a substantially even distribution of liquid. In addition, as
shown in FIG. 4B, the first nozzles 404 are substantially in-line with one
another along an imaginary vertical line. In other words, each first nozzle
404a, 404b and, therefore, each first spray head 604a, 604b is aligned along
the Y-direction if a vertical line is drawn along the Y-direction, through each
first spray head 604a, 604b. 13 [0056] As shown in FIGS. 4A and 4C,
ubuit b c i 0 , :
00 S e Do o 02l B Bacl e a second

stagecbhdan hh2de. Sensmdl sstage1hbiaidspparbnbiulieland nadspeddredhe first support

o o : el ; .
colurf S BT LB T P el sl SR e pecona suppor
column é1dbcorgaanddigidtipunely eomelutt PIZaraies b eoseghnctharassdiar 118 which is

. frst | gy SO '
CoU A e B (R A2 S e to right
hand tent sigle:-ahitefibist sideorteelkeanntléabgbincenmmunigatignavidinsecond liquid

supplGPSBMication secasihlif A HRRILERBA WG 53 2 "l‘gll&)%b'l'%%erf;étdﬂ%j fi3@t-hand front

e second liquid distribution conduits 312a, 312b may be attache

side @fdba/I%eeopFrAEPRIINECIAB. Tibsaed sl iuRNislsy conanl Jupichaypoly conduit
212, S‘i{b%ﬁ‘i”B%"¥1H&@@B%'%%&dtﬁ%b%%fﬂwEBEFE‘FFIB‘EIEHIWJ&W{%@G@@QQ,"%‘i'ﬁ'b may be

distribution conduits 312a, 312b. [0057] Along the length of each of the
attackedoflsavinergistibiitdh sEnslieiEea, 3neh sebaidh| skMp)yoCossbifd 212 may run

subst3RFERP fbfRofiaAl HIRFSEBSPAARTZ|SSHER M AB0RLNR R IGHIRE Bibtribution

arrangement. As shown in FIG. 4C, the second nozzles 412a, 412b comprise
conduyjtsezbty Stiddision portion 512 extending from the second liquid distribution

[oosﬁeO”%Eﬁ&%ﬁé’léﬂ@ﬁ] Biaskaddeie seeerRdigienaieR AP Eisiieks @1%?_, 312b are a

ast one second S ead 612a, 612b which'is configured to spray a fine

| ray h ) .
pluraliysplopesg e |Waf%$e4&f2@wﬁJo?sbshasmﬁmrwg@ad,emr@e%ﬁﬁag.fsdelﬁsﬁ)ﬁecond staging
arranB8HIBAE 2LZMENPHangied s he xZ Bl asPAYfofy-tiveRigeHeeSa EBBond extension

Second spray heads 612a, 612b extend forward from the second extension

portighopiche8endHRE BRI EAGRNY Hekd IRtiRn eoRditRdiktaistirRiofttached to the
secorf@RLISsIIPPBlRFFENY flagdechhid Mty Pl Reey P EBSHidR RNCbnfigured to

second stage 112b may comprise four nozzles 412b. The nozzles 412a are

spray eI fo a6 Sl itith EReERRH INPRNVBG difecishserrndd@siegsion portions
512 ridy BRI INLICR -2 RRARtAdbinckes aR@idBdherkeriedbnd spray heads 612a, 612b
extend forward from the second extension portidi® &nd are substantially perpendicular to the
liquid distribution conduits.

[0058] Second stage 112a may comprise seven nozzles 4itPaeaond stage 112b may
comprise four nozzles 412b. The nozzles 412alapatal inch to about 60 inches apart in the
vertical direction. The nozzles 412b are abouhdhito about 60 inches apart in the vertical
direction. More or less nozzles may be included e spacing of the nozzles may be altered.
As shown in FIGS. 4A and 4B, second nozzles 412astrggered with respect to first nozzles
404a and fourth nozzles 408. Second nozzles 4d8taggered with respect to third nozzles
410 and fifth nozzles 406a, 406b. The positiorth&f nozzles in each stage is optimized for
humidifying the air passing through the array, withover saturating that air. In addition, as

shown in FIG. 4B, the second nozzles 412a are antisily in-line with one another along an
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direction. More or less nozzles may be included and the spacing of the

nozzles may be altered. As shown in FIGS. 4A and 4B, second nozzles 412a

are staggered with respect to first nozzles 404a and fourth nozzles 408.

Second nozzles 412b are staggered with respect to third nozzles 410 and

fifth nozzles 406a, 406b. The position of the nozzles in each stage is

optimized for humidifying the air passing through the array, without over
imagifalydlinshatalr. Laddion,28.ch99p MEIG AR, heReeRt EF Soter a
fmag?&% are .sglys_tantial y ?n-ﬁne \%valth one anét%r alcl)na/ an i%:imag_inary .ve?rtpc%[l aiong an
imaginasy Sectigal linezle Secopchirozgirsahiidiy dselige hataniiad amotiee auithgene another
along::\%t 9ih2bin4r '9@“?{95' IPRCONY AIREF Gt ‘%’éﬁ@éﬁﬂ?égggaﬁ%ﬁ@d'@ﬁrw heads 612a

one another along an imaginary vertical line. In other wor o
and gé2pestivertionedf sktthdhsprayitestiersif2atierldligeis sfeamiiydangldheg thfedirection,
througﬁdgﬁﬁﬂogééaﬂ\éﬁrst N ydrapialpng e % Céf%nl?lgy Oégihu%&%b to provide a

econd spray head. The noz_zles 412a, 412b are also contigured toprovide a
substamtislbnauen eNatrkisemafidaweliquid. [0059] As shown in FIGS. 4A-4C,

[0059PUDYRUL SR CRIARSES Aahitd SrageR 1928188 rhbAs et %Yé%étéﬂﬁ&z]z@?s 110. The

~comprises one third liquid distribution conduit 310 extending in“the vertica _
third giragichlOr 6e thRTisREURNGiSTB IS b sk iGN CendHEchtd ®xiRBdBEONY the vertical

direcbPPOTHEP IR AP REBBIRRN %ﬁ%i'@é“?%ﬁé&ﬂ%d’ftg‘%%%@é@% %d’giﬁort column

be understood that the third liquid distribution conduit 310 may be attache

114b cpseftiablyodrnibg sefinbieaieriid enoddarisRidRons Wik eonadrjsiaenstintiimthird liquid

distrilRIILRRARS EGHap B atiached 0BG BeRAAY SHARPHISARMM LS amore than
third liquid supply conduit 210. The third liquid distribution conduit 310 is in

one liggiArfifi TN RARAHE Bi5Y B¢ Fedid BB R2ICHFIFHRREIGRIKMN 114D is

<oA1 O Emuncaon

with thrapetbie AL P renENifaAh? onvhiFRR SUR 1D, thRdwrigaRial gipResion and may
be su%@a?r'ff‘r%‘iﬁ%fé}aéhﬁ]wl§F€t8iﬂge%Hﬁ189i%|m§mbﬁt§o$h%lﬂt@ﬁ).4C, the

nozzles comprise a third extension portion 510 extending from the third

[0060fiquid@agtigidengbnelitheibiradisiid Histih inRLekib 338 PR RIGHEAIBYOf nozzles
410. atieagtwie o i aydardfdl WHdhaRireniadrRibIAaRIana SReVRish #IG. 4C, the

fog of liquid therefrom. The third extension portions 510 may be angled
nozzlgs ARAF RIS U iHRNRISHREIEoTHRLRRiIBE HP Mt third gt istribution

conddraaed fromahadhied xiensipR RRAKBA P80 Araswsiadiflthird spray head 610,
perpendicular to the liquid distribution conduit 310. As shown in FIG. 4C, the

Whichig §HENERSh 1B RERS & T8 ayskAT fodliglid therefrom. The third extension portions
510 may be angled about forty-five degrees in Hzepkane. The third spray heads 610 extend

forward from the third extension portions 510 amel substantially perpendicular to the liquid

distribution conduit 310. As shown in FIG. 4C, ttierd extension portions 510 may run

substantially parallel to fifth extension portio®& and the third spray heads 610 may be
substantially parallel to fifth spray head 606bheTthird extension portions 510 may be inward
of fifth extension portion 506.

[0061] The third stage 110 may comprise three nozzles Hdwever, more or less nozzles

may be included. As shown in FIGS. 4A and 4B,dmiozzles 410 may be staggered with
respect to fifth nozzles 406a, 406b. The positbthe nozzles in each stage is optimized for

humidifying the air passing through the array, withover saturating that air. The nozzles 410
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substantially parallel to fifth extension portion 506 and the third spray heads
610 may be substantially parallel to fifth spray head 606b. The third
extension portions 510 may be inward of fifth extension portion 506. [0061]
The third stage 110 may comprise three nozzles 410. However, more or less
nozzles may be included. As shown in FIGS. 4A and 4B, third nozzles 410
may be staggered with respect to fifth nozzles 406a, 406b. The position of

: o mized for it " . _
e o SRS SO0 RS OB DI AR il o shown
FIG. 4Botberitidre1alpsoaigestkzipstinitiaig évigh ongrivigibeoflngdanimaginary vertical

line. %‘H‘E’J{mﬂ @8@%0\@!%[1 tﬁfﬁ'ﬁ@!z‘i@eam I(?éc‘cﬂr?nﬁ’ﬂ@fgﬂy%é(ﬁq;ﬁgﬁﬂﬁgd along the

~ one another along an imaginary vertical [iné. In other words, each
Y-dire@iipndfamuetticpbiire i gcavni el spydhedizerciionlgheatgbagehdhivddsiesohead.

[OOGZE?)Q%\E%‘?&i”%i%l(%[@wr&&lﬂoﬁﬂs%@ g Tg'l#rﬂﬁti "Rk SRA %%gtﬁﬁ@lém rises one,

unit 102a also comprises a fourth stage 108. The stage 10

fourtfb&ﬁwg,égtdh@t,ior@mnmqiﬁiaQﬁW@ﬁ@myﬁrﬁgalgiifeﬁamg irﬁ\gqéhmwbm FIG. 4A,
the fAIFRFIIQLILAGSPBYRJA Ebﬁdﬂ@@é@%%@d'%’%Q'ﬁFQPEHpB&‘?%\‘ﬁmﬁﬁaTpreferably

attached to the first support column 114a, preferably on the left-hand-side o

on thenéefidiaigeidr willlbe iedrstded thavitharelarsiaediddstheuiistiticdagis distribution
cond(ﬁ?@(ﬁ@%é&‘? FEAFRRM EPENBRISPE B S ABEhAE 5 'Qo%ﬁ@éﬁ'ﬂ@nﬁ?@rﬁdltﬁbf'gistribution

listribution” conduits may be used. Also attached to the first support column
conduit anaia hiesueesssAlap Ateehed sedbaditrbes saiume jdasyiatiratargss-bar 116 and

secorty RRYSSARgLiE 288;J he fourin Hir%k]ﬁﬁ sty HeRn 988dUITAA8HS 1 liquid distribution

communication with the one fourth liquid supply conduit 208, which may run

condig {BaShisriFoRean B HEEEaRNY i Sheréras sk SRR p RTEhtictis: whitd may run
in thdOHBRBHA E{i?é@ﬁHHOﬁrﬁ?ﬁg%é%&an%an& %Wn@éﬂfémﬂa%mof%ghfourth liquid

__liquid distribution 308 conduit is a plurality of four zzles 408. These
distripgtiaR #e2dlds38.arranged in a fourth staging arrangement. As shown in

[0063]"(3-Aﬂ&ngﬁ?ﬁéﬂ&%@%ﬁﬁ%"@%r‘fﬁfnégiﬁﬁ&éﬁwﬂﬂi&ﬁ@%ﬂalﬁ%p&rﬁmmity of fourth

extending from the fourth liquid distribution conduit 308. Attached to the _
nozzlgsy ARG xtERSRs oo M98 8 AR AStapABIEMHH spRY He Al 808eWRIth i\s shown in

FIG. 9enfigidadirsRisyAiN2dBitian PR Ofdiq8idiersseBod R fashtxtending from the

extension portions 508 may be angled forward, about forty-five degrees with

fourth digyid disttuition FAREUTFHEOR urtHsREAHBEI BT MdPRYRMPRsHRArgO8 is at least
one fHORNEEIIAKABAXI60SIANNRS 19D RIG ABHRES: B AR MRIYOPECHH IR WBerefrom.
the liquid distribution conduit 308. As shown ) _

The fourth extension portions 508 may be angleddod, about forty-five degrees with respect
to the x-z plane. The fourth spray heads 608 magne forward from the fourth extension
portions 508 and are substantially perpendiculdnédiquid distribution conduit 308. As shown
in FIG. 4C, the fourth extension portions 508 aodrth spray heads 608 are inward of the first
extension portion 504 and first nozzle spray hé&fidk and are spaced equidistant therefrom.
[0064] The fourth stage 108 may comprise seven nozzles Kid8ever, more or less nozzles
may be included. As shown in FIGS. 4A and 4B, gnadbly, the nozzles 408 of the fourth stage
108 are staggered in the y-direction with respeatdzzles 404 and 412a. The position of the
nozzles in each stage is optimized for humidifyting air passing through the array, without over
saturating that air. The nozzles 408 are alsoigorgd to provide a substantially even

distribution of liquid. In addition, as shown ilG= 4B, the fourth nozzles are substantially in-
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in FIG. 4C, the fourth extension portions 508 and fourth spray heads 608 are
inward of the first extension portion 504 and first nozzle spray heads 604b
and are spaced equidistant therefrom. [0064] The fourth stage 108 may
comprise seven nozzles 408. However, more or less nozzles may be
included. As shown in FIGS. 4A and 4B, preferably, the nozzles 408 of the
fourth stage 108 are staggered in the y-direction with respect to nozzles 404

line vﬂﬂﬂqfh% P%%t ﬁfl tl'flr?a@ %}t%ﬂlﬁﬁ&p ?rtlagﬁ‘lésr% eéjaECH fc%Hrth nozzle and,

Ing t ealrp sing thr he array, without over saturatlng at air.

therefpiie, machdouns Mé@@dnﬁ@hm epihﬂ@deim@imahaam/m@dme is drawn along
istrib in FIG. 4B, the fourth nozzles are

the Yéu s@gﬁ y mlfﬁﬁ%%%%?g\:g anglt@gglong an imaginary vertical line. In

[0065bthebulenad, £a2h ma_tmal’_ﬁﬁzg@ranﬂsetwef&brétmﬂ%ﬁh%mgnhlétﬁ i4B, the fifth

stage*iBBECLA %get dl‘fﬁﬁt' OOGEf{S qjﬁdﬁlfg%vﬂgégl%ﬁh&%ﬁlﬁ 'ﬂpthe vertical

through e ourt spr.ay. unit 102b may also compris
directipih stdbe iwe M@mahmﬂ@ ARNHEtER0 SBGd 18 taghedstave fﬁﬂcond support

coluntifUig ABStriRbgY, GOREH! @éﬂ%’ BY R H0EE wericaLdlipaung; ?d”%ach other

two liquid distribution conduits 306a, 306b are attached to a second support

alongchiarieit Ersbrighharchisies atithp resetBH ee resend BRI EHWTPatdik. The fifth
Imwd@h?r%hﬂg}? @Aﬂﬁﬂé%@g b HAalAnd gites Qkhaisar side ) he stand alone. In

second support column 114b. The fifth |Ig}l.£ distribution conduits 306a, 3
additigray anrealiGieide distsbuiiRnecaneiay Praytdiredsondlsp attratier, B.héhmlﬁacond support

colunqllsgf%'%cﬁ&‘i%w@@yog? 1360 ASCRIR B 118 SREANGFFHRBAH supp 3/ conduit

column 114b via first cross-bar 116 and second cross-bar 118, is a fifth | iqui

206. deasiiotehadiortioh tieleid sHetbwS EeMR 20621 SRR ATeoRdEEEbGICation with the
one fRPORRAE @U%‘Hg'ﬁﬁﬂ%‘ﬂ%@"%ﬁ% Hﬁb?yflfﬁh{H’éj'ﬁio?mbéi:ﬁﬂ‘é%ﬁ(?rpgnwmé%referably

may run in the horizontal direction and is preferably substantiall
su bst@@ﬁ@élwcp@mrt@wéafﬁ% Ii@fﬂthlﬂﬁmqm%@ﬁmﬁl@@%@@@%ﬁ%@@%] Along

[ooeefhe IRISHE ahdne didih liguidkdistAliginn eraAliieRuRSCE0REE 3G Ay Qfplurality of

nozzles 406a, 406b. These fifth nozzles are arrarl‘ged in a fifth staging

nozz'ﬁﬁ%éﬁ@b&smf'iw FeZZeS 818 ABRIBAJ0EL SIRIBRGRIERATeHNS fke AS Shown
in FIdia4te disdriienBRLa08HIs 8662 x3080 HEFitted GxiEneIthPesHeRIRY806a, 306b via a

Attached to each of the fifth extension portions 506 is at least one fifth spray

fifth exiepskutRosMb SRAicHEahshiRRp Pt AtA SR PRIGUISQYE is at least one
fith sheipheal dssaheuBrn ierts. dosriiheageRs antelR ey 18 B8RsLid therefrom.

about forty-five degrees with respect to the x-z plane. The fifth spray heads
As shypymn |go[3ytpe)(ﬂ§,d sty esiengiens P06 may dngled about forty-five degrees with

respect to the x-z plane. The fifth spray headsap®06b extend forward from the fifth
extension portions 506 and are substantially peligatar to the liquid distribution conduits
306a, 306b.

[0067] The fifth stage 106 may comprise thirty nozzleshwifteen nozzles 406a extending
along liquid distribution conduit 306a and fifteamzzles 406b extending along liquid
distribution conduit 306b. The nozzles 406a mayleut 1 inch to about 60 inches apart in the
vertical direction. The nozzles 406b may be aldoimich to about 60 inches apart in the vertical
direction. More or less nozzles may be includeeitimer of the fifth liquid distribution conduits
306a, 306b and the nozzles 406a, 406b may be sp#teently. As shown in FIG. 4B, all of

the nozzles 406 are substantially aligned in tliBrgetion. The position of the nozzles 406 in
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extension portions 506 and are substantially perpendicular to the liquid
distribution conduits 306a, 306b. [0067] The fifth stage 106 may comprise
thirty nozzles with fifteen nozzles 406a extending along liquid distribution
conduit 306a and fifteen nozzles 406b extending along liquid distribution
conduit 306b. The nozzles 406a may be about 1 inch to about 60 inches
apart in the vertical direction. The nozzles 406b may be about 1 inch to

each e L B MU P AR BB saturating

that aiozZlbe N08ales0606aaglfb specatsolitorddiy. Po\YHevnsHiTrstgntidlyagivsin distribution
.tk : i li i -direction. T Sition._of .

of g e e A e EATRI B e with one

anothwrcﬁhghqma@rf@gimdmr@aei ﬁamrdﬁhg_tbmda,irearm ﬁf@m@gzta@m%wrefore, each
fifth SEE% .ﬁ@a@@'ﬁﬁéﬁgaoaﬂfﬂﬁ'%ea\ﬁﬂ T eRYER ﬂf%riglﬁ}%W@E\llwvl\'}i?hY-direction,

ition, as shown in FIG"4B, the fifth nozzles are substantially in-
through & aghofifidr spong RERRNaginary vertical line. In other words, each fifth nozzle

[ooea"° SBIHRECL 626 milH2 GPFAE A i ARsELRIAGRE A BEHAFN I one unit 102.

vertical line is drawn along the Y-direction, through each fifth spray head.
As stioopanduburisthe zarand 0026 samrReTH @hB2ky sfgpaced4nitsy The units may be

spac&ﬁ’r@q{iﬁﬁsqaﬁtuﬁgr%ognéo‘%ﬁg%? it Fé%y ?tzliFBEtﬂ{Faé!x]aQQd%F%Hr&%ﬁ%c’harizontalIy,

plurality of spaced units. The units may be spaced equidistant from on

diagogadihetth aHyedftseaban il wkishplee erieafipaned driamds dagormmy e subunits are
orientEd® @Fﬁé?%?fw;M@Gﬂéb‘?d&?ﬂ!&é‘fﬁiﬁ@@ﬁ%@ﬁﬂg%\weﬁ e8I SUBIMIE. More or

are oriented. The array 100 may include thirteen units, which is twenty-six

less sgkiRitHEREs UNIET a5y 1BSSIREbGRESs adaaritihaspbenielddea anddiibnhand the first
suppdre &IBHMS11922 A0 JQhansubisdirst cRUPRC TefiUsRN shkfta dnchsgebtht from one

support column 114b may be spaced equidistant from one" another. In .
anothesrtidD ARGt BihHivt SHDRMHT100H TR BBabBE abiRkh ola@dipsapout 40 inches

from tReh&ScAFRIMs IR SRCONH FIMPPRALCOHBN A4t e YRHA B5e.8BAHAM IRERLS apart. The

about 40 inches Sgart. The nozzle stages 104-112b are shown as bein

: . g
nozzlgrglaneg e 1tk 212 8RRWsEsRAING At40PBe{ITedIkA R anshesrqnthd 14b support

columfEZIRpiegss K1dZAdnayhesaligehed i piaphelEaliestREPSHiRAYes or be stand
alone. [0069] FIG. 5 shows a portion 100’ of the array 100 shown in FIG. 3. In

aloneparticular, it shows fourteen subunits 102a, 102b and seven units 102. Only
[0069PNe HIH. I8 Iahsies! okt PO’ of the array 100 shawRIG. 3. In particular, it shows

fourteen subunits 102a, 102b and seven units 102ly one unit is labeled but it will be
understood that the remaining units follow the sam@vention. As provided above, the nozzle
array may fill the entire cross-sectional areahef interior of a duct. In the portion 100’ of the
array shown in FIG. 5, the cross-sectional aredesignated as 25. FIG. 5 shows that each
subunit 102 may be spaced apart to create or dafiteast one subsection of the entire cross-
sectional area 25. Where there are two subunza,1102b creating a unit 102, as in the version
of FIG. 5, the units may be spaced apart to creatkefine another subsection of the entire cross-
sectional area. In the version shown in FIG. 5tsub02 extend vertically and are spaced apart
in the horizontal direction to create first subufit Subunits 102a, 102b extend vertically and
are spaced apart in the horizontal direction tatereecond subunit B. It will be understood that

the subunits and units may extend in virtually amgction. For example, subunits and units
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understood that the remaining units follow the same convention. As provided
above, the nozzle array may fill the entire cross-sectional area of the interior
of a duct. In the portion 100" of the array shown in FIG. 5, the cross-sectional
area is designated as 25. FIG. 5 shows that each subunit 102 may be
spaced apart to create or define at least one subsection of the entire cross-
sectional area 25. Where there are two subunits 102a, 102b creating a unit
may éQ%n%SHBﬁ 8P{t%r|§}%d’ftfe' ﬁ?cgbeégﬁﬁ ﬁ]B}SS%/%RE%‘F%‘?rQBﬁéht%ﬁa‘?%?ePéfore, create
define another subsection of the entire cross- sectional area. In the version
horizen@haubseiIboBsunits 102 extend vertically and are spaced apart in the
[OO7OC°”.‘T£1 .6"5dgﬁ8wﬂ%%%%&?nﬁ@h%ﬁ%{niwbs%@{f é%ﬁiiﬂ'gﬁp%eaﬂogwer and the
ertically and are spaced apart in the horizontal direction to create secon
units d@RusmER el RUVIsHSIRiaiBLaNRANMHB &Y HEHISYaw Miksasipeiaadhg same area. In
other (igfaly g‘Tédé Q% drir (EXENWE SR %%WAUQﬁBsé&iWOﬁé%ng}e same area. In

horizontally and be spaced apart along the vertical direction and, therefore,

othercaéawdimm@miagsbmmmm &ssib@m@&ueiﬁmnﬁusq@_zaﬁ@m, creating
subs&RRsRd ﬁ%@c{&i@ﬂ&ﬁ@?ﬁ‘ %Q”QWQHQWB%H%%M%ﬁHﬂ@.de%UMQféﬁ%l?Ia twenty-six

from one another. As such, every subsection has the same area. In other

total giesitall®3abdeeioAhabEeRNsHA atERURIERIE AIBSBYEBhHSTRettigal gaps of
subsSBRLIER o OtHEr SMASSIMRRALST 1B SRRAYRGIPFINE MR FURUMES@Whps being the

~units may be different, creating subsections having different areas. In the
first gap®AdrneEnhskesh heirtcserandraane RveMyagsternS obehiesechens omy be created

by thé‘%iEiE%ﬁthriH%ﬂ% diiBBdifiiRare twenty-six vertical gaps or

subsections A, B for the air 40a (FIG. 1) to pass through with thirteen of those

[0071hapdHain SoWRhgarRs eanidavrtaeseisirsesmgHRIBOMIGIVBF ligdd to each
subs&ARHOA SHRPECLIONS, Mav MSrCiratath DY dRe "RAKS HE3¥IBSUBB! second nozzles 412b,

embodiments. [0071] FIG. 5 shows that at least four nozzle stages are

and fHgnfREEGSotER ARy BRSIERt teudslivalill Ao suipsantioartRuldririsnozzles 404a,
secoritg%ﬁﬂé%@zf&ufﬂw?@%é“l&cﬁﬁﬁ%nﬂm&'%éﬂ%ﬁe ﬁﬂéiﬁﬁﬁéboﬂééliver liquid to

6a are positioned to deliver liquid to subsection B. First nozzles 404a,

subse@ighd\ndk2fe8otedhRind FOrBREIMNY ANFAFRY SR AL 820BS HRlYRIGHIReRHDSeCtions
adjackhfiglvST AN iReRSESHR & Hot SaiaddnplineRmeRRRgINeNts, spray

may not be delivered to subsections adjacent the walls of the duct so as to
[0072hot A3 FRMVANR Fimabasiliseusand aboye) AvBicARRNIRES thgdnlet of the duct and

passEisaHeERih aRMKR A Tk icANE alierd Haf A BofHEIEEt a8l PRES8Fith the nozzle

through substantially the cross-sectional area 25 of the duct. As such, with
arrayqb e, Aeesent invéntion 100, the air passesugh subsections A and B. Because the

nozzle set positions multiple stages adjacent iy of subsections of the cross-sectional area,
it is configured to deliver an amount of liquid ve#gd to humidify and, possibly saturate or
substantially saturate, the air flowing throughteaabsection. In particular, first nozzles 404b,
second nozzles 412b, fourth nozzles 408 and fifinzies 406a are capable of delivering an
amount of liquid required to humidify the air flavg through subsection B. First nozzles 404a,
second nozzles 412a, third nozzles 410 and fifthzies 406b are capable of delivering an
amount of liquid required to humidify the air flavg through subsection A. Preferably, the air
passing through subsections A and B is substanegjbally humidified; in other words, the air
has roughly the same humidity level. In this regahe amount of liquid provided to each

subsection may be substantially proportional teaational cross-sectional area of the particular
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array of the present invention 100, the air passes through subsections A and
B. Because the nozzle set positions multiple stages adjacent a plurality of
subsections of the cross-sectional area, it is configured to deliver an amount
of liquid required to humidify and, possibly saturate or substantially saturate,
the air flowing through each subsection. In particular, first nozzles 404b,
second nozzles 412b, fourth nozzles 408 and fifth nozzles 406a are capable

subsé)étgﬂ'veég Bgé%ﬂeh%{g d\/&ﬁf’é’rjrﬁ)da{{? ﬁﬁﬂ;'@'f%a s J%@&t%ﬁ?r‘to the bulk

ctlon rst nozzles 40 a, second n
waterqcRiftaiozizb s thesaies tapibiatiotiofe prdtiadleaw @rﬂ@ﬁxﬁt@lﬁqﬂuﬂn’ré@mr@ﬂl theirent

t t
cross, QéHTBHH éib:%a”MBYﬂBQetPr%Qh s "%e%\é i ﬁté‘rlnb‘flc}il[} Jﬁtaﬁf APt any given

through su tions A"and B is substantially equally hui in other
time. wégidheh@isipasserotiyyoyahecosmsnbasaigaciemiditieed riartelaively cool liquid

spray@ A9 %Hiﬂ&f%%%??%&%?%‘?@ rﬁ)‘ﬂ%?@?‘rﬂg AR PG GRS t'ﬁ'g¥ a lower temperature

proportlona to a fractional cross-sectional area of the partlcu
than uiprshsiorEatnagpsedtivausis thevated® I@ivestie mheerattie @Ubbasﬁnﬁalnggher density,

Wh.dpgm;\,go,mg MYk Watekit rfé%omeee,{aﬁ]gvater to air ratio of the entire flow

of the ambient air through the entire croSs-sectional area. Moreover, each o
[0073kub<as r@mkﬁt@:ﬂtﬁ@%\éﬁné@rﬁ@%wmﬂﬁﬂ@@@M@QIM@“M areamount of liquid

requ|@?855@59%9%Eﬁk?tbaﬁgﬁcﬂﬁﬁn&fz enilifiadgvit Salpi el ARl issid at any given

rayed from any of the nozzles of the nozzle stages. The humidified air has
amOLm élﬂwmﬁéfawreTmamt%a@waf@Hrp%é@fhﬁl@gﬁm araynties liquid to each

subseRHsh Tzimpé@%ﬁ LRas fHeOGHESNS N etifiifibA M FtdP &%FQP‘?J%‘EFB@&lon For

feed the engine. 3 As provided above, the stages together are ca

exampieieht érifieganm @th@ﬂ“ﬁ’@.ﬂiuF@Md‘@%SMQIWéQMQHWﬁ%ﬁWrSt nozzles
may Hﬁg?é’téb%éhrﬁb%&%%?ﬂe@@@dtﬂ'&fé}lv%mﬂlimcpwoéh%%%n B and first

are also configured to deliver the same amount of liquid to each

nozzl@@béeéaoﬁraﬁd GrbvEsnliguib dosHiRRagicih Aen GREMGBResialriBINReEiemperature,
whicH® SRR G BXAMBIS. R5R frebriRigdemesRive and Iianient a second

humidity level, only the first nozzles rggyoperate Here, nozzles first nozzles

humidity, eweh, WNH P H G 1BWah s She I danst Ons,oldka Ges @M, NBZRIRs may be then
activatedid PrRUBRRELIIHN LRSERANS RERACHY PR FhERMPS 8l S g IBiRY IBictivated as the

usually higher than the first predetermined temperature, and possibly, at a

tempeiyFR) IRCHARREAIARY, WhiPRWEY He wmﬁ%ﬁhﬁ@tna@!@&é@@ﬁ@@ﬁ%éevds The
nozzI88CONghBAZHRE Ay et Gedivaiete TAdNHRd farHBRAELHMA Siﬁéﬁi@é‘is@l‘:omblnatlons

nozzles may be subsequently activated as the temperature increases and, i

depepdingapridAastdagHesBeraliv prNEIBFHERE RIUERWIgthrough the nozzle array.

Preferably, every nozzle in a particular nozzlgetaprays at the same time and each nozzle
stage is independently-controllable. For examgie,first nozzle stage may be activated such
that pressurized water is sprayed from every noaklbe first stage, only. The nozzles of the
second nozzle stage may be then activated. Hhtisigated that the first stage will be activated
mostly all the time that the system is operating.

[0074] In certain embodiments the array may not havealgtages. For example, where the
array is used in areas having a relatively congtmperature or humidity level, the array may
have only a first stage. Or, the array may conepoisly a first stage and a second stage defining
the subsections. What is important is that theaaleross-section is divided into a plurality of

smaller subsections, that each subsection recsiviestantially the same amount of liquid and
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nozzles of the various nozzles stages will be activated and deactivated in

various combinations depending upon at least the temperature and humidity

of the air flowing through the nozzle array. Preferably, every nozzle in a

particular nozzle stage sprays at the same time and each nozzle stage is

independently-controllable. For example, the first nozzle stage may be

activated such that pressurized water is sprayed from every nozzle of the

OoRJY. : 0 - ay:

that SR T LA ROAg (hrougn each
subseigtientaitantosyiteigsiishepaan@riionmjanussaily chebablientsnat tistaniially saturate the
air in né‘:%ﬁ‘%ﬁ%\é%ﬁgﬁ '\é‘?lﬁt?gﬁid%%ﬁ)@/rgﬂl%iﬂaﬁfﬁcﬂmquﬂf.r aYA'%IHﬁPPng{? % operating

having a relatively constant temperature or humidity level, the array may

rangenigv@ saRoe MiscertBoy ahtharriy indedaifpdiscrorexamgietdgaarda about 70°F
il : o ) ' )
and a%%?ﬁ%b%%?aﬂ%ﬁggrg@n%gmfﬁoWfﬂyﬁt' TR R0 ﬁha.ﬁxﬁra

cross-section Is ity of s ler subsections, that eac

[0075bubstiivpacitsiesasiioatantiaiyithe EarmbainBiBoRGEdeate0hRATHEe volume of
inlet QPE'GHiﬂfﬁTﬁ?WlﬂHf&ﬁiéﬂ.SLER?‘@WHJ}H\? eREALYNRiddyhgiBi loWWinto a plurality of

through each” subsection at amount of liquid spray or flow range, possibly, be
suburiffie a0 duBstiveiEy JauichtEotRAGHY FUSAEH sUBBSSISN RORE |SrodGRYameyen uniformly

humi@REPHIONQEHGIC 1A AOWOIANGRiBh AP HH At IGHR A r&\%g‘?jé’éig@%‘ai“f%‘%ttempt to

of the air to-be-humidified. For example, it may be about 70F and about 60%

humigiiatite RuRTRIitEtoHeREICTH ampasbitalost st aumMibRddbonsthgtRozzles are
arran§@an S ¥psReH n&lgmﬁﬁ@%@%@%@U&éfﬁo%@fﬁ%qgﬁrﬁ%%mﬁuﬁmﬂﬁm; i.e., when all

volume of inlet air is uniformly humidified. By dividing the overa

five %@@&i@ﬁ@\f%ﬁ% iHere praairg @n%lfti_ﬁmgta?l@&eﬁ?_éﬁﬂ@cﬁ@ﬁd%ﬁgﬁéfﬁd on either
side SHRFYLJSARIRERET PRZERARE 'Eﬁ%%/tl'é"@f&%pélﬁﬂigﬂaﬁﬁéﬁ? éﬁl'%ﬁéﬁﬁ%@%e air gaps

_ conventional nozzle arrays, which are designed to attempt to humidify the
in theoerianerigd A8Ecviertinch rdiestirsdubsaBYkdhphe . it RRI@tienVeRy AYRyRal amount of

local BURrEANGESCPRIME hidial BH G R VAR ABEY KA 8FdRPSSIDle. At

maximum flow; i.e., when all Tive stages are activated, there may be one _
[0076hozAd @A GRIgTBLATBME s SR e raatod WiRe N8I BF afSpapsliana darea into a

plurafty SEehLtNAERERY Ithahl @I EMRIVRIeSHRAIFRERI S aEpRSUBILIRE aXJ8B8hiNocal areas of

the horizontal and vertical directions. As a result there is no or a very minimal
over-aRYAIEF sl oy RlsRINo NI R ETIRIEREPYTISS ARJaRkmBRIdHiRe of liquid spray

and dRPARVEERIQRECFAR CAMKBNEONGY sE@Y &RIBARMRGh AR IRE aMesadhixing is optimal

cross-sectional area into a plurality of subunits and then deliver the required

becaygeiti IBcelYPEAVIRR. W sirialydharEmi@p ratio of dry air to water. In other words,

there are no or substantially fewer local areasvefr-saturation and local areas of dry air. The
air temperature has the potential to be lowerealgoeater extent than with conventional systems
at the same, non-saturating water flowrate. Furthe mixing occurs near the array as opposed
to further downstream. This gives the spray maree tto evaporate before approaching or
entering the compressor. The present design sprbadnozzles, that will be spraying at any
given time, more evenly over the inner area of dnet than conventional arrays. Thus, the
nozzles are positioned to maximize water evaparatio

[0077] In addition, the nozzle set-up may position arefgreater humidification or even
saturation next to areas of less humidificatiorredatively dry areas. In some embodiments,

some subsections or air gaps may be larger tharso#tnd may receive less liquid. The larger
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over-saturation result. Conversely, the present design provides an optimal
mixing of liquid spray and dry air near the array, which is not seen in the
conventional arrays. The mixing is optimal because it locally provides
substantially the bulk mean ratio of dry air to water. In other words, there are
no or substantially fewer local areas of over-saturation and local areas of dry
air. The air temperature has the potential to be lowered to a greater extent

gap %\é{i \fﬁ"ﬁigﬂ?é@ts ,Swh"iéhﬁﬁéy”ﬁemnaéﬂ(ijaﬂﬂ%ﬁ@g{&R%w& and larger

er, the mixing occurshear the array as opposed to furt nstream.

or richigriagiesaner sprasmbruititiiecadvapoadinsiaTe epprowsningisinemieangnd water.
In otHBEVFIBEI 85 Yre AR USSR ARSIAN R e %ﬂﬂgl%répqiﬁg%l{e&&gt%iggt possible

_ spra_ylng a_t any given time, more e_v_en y over tne inner _area (0}
air. Tauaveebieyetraysa shskethiaishyide tbbah sEpsonsertivnabariaanatérerefore, cannot

be ach/&Pey 'gr?]thQSZJ/éfﬁﬁ&l‘f’éﬁ'%{?régs NeZAG iR LB HRASTHIAR Honsecutive areas

greater idification or even saturation next to areas of less humidification
of sator aEiRiies|Q\Rir SaBHatiPNsoRRC anssolierame Osonrs-sabsetadrairos drlghysly far away

from (RSARGAREGEHINGY Uheth&RdimsLeapiNsIeshArwR JRP & 9fia <hARBted or overly-

may be adjacent @ smaller gap, which may be richer in liquid. Alternating
saturgipgiRi aYith rrgepsOEatHbT ReRY 1M ErEENe of Bumastideneiieitly proisde@ne reason

why dBRUR MRS JRAGAEAY ?@%V@Igétdfh%w@ﬂﬁiﬁ%é’é@%ﬁmlg?héafi‘ng other areas

~ minimizes the difficulty of the spray finding the driest possible air. This is
of air gkMieved by a system that divides the total cross-sectional area and,

[0078iNErHOARIFHINGS BEIRGURKEHHAEY BEEIBY LA RHBSHreAERIS e air gaps, the

areas often have many consecutive areas of saturation or over-saturation.

presepkegsignhekesadiantape airibgumatian Hhikieethe dHctdn el iy Maximize the mixing
effici¢MSARERIGSHRAV A B arealy. [esh Y, ﬁt‘lzll?@?@?:ﬁ%hm?sgy tRE ﬁﬂwsﬁéﬂ%’}@ generated

or overly- saturated air will mix, especially near the array where it is mos

near g &lilgacerniyhichnsuksisotialbnyesinaaiaralleyseindriedn this regard, the nozzle
stageQVEKIeAN A haiinte ERBaER VIR darmttaiher AR ahdbdMent shown, this

_ [0078] In addition to being arranged to cover substantially the entire area of
is alofpthR yapisahdirgrleent design takes advantage of the motion of the air in

[0079jhe uciHBtRtiscnaBIEe HP\%"EWH@ Lﬁif'ﬁ#ﬁ@%ﬂﬁ%ﬁw f the arsMiquid supply
‘hus, it more effectively uses the flow patterns generated near the silencer, o
Cond%mﬂsﬁﬁwﬁﬂw}%ﬁ%@@hﬁ@ﬂ% ﬁé%@@'ﬂ#!qrﬁﬂﬂﬁlye@@'ﬁél’,u!h@%ﬁ]g fourth liquid
suppl§ieeRaEEnS. aj0RebRSHM FI{REHIRGF N PeBiB NERIEIBRANSHE #R liquid supply
embodiment shown, this is along the vertical direction. _
conduit 206. As provided above and shown in FIGh& pumped liquid passes through inlet or
source conduit 44. It is then distributed to tiggid supply conduits 200 and then to the liquid
distribution conduits 300. Nozzles may be seletyivpened to spray atomized water droplets.
[0080] To activate the nozzle stages sharing the same ptongxample, the first stage
through the fourth stage, these stages of nozzéssfirst be pre-filled with liquid. This is to
minimize the time it takes to stabilize the systefter changing a stage. The pre-fill operation
may be conducted as follows. The control systeterdenes that the active stages need to be
changed; i.e., a stage may need to be deactivaictivated. In one embodiment, every staging
action opens one stage and closes another exceptthé fifth stage is activated. The controller
opens a pre-fill valve for the stage that is alioube activated. A low pressure pump, which

operates at less than about 200 psi, starts dedH#é stage to-be-activated. When the pre-fill
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[0079] As described above, one pump 48 (FIG. 1) may feed liquid to the first
liquid supply conduit 204, second liquid supply conduit 212, third liquid
supply conduit 210 and fourth liquid supply conduit 208. A second pump (not
shown) may feed liquid to only the fifth liquid supply conduit 206. As
provided above and shown in FIG. 1, the pumped liquid passes through inlet
or source conduit 44. It is then distributed to the liquid supply conduits 200

q he liaurd. distibution e ; | ot
eac R 0T IO AR SOLE R S B KT st vave
openstagdBesRannsiage same D thithi SoPexambige valiastat e stagrigringretired is closed.
In on%OHFHbéEﬁ‘H%rH?‘?ﬁs ﬁmﬁ&?ﬁ%ﬁﬁ%ﬁé@%@r@%@iﬁﬂ BAGHY, %‘gt_)'%nsure that

0 minimize the time it t angingas
the pome et @Riraack-pressBEEBonducted as follows. The control system

[0081ﬂeeej'ﬁ)@bﬁeﬁ]ﬁ@hm?oﬂﬁw@n% ngﬂ%gegﬁgﬁ%egﬁ%@ y§ &'¥rge variations

_ eactivated or activated. In one \er staging
in theagtipLop S J\Gter ssHPBlieslteldie NarsesicBRceptrWABNLAE thfthaxdgeng range of 2.4

timesACHYRIE di e 1R H QUG ORP SR PR ilinkaly ﬁﬁ@rrﬁﬁrﬁ%eﬂmtﬁéiﬁaoégggrated at any

~ be activated. A low pressure pump, which operates at less than about
givengémetafs areviflediabewgydhe-pecaentaisay \Whakives e divapRitecresd pump. The

array FRAR FERIRRS Y Aol s eI P H8RE % %H%%ﬂ%ﬁhﬁ@ﬁ%opﬁ%@@@éﬂ‘c%ﬂ%h% by taking

valve opens for the new stage. Once this is opened, the stage valve for the

1.3 tosthgdifieingwetirddasar e divarstraesmbdiiminndawmisdatagahe sapapsof ambient
condiEBﬁE%@@f@é‘? Q3! RS S/ABHIO NGB8 UBB]S A8 QY& therefore only

ack-pressured. [0081] The ambient conditionS in which spray systems

four YpERRAGTEICRRUrEYaliRSPaRKHGIS iInARe SRS iR EPRYPMIRARD IEeMS suffer
from E%%Fd%h%@'&é‘hﬁ’ GTA E FRJBSHEI R ERRYS Sirddds. Te \ﬁﬁ@]@dﬁg% used in the

as a range of 1.3-1.4'Inches, times the minimum flow being genera

preseghflesigh Hhatandiphy frRiddcanen elitie pediphleaysmaseaiids Byraps match with
a fou?’%ﬂi’é&eo%‘%?ﬁj FAEBRsENRe AN TBYVEIHE 2 AHRNE [ADAE Rh GO MAL{ITORS stage array

for and conditions. (This is calculated by taking 1.3 to the fifth power (1.3 5,
requirgs th&gcerdingls)he mEespdigsisnd bagesanGe dhEaHBledeurth stage, from a

NFORPURRS. COMREERkIT QEAE B PRAGIRISY SAES; @rﬁfﬁfﬁﬁ’f thineeRle adegeatenlike th
com and?k%@reﬁore only four stages gre needgﬁ%yt ese sy%zterlns Aﬁsﬁprovidg‘gI ke e

conveiKiaRakBESRme HaSHRIEY A Re ETDraREMRd\aHRRYRS mVasialadiaw rate.

[0082PTESRUES: EE-SHEWRIRIRHRIPSofT RPEBhP UM HARHM (NRrfraeaBhdrSi® of the
substantially reduce or eliminate these problems. These VFD pumps match

conveiHoNRfRIFaYage 4R PHaYaeEdiRe IERFE IR theMdaRTODA iR figine flow rate
dividdansie thalcr &y H@Re-afEaxvhich is equallto In other words, it is the fraction of total

distribution conduits in the array that are actdlbwing at a given time. At full flow,
fractional flow is equal to 1. At 2, about halttpipes are flowing and about 0.25, about 4 of the
pipes are flowing.

[0083] The data of FIG. 6 was obtained by calculationr dach gap, it was determined what
fraction of total distribution conduits in the arare actually flowing. With respect to the
present invention the two air gaps; i.e., gap A Br#&IG. 5) were examined. It was determined
how many nozzles were flowing for one gap versus other gap. This determined the
theoretical ratio of over-saturation. In other d®rthe test compared the amount of water in

subsection A versus the amount of water in submed@i The slight over-saturation that may
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requires. Accordingly, the present design feeds four stages; first through
fourth stage, from a common pump. The fifth stage may use a single pump
feeding this single stage. Unlike the conventional systems, this pump may be
VFD controlled and supplies a variable flow rate. [0082] FIG. 6 shows a
graph of Fraction of Saturation versus Fractional Flow of the conventional
array and the array of the present invention. Fractional flow is the flow rate

S i " which i | " .
oceu e S T i N e Mhe  or 4 is
activajp@rbgeriis® Rifgews iBactbhalflones sdualitstanat2 iaboutthelfetrepigebunit.  For

flgi 4.0f, j ' 3 t :
s R A S S R

activatgdtion of total distribut_ion co.nduits in the array are actually flowing. With

[0084fCSPRRE 106 ha B IR RB RN AR S0 ati6n ABRLAY LB Lerdlunding the
ere examined. It was determined how many nozzles were flowing for one

InjectgaprjaesuistrefttAdrasapaliwrydedheinetienen thaskesis fafiéhsr convention array and

per af P AHALORBPINEELYGRASTHIE e THERTBRA Gehidk &%&%Y%%%d%ixing starts.

subsection A versus the amount of water in subsection B The slight

FIG. @Wmﬁ?@ﬁéh&ﬂﬁ‘(%@ nz@ﬂ&ﬁnh%l%&a@mregerﬁsm&aﬂm%&%%mand overly-
dry dRSYsOCSHE Ofbn¥RaaY eithehstade 3t (hehasd Petrir e sRADRVERMKal array.

~on one subunit and Stage 4 is on the other subunit. FOr example, at about
Additpraliie 2Rty 68 avVdlig Hraieioand dheserteat dionrpadiasetiadd g fiow is layered as

slightREBYRIRA PR folenia'sR Shone e Iaal el B SRHAHOR LSRN, etc. This is

stream surrounding the injector, which 1s defined as halfway to the next pipe

not thsh Gaseh Witl Yo SRIVERIEARbSYHER S FERISs ghROUING. RReatitUicRigmir gaps are
over-dAtSridReRAITh EBNYBIRhARY RREE IRIBGH BB & L8R atB GBSt sresent design.

that the level of mal-distribution; in other words, overly-saturated areas and

FIG. 6vaisn @youreadddrégeersp minerRisd Rtk ibpiose i drrdhenaamee plane as the
vorticeS YEMPEREAHY thAdakiienatbs AaRs HeltiaMihiier AibingSeHiRedr&Eitive to the

_are adjacent. Thé flow is layered as slightly oversaturated followed by
verticaji kiR et e RPBNGRHIP RAIAEIORSted, etc. This is not the case with

[0085{"e GQNGINIPRAESYEMDHRASGHBRIR4AABRY! Sneiit@BaUlth’ rR IR G Exemplary

over-saturated with the conventional system but only about 1 is saturated

embaglifRaREs shesert.dbsipulE s, srlersipravaseEBiHedHR iaf ad jeaabie foregoing that
variollRaSHISHHNIRRE NS RABARPEEREIASheayade therein and thereto, without parting

from the spirit and scope of the present invention.

24



vortices being shed by the structures has a much better chance of being
reduced, relative to the vertical stratification in the conventional designs.
[0085] Although the invention has been described and illustrated with respect
to exemplary embodiments thereof, it should be understood by those skilled
in the art from the foregoing that various other changes, omissions and
additions may be made therein and thereto, without parting from the spirit
and scope of the present inventio AA%@IMS What is claimed is: 1. A
power augmentation system comprising: a passage having at least one air
What &lidingeegigsage configured to allow the passage of air therethrough; a
turbine positioned downstream of the air inlet; a nozzle array positioned

dawnstreapbaldhg iBlekaBe YpsieRrebRfhgifybine, the nozzle array
comprising a plurality of stages, the nozzle array defining a plurality of

subsecti8riPSFaIS JRVEM RO AESEIHAE R4 AYE TR TMNI UIPHASsRIONs the passage

of air ihRYEEHBRYN the nozzle array toward the turbine, wherein each stage
comprises a plurality of nozzles configured to humidify the air moving

through & BHPHIRROYSHERRH SRR pFADR GIfidRREL wherein each stage

is configlrad A0 SRIA% Y pOLTRHARIP HBIERtHEAE R IHeMRRISHY (DB STFREAST 8fthe turbine,
configured to substantially equally humidify the air flowing through the

the NGzl RERIEAMRIRAENE A1HRmBLIRRIRR.IDFFS Brapheliieg a plurality of

subs@HBASBABOBr6¥SISBLAHAIJMHe WASSECHRrRENSHOPIRERS Slrfl MEAES through the
and a second stage, wherein all of the nozzles in the first stage have the

nozzle graytonasdiitty Beigement and all the nozzles in the second stage have
the sameypresiRdeoniSG g8 2BERINEERS 8 plilRIRYBEF@UBNMIYAENEYSIPdIfy the air

of claim 2, wherein each of the nozzles in the first stage are configured to

movingthiphalh gNHERILY, AUBE SHRSRF HODS I BT liquid into the

subsectigiferéinl 88dPOYIRH & BHTIgL ISR P elRifiglireropliging, and
plurality of first_stﬁges of nozzles, wherein the first stag{es of nozzles are

spaced é‘iffh'u?(‘]?éfh ﬁoﬂ%aﬁﬁh&ﬂr}ﬁgﬁf% to substantedually humidify the air

flowing through the plurality of the subsectionsaay amount of liquid spray.

2. The power augmentation system of claim 1, whereegndtages comprise a first
stage and a second stage, wherein all of the reonzlie first stage have the same first staging
arrangement and all the nozzles in the second btagethe same second staging arrangement.

3. The power augmentation system of claim 2, wheracheof the nozzles in the
first stage are configured to simultaneously sptatystantially the same amount of liquid into the
subsections.

4, The power augmentation system of claim 2, commgisirplurality of first stages
of nozzles, wherein the first stages of nozzlesspared equidistant from one another, creating
the subsections.

5. The power augmentation system of claim 2, furtleenrising a plurality of third
stages of nozzles, each third stage of nozzles ksimg a plurality of third spray nozzles in a
third staging arrangement, each third spray noewplafigured to humidify the air as the air

moves through the subsections by spraying liquid.
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the subsections. 5. The power augmentation system of claim 2, further
comprising a plurality of third stages of nozzles, each third stage of nozzles
comprising a plurality of third spray nozzles in a third staging arrangement,
each third spray nozzle configured to humidify the air as the air moves
through the subsections by spraying liquid. 25 6. The power augmentation
system of claim 5, wherein one first stage of nozzles and one second stage

OfGDOZZI%@Eﬁ?@?ﬁ}u’?ﬁﬁéﬁ&ﬂ%&@%%&lm BRSEf .thﬁﬁﬁg%f nozzles and

subunit of a array, wherein one third stage of nozzles is

one sgsacelstiage vionzzlesmurinesdianad sedipaehiotesesdéfariher sdebme a first subunit

of a u?thb'Pfﬁgfr{B?zﬁ‘@%{lP’é{ erein the nozzle array is comprised of a plurality of
repeating units, wherein the space between the first subunit and the second

subunit défekeimanet thithstagerrbnorziadds seaded tirerysisidageit.dhe third stage

of no{‘ﬁ?@&d@ﬁhf-ﬁ%@{ st{ggrﬁ)gﬁsg,ﬁp{}( 159 ﬁ‘ﬁilt,o define a second subsection of the

cross- section of the passage. 7. The power augmentation system of claim 6,
wherein whetiedn ihe fiez Zageayisreriedseddt afisalantatngunits,

nozzles g RapHY WS HIrHSHABER AP BIRICAARKEEAFSBBhit defines a first

together, they are capable of substantially equally humidify the air flowing
subsertEgef the siipseaRaiORebE AnssAEef #8did spray. 8. The power

augmentatiapssy ?F%Thﬂftgé}@gpaﬂﬂé@%rp%?@ iég‘ﬂ)&IQ*H&WdJEJ%'émljon of the cross-

_stages of nozzles, each fourth stage of nozzles comprising a plurality o
sectiggtingHrapSadEzles in a fourth staging arrangement, each fourth spray

ngzzle coRigyFReLIoIYRIRYsHALy S8 &R EITHRVSS IFRYGRHES the first stages of

subsections by spraying liquid. 9. The power augmentation system of claim 8,

nozzlgmeRraste Aihthsurse cease Fra6s,IRk Neazeriafl Edihec Highesirgesifenzzles are
config\ el eSAIAL ondi308af Ire BelarhsiAebg e dRsORYOWESIr flowing

of the units. 10. The power augmentation system of claim 9, further
througBit}sisHpaPIORSItHFTHAMALGESIINIABALS, each fifth stage of nozzles

cgmprisinga phiRINA OhfTEhERIBN A IBraciii SraginenampneRigeAlplurality of
each fifth spray nozzle configured to humidify the air as the air moves
fourth stages of nozzles, each fourth stage of leezeomprising a plurality of fourth spray
nozzles in a fourth staging arrangement, eachtiaptay nozzle configured to humidify the air
as the air moves through the subsections by sprdigiaid.

9. The power augmentation system of claim 8, wherashdourth stage of nozzles
is positioned adjacent one first stage of nozzitesane second stage of nozzles to further define
the first subunits of the units.

10.  The power augmentation system of claim 9, furtleengrising a plurality of fifth
stages of nozzles, each fifth stage of nozzles asimg a plurality of fifth spray nozzles in a
fifth staging arrangement, each fifth spray nozdafigured to humidify the air as the air moves
through the subsections by spraying liquid thereumerein each fifth stage of nozzles is
positioned adjacent one third stage of nozzlesitnér define the second subunit.

11. The power augmentation system of claim 10, wheltegnstages on each unit are
capable together, of delivering an amount of liqeiquired to substantially equally humidify the
air flowing through the first subsection and seceuntsection at any amount of liquid spray.
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through the subsections by spraying liquid therein, wherein each fifth stage of
nozzles is positioned adjacent one third stage of nozzles to further define the
second subunit. 11. The power augmentation system of claim 10, wherein the
stages on each unit are capable together, of delivering an amount of liquid
required to substantially equally humidify the air flowing through the first
subsection and second subsection at any amount of quuid spray 26 12. A

meghod ”F‘Mé‘ﬂ‘\‘?@"ﬂﬂ ﬁlfrﬁ?&u éngfcR” et ﬂ@ﬁg“r%' the method

comprising: providing an air p ge having at leas one |r |n et and a tota
compeigisg-sectional area through which air flows; providing a plurality of stages of

nozzles, e CRURiBoE AP %Q@H%‘AWH of EQEF'Sﬁ&%‘f'QH’é?% éﬂlegrtoss -sectional

liquid int air, each stag Ing a water Iow operating range; divi
area thopaswhistiaiidlowsa of the passage into a plurality of subsections, each

having gll ianal r ;
BBl ﬁfm%r mIe%i%r tﬁﬁ HEEHRA @O egﬂerm a plurality of

engine down stream of the e stages of nozZles; ing a
nozzlgseeviaurehiliniaeidisy of e Aeaaiace staaechavirRgri M\rﬁgeaﬁ%ooﬂtaimg range;

humidity feRyECLR IQFERASE-R AMIPALST HeiRagiaRApsPEYIding. iediSsections

nozzles, a first amount of liquid to a plurality of the subsections, whérein the
each h@wamonrﬂr@anamal ierttawhie fatat SGoHEeaed di@sstantially equally humidify

the air flowdOeH RECHIIR HFRHISRATIOREaRPIRTRANG RIS WBLS{IRY BPﬁEiti’&

range, in the amount required to increase the output of the engine. 13. T

method SEERRINRY RHEMBREIREfiPsBAFBURIGLY Gt Eemited tonee
SUbseCt'E]@?e'ﬁrﬁHPﬁ%@?ﬁ@ﬁﬂpeﬁmﬂﬂﬁ&ﬂ)ﬁr@aﬁﬁw&%%ﬁ%“@i?f’?ﬂr@f“tﬂfe engine;

the particular subsection. 14. The method of claim 12, wherein the stages of
and nozzles are positioned such that they divide the cross-sectional area of the

passagedpiQifiepIuality e syhsgsions. ﬁétTQ%mf‘o@\‘BfnﬂﬂW&Zplurahty of the

wherein the temperature and humidity are ambient temperature and

Subsmwaﬁtwmsrqtﬂéhﬁefimwhpquﬁ@péuMvm@fblar%ﬁmwmdgs%&@ﬁa@tla"y equally
humidhfY e SiofsaNEgMrough the subsectionsrass the entire water flow operating range, in

the amount required to increase the output of tiggne.

13. The method of claim 12, wherein the first amountligliid provided to the
subsections is substantially proportional to atfomal cross-sectional area of the particular
subsection.

14. The method of claim 12, wherein the stages of meszake positioned such that
they divide the cross-sectional area of the passagehe plurality of subsections.

15. The method of claim 12, wherein the temperature huoohidity are ambient
temperature and humidity.

16. The method of claim 14, wherein the plurality obsections have a substantially
equal area.

17.  The method of claim 15, further comprising:

monitoring and determining the ambient tempeggtand
if the ambient temperature increases beyond niedsured at the first
time, providing, via the nozzles, a greater amaifiijuid to each subsection,
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equal area. 17. The method of claim 15, further comprising: monitoring and
determining the ambient temperature; and if the ambient temperature
increases beyond that measured at the first time, providing, via the nozzles,
a greater amount of liquid to each subsection, 27 if the ambient temperature
decreases beyond that measured at the first time, providing, via the nozzles,
a lesser amount of liquid to each subsection. 18. The method of claim 15,

a lesser amount of liquid to, n. thod of claim 15,
the ambiont hUIATS ECR e Byl CRLGEre athe g e & the firs

time, pr@\yi_idiing,, Mi@ ﬂh@ ROZZles, a lesser am@@nﬁiﬂ@ﬂqiq@ieagkeawmmtion, if the
aﬁ‘é’!e”tFH@Hgﬁm%C&f@%@ﬁ] %,Of[]ﬂﬁ'é?"c'&%%?fﬁgﬁ at the first time,

providing, via the nozzles, a greater amount ¢ d to each subsection. 19.
A methotheniiQriigifnegtste thvnnet e aawiensingmd@ying an air passage

having at least nﬁ@iamb%ﬂmmmﬂwﬁaﬁ&i%om%m R Ui st time,

_flows; dividing the cross-sectional area of the pas ) ity of
providingsattidhe Neadlehaviegser arnawihafiddthanahsubseetioss-sectional area;

providing a plurRliNcokRRTEIAS AIATRY RRFOAULBEIRNG EARR a the frst time,

configured to inject liquid into air; providing to a plurdlity of the subsections,

providingriitsuiiieonearesd edfisiéer MausKtafitiein eaglieByiRaeigRy the air flowing
thiguah 1e hRsEIHSRRIORR AlrSMHES AR (B sRerajing range. 20.

The method of claim 19, wherein thé amount of liquid provided to the .
subsectiffRVidiRg FHiaAliIgSsRED oA Rk IRastiondneib sndea totrll eiess-sectional

area mrmpgﬁqpﬁﬁﬂign.f%iwghe method of claim 19, further comprising positioning
a turbine downstream of the air inlet. 22. The method of claim 19, further

compr_isiﬁb/ génerihinifiCe I3 apEPARNAERRI hURfdRASTREE aiPherliy 1Ak subsections,
each RAMIEARRIE&Bmaller than the total cragimsal area;

providing a plurality of nozzles adjacent eachsaction, the nozzles configured
to inject liquid into air;

providing to a plurality of the subsections, anoant of a liquid required to
substantially equally humidify the air flowing thugh the subsections, across an entire water
flow operating range.

20. The method of claim 19, wherein the amount of ligoiovided to the subsections
is substantially proportional to a fractional creggtional area of the subsection.

21. The method of claim 19, further comprising positngna turbine downstream of
the air inlet.

22. The method of claim 19, further comprising detelingna temperature and
humidity of the air before the humidifying step.

23. The method of claim 19, further comprising detetimgnthe amount of water
required to substantially equally humidify the &irthe subsections after the determining a
temperature and humidity of the air step.

24. The method of claim 19, further comprising provgliat least three different
stages of nozzles in the providing a plurality okrles step, wherein each stage of nozzles has a

different nozzle configuration.
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23. The method of claim 19, further comprising determining the amount of

water required to substantially equally humidify the air in the subsections

after the determining a temperature and humidity of the air step. 24. The

method of claim 19, further comprising providing at least three different

stages of nozzles in the providing a plurality of nozzles step, wherein each

stage of nozzles has a different nozzle configuration. 28 25. The method of

claim 23, : Cof liauid i : .

P T e P Al HRREERFRAS numicitying
step igdaemaipermiipeiseigne@idiegad aumogyedvater required to substantially

eggally idi Ifdn ubsedti - gaqlialle e t

ot e 1oR ot T2 U f e BHOVBAAR® R of water
required to substantially equally humidify the airthe subsections after the determining the

amount of water required to humidify the air step.
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